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The Spermatogenesis of Stenohothrus inridulns ; witli Special Reference to

the Heterotropic Chromosome as a tSex Determinant in Grasshoppers.

By Capt. C. F. U. Meek, F.L.S.

(Plates 1-3.)

[Read 1st December, 1910.]

Inteoduction.

Since Van Beneden discovered in 1883 that the somatic number o£ chromo-

somes is halved in the mature germ-cells of both sexes, the attention of

investigators has been turned to the phenomena of the maturation divisions

and to the problems to which they give rise. The literature upon spermato-

genesis and oogenesis has become very extensive^ and it is impossible to

discuss here the numerous questions that have arisen during the last few

years. I shall therefore touch only upon certain points of controversy,

directly concerned with the morphology and function of the chromosomes.

Although the halving of the somatic number of chromosomes is no longer

denied, considerable disagreement exists as to the manner in which reduction

is effected. In the eumitotic type of maturation^ both mitoses are regarded

as being equational; but the majority of cytologists uphold the doctrine of

pseudomitosis, in which one maturation division is reductional. They have,

however, not decided whether this division is the first or second ; and in this

way the rival theories of Pre-reduction and Post-reduction have arisen.

The researches of vom Rath in 1892-5 upon the spermatogenesis of

LINN. JOURN.—ZOOLOGY, VOL. XXXII. 1
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Gryllotalpa led him to assert that the first maturation division is longitudinal,

the second being transverse and reductional ; and McClung's paper upon

Bippiscus in 1899 has corroborated this view. Further evidence in support

of the theory o£ Post-reduction has since been supplied by the work of

Sutton upon Brachystola magna, and by the more recent investigations

of Nadine Nowlin and Robertson upon Melanoplus bivittatus and Sijrhula

admirabilis respectively. On the other hand, de Sinety, in a paper upon the

Phasmidse, has declared that both maturation divisions in the Orthoptera are

longitudinal and equational. In 1905 Montgomery, writing on Syrhula, and

Farmer and Moore, writing on Periplaneta, upheld the theory of Pre-

reduction ; and this view has since been adopted by Davis in a paper upon the

Acrididge and Locustidee, and by Gerard in a paper upon Stenobothrus bigiittuhis.

The studies of Sutton upon Bi^acliystola magna led to certain discoveries

with regard to the chromosomes themselves : firstly, he found that they

exhibited a remarkable degree of isolation, for each became enclosed in a

distinct vesicle during the telophase of the secondary spermatogonial mitosis.

These vesicles fused later at one polar extremity, with one exception to which

I shall allude. Since the chromosomes remain in compartments during

resolution into spiremes, he has concluded that their individuality is never

lost, and that they are morphologicall}^ independent units : this phenomenon

has been observed by Otte in Lucusta viridissima, but is apparently confined

to a small number of organisms. The nucleus at this stage usually exhibits

a long, continuous, and highly convoluted spireme, or even a complete

reticulum, formed by the combined resolution of the chromatin filaments
;

Grerard describes this condition in Stenobothrus biguttulus, in which he finds

no trace of separate vesicles.

Sutton further discovered in Brachystola that the chromosomes of the

spermatogonial complex invariably show certain size and shape relationships,

and that, with one exception, they can be arranged in a graduated series of,

pairs : this has since been corroborated in other types by the work of

Baumgartner, Davis, Gerard, McClung, Montgomery, Nowlin, Robertson,

the Schreiners, Stevens, and Wilson, He found moreover that these

relationships persist in the later spermatocytes, and, since the number of

chromatin bodies is halved at this stage, concluded that a conjugation of

members of the spermatogonial pairs had occurred during the intervening

period. This view is now held by the majority of cytologists ; and Otte says

that he has actually witnessed a side to side conjugation of chromosomes in

Locusta. Bonnevie, Sainmont, Wilson, and von Winiwarter carry the theory

even further, for they believe that there is complete fusion of the associated

chromosomes during this period of lateral juxtaposition ; on the other hand,

the entire theory of conjugation is denied by Duesberg, Fick, Gerard, and

Meves.

This theory has been eagerly seized by Meudelians to explain the
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segregation of character factors necessary to that mode of inheritance : the

members of each spermatogonia! pair are assumed to be respectively paternal

and maternal in derivation, so that the juxtaposition of their component

chromomeres permits the exchange of character factors obtained from the

two parents. This is merely an hypothesis, but there seems to be little

doubt that the number and size and shape relationships of the chromosomes

are constant for the species ; and it is probable that we shall eventually find

morphological correlation between the complexes of allied members of a

group.

Lastly, there is the problem of the heterochromosomes, investigated

originally by Wilson, and divided by him into three classes—idiochromo-

somes, heterotropic chromosomes, and microchromosomes. The first-named

consist of two elements, differing in size and staining deeply during the

resting stages and growth period of the primary spermatocytes ; they later

conjugate, and still later divide, the larger passing to one pole and the

smaller to the other. The oogonia show a corresponding pair of chromo-

somes, but in this case both are of the same si^e. Spermatozoa possessing

the larger idiochromosome produce females, those possessing the smaller

produce males. The heterotropic chromosome occurs in the spermatogonial

cell as a single element, and behaves like the ordinary chromosomes in the

second maturation mitosis, but passes entire to one daughter cell at the first.

As in the case of the idiochromosome, it is represented in the oogonia by

a pair. Spermatozoa containing the heterotropic chromosome produce

females, and those without it males. Wilson has suggested that, in the male,

it acts as a male determinant, and that it passes from one sex to the other

alternatively, being recessive in the female : Hertwig, Paulmier, and Wassilieff

regard it as a degenerating chromosome that will eventually become extinct

—

a view strongly opposed by McClung.

In 1899 McClung drew attention for the first time to this peculiar

chromosome in the male germ-cells of XipUdium ; and it has since been

studied in a large number of organisms, particularly Orthoptera. He

found that it undergoes no resolution into a spireme during the primary

spermatocyte resting-stage, but persists as a compact and darkly staining

body on the periphery of the nucleus : he erroneously stated that it divides

longitudinally at both maturation divisions, but corrected this mistake in a

later paper upon the Locustidai. This " accessory '' chromosome of McClung

has been found by de Sinety in the Phasmidse, and by Sutton in Bracliystola :

Baumgartner has studied it in Gryllxis ; and his results have been confirmed

by Gutherz, working upon the same material. Otte has observed it in

Locusta, Gevsivd in Stenohothrus biguttulus, '^owlin in Mela7ioplus bivittatus,

and Robertson in Syrbula admirabilis : Davis has seen it in every member

of the Acrididse and Locustidse that he has studied, and further, has

phown that this " monosome " is represented in the oogonia by a pair of

X*
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chromosomes. He found it in certain cases enclosed in a vesicle during, the

resting-stage, but considers this condition artificial and unimportaiit.

Somewhat different results were obtained in 1905 by Montgomery working

upon Syrhula acidicornis, for he declared that the heterotropic chromosome

is represented in the spermatogonial cell by two chromosomes, and that it

divides at both maturation divisions. Robertson's researches however upon

the closely allied S. admirabilis afford no evidence of this paired condition,

and support the view that this chromosome passes entire to one pole at the

first maturation division, splitting longitudinally at the second : this seems to

be the normal occurrence in the Orthoptera, for it has been observed by

Baumgartner, Davis, Gerard, Gutherz, McClung, Nowlin, Otte, Robertson,

de Sinety, Sutton, Wilson, and others.

The discovery in the male germ-cell of an odd chromosome, which passes

entire to one pole at a subsequent mitosis, and the discovery that in allied-

types the unequal members of one spermatogonial pair pass to opposite poles-

have proved that dimorphism of spermatozoa exists in certain groups : and,

since spermatozoa of the one kind produce males, and those of the other

females, sex, in these organisms, must be determined at the moment

when the spermatozoon enters the micropile, immediately prior to amphi-

mixis. This has given rise to the hypothesis that dimorphism of spermatozoa

occurs throughout the animal kingdom, and that sex is determined in this

manner.

It is possible that the presence or absence of a particular chromosome is

the factor controlling sex ; but it is equally possible that this chromosome

contains only certain of the numerous characters peculiar to one sex, and

that its passage to one pole is closely connected with the passage to that pole

,

of the ordinary chromosomes, after they have divided on the equatorial plate.

The function of the chromosomes is not yet understood : although the

majority of cytologists believe that the chromatin alone contains the bearers

of the hereditary characters, some still affirm that the cytoplasm is the sole

agent in this respect, and that the chromatin fulfils the subordinate role of a

nutritive substance. The experiments of Boveri upon the fertilization of,

enucleated Echinoderm ova appeared convincing, but unhappily the same

experiments repeated by Delage and others gave diametrically opposite

results. It seems of little importance whether the transmitted material is

composed of actual character factors, or whether it represents a con-

catenation of physical units, resulting in the phenomena implied in heredity
;

but it is important to ascertain by what means these phenomena are.

reproduced generation after generation.

The character factors may eventually be found to reside in both chromatin

and cytoplasm, being distributed in the latter during the resting-stages for:

purposes of nutrition, and being collected together in the chromatin filaments-

only during the stages immediately preparatory to karyokinesis : this would
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explain the resolution of the chromosomes into spiremes or reticulum, and

their later shortening and consequent closer association of granules—the

chromatin in this case serving merely as a conA^enient vehicle for the precise

distribution of character factors, or their equivalents, between the two

daughter cells.

Material and Methods.

My material was collected at Nannerch, in Flintshire, N. Wales, in the

last week of August 1909. The grasshoppers were killed in chloroform

within a few hours of capture, and were placed whole in the fixative after the

wings and legs had been removed, and the integument of the back slit up to

allow readier access to the fluid. I have obtained excellent results with

Perenyi's chromo-nitric acid solution, the resting-stages and various phases

of mitosis being very perfectly preserved : the majority of writers on insect

spermatogenesis, however, appear to have used Flemmiug's strong chromo-

aceto-osmic acid solution, Hermann's platino-aceto-osmic acid solution, or the

fixatives of Bouin and Zenker.

The grasshoppers were transferred after two hours to a 50 % aqueous

solution of alcohol, and an hour later were placed in a 70 % solution, in

which they remained for twelve hours ; they were then stored in a solution

of 80% alcohol. This storage solution was changed twice during the first

month, having become thick and discoloured with pigment.

When required for embedding, the testes were dissected out, and placed

for twenty-four hours in a 90% solution of alcohol: after being passed

through absolute alcohol and cleared in cedar-wood oil, they were embedded

in paraflin, remaining for twenty minutes in the first bath and for fifteen in

the second. I used paraffin with a melting-point of 52° C, since I found

that paraffin with a higher melting-point had a tendency to overheat the cells.

Sections were cut with an ordinary Cambridge rocking microtome to thick-

nesses varying from 5 to 10 [m, and were invariably stained on the slide.

The nuclear stains used were Heidenhain's iron hsematoxylin, iron brazilin,

and safranin, the first-named being used alone or in conjunction with a

plasma stain

—

e. g., eosin, congo-red, or picro-carmine ; I also used the

tricolor stain of Flemming, and the permanganate of potassium method of

!FIenneguy.

In staining with the iron hsematoxylin, 1 used, as a mordant, an aqueous

solution of iron alum, in which the slides remained for six hours ; they were

then stained for twelve or fifteen. Davis left his slides in the mordant for

only two hours, and in the stain for from four to six ; but 1 have found that

the longer period gives better results as regards sharp definition, while the

process of differentiation can be more perfectly controlled. In the cases

where a second stain was used, the slides were left for ten minutes in the

plasma stain before being transferred to the iron hiematoxylin : the iron
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alum has no effect upon the former, but this cannot be said o£ the alcohol
;

so great care must be taken not to wash out the whole of the plasma

stain in the subsequent process of dehydration through successive strengths

of alcohol. The iron hsematoxylin gives the best results in all cases where it

is required to bring the chromosomes and nucleoli into evidence ; and this

is particularly noticeable when camera-lucida drawings are needed. Davis

obtained his best results with iron hsematoxylin in (conjunction with bordeaux-

red, and has confined himself almost entirely to this combination.

When staining with safranin I used a 50% solution in alcohol, leaving the

slides in it for from twelve to twenty-four hours ; this gives an orange-grey

tint to the protoplasm, the chromatin staining bright red. Henneguy's

method is a modification of this, for the safranin used is made by

Zwaardemaker's formula, being a mixture of equal volumes of alcoholic

safranin and anilin water : the slides were placed for five minutes in a

50/0 aqueous solution of permanganate of potassium, which acts as a mordant,

and then stained for six or twelve hours, after careful washing in running-

water. The excess of colour was removed by a high strength of alcohol.

Wilcox used this method when working upon Caloptenus femur-ruhrum, and
obtained good results ; he however allowed the slides to remain in the stain

only for a few minutes.

In the iron brazilin method, first described by Hickson *, no second stain is

necessary, for the cytoplasm as well as the chromatin is affected : the slides

were placed for two or three hours in a solution of iron alum in 70 7o alcohol,

and were then stained for from sixteen to twenty-four hours. This stain is

useful for studying late stages of unripe spermatozoa and their earlier

spermatid transformations.

The tricolor stain of Flemming gives very delicate results, particularly in

stages other than those of actual mitosis.' I stained in safranin for forty-eight

hours, and washed the superfluous colour out with strong alcohol ; the slides

were then taken down to water through successive strengths of alcohol, and
were stained for several hours in an aqueous solution of gentian, after which
they were washed in water and placed for ten minutes in a similar solution

of orange Gr, which acts as a differentiating agent for the gentian. This
combination gives a purple tint to the chromosomes and nucleoli, the spindle

fibres, &c., appearing in various shades of grey and brown.

The Follicles of the Testis.

The testes are two ovoid paired organs lying dorsally to the alimentary
canal in the middle of the abdomen, and so closely associated that they can

* Hickson, S. J., ''Staining with Brazilin," Quart. Journ. Micr. Sci. xliv. p. 469, 1901.
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be dissected out as a single body : they consist o£ a number o£ tubular

follicles, tapering at the ends, and opening posteriorly into a duct com-

municating with the vas deferens.

By numbering the follicles in a section, and allotting the same numbers to

corresponding follicles in successive sections of a complete series, it is possible

to reconstruct the follicle in any particular case, and to recognize the true

position of one section in the whole, in cases where the razor has cut

transversely or at an angle to the plane of length.

Primary^Sperm-

atoffonia .

''*^« Secondary ditto.

,2'''^' Growth period.
Pr/mary Sperm-

•v.^ arocytes.
^^''=''/^'&2"f(maturation'
X, dtv/sions.

,^^'^^Spermat/ds •

'^'^'Unripe Sperm -
' --^^ atozoa.
"1\zBunct7es of'r/pe
'"'y Spermarozoa .

^. De^enerar/ny
"'

Cet/s.

At the anterior end of each follicle is a single cluster of primary spermato-

gonia with the apical cell, and several clusters of secondary spermatogonia,

arranged without definite order. The resting- or growth-^S'tages of the

primary spermatocytes occupy a considerable area, lying posteriorly to

the spermatogonia ; and the heterotropic chromosome is here seen for the

first time as a dark and compact body apposed to the nuclear membrane.

We next see the various phases of the primary and secondary spermatocyte

mitoses, there being no resting-stage between these two divisions. Pro-

ceeding still further towards the posterior end of the follicle, we meet with

the transformation from spermatids to unripe spermatozoa ; the former are
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ill scattered groups, and the latter in more closely associated Jbunches.

Beyond these are dense masses of ripe spermatozoa, placed at considerable

intervals in the lumen of the follicle : the extreme end is occupied by

degenerating cells that will undergo no further development.

The posterior half of the follicle is occupied by unripe and ripe sperma-

tozoa, and the greater part of the anterior half is closely packed with the

primary spermatocyte growth-stages. The follicle is divided into tracts, in

which these various stages are found, the partitions arising from the follicle

wall : further subdivision is effected by septa, dividing the tracts into cysts.

Cells in one cyst are not all at the same stage ; and the precocious cells of

one section correspond with the laggards in the next. When the follicle has

been cut at right angles to its length, the succession of stages can be followed

with great accuracy until we come to the spermatids, when the identity of

the follicle is lost, clusters of spermatozoa alone being distinguishable.

Spermatogonia.

The extreme anterior zone of the mature follicles is divisible into two parts,

occupied respectively by the primary and secondary spermatogonia. The

former are arranged in a single layer round a central cell—the apical cell

—

recognizable by its regularly ovoid nucleus, in which lies a group of large

and deeply staining granules, the ordinary chromatin particles being

distributed in irregular blotches. The nuclei of the primary spermatogonia

are situate in the region of their cytoplasm furthest from the apical cell, and

present a lobulate appearance, as can be seen in fig. 1, on Plate 1. The

chromatin is disposed in minute particles upon the linin threads of an

apparently complete reticulum ; and I have failed to find any massing of

larger granules, as in the case of the apical cell. Each follicle contains one

apical cell with its attendant primary spermatogonia.

At present little is known of the nature of this apical cell, which has been

found and studied in many insect forms, but principally in the Lepidoptera
;

its function is not yet understood, but it probably plays an important role by
affording either nourishment or physical support to the cells destined to

become spermatozoa. On the other hand, it has been suggested that it is a

degenerate spermatogonial cell, or the mother cell of the primary spermato-

gonia surrounding it, or that its function is connected with the formation of

the zones into which the follicle portions are subdivided. Davis has found
it in the members of the Acrididae and Locustidse that he has studied, and
has shown that in Dissosteira Carolina, Arpliia tenebrosa, Cliortophaga

viridifasciata, and Stenohothrus curtipenms it is completely surrounded by
the single layer of primary spermatogonial cells, but only partly surrounded
in Melanoplus femomtus and Hippiscus tuherculatus, being at one side in
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contact with the connective-tissue cells. Gerard further distinguished it in

Stenohotlirus higuttulus' by its deeper cytoplasmic colouring ; but I have not

found this in my material. The cluster of primary spermatogonia is

surrounded by numerous connective-tissue cells, recognizable by their small

size and deeply stained nuclei. The secondary spermatogonial groups are

completely enclosed by cyst-walls, formed from connective-tissue cells, and

lie posteriorly to the primary spermatogonia in irregularly disposed clusters,

often so closely packed that the cells become distorted. Bach group has

been formed by repeated division of a single cell, originally extruded from the

primary spermatogonial figure, so that there is a continuous stream of cells

passing towards the posterior end of the follicle. A secondary spermatogonial

cyst is shown on Plate 1. fig. 2, from which it will be seen that these cells

closely resemble the primary spermatogonia, but are easily distinguishable

by the absence of the apical cell.

As in the case of the primary spermatogonia, the resting-stage nucleus

shows a series of chromatin granules disposed along linin threads : I have

been unable to discover whether we are dealing here with one continuous

thread, much convoluted, or with a number of threads, irregularly placed

ill such a manner that they combine to give this reticular appearance.

Montgomery seems to have experienced the same doubt in the case of

/Syrhula. Davis merely describes a network, in which chromatin granules

are massed at the intersections of the linin threads.

There are two spermatogonial generations ; and this agrees with the

results of Montgomery upon Syrhula acuticornis, Gerard upon Stenohothriis

higuttulus, and Davis upon numerous members of the Acrididse and

Locustidse. Sutton however has declared that there are eight in Bracliy-

stola ; and Wilcox has been unable to determine the exact number in

Caloptenus femur-mhrum. McClung suggests that the number varies with

the species.

In the resting-stages the nucleus is not deeply stained. The prophase of

;
division is characterized by the flowing together of granules on the linin

threads ; and these chromatin particles become more and more closely

associated until they form the ragged filaments, representing the forerunners

of the compact bodies that later appear on the periphery of the karyokinetic

spindle. As condensation proceeds, the chromatin exhibits greater affinity

for the iron haematoxylin, so that distinct correlation exists between the

intensity of staining and the degree of proximity of the associating particles.

The formation of the spindle is preceded by the appearance of two small

asters in the cytoplasm, close to the periphery of the nucleus. The chromatin

filaments have by this time assumed the shapes and sizes characteristic of

the qhromosomes ; and they now arrange themselves on the equatorial plate,

preparatory to division, the metaphase complex showing seventeen chromosomes

of varying shapes and sizes.
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In everj complex that I have studied I have found the same number of

chromosomes, and the same size and shape relationships. With the exception

of the heterotropic chromosome, the members of the complex can be

arranged in a graduated series of eight pairs, divisible into three groups,

small, large, and medium : there are three small pairs, of which two are

spherical and the third ovoid, three pairs of large rod-shaped chromosomes

bent slightly at the middle, and two pairs of medium chromosomes, which

usually appear as straight rods. The heterotropic chromosome is the fourth

largest in the complex, and is a straight or very slightly bent rod, recognizable

for the first time at this stage. By choosing metaphases where the

chromosomes overlap only to a small extent, and by making camera-lucida

drawings upon successive occasions and comparing results later, I have tried

to minimize the possibility of error in counting the number of chromosomes
present; this difficulty is not experienced in the metaphases of the

spermatocytes, where only half the spermatogonial number is found, and
where cells can be chosen in which no overlapping occurs. Plate 1. figs. 3

& 4 show polar views of the spermatogonial metaphase, the seventeen

chromosomes being arranged on the equatorial plate.

Gerard has found seventeen chromosomes in the spermatogonial complex
of Stenobothrus biguttulus, and Davis's results in the case of S. curtipennis

agree with this. McClung in an early paper suggested that the number is

dependent on the family, and is a constant, but this has not been found to be

strictly true. I believe the number is constant for the genus, but not for a
larger subdivision of the animal kingdom. Since the number has been
found to vary in the Orthoptera, it is interesting to compare the results of

writers upon this subject. Sutton has found twenty-three chromosomes in

Brachystola magna, capable of being arranged in three small and eight large

pairs, with an odd or heterotropic chromosome ranking among the latter.

Davis has counted the same number in Arphia tenebrosa, Hippiscus tuberculatus,

Chortophaga viridifasciata, and Melanoplus femoratus. In the Locustid,

Steiroxys trilineata, he has found twenty-nine, and has shown that in all

cases the ordinary chromosomes can be arranged in pairs forming a graduated
series. McClung has observed thirty-three chromosomes in Xiphidium
fasciatum

;
and Nadine Nowlin has counted twenty-three in Melanoplus

bivittatus. When working upon crickets, Baumgartner found twenty-nine
in Gryllus assimilis and twenty-one in G. domesticus.

The chromosomes, after placing themselves on the spindle, divide
longitudinally, and their halves pass to opposite poles ; the division of the
heterotropic chromosome is longitudinal, but occurs often at a later stage,

when the ordinary chromosomes have begun to move apart : an example of
the secondary spermatogonial telophase in shown on Plate 1. fig. 5. On
reaching the poles the chromosomes elongate and appear to lose their
affinity for the iron hsematoxylin : as the nuclear membrane reforms, they
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become more and more ragged ; and this dissociation of chromatin continues

until we see again the characteristic resting-stage with its chromatin

granules disposed along linin threads, which combine either in reality or in

appearance to produce a complete reticulum. The whole process is merely

an inverse repetition of that preceding division. The heterotropic chromosome

takes no part in this diffusion of chromatin, and remains throughout this

stage as a darkly stained and homogeneous body apposed to the nuclear

membrane, where its affinity for the stain and smooth outline render it

extremely conspicuous.

Primary Spermatocytes.

After the last spermatogonial division, resulting in the formation of two

daughter primary spermatocytes, the nucleus is much reduced in size.

McClung has pointed out that at this stage reproduction is replaced by

constructive metabolism, and that the chromosomes, after exhausting their

metabolic resources, unite their common energies to build up a new

cytoplasm. This suggestion probably furnishes the true explanation, but in

any case possesses considerable pragmatic value, for some process of this

nature undoubtedly occurs.

The cells undergoing this resting- or growth-stage occupy large areas in

the follicle, and the gradual increase in size as we proceed more and more

posteriorly is very noticeable. This growth-period is continued until the

nucleus has attained its maximum size, when the cell enters the prophase of

the next mitosis. Plate 1. figs. 6 & 7 show the difference between the

primary spermatocyte immediately after the secondary spermatogonial

division and immediately before the next mitosis. The nucleus shows a

reticulum, composed of chromatin granules placed along linin threads, the

individuality of the ordinary chromosomes being completely lost.

It will be remembered that at this stage Sutton found no loss of

individuality of the chromosomes in Brachi/stola ; each chromosome under-

went resolution into a spireme in a separate sac, in which it remained

completely isolated, although the sacs fused at one end to form a common

chamber. He consequently met with no reticulum, or appearance of a

reticulum, and so put forward this phenomenon as a convincing proof of the

individuality of the chromosomes. Robertson observed a similar condition

in Syrhula, but did not always find the sacs, containing the ordinary

chromosomes, clearly distinguishable. Both Sutton and Robertson describe

a distinct vesicle, in which the heterotropic chromosome Hes, having no

morphological connection with the vesicles of the other chromosomes. I

have been unable to find the smallest trace of such vesicles, and am confirmed

in this by the work of Gerard on Stenohotlirus higuttulus—a member of the

same genus.
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The prophase of division is characterized bj the closer association of

chromatin granules on the linin threads o£ the reticulum ; and this process

continues until the latter is resolved into a number ol; ragged filaments,

which shorten and thicken, and later assume a boomerang shape. By this

time all trace of the component granules is lost ; and the ragged horseshoe

bodies^ folding themselves into figures o£ eight and rings, are gradually-

transformed into the smooth and clearly defined chromosomes. The

resolution of the reticulum into filaments is shown on Plate 1. fig. 8, and the

subsequent shortening and thickening of the boomerangs in fig. 9 of the

same Plate. The various shapes assumed by the chromatin filaments at a

still later stage are shown on Plate 2. figs. 10-19^ the most prominent types

being crosses, rings, and loops. The last-named may be doubled to form a

complete figure of eight, or may form a single loop with free ends twisted or

crossed over one another.

As soon as the centrosomes have taken up their position at the poles, the

chromosomes appear on the equatorial plate, and the characteristic metaphase

figure is once more represented. The heterotropic chromosome remains as a

dark and smoothly outlined body close to the nuclear wall while the

chromatin filaments are being transformed into chromosomes : it then takes

its place among them on the mitotic spindle. The number of filaments

evolved from the reticulum is eight, so that nine chromatin bodies compose

the metaphase complex. In this manner the sixteen ordinary chromosomes

of the spermatogonial cell have been halved, and this reduction must be

effected before the breaking up of the spireme, for I have found no evidence

of lateral association of filaments after this has occurred. Gerard has

obtained similar results, but explains the reduction of the somatic number by

describing an association of granules, the reticulum meshes combining in

pairs by means of fine anastomosing threads ; he has found that this process

always begins near the heterotropic chromosome. On the other hand, Davis

denies that a continuous spireme is formed, but mentions a similar massing

of granules at this stage ; he describes how the spiremes appear later in the

form of loops, attached by their free ends to the nuclear membrane, and,

since the number of loops is half the somatic number of the chromosomes,

suggests that each loop is composed of two univalent chromosomes united

end to end.

The chromosomes on the equatorial plate exhibit the same size and shape

relationships found in the spermatogonial complex : of the eight ordinary

chromosomes, three are large, three small, and two of medium size, the

heterotropic chromosome again being the fourth largest. This can be seen

from Plate 2, where a polar view of the metaphase is given in fig. 20. The
smaller chromosomes are the first to divide, division in all cases being-

longitudinal ; this agrees with the results of Baumgartner, Gerard,

Henderson, McClung, Montgomery, Nowlin, Robertson, Sutton, Wilcox,
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and others. The heterotropic chromosome does not divide at this mitosis,

and may often be seen on its way to one pole, while the ordinary chromosomes

are still on the equatorial plate. Illustrations of this are shown on Plate 2.

figs. 21 & 22, and a still later stage in fig. 23, where the ordinary

chromosomes, still attached to one another by connecting-fibrils, are moving

towards the opposite poles. In every case the heterotropic chromosome

passes entire to one daughter cell, so that dimorphism of the spermatozoa is

effected at this mitosis, half the resulting secondarj'^ spermatocytes possessing

this odd chromosome, and half being without it. No resting-stage follows

the telophase, for the two maturation divisions occur in rapid succession.

Secondaet Speematocytes.

Large areas are frequently to be seen occupied by cells undergoing these

two divisions ; and the absence of an intervening resting-stage is not

characteristic only of this species, for it has been observed in many other

types.

-The chromosomes that assemble on the mitotic spindle are nine or eight

in number, the difference depending upon the presence or absence of the

heterotropic chromosome, which is found in only half the cells. The complex

exhibits the same size relationship that occurred in the earlier metaphases :

there are once more three small chromosomes, of which two are spherical

and the third ovoid, three large chromosomes appearing as Vs with their

component arms closely folded on one another, and two chromosomes of

intermediate size, also represented by a pair of arms joined at one extremity.

The heterotropic chromosome, when present, is still the fourth largest of the

complex. Examples of polar views of the metaphase, showing the chromosome

complex, are given on Plate 2. figs. 25, 2Q, & 27.

Later we see the ordinary chromosomes dividing in mitosis at the junction

of their component arms, one arm going to each pole. If the arms are

really the associated members of the spermatogonial pairs, this division

must effect the separation of chromosomes that became laterally associated

two generations previously ; and if we accept the further hypothesis that the

members of these pairs are respectively paternal and maternal in derivation,

we must regard this mitosis as the means of separating chromosomes

obtained from the two parents, after a possible exchange of chromatin.

There is however no direct evidence to prove that the component arms of

these V-shaped chromosomes correspond with the members of the spermato-

gonial pairs, or that the members of the pairs are derived from both

parents, although there are reasons for assuming the truth of these two

suppositions.

The heterotropic chromosome is the last to divide, and can often be seen

on the periphery of the mitotic spindle when the ordinary chromosomes are
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massing at the poles ; on these occasions it appears in the form of two Vs,

whose apices are distally placed with respect to one another. An illustration

of this phenomenon is given on Plate 3. fig. 28. This " lagging '" of the

heterotropic chromosome has been observed by Baumgartner in Gryllus, by

Davis in numerous members of the Acrididse and Locustidse, and by many

writers in the case of other types.

The cytoplasm becomes constricted shortly after the chromosomes have

passed to the two poles, and in this manner two daughter spermatids are

formed.

Spermatids.

As soon as the nuclear membrane of the spermatids has formed, the

chromosomes become ragged, and dissociation of their component granules

begins to take place. This process continues until the individuality of the

ordinary chromosomes is completely lost, the nucleus exhibiting several

irregularly placed blotches, in which the chromatin granules are faintly

distinguishable. The heterotropic chromosome retains its individuality for

a considerable time, remaining intact as a darkly stained body in the midst

of the dissociating ordinary chromosomes ; it subsequently becomes resolved

into a mass of granules, and loses its identity in the general chromatin

reticulum. Plate 3. fig. 29 shows a cell at this stage of development.

Shortly after this a body appears outside and in contact with the nuclear

membrane, forming a conspicuous object on account of its great affinity for

the iron hsematoxylin and its characteristic bead or knob shape. The axial

filament grows out from a clearly marked constriction in the middle of this

" centrosome,'' and, as the cytoplasm of this region gradually elongates to

form the tailpiece of the unripe spermatozoon, increases in length and

appears as an indistinct line down its entire length. The chromatin granules

have now become extremely minute, and the nucleus has the appearance

of an uniformly grey body, in which the component chromatin particles

cannot be distinguished. This gradual transformation is shown on Plate 3.

figs. 30 & 31.

The elongation of the tail and axial filament is later accompanied by a

corresponding elongation of the nucleus, which loses its spherical shape and

appears in that of a torpedo. The " centrosome " still occupies its original

position between the axial filament and the posterior end of the nucleus, but

is slightly reduced in size ; this can be clearly seen in figs. 32 & 33.

The lengthening of the nucleus and tailpiece continues, and the "centro-

some " becomes smaller and smaller. The nucleus gradually becomes darker,

doubtless owing to a closer association of its chromatin particles. Plate 3.

figs. 34 & 35 show this further elongation, the reduced size of the

" centrosome " being very noticeable,
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The torpedo-shaped spermatids are to be seen scattered in the follicle^ and

are very prominent objects on account of the strong staining of the iron

hsematoxylin : they are placed usually with their heads towards the anterior

end of the follicle, and travel as unripe spermatozoa, tail first, towards the

posterior end. As they elongate further into the thin thread-like form

characteristic of the unripe spermatozoa, they become associated in ragged

clusters, which continue to condense until we find solid masses of ripe and

finely drawn out spermatozoa situate at irregular intervals in the lumen of

the follicle. Plate 3. fig. 36 shows the penultimate stage immediately

preceding the transformation into the mature spermatozoon, and is a good

example of the much reduced " centrosome " and the darkly staining and

considerably elongated nucleus.

Summary.

1. The apical cell is found at the extreme anterior end of the mature

follicle, completely surrounded by a single layer of primary spermatogonial

cells. There is only one apical cell in each follicle.

2. The secondary spermatogonia occur in clusters and morphologically

appear similar to the primary cells, but are recognizable by the absence of

the apical cell and by the number of clusters.

3. The nucleus exhibits an apparently complete reticulum in the resting-

stages of both primary and secondary spermatogonia : there is no trace of

the identity of either heterotropic or ordinary chromosomes.

4. The chromosomes of the spermatogonial complex can be arranged in

a graduated series of pairs, and are divisible into three groups, viz., large^

small, and medium-sized chromosomes. The number of chromosomes is

constant and is seventeen, the fourth largest being unpaired and corresponding

with the " monosome " and " accessory " chromosome of other writers.

5. All the members of the spermatogonial complex divide in mitosis ; but

the odd or heterotropic chromosome often " lags," and can be seen on the

spindle when the ordinary chromosomes are assembling at the poles.

6. The nucleus is at its smallest size after the last spermatogonial division,

and this stage is followed by a clearly observable growth-period, extending

to the prophase of the first maturation division. In this resting-stage the

nucleus again exhibits a chrom.atin reticulum, the granules being disposed

along linin threads : the identity of the ordinary chromosomes is lost, but

the heterotropic chromosome remains as a dark and homogeneous body close

to the periphery of the nucleus, and undergoes no resolution into a spireme.

7. I have found no trace of separate sacs or vesicles in which chromo-
somes undergo transformation into spiremes, either in the case of the hetero-

tropic or the ordinary chromosomes.

8. The equatorial plate of the primary spermatocyte mitosis shows nine
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chromosomes, again divisible into three groups as regards size. The fourth

largest o£ the complex is undoubtedly the heterotropic chromosome. The

distinct correspondence between the size and shape relationships of the

secondary spermatogonia! and primary spermatocyte complexes points to

the possibility of a lateral conjugation o£ members of the spermatogonia!

pairs during the intervening period, but is not a proof of it.

9. The ordinary chromosomes divide in the primary spermatocyte meta-

phase, and their halves pass to opposite poles o£ the spindle : the heterotropic

chromosome shows no sign of division, and passes entire to one daughter cell,

while the ordinary chromosomes are still on the equatorial plate. In tbis

manner dimorphism of the subsequent spermatozoa is effected.

10. I have been unable to discover whether reduction—the separation of

conjugant members—occurs at the first maturation division or at the next

;

possibly both divisions are equational, and only a numerical reduction

takes place as a result of lateral association of chromatin granules or

masses on the reticulum threads prior to the primary spermatocyte propha,se

of mitosis.

11. There is no resting-stage between the first and second maturation

divisions ; the constriction of the cytoplasm to form the two daughter

secondary spermatocytes is closely followed by the appearance of the next

karyokinetic spindle.

12. The complex of the secondary spermatocyte cell shows nine or eight

chromosomes, and this difference is due to the presence or absence of

the heterotropic chromosome, which is found in only 50 ^Jq of the cells.

The chromosomes exhibit the same size relationships that occurred in the

previous metaphases, there being three large chromosomes, three small, and

two of intermediate size, Tiie heterotropic chromosome, when present, is

the fourth largest of the complex. Two of the three small chromosomes are>

spherical, and the third is ovoid or slightly dumb-bell shaped : the remainder

appear as two arms jointed at one end and closely apposed to one another.

13. I find no direct evidence to prove that these arms are the represen-

tatives of the spermatogonial pairs.

14. Division occurs at the junction of the component arms. The hetero-

tropic chromosome usually "lags," and can be seen on the spindle when the

ordinary chromosomes have passed to the two opposite poles.

15. The formation of the nuclear membrane in the spermatids is followed

by resolution of the ordinary chromosomes into their component granules.

This process continues until the nucleus appears of an uniformly grey colour,

in which the individuality of the chromatin particles is lost. The hetero-

tropic chromosome remains at first as a darkly staining and irregular body,

but later undergoes resolution into particles, whose identity is indistinguish-

able in the common chromatin mass.

16. The appearance of the " centrosome '^ is followed by the formation of
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the axial filament, arising near the constriction in the middle of this body.

The cytoplasm in this region elongates to form the tail of the unripe sperma-

tozoon, and the axial filament appears as a faint line running down the

centre of the tail. The elongation of the nucleus and the tailpiece con-

tinues, and is accompanied by a reduction of the " centrosome,'' which

finally becomes extremely small.

17. The head of the spermatozoon is composed of the nucleus ; the

" centrosome " forms the middle piece, and the axial filament and its sur-

rounding cytoplasm form the tail.

18. The spermatids travel later towards the posterior end of the follicle

with their heads turned towards the anterior end ; and this phenomenon is

observable in the spermatozoa. The spermatids are found scattered in the

follicle, the unripe spermatozoa in more closely associated clusters, and the

ripe spermatozoa in solid bunches.

19. At no stage have I observed a discharge of chromatin from the nucleus,

and I have seen nothing to suggest that the whole of the chromatin is not

directly concerned with the transformation from the resting reticulum to the

compact chromosome condition of the metaphase.

20. The extreme posterior end of the follicle contains numerous degene-

rating cells, in which irregularly shaped masses of chromatin stain deeply

with the iron hsematoxylin.

21. Although the individuality of the chromosomes is completely lost in

the resting-stages of the spermatogonia, spermatocytes, and spermatids, with

the one exception of the heterotropic chromosome in the primary spermato-

cyte growth-period, there is strong reason for supposing that the same

elements appear on the successive mitotic spindles throughout development.

It is possible that the component granules of a particular chromosome are

not the same in these cases, for an exchange of chromatin particles may

occur during the reticulum stages, and if this occurs we have at present no

means of discovering the extent of this exchange. It must, therefore, not be

assumed that corresponding chromosomes of two successive metaphases

contain the same individual chromomeres.

In conclusion, I offer my thanks to Prof. Hickson and his staff for placing

the research laboratories of Victoria University at my disposal, and for the

encouragement that I have received in carrying out this research.
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EXPLANATION OF THE PLATES.

The original drawings were made with the aid of a large Abbe camera lucida, and are

reproduced here at the same magnification. All the figures are magnified 2500 diameters,

except figs. 1 and 2, which are magnified only 750 diameters. The preparations were

studied by means of a Zeiss apochromatic oil-immersion objective of 2 mm. focus and

N.A. I'SO, and compensating oculars Nos. 6, 12, and 18. Illumination was obtained from

an acetylene burner, the light being directed on to the mirror through a globe condenser

containing a weak aqueous solution of copper acetate.

All the drawings shown are made from preparations fixed with Perenyi's fluid and

stained with Heidenhain's iron hsematoxylin, and in certain cases counterstained with eosin.

The sections were cut to a thickness of 10 /i. I have endeavoured to render comparison

between the successive stages easy by adopting this plan of drawing the figures to the same

magnification.

Plate 1.

Fig. 1, Cyst containing apical cell surrounded by a single layer of primary spermatogonial

cells. The lobulate appearance of the distally placed nuclei of the latter is very

noticeable. The apical cell's nucleus exhibits the irregular masses of chromatin

and the peculiar cluster of deeply staining granules.

Fig. 2. Cyst containing a cluster of secondary spermatogonia, and recognizable by the

•..b^ence of the apical cell.

Fig. 3. Secondary spermatogonial metaphase, seen from one pole. The seventeen chromo-

somes are paired, and can be divided into three groups as regards size. The
heterotropic chromosome is the fourth largest, and is marked X.

Fig. 4. Ditto.

Fig. 5. Ijateral view of secondary spermatogonia! telophase. The heterotropic chromo-

some has divided late.

Fig. 6. Eesting- or growth-stage immediately following secondary spermatogonial mitosis.

The ordinary chromosomes have become resolved into an apparent reticulum, in

9*
«4
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which their individuality is lost: the heterotropic chromosome is seen in its

characteristic form as a darkly staining body apposed to the nuclear membrane.

The nucleus is here at its sinallest volume.

Fig. 7. The same at a later stage. The growth of the nucleus is very noticeable.

Fig. 8 Beginning of primary spermatocyte prophase. The reticulum has become con-

verted into a highly convoluted spireme, the heterotropic chromosome remaining

as a homogeneous mass apposed to the nuclear wall.

Fig. 9. Later prophase of primary spermatocyte. The spireme has broken into filaments,

which have become more darkly stained by the closer association of their com-

ponent granules. These filaments are shortening and thickening and have begun

to assume the characteristic ring and boomerang shapes. A nucleolus is shown

above the heterotropic chromosome.

Plate 2.

Fio-s. 10-19. Chromatin filaments twisted into crosses, rings, and single or double loops

;

they have become shorter and more condensed than they appeared in the last

figui'e, and will shortly transform themselves into the smooth and compact

chromosomes of the metaphase complex.

Fio-. 20. Polar view of the primary spermatocyte metaphase—the first maturation division,

—

showing the nine chromosomes, again divisible into large, small, and medium-

sized chromosomes. The heterotropic is still the fourth largest and is marked

with a cross.

Fig. 21. Lateral view of the primary spermatocyte metaphase. The ordinary chromosomes

are arranged on the mitotic spindle, and the heterotropic chromosome has already

passed to the lower pole.

Fig. 22. Ditto.

Fig. 23. Lateral view of the later anaphase of the primary spermatocyte division. The

ordinary chromosomes have begun to move towards the opposite poles, but are

still attached to one another by the connecting fibrils. The lieterotropic chrnmo-

some has passed to the upper pole without division. All the chromosomes are

shown.

Fig. 24. Lateral view of the primary spermatocyte telophase, showing the massing of

chromosomes at the two poles of the spindle.

Fig. 25. Polar aspect of the secondary spermatocyte metaphase. The nine chromosomes'

are exhibited, and are again divisible into three small, three large, two medium,

and the odd heterotropic chromosome. Two of the small chromosomes are

spherical and the third ovoid ; the remainder are seen as a pair of arms joined at

one extremity and closely apposed to one another.

Figs. 26, 27. Ditto. It must not be forgotten that the heterotropic chromosome only occurs

in 50 7o of these cells.

Plate 3.

Fig. 28. Lateral view of the secondary spermatocyte mitosis—the second maturation

division. The heterotropic chromosome is seen on the spindle, with its halves

attached to one another by the connecting fibrils, thus appearing as the " lagging
"

chromosome. The ordinary chromosomes are assembled at the two poles.

Fig. 29. Resting-stage of the spermatid. The ordinary chromosomes have become resolved

into their component chromatin particles and have lost their identities ; the

heterotropic chromosome has become ragged through the same process, but can
still be recognized. It is marked X-
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Fig. 30. Later stage of spermatid. The " centrosome " has appeared, aud the axial filament

is growing out near its constriction. The cytoplasm below the " centrosome "

has begun to elongate into the tail.

Fig. 31. Ditto. In this later stage the chromatin particles of the nucleus have become so

minute that their individuality is lost.

Fig. 32. A later stage of the above. The nucleus is elongating aud is becoming darker.

The reduction in size of the " centrosome " is noticeable.

Fig. 33. Ditto.

Fig. 34. The elongation of nucleus and cytoplasm of tail has transformed the spermatid

into an unripe spermatozoon. The reduction of the " centrosome " is very

marked.

Fig. 35. Ditto.

Fig. 36. Final stage before transformation into the ripe spermatozoon. The darkly stained

nucleus is forming the head, the " centrosome " the middle piece, and the axial

filament with its surrounding cytoplasm the tail. The " centrosome " lias become

considerably smaller than it appeared in fig. 35.
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A Comparison of the Summer Plankton on the West Coast of Scotland with

that in the Irish Sea. By Prof. W. A. Herdman, D.Sc, F.R.S., F.L.S.

[Eead 3rd November, 1910.]

During the last fom- summers (1907-1910, inch) I have spent the first

few weeks (July) of the vacation in taking plankton hauls from the

Fig. 1.—"Nansen" Closing Tow-net

in action,

I. Open, as it descends and as it

fishes.

II. Closed, as it is hauled in after

fishing.

M, messenger to effect closing
;

L, releasing apparatus
;

T, throttling noose

;

C, canvas front to net

;

B, brass bucket containing the catch
;

W, weight.

I. II,

S.Y. ' Ladybird ' amongst the islands and sea lochs of the west of Scotland,

and the remainder of the time (in August and September) in similar work
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further south, iu the Irish Sea. A comparison of the collections leads one
to the conclusion that in addition to seasonal changes there may be marked
local differences in the plankton, so much so as to give a characteristic
appearance to the gatherings from certain localities.

The plankton hauls from the yacht were in all cases taken with the same
nets and in the same method, and the after-treatment was also always the
same

; so that the various gatherings are as nearly comparable as is

possible. All the vertical hauls were made with the smaller " Nansen "

net, a closing-net (fig. 1) of no. 20 silk, with the mouth 35 cm. in diameter.

Fig. 2.—Lucas Sounding-Machine as used with Nanseu Vertical

Closing Net on ' Ladj'bird.'

Surface gatherings were sometimes taken at the same time with ordinary

open surface tow-nets made of the same silk as the " Nansen " net and of

approximately the same size. The Lucas Sounding-Machine (fig. 2) fitted

with 200 fathoms of pianoforte wire was found to be most convenient and
expeditious in taking these deep vertical hauls.

The temperature of the surface water of the sea in the Hebrides varied

this summer during the month from 11-8° C. on July 11th, off Canna, to
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13-1° C. on July 19th, ofF the N. point of Eigg. Durmg the same period

the surface temperature off Port Erin in the Irish Sea ranged from 11-6° C.

to 13-8° C.

As my main object was to obtain samples of vertical hauls from the deeper

parts of the British seas, 1 selected localities off the West Coast of Scotland

where the charts showed depths of over 50 fathoms, and where possible of

over 100 fathoms. In addition to surface gatherings and the Irish Sea

series, I have now 33 successful vertical hauls in Scottish waters from

depths of over 50 fathoms and 18 from over 100 fathoms (see fig. 8, p. 38)

The deepest are :—133 fathoms, between Croulin and Longa Islands in the

Sound of Raasay, and 130 fathoms between Canna and Rum, south of Skye.

The localities may conveniently be grouped in three series : (1) those north

of Oban, (2) those further south in the Clyde sea-area, and (3) those in the

Irish Sea. The northern Scottish series number 41, the southern series 26,

and those from the Irish Sea, from depths over 50 fathoms, are 6G *. The

list of localities is as follows, arranged according to the day of the month

irrespective of years :

—

(1) 11

(2) 12

(S) 13

(4) 13

(5) 14

(6) 14

(7) 14

(8) 15

(9) 16-

(10) 17-

(11) 17-

(12) 17-

(13) 17-

(14) 18

(15) 18

(16) 18

(17) 18-

(18) 19-

(19) 20-

(20) 20

(21) 21-

(22) 21-

(23) 21-

(24) 21-

-vii-'lO

-vii-'lO

-vii-'09

-vii-'09

-vii-'09

-vii-'lO

-vii-'lO

-vii-'09

-Tii-'09

-Yii-'OS

-vii-'08

-vii-'08

-Tii-'09

-vii-'08

-vii-'08

-vii-'08

-vii-'lO

-vii-'iO

-vii-'08

-vii-'08

-vii-'07

-vii-'09

-vii-'09

-vii-'lO

I. North of Oban.

Hyskeh-, S. of Canna; surf. (2 hauls).

Vatersay Sound; surf. (2 hauls).

Ardmore, N. of Mud ; 94 faths.

Between Canna and Bum ; 130 faths.

Loch Nevis, Sd. of Sleat ; 75 faths.

N. of Canna ; 80 and 105 faths.

Between Canna and Rum ; 128 faths.

L. Hourn, Sd. of Sleat ; 76 and 90 faths.

Between Croulin and Longa, N, of Skye ; 133 faths.

Loch-na-Beist, Skye ; 6 faths. all night.

L. Nevis, Sd. of Sleat; over 70 faths. (2hauls).

L. Hourn ; 43, 45, 73, and 78 faths.

L. Duich ; 61 faths.

Holm Isle, Sd. of Raasay ; 65 and 70 faths.

L. Ainnert ; 20 and 23 faths.

L. Sligachan : 12 faths.

Ardmore, N. of Mull ; 65, 74, and 85 faths.

N.W. of North Pt. of Eigg; 85 faths.

Longa Island ; 106 faths.

S. of Croulin Isles ; 116 faths.

Sd. of lona ; surf.

Bernera I., Lynn of Morven ; 110 faths.

Between Kerrera and Mull ; 80 faths.

L. Sunart ; 57 faths.

* I have also taken about 200 gatherings in these four years (1907-10) from shallower

water in the Irish Sea, and these have been reported on fully in Trans. Biol. Soc.

Liverpool, vols, xxii-xxiv, 1908-10.
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(25) 22-vii-'07 ; Sd. of lona ; surf.

(26) 22-vii-'10 ; Firtli of Lorn ; 108 and 116 fatlis.

(27) 22-vii- 10 ; Bernera I., Lynn of Morven ; 110 faths.

(28) 24-vii-'07 ; L. Scresort, Hum ; surf.

II. Clyde Sea Area.

(1

)

18-vii-'07 ; Skate I., L. Fyne ; 104 faths.

(2) 26-vii-'07 ; Kilbreunau Sound ; 76-80 faths.

(3) 27-vii-'07 ; East L. Tarbert, ofi'Buddhe I. ; 76 faths.

(4) 27-vii-'07 ; off Cock of Arran ; 76 faths.

(5) 27-vii-'07 ; L. Kanza, Arran ; night ; surf.

(6) 28-vii-'08; Skate I., L. Fyne ; 95-105 faths. (o hauls); and surf.

(7) 28-vii-'08 ; oft"Mt. Erins, L. Fyne ; 83 faths.

(8) 28, 29-vii-'08 ; Newtou, Upper L. Fyne; 54-66 faths. (4 hauls).

(9) 28-vii-'09 ; Skate I., L. Fyne ; 100-106 faths. (4 hauls).

(10) 29- vii-'09 ; Upper L. Fyne ; 70 faths.

(11) 30-vii~'O9; Sd. of Bute'; 95 faths.

(12) 30-vii-'08 ; L. Ranza, Arran ; surf.

(13) 30-vii-'09 ; off Cock of Arran ; 80 faths.

(14) 31-vii-'08 ; S. of Holy I., Lanilash, Arran ; 64 faths. (2 hauls).

(15) l-viii-'09 ; off PortpatricJL ; 103 and 106 faths.

(16) l-viii-'lO ;
oti Sannox, Arran ; 70 faths.

HI. Irish Sea.

(1) 7-iv-'09; 60 faths. (4 hauls).

. (2) 8-iv'-09 ; 60 faths. (5 hauls).

(3) 6-viii-'09; 59-60 faths. (5 hauls).

(4) 7-viii-'09 ; 60-70 faths. (4 hauls).

(5) 10-viii-'09 ; 60-73 faths. (4 hauls).

(6) 17-viii-'08; 60-70 faths. (6 hauls).

(7) 24-viii-'07 ; 60 faths. (10 hauls).

(8) 25-viii-'10 ; 60 faths. (5 hauls).

(9) 4-ix-'07 ; 60 faths. (12 haids).

(10) 12-ix-'07 ; 60 faths. (6 hauls).

(11) 12-ix-'08; 60 and 70 faths.

(12) 17-ix-'10; 70 faths. (3 hauls).

As the same spot was sometimes visited in successive years, many o£ the

gatherings in the lidt above may be grouped under a few localities, as

follows !

—

I. North of Oban.

1. Off Ardmore Pt. in Mull—gatherings : (3) in 1909, aud (17) in 1910 (3 hauls).

2. Loch Hourn—gatherings : (12) in 1908 (4 hauls), and (8) in 1909 (2 hauls).

3. Loch Nevis—gatherings : (11) in 1908 (2 hauls), and (5) in 1909.

4. Canna, Rum, etc.—gatherings : (4) in 1909, and (6) (2 hauls) and (7) and (18) in 1910.

5. Crouliu and Longa—gatherings : (14) (2 hauls) and (19) and (20) in 1908, and (9)
in 1909.

6. Firth of Lorn, etc.—gatherings : (22) aud (23) in 1909, and (26) (2 (hauls) and (27)
in 1910.
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II. Clyde Sea Area.

7. Skate Iwland-gatheriugs : (1) in 1907, (6) (3 hauls) and (7) in 1908, and (9) in 1909

(4 hauls)

8. Upper Loch Fyne—gatherings : (8) in 1908 (4 hauls), and (10) in 1909.

9. Arran, Sound of Bute, etc.—gatherings : (2), (3), and (4) in 1907, (11) and (14)

(2 hauls) in 1908, (13) in 1909, and (15) in 1910.

III. Irish Sea.

10. All the 58 hauls were in the one locality, 12-16 miles N.N.W. of Port Erin, Isle of

Man, from depths of 59 to 73 faths.

When we examine these groups o£ Scottish gatherings from the same

places in different years, two conclusions become evident :

—

(1) That localities, in some cases not very far apart, difEer very

considerably in the nature of their plankton at the same time

o£ year
;

(2) That there is a constancy year after year in the nature of the

plankton at some localities.

A few examples will make this clear :

—

(1) In the northern area, the hauls taken in Loch Hourn and Loch

Nevis are on all occasions very different from those taken off

Ardmore in Mull, and from those taken off the Island of Canna ;

also those taken in the Lynn of Morven at one end of the Sound

of Mull differ from those taken between Mull and Ardnamurchan

at the opposite end. Again, in the southern series, the hauls from

off Skate Island, in the entrance to Loch Fyne, differ markedly

from those taken further south in the Sound of Bute and the

Firth of Clyde off Arran.

(2) The Loch Fyne vertical hauls are always characterised by the

abundance of large Copepoda ; the hauls off Canna and elsewhere

in the Sea of the Hebrides by the prevalence of Diatoms ;
those

in the Firth of Lorn by a fine zoo-plankton, and those round

Raasay on the North of Skye by a much coarser zoo-plankton.

Let us now examine some of these cases in more detail :

—

All the vertical hauls taken in the deep hole, 95-106 faths., off Skate

Island at the mouth of Loch Fyne, consist of a coarse zoo-plankton (see

tig. 3) characterised by a very great number of the common Copepod, Calanus

helgolandkus. The specimens of Calanus are large, and many of them are

of a red colour when alive ; and associated with them are generally a few

EuchcBta norvegica and one or two specimens of the Schizopod Nyctvplianes

norvegiciis. There are also in these hauls a few smaller Copepoda (such as

Pseudocalanus elongatiis and Oithona similis), some Copepod eggs and nauplii,
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a few Sagitta, a few Echinoderm Plutei and Polychset Larvae, Ceratium

tripos, and some Diatoms, chiefly RIdzosolenia semispina. But the bulk of the

gathering is, in all cases, Calanus helgolandicus, and that gives it a charac-

teristic appearance which can be seen as soon as the net comes up. We have

in all eight vertical hauls taken during July in the years 1907, -08, -09,

and also a surface gathering taken at the same locality on July 28th, 1908.

This surface gathering is, however, of an entirely different character from

the vertical hauls. It is greenish in colour, and of fine flocculent appearance,

and is in constitution a phyto-plankton (see fig. 4) almost entirely composed

of Diatoms, chiefly species of Ehizosolenia. There are also a few Peridinians,

Fig. y.—Mouotonic Zoo-plankton samples, one oi wliicli shows Calanus.

and a very few small Copepoda, but the larger Copcpods characteristic

of the vertical hauls are entirely absent.

A vertical haul from 83 faths. taken off Mt. Erins, further up Loch Fyne,

on that same date in July, 1908, shows the same type of gathering as the

vertical hauls off Skate Island.

It is clear that the Calanus population extends in the deep water along the

length of Loch Fyne, as hauls taken at various points in Upper Loch Fyne,

both in 1908 and 1909, from depths of 54-70 faths., show the same kind of

gatherin gas those off Skate Island, On the other hand, in working down
the channel towards Bute, Arran, and Kilbrennan Sound, we find that the

gatherings are of a more varied nature. One off Sannox, Arran, on

August Ist, 1910, from 70 faths., is a mixture of phyto- and zoo-plankton,

and does not contain the large Calanoid Copepoda in any quantity. A haul

taken o& the Cock of Arran at the same season in the previous year, from a



FROM WEST COAST OF SCOTLAND AND THE IRISH SEA. 29

depth o£ 80 fatbs., had a fair number o£ large Copepoda, mixed, however,

with Diatoms (Rhizosolenia semispina, Clicetoceros horeale, &c.)^ Peridinians,

and some smaller Copepoda. Another haul in the same spot in 1907 is of

the same nature, with a still larger proportion of the smaller Copepoda

(mainly Pseudocalanus elongatus and Oithona similis) and their Nauplii.

One in the Sound of Bute from a depth of 95 faths., on July 30th, 1908,

had along with the Calanoids, and some smaller Copepoda, a very large

number of Diatoms (chiefly species of Rliizosolenia), so as to be almost a

phyto-plankton in appearance. Two hauls taken south of Holy Island,

Arran, from 54 faths., in 1908, show also a mixed plankton, consisting of

Diatoms aud Peridinians along with the Copepoda. A haul from 80 faths.

Fjg. 4.—Samples of Phyto-plankton from the Irish Sea,

about the time of the Ternal maximum.

in Kilbrennan Sound on the west of Arran, on July 26th, 1907, consists of a

coarse zoo-plankton, in which, however, there are many small Copepoda

(^Pseudocalanus and Oithona) and other animals {Oikopleura and larval

forms) and a few Peridinians and Diatoms {Rliizosolenia semispina), mixed

with the large Calanoid Copepods.

There are four vertical hauls taken in 1908 and 1910 off Ardmore, Mull,

in the centre of the channel between Mull and Ardnamurchan. These and

a vertical haul taken in the neighbouring Loch Sunart, in 1910^ are all alike

in general character, consisting of a fine greenish phyto-plankton mixed with

some small Copepoda and a few Oikopleura. The Diatoms are, in all cases,

mostly species of Chcetoceros {C. contortum and C. decipiens) and of

Thalassiosira (7. gravida and 2\ Xoi'denshioldii).
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Again, tlie six hauls taken in Loch Hourn, off the Sound oli Sleat, a little

further up the coast, and the three taken in the closely adjacent Loch Nevis

are all very much alike in character, but differ from those o£ Mull
;

consisting, as they do, o£ small catches o£ zoo-plankton composed mainly o£

small Copepoda, some young Nyctiplianes, Sagitta, Polychset larvas, a few

Peridinians, and many Tintinnidee.

The gatherings taken inside these neighbouring lochs in the mainland

contrast markedly wiih hauls taken at the same time of year in the open

sea further west, e. g., off the Islands of Canna and Rum.

A vertical haul from 85 faths. on July 19th, 1910, between Eigg and

Rum, and another on July 14:th, from 128 faths., between Canna and Rum,

show well-marked green-coloured phyto-plankton ; and other hauls off

Canna on July 13th and 14th in the same year, from depths of 80, 105, and

Z\ ^^

i%u^ i^>-r •
'^^'^"^

JO*,

Fig. 5.— .\ typical Phyto-plankton Fig. 6.—A typical coarse Zoo-plankton

gathering: from a photo-micrograph {Calanus) : from a photo-micrograph

by Mr. Edwin Thompson. by Mr. Edwin Thompson.

130 faths., are also characteristic phyto-i)lankton gatherings composed chiefly

of common species of CJicetoceros.

The contrast between such a green Diatom haul taken in Ihe sea of the

Hebrides off Canna, in July, and a similarly captured haul at the entrance to

Loch Fyne at the same time of year is most marked, the first being a typical

line phyto-plankton (such as fig. 5) and the latter a typical coarse zoo-

plankton (fig. 6). As I shall show below, two such gatherings if obtained
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in the Irish Sea would be regarded as characteristic of two distinct season?

of the year, months apart.

The difference between the Diatom hauls in the open sea and the fine zoo-

planhton hauls in the deep fiords running into the mainland, such as Loch

Nevis and Loch Hourn, is not so marked, but is still quite noticeable.

Hauls taken further north, on the other side of Skye, in the Sound of

Raasay, off Longa Island and off the Croulins, from depths of 106, IIG, and

133 faths., are all zoo-planktons, although not very large or characteristic

in appearance. Some are coarser and some finer, some have more Calanoid

Copepoda and Sagitta and Medusae than others, but there does not seem to

be the constancy of character obtained in some other West Highland

localities. Further south, again, in the Firth of Lome and the Lynn of

Morven, off Bernera Island, and between Kerrera and Mull, from depths of

80 to 116 faths., the gatherings, of which we have half a dozen for

comparison, are composed of a very fine material, chiefly zoo-planktonic,

consisting of small Copepoda, many Nauplii and Tintinnidae, some Sagitta

and Oihopleura, with a few Ceratiwn, Peridininm, and Diatoms ; and the

latter when present are mainly Coscinodiscus concinnus rather than the species

of Chcetoceros and 1 lialassiosira which are so abundant to the north of Mull.

If the hauls from these various localities are marked P or Z, according as

they are mainly Phyto-plankton or mainly Zoo-plankton, the list comes out

as follows :

—

Date.
Depth in

Faths.

No. OF

Hauls.

Zoo-

or

Phytg-Plankton.

Eemarks.

Off Ardmore, Midi.

July 13, '09 . .

„ 18, '10 ..

94
65, 74, & 85

1 P.
3' P.

Locli Hourn,

1 With some small Copepoda,

1
Nauplii, kc.

July 15, '09
.

.

„ 17, '08 ..

76&90
73 & 78

2 Z.

4 Z.

Loch Nevis,

July 14, '09 ..

„ 17, '08 ..

75
70

1 Z.

2 Z.

July 16, '09] . .

„ 18, '08 . .

„ 20, '08 ..

133
65&70

106 & 116

Off' Croidi

1

2
2

n and Longa.

Z.

Z.

z.

Firth of Lorn.

July 21, '09 ..;

„ 22,'10 ..I

80 & 110
108, 110, & 116

2 Z
3 Z.

1 A few Diatoms and

f Peridiniaris present.
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July 13, '09

„• 14, '10

„ 19, '10

July 18, '07

„ 28, 08

, 28, '09

Date.
Depth

IN Faths.

No. OF

Hauls.

Zoo-

or

Phyto-Plankton.

Remarks.

Off Canna, Rum, S^'C.

130

80, 105, 128
85

104
83 & 95 to 105

100 to 106

,July28&29,'08|
29 '09

July 26, '07

„• 27, '07

„ 30, '08

„ 30, "09

„ 31, '08

Aug. 1,'10

64 to 66

70

76-80
76
95
80
54
70

P.

P.

P.

Skate Island.

Z
Z
z.

Fyne.

Z.

Z.

With some small Copepoda
and a few other small

animals.

Upper Loch

Arran, Sound of Bute, Si'C,

1 Z. 1

1
.

^.•

1 Z. (mixed)
1 Z.

2 Z. (mi.\ed)

1 1 P.

Diatoms also present.

A few Diatoms.
A few Diatoms and Peridiiiians

Copepoda, &c., present also.

Irish Sea.—-Mid-Channel.

Apr. 7, '09
. . 60 4 P. \ Typical spring pbyto-Plank-

„ 8, '09 .

.

60 5 P. J ton.

Aug. 6, '09 . . 59 to 60 5 Z.

„ 7, '09
. . 60 to 70 4 Z.

„ 10, '09
.

.

60 to 73 4 Z. (mixed) ^
„ 17, '08

. . 60 to 70 6 Z. (mixed) ^ A few Diatoms present.

„ 24, -07
. . 60 10 Z. (mixed)

Sept. 4, '07
. . 60 - 12 Z.

„ 12, W.. 60 6 Z. (mixed) j Diatoms getting more nu-

„ 12, '08.. 60&70 2 Z. (mi.xed)
1

merous.

Thus we have evidence that, off the north-\vcst coast of Scotland at one

time of year (July), in several successive years the plankton, as sampled

by vertical hauls, was o£ different types (zoo- and phyto-plankton) in

different localities, but preserved a constant character in each.

Now, in the Irish Sea, around the Isle of Man, when the plankton o£ the

whole year is considered, it is clear that neighbouring localities do not present

widely different characters as tliey do in the Hebrides, and that a zoo-plankton

and a phyto-plankton do not occur simultaneously a few miles apart. In

spring or early summer, in the Irish Sea, as elsewhere, there is an enormous

phyto-plankton maximum (se'^ Table, p. 35, column D), which gradually

dies away, and is replaced by the zoo-plankton which is characteristic of the

summer months (Table, col. E). In September or October, again. Diatoms

make their appearance in profusion, constituting a second, autumnal, phyto-
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plankton maximum (Table, col. F). The accompanying diagram (fig. 7)

shows, e.g., the cm-ve for the whole plankton in the year 1908, as given by
a very lai'ge series of gatherings *, extending over every month, taken across

Port Erin Bay. The high points in April and May, and then again, but to

a less extent, in September and October, show the influence of the vernal

and autumnal phyto-plankton maxima, and the effect would, of course, be

still more marked in the curve showing the Diatoms alone. Taking the

average of the last three years in Port Erin Bay, we find that the monthly
averages for the total plankton begin low in January and February, rise in

March and still more in April, reach the maximum' in May, drop rapidly

Fig. 7.
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through June, July, and August to the summer minimum, rise a little in

September and October to form the autumnal maximum, and fall aoain in

November and December to the mid-winter minimum. The autumnal
maximum is always very much less than the vernal^ and is sometimes scarcely

apparent. Both are caused by a very marked increase in the phyto-plankton,

chiefly Diatoms (see lists in Table, p. 35) : and the species which are the

most abundant and characteristic at the two seasons are, for the most part,

distinct f. In summer, when the phyto-plankton is practically absent, the

zoo-plankton reaches its maximum ; but, in bulk, even at the maximum, the

zoo-plankton, except on rare occasions, is small compared with the sprino-

gatherings of phyto-plankton (see columns D and E). A phyto-plankton

gathering in the Irish Sea is practically only obtainable in spring or in late

autumn ; and if the gathering be a very large one (like D in the Table), it is

* See Trans. Biol. Soc. Liverpool, vol. xxiii. p. 244 (1909).

t See op. cit. vol. xxii. p. 202 (1908).

LINN. JOURN. ZOOLOGY, VOL, XXXII, 3
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certain to have been taken at the former period, say, between the middle of

March and the middle of May.

But in the Hebrides, as we have seen, very large phyto-plankton hauls may

be taken year after year in July—when in the Irish Sea the hauls are, for

the most part, comparatively small, and are all composed of zoo-plankton.

Mr. Andrew Scott, A.L.S.^ who has been associated with me for some years

in studying the plankton of the Irish Sea, remarked, when I showed him

some of the phyto-plankton samples from Cauna, Rum, and Ardmore :
" If I

had not seen the locality and date on the bottles, I should have placed them,

without doubt, as Irish Sea gatherings taken in April.^^ And the resem-

blance, I may add, is not merely in general appearance, but extends to the

microscopic composition. The gatherings from Ardmore, for example,

contain abundance of Chcetoceros contortum and C. decipiens, Rliizosolenia

semispina, Lauderia borealis, Thalassiosira gravida, and T. Nordenshioldii—all

of them Diatoms that are characteristic of an April gathering in the Irish

Sea, off Port Erin. The abundance of the two species of Thalassiosira

makes this and other July gatherings from round Canna and Mull quite

unlike a September Diatom haul in the Irish Sen, as the genus Thalassiosira,

abundant in the North, is practically absent at the time of the autumnal

maximum in the South.

In order to demonstrate still further the characters of these diverse

planktons, and illustrate the comparison between the Scottish summer

series and Irish Sea gatherings typical of different seasons, I give on p. 35

in tabular form the quantitative details * of :

—

(A) A typical coarse zoo-plankton from off Skate Island at the

entrance to Loch Fyne, July 18th.

(B) A zoo-plankton of somewhat different type (with fewer Calanus,

but many more of the smaller Copepoda), from Kilbrennan

Sound, July 26th.

(C) A mixed gathering, mainly phyto-plankton, from oft' Loch Ranza,

Arran, July 27th.

These three somewhat diverse samples were obtained, it will be noticed,

within a period of ten days, in July, from localities not ten miles apart.

I add also, for comparison, the similar quantitative record of three charac-

teristic gatherings made in the centre of the Irish Sea, off the west coast of

the Isle of Man, near Port Erin, as follows :

—

(D) A typical phyto-plankton, taken in April—a large haul (100 c.c).

(E) A typical scanty zoo-plankton, from August (2*5 c.c).

(F) A mixed gathering, mainly phyto-plankton, in September, when the

autumnal Diatoms are present in quantities (11 c.c).

* The enumeration of the species in these quantitative lists was made by Mr. Andrew

Scott, A.L.S., for our joint report on the Irish Sea plankton. I am indebted to my friend

Mr, Edwin Thompson for the photo-micrographs from which figs. 5 and G were prepared.
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West of Scotland. Irish Sea.

Locality . . . ,

Date ,

Depth ill fathoms

Catch in c.cm

Astei'ionella Bleakeleyi

BidcUilphia mobiliensis

Ohtetoceros contortum

„ debile

,, decipiens

,, teres

,, subtile

,, boreale

,, densiuu

Coscinodiscus eoncinnus

,,
radiatus

Ditylium Brightwellii

Eucampia zodiacua

Melosira Borreri
Rhizosolenia semispina

,,
Shrubsolei

Stolterfothii ..

Thalassiosira gravida

,, Nordenskioldii

Lauderia borealis

Leptocylindrus danicus

.;
sp

Pleurosigaia sp

Rhizosolenia setigera

,,
alata

Trochiscia sp

Oeratium furea

„ fusus

,,
tripos

Peridiuium sp

Medusoid gonophores
Plutei of Echinodenns
Sagitta bipunctata

Larval Polychceta
" Mitraria "

Crab zoea

Podon intermedium
Evadne nordmanni
Calanus helgolandicus

Pseudocalauus elongatus

Temora longicornis

Oentropages hamatus

,,
typica

Acartia clausi

Oithona similis

Paracalanns parvus

Copepod nauplii

„ Juv
Grasteropods, larval

Lamellibranchs, larval

Oikopleura sp

L. Eyne.

July IS.

104

30

A

100
100
300

800

800

"
1

200
2

100
200
20
20
100

13,000

3,460
20

"120

240
1,880

12,000

8,000

30

Kilbrennan

July 26.

76-80

28

B

500

15,500

6,000

2,500

500
15

1,000

ibo
1,600

4,600
48,700

200
500

1,000

11,000

18,500

48,.500

600
500

1,000

L. Ranza.

July 27.

11

c

500
4,500

3^000

5,500

1,000

"500

1,735,000

4,000

15,000

500

500

1,000

"500

2,500

300
150

1,250

500

1,250

50
150

"lOO

"200
1,250

45,000
15,000

500
600
600

P. Erin. P. Erin.

April 5.

20-10

Aug. 21.

20-0

100 2-6

D E

15,000

15,000

14,000,000

"25

50,000

50,000

i'5,000

90,000

2,000,000

600,000

"25

100
50

"30

6
"20

'"250

225

"10

300
65
6

'"
300
200

i'io

1,000

'

1,600

2,600
600
25
50
500

P. Erin.

Sept. 12.

11

F

1,200

3,000

8,000

60,000

140,000

2,500
1,250

2,500

4,000

5,000
16,000,000

•20,000

30,000

120,000

50,000

"2.500

150,000

"7,500

17,000

60,000

11

60

20

"900
260
80

9,000

3,800

10

3*
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It will be noticed, in comparing the Locli Ranza plankton with the Irish

Sea hauls in April and September, that in species present and their abun-

dance, the Scottish July gathering is much more like the September than

the April phyto-plankton—for example, in both July and September the most

abundant form is Rhizosolenia semispina, a species absent in April. But, as

has been pointed out above, the phyto-plankton gatherings north of Mull

show resemblances to the vernal rather than to the autumnal phyto-plankton

o£ the Irish Sea.

It is probably premature to hazard any suggestion as to the explanation of

this curious difference between the summer planktons in the Hebridean and

the Irish Sea respectively. It may be that the great vernal maximum which

dies away in May and June in the Irish Sea passes off more slowly further

north, and is still found lingering on in some parts of the Hebrides until the

end of July, or possibly even longer. Or it may be that, in some of these

deep northern channels, the Diatoms that elsewhere constitute our vernal

maximum remain on in comparative abundance throughout the greater part

of the year. Still a third possible explanation is that the Diatoms con-

stituting these July phyto-plankton gatherings may have invaded the

Hebridean seas from the North Atlantic at some period subsequent to the

vernal maximum. It is obvious that such a question can only be determined

by frequent periodic observations carried on throughout the year by means

of vertical hauls at fixed localities. Such series of observations have still to

be m.ade in the Scottish seas. Mr. George Murray, in 1896, Look some series

of horizontal tow-net gatherings at various localities round the coast of

Scotland for the Scottish Fishery Board, and he published a brief report *

the following year on his results. His observations were made in March,

July, August, and December, and were widespread, including several of the

localities I have sampled ; but they seem to deal mainly, if not wholly, with

the surface of the sea, and in any case do not include vertical hauls in deep

water. But it is interesting to note that his results, so far as they go, are

not inconsistent with the observations I have given above. Murray states

that after the vernal maximum the Diatoms diminish, but do not disappear,

and are to be found throughout the summer in local banks. Skeletonema

costatum he notes as the most abundant and characteristic form on the

surface generally in April, and in Loch Etive in August : this species

occurred only occasionally in our July hauls.

The table he gives shows that there were fewer species of Diatoms in Loch

Nevis and Loch Hourn than in the sea between Rum and Ardnamurchan

—

there being 28 in the latter column and only 7 in that for Loch Nevis.

So far this comparison agrees with the abundant phyto-plankton gatherings

we obtained off Rum and Canna, &c., and the comparatively small catches

* S. F, B. Report for 1896, vol. xv. part iii. p. 212.



J'ROM AVESf COAST OF SCOTLAND AND THE JRJSH SEA. 3f

Fig. 8.—West Coast of Scotlaud, showbg depths of over 60 (shaded) find over 100 (black

outline) fathoins. Twenty-five stations at which deep hauls were taken are

niaiked bv a small black circle enclosing- a cross.
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of zoo-plankton in the lochs on the mainland ; but our hauls being vertical

from the bottom at great dej)ths probably sampled a much larger body o£

phyto-plankton, and included some species that did not appear at the surface.

It may be added that Prof. P. T. Cleve gave a short account, in the

Scottish Fishery Board's Report for 1896, {>. 297, of the phyto-plankton of

the ' Research ' collections made in the Shetlands, and showed that the

stations on the western side were rich in Diatoms, while the hauls taken

from the east of the islands were much poorer—this, again, showing a difference

between not very distant localities at the same time of year.

The Scottish Fishery Board do not seem to have published any further

investigations in regard to plankton in their western seas ; nor does the

Irish Fishery Department give any information in regard to the minuter
plankton of the seas between Scotland and Ireland : apparently only coarse-

meshed nets have been used by the Irish investigators, and no Diatoms
are given in the published tables (Conseil Per. Internat., Bull. Trimestriel,

1907-8, Copenhague, 1909), which deal with zoo-plankton alone. Finally,

the map giving the stations in European seas at which ])lankton observations

have been taken in recent years {loc. cit., Resume Planktonique, Introduction,

p. xii, 1910) shows a great gap extending from near Cape Wrath, in the

north of Scotland, to Belfast Lough in Ireland. The whole of the seas around
the Western Islands of Scotland, like the western coasts of England
and Wales, have apparently been omitted from the Official Ijiternationa'

investigation.

This is, from the scientific point of view, most unfortunate, as, for a

complete understanding of the plankton changes throughout the year, in the
Irish Sea at least, it would be useful, and may be essential, to have
information as to the planktonic conditions month by month on the north
coast of Ireland and on the west coast of Scotland.

The unofficial observations recorded in this paper have shown that,

while the abundant vernal phyto-plankton dies away in the Irish Sea in

early summer, a similar micro-flora is present in quantity in some parts
of the sea on the west of Scotland (e.r/., the Sound of Mull, and the sea

round Canna, Eigg, &c.) until July, and possibly latter. It can scarcely be
doubted that the phyto-plankton maximum is found in spring in the Hebrides
as in the Irish Sea. But have the July Diatoms remained since April, or
did they die ofF (as they do further south) and then re-appear ? If the
latter, have they come from the Atlantic or from northern seas ? Do they
continue to be abundant throughout the remainder of summer and autumn ?

Are any of them left in the deeper channels in winter? These and many
other problems press for solution, and will probably only be solved by
contniuous plankton work throughout the year at a series of stations along
our western coasts.
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On some Hexactini^ from New South Wales. By Leonora ,L Wilsmore,

M.Sc, Zoological Laboratory, [Jniversity College, London. (Commu-

nicated by Prof. J. P. Hill, D.Sc, F.L.S.)

(Plates 4-6 and one Text-figure.)

[Read 16tli February, 1911.]

In this paper I continue a description o£ the Actiniaria brought from

Australia by Professor J. P. Hill, to whom I am indebted both for material

and for kindly advice and assistance. The classification employed is that

adopted by Haddon in "The Actiniaria of Torres Straits," (17) 1897.

In the present communication the following species are classed as new :

—

Hexactini^, Hertwig.

Family Ilyanthid^, Grosse.

Subfam. Halcampinse, Kwietn.

PeacJiia Jiilli, sp. n.

,
Family Sargartiid^.

Subfam. P belli use, Yerr.

Pliellia broioni, sp. n.

Pliellia capitata, sp. n.

Peachia hilli. (PI. 4. figs. 1-8.)

Form (PI. 4. figs. 1 & 2).—The two specimens I received differ very much

in size and outward appearance. The internal anatomy, however, shows

that they undoubtedly belong to the same species, tbe smaller form being-

larval. The body consists of three parts—capitulum, scapus, and physa.

There is no distinct division between the capitulum and scapus ; but the

physa is clearly defined, and in the adult appears as a small bud at the

posterior end of the scapus (PI. 4. fig. 1, 'f-)-
I^ measures 1*5 mm. in

length, and shows none of the external grooves present in the physa of

Peachia liastata (7), but their absence may be due to contraction. The

peculiar form in which the posterior end of the scapus has contracted in

the adult has no reference to its internal anatomy (PL 4. fig. 1, s.). The

physa in the larval form is introverted, so that there appears to be a large

pore at the posterior end. This is evidently the " anus large and con-

spicuous "" of Peachia carnea, described by Professor Hutton (6) . The

entire surface is covered with minute projections, which are also cha-

racteristic of Peachia hastata. Professor Haddon (7) describes them as



40 MES. LEOKORA J. WILSMORE ON SOME

suckers which " enable the anemone to hold itself upright against any smooth

surface. '^ Faurot appears to refer to the same projections as " pli de con-

traction '^ (15). A series of white, irregular, longitudinal lines are visible

through the external walls of the scapus and capitulum. They agree in

number with the mesenteries, and probably correspond to the insertion of

the mesenteries in the column. Other lines, shorter, more irregular, and

transverse, fill in the spaces between the longitudinal ones. In both polyps

the oesophagus is partly extruded, so that description of mouth or disc is

impossible. In the adult (PI. 4. fig. 1, oes.), folds of the oesophagus envelop

the oral end of the siphonoglyphe, and the tentacles—twelve, marginal,

monocyclic, short and obtuse—are also largely concealed. The only one

fully visible measures 2-b mm. In the larval form (PI. 4. fig. 2) the

capitulam is retracted, and the single row of tentacles (PI. 4. fig. 2, te7it.),

which vary in length from 1-1*5 mm., is fully visible with a crown of lobes

above them. These lobes are the extruded oesophagus (PL 4. fig. 2, oes.),

which, being held back at regular intervals by the mesenteries attached to

the oesophageal walls, appears to be lobed.

It is characteristic of the genus Peachia that the tube of the siphonoglyphe

ends orally in a conchula or external opening, independent of the mouth, the

shape of this conchula varying in the diff'erent species (13). The siphono-

glyphe is present as an open tube in both these examples of Peachia ; hence

the separate conchula is not present. In the adult the oral end of the

siphonoglyphe is unfortunately not distinguishable from the loose folds of

the extruded oesophagus which envelop it. The larval siphonoglyphe, visible

to the naked eye, forms a deep, open, thick- walled gutter between two lobes

of the oesophagus, and ends in simple thick rounded lobes \Nhich would form

two complete lips were the gutter to close as a tube. Possibly in both

specimens the degree of contraction has caused the tube to open.

Colour.—Sandy iu spirit-specimens. Professor Hill states that it was
cream-coloured when alive.

Dimensions.—Adult : Length 52 mm. ; diameter varies considerably,

greatest diameter 9 mm. Physa : Length 1-5 mm.; diameter 1*5 mm.
Larval form : Length 20 mm. ; diameter 5-2 nnn. Physa introverted.

Locality.— Q,a.vig\ii iu a fishing-net off Clareville Wharf, Broken Bay,
New South Wales, by Professor J. P. Hill, in 1893. Depth of water
about four fathoms. Two specimens.

I have the pleasure of naming this, the first known Australian species of

Peachia, in honour of tlie discoverer, Professor Hill.

Column-wall.—Sections of the column-wall have a characteristic appear-

ance, owing to the numerous small projections or suckers (PI. 4. figs. 3, 4, 5)
on the surface. These are formed by long processes from the outer border

only of the mesogloea, covered by thin ectoderm, which, however, appears

massive between the suckers, where the opposing f;ices of the ectoderm often
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touch. The suckers are fewer and smaller in the contracted physa, which is

covered by deeper ectoderm and presents a smoother external surface. The

border of the ectoderm is thickly set with long oval nematocysts, lying at right

angles to the surface (PI. 4. fig. 5, nem.). These are most numerous in the

capitulum and upper scapus^ where they form a continuous border touching

one another. The large glandular cells recognized by Faurot in Peaclda

hastata (15) are not distinguishable, probably owing to the state of pre-

servation. The ectoderm cells are very long and contain rounded nuclei,

internal to which lies the clear, slightly granulated, nervous layer. I have

not been able to detect ectodermal muscle in my preparations. The mesogloea

contains many isolated cells, and is laminated throughout the polyp, this

lamination being most marked in the column-wall, where the laminae are so

thin as to give the whole structure a fibrous appearance.

The endodermal muscle system is strong and strengthened locally in both

capitulum and lower scapus. The plaitings of the mesoglcea, on which the

muscle-cells are placed, line the capitulum and scapus throughout, and are

present in the greater part of the physa also. These mesogloeal plaitings all

contain a darker-staining centre core, surrounded by lighter-coloured sup-

porting substance. In the capitulum and thiough the greater length of the

scapus they are simple and, in longitudinal sections, have the appearance of

a band of narrow wavy ribbon running down the column between the mesoglcea

and endoderm. In the lower scapus they become branched and finally assume

a dendriform appearance, reaching their maximum strength in the scapus

adjacent to the physa, where they form long tongues stretching into the

coelenteron. On each side of these tongues are branches, which often divide

again, thus largely increasing the surface (PL 4. fig. 5). Between these

dendriform structures shorter projections are present. This is the strongest

part of the body-wall, and it is these muscles, probably, wdiich enable the

animal to bore into the sand with its physa and to bury itself up to

the capitulum. Holdsworth (3) and Faurot (15) have carefully described

this process in the case of Peacliia hastata, and estimated the time taken in

boring at about an hour ; but the endodermal muscles present in the scapus

of any species of Peacliia have not hitherto been described.

The endoderm of the column consists of long narrow cells, which are very

easily separated from one another. The endoderm is narrow in the upper

part of the polyp, but becomes extremely thick in parts of the physa, as

does the ectoderm also. It is, however, probable that the physa is much
contracted.

The Sphincter.—The sphincter is represented in Peachia hilli by an increase

in strength of the endodermal muscle plaitings present in the capitular

region. The plaitings remain simple and are still very small, but are never-

theless about twice the length of those present in the upper scapus.

Disc and Tentacles.—The tentacles are short and obtuse, with thin walls
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enclosing a very large lumen. A single row of nematocysts of varying sizes

is placed on the outer border of the ectoderm, more sparsely than in the column-

wall. They are of two kinds, one only of which takes the hsematoxylin

stain. The nucleated zone is very deep, and the clear nervous zone is

penetrated by numerous plaitings of the mesoglcea, which carry a strong

ectodermal muscle. The mesoglcea and endoderm are thin. The histology

of the disc resembles that of the tentacles, but a slight endodermal muscle is

also present.

(Esophagus (PL 4. figs, o & 4).—The most striking feature of the oesophagus

is the single enormous siphonoglyphe (PI. 4. figs. 3 & 4, and text-figure A).

This large firm structure extends from the mouth to a point in the body-

cavity some distance below the rest of the oesophagus. Its total length

in the adult specimen is 1*6 mm., and it terminates 3'7 mm. fi'oni the

posterior end of the body.

The ventral directives (PI. 4. figs. 3 & 7, 3 3, and text-figure A, 3 3), by

which alone it is supported throughout, remain attached to it below the

oesophagus, where it hangs freely in the body-cavity. In fig. 3 a dotted line

shows the internal boundary of the siphonoglyphe. In the adult specimen

it remains an open tube throughout and its walls enclose a space almost equal

in area to the rest of the oesophagus. In the larval form the two endoderm
walls are approximated fit the entrance to the oesophagus during part of their

length, and the siphonoglyphe encloses a relatively smaller area than in the

adult.

The ectoderm is deeply folded and of equal thickness in both oeso})hagus

and siphonoglyphe, but becomes thicker in the lower part of the siphono-

glyphe. It contains many long gland-cells, especially numerous in the

siphonoglyphe, and a row of fine small nematocysts lies in its outer border,

while the nucleated layer is very deep. The mesoglcea is finely laminated in

the adult
; but in the larval form the laminse are very loose, and show also

many light circular patches. The mesoglcea of the oesophagus proper is very

thin
; that of the siphonoglyphe extremely thick and stiff, but this thickness

decreases somewhat in the lower part. The endoderm, which is thicker in

the siphonoglyphe than elsewhere, is not sufficiently well-preserved for

description.

Mesenteries (PI. 4. figs. 3, 7, 8, and text-figure A).—There are in the adult

form twelve perfect and eight imperfect mesenteries. The latter consist of

four very small pairs situated in the lateral and sulcar exocoeles (PI. 4.

figs. 3, 7, and text-figure A). Although no gonads are present the coelen-

teron on dissection was found almost completely filled with a solid mass
formed of the perfect mesenteries. This is markedly the case in the upper
sub-oesophageal region, where the digestive endoderm is very thick and
divides into several branches each provided with a mesenterial filament.

Four pairs of the mesenteries, viz. 1 1, 2 2, 3 3, and 4 4, are attached to
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the oesophagus throughout their length (PI. 4. fig. 3, and text-figure A).

The pairs 5 5 and 6 6, probahly the last two pairs o£ mesenteries to be

formed (15), are not attached to the lower half of the oesophagus in the adult

form. Owing to the capitular region having been cut longitudinally, I have

not been able to determine whether or not they are attached to the upper

region of the oesophagus. In the larval form the twelve perfect mesenteries

only are present. These are fully formed, bearing muscle-pads, digestive

endoderm, and mesenterial filaments, and the pairs 5 5 and 6 6 are free

throughout their entire course.

Laferal exocoele

Sulca-exoccele
3 5

Diagrammatic section through lower oesophageal region of Peachia hilli.

The longitudinal retractor muscles are unilateral and exceedingly po^^erful.

Distinctly narrower peripherally they widen towards their internal margin

and end a short distance from the oesophagus in a large half renal curve

(PI. 4. figs. 3, 8). The long narrow mesogloeal processes on which the muscle-

cells are placed frequently branch, and the processes show a central dark-

staining core. A number of short thick muscular outgrowths occur on the

mesentery between the longitudinal retractor and the oesophagus (PI. 4.

fig. 8, mw.).

The parietal muscle, bilateral and well-developed, is situated on short

blunt processes of the mesogloea (PI. 4. fig. 8, p./n.). These on one side

extend to a greater width and join the fibres of the longitudinal retractor, on

the other in the perfect mesenteries they often form, especially in the

oesophageal region, little tufts or brush-like outgrowths. The mesenteries

diminish in width towards the posterior end of the column and with them

the retractor muscles diminish also. At the posterior end of the scapus they

form two groups (PL 4. fig. 7). One consists of the pairs 1 1, 2 2, and 3 3,

which still retain some digestive endoderm. Of these, 3 3, formerly carriers
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of the si})honoglyphe, remain the largest. The pairs 4 4, 5 5, and 6 6

have lost their digestive endoderm entirely and are of about equal size.

The incomplete mesenteries (PI. 4. fig. 3, imper.mes.) have longitudinal

retractor muscles on plaitings the same width throughout ; their parietal

muscle does not form tufts, and they are not provided with digestive endo-

derm or mesenterial filaments. At the posterior end of the scapus they are

already very minute (PI. 4. fig. 7, imper.mes.).

In the larval form there are present twelve tentacles and twelve fully-

developed perfect mesenteries, two pairs of which, viz., 5 5 and 6 6, are

unattached to the oesophagus. All twelve have muscle-pads, digestive

endoderm, and mesenterial filaments. No mesenteries of the second cycle

are present.

Pliysa.—In this region there are a number of pores through the body-

wall. There is no external evidence of their presence, and some of the

sections being broken, I am unable to give their total number, but have

counted over sixty. The physa was cut longitudinally, and I cannot deter-

mine whether, as in some species of Halcarnpa, there is a central pore, round

which the others are arranged. These pores are placed in longitudinal rows,

and are much more numerous in the lower half of the physa than in the

upper. Two or three occur on adjacent parts of the scapus. PI. 4. fig. 6

(1, 2, 8, 4, 5) shows a longitudinal section of the physa-wall with five of these

pores cut through in different parts of their course. The mesogloea between

the small suckers of the physa is extremely thin and covered with a thin

layer of ectoderm, and at these points the pores are formed. They open into

the ectodermal cavities between the suckers (PI. 4. fig. 6, /'o.), and in this

\'*ay a free passage is formed to the exterior. The passage formed by the

pore itself through the ectodermal layer is, therefore, extremely short.

On the ectodermal side the pores are thickly lined with colunniar cells,

whose numerous rounded nuclei lie internal to a clear border, containing

only an occasional nematocyst (PI. 4. fig. 6). On the endodermal side the

cells are shorter and the nuclei larger. A larae increase of endodermal cells

is present adjacent to the pores, and through these the passage has been

formed to the interior of the body-cavity. The endodermal passage is

therefore much longer than the ectodermal.

Gonads.—No gonads were present in the two specimens examined.

Development.—The larval form examined had twelve tentacles and twelve

perfect mesenteries. Of these the eight primitive Edwardsian septa were

alone complete. The four unattached mesenteries are fully developed and

possess muscle-pads and mesenterial filaments. This shows a variation in

the development of mesenteries and tentacles as compared with the larval

stage of a species of a closely allied species, viz. Halcamim duodecimcirrata,

described by Carlgren (14, p. 42). Carlgren found that larval forms possess-

ing twelve tentacles had all twelve mesenteries attached in the upper part of

the oesophagus, and were at that stage already in possession of some mesen-
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teries, the second cycle. Even younger forms, having only ten tentacles

showed the second cycle of mesenteries developing.

Haddon (9) also in 'describing larval forms of Halcampa crysantliellum,

which, like those of this larval form, had twelve mesenteries, found that at a

stage where the mesenteries 5 5, & &, were unattached in the lower

oesophagus there were present only eight tentacles. This is the more interest-

ing since Faurot (15) believes Haddon to be mistaken in the classification

and considers the larva described to be that of Peachia hastata. The fact

that the siphonoglyphe figured by Haddon continues below the oesophagus

certainly points in that direction.

Our knowledge of the genus Peachia is very scanty. The description even

of the type species Peachia hastata is incomplete and contradictory. It is

first mentioned by Reid in 1848 (1) under the name of Actinia cylindrica, a

name preoccupied. Gosse renamed it Pmc/w'a Aastoto in 1855 (2). M'Intosh

(10) has described the commensal habits of the larval Peachia. From that

time its occurrence and external appearance have been noted by various

zoologists. Haddon and Dixon (7) summarize the literature to the date of

their paper and give an excellent account of the habits and external struc-

tures of this anemone. Haddon deduced the existence of pores in Peachia

from the grooves present externally on the physa oi Peachia hastata (7), which

he considered comparable with the external openings of pores in Halcampa.
" Mr. Dixon and myself are now satisfied that such (^. e. pores) is the true

explanation of the appearance we described in Peachia'' (7 and 8). He
included them in his definition of Peachia, but has not described them
further (11). But Faurot (15, p. 140) some nine years later in describing

the movements and actions of living Peachia hastata lays emphasis on his

opinion that the water with which it fills its body-cavity at this time is

ejected entirely by the mouth, by adding " un orifice a I'extremite basale

nexiste pas." That the apparent orifice caused by introversion, and mistaken

for a pore by older writers, is not one, is of course certain, but Faurot

overlooked the existence of these very numerous pores round the physa

oi Peachia hastata, which, indeed, may serve the very purpose of ejectino-

water. Still it is to Faurot (15) we owe most of our knowledge of the

internal anatomy of Peachia hastata. But his excellent paper on the com-
parative anatomy of several genera of Actinice does not profess to deal with

all their organs. In addition to the above omission, he does not mention the

powerful endodermal muscle-system of Peachia, denies the existence of a

sphincter^ and gives an account of several minor structures differing from

that given by Haddon.

I have therefore dealt with the anatomy of all the organs of Peachia

hastata as fully as the condition of my material allowed. I have followed

Haddon (11) in describing the bulk of the muscle on the imperfect mesen-

teries longitudinal retractor. Faurot (15), on the other hand, considers that
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the imperfect mesenteries have no longitudinal retractor mnscles, thai their

entire muscle and a corresponding width o£ muscle on the perfect mesenteries

is parietal, and that therefore in the lower part of the scapus in PeacUa

hastata parietal muscle alone is present.

In the size of the perfect mesenteries, in their attachment to the oesophagus,

and in their relative width in the subcBsophageal region, Peaclda Mlli

differs from FeacJiia hastata. In FeacJiia hastata the pair 6 6 alone, the

the last pair formed, " deviennent libres dans les deux tiers inferieures de la

region oesophaoienne " (15). In that species towards the end of the scapus

the pair 4 4 does not form a group with 5 5 and 6 6, but has already

diminished to the size of the imperfect mesenteries. Faurot photographs (15)

show that at a lower level still, roughly corresponding to fig. 7, the pairs 5 5,

6 6 in Peaclda hastata have also diminished to the same size as 4 4. In Peachia

hilli these pairs retain their relatively greater width well into the physa.

Professor McMurrich (13) has altered the generic characters as defined

by Haddon to include Peachia horeni. Although, on account of his unwilling-

ness to mutilate his only specimen, he has not been able to describe the

species in detail, there is no doubt that it is a totally distinct species from

Peachia hilli. In Peachia koreni the conchula is as large as the tentacles,

of which there are only eight, though all six pairs of perfect and four pairs

of imperfect mesenteries are present. There is also in the American form no

distinction into capitulum, scapus, and physa. This example of Peachia

horeni may be a young form, but, if so, its tentacles and mesenteries are

developino- in reverse order to tliose of the larval form of Peachia hilli.

Peachia hilli is the second species of this genus recorded from the Pacific.

The first, Peachia camea (6), found on the beach, Dunedin, New Zealand,

differs from Peachia hilli in being flesh-coloured. Only the external

characteristics of this anemone have been given by Hutton, and since these

apply equally well to the genus Halcampa as to Peachia, its position is quite

uncertain. Another form from the Southern Hemisphere, Peachia antarctica

(South Greorgia), was classed as a Peachia by PfefEer on its external

characters only, in his " Zur Fauna von Siid-Georgien," Jahr. Hamb.

Anstalt, vi. Jahrg. 1888. In 1898 (krlgren found that this was in reality

a Scytovhorus and renamed it Scytophorus antarcticus (23).

Phellia browni. (PI. 5. figs. 9-13.)

Form (PI. 5. figs. 9 & 9 a).—Single, conical, fixed ; scapus and almost the

whole of the capitulum thickly covered with large yellow, brown, and white

grains of calcareous sand ;
beneath these lies a thick coating of transparent

siliceous grains. This sand forces itself irregularly into the column-wall,

but does not penetrate the surface, so that the indentations in which it lies

are completely lined by ectoderm coated by mucus. The grains are best
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removed by careful scraping under a dissecting microscope, but this

operation needs care, as small fragments are deeply embedded. Their

removal leaves exposed a roughened deeply pitted surface of spongy appear-

ance (Ph 5. fig. 10), and discloses at point of closure of the capituluni six

deep longitudinal ridges (PI. 5. fig. 9), which continue distally down fully

two-thirds of the inverted portion. Where the ridges cease, a circular

groove with deep folds in its surface (PI. 5. fig. 10, e.g.) runs round the

capituluni. Immediately below this spring out a large number of thin, naked,

nose-like projections, which completely close the entrance to the oral disc,

when, as here, the capitulum is inverted (PI. 5. fig. 10). These thin nose-

like projections are entirely fi'ee from b )th sand and mucus. The pedal

disc does not extend beyond the general body of the polyp, which reaches

its greatest width in the pedal region. The tentacles, short, blunt, and

marginal, are transversely grooved and number over 40 (PI. 5. fig. 10).

They are placed in several cycles which are difficult to distinguish. Those

in the innermost cycle are the longest, and measure 2*5 mm. ; the shortest

measure "5 mm.
Colour.—Professor Hill states that the anemone was sand-coloured in life.

In spirit it is unchanged.

Dimensions.—Somewhat irregular in shape ; narrower distally. Greatest

height 11*5 mm. ; greatest diameter 9 mm. ; diameter at capitulum 4'5 mm.
(PI. 5. fig. 9 a).

Locality.—Collected by Professor Hill in 1894, on the Pacific Ocean
beach opposite Creel Bay, Broken Bay, New South Wales.

I wish to associate with this species the name of Mr. E. T. Browne, the

well-known authority on raedusse, to whom I am indebted for kindly

assistance.

Column-ioall (PI. 5. figs. 10 & 13).—The surface of the polyp is deeply

indented and covered below the sand-grains with a yellow mucous layer

in which numerous small foreign particles are embedded. I have not

been able to fully determine the presence of a cuticle, but the ectoderm is

badly preserved and has been much torn in scraping off" the sand. The
ectoderm of the capitulum contains numerous nematocysts present every-

where^ but occurring most abundantly in the soft nose-like projections.

The mesogloea is thick, finely fibrous, almost homogeneous^ and doubles its

width in the capitular region. It contains numerous isolated cells and small

lacunae. The endoderm is deep and deeply folded, especially in the capitulum.

Endodermal muscle on long plai tings of the mesogloea lines the coelenteron

throughout ; these muscle-plaitings are still further developed and become
slightly branched in the region of the proximal part of the sphincter fPl. 5,

fig. 10, end.m.).

Sphincter (PI. 5. figs. 10 & 11).—The sphincter muscle, large, powerful

and mesogloeal, is peculiar in form. It recalls the double sphincter of
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Zoanthus, but here the two portions are connected. The proximal portion

is much the longer, oi: compact form, of almost uniform width, and much

nearer the endoderm than the ectoderm. The second, or distal, expansion

occurs in the soft nose-like projections of the capitulum. These projections

vary in shape, and this portion of the sphincter varies with them, since it

occupies the whole width of the mesoglcjea here present, and runs into all

but the finest branches of the projections. The narrow strip connecting the

distal and proximal part of the sphincter lies in the circular depression round

the capitulum (PL 5. fig. 10). The muscle-cavities are closely pressed

together, polygonal in shape, and only broken by narrow irregular strands

of mesogloea passing transversely (PI. 5. fig. 11). In transverse sections

the sphincter shows a straight line on the endodermal, while on the ecto-

dermal side a large wave enters the base of each ridge of the capitulum.

Tentacles (PL 5. figs. 10 & 12).—The tentacles are thick-walled, con-

taining a small lumen. The annular grooves on their surface involve the

ectodermal layer alone, which is very thick and has in its external border

a closely packed row of nematocysts placed at right angles to the surface

(PL 5. fig. 12). The strong ectodermal muscle is placed on long branched

mesoglceal processes which end in the nervous zone of the ectoderm. Sinc«

they are not enclosed by mesogloea on the ectodermal side, and the branches

do not anastomose, the fibres are not mesogloeal in position (PL 6. fig. 12).

The mesogloea is narrow and homogeneous, supporting a slight endodermal

muscle. The endoderm is deep and deeply folded.

Disc.—The histology of the disc closely resembles that of the tentacle,

The ectoderm is deep with an outer border of nematocysts, and the strong

ectodermal muscle is placed on long branched mesogloeal processes, which

end in the nerve zone of the ectoderm. These mesogloeal processes branch,

but do not anastomose with one another, and therefore the muscle remains

ectodermal in position. This muscle becomes deeper towards the point of

junction of the perfect septa. The ectoderm of the disc is much narrower

than that of the tentacles,

CEsophagus (PL 5. fig. 13).—The polyp was cut through the oesophageal

region transversely, the cut surface of the lower half being represented in

the figure. Twelve deep longitudinal grooves are present. Of these, the

two grooves which occupy the normal position of siphonoglyphes, i. e. which

lie between the points of attachment of the two ventral and the two dorsal

directives respectively^ are not much deeper than the other ten, but the

specimen is greatly contracted. There are also present, probably owing to

contraction, a number of very deep transverse grooves. The tissues are not

well enough preserved for histological purposes. The ectoderm, which is

deep, contains numerous gland-cells. The mesogloea, fibrous and thin in the

long grooves, widens immensely in the lobes between the longitudinal grooves,

and these contain numerous enclosed cells. The endoderm is narrow.
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Mesenteries and Acontia (PL 5. fig. 13, mes.,a.).—There are tliree cycles

of mesenteries ; the formula for each sextant being PiilIiiP. The mesenteries

of the first cycle number six pairs, including two pairs of directives (PL 5.

fig. 13, me}'^. They alone are perfect and carry the gonads ; there are

also six pairs of imperfect mesenteries of the second (PL 5. fig. 13, me.^)

and twelve pairs of the third cycle (PL 5. fig. 13, 7ve.^), all of which are

in a very rudimentary state. There is no trace of a fourth incomplete cycle

present in several of the species already described, and the suggestion,

therefore, of Kweitnievvski (31) that the partial development of the fourth

cycle might be a generic character is incorrect. This fourth cycle is absent

also in JP. vermiformis.

Perfect Mesenteries.—The longitudinal retractor muscle of the perfect

mesenteries is contained in a muscle-pad which is large and reniform in

cross-sections. The distal end and external appearance of this muscle-pad

is shown in fig. 10, m.p., PL 5. It continues proximally to within a short

distance of the pedal disc. The muscle-cells are situated on slight, long, very

numerous and richly-branched processes (PL 5. fig. 13, l.r.ni.'). Distally,

beyond the level of this muscle-pad, short blunt muscular processes occupy
the greater width of the perfect mesenteries. Here the mesogloea is thicker

and contains isolated cells. The perfect mesenteries are also supplied with

a strong parieto-basilar muscle on plaitings of the mesogloea. This is

produced on one side into a long brush-like tuft (PL 5. fio-. 13, pJun.).

The mesenterial filaments of the perfect mesenteries are divided into several

branches. A septa is apparently present in the perfect mesenteries but

owing to tears caused by removal of sand and to imperfect preservation this

point could not be decided.

Incomplete Mesenteries (PL 5. fig. 13, me}, me}).—The incomplete mesen-
teries of the second and third cycles are rudimentary, without gonads
mesenterial filaments, or muscle-pads. They possess strong blunt muscle
processes slightly branched on side. The mesenteries of the second cycle

are only slightly wider than those of the third. In the region of the pedal
disc, where the perfect mesenteries are narrower and have lost their muscle-
pads, the internal borders of all three cycles become connected too-ether in

groups. The largest group consists of 16 mesenteries, whose inner border
forms part of a circle lined by muscle processes. Examples of somewhat
similar coalescences of several mesenteries of different cycles have already
been recorded by Dixon (12) and by Parker (19).

The Acontia (PL 5. figs. 10, a., 13, a.) are very large and are visible

immediately on opening the coelenteron. They form very white coiled tubes

of considerable length, some of which pass well into the capitulum (PL 5.

fig. 10, a.). Transverse sections show that they are rounded and one side is

fully armed with nematocysts, but the histology is not well preserved. No
cinclides are visible.
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Gonads (PI. 5. fig. 13, ^5.).—The specimen was a female. The gonads,

which were carried by the six pairs o£ perfect mesenteries, almost filled the

coelenteron. Transversely they extended from the oesophagns to the body-

wall, passing into the spaces between the imperfect mesenteries, longi-

tudinally, from the level of the mouth to a little above the pedal disc. The

immense number of ova present were in different stages of growth.

Phellia capitata. (Pis. 5, 6. figs. 14-19.)

Form (PI. 5. fig- 14).—Single, fixed ;
capitulum slightly swollen ; base

much broader, there being a gradual increase from the centre of the column

to the pedal disc, which expands broadly beyond the column-wall ; surface

of the scapus irregularly pitted and gritty with fine sand ; on the capitulum

the sand very sparse and the irregularities of the surface arranged in deep

transverse grooves ; the greater part of the capitulum and the scapus

beneath the sand-grains covered with thick yellow mucus, in which small

objects are embedded ; the small distal portion of the capitulum delicate,

free from mucus and sand, quite smooth and light sand-coloured. In the

specimen examined this portion pressed outwards forms a ridge protruding-

round the anterior end of the polyp between the transverse grooves of the

lower capitulum and the expanded tentacles (PI. 6. figs. 15, 16, 19, d.cap.).

Tentacles (PI. 5. fig. 14, PI. 6. figs. 15, IG) short, slightly annulated, in two

cycles, the inner the larger ; .39 present, and a space about equal to one-eighth

the circumference of the disc, which is devoid of tentacles, has several minute

buds at long intervals. The oesophagus is extruded together with masses of

the o-onads (PI. 5. fig- 14, a's.,gs.); owing to the attachment of the perfect

mesenteries to the inner wall of the ossophagus this organ is slightly lobed in

extension ; its lower border is deeply grooved transversely. There is no

indication of a siphonoglyphe.

Colour.—Brown in spirit, owing to minute dark brown pigment spots

which cover the surface to the edge of the light-coloured naked distal parts

of capitulum.

Dimensions.—Height 13 mm. ; average diameter 5 mm., diameter at pedal

disc 9 mm.
Locality.—Collected by Professor Hill in 1894 ; on the Pacific Ocean

beach opposite Creel Bay, Broken Bay, New South Wales.

This species is named Phellia capitata on account of the peculiar swollen

heads of the longitudinal retractor muscles of the mesenteries.

Column-wall (PL 6. figs. 15, 17).—The column-wall, narrow below, owes

its greater width distally to the inclusion of a wide mesoglcBal sphincter

(PL 6. fig. 15, spli.\ Its surface is very irregular, but the sand-grains with

which it is covered do not penetrate into the deeper indentations. They

adhere chiefly to the surface of the yellow abundant mucus, and are
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therefore more easily removed than in Pliellia broioni, and the underlying

structures are less destroyed in the process. Both mucus and a cuticle

cover the surface of the ectoderm of the column and lower capitulum, and

the ectoderm underlying these structures is narrow and badly preserved.

In the naked distal portion of the capituluin the ectoderm is much wider

(PI. 6. fig. 15, dxap.), consisting of very deep coluuniar cells, and nemato-

cysts, which are not numerous, appear to be confined to this portion.

Small ill-defined bodies, probably badly preserved isolated cells, are

scattered irregularly through the mesogloea and occur in the sphincter also,

where they are easily detected, being of much larger size and staining deeper

with carmine than the muscle-cells of the sphincter itself. An endo.dermal

muscle lining the coelenteron is present on unbranched mesogloeal plaitings,

which do not appear to be further developed in the capitular region (PI. 6.

fig. 15, end.m.). The endoderm forms deep triangular ridges between the

mesenteries (PI. 6. fig. 17, end.).

Sphincter.—The sphincter, large and mesoglceal, lies throughout its course

nearer the endoderua than the ectoderm (PI. 6. fig. 15, spli.). Less powerful

than in Pliellia hrowni, it has the same double form as in that species, lying

chiefly in the lower capitulum, with a second marked expansion in the naked

distal portion where it occupies the full width of the mesoglffia. The muscle-

cavities are very numerous, small, oval or round, lined with muscle-cells and

embedded in an irregular manner in the mesogloea. These cavities lie singly

and retain their own shape, but there are very few scattered cells, and the

shape of the sphincter as a whole is compact. The naked portion of the

capitulum and the distal expansion of the sphincter which it contains are

more or less constant in shape in this specimen, thus forming a great contrast

to the long prolongations of both capitula of the sphincter which are

present in the last species, Pliellia hroumi. This difference is probably not

specific, but the result of Phellia capitata being in full expansion, while

Pliellia broioni is in a contracted state. See Verrill (4) on the sphincter of

Pliellia panamensis, later named Phelliopsis panamensis (22). The ectodermal

side of the sphincter is irregularly waved, and it reaches its greatest width

at about the centre of its leno'th.

Tentacles (PL 6. figs. 15, 16).—The tentacles are thick-walled with a

small lumen. The ectoderm, the broadest of the three layers, is well supplied

with uematocysts and has a broad nervous zone. The ectodermal muscle is

powerfully developed on branched processes of the mesogloea, which end in

the nervous zone of the ectoderm, as in the last species, and are therefore

not mesogloeal in position. Short and almost unbranched on the outer side

of the tentacle, these mesogloeal processes are at least twice as broad on the

inner side which faces the oral aperture (PI. 6. figs. 15, 19, ect.ni}, ect.m.^).

The mesogloea, which is narrow, bears on its internal border a well-marked

ectodermal muscle. The endoderm is deeply folded.
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Disc (PI. 6- fig. 19, (L).—The musculature o£ the disc and tentacles in the

former species alike, are in this species very different. The ectodermal

muscle of the disc is only slightly developed and strongly resembles that of

Phellia sollasi (20), another Australian species. A few mesogloeal processes

are present peripherally. More centrally these processes are absent and the

muscle very feebly developed. The endoderm is narrower than in the

tentacles and very few nematocysts are present in the ectoderms.

Mesenteries and Acontia (PI. 6. fig. 17).—There are three cycles of

mesenteries, the formula for each sextant being the same as in the last

species, viz. PiilhiP. The perfect mesenteries are of the first cycle only,

number six pairs including the directives, and carry the gonads ; there are

also six pairs of imperfect mesenteries of the second and twelve pairs of

imperfect of the third cycle.

Perfect mesenteries. A surface view of the distal part of a perfect mesentery,

as it appears on opening the anterior end of the polyp longitudinally, is shown

in PL 6. fig. IG. It will be seen that the longitudinal retractor muscle has a

most unusual form. Throughout the greater length of the mesentery it

consists of a muscle-pad of uniform and very narrow width (PI. 6. fig. 16,

m.p.), but at its distal extremity it increases suddenly in size and ends in a

large bulb or head (PL 6. fig. 16, m.b.). The oesophagus, which is attached

to the perfect mesenteries and does not extend below the level of the enlarged

heads, has, in eversion, drawn the mesenteries upwards and outwards. The

position of the heads of the muscle-pads in the lobes of the everted

oesophagus is due to this fact, and their curvature probably arises from the

same cause.

The internal structure of the muscle-pad and its enlarged head are shown

and compared in PL 6. figs. 17, 18, & 19. In longitudinal and transverse

sections of the head (figs. 18, 19) it will be seen that the structure consists

entirely of very numerous delicate processes branching from a mesogloeal

core, the muscle-cells being situated on these processcn. The muscle-pad

shown in transverse section (fig. 17, m.p.) is drawn on the same scale as the

muscle-head in fig. 18. In structure the muscle-pad difters from the muscle-

head only in the fact that the mesogloeal core is much slighter in the pad

and does not penetrate so deeply. In shape also the transverse section of the

pad is more reniform than that of the head.

The marked difference in the form of the retractor muscle in this species

and in Phellia broivni may be seen by comparing fig. 10 on Plate 5 with

hg. 16 on Plate 6.

The mesenterial filament is very small ; immediately below the oesophagus

it is divided into three parts ; lower down it is single (PL 6. fig. 17,

me.^^.

The parieto-basilar muscle, which is present in the perfect mesenteries

only, forms a well-developed brush-like tuft on that side of the mesentery
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which is opposite to the longitudinal retractor muscle. It has a depth equal

to that of the third cycle o£ mesenteries (PI. 6. fig. 17, p.m.).

The incomplete mesenteries (PI. 6. fig. 17, me.\ me.^) o£ the second and

third cycles are very rudimentary and closely re3eml)le the corresponding

mesenteries in Pliellia hrowni. Their feathery appearance in both cases is

due to muscle processes of the mesogloea on each side. They are devoid of

gonads and muscle-pads. Owing to imperfect preservation I am unable to

decide whether a slight mesenterial filament is present on the mesenteries

of the second cycle or not, but the mesenteries themselves are quite rudi-

mentary and scarcely longer than those of the third cycle. The perfect and

imperfect mesenteries of Phellia capitata, unlike those of Phellia hrowni, do

not approximate in width towards the pedal disc or become connected with

one another. The complete mesenteries in the proximal end of the body

meet in the centre of the pedal disc, to which their basal extremities are

attached. The incomplete mesenteries are also attached io the pedal disc,

but they are narrower and end at varying distances from its centre. The

pedal disc, therefore, has a great number of radial lines at its circumference,

twelve of which, representing the attachment to the perfect mesenteries,

meet in the centre.

The Acontia (Pi. 6. fig. 17, a.).—The acontia are numerous, thick, and

long, but not so dead white as in the former species, and therefore not so

prominent at first sight. Transverse sections (PI. 6. fig. 17, a.) show a round

figure with a groove on one side. The opposite or convex side is strongly

armed with nematocysts, and there is an axis of connective tissue. In form,

therefore, the acontia of both Phellia hrowni and capitata closely resemble

the acontia described by Hertwig (5) in Cercus spinosus and Calhcetis

parasitica, and are unlike those figured by Carlgren for Sagartia viduata,

Sagartia undata, Metridium dianthus, and Chondractinia (14) .
Unfortunately

the muscle-fibres, which Hertwig says " lie on the convex side of the meso-

gloea, where the nematocysts lie,'^ and which Carlgren finds in every acontium

examined by him "auf der den Nesselzellen entgegengesetzten Seite," are

here not well enough preserved to distinguish.

Gonads (Pis. 5, 6. figs. 14, 16, ^s.).—The specimen was a male and the

gonads, carried by the perfect mesenteries only, were extremely well developed

and formed large bunches, partly extruded with the oesophagus ; they also

almost filled the coelenteron distally, but diminished in size proximally. In

the specimen examined it appeared that the perfect mesenteries ceased to bear

gonads at different levels, but the state of preservation is not good enough

to determine the point. The spermatozoa present are not fully ripe.

These two Australian species are characterized by the unusual strength of

the sphincter and its peculiar contraction into two parts, which does not occur

in other known species of the genus. The size and prominence of the
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acontia are also unusual characteristics. Haddon and Knietniewski, indeed,

consider sniallness of the acontia a generic character (21). Fhellia hroioni

(and in less degree Phellia capitata) is distiagnished also by the thickness o£

its sand-incrustation.

The known species o? Phellia irom the Pacific—viz., Phellia vermifo7^mis(V7)

from Torres kStraits and Phellia sollasi (18 and 20) from Funafuti, Phellia

ternatana (16) from Ternati, and amboniensis (21) from Ambon—differ widely

from those here described in the three characters named above. Other
points of difference are the external shape and the form of the longitudinal

retractors, and the mesenteric formula of Phellia sollasi, ternatana, and
aiuhoniensis. Haddon^'s collection included two other anemones from Torres

Straits, which he had "no doubt were Phellia.'" They were, however,
lost before examination, and their external characteristics alone are given.

These do not agree with those of Phellia broivni and capitata. Until re-

discovered, their position is in reality doubtful, since the external characters

of Phellia and Chondradinia are alike, the fact that Phellia bear the gonads
on the perfect mesenteries being the point of difference between the two
genera.

An interesting series of stages of development of the ectodermal muscle

of the disc is shown in the genus Phellia. In Phellia sollasi and Phellia

capitata we find it at its lowest stage. A few fibres, stronger near the

capitulum, are all that are present. In Phellia hroicni these fibres are large

and branched and present over the whole disc, while in Phellia ternatana

anastomosing of the branches has taken place to some extent, and the ecto-

dermal muscle is now partly mesogloeal in position. This process is carried

still further in Phellia amboniensis. Whole bundles of muscle-fibres are here

enclosed by the anastomosing of the mesogloeal branches, which are 3-4 times

as wide as the mesogloea itself, but as yet very few of these fibres have sunk
into the mesogloea. A step further in the development would give ectodermal

muscle of the disc as mesogloeal in position as that of a mesogloeal sphincter

which originates from endodermal muscle.

Although the partial division of the sphincter into two parts seems to be

peculiar to Phellia broivni and capitata, the fact that it enlarges at its

narrower distal end to fill the whole of the mesogloea has been noticed by
other observers, viz. Knietniewski (16) and McGuire (20). May this not

be generic ?
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Lettering.

e.g.

d.cap.

d.sph.

ect.

ect.m.

end.

end.m.

gr.

gs.

imper.mes.

m
m.\, m. 2,

Acontium.

Cuticle.

Circular groove of capitulum.

Distal portion of capitulum.

Distal portion of sphincter

muscle.

Ectoderm.

Ectoderm muscle.

Endoderm.

Endoderm muscle.

Groove.

Gonads.

Imperfect mesentery.

Mesoglcea.

Different lenfyths of ectodermal

muscle in tentacles.

Bulb or head of long: retractor

muscle of mesentery.

Mesentery.

»ie.\ me."^, I Mesenteries of lst^2nd, and 3rd

me.^. \ cycle.

m.f. Mesenteric filament.

TO.^;, Muscle-pad of long retractor

muscle of mesentery.

mu. Muscle.

onuc. Mucus.

nem. Nematocysts.

oes. CEsophagus.

p. Physa.

p.h.m. Parieto-basilar muscle.

p.m. Parieto muscle.

po. Pore.

s. Scapus.

sd. Grains of sand.

si. Siphonoglyphe.

sph. Sphincter.

su. Sucker.

tent, tentacle.

EXPLANATION OF THE PLATES.

Fig. 1.

2,

3.

4.

Plate 4.

Perichia hilU. X 2.

Peachia hilli. Larval form. X 2.

Peachia hilli. Transverse section through oesophageal region. X 12.

Peachia hill'. Longitudinal section thi-ough capitular region, x 14.

This section passes through the oesophagus and shows the thick wall of the

siphonoglyphe on the right-hand side.

Peachia hilli. J^ongitudinal section through the lower end of the scapus, showing

strono- development of endodermal muscle, x 68.

Peachia hilli. Longitudinal section through part of physa. showing five pores.

X 188.

Peachia hilli. Transverse section through lower scapus near physa. X 12.

Peachia hilli. Perfect mesentery, x 52.

Fig. 9.

9a.

10.

11.

Plate 5.

Phellia broioni. End view, x 3.

Phellia hroimi. Side view. X 3.

Phellia broivni. Longitudinal hand-cut section through capitular region. The

sand-grains are removed from the lower half, leaving the rough deeply pitted

surface exposed. Drawn under dissecting microscope.

Phellia hrowni. Longitudinal section through sphincter. X 188.

In upper part the endodermal muscle is figured attached to a mesentery, in

the lower part it is represented lined by the endoderm of the column-wall,
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Fig. 12. Phellia browni. Transverse section through a tentacle, x 282.

Shows large development of ectodermal muscle.

13. Phellia browni. The polyp was cut in two transversely through the oesophageal

region. This figure represents the lower half viewed as a solid object. Drawn

under a dissecting microscope, x 12.

14. Phellia capitata. x 3.

Plate 6.

Fig. 15. Phellia capitata. Longitudinal section tlirough sphincter and tentacles. X 44.

16. Phellia capitata. Longitudinal retractor muscle in sitic. The everted oesophagus

has been cut open longitudinally, and the gonads and muscles are exposed to

view. Drawn under a dissecting microscope.

17. Phellia capitata. Transverse section showing examples of the three cycles of

mesenteries. X 52.

18. Phellia capitata. Transverse section through enlarged heads of two longitudinal

retractor muscles, x 52.

19. Phellia capitata. Longitudinal section through oesophagus, disc tentacles, and

muscle-head of retractor muscle, x 34.
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The British Museum Collection of Blattid^ enclosed in Amber.

By R. Shelfokd, M.A., F.L.S.

(Plate 7.)

[Read 4th May, 1911.]

In a previous number of this Journal (Zool. vol. xxx. 1910, pp. 336-355)
I described a laro-e collection o£ Blattidae in amber belonging to the late

Dr. R. Klebs, of Konigsberg-i.-Pr. The memoir here presented deals with

a smaller collection which Dr. A. Smith Woodward, F.R.S., has most kindly

handed over to me for examination and study. The specimens come from

several localities and from at least two geological horizons, and by my study

of them I am enabled to extend slightly our knowledge of the cockroaches of

the past. The extreme modernity of the species is as apparent in this collection

as in that belonging to Dr. Klebs, and again I find it unnecessary to erect

a single new genus for the new forms which I describe. For this I was

prepared, but I was certainly not prepared to find an example of the modern
species EutJu/ro'hapha paci/ica, Coq., in the British Museum collection ; and
yet such is indeed the case. This species, which at present is found in most

of the tropical regions of the world, occurred in Miocene times in Europe, as

evidenced by a well-preserved specimen in amber which, after a careful

examination, I find to be identical with modern pinned specimens in the Hope
Museum, Oxford. If llJiithyrr'JicqyJta jMcijiea v.'as a generalised type of cock-

roach, its occurrence in the Miocene period would perhaps excite but little

surprise ; but it is a highly modified form and the type of wing-structure

is quite peculiar.

The wide geographical distribution of this speeies is sufficient evidence of

its " fitness " to survive amidst divergent conditions of life. Its occurrence

in Europe in Miocene times, and in a form which, so far as can be seen^ does

not differ in any important particular from examples extant to-day in South

Africa, shows that the survival-value of the species is no new attribute, but a

heritage from a past of very respectable antiquity. Until our knowledge of

the Tertiary Blattidas is much more complete than it is at present, it will be

impossible to say whether the present distribution of JE. pacijica is an extension

of a more restricted range in Miocene times, or if the species had a wider

distribution then than at present.

LINN. JOURN.—ZOOLOGY, VOL, XXXII, 6
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The collection under notice may be classified as follows :

—

I. Oligocene species from

a. East Prussia 2 specimens.

h. Samland 12 specimens.

II. Miocene species from Stettin 7 specimens.

III. Species from Africa, geological 9 specimens *.

horizon unknown.

I have throughout this paper, in order to facilitate reference, quoted the

numbers which the individual specimens bear.

I. OLIGOCENE SPECIES.

Dr. Klebs's collection must be nearly complete and exhaustive of the Baltic

provinces^ for not a single British Museum specimen from this region and

horizon can be referred to a new species.

a. East Prussia.

IscHNOPTERA GEDANENSis, Germ. Sf Bev.

Blatta gedanensis, Geriuar & Berendt, Organ. Reste in Bernstein, Bd. ii. Abt. \, p, 33,

pi. 4. fig. 4 (1866).

One male, No. I 13762.

Phyllodromia Pfurcifera, SMf.

PhyllodroiJiia furcifera, fiheUord, Joiu-n. lyinn. Soc, Zool, xxx. (1910) p. 346.

One female in a state of such poor preservation that identification is very

doubtful. No. I 137G3,

b. Samland.

Nearly all of these specimens are larva?^ which it is impossible to refer with

any degree of certainty to species described from adult forms. Even when

the entomologist is dealing with modern species the allocation of larva? to

their adult forms is attended with great difficulty, unless he is aided by

careful field-observations and accurate data ; it will be readily understood

that the difficulty is enormously increased when the material in the ento-

mologist's hands is fossil. Very young larvfB were easily trapped in the

resin which flowed from the trees in the Baltic Oligocene forests, but large,

powerful adults could free themselves and leave no trace behind. The

* One of the specimens sent to me is a larval Locustid; this, of course, is not included

in the above list.
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student of the amber fauna is therefore always conscious that he has before

him only the weaker and more fragile forms, which could not escape their

living grave.

EoTOBius BALTicus, Germ. Sf Ber.

Blatta baltica, Germar & Berendt, Organ. Reste in Bernstein, Bd. ii. Abt. 1, p. 34, pi. 4.

fig. 5 (1856).

One male, quite typical in appearance. No. I 13755.

ISCItNOPTEKA Sp.

A mere fragment of the entire insect, consisting of head, pronotum, and

front legs only. No. 1 13746.

Temnopteryx klebsi^ Shelf. (Plate 7. figs. 3, 4.)

Temnopteryx Mebsi, Slielford, Journ. Linn. Soc, Zool. xxx. (1910) p. 349.

One male, No. I 13756.

I am able to supplement my original description of this species, as the

British Museum specimen is. in better condition than the type :—Sixth

abdominal tergite with the posterior margin sinuate. Seventh to ninth

abdominal segments constricted. Subgenital lamina subquadrately produced,

with two styles asymmetrically placed, the right situated at the bottom of a

deep notch, the left on the margin. Titillator penis extruded, sharply

pointed, apex not hooked.

? Nyctibora succinica, Shelf.

Nyctihora succinica, Slielford, t. c. p. 350.

To this species I refer with very considerable doubt a larva (No. I 13748),

a larval moult (No. 113754), and a solitary hind-leg (No. 113757). The
larva is considerably smaller than the type, itself described from a larva, and

the moult is smaller still. The shortness of the tarsi with their well-developed

pulvilli and arolia show that these specimens cannot be referred to any
Phyllodromiine genus, nor to any Periplanetine genus known to occur in the

amber fauna. (Consequently there is a distinct balance of probability in

favour of these specimens being young larvse of Nyctihora succinica, but I

fear that my determination of the species can go no further than that. The
single hind-leg is not devoid of interest, since it reveals one of the means

whereby the remnants of the amber fauna have been preserved. The tarsal

claws are entangled in some strands of spider (?) silk ; the anterior edge of

the femur is ruptured and some torn muscles protrude from the rupture,

showing that the leg was forcibly torn from the body probably by the

insect's own frantic struggles to free itself. The amber surrounding the

6*
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derelict leg is quite clear and undisturbed, so that the enclosure of the leg in

resin was an event ensuing after its entanglement,

? POLYPHAGA FOSSILIS.

Polyphacjafossilis, Shelford, Journ. Linn. Soc, Zool. xxx. (1910) p. 351, pi. 48. fig. 21.

One very young larva which can only be identified with great uncertainty.

The preservation o£ the specimen is not good. No. 1 .13752.

Larv^.

Four specimens, Nos. I 13747, 1 13749, 1 13750, I 13753, are probably the

very young larvse of a species of Phyllodromia : a fifth example. No. 1 13751,

is a youno- larva of one of the Blattse muticae ; the insect is much distorted

owing to the extrusion of some of the viscera between the thoracic sclerites
;

it is possibly identical with the Polyzosteria parvula of Berendt (Ann. Soc.

ent. France, vol. v. p. 542, pi. 16. fig. 1, 1836).

II. MIOCENE SPECIES FEOM STETTIN.

The small number of Miocene specimens debars us from drawing any very

valuable conclusions from a comparison of the Oligoccne and Miocene

Blattidse in amber, but we may note the followdng points :

—

The genera Ectobius, Isclmoptera, Temnojyte^yx, Nyctibora, Holocompsa, and

Poh/phaga are not represented in the collection from Stettin ; two genera

make their first appearance in the Miocene, Pseudojjhyllodromia and

Eutliyrrlmplia ; two genera, Phyllodromia and Ceratinoptera, are common to

both horizons^ but the Miocene species of the former genus are very different

from the Oligocene species and present, if possible, even a more modern

appearance. C/omment has already been passed on the occurrence of the'

genus EutliyrrhajDlia in the Miocene fauna.

These British Museum specimens have the surface of the amber blocks

reticulated with minute cracks, so that the examination of the enclosed

insects is attended with some difficulty, but I hope that I have succeeded in

making out all the details of structure which are visible.

Phyllodromia woodwardi, sp. n. (Plate 7. fig. 5.)

One male, No. 58577 ; one female, No. 1 13770.

Flavo-testaceous ; eyes rufous ; frons with a V-shaped dark macula.

Antennse long and slender, apical joints dark. Pronotum transversely

elliptical, anteriorly not covering vertex of head, posteriorly very slightly

produced, disc immaculate, lateral margins hyaline. Tegmina and wings

barely exceeding apex of abdomen. Tegmina immaculate, moderately broad,

the discoidal sectors straight. Wino-g with mediastinal vein multiramose
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costals few and ramose, ulnar vein ramose. Abdomen beneath immaculate
;

subgenital lamina
( (^ ) symmetrical, posteriorly produced into a small

quadrate lobe, the styles being situated in small notches on either side of the

lobe, ( ? ) semi-orbicular, ample ; supra-anal lamina (?) projecting slightly

beyond the subgenital lamina, its apex triangularly emarginate. ('Crci

moderately long, banded beneath with fuscous, 11-jointed. Front femora

with the anterior margin beneath armed with a complete row of spines, the

more distal shorter than the others ; remaining femora moderately armed.

Total length ( c? ) 12 mm., (?) 15 mm.
The abdomen of the female has been partially devoured by some predatory

insect and only a portion of the wings remains beneath the tegmina, which

have been displaced. I have much pleasure in naming this species after

Dr. A. Smith Woodward, F.R.S.

Phyllodromia PRECURSOR, sp. n. (Plate 7. figs. 6^ 7.)

One male, No. 58505.

Rufo-testaceous. Antennse fuscous. Pronotum trapezoidal, anteriorly not

covering vertex of head, posteriorly scarcely produced, disc with a few

obscure dark points. Tegmina and wings considerably exceeding apex of

abdomen. Tegmina with minute castaneous points situated on the costal

veins, at the base of the radial and ulnar veins, and on some of the ulnar rami
;

mediastinal vein simple, radial vein bifurcate near apex, the lower branch

ramose, about 12 costals, some of them bifurcate, discoidal sectors oblique,

ooth ulnar veins ramose, anal vein impressed. Wings with mediastinal vein

bifurcate. Cerci not visible. Subgenital lamina subtrapezoidal^ symmetrical,

with 2 genital styles. Front femora on anterior margin beneath armed with

a few strong spines, which are succeeded distally by minute piliform. spines
;

remaining femora strongly armed
;
genicular spines long.

Total length 12 mm.
In this specimen the right tegmen is lifted and extends at right angles to

the body, so that its venation can be clearly seen ; unfortunately the under-

lying wing is almost completely covered by a portion of the left tegmen,

The minutely maculate tegmina should enable this species to be readily

recognised.

PSEUDOPHYLLODROMIA SUCCINICA, sp. n. (Plate 7. fig. 2.)

One example, No. 58616.

Head testaceous, with a narrov/ fuscous band on the vertex and two on the

frons. Antennse setaceous, rufescent. Pronotum transversely elliptical,

testaceous, with two longitudinal fuscous vittaa. Tegmina long and narrow,

fuscous, with the costal margin and the veins in the basal half pale testaceous
;

about 9 costal veins, the last 3 ramose, posterior ulnar vein simple.

Total length 18 mm.
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This is a mere fragment, the abdomen, legs^ and ventral thoracic sternites

having been destroyed, probably by some predatory insect^ but the wing-

venation and the type of coloration are eminently characteristic of the South

American section of the genus Pseudophjllodromia. In my former paper on

Blattidse preserved in amber, I drew attention to the fact that, if any
comparisons at all were possible between the Oligocene amber fauna and a

modern tropical fauna, the Neotropical fauna was the only one which

presented features of similarity with the European Oligocene fauna. It is, at

any rate, noteworthy that amongst these scanty remnants of what was once an

extensive Miocene insect fauna occurs a species which has its nearest allies in

South America to-day. It is notoriously hazardous to draw conclusions from
insufficient data ; I do not therefore seek to establish any theory on the facts

just noted, but content myself with recording them, believing fully that one

day their real significance will be established.

Ceratinoptera miocenica, sp. u.

One female, No. 58557.

General colour dark castaneous. Pronotum with anterior maroin coverino-

vertex of head, posteriorly slightly produced. Scutellum exposed, Tegmina

corneous, barely exceeding apex of abdomen ; venation mostly indistinct,

but anal vein deeply impressed. Abdomen piceous beneath ; subgenital

lamina semi-orbicular, ample. Cerci not visible. Legs rufous, hind-femora

with 6 spines on the anterior margin beneath, G or 7 on the posterior margin

beneath.

Total length 8 mm.
The unique specimen is enclosed in a large block of amber in which are

also embedded, besides several other insects of different orders, shreds and

fragments of vegetable tissue; one such fragment conceals most of the

ventral surface of the cockroach, and my description of the insect is therefore

much shorter than I should like it to be. The strong armature of the hind-

femora distinguishes the species from the four Oligocene representatives of

the genus, noted or described by me in my former memoir, and to the

best of my belief the species is also different from all known modern

Ceratinopterce.

? Periplaneta sp.

One female. No. 58652.

This is a larva and I refrain from giving it a name, as the adult may be

found some day, and until that happens the exact generic position of this

immature specimen must remain in doubt.

The general colour is pale ochreous, marked symmetrically with castaneous

blotches. The supra-anal lamina is trigonal, its apex notched. The cerci
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are long. The femora are moderately armed. The production backwards

o£ the posterior angles of the meso- and metanotum shows that the adult

must be a winged form.

Total length 14 mm.

EUTHYERHAPHA PACIFICA, Coq.

Blcdta imcijica, Coquebert^ Icon. Ins. iii. p. 91, pi. 21. fig. 1 (1804).

One example, No. 58535.

The specimen is so enclosed in a block of amber that I am not able to make

out much of the underside details, and therefore I cannot determine the sex

with accuracy. The pronotum has a yellow spot at each posterior angle and

the legs are dark castaneous, in which details the specimen resembles modern

South African more than any South American specimens which I have

seen.

The present range of the species is South America, Africa (including

Madagascar), and Polynesia.

in. AFRICAN SPECIMENS.

Unfortunately the geological horizon of these specimens is unknown.

I am willing, however, to hazard the opinion that it is much later than the

Oligocene period. Only five genera are represented_, viz., Anaplecta,

Ischnoptera, Phyllodromia, Periplaneta, and Plectoptera *. The first and last

of these genera may be considered as very highly evolved forms ;
their

wing-structure is—if I may be pardoned the expression

—

le dernier cri in

Blattid wing-evolution ; and though we must exercise the utmost caution in

our attempts to determine the duration of a species' existence from an

examination of its structure alone, nevertheless I believe that the occurrence

of such highly-evolved forms as Anaplecta and Plectoptera in amber is slight

evidence in favour of presuming quite a late date for the horizon in which

the amber is found.

All but one of the specimens are recorded from East Africa : the single

exception has merely the label " Africa " ; but as this specimen appears to me

to be identical with one of the East African examples, I venture to assume

that the provenance of all the specimens is the same. It is unfortunate that

the exact locality where these specimens were collected is quite unknown.

Anaplecta sp.

One male. No. 1 13769, with label "Africa" ; one female. No. I 13761.

The numerous species of the genus Anaplecta are of small or minute size
;

they exhibit a very uniform type of coloration and the form of the terminal

* The determination of tlie genus Periplaneta is a little doubtful, as is shown later.
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abdominal segments does not greatly vary. Consequently the systematist is

compelled to fall back on the venation of the tegmina and wings in his efforts

to discriminate between the species ; but this resource fails in the case of

these particular amber iiiclusa, for their tegmina are pressed closely to the

body and the merest vestige of one wing is visible. I see no object, then, in

giving a name to a s^oecies wdiich may be, for all I can tell to the contrary,

identical with some modern representative of this very difficult genus, and

which it is impossible to describe in detail. As a matter of fact, these

amber specimens look veiy like rufous specimens of the modern West African

Anaplecta chicta, Gerst., but very probably their wing-venation is totally

different.

The following is a description of the specimens :

—

Rufo-castaneous. Antennae fuscous, not quite so long as the body.

Pronotum transversely elliptical, its lateral margins hyaline. Tegmina with

lateral margin in basal half hyaline ; discoidal sectors longitudinal. Sub-

genital lamina (^) triangular, apex notched, ( ? ) semi-orbicular. Cerci

testaceous. Legs testaceous, femora weakly armed.

Total length 5 mm.

ISCHNOPTERA PROVJSIONALIS, sp. n.

Two females, Nos. 1 13764, 1 13766.

llufo-testaceous. Head with vertex not covered by anterior margin of

pronotum ; a castaneous band between the eyes. Pronotum trapezoidal,

posteriorly produced slightly ; disc indistinctly marked with castaneous.

Tegmina and wings barely exceeding apex of abdomen. Tegmina with

radial vein simple, 15-17 costals, 7 longitudinal discoidal sectors. Outer

margins of the abdominal sternites and disc of subgenital lamina blotched

with castaneous. Subgenital lamina semi-orbicular, ample. Cerci short.

Front femora armed on anterior marsin beneath with a few long and strong

spines, succeeded distally by shorter spines ; remaining femora moderately

armed.

Total length 15-16 mm.
This species presents so exactly the facies of those African species of

Ischnoptera typified by Isclinoptera himaculata, Gerst., that I have no
hesitation in determining its generic position, even though the truly diagnostic

character of the genus afforded by the Aving-venation is not visible. I am
less satisfied that the species is really distinct from all modern African

species of Ischnoptera, and until the male sex is discovered I fear that this

must remain uncertain ; the females of this group of the genus resemble

each other so closely that their separation into species is excessively difficult

even when the entomologist has fresh, pinned specimens before him. The
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specijfic name which I have adopted for this amber-enclosed Bhxttid indicates

the doubt with which I regard its identity.

Phyllodromia inclusAj sp. n. (Pkte 7. fig. 8.)

One male, No. 13765.

Pale testaceous. Antennae longer than the body. Pronotum trapezoidal,

anteriorly not covering vertex of head, posteriorly very slightly produced.

Tegmina and wings exceeding apex of abdomen, but not by much. Discoidal

sectors of tegmina longitudinal. Supra-anal lamina produced, quadrate,

exceeding the apex of the subgenital lamina, which has the apex produced

into an asymmetrical lobe ; only one genital style^ the left^ visible. Cerci

rather short, Avith 11 visible joints. Front femora armed on anterior margin

beneath with 1-2 strong spines, succeeded distally by piliform setas ; remaining

femora moderately armed.

Total length 12 mm.

Phyllodeomia sp.

One male, No. 1 13759.

The block of amber in which the specimen is embedded has been so cut

that it is impossible to get anything but a side view of the cockroach, and

even this is obscured by the numerous cracks on the surface of the amber.

Under these circumstances it would be unwise to describe the species. I can

only say that it differs from the other species of the genus described from

amber faunas by the prolongation of the left posterior angle of the subgenital

lamina into a spiniform process.

Total length 13 mm.

Peeiplaneta sp. (Plate 7. fig. 1.)

Three larvse, Nos. 1 13760 (two specimens in one block), 1 13767.

These larvse, the largest of which is not nearly half-grown, look as if they

might be the young oi Periplaneta australasice, Fab., a modern, cosmopolitan

species, but I think that they are not the same. I must, however, confess to

ignorance of the very young larvse of P. australasice ; if I may judge from

the many collections of Blattidse which have passed through my hands no

one has ever taken the trouble to acquire specimens illustrating the stages in

the life-history of the species. Even the exact generic determination of

this species is very doubtful ; it is quite likely that the discovery of the

adult will show that it must be referred to Pseudoderopeltis or even to

Stylopyga. The figure illustrating the larger of the larvas is of more value

than many words of description, and will perhaps enable other investigators

to decide if the species is distinct from P. australasice or not. The larvse are

brioht ochreous marked with castaneous.
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Plegtoptera antiqua, sp. n. (Plate 7. fig. 9.)

One female, No. 1 13758.

Rufo-castaneous. Autennse elongate, setaceous, fuscous, with the last four

or five joints pale. Pronotum transversely elliptical, anteriorly not covering

vertex of head, sides hyaline. Tegmina hyaline ; mediastinal vein giving off

some incomplete venules towards the outer margin, radial vein simple ; 1.0-11

rather irregular costals, many of these joined by transverse venules, a few

venae spurise between some of the costals and between the discoidal sectors.

Apical field of the wings visible. Subgenital lamina small, apex only slightly

produced, st^des excessively small. Cerci straight, moderate. Legs

testaceous ; all the femora entirely unarmed beneath.

Total length (excluding the unfolded wing-apex) 5 mm.
By a fortunate accident the apical field of the wing, which in this genus

and in Anaplecta is normally doubled over the rest of the wing and hidden

under the tegmina, has been unfolded in this specimen and projects far

beyond the apex of the tegmina, so that there can be no doubt as to the

generic identity of the species. Unfortunately, whoever was responsible for

shaping the block of amber in which the insect is embedded, ground one face

a fraction too much, with the result that one-third of the dorsal surface of the

insect has been destroyed and the complete venation of the tegmina can no

longer be observed. This venation is rather singular and the fraction that

is visible suffices to discriminate the species from all the modern representatives

of the ffenus.

The following is a list of all the species noted or

pages, arranged in their systematic order :

—

described in the preceding

Geological

Sub/am. horizon. Locality.

ECTOBIIN^. Eetohius balticus, Germ. & Ber. Oligocene. Samliuid.

Anaplecta sp. p xVfrica & E. Africa,

PHYLLODKOMIINiE. Ischnoptcra yedancnsis, Germ. & Ber. Oligocene. E. Prussia.

„ sp.
;>

Samlaud.

,,
provisioiialis, sp. n.

•? E. Africa.

Phyllodi'omia ?furcifera, Shelf. Ohgoceue. E. Prussia.

„ inclusa, sp. n. p E. Africa.

NYCTIBORIN-aE.

Blattin^.

PLECTOPTEIlINiE.

CORYDIIN.^E.

„ ^9?-<ECMrsor, sp. n.

,, tvoochoardif sp. n.

Pseudophyllodromia succinica, sp. n.

Ceratinoptera miocenica, sp. n.

Te7nnopteryx klebsi, Shelf.

? NycUhora succinica, Shelf.

Miocene. Stettin.

Olio-ocene. Samland.

Periplaneta sp. p E. Africa,

» :! Miocene. Stettin.

Plectoptera antiqiM, sp. n. p E. Africa.

Euthyrrhapha pacifica, Coq. Miocene. Stettin.

? Polyphaga foasilis, Shelf. Oligocene. Samlaud.
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EXPLANATION OF PLATE 7.

FiiT. 1. Pleriplaneta lavxa. '(No. 1 13767.)

2. Pseudophyllodromia succinica, sp. n. (The artist has represented the insect as a little

too broad in proportion to its length.)

3. Temnopteryx klebsi, Shelf., c? , apex of abdomen from above.

*
;; ;j jj j) j; ;) ;; beueatJi.

5. Phyllodromia looodivardi, sp. n., S , apex of abdomen from beneath.

6. „ prcecursor, sp. n., right tegraen.

7. „ ,, „ c? , apex of abdomen from beneath.

H. ,, inchisa, sp. n., (S , apex of abdomen from beneath.

9. Plectoptera antiqua, sp. n., portion of left tegmen.

N.B.—Figs. 1 and 2 are reproduced from drawings in the Geological Galleries

of the Natural History Museum.
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On the Occurrence o£ AmpJiidinium opercidatum, Clap. & Lach., in vast

Quantity, at Port Erin (Isle o£ Man). By Prof. W. A. Herdman,
F.R.S., F.L.S.

(Pl,ATE 8.)

[Read 1st June, 1911.]

In ffoino' to and fro between the villag-e of Port Erin and the Biolog-ical

Station, during the recent Easter vacation, I had occasion to take a short cut

across the sandy beach at least twice and sometimes six times in the day.

One gets into the habit, in these traverses, of looking closely at the beach

when the tide is out, on the chance of seeing something of interest cast up.

On April 7th, I noticed a new and quite unusual appearance on the sand at

or a little above half-tide mark. The hollows of the ripple-marks and other

slight depressions formed by the water draining off the beach were occupied

or outlined by a greenish-brown deposit which in places extended on to the

level so as to discolour patches of the sand (see PI. 8. fig. 1).

Here the deposit remained, more or less, for a month—waxing and waning,

sometimes increasing in a tide, say, roughly tenfold, and at other times

apparently disappearing for a day or two and then re-appearing either on the

same part of the beach, or it might be a few hundred yards awa}-. At one

time it discoloured a continuous stretch of sand about 50 yards long by

5 yards in breadth just below high-water mark, and was noticeable from some

distance away.

At the first glance I supposed the appearance was caused by a deposit of

Diatoms, but on taking a sample to the laboratory, microscopic examination

showed that although a few diatoms (including Navicula Amphisbcena *, or a

closely allied form) were present, the deposit was formed almost wholly of

enormous numbers of a very active little Peridinian or Dinoflagellate of a

bright yellow colour. More careful investigation enabled me to identify this

form as Amphidinium opercidatum, described by Claparede and Lachmann,

in 1858, from specimens obtained at Christiansand, Bergen, and a few other

places in Norway.

The published records of AmpJiidinium, however, do not give the impression

that it is a common or abundant organism. The latest comprehensive work

on such forms—the article on Peridiniales, by Paulsen, in the ' Nordisches

Plankton' (Kiel, 1908)—recognises 4 species of Amphidinium : A. crassum,

A. rotundatum, and A. longum, which as yet have been recorded from Kiel

* See postscript at end of this paper.



72 PEOF. W. A. HERDMAN ON THE OCCURRENCE OF

only ; and A. operculatum, which is stated to occur in brackish water on the

north coasts o£ Europe. In addition, Kofoid (' Dinoflagellata of the San

Dieo-o Keoion,' 1907), records A. lacustre from fresh water, A. aculeatiim, a

pelagic form from Naples, and A. sulcatum, which he took in a vertical haul

from 90 fathoms in the Pacific.

On huntino- through the few scattered references to A. operculatum which

occur, one finds, however, that R. S. Bergh, in the ' Zoologischer Anzeiger"

for 1882, states (p. 693) that Spengel in December and January found it in

huo-e quantities on the beach at Norderney. Although, therefore, Amphi-

dinium' operculatum. has been recorded once before as occurring in quantity,

the occurrence appears to be a sufficiently rare event to be worthy of notice

;

and, so far as I can ascertain, the species, although known from several parts

of North-west Europe, has not been previously found on the British coasts.

I have written to most of the marine laboratories (Plymouth, Cullercoats,

St. Andrews, and Millport) and to many marine biologists and have not been

able to hear of any British record.

It is, however, not an unknown thing for rare Dinoflagellates to appear

suddenly in some locality on an occasion in phenomenal quantities. Torrey,

in the ' American Naturalist ' for 1902, describes the unusual occurrence of

a species of Gonyaulax on the coast of California. Sherwood and Vinal

Edwards, in the ' Bulletin of the United States Bureau of Fisheries ' for

1901, tell how for two weeks in September a Pmc^mmw infested Narragansett

Bay in such numbers as to colour the water blood-red and cause the death

of many fishes.

Finally, Whitelegge, in the ' Records of the Australian Museum ' for 1891,

o-ives an interesting account of a new species of Glenodiniinn [G. rubrum)

which appeared in such quantities in Port Jackson as to give the water " the

appearance of blood'' and cause the death of great numbers of oysters,

mussels, and all forms of shore life. Whitelegge supposed that the very

heavy rainfall that year, by affecting the salinity of the water, and then a

lengthened period of calm weather which followed, may have provided

favourable conditions for an unusual development of the Dinoflagellata.

The Glenodinimn appeared in vast numbers about the middle of March and

disappeared early in May. When it was at its climax, the allied colourless

species Gymnodinium spirale appeared in the bay and soon increased greatly in

numbers and became finally even more abundant than the red Glenodinium

upon which it was evidently feeding.

Returning now to our AmpJddinium op>ercidatum, it is not easy to account

for the sudden appearance of this unusual Dinoflagellate (previously un-

recorded in Britain) in such profusion on the beach at Port Erin last April.

Plankton hauls were being taken regularly across the bay at the time, and

they showed no trace of the organism. In fact, Amp/tidinium has not

occurred in any of the thousands of gatherings which we have taken in the
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Irish Sea during the last four years, and which have been examined in minute

detail by Mr. Andrew Scott, A.L.S.

Thinking it might be present in the shallow water close to the edge o£ the

beach, Mr. W. Riddell and I took some hauls of the tow-net from a punt

worked backwards and forwards in a few inches of water as near as we could

get to the discoloured sand, but the gathering, although it contained fine

sand and mud, showed no trace of our Dinoflagellate. It may be noted here

that although the size of the Amphidinmm, 0'05 mm. in greatest diameter, is

such that it can slip through the mesh (averaging about 0*08 mm.) of the

finest plankton silk (no. 20), still so much clogging of the meshes always

takes place in such hauls, and so many other smaller organisms and particles

of mud are retained, that it is certain that had the AmpJiidinimn been

present in any quantity in the water it would have shown up in ihe

gatherings.

Careful scraping of the sand showed that the Dinoflagellates were only in

and on the surface-layer, a-nd therefore could not be regarded as coming up
from below. It occurred to us that possibly they might be fresh- or brackish-

water forms derived from the land ; but we ascertained that the little

stream in the centre of the bay, which in wet weather overflows on to the

beach (at other times it is conveyed into the town sewer), had not, on account
of the unusually dry season, sent any water to the beach for some weeks.
Moreover, on experimenting with the living AmpJiidininm in the laboratory,

we found that while it lived well in sea-water it died at once in fresh and
survived for a few days only in brackish water. Samples of the AmpU-
dinium kept in shallow dishes of wet sand at the Biological Station in a few
days showed such profuse growth that the sand was covered by a dark-
coloured layer, the water became impure, and eventually all the Dinoflao-ellates

died off.

Observation under the microscope shows that although this is a singularly

active Dinoflagellate, circling round and round with great vigour, so that a

drop of sand and water containing a number of the organisms presents a most
animated picture under a low power magnification, still the Amplddinimn
seems to be actually attracted to the sand-grains and associated with them.
The sand-grains in the field of view are always peppered over with a number
of specimens of the Ampludinkua (PI. 8. figs. 2, 3, 4), and if individuals be

watched they are seen after swimming round to come back to rest on a

sand-grain and remain there for a time before starting off on another
excursion. If they are thus constantly associated with sand-grains or other

sohd particles, and never swim more than a microscopic distance from such
a resting-place, that may account for the fact that we have never found them
in our plankton gatherings.

Ampliidinium operculatum is also, however, positively heliotropic, cono-re-

gating in quantity on the lighter side of the dish in the laboratory, and
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shiftino- in bulk from the sand at the darker part of a tank to the end nearer

the window. This property accounts for the invariable occurrence of the

discoloured sand on the surface only and never in the deeper layers.

The published figures of this species are not very good, so a view of both

dorsal and ventral surfaces, as seen under a high magnification, is given

here (PI. 8. fio-. 5). There certainly seems to be a slight but definite cuticle

coverino- the greater part of the surface, although this has been denied by

some previous writers. The two characteristic Dinoflagellate grooves

certainly join, as is stated by Calkins but not by other observers.

The posterior flagellum which projects freely from the body is not difficult

to see, but the anterior one which lies along the transverse groove is not so

easy to demonstrate, and may differ a little in position and extent from what

is shown in the figure.

Stao-es in longitudinal fission were frequently seen, and that is probably

the commonest method of reproduction. What appeared to be conjugation

between two individuals was observed in one instance.

It may be that this organism lives normally in small quantities, so as not

to be conspicuous, in some region of the sandy beach, or possibly in some

special habitat beyond the beach, and that the present vast increase in numbers

has been due to some unusual conjunction of circumstances ; but what these

were I am not prepared to suggest. In the case of the Port Jackson

Glenodinium plague, Whitelegge thought the increase may have been due

to exceptional rainfall and calm weather ; but the occurrence this spring at

Port Erin was preceded by unusually dry, but rather stormy, weather.

I am inclined to think that, although I can find no previous record of such

an occurrence, it is probable that these swarms of Amphidinhim have been

seen before at Port Erin, and possibly elsewhere. I fancy I have seen the

phenomenon myself in the past, and have supposed it to be due to swarms of

Diatoms, which certainly do cause some of the yellowish-green and l)rownish-

green patches on the sand between tide-marks.

Postscript, Jime 5tJi, 1911.—Two days after reading the above paper

before the Linnean Society I was again on the beach at Port Erin. I found

in the same region what was apparently the same })atch of discoloured sand,

but on examining a scraping with the microscope found that the deposit was

now wholly composed of a golden-yellow Naviculoid Diatom—one of the

'"''Ampldsbcena group '' of Navicula. I have searched the beach carefully

between tide-marks, and have examined samples from every suspected patch

of sand, but can find no trace of Ampliidinhim. The Navicula, which was

present in April in very small quantity (see above), seems to have completely

replaced the Dinoflagellate. We have probably still much to learn in regard
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to the coinings and goings oE such uiicroscopic forms and their physiological

inter-rehitions in connection with \vh:it may be called "the metabolism ol the

beach.'^—W. A. H.

Sept. 9th.—The Am.plddinium is now back again in abundanc c,and the

Diatoms are absent.—W. A. H.

EXPLANATION OF PLATE 8.

Fig. 1. The general appearance of the brown deposits in the ripple-marks on the sand,

reduced in size.

2. Sand-grains and Amplddinium (photo-micrograph under low-power magnification).

3. Sketch from living preparation, to show some AmpJddbiia resting on the sand-grains

and others swimming about (low power).

4. Part of fig. 2 under high-power magnification.

5. Dorsal and ventral views of Amphidinimn njjerculatinn—enlarged from high-powder

magnification.

For the photo-micrographs reproduced as figures 2 and 4, I am indebted

to my friend Mr. Edwin Thompson.

LiNx, JoURN.— Zoology, vol. xXxil
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Observations on some New and Little-known British Rhizopods.

By James Meikle Brown, B.Sc, F.L.S.

(Plate 9.)

[Read 4th May, 1911.J

During the examination of Rhizopod material collected from different

localities in England and Scotland during the past few years, several

interesting species have been obtained which I believe have not received

previous notice as occurring in this country, and it seems desirable to put

them on record. Some of these species are quite common in certain

localities, while others, again, are apparently particularly rare, and do not

seem to have been observed since they were originally described some years

ago. Others, again, though repeatedly observed by their original discoverer,

have not been met with by other naturalists. Further and more extended

systematic work in this country will probably show that these last are more

common than we at present believe.

CocHLioPODiUM GRANULATUM, Peimrd. (Plate 9. figs. 1 & 2.)

Penard, ' Faune rliizopodique ' &c. p. 194.

In a collection of sediment containing Amoehce, Pamphagus, &c., considerable

numbers of this fine Rhizopod occurred. They were of large size, up to 80

or 100 /Li, and in an active state. When disturbed the protoplasmic body is

retracted and completely enclosed within the flexible test. In the active

state a large mass of protoplasm flows out from the test, forming a broad

expansion and giving off numerous pseudopodia. In this state the body
~

plasma shows two distinct regions.

The included posterior part is greyish and granular, enclosing a distinctly-

seen nucleus, which contains one or more " nucleoli,' and in the largest

specimens many "nucleoli." Diatoms, green Alg?e, and other food-bodies

are enclosed in large numbers.

The extruded portion is relatively large in bulk. It is clear and hyaline,

much vacuolated, and contains a great number of minute, oval, highly

refractive bodies in very active movement. These occur in smaller numbers

within the inner protoplasm, where they seem to be less active. Vacuolisation

is sometimes so marked that the boundaries between the vacuoles are only

rendered visible by the presence of these bodies.

The pseudopodia are numerous and hyaline, often branched^ and in most

cases obtuse. The protoplasm also exhibits wave-like outbursts. The test

is flexible, deformable, and in the active animal in the form of a hemispheiical
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dome, with upturned margin. The margin is more flexible than the rest

o£ the test and presents an irregular rim^ generally outwardly and upwardly

curved. In the retracted animal the " mouth ^' becomes completely closed.

The test exhibits a double contour with cross-striations. Under high

powers, in surface view it shows numerous dots of different sizes, which take

up stains (kresyl-bhiu and neutral-red), while the rest of the test remains

unstained. In optical section the cross-:,triations are seen to correspond

with the surface dots, which are, in fact, the ends of \he cylindrical or rather

double-cone-shaped structures of dense nature traversing a less dense

non-staining matrix (PL 9. fig. 1 a).

Many young minute individuals were observed, identical with the large

forms except that the nucleus contained one central chromatin body

surrounded by a clear zone.

Nebela barbata, Le'idy. (Plate 9. figs. 3 & 4.)

Leidy, in Proc. Aead. Nat. Sci Philad. 187G, p. 119.

Leidy, ' Fresliw. Rhizop. N. America,' 1879, p. 159.

West, G. S., Journ. Linn. Soc, Zool. xxviii. (1901) p. 323.

Compare Cash, ' Brit. Rbizop. and Ileliozoa,' vol. ii. 1909, p. 113.

Leidy first descriljed this species from examples taken from sphagnum in

N. America, and although it possesses very definite characters, it has since

frequently been confused with other species, and it is probable that very few

naturalists have really seen it.

Dr. Penard, in ' Faune Phizop.' p. 3G3, regarding the " cilia" or spicules

of Leidy's description as prolably })arasitic growths, considers N. harhata

as identical with Taranek's N. americana and discards Leidy's name as less

suitable. Cash again (p. 113), both in his description and figures (pi. 27.

figs. 5 & 6), confuses N. harhata with quite another form, which probably

is to be identified with N. tnhulata, Brown, but he gives also, as a text-figure, -

a drawing by West, which correctly shows N. harhata, taken in Llyn

Llydaw, N. Wales. N. harhata has been found by the present writer in

considerable numbers in Blea Tarn, Westmorland, a small tarn receiving-

drainage from sphagnum ; and the individuals quite conform to Leidy's

description.

JS\ harhata has a slightly compressed, flask-shaped test, with a cylindrical

neck expanding yery slightly at the mouth. This latter is oval, often

with an irregular margin, and never possessing thickened lips or lateral

notches. The test is transparent and generally covered with circular discs,

sometimes slightly overlapping each other, with occasionally a few irr(^gular

flakes or sand-grains. The fine needle-like spicules are rigid and sharp-

pointed, about 12 yu, long, and project from between the plates. They occur

scattered in large numbers on all sides of the test (/. e. they are not restricted

to the lateral margins, as in many species of Phizopod). These cils bear no
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relation whatever to parasitic fungi, and can in no way compare with those

shown in Penard's figure (' Faiine rhizopod/ p. 356) and which are described

as " short obtuse hyaline needles.'^ The protoplasm is like that of Nebelas

generally. Within the fundus it is crowded with yellowish food-bodies and

diatom frustules, while within the neck a comparatively narrow band of clear

protoplasm passes to the mouth, where it expands to the full width of the

neck, and generally gives rise to one or two pseudopodia.

Size : length of test 100 fi; breadth 44 yu, ; width of neck 14 /^ ; length of

oils about 12 fi.

Nebela TUBulATa, Brown.

Nehela militaris, var. tuhulata, Brown, in Journ. Linn. Soc, Zool. xxx. (1910) p. 365,

pi. 50. figs. 9 & 10.

From the examination of individuals found in the English Lake District,

this form w'as previously described as a variety of N. militaris, Penard.

Since that time I have had opportunities of examining many specimens

from different localities, including Stanage (Derbyshire), Duddon Valley

(Lancashire), Scawfell and Helvellyn (Cumberland), Ben Ledi (Perthshire),

Glen Shee (Perthshire), Stranraer (Wigtownshire) *. The characters are

always quite distinctive and the animal shows little tendency to variation,

and no transitional forms connecting it with N. militaris are met with. I

therefore now regard it as an independent species.

In (Jash's monograph, vol. ii. pi. 27. figs. 5 & 6 are named and described

as iV. harhata, Leidy» This is obviously an error, and the figures probably

are to be identified as referring to JV. tuhulata (see remarks under i\^. harhata,

svprc(, p. 78).

Nebela scotica, sp. nov. (Plate 9. figs. 5-8.)

This Rhizopod was found in large numbers in sphagnum gathered from the

middle slopes of Ben Ledi (Perthshire) in August 1910. The test is

compressed, and in shape broadly pyriform, with rounded dome, which

contracts abruptly into a short thick neck with lateral margins narrowing

slightly to the borders of the mouth. In narrow view the dome is rounded,

and the sides slope gradually to the mouth with only very slight concavity.

The mouth is broadly elliptical with an irregular margin and no lateral

notches. The surface of the test is somewhat variable, and sometimes

inclined to irregulariiy. It is covered with transparent, colourless scales,

occasionally almost rounded, at other times irregular in shape, of very

variable size, and sometimes distinctly overlapping, with smaller scales

overlying the corners where three or four scales meet (PI. 9. figs. 8 a & Sh).

* For the distribution in Scotland of this and other species of Rhizopoda, see my paper

in the Ann. Scot. Nat. Hist. 1911, pp. '22G- 232.
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All the plates appear corroded and the corners rounded, and cannot be

confused therefore with mere foreign grains. Their general appearance and

arrangement suggest N. dentistoma and N. vitrcea, from which, however,

this species differs in other respects. The mouth-scales are frequently larger

than the others, and by their shape give the irregular margin to the mouth-

opening. The protoplasm is similar to that of Nebelas generally. The

individuals were frequently found encysted. The cysts were spherical and

filled with granular matter. The mouth of the test was invariably closed by

a laminated diaphragm, formed across the narrowed part of the test^ while

the mouth itself generally contained debris.

Size : length 78-82 /a ; breadth 57-59 /i ; thickness 40 /i; mouth 18-19 /i.

Though this species is remotely like N. collaris in shape, it cannot be

confused with it ; the characters of the mouth and of the test are quite

different. It appears more closely related to N. dentistoma or N. vitrcea.

Nebela bigibbosa, Penard.

Penard, iu Mem. Soc. pliys. et hist. nat. Geneve, ]890, p. 101 ; and Revue Suisse de

Zool. 1905, p. 600, pL 13. figs. 16-19 ;
' British Antarctic Expedition Reports,'

vol. i. pt. vi. p. 240.

N. biffihhosa was originally described by Dr. Penard from material gathered

at Wiesbaden. The same observer has more recenlly reported it from

Valais, Spitzbergen, and from Vancouver and Victoria, but it never seems

to have been found by other workers. The present writer has found it at

High Lodore (Cumberland) and again in Glen Eagles (Perthshire), on both

occasions amongst ground moss (not sphagnum). It is readily distinguished,

not only by its general form but especially by the presence of two tube-like

connections passing between the broad faces of the test. Active individuals

were found on both occasions.

Capsellina timida, sp. nov. (Plate 9. figs. 9-13.)

This species was first discovered amongst moss growing on walls at

Ecclesall, Sheffield, in November 1909. Later it also occurred amongst damp
moss taken from the outside of a water-trough, also at Ecclesall, in which

situation it has repeatedly been found since. In May, 1910^ it was found

amongst moss gathered at High Lodore, Derwentwater (Cumberland)

.

The body is ovoid, with a slight narrowing towards the mouth end, and

with regularly rounded posterior extremity. It is compressed, more or less,

and in extreme cases to almost half its width. The body is covered with a

perfectly smooth, clear, transparent membrane. So far as observed it does

not undergo deformation, but it seems sufficiently flexible to allow of this.

Even under high powers the test appears to be structureless. There is no

second external envelope of foreign matter, as is the case with C. hryormn,

Penard. The structure and characters of the mouth agree perfectly with
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Penard''s description o£ that species. In the broad view o£ the animal, it

shows a straight line running at right angles to the end o£ the body, due to

the tight compression o£ the two incurved lips. In partial side view, two

curved lines crossing one another represent the edges o£ the lips, which in

narrow view disappear ; while an end view shows a straight line stretching

nearly across the test. In most cases the mouth was closed tightly by

compression o£ the lips (as may be inferred £rom the difficulty in getting

stains to penetrate), but in one or two small individuals £rom High Lodore

the lips were separated (see PI. 9. fig. 12). Whether this is a natural state

it is difficult to say.

The protoplasm fills the whole space within the test. It is colourless or

greyish and contains many inclusions. Immediately within the membrane is

a layer o£ brilliant droplets, of small size and highly refractive (oil). The

general protoplasm contains many minute granules, together with larger

food-bodies, including small green Algse and even diatoms of considerable

size. They show various stages of digestion and vary from yellowish to

brownish. The size of the food-bodies observed demonstrates that the mouth

is capable of considerable distension. In respect to the food-bodies this species

difiiers very much from C. brt/orum.

Several vacuoles occur. They originate in the protoplasm of the body and

slowly move towards the mouth end, enlarging at the same time. Then

somewhere in the neighbourhood of the mouth they disappear, but the process

is not that of a sudden collapse, they seem to become lost gradually.

The nucleus is single, but not readily seen. It appears to contain a single

spherical chromatin body, surrounded by a clear space. It is not of specially

large size.

As is characteristic of most Rhizopods from the drier mosses, the animals

seem remarkably shy under observation and rarely put out their pseudopodia.

This may be due in large measure to the unnatural conditions under which

they are examined. In the few cases when pseudopodia were seen, a small

mass of clear protoplasm was noticed on the outer side of the test in the

region of the mouth (which was not observed to be dilated), and from this

a single fine filose pseudopodium originated, which by extension and

contraction varied greatly in length. It was able to bend upon itself, and

even swung round slowly as a whole. The movement of the animal is very

similar to that of Euglyplia, being of a somewhat jerky nature.

The animals have not been observed to divide. The process of division of

C. hryorum, described by Penard, seems peculiar, in that the outer test is

divided longitudinally at the same time as the inner body.

In some individuals the body protoplasm takes on a different appearance.

It becomes broken up into numerous spherical bodies of about 3 fi diameter,

which completely fill the test. This condition may possibly be connected

with reproduction. In collections kept for some time, the protoplasm
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gradually retracted from the test, became more spherical in form, and the

nucleus became more visible (Pi. 9. fig. 11). This may liave been preparatqry

to encystment.

The size of the animal varies slightly. Large specimens (adults) generally

were about 34 /* long, 27 /n wide, and 18 fi thick, but smaller individuals were

common.

It is interesting to notice that this species was discovered and examined

before the author received a copy of Penard's paper describing the only other

known species of the genus.

EuGLYPHA BRYOPHILA, sp. nov. (Plate 9. figs. 14-15.)

At different times, amongst the drier mosses of woods, from districts as

widely separated as Monsall Dale (Derbyshire), Port Patrick (Wigtownshire),

Glen App (Ayrshire), and Kincardine O'Neil (Aberdeenshire), I have met

with examples of a Eugli/plia which seems to me sufticiently characteristic to

merit specific rank.

The test is very regular in form and subject to no marked variation. It is

compressed and in broad view elongated oval, with rounded dome, and lateral

margins gradually narrowing with even curvature to the borders of the

mouth. In narrow view the dome is somewhat pointed and the lateral

margins run in almost straight lines to the mouth. The outline is very even,

and may compare with that of JE. hvvis, Perty.

The mouth is almost circular and bordered by six plates, each having one

blunt rounded central tooth, with a minute lateral tooth on each side, often

very difficult to distinguish (PI. 9. fig. 14 a). The plates of the test are

distinctly marked, are elliptical in shape, and arranged as in i'. alveolata,

but with some slioht irreoularitv towards the mouth.

The crown of the test carries a cluster of four or five long, sharp, curved

spines, of a nature similar to those found in J^. cristata, Leidy.

The protoplasm is quite normal.

Size : length 50 /a ; breadth 23-25 /j, ; thickness 16-17 /ju ; mouth 9 fi ; spines

about 16 fjb or more.

I was at first inclined to regard this as a variety of E. cristata, Leidy,

owing to the presence of the cluster of spines, but this is the only respect in

which the two forms are similar. U. cristata is quite peculiar amongst

EiKjlyplue in being very slenderly built and having a distinctly tube-like

uncompressed form, with a very characteristic arrangement and appearance

of the plates of the test. In none of these characters does the present

species resemble it. Further, it is very unlikely that a variety of a species

normal to sphagnum, which occurs in dry moss, would be of more robust

build.

Dr. Penard, in 'Mem. Soc. phys. et hist. nat. Geneve,' 1890, pi. 9.

figs. 91 & 92, figures two individuals as broad forms of E. cristata which
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might be identified with E. hryophila, but he makes no reference to this form
in his later works.

Placocysta jurassica, Penard. (Plate 9. figs. 16-18.)

Penard, in Revue Suisse de Zool. 1905, p. 611, tigs. 29 & 30.

This species has not previously been reported from England *, It occurred

in comparatively small numbers in sphagnum gathered near Harrop Tarn
(Cumberland) in May 1910. and again in sphagnum obtained near Stranraer

(Wigtownshire) in September 1910.

P. jurassica differs from the more common P. spinosa, Leidy, in its

smaller size (72-76 /i), its greater breadth in proportion to its length, its less

compressed form, and especially in the character of its spines. These are

not restricted to the margins of the test as they are in P. spinosa, but are

distributed over its whole surface, though less numerous towards the middle

of the broad faces. In form they are not broad flattened blades, but are fine

" cils " like those of many species of Evglyplia. They arise from the test at

the points of junction of three plates (PI. 9. fig. 18). (Penard's figure shows
some of the spines arising from the middle of the plates themselves. This I

have never seen.) At such points the cementing material is thickened in the

form of a raised ring, in the central depression of which the " cil " is

implanted. These rings appear as dots under low magnification, but under
the higher powers their real character is demonstrated. Each ring would
represent " le coussinet chitineux,"' which Penard describes in P. spinosa.

In places, two or three spines arise together and then two or three annular

formations occur in juxtaposition. The plates are much less regularly

arranged, and are comparatively smaller and more numerous, than in

P. spinosa. None of the individuals found w^ere active.

Sphenodeeia macrolepis, Leidy. (Plate 9. fig. 19.)

Leidy, ' Fresliwater Ehizopods of N. America,' 1879, p. 232 and text-fig.

So far as I have been able to discover, no records of this species occur

since Leidy's time. It must be one of the rarest species of Rhii^opod.

Several individuals occurred, however, in sphagnum gathered near

Stranraer (Wigtownshire) on September 1910. They are quite characteristic

and cannot be confused with any other species.

Leidy describes the test as compressed, with a broad neck graduallv

extending from the body and terminating in the oblique elliptical mouth.

The broad faces are occupied mainly by a pair of large hexagonal plates,

from which the neck extends below.

* I find that Mr. W. Evans, in liis Presidential Address to the Roy. Pliys. Soc, Edin.

1906 (published 1909), notes P. jurassica as found by Mr. J. Cash in sphagnum from the

Pentland Hills.

LINN. JOURN.—ZOOLOGY, VOL. XXXII. 8
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This is, indeed, the superficial appearance. When, however, the plates are

examined with great care, it is seen that they are not, in fact, hexagonal.

They are, in reality, more or less strongly bent, elliptical plates, with long

axis lying transversely, and the iipper and lower edges forming almost

straight lines. They are overlapped slightly by the very strongly bent oval

lateral plates, which cover the margin of the test. The result is the

appearance of hexagons.

The mouth margins are without covering plates and are very flexible, often

becoming folded back during manipulation.

The test is much broader in proportion than that of S. lenta.

Size : length 27 /x, breadth 20 /x.

Amphitrema wrightianUxAI, Archer.

Archer, in Quart. Journ. Micro. Soc. n. s. ix. 1869.

Penard, ' Faune rliizopodique '

SiC. p. 539.

This species occurred in several collections of sphagnum made in Scotland

in August and September 1910, e. g. Stranraer (Wigtownshire), Ben Ledi

(Perthshire), generally associated with A. steiwstoma, Niisslin, which seems

the commoner species. Dr. Penard found it abundantly in the Jura, but

states that until that time it liad never been met with since Archer first

described it from Ireland. It does not, however, appear to be at all

imcommon in Scotland.
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EXPLANATION OF PLATE 9.

Figs. 1 & 2. Cochliopodiu7n (^i-anulatuni, 'PeiVAvd. X 300. Fig. 1 shows the animal extended

and fig. 2 shows it retracted almost within the test. Fig. 1 a is part of the test in

optical section (more magnified).

Figs. 3 & 4. Nehela harhata^ Leidy. X 400. Fig. 3 shows au individual in surface view

and fig. 4 in optical section. Blea Tarn.

Figs. 5-8. Nebela scotica, sp. nov. X 380. Fig. 5 shows an active individual ; fig. 6 an

encysted animal in optical section : fig. 7 is the side view of au empty test in

outline. Fig. 5 a is the mouth region of fig. 5, X 820 ; figs. 8 a and 8 h are portions

of the test of two individuals, x 820. Ben Ledi.

Figs. 9-13. Ca-psellina timida, sp. nov. x 640. Fig. 9 is the side view of au active

individual; fig. 10 is the semi-side view of the same; fig. 11 shows an individual

(which had been hept for some time) contracting from the test; fig. 12 is a small

specimen with open lips (from Lodore) ; fig. 13 is the mouth region of an individual

with highly vacuolated protoplasm, x 1000. All except fig. 12 from Ecclesall

(Sheffield).'

Figs. 14-lo. Euglypjha bryophila, sp. nov. X 530. Fig. 14 is the broad view and tig. 15

the narrow view of an active animal. Fig. 14 a shows the inner face of a " mouth

scale." Glen App.

Figs. 16-18. Placocysta jurassica, Penard. Fig. 16 is an empty test, x 530. Fig. 17 shows

the mouth region, X 825, and fig. 18 a portion of the test, X 825. Near Harrop

Tarn.

Fig. 19. Sphejiodefia macrolepis, Leidy. X 920. Side view of an empty test. Stanraer.
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Nitocrameira hdellune, nov. gen. et sp., a Copepod of the Family Cantho-

caraptidse, parasitic in the Egg-cases of Bdellura. By J. A. Liddell.

(Conimnnicated by Prof. G. C. Bourne, D.Sc, F.R.S., F.L.S.)

(Plates 10 & 11 and Text-figures.)

[Read 21st March, 1912.]

Occurrence.

The specimens from which this description is taken were obtained from

Limulus which were kept in spirit for dissection^ in the Department of

Comparative Anatomy at Oxford. The precise locality from which the

Limulus came is nnknovvn, except for the fact that they were brought from

America some twenty-five years ago.

The gills of Limulus are commonly infested by parasitic turbellarians of

the group Bdellurid?3. Wheeler has described three species of these : in the

egg-cases of two, Bdellura Candida, Girard, and B. propinqua, Wheeler,

which measure 2*5 to 4 mm. and 1"25 mm. respectively in length, a small

copepod of the family Canthocamptidse was found, for which I suggest the

name Kitocrameira Idellurce.

With regard to the occurrence of these egg-cases, those of B. propinqua

were far more common, and were situated almost exclusively near the bases

of the leaves forming the gill-books. Those of B. Candida only occurred

rarely and were generally full of eggs, but three empty cases were found to

contain the copepod.

The much smaller cases of Sijncadidum, Wheeler, which are found at the

margins of the leaves, never contained any inhabitants.

The copepod was only found in empty egg-cases, though a certain amount

of organic debris was generally present, and in one case the remains of a

turbellarian embryo were found.

They only occurred in egg-cases which were comparatively fresh. Older

ones, much torn at the opening, or containing particles of sand and inorganic

debris, were never occupied.

The number of copepods in each case varied considerably. One or two

were sometimes found, but three to six seemed commoner. Laro-er numbers
often occurred, one case containing 23 females and 6 males.

The number of males and females was approximately equal, the latter

preponderating slightly.

Nauplius and metanauplius stages were also found in the same cases as

iheir parents. Very few half-grown specimens were found.

LINN. JOURN.—ZOOLOGY, VOL. XXXII. 9
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Segmentation.

The adult Nltocrameira is minute, the total length being 1'26 mm..

•37 mm. o£ this length represents the caudal setee. The body is slender and

almost cylindrical, though somewhat compressed in the head region. There

is no sharp demarcation between the thoracic and abdominal regions, and the

segments are not sharply defined at the margins.

The third, fourth, and fifth thoracic segments are distinctly ringed, though

fused to the head, and the limits of the second can be seen laterally. The

first is thoroughly fused to the head, no marking being apparent between

them.

The articulation bet-ween the fore and hind parts of the body, which occurs

between the 5th and Gth thoracic segments, allows very free movement^ and

in many of the spirit specimens the abdomen is flexed dorsally so as to form

almost a right angle with the cephalothorax.

There are four free abdominal segments excluding the telson, the first of

which bears the genital aperture.

In the female the first and second are thoroughly fused, and no articulation

nor any mark is apparent between them.

In the male the genital segment bears a pair of minute, indistinctly bilobed,.

setose projections, which may perhaps be regarded as the vestiges of a ]iair of

appendages.

The eo-gs are carried in an eog-sac reoularlv arranoed in a double row,

and number from seven to twelve.

The spermatophore is pyriform, and hooked at the " neck'' end.

The rostrum is small, narrow and conical. The caudal rami are short, and

bear only a few setee. The large seta is roughly one-third of the total length

of the body. Another seta less than half this length lies externally to it, and

there are three small setse in addition.

The only structural trace Nltocrameira shows of its semi-parasitic

existence is the extreme smoothness of the urosome.

The strong claw-like posterior ramus of the 2nd antenna of the Nauplius

larva may also be a modification for attachment to the w'alls of the egg-sac.

ApPENDAC4ES.

1st Antenna.—The first antenna is eight-jointed, the third joint being in-

both sexes small, and bearing the greatest number of setse.

In the female there is a distinct bend at the third joint. The fourth bears

a long three-jointed sesthetasc. The last two joints are small, but quite well

defined.

In the male the fourth and fifth joints are fused and expanded. The

.
sesthetasc, which is blunter terminally than in the female, rises from the

point of fusion of the two segments.
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The joint which transforms the antenna into a grasping organ occurs

between the fused fourth and fifth, and the sixth segments. The latter is

provided anteriorly with four short tooth-like spines.

The seventh and eighth segments are smaller than in the female, and the

joint between them is not so well defined.

'2ncl Antenna.—The second antenna is fairly long. The proximal joint is

sub-divided, though not very distinctly. The outer ramus is small, uni-

articulate, expanded distally, and bears three spines.

The distal joint of the antenna is expanded and bears three strong geni-

culated setse, which are serrated on the hinder edge, distally to the

geniculation.

There are also three more slender setre anterior to these.

Mandible.—The mandible is simple. The biting-edge consists of a sharp,

somewhat curved blade, and about fourteen minute teeth arranged in a

double row behind the blade.

The palp is biarticulate with the proximal joint slightly expanded. The
distal joint bears four long setse terminally, and a shorter one laterally.

.
1^^ Maxilla.—The first maxilla consists of a large terminal lobe bearing

three strong, somewhat curved spines. Anteriorly there are three lobes.

The first two are a little shorter than the main lobe and each bears four setee.

The third lies at the base of the most anterior of these two. It is minute

and bears two setpe, one long, the other short.

^nd Maxilla.—The second maxilla ends distally in two lobes, each bearing

a stout curved spine and a slender seta. There is also a single seta

anteriorly.

Maxilliped.—The maxilliped or first thoracic appendage is biarticulate and

ends in a stout recurved spine. The swollen distal joint is setose on its

anterior edge, the whole forming a subchelate prehensile hand.

1^^ tnie legs.—The first true legs or second thoracic appendages are biramous,

each ramus consisting of three joints. The endopodite is narrow and much

longer than the exopodite, but its middle joint is short.

The number of plumose setse is reduced, there being only one on the

proximal joint, one on the middle joint, and a spine and two plumose setse

terminally on the distal joint.

In the exopodite there is only one plumose seta on the inner side, instead

of three as in the second, third, and fourth legs.

There are three terminal setse, and four external spines, the last two of

which are slightly plumose.

The second, third, and fourth true legs only differ from each other in the

relative length of the plumose setee and spines, and in the relative sizes of

the endopodite and exopodite. The latter is largest in the third pair of legs,

and the setse are longest in the fourth.
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The fifth legs or sixth thoracic appendages are reduced in both sexes to

expanded terminal and proximal joints. Those of the male are less reduced,

and more like those of the female than is usual in the family.

In both sexes the distal joint bears six setse, the apical seta in the female

being stout and remarkably long.

In the male the internal expansion of the proximal joint bears three setae,

and in the female five setaa. There is an external seta on this joint in both

sexes.

Max. I.

Nitocra. Nitocrameira.

Fig. 1.

Ameira.

Max. II.

Nitocrameira.

Fig. 2.

Ameira.

Classification.

Nitocrameira does not fall under any recognized genus, according to the

treneric characters given by Sars in his Monograph on the Crustacea of

Norway.

The two genera it approaches most nearly are Nitocra and Ameira.

In its general appearance it resembles the latter, owing to the smoothness
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of its urosonie, but in a large number of other important characters its

affinities are with Nitocra.

The simplest way of showing its resemblance to these genera, is by

arranging the generic characters of the three genera in tabular form (see

p. 92).

With regard to the 1st maxillse of Nitocra and Ameira, Sars's figures do

not help to make the description very clear.

That of Nitocra is described as having the exopodal and epipodal lobes

defined, and the accessory lobe wanting.

Sars's figures, as will be seen in text-figure 1, show three setiferous lobes

in front of the jaw-like terminal portion, as is also the case in Nitocrameira,

That of Ameira is described as having the exopodal and epipodal lobules

not defined and the accessory lobe present.

The figure shows two setiferous lobes anterior to the jaw-like portion.

The resemblance of the 2nd maxilla of Nitocrameira to that of Ameira is

shown in the second text-figure.

Life-History.

The life-history and habits of Nitocrameira are necessarily incompletely

known, but a certain amount can be deduced from the specimens found.

It is evident that reproduction takes place in the egg-cases.

The figure shown in fig. 3 (PI. 10) contained two females and one male.

Each female has a brood of eggs, and also a brood of larvae. Numerous other

cases were found containing numbers of larvae with their parents.

No stage was found between the older larvae shown in fig. 3 and half-

grown adults. The inference is that the egg-case is left by the larvae when

they have reached the stage of development shown in fig. 3. They then lead

a free swimming existence until half or three-quarters grown, when they

enter a fresh egg-case for their reproductive life. In cases that contained

large numbers of copepods, as for instance that with 29, the aperture was so

small and the inmates so tightly packed, that it seems evident that they

entered when very small.

They might have been hatched in the same egg-case in which they were

found, but it is difficult to see where the food would come from.

In practically all individuals the gut was well filled, the food probably

consisting of embryo triclads. Generally the organic detritus present was so

macerated as to be unrecognizable, but in one case the half-devoured remains

of an embryo were certainly present.

Literature.

Wheeler.— Journal of Morphology, ix. 1894, p. 167,

Sars, G. 0.—An Account of the Crustacea of Norway. Vol. v.

parts xvii. and xviii. p. 211 seq. 1907.
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Tabulation o£ Generic Characters of :

—

Body

Anal opercle.

Caudal rami,

Kostruiu ...

Ant. I

Ant. II.

Mandible

Maxilla I. ...

Maxilla II. .

First pair of

legs.

Natatory

Last pair

Nitocra.

Slender, cylindric.

Coarsely spinulose urosome.

Denticulate at edge.

Short and covered with

spiuules.

Very small, narrow, conical.

Moderate size, 8-articulate,

densely fringed with setaj

;

last two joints not very

reduced.

Outer ramus short, uniarti-

culate, dilated distally.

Palp biarticulate, basal joint

slightly dilated.

Nitocrameira. Ameira.

Slender, somewhat compressed A.

anteriorly.

Practically smooth urosome. A.

Smooth.

Short, almost smooth.

Small, narrow, conical.

Slender, somewhat com-
pressed anteriorly.

Less spinulose than
Nitocra.

A. Smootli.

A.i Short, scarcely spinu-

j

lose.

N.: Almost obsolete.

Moderate size, S-articulate.
j
Last two joints very

densely fringed wiih bristles
; j

small, not well de-

last two joints distinct, N. fined.

Outer rauuis short, uniarticu- Outer ramus uniarticu-

late, dilated distally. N, late and narrow.

Palp biarticulate, basal joint

slightly dilated. N.
Maud, palp more de-

veloped, basal joint

dilated into a seti-

ferouB expansion.

Three lobes inside jaw-like Three lobes inside jaw-like
j
Two lobes inside jaw-

portion, portion. N. like portion.

Two setiferous lobes inside

terminal claw-bearing part.

A single claw-bearing lobe,

inside claw-bearing part.

Rather strongly built, dis- ' Somewhat more slender than
tinctly prehensile. Inne
ramus 3-articulate, with
outer two joints more or

less bent on inner.

Nitocra. Inner ramus much A.

longer than outer, 3-articu-

late, last joint as long as

first.

Rather fully developed, with i Well-developed ; both rami 3-

inner ramus of all dis- articulate, inner not trans-

tinctly 3-articulate, and
j

formed in male,
not transformed in male.

Distal joint compressed.
Large inner expansion of

proximal joint fairly pro-
duced.

Distal joint long and com-
pressed. Inner expansion of

proximal joint not much
produced.

Male much less reduced in

comparison than either

Nitocra or Ameira.

Only a single lobe (seti-

ferous) inside the ter-

minal claw - bearing

part.

Distinctly prehensile,

but more slender than
Nitocra. Inner ramus
much longer than
outer and distinctly

3-articulate.

Both rami well develo-

ped, 3-articulate, inner

not transformed in

male.

Small distal joint, more
or less contracted dis-

tally. Inner expan-
sion of pro.'cimal joint

not much produced.

Letter N denotes resemblance to Nitocra.

Letter A denotes resemblance to Aincira.
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Summary.

JSfitocrameira hdellura', nov. gen. et sp., from egg-cases o£ Bdellura

propwi^wa, Wheeler ; and less frequently those of Bdellura Candida, Girard.

HaRPACTICOIDEA, family r; A NTH CAMP T ID ^.

Genus NiTOCRAMEIRA.

Body. Long, smooth, almost cylindrical, somewhat compressed anteriorly.

Rostrum small ; caudal rami short.

Ant. I. 8-jointed, setose anteriorly, last two joints well-defined. 3-jointed

gesthetasc on segment 4. Female antenna bent at 3rd joint. Male

4th and 5th joints fused ; whole forming a strong clasping organ.

Ant. II. Basal joint sub-divided ; outer ramus uniarticulate and much

reduced.

Mandihle. One cutting-blade and crown of short teeth. Palp biarticulate,

proximal joint slightly expanded. Distal joint only, bears setse.

Maxilla I. Expanded jaw-like portion bearing three spines and two almost

equal lobes and a third very minute setose one anteriorly.

Maxilla II. Two lobes with stout terminal spines.

Maxilliped. Subchelate prehensile hand.

Thoracic legs. Endopodite and exopodite three-jointed, except last which is

reduced.

First pair prehensile, last pair much reduced, but more similar in

male and female than is usual in the family.

In some generic characters resembles JSitocra, in others Ameira.

EXPLANATION OF THE PLATES.

Plate 10.

Fie. 1. Nitocrameira, female, lateral view. Partly diagrammatic as the appendages of the

right side only are shown.

2. View of last thoracic and first abdominal segments of male, showing last thoracic

limbs, rudimentary abdominal appendages, and spermatophore.

3. Egg-case of Bdellura propinqua containing one male and two female Nitocrameira.

Each of the females has a brood of developing eggs, and tvpo stages of larvae ar

shown, six of each stage,

4. Young Nauplius larva about -09 mm. long. This was the commonest larval stage

that occurred.

6. First antenna of female.

6. First antenna of male.
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Plate 11.

Fis. 7. Second antenna of male.

8. Mandible. The anterior side is to the right.

9. 1st maxilla. ,, ,, ^i rr j>

10. 2nd maxilla. „ „ ,, r •'

11. Maxilliped. The anterior side is to the right,

12. First thoracic swimming leg.

13. Second „ ,, ,.

14. Third

15. Fom-th „ „ „

16. Fifth or reduced leg, male.

17. Fifth or reduced leg, female.
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Some Annelids of the Thames Valley.

By the Rev. Hilderic Friend, F.L.S., F.R.M.S.

(With Text-figures.)

[Read 21st December, 1911.]

I AM anxious at the outset to guard against the idea that the Thames Valley,

any more than other parts o£ England, has been exhaustively worked. We
are familiar with a goodly nnmber of worms, particularly those belonging to

the two families known as the Lumbricidse and the Tubificidje. We know
something also of the Naididse, but of the large and important family of the

Enchytra?idse we are still in almost absolute ignorance, in spite of the fact

that some 30 species of the genus Frklericia alone are already recorded as

British.

I have chosen the Valley of the Thames, rather than the river itself, as my
fields because I am thereby enabled to draw attention to the excellent work

done by those able pioneers who have prepared the way for my own more

recent researches. The greasy, foetid ooze of our great river does not present

a very attractive hunting-ground for the naturalist : yet the treasures it

contains will amply reward the worker who has the courage to ignore its evil

odours, or to risk the covering of his boots with a most disagreeable slime.

Although the Thames Valley has as yet been but partially worked^ there

is perhaps no section of the country which has received so much attention

in relation to the Oligochpets. It is a pleasure, therefore, in the first place

to give

A BRIEF HISTORICAL SURVEY.

I do not pretend to have looked up every detail, but have endeavoured to

do justice to all who have done anything to further our knowledge of the

subject since the dajs when the study of terrestrial and freshwater annelids

became a scientific pursuit. The honour of being first in the field in this

connexion undoubtedly belongs to Sir E. Ray Lankester. Not less than forty

years ago (1) he recorded the discovery of Psammoryctes ?>a?'^a^«5, Vejdovsky,

in brackish water at Barking. The worm still exists in the same locality,

and will be considered again at a later point. In June 1898 Dr. Benham

wrote (2) that, so far as he was aware, the species had not been recorded again

till he found it in the mud amongst the roots of reeds in the Gherwell.

In the eighties at least three workers were adding to our knowledge of the

subject. Oerley (3), a most careful and advanced Hungarian student, was

working in England at this time, and among other discoveries found

Octolasium platijurum^ Fitz., at Cambridge, and 0. riilddum, Oerley, at

W^oolwich. These records have not since been confirmed, but Oerley has so
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thoroughly impressed me with his accuracy and conscientiousness that I am
«till hoping to rediscover the species named. While he was working with

the larger earthworms, Bourne (4) and Bousfield (5) were rendering splendid

service by their researches among the Naidid?e. It is enough at this point to

refer to the Journal of this Society (Zoology, vols, xix.-xx.) for evidence

of the careful and valuable work of Dr. Bousfield. The next important

contribution to our subject came from the pen of Dr. Benham (2), and it

may perhaps be said that he did for the Tubificidse what Bousfield and

Bourne had done for the Nai'didse. His "Notes on some Aquatic Oligoclipeta "

for the first time opened up the great and important field of research

presented by the large and interesting group of worms of which Tuhifex is

the type. While some of his material came from the mouth of the Thames,

being supplied by Mr. W. H. Shrubsole of Sheorness, other species were

found in the neighbourhood of Oxford, which forms the limit of our field

inland.

Of Beddard (6) it must suffice to say that his splendid ' Monogra[)li of the

Order Oligocheeta ' was an epoch-making book, and gave so great a stimulus

to research that if it were brought up to date it would have to record many
hundreds of new species. He is undoubtedly the highest authority this

country has ever produced on the subject of Oligochsets.

My own researches into this order began in 1890. During that year I

found some annelids in London which had not previously been recorded, and

by the aid of some indefatigable collectors was able to do a good deal of

work among the Lumbricidre and Enchytr^eidae (7). I nnist specially

mention Mr. George Day, F.R.M.S., and Mr. William Allen of Plaistow.

During the past twenty years I have worked at Oxford, Marlow, Kew, the

suburbs of London, and Sheerness, and have had the kind assistance of

Mr. Chas. >S. Todd, of Tottenham, and others, to whom my thanks are due

for help. Aided by a Government Grant for these researches I have,

•during the past year (1911), paid a sp(>cial visit to the Thames Valley, and

am able as a result to add a number of species to our former lists, some
of which are new to science. We may now pass to a systematic study of

the species which are found in the district under review, and for convenience

^of reference it may be desirable to follow the order adopted by Beddard, and
still more recently by Michaelsen (8).

SYSTEMATIC SURVEY.

Family ^olosomatid.e.

Michaelsen places in this family one certain and one doubtful genus. To
the genus ^Eolomma he allots seven species, and no new species has been
added to the six which are on record for Great Britain. These annelids are
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all o£ small size, and are found in fresh-water in almost every part of the

globe. There are usually no internal septa to mark the segments, which can,

however, easily be numbered by aid of the setse. These are in four bundles

of one to six, chiefly capilliform. The girdle appears in the adult on the

under surface of segments 5-7, and the spermathecse, which number 1-3

pairs in segments 3-5, are simple, being destitute of diverticula. The

prostomium is large in proportion to the size of the worm, and is ciliated on

the ventral surface. The worm can be propagated asexually. by a process of

division without the formation of a budding zone such as one sees continually

in the Naidida3.

1. J^OLOSOMA HEADLEYi, Beddard. (Monograph, p. 186.)

Set?e entirely capilliform. Integumental globules bright green, occasionally

verging towards blue. Found in a tank at the Zoological Gardens, London.

2. Jl^OLOSOMA HEMPKiCHii, Elirenher<j. (Symb. Phys. 1831.) For

synonymy see Beddard, ' Monograph,' p. 183, and ' Das Tierreich,' x. p. 14 ;

Lankester in Trans. Linn. fSoc. vol. xxvi. 1867, p. 641.

Family ISTaidid^.

This is a very large family, to which many additions have been made

since the publication of Beddard's ' Monograph^ and of ' Das Tierreich.'

Unfortunately the British species have received little attention since the days

of Bousfield and Bourne, but I have been able during the past year to add

somewhat to our knowledge of the indigenous species. The setse are some-

times wanting in the anterior segments either entirely or from the dorsum,

and are of various kinds. Some of the species have rudimentar}^ eyes, and

asexual as well as sexual reproduction occurs. The sexual organs are

situated as far forward as the fifth segment. Occasionally the nephridia fail,

but usually they are large for the size of the worm. These annelids form

beautiful objects for the microscope. Following Michaelsen our first genus

is Paranais.

1. Paranais naidina, Bretsclier. (Revue Suisse de Zool. 1896, vol. ii.

p. 508 ; 1899, vol. vi. p. 393 ; Das Tierreich, x. p. 18.)

Unknown in England till August last^ when I found it in the Thames at

Kew. Eyes may be present or absent. The first segment is very narrow,

and the dorsal setse commence on the second. There are five or six setse in

•each set from segments 2 to 5. The brain is deeply notched behind.

The worm is about 8 mm. in length, and in August was undergoing asexual

reproduction, some 20 segments going to the perfect worm. Found by

Bretscher (10) in Switzerland (Ziirich).
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2. Paranais litoralis (0. F. Mull) Czem. (Zool. Dan. 1788 ;

syn. Uncinais, Beddard^ Monograph, p. 295.)

Has a blunt prostomium. Setfe vary in length and thickness. The subject
o£ some interesting notes by Benham and Bourne. The worm was I'eceived

by the former, along with other aquatic annelids, from Sheeraess : Benham
(2), p. 187.

3. CH.ETOGASTER DiASTROPHUS, Gridth., Benham (2), p. 212 ; near Oxford.

4. Ch^togaster diaphanus, Griiith. (The synonymy is given by
Beddard and Michaelsen.)

Southern (9) marks its occurrence in England and Scotland with a query,
but I have recently been able to demonstrate its indigenous character beyond
doubt, since it occurs plentifully in the neigbourhood of my home.

5. C^H^TOGASTER CRYSTALLiNUS, Vejcl. (Cf. Laukester, Trans. Linn. Soc.

xxvi. (1869) p. 641.)

For the various species of JS^ais and iJero it suffices to refer to Bousfield

and Bourne. I have, however, to add one species to the list, and as I can
find nothing exactly corresponding with it in the various authorities, it must
for the present be held to be new to science.

6. Dero olearia, sp. n.

Forked setse beginning in 2nd segment ventrally ; 1-5 per bundle, slender,

as long as half the diameter of the body ; the ui)per tooth larger than the

lower, and the node in the middle, or approaching the first (inner) third.

The dorsal setaa begin in segment 6; each bundle consisting of one capilli-

form and one forked seta. There are three forked setre of equal length in the

ventral bundles posteriorly, but the sette in the anterior ventral bundles vary
slightly and progressively in length, the dorsad being longer than the ventrad.

The forked seta? of the dorsal bundles are more slender and straight than
those found in the ventral sets, and the teeth are small. Length of entire

worm 8-10 mm.
The chloragogen cells, which are black, begin in segment 6 along with the

capilliform setse. At rest the prostomium equals the individual setigerous

segments in length, and is 3-4 times as long as the peristomium, or first

segment, which carries no setse and is exceedingly small. No taste-hairs or

papillse are present. The segments number 40; there was no sprouting
zone or bud, nor was a girdle developed. Eyes are wanting.

The living worm is exceedingly active, swimm.ing freely in water, but
breaking up almost as soon as it is placed on the microscopic slip, even if not
subjected to pressure. This makes it difficult to work out the details. I believe
it has the gills which distinguish Dero from JS'ais ; and a special character is
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the large number of clear oil globules, whicb after 15 hours in glycerine

remained unaffected. Hence the specific name. The first six segments

remained intact when all the rest of the worm broke up at the septa into

five and thirty pieces. Septa are wanting in this cephalized portion.

One specimen collected at Kew in August, and kept with other annelids

till December 8th, 1911, when it was examined. It closely resembles

D. stuldmanni, Stieren, reported from the Victoria Nyanza ; but the African

Avorm is only 2 mm. in length and has but 18 segments (Michaelsen,

* Das Tierreich,' x. p. 29).

7. Stylaria LACDSTRis (Liiiii.) JoJinst. is one of our commonest worms.

8. Pristina equiseta, Bourne. Botanical Gardens, Regent's Park,

London.

Family L u m B R i c u l i D ^.

Aquatic worms of much larger size than the ^olosomatidse and Naididse.

The type {Lumhriculu.< variegatus, 0. F. Miill.) often attains a length of 80 mm.
and may have 200 or more segments. The sigmoid seta3 are in pairs, and

the free extremity is sometimes forked. With the exception of Stylodrilus

(and BiclicBta ?) there are, in this family, blind contractile appendages to the

blood-vessels. These are well seen in Lumhriculus variegatus, and give to

the animal a very beautiful appearance. There are no penial setae. Only

two of the genera are at present known in the Thames Valley.

1. LuMBRicuLUS VARIEGATUS, 0. F. MulL, Verm, terr, 1774.

Body usually dark green in front. Posteriorly there are 6-S csecal

appendages to the dorsal vessel in each segment. Very rarely found in the

adult condition. The worm often divides into two or more portions when

handled or under examination. One of the commonest species of freshwater

annelids in England, it occurs in almost every pond, ditch, and stream in the

district among water-weeds. Yet I sought it in vain at Sutton Broad in

August.

{Rhynchelmis. Beddard says, ' Monograph,' pp. 215-16 :
—" I have seen a

specimen from some part of England, but cannot give any details. There is

every probability that it is a native of the country. I believe this specimen

to be in the Oxford Museum." So far as I can recall, Benham, who worked

at Oxford, makes no allusion thereto, nor have I been able on the occasion of

my visits to obtain specimens or information.)

The genus Stylodrilus consists of worms which are marked by the possession

of a pair of penes on the tenth segment which are not retractile but remain

as external appendages, perforated by the sperm-ducts. The setae are bifid,
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but in some cases the forks can be seen only with fairly high powers of the

microscope. A pair of spermathecae is fomid in segment 9, and the girdle

usually extends over 9, 10, and 11.

2. Stylodrilus vejdovskyi, Benham. (Quart. Journ. Micr. Sc. vol. xxxiii.

1891, p. 209.)

Twenty-five mm., more or less, in length, with penes a little more than

half the diameter of the body. First discovered in the River Cherwell, it has

since been found by me in many parts of England, but more frequently in

the North and Midlands than in the South. It is interesting to see the

locality " Goring-on-Thames " in ' Das Tierreich,-* x. p. 63. For details we
must refer to the original paper by Benham as above.

Family Tubificid.e.

This large and interesting, but perplexing family has been the subject of

very special and painstaking investigation during the past year : and though

I have not yet by any means worked out all the problems connected tliere-

Avith, I have at least reduced some of the chaos to order. I had the honour,

on December 20th, 1911, of presenting to the lioyal Microscopical Society

some of the results of this enquiry, and may be permitted to refer those who
are interested in our fresh-water Annelids to that Memoir for such details as

may not be given herewith (11). An old record informs as that specimens

of Saenuris tuhifex, or some other " Small red Water-worms (are) found

plentifully in the mud of the river Thames " (Johnston, ' Catalogue of

British Worms,'' p. 61). Such worms abound everywhere in the Thames,

and it is impossible as yet to say to how many species or genera they belong.

Perhaps the first reliable record is the following :

—

1. Psammoryctes barbatus [Gruhe) Vejd. ( = Tiih/fe,i- lonhellife)', Lan-

kester, Quart. Journ. Micr. Sc. xi. 1871, p. 181 ; Ann. & Mag. N. Hist.

ser. ly. vii. 1871, p. 92.)

Found at Bitrking, then, as now, in brackish water. See Benham (2) p. 208,

where will be found a useful note, especially in relation to the setae.

As I do not follow Michaelsen in placing Heteroclicnla and other genera

under Psammoryctes^ this is the only species of the genus to be recorded for

the Thames Valley at present. The species, however, is not limited to

brackish water, as Benham found it in our district among the roots of reeds

in the Cherwell, and I have taken it at Stratford-on-Avon and elsewhere.

2. Heteroch^ta costata, Clap.

The anatomy and histology of this species (Benham (2), p. 188 seq.) form

what one may call the j&rst classical study of British Tubiticidae. Specimens
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were received by Dr. Benliam from Mr. W. H. Shrubsole, of Sheerness, in

the spring of 1891. Since then I have repeatedly studied it from difeerent

localitiesletween the Nore and the Tower Bridge. I take this opportunity

of expressing my great indebtedness to Mr. Chas. S. Todd, of Tottenham, for

vahiable consignments from many localities, containing a large proportion of

the species recorded in this connection.

3. Hemitubifex benedeni (^Udel<). (Recorded by Benham with the fore-

going as H. ater?)

Found in dark, evil-smelling, decaying organic detritus at Sheerness, and

thence to the City. Received from Mr. Topps-King, of Chatham, quite

recently.

4. Spirospeema feeox, E'uen.

Benham says (2, p. 207): " I have found specimens in the Thames and in

the Cherwell."

5. Clitellio arenaeius (0. F. Mull.) Sav.

Benham (2, p. 187), from Sheerness.

6. Beanchiuea soweebyi, Beddard.

Regent's Park and Kew Gardens : still abimdant, with other interestmg

aquatic annelids, some of which will be named below. For a recent study of

this worm reference may be made to the paper of Dr. J. Stephenson,

presented to the Royal Society of Edinburgh, December 4, 1911.

We come now to more recent studies, which not only confirm the foregoing

records, but greatly extend our knowledge of the Thames Valley Tubificidse.

7. Monopylephoeus parvus, Dltlevsen (1904 : Zeit. wissen. Zool. Bd. 77,

pp. 426-8, figs. 25 & 26).

As there can be no doubt about the identity, I transcribe my own notes.

" Thames at Kew. Lily pond in Kew Gardens : collected August 2^, 1911..

Tower Bridge : collected by Mr. C. Todd, Sept. and Dec, 1911. A tiny

worm 6-10 mm. in length ; very slender : segments 65. Straw-coloured or

yellow-brown. Head somewhat pointed when in motion, front segments with

narrower and wider annulus. Chloragogen cells begin in segment 5. Setse

usually three in front, four in a few instances, declining to two and one

posteriorly. Nephridia with small anteseptal without covering cells
;
post-

septal very large. Dorsal vessel with heart-like enlargements, ranging in

some instances from the fifth to the ninth segment. Brain with a lobe at each

of the posterior corners and strong anterior processes. Sperm-funnel about

twice as long as broad ; ducts with peritoneal cells. Two sets of
^

three setai

onlv on segment 11, with an unpaired male pore between. This refers it

to 'Monopylephoriis. The setffi here do not differ from those of the other
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segments. No penial setse present ; no penis present." A further note is

added, " Posterior setse with upper tooth smaller than the lower : the node at

the outer third." I have material still under observation in the hope of

finding specimens in the adult condition. In my judgment Vermiculus

(Goodrich) and Bothrioneuron (^to\c= Bothrioneuriim as corrected by Michael-

sen) are synonyms of Monopylepliorus.

The genus Limnodrilus has, perhaps more than any other, grown under my
investigations. I have not only to record the occurrence of the species which

have long been known to science, but venture to submit some new descriptions.

8. Limnodrilus hoffmeisteri, Claj:).

The most widely distributed species in the genus. Found almost every-

where in the Thames Yalley where mud can be obtained perennially.

[Since I began the preparation of this paper I have had further oppor-

"tunities of studying this ubiquitous species. I find that the Thames

specimens taken at the Tower Bridge and elsewhere show one or two strongly

marked varieties as well as what might be called the typical form. I am now
•engaged in studying the earlier authorities with a vie\v to determining which

is the type and which the variety. Meanwhile, to avoid confusion, and to

aid in the clearing up of diflEiculties, I have defined one variety in my account

of the British Tubificidfe, and named it L. lioffmeisteri, var. tenelhdus.~\

9. Limnodrilus udekemianus, Clai?.

Almost as ubiquitous as the last (Mem. de la Soc. de Phj's. de Geneve,

xvi (18G2) p. 243).

10. Limnodrilus claparedianus, Katzel, Zeit. wiss. Zool. 1868, p. 590.

Seems not to have been found till the present year. Taken at Kew,
August 1911. I think it may have been confused at times with one of the

other species of Limnodrilus.

In view of the conflicting statements of the authorities respecting the

length of the penis-sheath in the above three species I am subjecting them to

careful* measurement. Differences certainly appear to occur ; but when we
have eliminated the errors which are due to inaccurate observation and

•confusion of species, these differences will either disappear or be reducible to

a trustworthy term.

11. Limnodrilus longus, Bretscher. (Revue Suisse de Zool. vol. ix. (1909)

pp. 204-5, figs. 2 & 3.)

The original description is very brief :
'• Intestine begins in segment 5.

iSetse in front bundles 5. Penis-sheath straight or slightly bent, over twenty
times longer than broad ; reaching through segments 10-12." The note

which follows adds nothing to these facts. Southern (9, p. 136) says that " in

the Irish specimens the length of the penis-sheath was 21 times the breadth.
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Bretscher gives 20 to 1 as the proportion.''' (This is not exactly true, for

Bretscher says " Penisscheide .... ilher 20-ma] lauger als breit""). "The

sheath has a broad and shallow funnel-like expansion at the distal end.

The anterior nephridia are enveloped in bladder-like cells. The length is

20-25 mm., and there are 4-7 setse in the anterior bundles."

My own notes are as follows:—" L. longxis, Bret. In mud from Tottenham :

collected by Mr. C. Todd, September 1911. Length 1 inch (= 20-25 mm.).

Fig. 1.

Spermatheca of (a) Limnodrilus longus, [h) L. galeritus, and (c) L. aura7itiacus.

Segments about 90. Head small. ' Setse 4-6, 7 in the front segments^ the

teeth about equal, slender, not coarse like those of L. udekemianus and

L. papillosus ; dwindling behind to 3 and 2, with teeth rather wider apart.

Chloragogen cells (= intestine) beginning in segment 5. Penis-sheath ve7\i/

long ; duct the longest I have yet observed, with large pyriform prostate and

atrium. Spermatheca? somewhat pear-shaped, narrowing gradually (fig. 1 a)

into a short duct. Brain somewhat concave in front with convex sides.

Not deeply lobed."

LINN. JOUKN. ZOOLOGY, VOL. XXXII. 10
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The next four species, new to science, are based on specimens collected by

myself or Mr. Todd in and around London in August and September of the

present year (1911). It may be thought by some that the absence of a penis-

sheath would justify the creation of a new genus, but I do not myself regard

such action as necessary, especially as that organ may yet be discovered *.

I have at present two species which are not known to possess that organ.

The first is—

12. LiMNODEILUS PAPILLOSUS, sp. n.

First collected at Kew, August 26th, 1911 ; since obtained from the

Thames near London, and various localities in Sussex, Nottinghamshire, and

Derbyshire. The specimens from Sussex differ from the type, but being out

of our present district are unnoticed. The Kew notes are as follows :

—

"Length from 1-2 inches, nearly 1 mm. in diameter in front, with 180

segments. Setse, 5-7 in front, 3-4 in middle and 2 in posterior segments.

Brownish red, with fleshy head and yellowish tail, gradually tapering from

the thickest part. Head short, rounded. Large hearts in 8-9. Sperma-

thecse present, but no penis-sheath. Chloragogen cells begin in 5 or 6, large,

dark, circular, when set free." The Kew specimens are the largest I have

seen, and differ somewhat from the others in colour, and some minor details.

I attribute this to the fact that the Kew specimens have been introduced, and

life is higher : the specimens found in Derbyshire being located in stiff loamy

soil, and showing a tough, papillose integument of a yellowish hue, often

approaching a dirty orange. Again, my notes respecting a typical specimen

found in the Midlands are as follows :
—" Length 25-30 mm., 90-120 seg-

ments. Setse usually five in front bundles, upper tooth much larger than

lower. Pharynx in 2-3 ; ventral setae wanting on segment 11, Sperma-

thecsQ in 10, a simple sac ; no spermatophores seen ; striate, not cellular or -

glandular. Nephridia large ; two pairs in front of girdle in 6/7, 7/8, then in

13 and the following. The vascular system in front segments not complex.'"

Thus it will be seen that this species differs in many ways from the earlier

forms. The absence of penis-sheath, the presence all over the body of

papillae, the shape of the nephridia, and the vascular system all differentiate

it from L. udekemianus, which it resembles chiefly in the shape and size of

the setse.

13. LiMNODRILUS GALERITUS, Sp. n.

Chloragogen cells begin in fifth segment. Setse 4-5 in segments 2-7, and

usually three in middle of body, with upper tooth rather larger than lower,

in anterior bundles, and teeth equal behind. Efferent duct very long.

Spermathecse without a distinct duct, but with a cap at the external opening

* Pointner (12) has created tlie genus Zsochceta for these species.—H. F., May 25, 1912.
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(fig. 1 />). Penis-sheath loiig, intermediate between L. liopneisteri and

L. longus ; nearly straight, slender, with trumpet-shaped extremity. Setse

one-sixth the length o£ the penis-sheath.

From the River Lea, Tottenham. Collected by Mr. C. Todd, September

1911, in company with the next.

14. LOINODRILUS TRISETOSUS, sp. n.

A small, tender worm, o£ 40 segments or more. Length about 10 mm.
Front segments biannulate. Setae three throughout. This is a very unusual

arranoement in this genus, seeino; that the riile is for the number to decrease

behind the girdle. No ventral setse near the male pores, dorsal setse present

on girdle-segments. Lower tooth somewhat larger than the upper. Pharynx

reaches to end of segment 3 ; chloragogen cells begin in 5, and from the

girdle backwards orange and black cells are intermixed, as in L. auranti-

•acus, Fr. Nephridia very large in middle segments. Brain slightly concave

behind. Spermathecse pear-shaped^ without distinct duct. No spermato-

phores at present seen. No penis-sheath, but a widening of the duct near

the male aperture. Nerve ganglia in front segments with extensions as in

L. nervosus, Friend.

River Lea, Tottenham_, September 1911.

15. LiMNODRiLUs AURANTIACUS, Friend. (^ The Naturalist,' 1911, p. 414.)

Length G-8 mm. and upwards; 60 segments ; brilliant orange-coloured

^ells in segments 8-20 or thereabouts. Setse usually five in segments 2-8,

and three behind ; varying in size. Penis-sheath slightly bent, about thirteen

times longer than broad. Brain roundish with slight concavity behind.

Pharynx reaches to posterior end of segment 4. Spermathecse (fig. 1 c) with

narrow neck nearly midway between ampulla and duct. Nephridia of tail

with very tiny anteseptal.

Kew Gardens, August 28, 1911. Since found in many other localities

around London and in the country.

The genus llyodrilu-s as defined by Eisen and Stole needs revision in the

light of my recent discoveries around London and elsewhere. Hitherto, no

one has been able definitely to prove the presence of this genus in England,

although Benham long ago suggested that Lankester probably had some

species of llyodrilus under examination when he referred to the membrane

found stretched across the teeth of some of the setse. This suspicion is

abundantly confirmed by my discovery of species of llyodrilus in the Thames,

at points not far removed from, if not identical with, those from which

Lankester's specimens were drawn. In my study of the British Tubificidse

fJourn. R. Micr. Soc, 19th June, 1912, p. 2G8] I have named five species

10*
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o£ llyodnlus, all new to Britain, and two new to science. Of these, three

species are at present known to occur in the Thames Valley, and there

is every reason to believe that the number will shortly be considerably

increased.

\_Nole added Mai/ 2^)th, 1912, in place offarther descriptions.

The recent researches o£ Bretscher, Piguet, Ditlevsen, Pointner, and others

have resulted in so great an extension of our knowledge of the Tubificidae,

and at the same time have revealed so confused a condition, that it is deemed

advisable to withhold the descriptions of these species of Ihjodrilus and

Tuhifex till greater certainty prevails respecting their definition.

The Enchytrfeidee and Lumbricidse also remain to be described.]
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Tlie Con-elation of Somatic Characters and Chromatin Rod-Lengths, being

a Further Study of Chromosome Dimensions. By C F. U. Meek,

M.Sc, F.L.S., F.Z.S.

(With 5 Text-figures.)

[Read 20th June, 1912.]

Introduction.

In a recent paper * dealing with chromosome dimensions in numerous

organisms, I have shown that throughout the animal kingdom lengths of

component rods appear to constitute members of a general series in arith-

metical progression, whereas only three diameters exist, viz. "21 ^ in

Protozoa, and •12 and "83 fi in low and higher Metazoa respectively.

(
Consideration of the results given has, moreover, led to the enunciation of

an hypothesis which postulates a series of cycles in the course of phylogeny.

It is suggested that the chromatin granules of the simplest Protozoa have

been converted into rods by purely linear growth, accompanying evolutionary

development and increasing somatic complexit}-, and, since the rate of this

orowtli cannot have been the same in all chromosomes, rods of various lengths

have been evolved ; examples of such complexes can be seen in Ciliata and

other highly differentiated Protozoa. A stage in phylogeny was later reached

when a maximum rod-length had been attained, such limit having been

imposed by spindle mechanism or other physical conditions ;
when this

occurred chromatin units conjugated in fours, and the normal thread-width

was thus doubled. The chromosomes, reduced in number, then segmented

transversely into numerous spheres of the new diameter, and the process,

which approximately re-established the number of chromosomes previously

seen, enabled them to enter a fresh course of Knear growth accompanying-

further evolutionary dejfelopment. In this manner the complexes of low

Metazoa may have evolved from those of Protozoan ancestors.

When the length-limit of chromosomes was again reached, conjugation of

units once more occurred, and this w^as followed as before by segmentation

into spheres of the new diameter ; the last named having been thus doubled,

became identical with that now found in organisms belonging to phyla above

and including Nemathelminthia. Thus the chromatin thread-width of the

high Metazoa may have evolved from that of the lower.

This hypothesis seems to accord with phenomena, for I have been able to

iind in the animal kingdom examples that apparently represent stages of

* "A Metrical Analysis of Chromosome Complexes," Phil. Trans. B,oj. Soc. ser. B,

vol. 203, 1912.
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transition to a greater thread-width : it is, however, impossible to prove this-

phylogenetic cycle with the meagre data at present available. I£ it is

eventually established, we must realize that an attempt to correlate somatic

characters and individual chromosomes must fail the moment that we consider

any but the most closely allied organisms : at definite periods a complete

rearrangement o£ units has occurred, and, since the subsequent rate of growth

must have varied in different chromosomes under different conditions of

environment, we have no reason for assuming correspondence between rods

of the same length found in the germ-cells of widely separated organisms..

Within the limits of a genus, however, it may be possible to trace somatic

differences to differences in chromatin growth, for closely allied animals must

have developed alonfr the same or parallel lines, and we may therefore be able

to identify corresponding chromosomes in their respective complexes. In the

paper already referred to I have given camera lucida drawings of chromosome

rods composing the complexes of several species of Sfenohofhrvs, and have-

shown that the latter can be individually distinguished by the presence or

absence of certain rod-lengths ; I now propose to deal with another species-

of this genus in order to show that this phenomenon is probably connnon to

all its members. Moreover, the comparative study of allied species may
enable us to establish some correlation with respect to length of chromosomes-

and somatic characters.

Material and Methods.

Stenobotlims cirrtipennis, which belongs to the ii'ibe Tryxalidre and the

family Acridiida?, is not found in the British Isles, and I am indebted for

the material to the kindness of Prof. H. S. Davis, who sent me testes fixed in

Hermann's solution and embedded in paraffin, from the University of Florida,

Gainesville, U.S.A. The sections Avere cut <S fi thick and stained with

Heidenhain^s iron hjx?matoxy]in, the mordant used being an aqueous solution

of iron alum. The preparations were studied by means of a Zeiss apochro-

raalic oil-immersion objective of 2 nnn. focus and N.A. 1'30, in conjunction

with compensating oculars nos. G, 12, and 18 : I have used throughout the

holoscopic oil-immersion substage condenser made by Messrs. Watson, o£

High Holborn, London.

All drawings were made with the aid of a large Abbe camera lucida at a

magnification of three thousand and forty-eight diameters, the magnification

being estimated by means of a stage-micrometer graduated to read one-

hundredth of a millimetre. When necessary, resolution was facilitated by
interposing a Grifford screen.

In order to avoid error due to foreshortenino;, drawings have been made
only of chromosomes that lay at right angles to the microscopic fine of vision
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throughout their entire length, and errors in draughtsmanship have been

minimised by drawing each individual chromosome many times; the

measurements given should therefore represent the true dimensions with as

great accuracy as can be obtained with the means now at our disposal.

Spermatogenesis.

The testes are two ovoid bodies lying in the middle of the abdomen
dorsally to the alimentary canal ; they are composed of tubular follicles

tapering towards the ends and divided into numerous tracts and cysts. The
primary and secondary spermatogonia lie at the extreme anterior end of each

follicle, and next to these are large areas occupied by cells undergoing the

growth-period ; no resting stage occurs between the maturation mitoses, and
the next portion of the follicle is accordingly occupied by both primary and

secondary spermatocyte divisions. The posterior end contains spermatids

undergoing transformation to unripe and ripe spermatozoa. As I have

already pointed out in the case of S. viridulus, all cells in one cyst are not at

precisely the same stage of development, and in a transverse section mitotic

figures and resting stages can be seen lying side b}^ side.

The primary spermatogonia are arranged in a cluster at the extreme

anterior end of the follicle, whereas the secondary spermatogonia, more

posteriori}- placed, are in greater numbers

and appear to be without definite arrange-

ment in the cyst. The chromatin during

the resting stages is disposed in granules

upon linin threads, and the nucleus is appa-

rently a complete reticulum. In the pro-

phase of division this network breaks into

numerous filaments, which shorten and con-

dense until seventeen compact and smooth

chromosomes are seen lying in the equatorial

plane ; these are divisible into eight pairs

Fig. 1.—Sjjeruiato^oalal meta^jLiase. and one odd chromosome, which corresponds

with the monosome oF Davis and the hetero-

tropic, accessory, and X chromosome of other writers.

The sixteen ordinary chromosomes are graded in length and individually

composed of two equal rods, of which one passes to each pole in the subse-

quent anaphase : the plane of cleavage is invariably parallel to the major

axes of these rods, which appear to be indivisible units. The diameter of the

ordinary rods is constant, whereas that of the odd chromosome is greater and

varies throughout its length ; the latter is thus easily distinguishable from
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the other members of the complex. Fio-. 1 shows a polar view of this

raetaphase, and seventeen chromosomes are seen in the equatorial plane.

The last spermatogonial division is followed by a long period ot' growth,

and large tracts of the follicle are seen occupied by cells undergoing this

stage. The chromatin is again disposed in

granules uj)on a network of linin threads, but

the odd chromosome takes no part in the general

dissociation and remains as a darkly staining and

homogeneous body apposed to the nuclear mem-
brane. The prophase of the first maturation

division is characterized by the fission of indi-

vidual granules and the breaking of the network

into numerous double filaments ; these, which are

at first long and ragged, conjugate in })airs and

condense into the usual tetrads, ap[)earing as rings,

crosses, and figures of eight. The closeness with which the component rods

are folded upon one another makes resolution extremely difficult, but size-

relationships corresponding with those seen on the spermatogonial spindles

are again recognizable, and each tetrad is undoubtedly composed of four

equal rods in juxtaposition. Since these rods are similar to those of the

earlier mitoses, the total amount of chromatin remains unchanged, and the

Fip'. 2.—The Growth Period.

Yigs. 3 & 4.—Polar and lateral views of first maturation mitosis.

eight tetrads are collectively equivalent to the sixteen ordinary spermato-

gonial chromosomes. I have failed to determine whether this division is

reductional or equational, but this is immaterial, for either this or the next

mitosis must separate paternal and maternal elements. Figs. 3 and 4, repre-

senting respectively polar and lateral views of this division, show the eight
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tetrads and the odd chromosome, and in the hitter the odd chromosome is seen

passing entire to one pole, while the ordinary

chromosomes are preparing for or actually

undergoing fissionan the equatorial plane.

The second maturation division immediately

follows the first, and the complex is composed

of eioht or nine chromosomes, the difference

depending upon the odd chromosome, which

is found in only 50 per cent, of these cells.

As in the case ol: the spermatogonial meta-

phases, each ordinary chromosome is composed

^. ^ ^ ^"'T' X .• of two equal rods, and the same size-relation-
Fig'. 5.—Second maturation ^ ^. ^ . i

laitosis. s^ips 'ii"e ^^gain apparent. Fig. o is an example

of this metaphase seen from the polar aspect.

The transformation from spermatids to unripe and ripe spermatozoa is

similar to that already described for these organisms by myself and other

writers. The chromosomes become dissociated into minute granules, which

at first stain only slightly with the iron hsematoxylin ;
the appearance of the

" centrosome "
is accompanied by elongation of nucleus and cytoplasm, the

latter eventually constituting a long thread-like tail.
^

Dimensions of the Chrobiosomes.

The diameter of all component rods of the ordinary spermatogonia!

chromosomes is -83 fi, and these consequently diff'er from one another only in

length. The complex is divisible into two groups represented respectively

by three long and five short pairs : this grouping accords with that of Davis,

and with my own upon other members of the genus. Moreover, the lengths

-of the component rods of the five short pairs are respectively I'T, 2-1, 2'5,

2-9, and 3-3 yu,, and therefore constitute consecutive members of a series m
arithmetical progression ; those of the three long pairs also belong to this

series, but are alternate instead of consecutive, being respectively 5-0, 5-8,

and 6'7 /i.

The tetrads or primary spermatocyte chromosomes cannot be measured

accurately for their outlines are irregular, but a careful study of the filaments

•condensing during the preceding prophase leaves little doubt that they are

individually composed of rods of the above dimensions.

The secondary spermatocyte complex is the most favourable for the

measurement of chromosomes, since overlapping does not occur and in-

dividuals are composed of pairs of rods as in the spermatogonial mitoses.

The diameter of the component rods of ordinary chromosomes is again "83 /i,

and the lengths are respectively 1-7, 2-1, 2*5, 2-9, 3-3, 5*0, 5-8, and 6-7 /m,

i. e., identical with those of the spermatogonia. The odd chromosome, found
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in 50 per cent, of these cells, is again easily recognizable on account of its

great breadth. I hare already produced evidence to show that rods com-

posing ordinary chromosomes of organisms above and inclnding Nemat-

helminthia have a constant diameter, viz. '83 fi, and that their lengths

constitute members of a general series in arithmetical progression ; and the

chromosome measurements of S. curtlpennis therefore afford further support

to this assumption.

The accompanying figure (fig. fi) shows the complexes of Stenohotlirus

parallelus, S. virid%dus, S. hicolor, and S. curtipennis, the four complexes

being respectively marked A, B, C, and D. In my recent paper I have

identified rod-lengths of the general series by numerals^ which are again used

and are placed above the corresponding chromosomes. The drawings show

component rods, each spermatogonial and secondary spermatocyte chromosome

being composed of two and each primary spermatocyte chromosome of four.

The rod-lengths of the five short chromosomes appear to be the same in all

four species, whereas those of tlie three long chromosomes are not identical

in any two : in S. parallelus they correspond respectively with Chromo-

somes 14, 15, and 17 of the general series, in S. v'lriduJus with Chromo-

somes 13, 15, and 17 ; in S. hicolor with ( 'hromosomes 11, V^, and 17, and in

*S'. cvrtipennis with Chromosomes 11, 13, and 15,

If now we assume that the chromatin is directly concerned with the

transmission of the hereditary characters—and we have many reasons for

assuming this—we must look for tlie cause of somatic differences between

these species in the three long chromosomes, for the respective nuclei

appear to differ ouly in the lengths of these. Moreover, we must try

to discover how these differences in rod-lengths have occurred, for the

problem of chromosome function must l)e intimately connected with such

differences.

Let us firstly assume that chromosome I'ods throughout the animal

kingdom are of fixed lengths, and that morphological similarity is invariably

accompanied by functional similarity. This assumption carries with it the

further assumption that in the course of evolution certain rods have dis-

appeared from each complex, local conditions having determined which

should persist and which should be eliminated : moreover, it postulates a

greater number of chromosomes in primitive than in highlv organized types,

and we must expect to find allied organisms possessing niuny chromosome

lengths in common. The former of the last-named corollaries is, however,

not supported by actual investigations, and Avith regard to the latter I have

already shown that Forficida does not possess one rod-length in comilion with

Stenohotlirus. ^Ve are accordingly faced by a complete contradiction, for, if

a definite chromosome rod-length is invariably correlated with a definite set

of somatic characters, no such set of characters can be possessed by both

earwings and grasshoppers—members of sister families.
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The second and alternative hypothesis postulates a continuous linear

growth o£ chromosomes in the course of phylogeny, and is based upon

data that support direct correspondence between the degree o£ somatic

complexity o£ an organism and the total volume of its germ-cell chromatin

;

it moreover offers a logical explanation o£ the evolution of various rod-

lengths. The measurements that I have given can be only approximations,

and the difference between terms of the general series is probably smaller

than that shown, but these measurements suffice to prove differences between

complexes of allied species ; and it is only reasonable to suppose that such

diff'erences are of comparatively recent origin and have evolved by some
continuous process accompanying the somatic diff'erentiation of the species.

In certain cases the process may have been complicated by degeneration,

possibly resulting in the complete disappearance of a particular chromosome
from the complex^ but, even if this additional factor is eventually established,

I am aware of no reasons for discarding the assumption that the guiding-

principle in complex formation is and has been a purely linear growth of

component rods.

I have already pointed out that if this second hypothesis is subsequently

proved, morphological identity of chromosomes can be no guide to functional

identity outside the narrowest hmits of our classification ; but in the case

of allied species, which must have evolved along almost parallel lines, we
may reasonably hope to establish correlation of individual chromosomes
of the respective complexes, and thus form a basis upon which to attempt

correlation of rod lengths and definite somatic characters,

Let us therefore consider again the complexes of these four species of

Stenobotlirus. The lengths of the five short chromosomes are the same in all

cases, and their identities appear consequently to be established ; the three

long chromosomes, however, are not the same in any two complexes, and
correspondence is therefore not at once ap}»arent. If we accept the first

hypothesis, which postulates invariable correspondence between definite

rod-lengths and definite sets of somatic characters, w^e must realize that no
long chromosome is common to all four species; (Jbromosome 11 is absent in

S. parallelus and S. viridulus. Chromosome 13 is absent in S. j^arallelus,

Chromosome 1-4 is absent in S. viridulus, S. hieolor, and S. curtipennis,

Chromosome 15 is absent in *S'. hieolor, and Chromosome 17 is absent in

S. curtipennis. If, on the other hand, we accept the second hypothesis,

which postulates continuous linear growth of rods, we must realize that in

these complexes the short, medium, and long chromosomes of the three are

probably respectively identical. Thus Chromosome 13 of S. virididus does

not correspond with Chromosome 13 of S. hieolor and S. curtipemiis, but

corresponds with Chromosome 11 of the two latter and with Chromosome 14
of S. parallelus, for these chromosomes constitute the shortest member of

the long group in each case ; similarly, Chromosome 17 of S. parallelus.
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S. virididus, and S. UcoJor is not unrepresented in S. curt'ipennis, but is.

functionally identical with Chromosome 15, which has not yet grown
sufficiently in the last-named to be classed in the higher category^ Corre-

spondence between the remaining long chromosomes can be seen in the

diagram by following the arrows, which have been inserted to show identities-

in all cases.

If the difference between terms of the general series is eventually found'

to be smaller than half the rod diameter, chromosomes that we now class as

consecutive must be separated by intermediate lengths, and those that we
class together may, as a result of more accurate means of measurement, be

shown to have minutely differing lengths : this, however, cannot affect the

three long chromosomes of Stenohothrus, for their respective lengths are

such that mistake in identification is impossible. We must nevertheless

remember that the correspondence indicated by the arrows is based upon
a pure hypothesis, and that at present we possess no direct evidence in

support of this correspondence.

Turning now to the consideration of somatic characters, we find that these

grasshoppers are individually distinguished by slight but clearly defined

differences. The following descriptions give the principal characteristics

and are quoted from the works of Bolivar, Burr, and Kirby.

Stenobothrus parallelus.

1. Very variable in colour.

2. Antennae longer in male than in female.

3. Pronotum with transverse furrow nearer to posterior than to anterior-

border,

4. Lateral carinae of pronotum almost parallel or slightly approximating

about the middle.

5. Elytra do not reach end of abdomen in male ; in female do not reach

beyond fourth abdominal segment.

6. Mediastinal area of elytra extended abruptly towards the apex and

extended round base, forming a rounded lobule ; anterior margin of

elytra convex round base.

7. Wings rudimentary.

8. Length of body, male 14-15 mm., female 18-21 mm.

Stenobothrus viridulus.

1. Green varied with darker.

2. Antennae longer in male than in female.

3. Pronotum with transverse furrow midway between anterior and posterior

borders.

4. Lateral carinas of pronotum slightly angled near anterior border,^^

rounded slightly posteriorly.
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5. Elytra fully developed in both sexes.

6. Mediastinal area of elytra gradually extended towards the apex,

prolonged to length o£ anterior border and not lobulate at base.

Anterior border straight.

7. Wings developed.

8. Length of body, male 13-15 mm., female 20-24 mm.

Stenobothrus bicolor.

1. Very variable in colour.

2. Antennae of equal length in both sexes.

3. Pronotum with transverse furrow nearer to anterior than to posterior

border.

4. Lateral carinas of pronotum sharply angled in anterior part, diverging

tow^ards anterior and posterior borders.

5. Elytra fully developed in both sexes.

6. Mediastinal area of elytra extended abruptly towards the apex and

extended round base, forming a rounded lobule ; anterior margin of

elytra convex round base.

7. Wings developed.

8. Length of body, male 15-lG mm., female 19-24 mm.

"Stexobothrus curtipexxis.

1. Variable in colour.

2. Antennae longer in male than in female.

3. Pronotum with transverse furrow nearly in middle.

4. Lateral carinse of pronotum straight and parallel.

5. Elytra very short.

6: Mediastinal area of elytra extended abruptly towards the apex and
extended round base, forming a rounded lobule ; anterior margin of

elytra convex round base.

7. Wings very short in female ; in male equal in length to body.

•8. Length of body, male 17*5 mm., female 17*5 mm.

Let us now try to correlate these characters and the chromosome rod-

lengths of the respective complexes. We will firstly consider the lateral

carinse of the pronotum
; these are parallel or slightly approximating in

S. paraUelus, S. viridulus, and S. ciirtipennis, but sharply angled in S. hicolor.

This characteristic is distinctive, for Burr has pointed out that by it alone we
can distinguish the last-named from the other three species. Now if corre-

lation is evident, we nmst expect to find corresponding chromosomes of the

same length in S. paraUelus, S. viridulus, and S. curtipennis, but of a different

length in S. hicolor ; if, however, we follow the arrows in the diagram we see

that no long chromosome fulfils these conditions, and correlation is therefore

not established.
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Taking as a second example the mediastinal area of the elytra, we must

expect to find corresponding chromosomes o£ the same length in *S'. paral-

lelus, S. hicolor, and aS'. ciirtipe/inis and of a different length in S. viridulus,

for in the three first named the area extends abruptly towards the apex

whereas in the last it extends gradually. We again fail to observe such a

chromosome ; and the same absence of correlation is noticeable with respect

to the other characters on the list with the exception of colour, which is

variable and untrustworthy.

Moreover, we are not more successful if we assume the first hypothesis,

which postulates unchanging rod-lengths. Disregarding the arrows in the

diagram and considering correspondence to depend entirely upon length, we
find that the length of antennae and angle of the lateral carinse may be

correlated with Chromosome 15 in S. parallehis, S. viridulus, and S. curti-

pennis ; but the fact that no other characteristics appear to correspond

with chromosome lengths makes justification for this assumption dodbtful.

Furthermore, the genus Stenobothrus has been divided by Bolivar and other

systematists into subgenera, and these species are now classified as follows:

—

ChortMppus parallehis, Clwrtldppus curtipenms, Ornocestus viridulus, and

Stauroderus hicolor : it is noteworthy that the two whose complexes show
the greatest differences in rod-lengths should thus be classed together.

Four explanations may be put forward to account for this failure. Firstly,

we may assume that my measurements are inaccurate ; this, however, seems

unlikely, for great care has been exercised, and the^ lengths of the long-

chromosomes are such that relative error should be impossible. Secondly,

we may assume that the lengths of the five short chromosomes are

not respectively identical in all the species ; in this case the characters

mentioned may be correlated with these and not with the three long

chromosomes : if, however, the principal somatic differences, upon which

systematists have based their classification, are not traceable to obvious

differences in long chromosomes, why should they be traceable to imper-

ceptible differences in short chromosomes, and, if they are so traceable, to

what are the obvious differences in the former due ? Thirdly, the arrows

may be misleading : Chromosome 17 of S. p>arallelus, S. viridulus, and

S. hicolor may, for example, correspond in S. curtipennis with Chromosome 13

and not 15, in which case the last named chromosome corresponds with the,

medium instead of the longest member of the three, and is accordingly

functionally identical with Chromosome 15 of S. p)araUelus and S. viridulus

and Chromosome 13 of S. hicolor. This is undoubtedly possible, if rods are

continuously increasing in length, for a long chromosome may in the course

of evolution be overtaken and passed by one that was shorter^ and the latter

may consequently be mistaken for the former : if this occurs, we must realize

that measurements cannot always be a trustworthy index to functional

correspondence even in the most closely allied organisms. Lastly, if the
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chromosomes o£ a complex are qnalitatively different, as we have reasons for

believing, each must be concerned with a definite set of characters : difference-

in length of two corresponding chromosomes may therefore be connected

with differences in several characters, and, even if the character under
consideration is included in these, other factors are equally bound up in

the chromatin rod, and may be responsible for apparently irreconcilable

lengths.

In the circumstances I am inclined to think that the fourth explanation,

possibly coupled with the third, will eventually be found to account for our

present failure. It is difficult to believe that the obvious somatic differences

mentioned in our list are not in some way connected with the lenoths of the

three long chromosomes, but until a thorough analysis has been made of both

internal and external characteristics of these species we cannot hope to

correlate somatic characters and chromosome rod-leu oths in the oenus.

In 1908 McClung indicated a course of investigation upon Acridiida? to

be carried out upon these lines, but I have seen no paper by him on the

subject : possibly he and his followers have been able to throw some light

upon this difficult problem.

Resume.

Each ordinary spermatogonia] and secondary spermatocyte chromosome
of S. curtipennis is composed of two equal rods, and each primary spermo-

tocyte chromosome of four. The diameter of these rods is invariably

"83 fi and consequently lends further support to the assumption that the

chromatin thread-width is constant in all organisms above and includinsr

Nemathelminthia.

The lengths of the ordinary rods constitute members of a general series

in arithmetical progression ; the five short chromosomes ai'e respectively

identical with those of other members of the genus, but the lengths of the

three long chromosomes once more enable the species to be identified.

A comparison between *S'. parallelus, S. virididvs, S. hicolor, and aS'. curti-

pennis fails to establish correlation of somatic characters and chromosome
rod-lengths, but we have reason for believing that the obvious characteristics

upon which identification is based are in some way connected with the three

long chromosomes : our present failure is probably due to ignorance of the

less obvious somatic characteristics and t'> the lack of trustworthy methods

of identifying corresponding chromosomes in the respective complexes.



^^^jd-I-

soma'iic characters and chromatin rod-lengths. 119

' Bibliography.

Cytological.

Davis, Herbert Spencer.

1908. Spermatogenesis in Acvididee and Locustidse. Bull. Mus. Comp.

Zool. Harvard, vol. liii. pp. 57-158, tt. 1-9.

Gerard, Pol.

1909. Spermatogenese chez Stenobothrus Uguttulns. Arch, de Biol.

vol. xxiv. pp. 543-625, tt. 19-21.

McClung, C. E.

1900. The Spermatocyte Divisions o£ the Acrididse. Kansas Univ. Sci.

Quart, vol. ix. pp. 73-101, tt. 15-17.

1902. The Spermatocyte Divisions of the Locustidse. Kansas Univ.

Sci. Bull. vol. i. pp. 185-231, tt. 7-10.

1905. The Chromosome Complex o£ Orthopteran Spermatocytes. Biol.

Bull. Woods Holl, vol. ix. pp. 304-340.

1908. Kvtologv and Taxonomy. Kansas Univ. Sci. Bull. vol. iv.

"

pp. 199-215, 253-262.

Meek, Charles Francis Ullathorne.

1911. The Spermatogenesis o£ Stenobothrus viridulus. Journ. Linn.

Soc, Zool. vol. xxxii, pp. 1-22, tt. 1-3.

1912. A Metrical Analysis of Chromosome Complexes, showing Corre-

lation of Evolutionary Development and Chromatin Thread-

width throughout the Animal Kingdom. Phil. Trans. Roy.

Soc. ser. B, vol. 203, 1912, pp. 1-74, tt. 1-5.

Sinety, R. de.

1901. Recherches sur la Biologic et FAnatomie des Phasmes. La

Cellule, xix. pp. 116-278, tt. 1-5.

Morphological.

Bolivar, Ignacio.

1897. Calalogo sinoptico de los Ortopteros de la Fauna Iberica.

Ann. Sci. Nat. Porto, iv. pp. 105-135, 203-232 ; v. pp. 1-48.

Burr, Malcolm.

1897. British Orthoptera. Published by the Economic and Educational

Museum, Huddersfield.

KiRBY, William Forsell.

1910. A Synonymic Catalogue o£ Orthoptera. Vol. iii. part IL (Locus-

tidse vel Acridiidfe). Published by the British Museum.

LINN. JOURN. ZOOLOGY. VOL. XXXII. H





RULES FOR BORROWING BOOKS FROM
THE LIBRARY.

1. No more than Six volumes sliall be lent to one person at the

same time without the special leave o£ the Council or one of the

Secretaries.

2. All hooks shall be returned before the expiration of Six weeks

from the time of their being taken out, but if not required by any othet

Fellow, they may, on application, be kept for a further period of

Six weeks.

3. All books lent shall be regularly entered by the Librarian in

a book appropriated for that purpose.

4. No work forming part of Linn8eus''s own Library shall be lent

cut of the Library under any circumstances.

Note.— Certain oilier ivories are included in this proJiihition, such a$

costly illustrated worJcs, and volumes belonging to sets which could

not be replaced if lost.

A GENERAL INDEX to the first twenty Volumes of the Journal

(Zoology) may he had on application, either in cloth or in sheets for

binding. Price to Fellows, 15s. ; to the Puhlic, 20s.

A CATALOGUE of the LIBRAEY may he had on application. Price

to Fellows, 5s.: to the Public, 10s.



NOTICES.

The attention of the Fellows, and of Librarians of other Societies is

requested to the fact that TWO volumes of the Journal (Zoology)

have been in course of simultaneous issue, as follows :

—

Vol. 31. Nos. 203-208.

Nos. 209 and 210 of this volume are reserved for reports on

collections from the Sudanese Red Sea.

Vol. 32. Nos. 211, 212, and 213, the present number.

Authors are entitled to 50 copies of their communications

gratuitously, and may obtain another 50 by payment, as shown on the

printed slip which accompanies the proof. If more than 100 copies are

wanted, application must be made to the Council.

Abstracts of the proceedings at each General Meeting and Agenda
for the next, are supplied to all Fellows.

B. DAYDON JACKSON,
General Secretary.



December 17. P^^<^^ ^*-

THE JOURNAL

OF

THE LINNEAN SOCIETY.

Vol. XXXII. ZOOLOGY. No. 214.

CONTENTS.
Page

I. Freshwater "Rhizopoda and Heliozoa from the States of New York,

New Jersey, and Georgia, U.S.A. ; with Supplemental Note on

Seychelles Species. By O. H. Wailes, F.L.S. (Plate 12) 121

LONDON:
SOLD AT THE SOCIETY'S APARTMENTS, BURLINGTON HOUSE,

PICCADILLY, W.,

AND BY

LONGMANS, GREEN, AND CO.,

AND

WILLIAMS AND NORGATB.
Qoaisn insr/V,

1912. /TV^N^^^'" ^%
!AN 131913 '



LINNEAN SOCIETY OF LONDON,

LIST OF THE OFFICERS AND COUNCIL.

Elected 24th May. 1912.

PRESIDENT.
Prof. E. B, Poulton, M.A., D.Sc, F.R.S.

VICE-PRESIDENTS.
Prof. J. Stanley Gardiner, M.A., F.R.S. I Miss E. R. Saunders.
Horace W. Monckton, F.G.S.

| Dr. D. H. Scott, F.R.S.

TREASURER.
Horace W. Moncliton, F.G.S.

Dr. Otto Stapf, F.R.S.

SECRETARIES.

I
Prof. G. C. Bourne, F.R.S.

GENERAL SECRETARY.
Dr. B, Dajdon Jackson.

COUNCIL.
Tempest Anderson, D.Sc.
Prof. G. 0. Bourne, F.R.S.
Prof. Arthur Dendy, D.Sc, F.K.S.
Prof. J. Stanley Gardiner, M.A.. F.R.S.
Prof. Percy Groom, D.Sc.
Henry Groves, Esq.
Prof. W. A. Herdman, F.R.S.
Arthur W. HiU, M.A.
Dr. B. Daydon Jackson.
Prof. F. Keeble, Sc.D.

• Horace W. Monckton, F.G.S.
Prof. F. W. Oliver, F.R.S.
Prof. E. B. Poulton, F.R.S.
Dr. W. G. Ridewood.
Henry N. Ridley, F.R.S.
Miss E. R. Saunders.
Dr. Dukiniield PI. Scott, F.R.S.
Dr. Otto Stapf, F.R.S.
JMiss Ethel N. Thomas, B.Sc.
Dr. A. Smith Woodward, F.R.S.

LIBRARIAN.
A. W. Kappel.

CLERK.
S. Savage,

LIBRARY COMMITTEE.
The Officers ex officio, with the following in addition:—

J. Britten, Esq.
Prof. P. Groom, D.Sc.
R. I. Pocock, F.R.S.
Henry N. Ridley, F.R.S.
R. W. H, Row, B.Sc.

Hugh Scott, M.A.
Miss A. L, Smith.
Miss E. N. Thomas.
Dr. A. Smith Woodward, F.R.S.



vvdL'-^'"'-'^^'

somatic characteks and chromatin rod-lengths. il9

Bibliography.

Cytological.

Davis, Herbert Spencer.

1908. Spermatogenesis in Acrididse and Locustidse. Bull. Mus. Comp.

Zool. Harvard, vol. liii. pp. 57-158, tt. 1-9.

GrERARD, PoL.

1909. Spermatoo-enese cliez Stenoliotlirus higuttulus. Arch, do Biol.

vol. xxiv. pp. 543-625, tt. 19-21.

McClung, G. E.

1900. The Spermatocyte Divisions of the Acrididas. Kansas Univ. Sci.

Quart, vol. ix. pp. 73-101, tt. 15-17.

1902. The Spermatocyte Divisions of the Locustidse. Kansas Univ.

Sci. Bull. vol. i. pp. 185-231, tt. 7-10.

1905. The Chromosome Complex o£ Orthopteran Spermatocytes. Biol

Bull. Woods Holl, vol. ix. pp. 304-340.

1908. Cytology and Taxonomy. Kansas Univ. Sci. Bull. vol. iv.
"

pp. 199-215.

Meek, Charles Francis Ullathorne.

1911. The Spermatogenesis of Stenohotlirus viridulus. Journ. Linn.

Soc, Zool. vol. xxxii. pp. 1-22, tt. 1-3.

1912. A Metrical Analysis of Chromosome Complexes, showing Corre-

lation of Evolutionary Development and Chromatin Thread-

width throughout the Animal Kingdom. Phil. Trans. Rov.

Soc. ser. B, vol. 203, 1912, pp. 1-74, tt. 1-5.

SiNETY, R. DE.

1901. Recherches sur la Biologie et FAnatomie des Phasmes. La
Cellule, xix. pp. 116-278, tt. 1-5.

Morphological.

Bolivar, Ignacio.

1897. Catalogo sinoptico de los Ortopteros de la Fauna Iberica.

Ann. Sci. Nat. Porto, iv. pp. 105-135, 203-232 ; v. pp. 1-48.

Burr, Malcolm.

1897. British Orthoptera. Published by the Economic and Educational

Museum, Huddersfield.

KiRBY, William Forsell.

1910. A Synonymic Catalogue of Orthoptera. Vol. iii. part II. (Locus-

tidse vel Acridiidse). Published by the British Museum.

linn. .toup»n.—zoology, vol. xxxei, 11





MR. G. H. WAILES ON FRESHWATER RHIZOPODA. 121

Fresliwatei- Rliizopoda and Heliozoa from the States of New York, New

Jersey, and Georgia, U.S.A. ; with Supplemental Note on Seychelles

Species. By G. H. Wailes, F.L.S.
^

(Plate 12.)

[Read 18tli April, 1912.]

The Freshwater Bhizopoda of the States of New York and New Jersey have

received little attention since the publication of Leidy's work in 1879, and

I am not aware of any records from the State of Georgia. Since 1879

the number of described species of Rhizopoda has been more than doubled,

and an investigation at the present time of the localities in w^hich Leidy

worked cannot fail to give fruitful results.

The records here given were obtained from gatherings made in the

autumn of 1911 from the following localities :

—

(1) Georgia.—Augusta, gathering of water-plants collected by D. K.

Dalgish, Sept. 30th.

(2) New Jersey.—Lakehurst, gatherings from dry and submerged sphag-

num and from the Lake, Sept. 18th ; also dried sphagnum purchased from

New York florists, exact locality unknown.

(3) New York District.—Mainland. Split Rock Lake, N.J., Sept. 9th
;

Boonton, N.J., Canal and River, Sept. 9th ; Yan Cortlandt and Bronx Parks,

N. York City, Sept. and Oct.

(4) New York State.—Long Island, gathering from Good Ground per

R. Wendell Squires, Dec. 5th. Gathering made by myself, Dec. 16th to 19th,

at Good Ground, from Penney's Pond, Trout Pond, Old House Pond, and a

small pond at the head of Smith's Creek *.

* Penney's Pond is about 3 miles N. of Good Ground ; Trout Poud is about o miles

N.W. of Good Ground on the Eiverhead Road ; Old House Pond is about 2 miles W. of

Penney's Pond. All these ponds are about one-eighlh of a mile in diameter.

11-5^
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Of Rhizopoda 1(51 species and varieties are recorded from the above

localities, including five new species and ten new varieties ; about forty are,

I believe, now for the first time recorded from the United States. Four

species of Heliozoa are also recorded.

In addition Nebela tropica, sp. nov., from Borneo, and Eugli/pha cristata

var. acicularis, var. nov., from the British Isles, are also described, as thej

illustrate the affinities of some United States species.

The general results regarding distribution may be briefly summed up :

the Rhizopod fauna was rich both in number of species and individuals, the

majority of the species (say 80 per cent.) were similar to those found in

Europe ; the remainder consisted of : (1) species not uncommon in North

America but more or less rare in Europe
; (2) species or varieties which, so

far as we know at present, are peculiar to America
; (3) species in which

considerable '• local" variation or peculiarities occurred.

Some species of Rhizopoda may be peculiar to Europe, or common there

and rare in America, but sufficient American data are lacking to enable any

definite pronouncement to be made on this subject.

Slides containing specimens of the new species and varieties described in

this paper have been given to the New York Museum of Natural History,

where they are available for inspection.

The dimensions given (yLi= '001 mm.) are o£ the specimens from the above-

named localities, except in the tabulated list of the genus Euglypha.

I have to thank Dr. E. Penard for his assistance and for his kindness in

sending me mounted specimens from portions of some of the gatherings

which were sent to him.
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Class SARCODINA.

Sub-Class RHIZOPODA.

Order AMCEBINA.

Family Lobosa,

Amoeba fluida, Oriiber ,

„ guttula, Duj
,, limax, Buj,

,, proteus (Pallas), Leidy

,, striata, Penard

„ verrucosa, Ehrenb
„ vespertilio, Pen.-

Dactylosphferium radiosum, Biitsclili

Order CONCHULINA.

Family Aecellida.

Arcella angulosa, Perty
,

,, arenaria, Greeff

,, artocrea, Leidy

„ deutata, Ehrenh

,, discoides, Ehrenb

„ hemispliferica, Perty

,, mitrata, Leidy

,, polypora, Pen , ,

„ vulgaris, Ehrenb

„ „ var. compressa, Cash

„ „ var. gibbosa {Pen.), West
Pseudooblamys patella, Clap, et Lachm
Corycia flava, Greeff, sp
Buliiiuila indica, Pen
Centropyxis aculeata [Ehrenb.), Stein

„ „ var. discoides, Ehrenh

,, ,, var. ecornis [Ehrenb.), Leidy

„ „ var. spinosa, Cash

„ laevigata. Pen
Plagiopyxis callida. Pen

Family Difflugina.

DifHugia acuminata, Ehrenb

„ „ var. inflata. Pen
,, amphoralis, Hopli

,, arcula, Leidy

„ bacillariarum, Perty

,, „ var. elegaus [Pen.), Cash .

„ „ var. teres [Pen.), Cash . . .

o-

X

X X
X
X

X
X X
X X
X X
X X
X X
X
X X

X
X

X X
X X
X X

X
X X
X
X
X
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Family Difflugina [cont.).

Difflugia bacillifera, Pen.

,, brevicoUa, Cash.

,, coDstricta {JEJirenb.}, Leidy

,, corona, Wallich .

,,
globulus {U/ireab.), Hopk

„ gramen, Pen

„ Leidyi, sp. nov
,. limnetica, Levander

„ lobostoma, Leidy
., liicida, Pen
„ oblonga, JEhrenb

,, „ var. cornuta, Leidy

,, var. lacustris {Pen.), Cash

,, „ var. nodosa, Leidy

,, „ var. venusla (Pen.), Cash

„ oviforiuis, Cash
Penardi, Hoplc
pristis, Pen

„ pulex, Pen
„ rubesceiis, Peji

„ tuberculata ( WaUich), Archer

„ ,, var. minor, Pen
„ urceolata, Carter

Cucurbitella mespiliformis, Pen
Pontigiilasia compressa ( Carter), Cash

,, vas {Leidy), Schout
Lesquereusia modesta, Rhwnbl

,, spiralis, Bi'ttschli

Phryganella hemispherica, Pen
„ uidulus, Pen

Trigonopyxis arcula {Leidy), Pen., vide Difflugia arcula
Cryptodiiflugia compressa, Pen

„ eboracen.sis, Wuiles

,, oviformis, Pei^

Family Nebelina.

Hyalospbenia elegans, Leidy

,,
papilio, Leidy

,,
subflava. Cash

Nebela americana, Tardneh

„ „ var. falcata, var. nov.

„ ansata, Leidy

„ barbata, Leidy

,, carinata {Archer), Leidy

,, cauda,ta, Leidy

,, collaris {Ehrenb.), Leidy

„ „ var. retoita, Leidy ....

„ cratera, sp. nov
„ dentistoma, Pen

"33
><

!?
o
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Family Nebelina (cont.).

Nebela dentistoma, var. lacustris, var. nov

„ equicalceus, Leidy

„ flabellulum, Leidy

,, galeata, Pen . . . .

,, gracilis, Pen

,,
griseola, Pen

„ longicollis, Pen
„ marginata, Pen
„ militaris, Pew . .

„ minor, Peji

„ parviila, Cash

„ scutellata, sp. nov

„ tenella, Pen

,, tincta {Leidy), Aivev

„ tubulata, Broion

„ tubulosa. Pen

,, vitraea, Ven

„ „ var. sphagni (v. note)

Quadrula symmetrica (Wallich), F. E. Schulze

„ ,,
var. irregularis, Pen.. . . .

„ ,,
var. curvata, var. nov. . .

Heleopera nodosa, sp. nov

„ petricola, Leidy

,, „ var. major, Cask

,, „ var. amethystea, Pen

„ rosea, Pen

„ sordida, Pen

„ sphagni {Leidy), Hoph

„ „ var. laevis, var. nov

„ sylvatica, Pen
Av^erinzewia cyclostoma {Pen.), Schouteden .

Cocbliopodium bilimbosum {Greef), Calkins .

Family Euglyphina.

Euglypha alveolata, Duj
„ ,, var. cirrata, var. nov. .

,,
armata, Wailes

., „ var. brevispina, Pen. . . .

,j
„ var. iiexuosa. Pen

,,
bracliiata, Leidy

,^ ,, var. librata, var. nov. .

„ ciliata, Elirenh

,^ ,, f. glabra

J, >; f- beterospina

„ compressa. Carter

„ „ f- glabra

,,
cristata, Leidy

,, „ var. major, Wailes . . .

„ crenulata, sp. nov

J,
„ var. minor, var. nov.

„ filifera. Pen

^^ „ vaj: spinosa, var. nov.. .

,,
leevis, Perty

„ mucronata, Leidy

,,
strigosa {Ehrenb), Leidy

„ „ f. glabra ._

,, ;; f- heterospina

„ „ var. muscorum, Wailes

,,
rotunda, Wailes

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
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O

<

Family Euglyphina (cont.).

Placoc3^sta spinosa, Leidy

„ „ var. setigera, var. nov
Assulina muscorum, Greejf

„ seminnluni, Leidy
Cyplioderia ampulla {Ehrenb.), Leidy

,,
trochus, var. amphoralis, Wailes

Trinema complanatum, Fen
,, euchelys {LJhrenb.), Leidy

i x
,, lineare, Peti

j
x

Corythion dubium, Tardnek
[

„ pulchelliuu. Pe)i '

Splienoderia dentata, Pen ' x
„ lenta, Schhimh

„ maci'olepis, Leidy
Campascus minutus, Pen

Family Gkomiina.

Pamphag'us liN'alinus, Ehrenb. ? sp

Pseudodiffliigia Archeri, Pen. sp C
fulva, Archer y,

' Xgracilis, Schlwnh.

Family Amphistomina.

Ampliitvema flavum {Archer)., Pen

„ steoostoma, Niisslin

,, Wriglitianum, Archer

Sub-Class HELIOZOA.

Order APHROTHORACA.

Family Actinophryid.^.

Actiuoplirya sol, Ehrenb

Order CHALAROTHORACA.

Family ACANTHOCYSTlDiE.

A-canthocystis turfacea, Carter

Order 1>ESM0TFI0RACA.

Family Clathrulinid^.

Clatbrulina Cienkowskii (Meresch.), Pen.
„ elegans, Cienk

^

o ^
*p^i

o a
^•s 1—

(

^s CO

o
^ ^
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List o£ Rhizopoda of which iUustrations are given by Leidy (30)

which have since received specific names.

Amoeba striata, Pen
,

Arcella liemisphgerica, Perty
. ,, polypora. Pen

., vulgaris var. compressa {Cash)

Assulina muscorum, Greeff
Cenlropyxis laevigata, Pen
Corythion dubium, Tardneh
Cyplioderia ampulla var. papillata, Wailes

Ditflugia acuminata var. iufiata, Pen

,, amphora, Leidy

,, amplioralis, Hopk
,, bacillariarum var. elegans {Pen.), Cash.

„ gramen. Pew.

,, hydrostatica, Zach. ?
,

„ lanceolata, Pen .

,, Leidyi, sp. nov
,

„ oblonga var. atricolor, Pe^i
,

„ ,, var. claviformis. Pen
,

„ Penardi, Hopk
,, rubescens, Peyi

,, tuberculata {Wallich), Archer

„ vescidula, Pen
Eugiypha alveolata var. cirrata, var. nov

„ armata, Wailes . . . . ,

„ brachiata var. librata, var. nov
„ compressa, Carter

„ „ f- glabra

„ crenulata, sp. nov
„ filifera, Pen

,, ,, var. spinosa, var. nov
„ strigosa var. muscorum, Wailes

Heleopera nodosa, sp. nov
Lesquereusia modesta, Rhumbl
Nebela americana, Tardneh

„ dentistoma. Pen

,, ,, ? var. lacustris, var. nov. . .

.

„ galeata. Pen

„ gracilis, Pen

,, marginata, Pen
,, militaris. Pen

,, minor. Pen

„ scutellata, sp. nov
„ tubulata, Broion

Phryganella hemisplierica. Pen

„ nidulus, Pen. . . .

Pontigulasia vas {Leidy), Schout

Ti'inema complanatum, Pen

„ lineare, Pe^^
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List of the species recorded

not found by the writer :

—

Amoeba nobilis, Pen. (Ouramceba).

Ampliizouella violacea, Greeff.

Biomyxa vagaus, Leidy.

Cochliopodium Testitimi, Archer.

Dinamreba mirabilis, Leidy.

Gromia fliiviatilis, Duj.

Actiuosphferium Eicliorni, Ehrenb.

Elceorhanis cincta, Greeff.

Heterophrys myriapoda, Archer.

from New Jersey by Leidy (30) which were

Rhizopoda.

Hyalodiscus rubicimdus, Her

t

jo. Sj- Less,

Painphagus mutabilis; Bailey.

„ granulatus, F. E. Sch.

Pellomyxa Tillosa, Leidy.

Vampyrella lateritia (Fres.), Leidy.

Heliozoa.

Pompbolyxophrys punicea, Archer.

Eaphidioplirys elegans, Herhv. 8,' Less.

„ A'iridis, Archer.

Synonyms for some of the species described by Leidy (30, 10, 36)

Amoeba radiosa, Ehrenb.

Difflugia compressa, Carter.

„ cornuta, Leidy.

„ globularis, Leidy.

,,
globulosa, Leidy.

„ nodosa, Leidy.

„ pyriformis, Perty.

„ spkalis, Ehrenb.

„ vas, Leidy.

Hyalospbenia tincta, Leidy.

Pampbagus avidiis, Leidy.

„ ciirvus, Leidy.

Dactylospliferium radiosum, JSiifschli.

Difflugia obloiiga var. nodosa, Leidy.

,, oblonga var. cornuta, Leidy.

„ globulus (Ehretib.), Hopk.

„ do. do.

„ oblonga rar. nodosa, Leidy.

,, oblonga, Ehrenb. (10).

Lesquereusia spiralis (Ehreiib.), Biltschli.

Pontigulasia vas {Leidy), Schout.

Nebela tincta {Leidy), Aiver.

Pampbagus granulatus, F. E. Sch.

do. do.

Heliozoa.

Acantbocystis cbsetopora, Leidy now A. turfacea, Archer.

Hyalolampe fenestrata, Greeff. ,, Pompbolyxopbrys punicea, Archer.

(Penard, Les Heliozoaires, 1904.)

According to Penard TAplophrys: Archeri, pi. 45. figs. 7, 8, should be iden-

tified as Eheorlianis cincta, Greeff. Also Onramceha butuJicanda and 0. vorax

are no dombt Amoeba nobilis, Penard (36. Les Heliozoaires, 1904).

List of Rhizopoda and Heliozoa fomid in New York City drinking-water,

supplied from the Croton Reservoir during the autumn of 1911 :

—

Rhizopoda.

Areella discoides.

,. vulgaris.

„ vulgaris var. gibbosa.

Assulina seminulum.

Centropyxis aculeata.

„ aculeata var. discoides.

Campascus minutus.

Corytbion pulcbellum.

Cyphoderia ampulla.

„ trocbus var. amphoralis.

Difflugia acuminata.

„ constricta,

Difflugia elegans.

,,
gramen.

Euglypba alveolata.

„ ciliata.

Nebela collaris.

Plagiop3'xis callida.

Pbryganella hemispberica.

Trinema liiieare.

Heliozoa.

Acantbocj'stis turfacea.

Actinophrys sol.
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Order AMCEBINA.

The sj)ecies recorded belonging to this Order consist ahnost entirely o£ the

genus Amoeba : they are local in their occurrence, in some places plentiful,

in others scarce, but this may be in part due to the method of collection,

which was not directed particularly to insure their capture ; no very large

individuals were seen, and many of the small ones had the appearance of

being immature and their identity was doubtful.

[Cockerell (12, 1911) records this genus as Amiba {vide Stiles & Hassall,

Bureau of Animal Industr., U.S. Dept. Agric, Bull. 79, 1905, p. 38).]

Order CONCHULINA.

Genus Arcella, Elirenberg.

Nine species and two varieties are recorded in this genus ; the limits of

some of the species are somewhat vague and may include forms which are

entitled to specific or varietal names. The life-histories of some of the forms

are required to clear up doubtful points. A general tendency for the

apertures to become crenulate was observed.

Arcella angulosa, Perty.

A. vulgaris var. angulosa, Leiclj, pi. 28. iigs. 8-13 (30).

A. costata (Elirenb.), Penard (36).

Not common, and sometimes closely approaching forms of A. mitrata.

Diameter 81-100 yu, ; aperture about -1- diameter.

A. arenaria, Greef.

A. microstoma, Pen.

A. aureola, Maggi.

Recorded from Good Ground only : diameter about 80 [ji ; aperture

1 diameter.

Distribution, Long Island, N.Y.; Canada (39) ; Colorado (35).

A. ARTOCREA, Leidy.

(30) pi. 30. figs. 1-9.

Often numerous : in one individual the pores around the aperture were

occupied by nodules or buttons 2'5 //- in diameter and projecting internally

1-75 /^ (PJ. 12. fig. 1).

Diameter 120-230 fx ; aperture 23-47 fi ; height 50-63 fi.

Two individuals from Augusta, Ga., had apertures 65 //, diameter.

A. DENTATA, Elirenberg.

A. stellaris, Perty.

Leidy, pL 30. figs. 10-19 (30).

This is a scarce species and is recorded only from Good Ground, where it

occurs in a small pond at the head of Smith's Creek,
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The processes are usually nine in number, occasionally twelve ; the various

forms depicted by Leidy were found, except those with a flattened crown.

Diameter 120-135 [i ; aperture 35-40 ya.

DistrUmtion. Long Island, N.Y.; New Jersey (30); Pennsylvania (30);

Michigan (41) ; Ohio (28).

Arcella discoides, Elirenlerg.

Leidy, pi. ^8. figs. 14-21, 2-3-29 (30).

Grenerally distributed but not very numerous.

Size variable, but usually 130-160 fx in diameter ; aperture 60-80 fx ;

height about one-third of the diameter.

An individual from Lakehurst was similar to Leidy's fig. 21 : diameter

52 fi ; height 11 jjl.

A. hemisph^rica, Perty (36).

A. vulgaris, Ehrenb. pars, Cash (10).

Not coDjmon ; diameter 42-50 yu.

A. MITRATA, Leidy.

Leidy, pi. 29. figs. 1-21 (30).

Abundant in sphagnum, especially at Lakehurst. The structure of the test

is similar to that of A. vulgaris^ but the alveoli (0"8 /^ diam.) are surrounded by

six small pores (?) making a pattern similar to that on one form of Cyplio-

deria [vide 45. pi. ii. fig. 10 h) ; Cushman & Henderson (18) give micro-

photographs of it.

Diameter 70-176 /i ; aperture 22-50 yit; base 50-120 ya ; height 55-150 ytt.

The test may be circular or polygonal ; the aperture may be with or

without a secondary invagination and it may be circular or crenulate ; there

.

appears to be no interdependence among these variations.

A. POLYPORA, Penard (36).

Leidy, pi. 28. fig. 22 (30).

Not uncommon in Split Rock Lake and Van Cortlandt Park ; the largest

individuals probably belong to a distinct species.

Diameter 230-340 fi ; aperture 126-190 yu,.

A. VULGARIS, Ehrenberg.

Leidy, pi. 27. figs. 1-3, .5-14, 17, 20-22 (30).

This species is not very plentiful ; the test consists of a chitinous envelope

stiffened externally by bars 0"8 yu, apart, disposed in three parallel rows

inclined at 60° from eacb other. This structure is described by Penard (36);

Cushman & Henderson (18) give microphotographs of it. As in the case of
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A. mitrata, there is a superficial resemblance to the pattern on the tests of

some forms of Cypliod'ena ampulla (vide 45. pi. ii. fig. 10 d^.

Diameter 80-157 jjl ; aperture 18-35 //,.

Var. GIBBOSA (Pen.), West.

A. vulgaris pars, Leidy, pi. 27. figs. 16, 23-35 (30).

Grenerally distributed but never numerous. Diameter 50-82 [jl.

Var. COMPRESSA, Cash (10).

A. artocrea, Peuard (36).

A. vulgaris pars, Leidy, pi. 28. fio's. 4-7 (30).

Not common, but of normal size ; about 120 fi in diameter.

Genus P8EUD0CHLAMYS, Clap. S{ LacJini.

Cockerell (12, 1911) names this genus Microclilamys, the name Pseudo-

cldamys having been previously used for a beetle (Zool. Anzeiger, xxxviii.

Nr. 5/6, 15.8.1911).

Genus CoRYCiA, Dujardin.

CORYCIA FLAVA, Gveef.

Not numerous but generally distributed ; usually found in mosses.

Diameter 60-80 /*.

Distribution. Georgia; New Jersey; New York ; Canada (39).

[(Jockerell puts forward ^' Alicrvcorf/ia" as a name for this genus for

reasons stated in Zool. Anzeiger, Bd. xxxviii. Nr. 5/6, 15. 8. 1911.]

Genus BuLLiNULA, Penard.

BuLLiNULA INDICA, Pen. (emend.) J. Roy. Micr. Soc. 1907.

Found in sphagnum but not common.

Diameter usually about 160 /i ; an individual at Lakehurst measured :

length 225 /x, breadth 190 /«., aperture 87 /*.

Distribution. New Jersey ; Long Island, N.Y. : Canada (39).

Genus Plagiopyxis, Penard.

Plagiopyxis callida. Pen. (37, 1910).

This species has a world-wide distribution, but is easily overlooked owing

to its having the appearance of a spheroidal form of Diftugia constricta or

some other species with a similarly shaped test, but a careful examination

of the aperture, which is often difficult to locate, will reveal its identity.

Diameter 90-110 /^.

Distribution. Switzerland [Penard) ; British Isles (45) ; New Zealand
;

Australia ; British Columbia (39) ; Borneo,
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Genus DiFFLUGiA, Lederc.

This genus is well represented both in species and numbers o£ individuals

;

one new species, D. Leidyi, is recorded.

DiFFLUGIA ARCULA, Leichj.

Leidy, pi. 15. figs. 34-37
;

pi. 16. figs. 30, 31 (30).

This species, which is in an anomalous position among the Diffiugke, has

been removed by Penard to the genus Trigonopyxis, gen. nov. ; in future it

should be known as T. arcula (Leidy), Penard (Rev. Suisse Zool. 1912).

It is abundant in sphagnum and damp mosses.

Diameter 70-140 fi.

D. BACILLARIARUM, FertlJ. Var. ELEGANS i^Fen.), Cash (10).

D. acuminata pars, Leidy, pi. 13. tigs. 23-26 (30).

On PI. 12. figs. 2 & o is shown a form which is abundant at Lakehurst.

The test is almost entirely composed of diatom frustnles; in broad view it is

two-horned, in narrow side view it appears normal.

Length 110-130 yu.; breadth 95-105 jjl ; aperture about 35 jx.

D. Leidyi, sp. nov. (PL 12. figs. 4 & 5.)

Leidy, pi. 16. fig. 36 (30).

Test of medium size, composed of siliceous particles with an admixture of

vegetable materials and sometimes of diatoms, circular or subcircular in

transverse section : the fundus furnished with two (rarely three) horns

arranged symmetrically in one plane ; aperture circular, bordered by small

siliceous grains. Plasma and pseudopodia normal.

Length, not including horns, 100-110 /x ; breadth of body 78-80 fx ; neck

35-40 /i in diameter ; horns 30-40 [jl in length.

Habitat. Submerged sphagnum.

Distributiofi. New Jersey.

Leidy (30) illustrates a test of typical form, the only one he observed ; at

Lakehurst it is not very rare.

D. OBLONGA var. CORNUTA, Leidy.

Leidy, pi. 12. figs. 17, 18 (30).

An individual of this variety found at Lakehurst measured : length (in-

cluding horn) 240 /A, breadth 120 /x, aperture 32 /x, with a single horn 50 yu

in leno'th. Leidy's fig. 18 represents it very accurately, with the exception

of the horn, which is smaller than on the Lakehurst specimen.
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D. oviFORMis, Cash (10).

Numerous in Van Corfclandt Park and Long Island, with apertures evenly

three- and four-lobed (45).

Habitat. Ponds and lakes.

Length 70-80 /*.

D. cratera, Leidy, represented by empty tests, is plentiful at Lakehurst
and in New York City water-supply, but Leidy's supposition is undoubtedly

correct that it is a Ciliate allied to the genus Tintinnus, probably Codonella

lacustris, Entz. <-

Genus Cdcurbitella, Penard (36).

CucuRBiTELLA MESPILIFORMIS, Penard (36).

D. lohostoma pars, Leidy, pi. 15. fig. 7 (30).

Occurs in Van Cortlandt Park, but is rare ; this, however, may be due to

the method of collecting ; in a pond in Yorkshire it was not seen, althouo-h

numerous gatherings had been made, until during a drought it was found

plentifully in the muddy sediment.

Length about 100 jx ; diameter 80 jjl.

It has been found in the Western States by Edmondson (private letter).

Genus Cryptodifflugia, Penard (36).

Cryptodifflugia eboracensis, Wailes (45).

Found only in Penney's and Trout Ponds, Good Ground, where it is not

uncommon in sphagnum. Many w^ere seen in an active state. C'olour

reddish brow^n.

Length 26-28 fx; breadth 14-16 jx ; thickness 12-14 fju ; aperture 5-6 jjl.

Distribution. Long Island, N.Y.; Alaska ; Great Britain (45).

C. COMPRESSA, Penard (36).

Only two individuals were seen in sphagnum, and they were unusually

small. The pseudopodia were not observed.

Length 13 /x ; breadth 9 fx; thickness 5 /u.

Trout Pond, Good Ground.

0. OVIFORMIS, Penard.

Not common : some of the tests were noticeably compressed.

Length 14-20 /x ; breadth 10-14 yu, ; aperture 3-4 yu, ; nucleus 3*5 fx in

diameter with a central nucleole.

Distribution. Lakehurst, N.J.; Good Ground^ L.I.

Genus Nebela, Leidy.

In the localities visited which were devoid of sphagnum few species or

individuals of this genus are to be found, but in the Cedar Swamps of
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Lakehurst, N.J., and around the ponds near Good Ground, L.I., the sphag-

num is inhabited by many individuals and species ; some species that are

unknown or very rare in Europe are there quite numerous or not uncommon.

The following may be especially noted :—On Long Island are found

N. caudata and N. eqidcalceus, the latter of a special form, also an interesting

series of curved varieties of several species. At Lakehurst are found the

three species with beaded apertures that form a compact group, viz. N. tenella,

iV. griseola, and JY. cratera ; also iV. ansata \ N. vitrcea sp. ver., together

with a variety having a test bearing curiously arranged angular plates, and

N. scutellata inhabiting a test formed entirely of small quadrangular plates.

In both localities are found K. harhata, JS^. carinata, JS^. gracilis, and

W. tulmlata.

Species which have been recorded from North America that were not

observed were N. higibbosa, JS'. lageniformis, and JS\ vas (39).

The numerous curved tests which are found at Penney 's Pond, Good
Ground, suggest many points of interest. In addition to X. coUaris var. retorta,

Leidy, two other species, Xebela americana and Quadrula sijmmehnca, are

found there presenting the same modification ; this variation must be of rare

occurrence as Leidy records only a single test of this kind, and I am not

aware of any other record : the association of so many in one limited habitat

suggests that this form may be induced sporadically by certain local

conditions.

Light is thrown on the question of the origin of the plates with which

the Nebelce construct their tests by the occurrence at Good Ground of the

tests of N. eqidcalceus and iV. coUaris containing, and sometimes largely

composed of, the scales of Eughjplia denticuJata var. minor, including even

spines with the basal scales still attached ; at Lakehurst, on the other hand,

are found N. scutellata and forms of A", vitnca with tests composed of

quadrangular or angular plates which can hardly have had a foreign origin.

Nebela AMERICANA, Tardneh.

Sitzber. bohm. Ges. Wiss. 1881 ; Abli. buhm. Ges. Wiss. xi. (188i^), pi. 3. figs. 15, 16.

N. coUaris pars, Leidy, pi. 23. fig. 7 (30).

N. americana, Casb &, Hopk., pi. 31. figs. 15-18 (10) ; Peuard, p. 363, figs. 4-6 (36).

The identification of this species presents certain difficulties. As first

described by Taranek it is glabrous, not compressed, and intermediate in

outline between N.barbata, Leidy, pi. 24. figs. 14-17, ;ind figs. 18 & 19

{N. tuhdata, Brown). The only Nehda, with which I am acquainted,

answering to this description is N. longicollis. Pen., which is rare. A much
more common species having a compressed test, wedge-shaped in broad

view, has been generally accepted as the one which Taranek had under
observation. To exchange the names now would only cause confusion and
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serve no good purpose. I have, therefore, here recorded as iV. amer'icana a

species answering to the following description :
" Test wedge-shaped in

broad view, rounded at the apex in narrow view, with a thickness equal to

about two-thirds of the breadth and 120-175 fx in length," as illustrated

by Cash & Hopldnson, pi. 31 (10).

Length 120-168 /z ; breadth 60-90 fi : aperture 20-23 /^ ; thickness

40-50 fx,.

Distributio)!. Ahsecom {Leiclij) and Lakehurst/ N.J. ; Good Ground,

Long Island.

Var. FALCATA, var. nov.

Many of the curved tests found in Penney's Pond, L.I., agree in size and
structure with normal individuals of this species fonnd there, but the specific

characters are so modified that general characteristics must be relied on for

their identification, and it is possible that the largest of these forms may be

derived from N. tubulosa.

Length 130-170 fx.

N. ANSATA, Leidy.

Leidy, pi. 25. figs. 1-8 (30).

At Lakehurst not uncommon in submerged sphngnum.

Length 217-242 ix ; breadth, of body 94-110 jx, over horns 130-160 jx
;

aperture 40-45 yu, by 27-31 [x ; thickness 60-70 /x.

N. BAKBATA, Leidl/.

Leidy, pi. 24. figs. 14-17 (30).

This species is distinguished from all other species of JSehela by the fine

cilia scattered over the surface of the test; they are of uniform diameter,

terminating in truncate ends, 10-18 //, in length, less than 0*5 ^x in diameter.

They are unaffected by cold sulphuric acid aud become invisible in oil of

cloves and in Canada balsam.

Length 112-126 //, ; breadth 40-50 yu,; aperture 12-17 yu \ thickness

35-40 yu. At Good Ground one individual measured only, length 80 //,,

breadth 35 yu-, aperture 12 /z.

Distribution. Lakehurst ; Absecom (Leidy), N.J. ; Good Ground, Long
Island ; British Isles (3, 10, 45); Sierra Leone (coll. by Major Wailes).

N. CAUDATA, Leidy.

Leidy, pi. 26. figs. 21-24 (30).

Found in sphagnum on the borders of Trout Pond, Good Ground ; it is

rare and the proportion of living individuals observed was small ; some have

been kept alive in sphagnum during the winter, but up till the time of

writing they have refused to become active.

LINN. JOUEN. ZOOLOGY, VOL. XXXII. 12
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Length 80-84 //, ; breadth 60-68 jx ; aperture 20 /x. Spines 4 or 3 in

number and 16-20 fx in length.

Nucleus about 12 yu- in diameter with a large nucleole.

Distribution. Long Island, N.Y. ; Ahsecom, N.J. (Leidy) ; Nantucket

Isl, Mass. (18) j Ohio (28); British Columbia (39) ; Scotland (Mtrra?/) ; He

Macquarie (39) ; New Zealand (39) ; Australia (39) ; Gough Isl. {Peaard).

Nebela caeinata (Archer), Leidy.

Leidy, pL 24. figs. 1-5, 9, 10.

Often numerous in submerged sphagnum.

Length 200-260 /z ; breadth 135-160 jx ; aperture 30-40 yu, ; thickness

63-73 ix.

t

N. coLLARis (Elirenb.), Leidy.

Leidy, pi. 22. figs. 1-10, 13-15, 17-20 (30).

Not abundant ; length 100-130 [x.

Var. EETOETA, Leidy. (PI. 12. figs. 6 & 7.)

Leidy, pp. 151, 289, fig. p. 151 (30).

Tests answering to Leidy's description and drawing are not uncommon in

Penney's Pond, Good Ground, the only locality in which I found them.

They are not merely curved tests but are modified to such an extent as to

veil the specific characteristics. The curvature takes place in the plane of

the greatest width and is generally greater than in Leidy's drawing (p. 151)

;

in narrow view there is no curvature and the tests are compressed. The

aperture, which is not notched, loses its smooth outline and is bordered by

circular or oval plates.

Accompanying the Nebela: was a similar form which could without

hesitation be referred to Quadrida symmetrica, the typical form of which is

numerous there. Two species of Nebela seem to be thus modified, viz.

N. collaris and iV^. americana, and the latter in its typical form is much the

more numerous. The occurrence tooether. in fair numbers and in a sinole

limited habitat, of these special forms seems to indicate that local conditions

have a controlling influence in their formation and that they are not auto-

nomous species but sporadic varieties locally induced.

Length 130-170 fx ; breadth 52-97 fx ; aperture 26-39 fx. Leidy observed

a single individual only, length 144 fi.

N. CEATEEA, sp. UOV. (PI. 12. figs. 8 & 9.)

Test of moderate size, not compressed, pyriform, neck small and parallel;

aperture bordered by a prominent collar semicircular in section. Plasma

and pseudopodia normal.
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Length 120-135 yu, ; diameter 74-80 //, ; neck about 30 /* diameter and

30-35 fjb in length. -Apertm-e 25-35 /x in diameter; collar 30-40 /a in

diameter.

Habitat. Submerged sphagnum.

Distribution. New Jersey.

This species belongs to the group o£ which N. tenella and JS'. griseola are

the other members, but it exceeds them in size and is of quite distinctive

shape. The test is formed of angular plates mixed with a few circular

plates and diatoms ; it is of a dark colour/ more or less opaque, and is very

fragile. It is circular in transverse section.

N. DENTISTOBIA, Penard.

Leidy, pi. 24. %. 12 (30).

Typical individuals of this species occur only sparingly, and varied in

length from 90 //, to 110 [m, with a breadth equal to |-| of the length. No
circular or N. Jiabelhdiim-sivdTped tests were observed.

Var. LACUSTRTS, var. nov. (PI. 12. fig. 10.)

? N. collaris pars, Leidy, pi. 24. fig. 11 (30).

Test large, pyriform, compressed, formed of angalar siliceous plates and

grains of various sizes ; with a small neck and aperture broadly oval.

Length 120-206 /x ; breadth 100-143 jjl ; aperture 25-45 jju ; thickness

64-90 fji.

Distribution. Lakehurst, N.J. ; Augusta, Ga.

This variety exceeds in size every other of the numerous forms of this

species and appears to be a link with the large iV. vitrcea, Pen. sp. ver. ; its

size also distinguishes it from N. scotica, Brown (3. 1. 78-82 fi).

The test illustrated by Leidy, pi. 24. fig. 11, taking as correct the given

magnification ( X 250), measures 208 /j, in length and 152 jx in breadth, which

nearly agrees with the Lakehurst specimens : the given measurement of

another, viz. length 100 /j,, breadth 68 fx, is very like H. scotica, Brown, but

the thickness given, 20 fi, seems improbable.

N. equicalceus, Leid^ (31, 1874).

W. hippocrepis, Leidy (30), pi. 24. fig. 13
;

pi. 25. figs. 9-14.

This is a scarce species ; it is found in Penney\s Pond, Grood Ground. Leidy

illustrates two forms : one (pi. 25. figs. 9-14) provided with a solid carina

extending around the fundus, the other (pi. 24. fig. 13) without this carina
;

only the latter of these two forms was seen. The development of the internal

processes varied somewhat.

Dimensions. Length 203-235 /x ; breadth 126-142 /z ; aperture 38-45 fi ;

thickness 72-80 fx. Length of horns when well developed 35-60 jjl.

12*
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The test is composed of plates of various shapes and sizes ; sometimes they

are large, circular and imbricated, or they may be small and separated from

each other. Some were found with tests largely composed of the scales of

Euglyplia cremdata var. minor, which were quite perfect and easily recog-

nisable, as they differ slightly in shape from the scales of E. cremdata, a

species not recorded from Good Ground {vide PL 12. fig. 38).

Nebela GRACILIS, Penard (37, 1910).

N. coUaris pars, Leidy, pi. 23. figs. 4-6 (30).

N.galeata pars, Penard, p. 351, figs. 4, 5 (36).

Described only recently by Penard, this species is not uncommon at Lake-

hurst and Good Ground. Leidy represents it very faithfully in figs. 4 and 5

(leno-th 110 /Lt), but in the end view fig. 6 the sides appear to have been crushed,

usually they are flattened but not concave. At Lakehurst it is found in a

very handsome form up to 130 fju in length ; at Good Ground it is of normal

size, 97-110 /z in length.

Dimensions. Length 97-130 /x; bi-eadth 42-65 /i ; aperture 14-23 /jl
;

thickness 25-40 //-.

Habitat. Submerged sphagnum.

Distribution. Absecom (Leidy) and Lakehurst, N.J. ; Pcnney's Pond,

Good Ground, L.I. ; Switzerland (Penard).

N. GRISEOLA, Penard (39).

Clare Island Survey, figs. 2o a-ff (45).

This species, recently described by Penard from Australia and from

L'eland, is found at Lakehurst in association with the two other species of

JSfehela possessing beaded apertures^ N. tenella, Pen., and A", cratera, sp. nov.;

usually larger than the former, at Lakehurst they are of nearly equal size,

but can be distinguished from one another by the greater compression of the'

test of N. tenella.

Length 80-85 yu, ; breadth 53-60 /x : a[)erture 16-1 8 /it in diameter ; thick-

ness 43-50 //,.

Distribution. Lakehurst, N.J. ; Australia (39) : Ireland (45).

N. LONGiCOLLis, Penard (34).

This species is distinguished from A", americana by the slight compression

of the test and the elongated neck. It is much smaller than N. tubulosa

and of slighter proportions.

Length 133-140 jx ; breadth 45-52 yu. ; aperture 20 /x ; thickness 40-48 jju.

Distribution. Colorado (35); New Jersey; Switzerland (36); Australi;i,

New Zealand (39)

.

At Lakehurst it is rare; it has a resemblance to jV. harhata. Leidy, but is

glabrous, more robust, and has a shorter neck.
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N. MARGINATA, PeUfird (36).

N. carinata pars, Leidy, pi. 24. figs. 6-8 (30).

Not common, only a few indiviclnals being found in sphagnum at Lake-

hurst. Length 150 fju; breadth 115 /^ ; aperture 40 /i.

N. MINOR, Penard (36).

N. collaris pars, Leidy, pi. 22. figs. 11, 12, 16 (30).

Found in ISTew Jersey sphagnum. Length 80-90 /i.

N. MiLiTARis, Penard (34).

Syalosphenia tincta pars, Leidy, pi. 20. fig. 18 (30).

Generally distributed but not abundant. Length 65-80 /i.

N. PARVITLA, Cash (10).

Found in dry sphagnum and moss. Length 74-84 jjl.

N. TENELLA, Penard, 1893 (36).

This species is found in sphagnum and occurred numerously in a sample

from New Jersey ; the size was above normal and approached that of

N. griseola, a species from which its greater compression serves to distin-

guish it.

Length 68-84 fx. ; breadth 45-60 [x ; aperture 13-17 yu,; thickness 30-39 /x;

collar 20-28 fi in diameter.

N. SCITTELLATA, sp. nOV. (PI. 12. figS. 11 & 12.)

Quadrula symmetrica pars, Leidy, pi. 24. fig. 25 (30).

Test moderately large, hyaline^ pyriform, compressed ; composed of small

siliceous, rectangular plates arranged in irregular rows, while smaller

rectangular plates may be superimposed at the junctions of the larger plates
;

margin of aperture often irregular
;

plasma and pseudopodia normal
;

nucleus small Avith several nucleoles.

Length 120-135 /a; breadth 74-90 fi ; aperture 24-30 yu,: thickness

nearly two-thirds of the breadth.

Habitat. Sphagnum and wet mosses.

Distribution. New Jersey ; the Seychelles.

The test of this species resembles, in its possession of small superimposed

plates, a form of iV. vitrcea which is found at Lakehurst and shown on PI. 12.

figs. 15-17; it also bears a great resemblance in structure to JS. tropica,

PI. 12. figs. 13 & 14.
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111 the Seychelles (fig. 43) it is found without the small covering-plates,

but having an admisture, usually 5 to 10 per cent., of circular discs in

the composition of the tests.

It differs from Quadrula symmetricahoth in shape and structure of the test.

Leidy's illustration is of an individual, length 140 /*, breadth 100 ^,

aperture 30 //..

Nebela tincta (Leidy), Aiver.

Hyahspheiiia tincta, Leidy.

Nebela hursella, Taranek.

Nebela lohemica, Taranek.

Plentiful in all gatherings of sphagnum, but scarce in mosses. The limits

of this species, both as regards size and form, are difficult to define. On the

one hand it approaches N. collaris, and on the other N. flabellulum.

N. TROPICA, sp. nov. (PL 12. figs. 13 & 14.)

Test of medium size, hyaline, pyriform, compressed ; composed of

rectanoukr siliceous plates ; aperture dilated in broad view, with a shallow

notch in narrow view.

Length 74-93 ytt ; breadth 45-GO fi ; aperture 20-30 /* ; thickness

30-35 /x.

Hahitat. Moss.

Distribution. Borneo ; Seychelles (fig. 44).

The arrangement of the plates forming the test is generally more regular

near the fundus, where they are arranged diagonally, than near the aperture.

In the outline of the test there is a close resemblance to JS\ militaris, but the

structure and general appearance are very similar to those of iV. scutellata,.

a species to which it is undoubtedly closely allied. For comparison with

Quadnda si/mmetrica, ^gures of the latter are given on PI. 12. figs. 18, 19, 45.

The moss in which this species was first found was collected at Sarawak,

Borneo, by J. Brook.

N. TUBULATA, Broion (3),

Leidy, pi. 24. fig. 18 (30).

This is not uncommon in sphagnum ; the form with a torulose neck is also

frequent (45).

Length 56-78 //- ; breadth 28-48 /z ; aperture 10-15 /a ; length of neck

18-32 fi.

Leidy's fig. 18 measures 80 yu, in length, but fig. 19 of a similar test scales

250 /A at the stated magnification of x 100 ; this is probably a mistake for

X 350, at which the test would measure 71 yu, in length.
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N. TUBULOSA, Penard:

Not abundant ; at Good Ground the large proportion of quadrangular

plates often present in the tests was a noticeable feature.

Length 174-196 /* ; breadth 74-93
fj. ; aperture 30-35 jx.

At Lakehurst an abnormally large individual occurred, length 300 //-,

breadth 150//., aperture 40 /i, the test principally composed of imbricated

discs 6-12 yu, in diameter ; it may have been a case of plastogomy or double

encystment.

N. viTRiEA, Penard. (PI. 12. figs. 15-17.)

Two individuals of large size similar to those^ until now, known only from

the deep Swiss Lakes, were found at Lakehurst.; length 258 /x and 187 /i,

breadth 135 fi and 130 /*, apertures 45 fx and 40 /j, ; they had tests com-

posed of square and angular plates, with apertures bordered by 8 or 9 large

grains.

The form usually found at Lakehurst is smaller, often with a curiously

constructed test (figs. 15-17), in which circular plates predominate mixed

with some angular or irregularly shaped plates, the interstices between them

being re-enforced by small covering-plates somewhat similar to those figured

by Penard (36. p. 272, fig. 4), and analogous to the ones found on the test of

M. scutellata.

Length 115-155 /* ; breadth 70-100 jjl ; aperture 23-31 fi.

The small sphagnum-inhabiting variety of normal type and about 100 yu,

in length, as illustrated by Cash & Hopkinson (10), is not common in the

localities under investigation. As has been pointed out by Penard (45. p. 51

note), this form is intermediate in character between N. vifrcea, sp. ver., and

A^. dentistoma, but further investigation and comparison of specimens from

various localities are necessary in order to determine the limits of the various

forms ; they can be grouped, however, in a series of types which may be

differentiated as JS\ vitrcm, sp. ver., var. minor and var. sphagni ; all of which

occur in association at Lakehurst.

Genus Quadrula, F. E. Sclmlze.

QUADRULA SYMMETRICA ( WalUcJi), F. E. Sch. (PI. 12. figs. 18 & 19.)

Leidy, pi. 24. figs. 20-24 and p. 144 (30).

This species is certainly very distinct from Q. irregularis (vide Penard, 39),

and approaches the genus Nehela \qyj closely, a relationship which is accen-

tuated by a comparison with such species as N. tropica and N. scutellata.

Length 68-120 m ; breadth 45-74 /* ; aperture 20-30 /*.
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DislrihutJon. Colorado (35) : Mcassachusetts (17) ; New Hampshire (19) ;

New Jersey ! (30) ; New York ! (20) ; Pennsylvania (30) ; British Columbia

(39); Alaska.

Var. IRREGULARIS, Penavd. (PI. 12. fig. 20.)

Less common than type and below the normal size.

Length 140 [jl or under.

Var. CURVATA, var. nov. (PI. 12. fig. 21.)

Test as in the type, but curved as in Ci/pJwderia ; aperture polygonal,

formed by 6-7 plates.

Leno-th 80-100 fi ; breadth 33-45 fi ; aperture 11-16 fx ; thickness

25-28 /J,.

Distribution. Penney's Pond, Good Gronnd.

Several living, but no active individuals were seen ; the amount of curva-

ture of the test is subject to variation.

[Cockerell (12, 1911) records this genus as Quadrvlella, the name

Quadrula being preoccupied in another Philum.]

Genus Heleopera, Leidij.

Heleopera nodosa, sp. nov. (PI. 12. figs. 22-24.)

Heleopera 2yetricoln pars, Leid3% pi. 20. figs. 12, lo, 20.

Test large, elongate, slighf-ly compressed, the ratio of the transverse axes

being about 3:4; a[)ex acute, terminated by a nodular mass of large quartz-

orains ; aperture bordered by slightly recurved lips
;
plasma and pseudopodia

normal.

Lengtli 152-213 /x; breadth 80-94 fx \ thickness 60-75 fx; aperture

45-60 /A in width.

Hahitat. Submerged sphagnum.

Distribution. Lakehurst, New Jersey.

Leidy (fig. 12) illustrates an individual of this species broader in propor-

tion to its length than any of those found at Lakehurst. //. nodosa is

distinguished from //. petricola by its greater size, its elongate form, the

acute apex bearing a nodular mass of sand-grains, and its less compression
;

it bears no resemblance to any other species of Heleopera. At Lakehurst,

N.J., it is not uncommon.

H. spnAGNi {Leidif), Hopk. (10).

Difflugia {Nebela) sphagni, Leidy (1874) (31).

Heleopera picta, Leidy (1879) (30), pi. 26. figs. 1-li,
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This species is very numerous in the Lakehnrst sphagnum. Dimensions:

—

Length 116-155 jx ; breadth 90-125 fx ; thickness about half the breadth.

Var. L^vis, var. nov.

Dimensions. Length 63-95 /x ; breadth 46-70 jx.

Habitat. Submerged sphagnum.

Distribution. Lakehurst, N.J.

This variety is distinguished from the type only by its small size, from

IT. sordida by its smooth test destitute of adherent particles. At Lakehurst

it occurs plentifull}^ in company with H. sphagni, Leidy does not give any

illustration of this small variety.

H. PETRICOLA, Leidy.

Leidy, pi. 26. figs. 13, 14, 16-19 (30),

Abundant in sphagnum of a light brown colour ; in lakes and ponds

frequently colourless. Length 70-114 [x.

Var. MAJOR, Ca^A (10).

The larger individuals agree with Cash's description of this variety.

Length 120-135 ix.

Var. AMETHYSTEA, Penard.

Not common, of normal size and colour,

H. ROSEA, Penard.

Not frequent except at Grood Grround ; the broader test and yellow lips as

well as the rose colour differentiate it from the last species.

H. SORDIDA, Penard (37, 1910).

Not uncommon at Lakehurst and of normal size. Length 62-68 ix.

Genus AwERiNZEWiA, Scliouteden.

AwERiNZEWiA CYCLOSTOMA {Penard), Schout.

This species is rare ; in appearance it resembles Heleopera petricola var.

ametJn/stea, but it is larger and has opaque white plates or grains incorporated

with its violet-coloured test ; the aperture, which is small and oval, is bordered

by an internal thickening of the test. Length about 150 fx.

Distribution. Switzerland (36) ; Ireland (45) ; Ontario (39) ; Seychelles,
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Genus Eugltpha, Dujardin.

The study o£ the American species of this genus has resulted in the

addition of one new species and five new varieties, and a revision of the table

of species published in the Clare Island Survey (45) is rendered necessary ^.

Division I. Spines when iwesent always modified scales. Transverse section ci

(except E. bryopbila) and aperture circular.

1. E. aspera. Pen Scutiform scales ; rough test.

2. E. crenulata, sp. nov Denticulated scutiform scales ; spines.

Var. minor, var. nov. Do. do. ; glabrous or spiued.

3. E. scutigera, Pen. Scutiform scales ; glabrous.

4. E. armata, Wailes Oval scales ; spines around apex.

5. E. alveolata, Duj Circular or oval scales
;
glabrous.

Var. minor, Tardnek. . . . Do. do.

Var. cirrata, var. nov. . . Short spines at apex.

6. E. mucronata, Leidy Single or double spine at apex.

7. E. cristata. Zeidy Spines in tuft at apex.

Var. major, Wailes .... Glabrous.

Var. acicularis, var. ?iov. Single or double spine at apex.

8. E. brachiata, Leidy Lateral spines near aperture.

Var. librata, var. nov. . . Oar-shaped arms near middle of test.

9. E. bryopbila, Bro2vn Tuft of spines at apex ; test slightly com

pressed.

Division II. S2nnes, ivhen present, alioays articulated.

Section A. Test compressed, aperture circular.

10. E. filifera, Penard Long spines in single or double rows,

Var. spinosa, var. nov. . . Spines scattered over test.

11. E. strigosa [Ehrenb.) Leidy, Tliickened aperture-scales. Spines.

/. glabra & heterospina.

Var. muscorum, Wailes Test wider than tvpa ; scales smaller.

12. E. rotunda, Wailes Thin aperture-scales
;
glabrous.

Section B. Test compressed, aperture oval.

13. E. Itevis, Perty Uudenticulate aperture-scales; glabrous.

(Mayhave subcircular section and aperture.)

14. E. ciliata, Bhrenb. spec, Thin denticulated aperture-scales ;
spines.

+'. glabra & heterospina.

15. E. compressa. Carter, Lenticular section ; spines.

f, glabra.

•cidar

Length.

150-170 ju

115-140 IX

80-110 IX

77- 88 IX

55-100 IX

45-100 IX

30- 4.5 [X

65- 75 /i

108-140 IX

33- 71 fx

60- 90 IX

84- 94 )u

93-128^

100-104 A*

35- 52 IX

55- 93 IX

60- 90 IX

45-100 fi

50- 80 iu'

22- 52 IX

22- 55 /i

40- 90 iU

70-132 IX

* Instances are rare in which the identity of individuals of this genus is doubtful,

provided the tests are in good condition and the specific characters can be clearly observed
;

tests slightly crushed (accidentally) are to be guarded against. Active individuals are the

best for study, but in some species it may be necessary to isolate and treat them with

sulphuric acid, first cold and dilute to dissolve the plasma, and then with concentrated acid

and boiled to drvness to disintegrate the test into its elements.
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EUGLYPHA ALVEOLATA, Buj.

Leidy, pi. 35. fig. 14 (30).

Under this name Leidy includes a whole group of species, and subsequent

American workers have followed his classification and have generally failed

to specify which of the various forms illustrated by Leidy they have found.

Li gatherings from over 40 counties in the British Isles no spined form of

E. alveolata was seen by me, but in the United States a form occurs which is

undoubtedly E. alveolata, and is furnished with one or two short scale-spines

at or near the apex ; the presence of these scale-spines shows that this species

is a member of the group of Euglyplice belonging to Division I. in the table, and

is quite distinct from species that bear articulated spines. It may also be

pointed out that it is only among the species belonging to Division I. that

two rows of denticulated aperture-scales are present. The following is the

description of E. alveolata :

—

Test of medium size^ elongate oviform ; not compressed, glabrous. Body-

scales circular to broadly OA^al. Aperture circular, bordered, generally, by

two rows of finely denticulated scales, 8-12 in each row. Nucleus 10-15 /i

diam., with a single nucleole. Pseudopodia few, long, and radiating.

Dimensions. Length 45-100 /x ; breadth about half the length ; aperture

0*4 to 0*5 of the breadth.

Var. MINOR, Tardneh *.

Similar to the type but smaller. Length 30-45 /i.

The body-scales are oval ; it is much less common than the type.

Var. ciRRATA, var. nov. (PI. 12. figs. 25-27.)

E. alveolata pars, Leidy, pi. 35. figs. 5, 9 (30).

Test as in the type, but the fundus furnished with one or two short scale-

spines ; aperture usually bordered by two rows of denticulated scales.

Nucleus and pseudopodia normal.

Length 60-75 /* ; diameter 0*46-0'5 length; aperture 13-14 /* ; spines

10-17 yu- in length.

Distribution. Split Rock Lake, N.J. ; Pennsylvania {Leidy).

In the United States the breadth of this variety, and also of the type, is

generally less than half the length of the test, whereas in Europe it is

generally more than equal to half the length. Two pairs of this variety were

seen in conjunction, and in both cases the individuals of each pair were

similar.

* Sitzunu-sb. bohm. Ges. der Wiss. 1881, p. 233 (1882).
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EuGLYPHA BEACHiATA, Leidy (31). (PL 12. figs. 28 & 30.)

Leidy, pi. 37. figs, b, 6, 8-10 (30).

This species has from two to six tapering spines arising from scales in one

or more of the first three rows of scales adjoining the aperture ; rarely, a

second series is also present (vide Leidy, pi. 37. fig. 6) ; the distance between

their orioin and the aperture usually varies from 10-20 /z : the spines are

from 50-65 /a long and 2 /i in diameter at the base, tapering to a point. Those

found by Penard at Vancouver (39) had the spines modified into flat ribbon-

like appendages (fig. 30/>), and one found at Lakehurst also had the spines

flattened to 3 /a wide and 1/a thick with thickened extremities (figs. 30 c, c').

Dimensions. Lenoth 87-123 /x ; diameter 28-39 [x ; aperture 19-13 /i.

Habitat. Submerged sphagnum.

Distribution. New Jersey ! (Leicl//) : Roan Mountains, Ya. {Leidy, 30) ;

Wales and Ireland [G. S. West, J. Linn. Soc, Zool. xxviii. p. 328, 1901) ;

British C'ohimbia (Penard, 39).

Var. LLBRATA, var. nov. (PI. 12. figs. 29 & 30 a.)

E. bracTiiata pars, Leidy, pi. 37. fig. 7 (30).

Test as in the type, but furnished with two to four lateral appendages

ari.sing from near the centre of the sides, their free ends widened into

oav-like blades. Xucleus and pseudopodia normah

Length 100-104/*; diameter 32-35 yu, ; aperture 13 /x : arms 35-38 yu, long,

1 jj, diameter, widening to 2*5 yu, at the extremities.

Habitat. Submerged sphagnum.

Distribution. New Jersey! (Leidy) : Roan Mountains, Ya. {Leidy)?

Much less common than E. bracJiiata, of which at least twenty were seen

for each one of var. librata ; also less Aariable in size and number of arms,

which o-enerallv consist of two only.

E. CRISTA TA, Leidy (31).

Leidy, pi. 37. figs. 1-4 (30).

This species, found in moss and in lakes and ponds, varies between the

following dimensions :—Length 31-70 yu, ; breadth 12-21 yx: aperture 5-9 yu,,

"With an average size of :—Length 40-50 /x; breadth 14-17 /x. Onh one or

two individuals above or below these limits were found : the tuft of spines at

the apex is sometimes absent.

Yar. MAJOR, Wailes (45). (PI. 12. fig. 31.)

The test of this variety is generally larger than the type, less contracted

towards the aperture, and usually devoid of spines. The plasma and pseudo-

podia are normal. Length 60-90 yu, ; diameter 20-30 yu,; aperture 10-14 a.
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Distrihution. Lakehurst, N.J. ; Long Island, N.Y. ; Scotland (Orkney

Islands) (46) ; Ireland -(Mayo) (45).

Those found at Lakehurst measured from 70—90 /jb in length and are

broader than the British variety ; those found at Good Ground, Long Island,

were 60-70 /x in length and smaller than the British.

Var. ACicuLARis, var. nov.* (PI. 12. figs. 32 & 33.)

Test larger than in the type, the fundus rather more acute and furnished

with either one or two erect spines, which may be flexuous ; the spines when
solitary often coinciding with the longitudinal axis of the test

;
plasma and

pseudopodia normal.

Length 84-94 yu. ; diameter 23-24 yu, ; aperture 12-14//,; spines 23-42//,

in lenuth.

Habitat . Submerged sphagnum.

Distribution. Clare Island, Mayo ; Inishbofin, Galway : Ireland (45) *.

The spines of E. mucronata, Leidy, originate in scales at the extreme apex

of the test, which is prolonged into a sharp cone, whilst in the variety under

consideration the scales furnishing the spines are below the apical scales and

the flexure necessary in order to bring a spine coincident with the axis of the

test is a little distance above its base,

EUGLYPHA CRENULATA, Sp. UOV. (PI. 12. figS. 34-37.)

K alveolata par?, Leidy, pi. 35. figs. 2, 3, i, 15-18 (30).

Test large, not compressed, either elongate-oviform or with sides tapering

from the hemispherical fundus in nearly straight lines to the aperture.

Fundus furnished with 2-6 stout scale-spines arising at nearly equal distances

from the apex. Aperture circular and bordered by two rows of finely denti-

culated scales, 12-14 in each row. The body-scales scutiform, with crenulated

lower margins. Nucleus large, placed posteriorly
;
pseudopodia normal.

Length 115-140 /t ; diameter 67-77/1. Aperture 25-30 /t. Length of

spines 20-50 /i. Body-scales 10-12 /t long. Nucleus about 35 (x in

diameter.

Habitat. Submerged sphagnum, lakes, ponds, &c.

Distribution. New Jersey ! (Leidi/) ; Nev/ York State, Long Island
;

Pennsylvania (Leidy).

Distinguishing features. Is distinguished from U. scntigera and E. armata

by its crenulated scutiform body-scales and its greater size ; from E. aspera

by its smooth test and usually smaller size.

Remarhs. This species appears to be represented by Leidy, pi. 35. figs. 2,

3, 6, 15-18, but the lower margins of the scales are not shown even in fig. 18

;

the form represented by his fig. 3 is perhaps the most connnon, at any rate in

* The Eoy. Irish Acad. Keport Xo. 65 of the Clare Island Survey was in the press when
this variety was found and its description could not be included in that paper {op. cit. pp. 40

and 62, notes).
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some localities. These tests, when empty, are characterised by the peculiar

optical effect of the small circles formed by the imbrication of the scales at

their upper and lower edges ; in living individuals the outlines of the scales

are obscured from view by the plasma.

The form of the spines is subject to the same variation as in E. armata :

they may be either (a) short and truncate, (b) short and pointed, (c) long and

straight, or (d) long and flexuous ; they are sometimes incurved. Tests

destitute of spines are occasionally found.

Leidy, pi. 35. fig. 2, shows an individual 160 /j, in length (none were seen

by me over 140 /^), but it may represent a double-sized encystment test.

Var. MINOR, var. no v. (PI. 12. fig. 38.)

Test similar to type, but smaller and usually destitute of spines.

Length 80-110 /u- ; breadth 45-Gl /x ; aperture 16-20 /ll.

Habitat. Lakes and ponds.

Distribution. Split Rock Lake, N.J., and Long Island, N.Y.

Is usually glabrous, but when provided with spines only distinguished

from jE. armata by the shape of the body-scales.

The body-scales are somewhat different in shape from those of the type

;

they are shown in fig. 38. When incorporated in the tests of Nebela collaris

and N. eqidcalceus they are displayed with ])erfect distinctness, and can be

observed even better than when artifi-cially isolated. These scales are

generally 11-12 // in length, but the width varies according to the position

they occupy on the test, those centrally placed being the widest.

EUGLYPHA FILIFERA, Pen. (34).

U. ciliata pars, Leidy, pi- tj6. figs. 7, 11-14
;

pi. 37. fiji'. :?8.

The test of this species as found in Europe is oviform in shape, and the

.

spines are distributed at regular intervals in a single row ; the compression

of the test is slight, the ratio of the transverse axes not exceeding 4:5. Jn

the United States the following forms are found :

—

(a) Test similar to European type (Leidy, pi. 36. fig. 7).

(&) The spines are duplicated and arranged in a double row or rarely

irregularly (Leidy, pi. 36. figs. 11-13).

(c) The test is constricted near the aperture and is more compressed, the

ratio of the transverse axes being 2 : 3 (Leidy, pi. 36. fig. 14).

{d) The testis of typical form but sparsely covered with scattered s[)ines

—

var. spinosa, var. nov.

The forms (a) and (b) occur at Lakehnrst and at Good Ground, L.I.

Dimensions : Length 73-93 /jl ; breadth 30-42 fju : aperture 10-15 /a.

Transverse section from subcircular to a ratio of axes of 4:5. Spines

20-30 /jt, long.
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Form (a) is found at Good Grround, L.I. Dimensions : Length 48-58 /* ;

breadth 24-29 fi ; aperture 7-10 yu, ; thickness two-thirds of the breadth.

Spines 18—26 /u, long, arranged in a single row.

Var. SPINOSA, var. nov. (PI. 12. fig. 39.)

?^. ciliata var. stricjosa pars, Leidy, pi. 35. fig. ]9 (30).

Test like type, but furnished with spines sparsely scattered over the

surface of the test. Plasma and pseudopodia normal.

Length 60-90 /u- ; breadth 26-40 /a; aperture 10-15 /a ; thickness

0'8 to 0*9 [I. Spines 10-30 [m in length. Scales about 9*5 yu, by 4*5 fx.

Nucleus 12-14 yu, in diameter.

Habitat. Submerged sphagnum.

Distribution. New Jersey ; Alabama (Leidi/).

Like the type, this variety is distinguished from JE. alveolata and all other

species included in Div. I. of the Table of Euglypha by having articulated

spines ; the slight compression of the test distinguishes it from other spine-

bearing species included in Div. II.

E. MUCRONATA, Leidy (31, 1878).

Leidy, pi. 37. figs. 11-14 (30).

The individuals of this species recorded from Lakehurst (about half a

dozen) agreed with Leidy^s descriptions and illustrations ; none were observed

in a state of activity. The following additional details may be added to

Leidy's account of this species :—The aperture-scales are bluntly rounded,

each having three crenulations in relief, which form low rounded projections

beyond the edge ; the body-scales are oval, about 13 [x by 10 /i, becoming

narrower towards the extremities of the test ; the spines are continuations of

the terminal scale or scales, which are fitted together with great exactness
;

just within the apex there may be a chitinous diaphragm ; the spines are

flattened, measuring 2 //, by 1-25 yu, near the base, 12-23 /x in length.

Length 100-130 [x (Leidy, 108-140 ^l) ; diameter 37-43 //, (Leidy, 32-

44 yu,) ; aperture 15-20 yu- ; spines 12-23 yu, (Leidy, 20-44 yu,).

Distribution. New Jersey! {Leidy) ; Cape Horn (Certes).

E. STRIGOSA (Ehrenb.), Leidy.

E. ciliata var. strigosa pars, Leidy, pi. 35. fig. 20 (30).

In all the localities, as in Britain, this is the most numerous species ; it

did not exceed in size those found in Europe, namely 45-100 [x in length.

Owing to Leidy as a rule showing only one view of the tests which he

illustrates, fig. 20 is the only one of this species about which there is no

reasonable doubt. The characteristic features are a compressed test with a

circular aperture, generally bordered by thickened aperture-scales.
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Var. MUSCORUM, Wailes (45).

E. ciliata pars, Leidy, pi. 36. fig-. 18 (30).

This variety, recently described, is generally found in moss or dry

sphagnum. It may be spined, as shown by Leidy, pi. 36. fig. 18, or may be

o-labrous ; the width is greater in proportion to the length .than in the type,

and it is more compressed, but the aperture retains its circular shape ; the

body-scales are smaller.

DistTihulion. United States, Panama, Peru, Europe.

Genus Placocysta, Le'idij.

Placocysta spinosa {Carter), Leidy.

Leidy, pi. 38, figs. 1-16 (30).

Often numerous in sphagnum from New Jersey. Length 115-163 /i
;

breadth 80-120 /x ; aperture 50-80 /x ; spines 20-35 /tt in length, varying

from linear to lanceolate in form.

Var. SETIGERA, var. nov. (PI. 12. fig. 10.)

Test slightly smaller than the type, but otherwise similar; furnished with

numerous long acicular spines scattered near the edges and arising at the

imbrications of the scales. Plasma and pseudopodia normal.

Length 125-135 //- ; breadth 75-85 fx ; aperture 55-65 /u- ; spines 25-15 jj,

in length.

Habitat. Sphagnum.

The disposition of the spines varies : they may be confined to the borders

of the test, or be spread over its surface uutil only the central portions

nre glabrous ; none were found having tlie whole of the t^st covered with

spines as in P. j«yY(A'sica. Although larger tlum the smallest individuals of

P. spinosa, the average size was decidedly less than that of the type.

Genus Assulina, Elirenberg.

ASSULINA SEMINULUM, Leidy.

Leidy, pi. 37. figs. 18-25 (30).

Not plentiful. Length 80-85 /i.-

A. MUSCORUM, Greeff.

A. minor, Penard (36).

A, seminulum pars, Leid}', pi. 37. figs. 15-17, 26 (30).

Numerous and generally distributed. Length 10-50 //,.

Leidy includes this species with the former, but the difference in size is

usuallv sufficient to distinguish them.
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Oeniis Cyphoderia, Schlumberger.

Cyphoderia ampulla {Elwenh.), Schlumh.^

C. margaritacea, Schlumb.

Leidy, pi. 34. figs. 1-16 (30),

Small and rather scarce, found only in the lakes and larger ponds ; it is

found in the New York City water-supply.

Length 95-110 //,. Leidy gives the length as 110-200 yu, ; in the British

Isles the limits are 61-190 yu, (45).

Distribution. North America. British Columbia (39), Colorado (35),

Florida (30), Iowa (21), New Jersey (30), Michigan (41), New York (20),

Nova Scotia (30), Pennsylvania (30), Rhode Island (30), Wyoming (30).

C, TROCHUS var. amphoralis, Wailes (45).

Of similar form to the preceding, but the test is composed of imbricated

plates instead of non-imbricated discs. Found in the same localities as the

preceding ; also in Long Island.

Length 110-120 /*. Limits in Britain, 87-153 /i (45).

A description and classification of this genus will be found in the Proc.

Hoyal Irish Academy, 1911 (45), from which it will be seen that, in the

absence of definite information as to the structure of the test {i. e, whether
imbricated or not), drawings of individuals cannot be identified.

In the absence of this information some of Leidy's illustrations may
represent C. troclms or one of its varieties ; but taking for o-ranted that

all the tests are of the type shown in pi. 34. fig. 16 (30)—that is are

composed of round discs with a superficial hexagonal appearance—then

figs, 5-8 represent C. ampulla var, papillata, Wailes (45), a variety which
has been found in the Western States by Edmondson (private letter).

C. ampulla var. major. Pen,, is also probably represented among Leidv's

illustrations, but cannot be identified without details of the structure of the

test (45).

Genus Campascus, Leidy.

Campascus minutus, Penard.

Occurs in the New York water-supply drawn from the Croton Lake
Reservoir, which is situated about 30 miles north of the city.

This species has not been recorded previously from America, Length
64 yu, ; diameter 30 /i ; aperture 10 jx.

Distribution. Switzerland [Penard) ; Loch Ness [Penard) and Hebrides,
Scotland.

linn, JOURN, zoology, vol. XXXII, 13
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Genus Trinema, Dujardm.

Trinema complanatum, Fen.

T. enehehjs pars, Leidy, pi. 39. figs. 41, 47, 48, 61, 62, 63, 67, 68 (30).

Not uncommon, but generally of small size. Length 25-55 fju,

T. enchelys, Leidy.

Leidy, pi. 39, pars (30).

Not numerous, and in some localities rare. Usually 40-70 fx in length,

but a few individuals exceeded 100 /x. (up to 105 yu,). On pi. 39 Leidy

depicts three species of Trinema and Corythion duhkim, q. v.

T. lineare, Penard.

T. enchelys pars, Leidy, pi. 39. figs. 38, 43, 55-59, 65 (30).

Generally numerous. Length 20-32 fi.

Genus Corythion, Taranek.

C/ORYTHION DUBIUM, Tardnek.

T. enchelys pars, Leidy, pi. 39. figs. 12, 13 (30).

Generally distributed, but not very numerous.

Genus Sphenoderia, SMitmli.

Sphenoderia dentata, Penard.

S. lenta pars, Leidy, pi. 34. fig. 40 (30).

Numerous and above the average size. Length 50-GO /j, ; diameter

25-30 fi.

S. LENTA, ScJdumh.

Leidy, pi. 34. figs. 25-39, 41 (30).

Generally distributed, and in some localities numerous. Length 29-64 /x ;

breadth 17-50 /j, ; aperture 7-24 fx.

S. MACROLEPIS, Leidy (30).

Rare, but widely distributed in sphagnum.

Length 30-32 /x.

DisUihution. Malaga (Leidy) ; Lakehurst, N.J. ; Long Lsland, N.Y.
;

British Isles (3; (45)

.

S. fissirostris, Pen., was not found and has not yet been recorded from

America. Two of Leidy's illustrations (30. pi. 34. figs. 37, 38) may refer

to this species, but seem rather to represent abnormal forms of S. lenta.
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Genus Amphitrema, Archer.

Three species belonging to this genus are recorded from Lakehurst, N.J.

None are numerous and all are of medium size. They have not been

recorded previously from America.

Amthitrema flavum (Archei'), Penard.

Ditremaflavum, Archer.

Length .50-77 yu, ; breadth 37-42 yu, ; thickness 15-20 /x.

A. STBNOSTOMA, Nilsslin.

Length 80 /x; breadth 60 ^ ; thickness 35 yu,.

A. Wrightianum, Archer.

Length 50-63 yu. ; breadth 30-56 yu,; thickness 15-30 ^.

HELIOZOA.

The four species recorded are not uncommon and are generally

distributed.
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Supplemental Notes on Freshwater Rhizopoda

FROBi THE Seychelles.

In January 1912 I received from Sergt. Godley, Overseer of Crown
Lands, a gathering of moss and some sediment from a pool, collected in

Mahe at the beginning of December 1911. Mahe is of granite formation,

and contains few pools or lakes in which aquatic vegetation flourishes. The

following list consists principally of moss-inhabiting species ; considering

the restricted habitat the list is a fairly long one. Forty species and three

varieties are here recorded^ of which two varieties are now described for the

first time, namely :

—

Nehela gracilis var. stomata.

Nehela lagenifor'mis var. minor.

Two recently described species, Nehela snitellata and N. tropica, occur

fairly numerously, and, curiously, in both species circular discs are mingled

with the square plates which usually form the sole constituents of the tests.

The presence of these discs confirms the propriety of placing these two

species among the Nebelce.

Few of the species occurred numerously, and most of the individuals were

below the average size.

Class SARCODINA.

Sub-Class RHIZOPODA.

Order AMCEBINA.

Family LoBOS A.

Genus Am(EBA. -
-

Amceba VERRUCOSA, Lhreuherg.

Syn. A. terricola, Greeff.

Owing to the exceptional powers of this species in resisting desiccation it

was possible to identify one or two individuals.

Order CONCHULIXA.

Family Arcellida.

Genus Arcella.

Arcella arenaria, Greeff.

Rare. Diameter 80-90 yu-.
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Genus AWERINZEWIA.

AwERiNZEWiA CYCLOSTOMA i^PenarcT), ScJiouteden.

Syu. Heleopera cydostoma, Peuard.

Not common. It is very similar in size and appearance to Heleopera

petricola var. ametht/dea, Pen., but the aperture, instead of being linear and

wide, is small and oval, and is surrounded by a more or less thickened internal

border, the thickening taking place gradually on the inside of the test.

The test is noticeable for the opaque whitish plates scattered on a bright

amethystine groundwork. The usual size is about 150 /i in length; those

found here were rather small, measuring about 130 /u, in length.

Genus Centropyxis.

Centropyxis ACULEATA, Stein.

Of this usually numerous species only one individual was observed.

C. ARCELLOIDES, Fencird.

Several seen, about 70 /a in diameter.

C. LAEVIGATA, Feuard.

Not common. Diameter 80-120 /ju.

Genus Difflugia.

DUTLUGIA ARCULA^ Leidij.

Syn. Triyonopyxis arcula (Leidy), I'enard, q. v.

D. GONSTRICTA, Le'uhj.

Numerous. Length 50-90//..

D. OBLONGA, Ehrenb.

Syn. D. pyriformis, Perty.

Rare. Length 80-100 ^L.

D. PRISTIS, Penard.

Rare. Length 65 /i.

Genus Heleopera.

Heleopera sordida, Penard. (Rev. Suisse Zool. 1910.)

Below the average size, often with but few adherent particles on the crown

of the test. Length 45-55 yu,.
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Heleopera sylvatica, Penard.

Rare. Length TOyit.
'

Genus Hyalosphenia.

Hyalosphenia elegans, Leidy.

Several seen. Length 80-85 [i.

H. SUBFLAVA, Casli.

Many were abnormally short and broad. Length 45-G5/U-; breadth 30-

45^.

Genus Lesquerusia.

Lesquerusia modesta, RhnnUer.

This is a pond form. Several seen, all about 80 /x in length ; &2 /x in

breadth ; aperture 21/* in diameter.

Genus Nebela.

Nebela collaris, Leidy.

Not common and below the usual size. Length 95-110 /x.

N. gracilis, Penard. (Rev. Suisse Zool. 1910.)

Var. STOMATA, var. nov. (PL 12. figs. 41 & 42.)

This variety differs from the type in the possession of two evaginated

pores, one on either side of the neck. Similar protuberances occur on other

Nehelce, i. e. N. tuherosa and N. americana. Individuals also occur here of a

more slender form than shown in figs. 41 & 42, with a long, slender neck
;

they are below the average size, measuring about 90 /u, in length.

Length 90-130 fi ; breadth about half the length or less ; thickness two-

thirds of the breadth ; aperture oval, about 20 /t by 13yLt, slightly notched in

narrow view.

Pistrihution. Peru (1. 107-130 yit) ; Long Island, U.S.A. (1. 100-116 /i).

N. LAGENiFORMis, Penard.

Rare but quite typical. Length 120-130
fj,.

Var. MINOR, var. nov.

A small form, which differs from the type in size only, is not unconmion
;

the individuals observed varied from 85-100 /x in length.
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This \ariety is widely distributed, and is referred to in the report on the

Khizopoda of Clare Island *.

The torulose neck and nsimlly larger size distinguish it from N. tuhulata,

Brown.

Length 77-100 /ju.

Dutrilmtion. England *
; Ireland *

;
Peru ;

Australia (Penard) t ;

Colorado, U.S.A.

Nebela militaris, Penard.

Not uncommon. Length 68-80//,.

N. scutellata, Wailes. (PI. 12. fig. 43.)

This species, first described in the present Journal, occurs here nume-

rously but of rather small size ; the tests, as also those of N. tropica, are

remarkable for the presence of small circular discs, which are mingled with

the rectangular plates, usually the sole constituents of the test ; the discs vary

in number from none to sixty or more in a single test, few tests having less

than a dozen of them ; the square plates measured from 6-7 /x in width
;

occasionally a few diatom frustules are also present. Several living indi-

viduals wore seen, but none were active ; the plasma was of the normal type

and crowded with food-particles ; the nucleus is small, about 7 yu, in diameter,

and contains several ill-defined nucleoles. No tests were found in which

small covering-plates are present, such as occur in the United States.

Length 105-120 /a; one abnormal individual measured, length 174 /i:

breadth 120 /i ; aperture 35/a.

Distrihulion. United States.

N. TINCTA (Leidy), Aicerinzew.

Rare. Length 100 /a.

N. TROPICA, Wailes. ( Vide p. 140.) (PI. 12. fig. 44.)

Not uncommon : as in the case of A", scutella the tests were remarkable for

having numerous circular discs mingled with the quadrangular scales
;
in

other respects they were quite typical. It is worthy of note that these two

recently described species, which in other localities are characterised by the

rectangular scales which form the tests, should in this locality occur in associ-

ation, and both have circular discs mingled with the square scales.

Length 70-75 /j,.

Distribution. Borneo ; Peru.

* Wailes & Penard in Proc. Roy. Irish Acad, vol, xxxi. (1911). Clare Island Survey,

pt. 65, pp. 48, 50, pi. 5. fig. 28 fl, b (1911).

t Brit. Antarctic Exped., Biol. vol. i. pt. 6 (1911).
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Nebela tubulata, Broivn. (Journ. Linn. Soc, Zool. xxxii. (1911), p. 79.)

Several were seen. Length about 60 yu,.

N. TUBULOSA, Penard.

Not uncommon. Length 175 /a.

Genus Phryganella.

Phryganella hemispherica, Penard.

Numerous, but no living individuals were observed. Diameter 30—60//-,

Genus Plagiopyxis.

Plagtopyxis labiata, Penard. (Brit. Antarctic Exped., Biol. vol. i. pt. 6

(1911).)

Several were seen. Certain forms o£ Di§iugia constrida approach this

species very closely in the form of the test ; a study of active individuals is

desirable for ascertaining the exact relationships of this species. Diameter

55-80 /A.

Genus Quadrula.

Quadrula symmetrica, F. E. Schidze. (PI. 12. fig. 45.)

All the observed tests were of an elongated type ; the larger scales varied

from 8-10 fx, in breadth. Length 84-90 /j,.

Genus Trigonopyxis.

Trigonopyxis arcula (Leidi/), Penard.

Syn. Difflugia arcula, Leidy, Rhiz. North Amer. 1879.

Trigoiiopyxis arcula, Penard, Revue Suisse Zool. 1912.

Occurs numerously. This Ehizopod, which occupied an anomalous position

among the Diffliigice, has been placed by Penard in a new genus. Diameter

80-135 /i ; aperture regularly trilobed.

Family E u g l y p h i n a.

Genus Assulina.

Assulina muscorum, Greeff.

Numerous. Length 40-45
fju.

Genus Euglypha.

Euglypha alveolata, Dujardin.

Rare. Length about 60 /x.

LINN. JOURN. ZOOLOGY, VOL. XXXII. 14
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IItjglypra CILIATA, ]^hre7iberc[. ,

Not rare. Length 60-70 yti.
. . ,

E. COMPRESS A, Carter.

A few seen. Length about 70 yu,.

E. CRISTATA, Leidy.

Not uncommon. Length 40-65 yu,.

E. FILIFERA, Penard.

Rare. Length 65 /a.

E. LiEViS, Perty.

Not uncommon. Length 22-40/1,.

E. ROTUNDA, Waihs. (Proc. Roy. Irish Acad. vol. xxxi. pt. 75 (1911).)

Only one seen ; length 55 /x.

E. STRiGOSA, Le'idy.

Common. Length GO-70 yu..

Var. MUSCORUM, Wailes.

Of average size : length 70 yu, ; breadth 50 yu, ; aperture 22 yu-.

Genus Sphenoderia.

Sphenoderia dentata, Penard.

Not common. Length 48-50 yu,.

Genus Trinema.

Trinema complanatum, Penard.

Not common. Length about 40 ^t.

T. enchelys, Leidy.

Rare. Length 35-70 yu,.

T. lineare, Penard.

Numerous but usually small : length 18-23 yu. A few abnormal indi-

viduals were observed, possessing long and narrow tests with large apertures ;

length 35-45 y ; breadth 12-14 y ; aperture 6-7 y.
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EXPLANATION OF PLATE 12.

161

Fig. 1. Arcella artocbea, Leidy. Section of a test through the pores around the

aperture, showing nodules projecting internally; X 2000. Lakehurst.

•2, 3. DiFFLUGiA BACiLLiARUM var. ELEGANS (Pen.), Cash ; X 300. 2, Broad, and

3, narrow, side \iews of test. Lakehurst.

4, 5. DiFFLUGiA Leidyi, sp. uov. ; X 320. 4, Side view ; 5, oral view. Lake-

hurst.

6, 7. Nebela collaris var. retorta, Leidy. 6, Test, x 310 ; 7, aperture, X 740.

Penney's Pond, Good Ground, Long Island.

8,9. Nebela cratera, sp. nov. 8, Test, X 300; 9, aperture, X 800. Lake-

hvirst.

10. Nebela dentistoma var. lacxjstris, var. nov. ; X 260. Lakehurst.

11, 12. Nebela scutellata, sp. nov. 11, Broad view of test, x 320 ; 12, portion of

test, X 1000. Lakehurst.

13, 14. Nebela tropica, sp. nov. ; X 450. 13, Broad, 14, narrow, side views of

test. Borneo.

15-17. Nebela vitr^a, Penard. 15, Broad side view of test, X 320 ; 16, 17,

portions of test, X 1000, Lakehurst.

18,19. QuADRULA symmetrica (WalHch), F. E. Schulze ; X 450. 18, Broad,

19, narrow, side views of test. New Jersey.

20. Do. do. var. irregularis. Pen. ; X 450. Good Ground, Long Island.

21. Do. do. var. CURVATA, var. nov. ; X 460. Penney's Pond, Good Ground,

Long Island.

22,23. Heleopera nodosa, sp. nov.; X 320. 22, Broad, and 23, narrow, side

views. Lakehurst.

24. Do. do. X 250. Broad side view of test. Lakehurst.

25-27. EuGLYPHA alveolata var. cirrata, var. nov. 25, Two individuals in

conjunclion; 26, 27, apices, showing varieties of spines, X 400. Split

Rock Lake, New Jersey.

28. EuGLYPHA brachiata, Leidy ; X 400. Lakehurst.

29. Do. do. var. librata, var. nov. ; X 400. Lakehurst.

30. Do. do. a, a'. Spine as seen from side and end views of a test; h. End

view of a spine from Vancouver, British Columbia (after Penard, 39)

;

c, c'. Intermediate form of spine.

Do. do. var. librata. d, d'. Two views of a spine. Lakehurst. All

X 500.

31. EuGLYPHA cristata var. MAJOR, Wailes ; x400. Lakehurst.

32, 33. Do. do. var. acicularis, var. nov. Apices and varieties of spines

;

X 700. Inishhofin, Ireland.

34-37. EuGLYPHA CRENULATA, sp. uov. 34, Active individual, X 400 ; 35, body-

scale ; 36, aperture-scale ; 37, spine-scale. 0)), Augusta, Georgia.

38. Do. do. var. minor, var. nov. Body-scale ; X 1000.

39. EuGLYPHA FiLiFERA var. SPINOSA, var. nov. ; X 320. Broad view of active

individual. Lakehurst.

40. Placocvsta SPINOSA var. setigeba, var. nov. ; X 320.

41. 42. Nebela gracilis var. stomata, var. nov. 41, Broad, and 42, narrow, views

of test. Seychelles.

43. Nebela scutellata, sp. nov. ; X 520. Seychelles.

44. Nebela TROPICA, sp. nov. ; X 520. Seychelles.

45. QuADHULA symmetrica (Wallich), F. E. Schulze ; x 520. Seychelles.
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ON FUNICULINA QUADRANGULAEIS AND DIAZONA YIOLACEA. 163

Spolia R.UNIANA.—I. FunicuUna quadrangidaris (Pallas) and tlie Hebridean

Diazona violacea, Savigny. By AV. A. Herdman, F.R.S., F.L.S., Pro-

fessor of Zoology in the University of Liverpool.

(Plates 13 & 14 and 2 Text-figures.)

[Read 5tli December, 1912.]

The main part of our scientific work on board the yacht ' Puna ' is plank-

tonic and consists of surface and mid-water horizontal and also of vertical

hauls from the deep fjords on the west coast of fecotland. The results of

these plankton gatherings are reported on in detail elsewhere *.

The fish-trawl and the naturalist's dredge, are, however, also used from

the yacht as often as can be managed, and I should like occasionally to make
known to the Linnean Society any " Spolia Puniana ''' of special interest or

novelty that may be brought up from the sea-bottom during our cruises.

In the past summer we spent about a month (August 1912) cruising on

the west of Scotland, both amongst the inner islands (Mull, Skye, &c.) and
also along the chain of the Outer Hebrides from Barra Head to Stornoway,

dredging and townetting almost daily. Two of the more interesting animals

obtained—the only ones I shall refer to in this communication—were the

giant sea-pen Funiadina quadrangidaris (Pallas) and the Compound Ascidian

Diazona violacea, Savigny, first described from the Hebrides by Forbes and

Goodsir under the name " Syntethys hebridicus/' in 1851.

f

(1) FUNICULINA QUADRANGULARIS {Pallas).

The late Professor A. Milnes Marshall and his father, Mr. W. P. Marshall,

in their little book entitled ' Report on the Oban Pennatulida ' (Birmingham,

1882), gave a detailed account of this " rare and interesting species,'"" and of

the circumstances under which it was dredged, in 1881, by members of the-

Birmingham Natural History Society at two localities in the Firth of Lorn,

between Oban and the island of Lismore. It is rather surprising to read

that on that occasion only four living specimens and three of the calcareous

skeletons were obtained, and that the largest was only 39 inches in length,

since we on the 'Puna' this summer brought up a score or more of larger

specimens in every haul of the dredge, at that spot, along with very many
smaller ones which were thrown back into the sea. Our largest specimen is.

* Lancashire Sea-Fislieries Laboratory Annual Report for 1912.

t See Addendum, p. 171, with, lists of Amphipods and Echinoderms.

LINN. JOURN. ZOOLOGY, VOL. XXXII. 15



164 PROF. W. A. HERDMAX ON FUXICULINA QUADRANGULAKIS

now, in its preserved state, 62 inches in length, several others are about

5 feet, aud ^ve obtained a good many (at least 20) of -i feet or a little over.

The Marshalls describe the upper part o£ the

colony as being "of an ivory-white colour," but

note that both Forbes and Wyville Thomson had

recorded it as being " rose-coloured.''^ Our speci-

mens when alive were certainly of a pale trans-

lucent rosy tint, and a few colonies that I

preserved in a 10 per cent, solution of formol

in sea-water have still (after four months) the

same beautiful colour and life-like appearance,

while those put into alcohol have become opaque

and vary from a creamy-white to yellowish-brown.

Fig. 1 shows a group of these preserved specimens.

The first British specimens were apparently

dredged in 1844, at this same locality, by

Mr. R. McAndrew from his yacht, and were

described by Prof. Edward Forbes in the ' Annals

and Magazine of Natural History ' (vol. xiv.).

Sir Wyvillo Thomson, in ' The Depths of the Sea,'

records having dredged " Pavonari?e '^
{= Funi-

cidinci) from 100 fathoms in Raasay Sound, and

refers to their " pale lilac phosphorescence." He
remarks further that from the number of speci-

mens brought up at one haul " we had evidently

passed over a forest of them "
; and that is

exactly the impression that was produced upon

myself and upon my friend Mr. A. 0. Walker,

F.L.S., who was with me when we brought up

such quantities of living colonies in the Firth of

Lorn last August. It is probable that in our

bauls from the ' Runa ' we dredged through the

thickest of the plantation, while the Birmingham

naturalists in 1881 may possibly only have skirted

along its edge. I may add that in our hauls

most of the larger specimens were not actually

in the trawl-net (which contained quantities of

fine mud) , but were balanced across the front of

the frame (a 6-foot Agassiz trawl), and especially

in a large bunch at each end, in such a pre-

carious position that I had to go off in a punt

and pick them out by hand before allowing the net to be raised above the

Funiculina quadrangnlaris

(Pallas), from a plioto-

graph.
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surface—and one wondered how many still finer specimens had dropped off

in coming up through the water.

I can agree with the Marshalls' remark :
'' Not only is the geographical

•distribution of Funicidina a very limited one, but wherever it does occur it

seems to be confined to a very small spot, in which it occurs fairlj- abun-

dantly "—although I do not doubt that other localities will yet be discovered

on the west coast of Scotland containing virgin forests of this largest and

^stateliest of the British Coelenterata.

(2) DiAZONA VIOLACEA, Savigny.

This well-known Mediterranean Tunicate was described and figured by
Savigny in 1816, and the genus Diazona was placed by him in the " Tethyes

•composees," immediately after Clavelina : both in description and figure

the colour is given as a beautiful violet. Other notable characters in the

original description are : the branchial and atrial apertures both 6-raved,

the internal longitudinal bars of the branchial sac provided with papilla?, and
the meshes of the branchial sac containing each four stigmata. As we shall

see, the latter two characters require some qualification. The first British

specimen was found over sixty years ago by Edward Forbes and John Goodsir,

in 30 fathoms of water, off" the Croulin Islands, near Skye, and was described

by them as a new genus and species under the name SijntefJiys liehridicus in

the ' Transactions of the lioyal Society of Edinburgh ' for 1851 (vol. xx.

p. 307). In this paper, Forbes and Goodsir tell how they were at the time

on a yachting cruise " with our indefatigable friend Mr. McAndrew *

.among the Hebrides, in the month of August, 1850 ""
; and in describino- their

discoveries they go on to say—" the most remarkable of them is the laro-est

of Compound Ascidians yet discovered in the Atlantic. Its nearest described

ally is the genus Diazona of Savigny, between which animal and Clavelina

it constitutes a link ; one of considerable zoological importance "—and more
to the same effect, showing that Forbes and Goodsir had compared " Syn-

tetliys"" with Diazona and regarded it as generically distinct. They point

out that their "rem-arkable animal'' is of an apple-green hue, that the

branchial and atrial apertures are not lobed (although the atrial has six white

•ocelli), that the ascidiozooids have a sessile abdomen and are marked by lines

of white pigment, that the branchial sac has 13 rows of stigmata, hooked

fleshy tubercles at the angles of the meshes, and only one of the stigmata

in each mesh. Forbes and Goodsir give a coloured figure of their colony,

from which my fig. 2, on PI. 13, is copied, to give some idea of the dis-

tinctly green colour of the living animal. It is, however, in this figure,

* Mr. Robert McAndrew was a Liverpool merchant who owned tlie yacht 'Naiad/

a

.70-ton yawl, which he made good scientific use of on dredging expeditions, chiefly in the

interests of conchology.

15*
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not sufficiently delicate in its shades and is not sufficiently gelatinous and

translucent in appearance.

Alder *, in 1863, described a specimen from the Channel Islands which

seemed to bridge the gap between Diazona and Syntethys so effectually that

he placed Forbes and Goodsir^s species under Savigny^s genus as Diazona

Jiehidica, and he showed, moreover, that the living apple-green colour of his-

Guernsey specimen changed to violet on preservation in alcohol. The-

apertures of his specimen were obscurely 6-lobed, and consequently many

subsequent writers have considered all these specimens to be the same

species of Diazona, and the name " Jiehridica " has dropped out of use. The

animal has since been found repeatedly in the Mediterranean (at Naples and

elsewhere), off the coasts of Brittany, and near Plymouth. Garstang f, in

1891, pointed out some differences in detail between specimens from Plymouth

and the description given by Forbes and Goodsir, and suggested the possible

specific distinctness of the Hebridean form (D. hehridica) from all the rest

(D. violacea). He concludes with the remark :
" the whole matter is so beset

with doubts that it is greatly to be desired that specimens should be obtained

again from the Hebrides, and their anatomy re-described." Following upon

this I published % a brief note upon a Hebridean Diazona dredged off the

north coast of Mull by the late Duke of Argyll, and sent to me for identifi-

cation through Sir John Murray. I showed in this paper that all the supposed

points of difference between the Mediterranean Diazona and the Hebridean

Syntethys can be bridged over by examining in detail a sufficient number of

uscidiozooids. Neither in the lobing of the apertures nor in the minute

anatomy of the branchial sac can any constant character be found which will

enable us to divide the specimens I have examined into two sets, " hehridica
''

and " violacea." The question of colour I shall return to below.

In recent systematic works on the Tunicata, such as Bronn^s ' Thier-reich
'''

(1909), and 'The British Tunicata,' by Alder and Hancock (Ray Society,.

1912), Syntethys hehridicus has been accepted as a synonym of Diazona

violacea, but probably without any further examination of Hebrideaui

specimens.

Now we turn to the new material. While dredging from the ' Runa
'"

this summer, specimens of Diazona closely resembling Forbes and Goodsir's

Syntethys were found, as follows :

—

(1) August 7th, a few miles south of Barra Head, in the Atlantic,,

60 fathoms, one large colony measuring 9^ x 7i x 5 inches, and of a.

beautiful translucent pale green colour.

* Ann. & Mag. Nat. Hist. (3) xi. p. 169,

t Journ. Mar. Biol. Assoc, for May 1891, p. 47.

X Ann. & Mag. Nat. Hist, for Aug. 1891, p. 16o.
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(2) August 12th, on East Sliiant Bank, in the Minch, north-east of Skye,

27 fathoms ; some smaller pieces, also pale green.

Fig. 1 on PI. 13 is reproduced (half-size) from a water-colour sketch of the

largest ' Eima ' colony when alive, made by my wife on the yacht, and I

give, for comparison, in fig. 2 a copy of the original illustration in Forbes

iind Goodsir's paper—both figures showing the green colour of life.

One of the smaller pieces obtained this summer was preserved in formalin,

iind it is still of the same pale transparent green hue as when alive. Another

fragment was preserved in alcohol, and it has become of a pale purple or

mauve tint, such as is shown in the little rectangle labelled A on PL 13.

The largest colony was placed in a tank of methylated spirit and shut up

until the end of the cruise. On opening the tank a month later it was found

that the spirit was stained a rich green and the Tunicate colony was now of

a well-marked violet colour (like the little rectangle B on PL 13), recalling

vividly the appearance of Diazona violacea from the Mediterranean.

There can be no doubt then (as I find Mr. J. Hopkinson adds in a

footnote to the Supplement of Alder and Hancock's ' British Tunicata,' vol. iii.

p. 100, Pay Society, 1912) that Sijnlethys hebridints, Forb. & Goods., is merely

a synonym of Diazona violacea, _^a,Y. The only doubt that remained was as to

whether the green Hebridean form could be separated as another species of

the same genus, but an examination of the detailed structure of the ascidio-

zooid in colonies from both the Mediterranean and the Hebrides has satisfied

me that there are no grounds for such a separation. I have now before me
the following material in alcohol :

—

Colony from Naples, 1890, colour mauve

;

Colony from Naples, 1912, colour dull greyish green
;

Colony from Plymouth (large ascidiozooids), colour mauve
;

Ditto (basal part, with small ascidiozooids), colour greyish green
;

Colony from Mull, 1885, colour mauve
;

Colony from Hebrides (' Runa'), 1912, colour violet
;

and although these specimens differ considerably in colour and appearance^

they all agree in structure. The branchial and atrial apertures are, I believe,

always G-lobed^ although in contracted or badly preserved specimens it may
be difficult to demonstrate the lobes. 1 give (PL 14. figs. 1 & 2) drawings

of 6-lobed apertures in both test and mantle from my Hebridean specimen.

Then in regard to the structure of the branchial sac every specimen shows

n wide range of variation in the number of stigmata in a mesh and in the

exact condition of the internal lono-itudinal bars, as I shall show in detail below.

It is stated in the second volume of ' The British Tunicata ' by Alder and

Hancock, edited by Hopkinson (Bay Society, 1906), that Diazona has " the

intersections of the meshes papillated "
(p. 159) ; and in D. liehridica stout

papillse are both figured and described (p. 1G2) and are stated to be a



168 PROF, W. A. HEEDMAX ON FUNICULINA QUADRANGULARIS

character that may enable the Hebridean to be separated from Savigny's

species with " slender, pointed '^ papillae. But, as a matter of fact, neither

the southern nor the northern form has any papillae at all in the branchial

sac, as was explained * in my paper in 1891. As I stated then, the " hooked

fleshy tubercles" (= papill?e) of Forbes and Goodsir's description can bo

quite satisfactorily accounted for by the corrugation of the internal longi-

tudinal bars, the thick prominent connecting ducts which seem to project on

each side where they join the bars, and the imperfect condition of the bars

in some parts of the sac. When a branchial sac is first opened, in the case

of most ascidiozooids, and is examined in water under a low power of the

microscope, the appearance of large papillae at the angles of the meshes is so

distinct that it is difficult to realise, until the specimen has been stained^

mounted._, and examined in detail with a high power, that only connecting-

ducts and more or less irregular bars are present. There is no difficulty in

understanding how it is that some previous investigators have fallen into

the error of supposing that they saw large papillae. Figs. 4 to 16 on

PI. 14 illustrate these remarks. Figs. 5, 6, & 16 show corrugated

internal bars forming projections, but without any true papillae ; figs. 4, 12,

13, & 14 show connecting ducts which have not grown together to form

bars, and so give a deceptive appearance of being large pa])illac.

In regard to the supposed difference between the two forms in the number
of stigmata in a mesh, the range of variation is great (see figs. 10 to 15) and

is much the same in all the specimens I have examined, as is shown by the

following note :

—

Naples (1912) specimen has 2-3 stigmata m a mesh.

Mull (1885) „ 1-4

'Runa' (1912) „ 1-3

Plymouth „ 1-3 „

Probably some parts of each of the branchial sacs could be found showing

the four stigmata in a mesh described by Savigny, and certainly many parts

show the single stigmata referred to by Forbes and Goodsir. The stigmata

are found to differ also very greatly in size and shape in different parts of

the same sac (fig. 9).

The distinctions depending upon lines of white pigmentation on the

ascidiozooids referred to by Forbes and Goodsir, Giard, Lahille, and others

are so slight and so unreliable that in the absence of any real structural

differences they need not be considered. Lahille regards them as at most

serving to separate the type and two varieties which he proposes to call :

—

(Type) D. violacea, Sav.—(Mediterranean.)

(Variety 1) 1). hehridica-violacea, Forb.— (Hebridean seas.)

(\'^ariety 2) D. intacta-violacea, Lab.—(Banyuls.)

* And was also shown by Laliille in the case of the Mediterranean form (Eecher. sur

les Tuniciers, Toulouse, 1890).
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Aceorclmg- to this nomenclature our ' Buna ' specimens would fall into

the first variety, the name of which I would prefer to write as D'lazona

violacea, Savigny, variety Jiehridica, Forb. & Goods.

Turning now to the colour of the colony as a whole^ and to the change of

colour that has been described, we find that the curious point about the

colour of this animal is that, whereas British specimens are green when alive

and become violet when preserved in spirit, Mediterranean specimens are

apparently sometimes violet and sometimes green, and the latter do not

always change their colour when treated with alcohol. Professor E,. Dohrn,

Director of the Zoological Station at Naples, has kindly sent me a pale green

Diazona violacea preserved in alcohol, and he informs me that both green

and violet-coloured specimens have been obtained from time to time in the

neighbourhood of Naples. He states that it has not been noticed in their

preservation department at the Zoological Station that any change of colour

takes place on adding alcohol ; but he adds in his letter that he remembers,

to have noticed that the green Diazona becomes of a bluish colour when

injured *.

It is remarkable that my large violet-coloured ' Runa ' colony still con-

tinues after four months^ preservation to give out the green pigment, as

three successive changes of spirit have now been coloured by it. The violet

jDigment of the preserved specimen, however, seems to be insoluble, as

fragments so coloured have been kept in absolute alcohol, in chloroform, in

bisulphide of carbon, and in xylol for weeks without showing any change

in tint.

The brilliant green solution which this Hebridean specimen has given

with alcohol has been examined spectroscopically for me by Dr. Alfred Holt,

Reader in Physical Chemistry in the University of Liverpool, and he has

shown me that the pigment is not chlorophyll—as might have been supposed

at first—but has a characteristic absorption band in the orange intermediate

in position between the band given by sodium and that of chlorophyll. The

])osition of this band in Angstrom units is 6200; while chlorophyll gives a

band at G550, and bonelleine, described by Sorby in 1875 from the green

Gephyrean worm Bonellia viridis, has a corresponding band in the orange

at 6430. In chlorophyll there is much greater absorption at the blue end

of the spectrum, and in " syntethine," as observed, there is almost an

identical effect, while in bonelleine there is a well-marked band in the blue

and relatively less absorption in the indigo and violet.

The " Syntethys" pigment (we do not know yet whether it can be obtained

also from the Diazona that is violet wheii living) does not go purple with

acids, and therefore cannot be bonelleine. Acids or alkalies turn it some-

* F. Lahille states (1890) that specimens at Banyuls kept in aquaria degenerate; and that

their pale yellowish colour becomes bluish or yiolet.
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what yellowish, and the colour is not restored on neutralisation. No distinct

bands-are shown in acids or alkaline solutions. Possibly our substance and

bonelleine belong to the same natural group (what Sorby called a " genus ")

of pigments. Dr. Holt has kindly supplied me with a diagram (fig. 2)

Fig. 2.

Jooo iiooo Sooo /,(3oo

" Syntethine."

Chlorophyll.

Bonelleine.

showing the spectrum of: the new pigment—to which the name "syntethine
'^

may be appropriately applied—compared with those of bonelleine and of

chlorophyll.

The violet of the large ' Euna ' colony in its present condition is the

complementary colour to the green which has been dissolved out of it, so

that when the colony is submerged in the solution it ap[)oars to lose at once

its brilliant colour and become dull grey. The question then arises—was the

violet pigment present, masked by the green, when the animal was living ;

or has chemical action taken place, possibly due to dehydration by the

alcohol, which, while dissolving out the green, caused the precipitation of

another previously less conspicuous pigment in the present oi)aque violet form
;

or, are the green and the violet two forms of the same pigment partly dis-

solved out in the green form and partly precipitated as the insoluble violet ?

Histologically the violet colour is due to minute opaque granules closely

placed in the spherical pigment cells with which the test is found to be

crowded (see PI. 14. fig. 3). Similar opaque green pigment cells are visible

in abundance in the test of the 'Puna'' specimens which are preserved in

formalin (PI. 14. fig. 1).

It is evident that the little we know of this pigment does not yet throw

any light upon the curious colour changes in T^/arona, and fails as completely

as the structural characters to aff'ord any evidence of specific distinction

between the Mediterranean and the Hebridean forms. " Nimium ne crede

colori
'"' may be a sound aphorism for the systematist in some groups, but

still colour does mean something and may mean a great deal from the

physiological point of view.

The colony of Diazona is known to undergo remarkable degenerative and
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•regenerative changes in its li£e-liistory, involving, no doubt, profound

^alterations of the metabolism ; and it occurs to me as possible that, if green

is the normal colour when in full vitality, those Mediterranean specimens

which are described as violet when alive may be in the state preparatory to

regeneration when the abnormal life-processes may have caused a chemical

change in the pigment similar to that produced in the green Hebridean

forms when treated with alcohol.

EXPLANATION OF THE PLATES,

Plate 13.

Fig. 1. Colony of Diazona vwlacea, dredged in the Outer Hebrides, Aug. 1912 ;
about

one-half natural size. From a water-colour sketch of the living animal.

2. From Forbes and Good?ir's coloured figure of " Syntethys hebridkus;' publislied

in 1851 ; slight]}'- reduced.

A. To show the mauve colour of some preserved specimens.

B. To show the violet colour of the large -Euna ' specimen [fig. 1) after preservation

in alcohol.

Plate 14.

-Fig. 1. Branchial aperture in the test of a Hebridean (green) Diazuna, to show the 6 lobes
;

slightly enlarged.

2. Branchial aperture in the mantle of the same Hebridean Diazona, to show the

6 lobes ; slightly enlarged.

3. Part of the test of a violet Diazona, to show the conspicuous pigment cells and

the colourless test cells ; high power.

Figs. 4 to 8. From a Naples specimen, to show the variations in tlie character of the

branchial sac. Fig. 8 shows the epithelium on a bar opposite the junction with

a connecting duct.

9 & 10. From a Mull specimen (Duke of Argyll, 1885), showing variations in numbers

and sizes of stigmata.

11 to 13. From a Plymouth specimen, showing variations in the conditions of

the bars.

14 to 16. From a Hebridean (' Euna/ 1912) specimen, showing variations in the

characters of the branchial sac.

With the exception of fig. 8, which is a high-power view, figs. 4 to 16 are all

of the same magnification, about 40 diameters.

Addendum.

'On the Amphipoda, &c., collected from the 'Runa,' by Alfred 0. Walker,

F.L.S. ; and List of the Echinodermata collected from the ' Runa,'

by H. C. Chadwick, A.L.S.

At the meeting of the Society, on December 5th, when the preceding

,paper was read, Mr. A. 0. Walker made some remarks in regard to the

>Crustacea collected, and read a list of the Amphipoda and Isopoda which he
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had identified and which he afterwards sent to me for incorporation in this-

paper. It is as follows :

—

^Aristias nec/lectus, Hansen.

Perrierella Audoniniana (Sp. Bate).

Tryphosa Sarsii (Bonnier).

Am2)elisca temticornis, Lillj.

„ spimjjes, Boeck (young).

Haijloops tubicola, Tjillj.

Ainphilochus mamidens, Sp. Bate.

Leucotlio'e spinicarpa (Abildg.).

Cressa dubia, Sp. Bate.

Ste)wtho'e marina (Sp. Bate).

Coloniastix jMsilla, Grube.

*Panoplcea Eblance (Sp. Bate).

Neopleustes bicusjm (Kroyer).

^Sipnp)leustes latipes (M. Sars).

Epimeria cornUjera (Fabr.).

Melita obtusafa (Montagu).

Maera Othonis (M.-Edwards).

^Photis Iteinhardi, Kr.

Eurystheus maculatus (Johnston).

Leptoclieirus pectinatus (Norman).

[?= Z. pilosus^ Zadd.] f

Jassa pusilla (G. 0. Sars).

Erichtlionitis brasilie7isk (Dana).

Proto 2>edata (Mliller).

Astacilla longicornis (Sowerby).

Janira maculosa, Leach.

The four species marked with a star have not been found by us in the-

Irish Sea area.

This is probably the most northerly record of Colomast'uv pusilla, Grube.-

It was found on the ( 'Cylon Pearl Banks in 1902 (see Herdman's Report,

Royal Society, Part 11. p. 299).

Panojyloea Ehlana' (Sp. Bate) is a Mediterranean species. The most

northerly record hitherto is that of the type described by Spence Bate from

specimens taken from the branchial cavities of Rliizostoma from Dublin

Bay. It appears to be very rare in British seas, as it does not even occur in

the magnificent collection presented to the British Museum by Canon A. M.

Gorman, as I am informed by Dr. Caiman, who identified this species.

Mr. H. C. Chadwick, A.L.S., has identified the Echinodermata of the

cruise as follows :

—

Holotharia tremula, Gunner.

Phyllophorus Drummo7idi (Thumps.

Antedon Milleii (Wyv. Thom.).

„ phahmgiwn (J. Miill.).

„ bifida (Penn.).

Luidia ciliaris (PhiJ.).

,, Sarsi, Diib, & Kor.

Palmipes placenta (^Penn.).

Solaster pap)p)osus, Fabr.

„ endeca, Linn.

Asterias Murrayi, Bell.

Asterias Muelhri (Sars).

,, nd^ens, Linn.

Porania pulvillus (O. F. Miill.}.

Ophiuva ciliaris (Linn.).

„ albidu, Furb.

Amphiuva CJiiajii, Forb.

OpJiiopholis aculeata (Linn.).

Asteronyx Love^ii, M. & T.

Spatanyus pwpureus, O. F. Miill,

BrisKojJsis lyrifera, Forb.

Echinus esculentus (Linn.).

The Hebridean specimens of Echinus esculentvs, compared with those

commonly found at the Isle of Man, are uniformly higher and more

pentagonal in shape, and have the primary tubercles on both ambulacral and

interambulacral plates smaller in size and number, and the secondary

tubercles much more feebly developed. The arrangement of the pores on-

the ambulacral plates is also slightly different in the tAvo cases.

+ These two are considered distinct by Mrs. Sexton (Proc. Zool. Soc. Lond. 1911, p. 561)
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Revision o£ the Liniiean Types o£ PalEearctic Rhopalocera. By Roger

Yerity, M.D., F.It.E.S., F.Fr.E.S. (Commimicated Ly the President.)

[Head 6tli February, 1913.]

The kindness of Dr. B. Daydon Jackson has enabled me to examine the

insects of the Linneau collection, which, as is well known, was purchased

and brought to England in 1784 by Dr. J. E. Smith, and subsequently

became the property of the Linnean Society.

Unfortunately the types of all the insects described by Liunasus were not

in his collection, as he also largely used that of the Baron Charles De Geer,.

now preserved in the Royal Academy of Science in Stockholm, and that of

the Queen Ludovica Ulrica, which is now in the Uppsala University.

Most of the Pal?earctic Rhopalocera belonged, however, to Linnseus^ as

will be seen in the following pages ; and the opportunity I have had of

examining- them has enabled me to make observations which cast light

on several points of interest. Some of these have been the object of

long controversies amongst entomologists, owing to insufhcient original

descriptious, and others reveal mistakes which have been carried on for

a century and a half, and which were so thoroughly rooted by habit that

nobody ever suspected their existence. I hope in consequence that this

note may prove to be of some interest, and that it will encourage others to

do a similar work on the other Rhopalocera and on the Heterocera, which,,

I have no doubt, would yield as interesting results.

Dr. Daydon Jackson^s thorough knowledge of the works and life of

Linnseus has been of invaluable assistance to me. Thus it is important

to know that he received many insects from Erik Brander, who was Swedish

Consul at Algiers from 1753 to 1765 : consequently the types of some of the

common European species actually are African,, and the " nimotypicaU' race

is that which flies in Africa, as will be observed. Linnreus also had several

correspondents in Germany and one in Hungary, as may be inferred by the

localities of his insects. I have found no evidence that Kiiblor, who

collected plants for him in several Italian localities, ever furnished him

with insects.

One of the difficulties met with in working out the Linnean specimens

is due to the great amount of examples that Smith added to the collection.

However, after I had acquired some practice, I found that I could separate

the insects nearly always with absolute certainty, availing myself of several

data :—(1) the labels in Linnteus's own handwriting
; (2) the pins which
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lie used and which were longer, thicker, and coarser than Smith's
; (3) the

way the wings were set
; (4) the important fact that Linnseus marked

in ]ns own interleaved copy of Syst. Naturae, XII. edit., every species he

possessed specimens of, by underlining with ink the number corresponding

to it. With but one or two exceptions, I have been able to find all the

specimens thus recorded ; and in some instances I found a specimen

labelled by him in the collection, but which he had evidently forgotten

to mark in the book. Smith followed the same method, but fortunately

always used pencil-marks.

It must furthermore be borne in mind that, as regards the species de-

scribed in the work on the Queen Ludovica Ulrica's Museum (few in the

case of Palaearctic), Linnseus's specimens cannot be regarded as the actual

" types," but only as " co-types." We know that the Queen presented

Linnaeus with duplicates when she possessed more than two examples, and

we also learn from Brander's letter, dated 23rd of August, 1756, that

he used to send series of specimens both to the Queen and to Linnaeus.

Entomologists do not seem to have in all cases noted in which of

Linn?eus^s works the first descri]:)tion of the different species appeared ; so

I have thought it useful to mark the date of the original description aftei-

each one, and it should be understood that they refer to the following-

works :

—

1758. Systema Natur«?, X. edit.

1761. Fauna Suecica, II. edit.

1764. Museum Ludovica3 Ulricre.

1767. Systema Naturae, XII. edit.

In the following list oi" Linnean species I have adopted the modern
generic nomenclature and classification, so as to render reference easier ; at

the head of each paragraph I have noted the specimens which I have been

able to recognise with certainty as Linnean, and added a few observations

which I think may be of some interest.

In all cases in which the examination of the types seems to necessitate

alteration in nomenclature, I have endeavoured to set forth as clearly as

possible the grounds on which I venture to suggest these alterations, with a

view to coming to a definite settlement. At the end of this paper a list of

these alterations is given.

The species marked by Linnaeus as being in his collection are in the

following pages marked by an asterisk, thus, ^.

*Papilio podalirius [(1758)-1764]. Only one Linnean specimen, which

bears this name in Linnaeus's handwriting. It is a female of the bntterfly

generally known as F. feisthameli, Dup., African summer brood lotteri, Aust.

—The other specimen which accompanies it bears a date (1786) posterior to

the transference of the collection to England.
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If one goes over the earlier literature concerning the name podalirhis, we
find that it figures amongst the very first created by Linnsens, but un-

fortunately in a very unsatisfactory way : it is only mentioned in' a short

footnote on p. 463 of the X. edit, of ' Systema Naturse '
; no description

accompanies it, but only the following quotations : Ray, Historia Insectorum,

p. 111. n. 3 (1710) ; Reaumur, Hist, des Insectes, i. pi. 12. figs. 3, 4(1734);
Rosel, Collect, of Insects, i. classe ii. pi. 2 (174G). Linnaeus then give&

Southern Europe as habitat, and adds that this butterfly is so similar to his

American jyrotesilaus that a thorough acquaintance with their early stages

will alone prove whether they are to be considered specifically distinct.

Evidently Linna?us was not personally acquainted with this insect in 1758..

When Brander's African specimens reached Sweden the author of ' Systema

Naturee^ cancelled with a few pen-strokes on his own copy of the book the

footnote referring to podaliimis, and in 1764 published a lengthy description

of the African species he had in hand, under the same name of podalirius.

If it be borne in mind that the three authors quoted by him figure or

describe the species which is more widely distributed in Europe, as is-

ascertainable by referring to their works, it comes to be clear that Linnseus

applied a single name to two insects which the most recent observations have

proved to be specifically distinct *.

We are thus confronted with the question, for which of the two ought the-

name to be used ? and it seems to me that the most satisfactory plan is to-

consider, as its own author did, the first mention of the name in 1758 as null:

the lack of any description, and the imperfect and incorrect statements

accompanying it proving that Linnaeus did not know the insect he was-

mentioning, would, according to my views, be quite sufficient ; furthermore,

the original description of 1764 is given full valae by the documentary

evidence of one of the very specimens from which it was drawn.

If this were not enough, one might also add that before Linnaeus's

description was published the European species had already been carefully

described and figured by the first author who took up the new nomenclature,,

Nicolaus Poda. In his ' Insecta Musa3i Grgecensis ' (1761) he gave such a

good figure of a female of the summer brood that it can be readily identified,,

and, never suspecting it was the insect mentioned by his master in the

aforesaid footnote, he gave it the name of P. sinon.

This name I propose to validate as specific. If it be accepted, several

alterations will be found necessary amongst the names of the different races

and broods. The summer brood becoming nimotypical, the spring brood

will have to receive a name instead : Jiammceus of Fourci'oy, Entom. Paris,

* See R. Veritj', ' liliopalocera PulEearctica,' p. 293. I emphasize the fact that P. sinon

and podalirius ( = feisthameh) Dup.) both fly together in Spain and Portugal and even.

down to Tangier in Marocco.
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ii. p. 242 (1785), cannot be adopted, because its description gives no clue as

to what generation the type belonged. In consequence, a name must be

created, and I propose that of 7;ernus.

As regards the Hispano-Africau species, it will be found useful to

maintain the name feisthameli, Duponchel, whose original figure represents

the Spanish summer brood, to distinguish it from the nimotypical African

race, quite distinct from it in all the broods (see Synopsis of Alterations at

"the end of this note).

*Papilio machaon [1758]. The specimen, which is certainly Linnean

and which bears his label, is a female of the first (or only) brood of a northern

race, as may be inferred by its light yellow ground-colour, short tails, and

narrow transverse bands, with their inner contour undulating but not pro-

•duced in sharp dents. Another specimen, of doubtful origin, is certainly

•southern, and a third is a British specimen from the Smith collection.

Thais rumina [1758]. No Linnean specimen.

*Paenassius APOLLO [1758]. No specimen bears a Linnean label 'but

everything points to the fact that one of the three specimens in the collection

was Linnrean. It is a female of large size of the Scandinavian race. Two
smore specimens, from Italy, are Smith's.

*Parnassius MNEMOSYNE [1758]. A male and a female, the first of which

is labelled by Linnaeus. These two specimens evidently come from the same

Ilocality ; they are of a large, very white race, with the black markings much
reduced and no white patches in the vitreous marginal band. They probably

'come from Finland, which locality Liniigeus gives as only habitat in his

original description; but, as he adds Hungary in the XII. edit, of the Syst.

Nat., I could not certify these specimens are not Hungarian, owing to the

resemblance of certain individuals of the two races. At all events, it seems

^plausible to consider the northern race as nimotypical f.

*Aporia crat^gi [1758]. One male specimen labelled by Linneeus is

distinctly of Scandinavian origin ; the other English specimen is not

Linnean.

*PiERis DAPLIDICE [1758]. The specimen, which is obviously Linnean

and bears his own label, is a female of the summer brood ; another female

and a male are probably from Linnseus's collection as M^ell. They all three

belong to the large European race, with the black markings widespread and
their outlines diffused and with broad and vividly green markings on the

underside, contrasting with the form or race, as the case may be, nitida^

Verity.

t See ' Rhopalocera Paleearctiea,' p. 320.
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*PiEKis NAPI [1758']. Only one specimen ; this is obviously Linnean,

and bears his label. It is a male of the Scandinavian race : small, basal

suffusion of wings widespread and very black ; apical marking extending far

backwards along outer margin; on the underside neuration of fore wings

distinctl}'- bordered with grey scaling, that of liind wings with very broad

and very dark olive-green veins. The female is English and has been added

in by Smith.

The Linnean " type " is identical with the specimen I have figured in

' Rhopalocera Palsearctica/ pi. 32. fig. 32, i. e. to the race which on p. 333

I discussed and proposed to distinguish under the name of arctica, assuming

the nimotypical form to be the common spring form of Central and Southern

Europe. In reality the Scandinavian race is more closely allied to the Alpine

hryonke than to the so-called napi^ but as it seems to constitute a sort of

intermediate race betw-een the two, I should not be inclined personally to

substitute the name of napi for that of bryonice simply on this ground ; more-

over, the present state of things regarding this group of Pieris is verv

unsatisfactory, and as yet we have reached no definite conclusion as to the

biological degree of distinctness between napi, hrijonicc, ochsenJieimeri, friy'ida,

and the allied North-American butterflies.

Suffice it, then, now to have established that the Scandinavian race is

the nimotypical one, and to distinguish from it the well-known butterfly of

Central and Southern Europe whose summer brood Esper has named napcece,

and which in the first generation, though more similar to hryonice and the

Linnean napn, can be distinguished from it by its larger size, more elongated

wings, very reduced basal suffusion, shorter apical black crescent, shadeless

neuration of the underside of fore wings, narrower, more sharply outlined

and more vividly green veins of hind wings, and by the fact that the female

never offers examples of the form with yellow ground-colour and ample

brown suffusion.

I propose the name of vulgaris, taking as typical the first brood of the

neighbourhood of Florence (Italy), because amongst the races I kno^v it is

that which keeps most constantly distinct from the Linnean one.

If it be biologically proved in future that this butterfly is specifically distinct

from hryonioi, no doubt the Linnean race will have to be grouped with this

last and vulgaris will rise to specific rank as compared with napi, whilst the

name bryonice will serve to differentiate the Alpine race from the Arctic one.

*PiEEis RAP^ [1758]. The only Linnean specimen bears his label. It

is a male of the first brood, with pale grey apical crescent, no discoidal spot,

and underside of hind wings suffused with a thick black dusting
;
presumably-

Scandinavian.

Thus we find that the Linnean nimotypical form of this species is identical

with metra, Stephens (1827), and immaculata, Fologne (1857), and that it is



178 DR. E. VERITY : REVlSIOi^ OF THE

the summer brood, whose characters are too well known for me to describe

them here, which ono-ht to be distinguished by a name ; according to mj
views on the subject f, I propose that of ccstivus.

*PiEEis BRASsic^ [1758]. The only Linn?ean specimen bears his label-

It is a cJ of the first brood,with pale grey apical crescent and underside of

hind wings suffused with a thick black dusting.

What has been said of o^apts can be repeated here, and the name cJiariclea,.

under which Stephens described the first brood as a distinct species in 1827,

falls into synonymy ; however, in this case we have already for the summer

brood the name of lepidii, proposed by E,ober in 1907.

*ErcHLOE CARDAMINES [1758], There exist four Linnaean specimens, two

of each sex ; they are alike : large apical ci'escent both on upper and under

sides, very widespread and very dark green pattern on the latter side of hind

wings, with no traces of yellow. The characters of a northern race are thus-

developed to a high degree and fully justify the names given to other races.

*EucHLO£ BELIA [17G7]. Under this name there exist two specimens,,

one of them bearing Linnseus's label ; they are both females of the species

which is generally known as eiipJieno, Linn.

EuCHLOE EUPHENO [1767]. No Specimen, and in fact not marked by

Liunseus as being in his possession.

In the XII. edit, of Syst. Nat. Linnseus describes under the names of belia

and of eujjJieno the female and the male respectively of a single species. Cramer

overlooked this fact, and having evidently also overlooked the character of

" rufous apex^' given in the description of belia, he figured in 1782, under

this name, a species which Linnseus had never known. Butler, in 1869,,

pointed out this mistake and proposed the name of cramer'i for Cramer's

insect. As, however, up to the present date nobody knew what butterfly

Linnseus's hel'ia was, entomologists have preferred to consider it as null, and

Butler's name has had no success. Now that it is known, it seems obvious

that, as it is desirable to come to some definite settlement based on positive

facts, the most reasonable view to take is that of re-establishing the name

helia for the species it was created for and re-enforcing Butler^s name for

Cramer's insect. Let it also be noticed that in Syst. Nat. the name helia

stands before eupheno, so that, strictly speaking, according to the International

Rules of Nomenclature, it also has the right of priority over the latter, and

furthermore that the types of eiqjheno are for the present unknown, so that

it is only the habitat " Barberia " which gives a clue as to what species

Linnseus meant it for, his brief description fitting euplienoides as welL

Staudinger did not accept Butler's and Kirbv^s suggestion of re-establishing
'oto^

See ' Eliopalocera Palfearctica,' p. liv.
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the name helia in the place oE eupheno, on the ground that Linnseus's

description of the former might have been meant for another Algerian

specieS; T. omphale. This view cannot stand if one remembers that in the

times of Brander no European had ever got to the southern desert regions

haunted by omphale.

*Leptidea sinapis [1758]. The specimen labelled by Linnseus is a male

of the spring brood with very large diffused apical patch of grey at apex and

very abundant and dark scaling on underside of hind wings ; another

specimen is a male of the summer brood, very near the form known as

<ifm'g?isz5, Boisd., and bears the locality "Hung." in Linnteus's handwriting

(it is the only Linnean specimen I have seen with a locality attached

to it!).

The original description of this species applies as well to the summer as

to the spring brood. The specimen which has been labelled by Linnseus is

to all appearance Scandinavian, and, strictly speaking, it probably ought

to be taken as the type, because Linnseus presumably only received his

Hungarian insects after the X. edit, of Syst. Nat. was published ; this may
be inferred by the fact that he gives the habitat Hungary for P. mnemosyne

only in the XII. edit.

This consideration does not seem, however, to be of sufficient value to

oblige us to drop the well-known name of lathyri, Hiibn., for the first brood.

*Colias pal^no [1761]. The specimen bearing the Linnean label is in

no way the insect which is known under this name ; it certainly belongs to

the same group, having the underside of hind wings thickly suffused with dark

scaling, and a silvery discoidal spot devoid of any ring, but its bright yellow

upperside and narrow marginal band with a slightly undulating inner margin

and yellow veins partially intersecting it distinguish it promptly ; the only

butterfly I could refer it to is the American alexandra, Edw., whose habitat,

however, makes it highly improbable that Linnseus should have obtained it.

Two more specimens, which are unmistakably Linnean, are a male and a

female of the Scandinavian race of palceno.

As the original description is in ' Fauna Suecica,' I should think there

was no doubt that Linnseus meant it for the butterfly of his country which he

was well acquainted with, and there is no reason to alter the present

nomenclature.

*OoLiAS HYALE [1758]. Two males and a female, which all have the

look of Linnean specimens and seem to be of the summer brood.

*GoNEPTERYX RHAMNi [1758]. The Linnean specimen is a male of the

northern race : small, light yellow, discoidal spots so small and pale as to

be nearly invisible.

LINN.'jOURN.—ZOOLOGYj VOL. XXXII. 16
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Thus Rijber is fully justified in having named the race from Africa and

Asia Minor, which is transitional to farinosa, and I think it equally useful

to distinouish the race from Southern Europe, which is intermediate between

the race of Linnseus and that of E,ober : I therefore suggest giving it the

name transiens, taking as typical the Italian specimens in my collection.

*GoNEPTERYX CLEOPATRA [17G7], A (J , which is obviously Linnsean,

and bears his label, unmistakably belongs to the North African race, as may

be seen by its rich colouring, by the orange patch of fore wings nearly

reaching the external margin, by the underside of a vivid green with a

slightly milky appearance.

All these characters correspond to those of the race which Rober named

mauritaniea ; furthermore, Linnseus only gives Barbaria as habitat of this

species. There is, in consequence, no doubt that the nimotypical race should

be the African one, and as the European one is quite distinct from it, I

propose to designate it by the name of euwjx^'if'^^ taking as typical that which

flies during the spring in the neighbourhood of Florence (Italy) ;
the form

which is produced by extreme heat has already received the name of italica,

Gerh., but it is by no means the commonest form even in the height of

summer.

*Charaxes jasox [1758] =jasius [1767]. The Liunean specimens are

a male and a female of the North African race, as proved by their large size,

dark colouring, long tails, and chiefly by the very small size of the greyish-

blue spots which, on the hind wing, precede the yellow marginal band.

As in the case of G. deopatra, the only locality given by Linnseus in the

XII. edit, of Syst. Nat. is Barbaria (in the X. edit, and in Mus. Lud. Ulr.

the locality " India " is obviously erroneous !). The nimotypical race is

thus proved to be the African one, and, as that which flies north of the

Mediterranean can be constantly separated from it by its inferior average

size, by its lighter colouring, shorter tails, and much wider and more pro-

minent blue spots on hind wing, often blending in a continuous band, I

think it should be designated by a name. The specimens which are to the

greatest degree removed from the African ones are, to my knowledge, the

Tuscan, and I propose to take them as typical of a race septentrionalis.

*Apatdra IRIS [1758]. There exist four specimens which are obviously

Liunean, and two English specimens added by Smith. Of the first, one is

a male of the insect generally known as ilia, and bears a label of Linnseus,

" iris'^ ; another is a male of its form clytie, and equally bears the name '•'iris''''

in Linnseus's handwriting ; a third is a female of this last ; and a fourth is a

male of the species generally called iris : it is set so as to show the undez'side.

If we now turn to the Linnean literature on the subject, we find that

Linnseus's original description, which he afterwards simply transcribed, is
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<jnite insufficient for us to make out what species it is to be referred to.

Fortunately, however, Linnaeus has furnished us a clue which proves that the

specimen labelled iris by him is actually the one he intended to describe. In

his own interleaved copy of thei X. edit, of ' Syst. Naturae ' he has added a

side-note which evidently can only be ascribed to the character distinguishing

ilia auctorum from iris auctorum on the upper side of the wings. I quote the

description of the fore wings and add the hand-written note inclosed by

brackets: "Primores supra maculis albis sparsis in medio & exterius [et

ocello nigro inde ferrugineo]."

It seems to me that those who wish to establish nomenclature once for all

on grounds which are not open to criticism will find it advisable to correct

the mistake made nearly a century and a half ago, and to re-establish the

name iris for the species of which Linnaeus has left us two types. In conse-

quence, I venture to suggest that the name pseiidoiris should be adopted for

the false iris of authors.

LiMENiTis POPULi [1758]. Though this species is not marked by Linneeus

as being represented in his collection, there exists a specimen labelled by him.

It is a male with well-marked white bands.

LiMENiTiS siBiLLA [1758]. Of this species there exists no example bearing

a Linnean label, but one of the specimens strongly suggests a Linnean

-origin.

*Grapta c-ALBUM [1758]. The Linnean type belongs to the form with

A^ery dark underside ; three more specimens have been added by Smith.

*Vanessa 10 [1751]. No specimen from the Linnean collection is now
in existence.

*Vanessa antiopa [1758]. It is very likely that the typical specimen is

of American origin, being small and having a narrow marginal band.

Linnaeus quotes America as well as Europe, showing he had received it from

the New World.

*VA]<rESSA POLYCHLOROS [1758]. Liunaeus^s specimen is remarkably small

and lio-ht-coloured on the underside.

*yANESSA URTIC^ [1758]. What has been said of V. io may be repeated

here.

*Pyrameis atalanta [1758]. The example labelled by Linufeus is of

the commonest form, with moderately wide crimson bands.

*Pyraiieis CARDUI [1758].. There is nothing noteworthy about the one

typical specimen.

16*
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*Aeaschnia LEYAXA [1758]. As in last species.

Aeaschnia peoesa [1758]. Linn?eu3 describes this brood as a species-

distinct from levana, but evidently did not possess it.

*Melit^A matuena [1758]. A male and a female, unmistakably of

Linnean origin. In the former bands of a fine red stand out on the lighter

ground-colour of the wings.

*Melitj^a cixxia [1758]. The type is a small, but brightly coloured^.

? of the Scandinavian race, and presumably comes from the Botanical

Garden of Uppsala, which Linnpeus, in ' Fauna Suecica,' gives as the habitat

of this species.

*Aegynnis eupheosyne [1758]. One small example from the collection'

of Linnseus.

Argynnis dia [1767]. Described from an Austrian specimen, but not

possessed by its author.

*Aegynnis niobe [1758]. There exist two Linnean specimens, one of

which bears a label in his handwriting. They are two males, exactly alike,

and belonoinff to the form with no silver markinos on the underside of the

hind wings, except some minute specks in the pupils of the rusty spots which

stretch across the wing within the light-coloured space.

If one refers to the original description we find that it exactly answers

to these specimens, so that this should be considered the nimotypical form,,

and the name eris, which has so long been used for it, should be sunk in

synonymy.

*Aegynnis cydtppe [1761] =adippe [1767]. The specimen which bears

this name in Linnpeus's handwriting, and which in every respect is unmis-

takably of Linnean origin, is a female of ..i. niohe and belongs to the so-called

nimotypical form of this species with silver spots on the underside developed

to the highest degree.

This startling observation enables me to point out a gross mistake made

by Esper in 1777, which has been continued for nearly a century and a half.

Linnpeus^s description agrees in every respect with the specimen labelled by

him '•' cydippe'^ (a name w^hich he changed in 1767 into adipjye), but as he

described this female as a species distinct from niohe, owing to the variability

of the underside, and as his description was not accurate enough to convey

exactly what he meant it for^ Esper did not hesitate to attribute it to the

only similar European species without a name. The result is that down to-

this day the latter has remained without one.
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The name syrinx was proposed by Borkhaiisen for an abnormal pair figured

by Esper, and the name hereci/ntJua of Poda is accompanied by such a vague

description that it is impossible to make out what species it is meant for ; so

that, according to my view, the best plan we can adopt is to dedicate tbis

species to the entomologist who discovered it, and name it esperi, taking his

figures as typical.

The name cydippe can stand for the form of niohe with silver markings,

and the alteration suggested by Linnseus six years after naming it had better

be discarded to obviate confusion.

Argynnis aglaja [1758]. A pale female example bears the Linnean label

*Argy"Nnis lathonia [1758]. The type of Linnasus belongs to the small

and pale northern race.

*Argynnis paphia [1758]. One male specimen from the Linnean collec-

tion is unmistakably of northern origin, as may be seen by the very prominent

bands and spots on the underside of the hind wings.

*Melanargia galathea [1758]. The female labelled by Linnpeus is a

large example and belongs to the dark form of this species, contrasting

sharply with the smaller and much lighter British race, of which specimens

have been added by Smith.

*Erebia ligea [1758]. Two specimens, a male and a female, are unmis-

takably Linnean, and obviously belong to the same race of the species, a

northern one, being smallish and rather dull in colour. The female bears the

name in Linnseus's handwriting. A third specimen, of the male sex, is

probably also Cinnean.

*Satyrus hermione [1764]. The specimen which bears this name in

Linnseus's handwriting unmistakably belonged to his collection. It is a male

of the species generally known as alcyone, Schiff"., and all its distinctive

characters ai'e most prominently marked. It belongs to a Central-European

race, with the white band on the upperside of the fore wings rather con-

spicuous and containing two ocelli. Another specimen, which is certainly

also of Linnean origin, is a male of the species known as hermione and of a

Central-European race of small size, with rather inconspicuous white bands.

It is set so as to show the underside.

If we refer to Linnasus's original description we find that, on the whole, it

is insufficient to enable us to make out which of these two species he meant

it for (and the figures he quotes as representing his hermione are very good

reproductions of jidia in one instance and of circe in the other !), but one

character he mentions is worthy of attention : he describes the band of the

underside of the fore wings as being tawny in colour ; as this is the very
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character which, in a rough way, is the best to distinguish alcyone from

hermione, and as the individual labelled by Linnpeus possesses it to the-

very highest degree, there can be no doubt that that specimen actually

belongs to the species Linnfeus meant to describe.

If this conclusion be accepted, it is clear that alcyone must become

synonymic of hermione, and that we must turn somewhere else to find the-

name to be adopted for the other closely allied species. It must be noted

that Scopoli in ' Entomologia CarnioUca ' had described a Satyrus of this

group a year before Linnpeus ; but unfortunately it is utterly impossible to^

make out from his description which species it is, so that his noma fagi can

only be regarded as non-existing. We next come to Esper, and we find

that he clearly saw the differences between the two allied species and figured

them under the names of hermione major and hermione minor. The first must

evidently be adopted, although it unluckily is anything but highly recom-

mendable to stand as specific.

Satyrus eidia [1767]. Linnpeus never possessed this species and never

seems to have realised that Petiver's figure in ' Gazophylacium,' 12, pi. 7..

fig. 5, which he quotes under hermione, in reality represents this insect.

Satyrus semele [1758]. Although not marked in Linnseus's copy of

Syst. Nat., there exists a female specimen from his collection ; it is of the

small northern race.

*Satyrus brisp^is [1764]. One specimen unmistakably Linnean ; it is

obviously of German origin, and, in fact, that is the habitat given with the

original description.

*Satyrus ph^dra [1764]. One Linnean male, evidently from the same-

locality as the last.

*Epinephile jurtina [1758]. The specimen bearing the Linnean label

is a fine female of the North-African race, usually known under the name of

fortunata, Alph.

As this name stands in Syst. Nat. before janira, Staudinger has done

well to point out that, according to the accepted rules, it has the right of

priority, but, now we know that the type is of African origin, we must

furthermore add that this race should be considered as nimotypical and

Alpheraky's name sunk in synonymy ; it must also be noted that Linnpeus

gives Africa as well as Europe as habitat of jurtina, showing he knew of

females from both localities.

*EpmEPHiLE janira [1758] . The insect labelled by Linnpeus is a small male

of the preceding species with very inconspicuous apical ocellus and no trace



LINNEAN TYPES OF PAL^SIARCTIC EHOPALOCERA. 185

of tawny band on the iipperside. It obviously belongs to the Central-European

race, and this view is confirmed by the fact that Europe is the only locality

given, proving that Linnseus had never received any males from Africaf.

We can thus come to the conclusion that the name janira should be used

to designate the European race of jurtiim, taking as typical of the former the

Central-European one.

Epinephile tithonus [1771]. No specimen of Linnean origin of this

species, which was described in ' Mantissa Plantarum,' p. 537, from speci-

mens of a German race.

[*Pararge dejaxira [1764]. A male of this species, over which Scopoli

has a right of priority, having described it in 17(33 under the name of

acJiine.l

Pararge ^geria [1758]. Linnseus does not seem to have possessed this

species, for which he gives Southern Europe and Africa as habitat.

Pararge megera [1767]. There seems to be some confusion in the

Linnean collection concerning these two species : a female specimen of

megera seems quite Linnean and bears a label on which " 17 peger.'" is

written in his handwriting ; another label in Smith's handwriting points

out the mistake, about which there can be no doubt, as the original descrip-

tions of the two species are quite clear. Austria and Dania are given as

localities for megera.

Pararge maera [1758]. This species is not marked as having been

represented in Linngeus's collection, but four specimens are unmistakably of

Linnean origin. Furthermore, one of them, a female, bears a label with this

name in his own handwriting ; another, a male, bears the name jDhilipjyus

traced by the same hand, and is set so as to show the underside—the latter

name does not appear in any of Linnseus's works ; a third specimen is a

female exactly similar to the first, and the fourth is a male of the species

which Fabricius described later as hiera—these two examples have no label.

The three maera just mentioned are quite typical of the very definitely

distinct race which flies in Scandinavia : small size ; no trace of tawny band in

the male, very rudimentary (if present at all) in the female ; underside of fore

wings entirely chocolate-brown with a small patch of deep mahogany-red,

that of hind wings abundantly suffused with dark shadings : on the whole,

this race looks much more similar to hiera than it does to other maera, and

t Tliis was probably tlie principal cause which led him to describe them as a distinct

species.



186 DR. R. VERITY : REVISIOX OF THE

it would be nearly impossible to separate them in some cases if it were not

for the characters of the central streak of the fore wings. The Central-

European forms having always been regarded as nimotypical of the species,

Schilde suggested distinguishing the Scandinavian one by the name of

monotonia. Here, as in other instances, it would be wise to settle nomen-

clature once for all on the base of positive facts ; so I suggest abolishing the

latter name and giving one to the race from Central and Southern Europe

which is exactly intermediate between the two extreme variations of the

species—the Linnean and adrasta. It is by far the most widely distributed

of the three, and even within its range interesting local races can be

detected ; so, to fix it more exactly, I propose to take as typical of my
vulgaris that which flies in the neighbourhood of Florence (Italy). It is not

so large as some of the Alpine races, but it has the advantage of being A^ery

<}onstant. The male has traces of a tawny band above, the female has one con-

stantly, and generally also a small indefinite patch of the same colour within

its inner margin ; the underside of fore wings has a uniform tawny ground-

colour, and the hind wings a clear uniform grey one, on which the trans-

verse stripes stand out well. All these characters contrast with those of the

Linnean race.

*Aphanthopus hyperanthus [1758]. A male and a female from

Linnseus^s collection are of the small form with smallish ocelli.

*CcENONYMPHA PAMPHILUS [1758]. Two Linnean specimens of the small

northern race, with hind wings dark on the underside and bearing a well-

marked white band.

CcENOJSTYMPHA HERO [17G1]. Not possessed by Linnseus. Sweden given

as the habitat.

CcENONYMPHA ARCANius [1761]. Though not marked as possessed by

Linna3us, there are two specimens which unmistakably come from his col-

lection, and one bears a label of his. They belong to a very small northern

race and are presumably Scandinavian. The marginal black bands of wings

are very wide : on the underside the white band of hind wings is narrow and

the ocelli small.

*Nemeobius lucina [1758]. Two Linnean specimens.

*Thecla pruni [1758]. One male bearing the Linnean label; it is of the

form with only one small orange lunule near anal angle of hind wings on

upperside and with a narrow orange band on underside. Another specimen,

whicli is evidently from the collection of Linnseus, is a T. ilicis with orange

patch on fore wing ; he probably took it to be specifically identical with

priini.
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*Zephyrus BETULiE [1758]. The example labelled by Linnoeus is a

female with a large orange patch on fore wings ; a male specimen is

unmistakably Linnean as well.

*Zephyrus queecus [1758]. A male from the Linnean collection is

evidently of European origin.

*Callophrys eubi [1758]. The one Linnean specimen is a female, unmis-

takably of the northern race, as may be seen by its small size, dark under-

side, and chiefly by the complete absence of any white streak.

Thus the names of horealis, Krul., and polaris, Moschl., by which this race

had been distinguished, have no reason to exist ; and^ assuming it to be the

nimotypical one, it is the race commonly distributed in Central and part of

.Southern Europe which should be designated by a name : that of virgatus

seems to me appropriate for it. Its characters are intermediate between the

Linnean race and those of fervida, Stdgr., from the warmest portions of

the habitat of rubi. The names immaculata, Fuchs, and paudata, Tutt, are

useful to indicate its extreme- individual variations.

*Chrysophanus VIEGAURE.E [1758]. Three Linnean examples, of which

one bears a label. They belong to a small and pale northern race, with

markings on the underside very reduced in size and number.

The habitat given by Linna3us being Westmania, there is little doubt that

these specimens are from that locality. As in the case of the European

Paniassii, &c., it will probably be found convenient to separate from this

distinct northern race that of the mountains of Central Europe, always dis-

tinguishable by its larger size, much brighter colouring, and more prominent

markings of underside ; the male on upperside has a richer redder tone than

is ever the case in Scandinavia. I propose for it the name of inalpinus. I

think the name of oranula, given by Freyer to the extreme northern form

from Lapland, can be preserved, as that race is not identical with the nimo-

typical one^ being still smaller and paler. The race which stands further-

most from the latter is, to my knowledge, the large and l)oldly marked

virgaurece of the Maritime Alps in Piedmont (Valdieri, 1400 m.) ; so it

might be taken as typical of inalpinus.

*Cheysophanus hippothoe [1761]. The two Linnean specimens in

existence are males of the species which is generally known under this name.

They evidently belong to a northern race and are presumably Scandinavian,

as Linnseus describes this species in ' Fauna Suecica.-' They present characters

intermediate between those of the form which is generally considered as

nimotypical and the characters of the Alpine form euryhia, Ochs., agreeing

with the latter by their small size, dull colouring, and diflused black shadings,
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and with the former by the presence of a small amount of violet scaling^

along the costal margin. The specimen which bears the label of Linnsens is-

an aberrant one : on the underside of both fore and hind wings the two

series of ocelli which precede the snbmarginal orange band are confluent,

and give rise to a single series of wedge-shaped streaks, as in the specimen

figured by Gerhard under the name of ab. conjl.uens.

The fact that we have the Linnean type of this species under our eyes is-

very interesting, because it had been held in doubt by many entomologists

whether the species which is generally known as kippotJwe was really that

which Linufcus intended to describe, and whether it was not more likely to

be C. dispar. The point of this controversy is now evidently settled.

An error of secondary importance, which, however, I think it would be-

well to rectify once for all, as in the case of other species, is that regarding;

the nimotypical race. The Central-European one has always been regarded

as such, and, accordingly, euri/hia from the higher Alpine ranges and stieberi-

from Lapland had been described as varietal forms. On the contrary, we

now know that Linnreus's types are identical with the latter and nearer allies-

to the former than to what w^as considered the nimotypical form ; so that

the most beautiful and highly specialised race of luppotlioe in which both

sexes are vividly coloured—the male being of a very bright reddish copper

on upperslde v,'ith a strong purple gloss, and presenting a distinct orange sub-

marginal band on underside—has to this day remained unnamed. I propo>e

the name of mm^s, taking as typical of it the race which flies in the Pyrenees

and which is quite similar also to the German one (Cassel, Berlin, etc.) ; tO'

my knowledge it is furthest removed from euryVia.

*CHRYSOPHANrs PHL.EAS [17(jlj. No Linnean specimen in existence

now.

Lampides bceticus [1767]. liinnpeus gives Barbaria as habitat for this-

species, but it was not represented in his collection.

*LYC^]srA ARGUS [1758]. Two male specimens of Linnean origin, one of

which is labelled. They are large, brightly coloured, and very white on.

underside, and belong to the species to which Staudinger and most previous

authors rightly attribute this name.

Few species huve been the object of longer debates amongst naturalists

than this and the following. These are the only Linnean types, strange as

it may seem, which any entomologist has referred to in a direct way, to

settle definitely the controversies caused by the insufficiency of original

descriptions. Tutt, in fact, examined the two insects, and placed his con-

clusions before the Entomological Society of London in the meeting of the

17th of March, 1909. I can in this case fully agree with them. As regards-
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the following species, he seems to have overlooked some facts on \vhichj|I

wish to lay particular stress.

Lyc^na IDAS [1761], This insect is not marked by Linnseus in his copy

of the XII. edit, of Syst. Nat., because he only quotes it in that work as a

synonym of argus. There exist, however, two specimens which are nnmis-

takably Linnean. The one which now bears his label is a female with wings

entirely brown and one fulvous lunule near anal angle. It is unfortunately

one of those specimens of this sex which it is very difficult, if not impossible,

to refer with certainty to arc/its or to its near ally. I am personally more

inclined to consider it as belonging to the latter rather than to the former.

The other Linnean specimen is a most typical female of the species for which

Staudinger has proposed the name of argyrognomon, Bergstr., and further-

more, curiously enough, it belongs to the blue form of that sex for which the

name argyrognomon was published, and which Staudinger proposed to name

callarga. The basal half of the wings is entirely blue, and they bear very

prominent fulvous marginal lunules.

Turning our attention to the Linnean literature on the subject, we first

find the name idas in ' Fauna Suecica ' given as " nomen triviale '^ to the

insect which Linnpeus had already described before he took to the binomial

nomenclature, and in the " nomen specificum^^ of which he clearly stated

that the wings were blue with rufous marginal lunules. This brief descrip-

tion he transcribes in all his following works when quoting idas. Curiously

enough, in the somewhat more lengthy one which follows it, there is an

open contradiction, as it is stated that the wings are entirely brown. It

seems to me that the " nomen specificum ^' from every point of view ought

to be considered as the original description of idas, the more so seeing that we

have before us the striking fact of the existence of the specimen for which

the name was created.

Thus we are led to the conclusion that even if the brown specimen

is a female of argus, it is the blue one which ought to be considered as

the type of idas ; and we can definitely settle the question regarding the

names of the two species in a very satisfactory manner by discarding the

long-debated name of wgon, as was suggested by Staudinger, and by re-

establishing the Linnean name of idas in the place of argyrognomon, which,

for several good reasons, had not been favourably accepted by most ento-

mologists as specific.

In any case it will be found necessary to alter the name idas given by

Rambur to a Spanish species of the same genus, and it might be dedicated

to its author under that of ramhuri.

*Lyc^na aeion [1758]. The Linnean specimens consist of a darkish

male and of a much lighter coloured female.
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*Cyaniris argiolus [1758]. The Linnoan type bearing his label is a

female o£ the spring brood, as may be seen by its small size, narrow black

marginal band, and prominent spots on the underside.

*Pamphilus comma [1758J. There are three specimens from Linnseus's

collection, two males and a female. One of the former and the latter unmis-

takably belong to the norihern race, being small and dark with prominent

quadrangular spaces on the underside.

*Hesperia malv/E [1758]. One Linnean male of this very constant

species. It exhibits to a marked degree the characters distinguishing malvce

from malvoides, Elw. & Edw.

*Thanaos tages [1758]. The three males which evidently belonged to

Linnpeus are of the form with dark ground-colour, rendering the black bands

and markings very inconspicuous.

Si/nojy^is of Proposed Alterations.

Substitute : In place of

:

Pcqillio sinon sinon, Poda Papilio podalirius, auct., zanclaeus, Zell.

,, „ vermis, nom. nov. . . ,. ,, iwdalirius.

„ pudalirius imdalirius podalirius, L. . . „ feisthameli, Du-p., lutterilotteri, Aiist.

„ „ maura, Verity, podalirius, „ ,,
maura „

L.

„ „ ^w(^«///-M<5 feisthameli, „ „ feisthamelifeisthameli.

Dup.

„ ,, mieffi, Thierry-M., feis- „ „ miegi „

thameli, Dup.

Pieris napi napi napi, L Pieris napi iiapi arctica, Verity.

,, „ vulgaris vulgaris, nom. nov „ ,, „ napi, auct.

,, ,, napcecB, Esp., vulgaris ,, „ napcece napi.

„ rupee rapce rapce, L „ rajjce metra, Stepli., rapce.

,, „ cestivus, nom. nov., rapce „ „ rapce, „

„ hrassicce brassiccs brassicce, L „ hrassicce chariclea, Steph., brassicce.

„ „ lepidii, Rob., brassicce, L. . . „ „ brassicce, „

Piichlo'e belia, L Euchlo'e eupheno, L.

„ crameri, Butler „ belia, Cramer.

Goneptergx rhainni, L., transiens, nom. nov. . Gonejytergx rhamni. South-European race.

„ Cleopatra deopatra, L „ cleopatru mauritanica, licib.

,, „ europcBHs, nom. nov. . . „ „ deopatra.

Charaxesjasius, L., septentrioncdis, nom. nov. Charaxesjasius. European race.

Apatura iris, L Apattira ilia, Scliiff.

„ ^Jsee«fZoM-2's, nom. nov „ iris, auct.

Argynnis niobe niobe, L Argynnis niobe eris, Mieg. >

„ „ cydippe, L
,, „ niobe, auct.

„ esperi, nom. nov „ adippe, auct.
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Substitute : In place of

:

Satyrus Jiermione, L , Satyrus alcyone, Scliitf.

„ major^ Esp „ liennione, auct.

EpinepMle jurtina jurtina, L IEpine]3Mle jitrtina fortunata, Alpli.

„ „ janira, L . „ ,, jurtina.

Pararge maera maera, L Paravge maera vionotonia, Schilde.

J, „ vulgaris, nom. nov ,, ,, viaera.

Callophrys rubi ritbi, L. Caloplirys ruhi horealis, Krul. ( = p>olaris,

Moschl.).

„ „ virgatus, nom. nov „ ,, rubi.

Chrysophanus virgaurece inalpinus.^ nom. nov. Clirysophanus virgaurece. Central-Europeaii

race.

„ liippothoe liippotJio'e, L „ hippotlioe stieberi, Ger.

„ „ mirus, nom. nov. . . „ liippothoe. Central-European;

race.

Ijyccena idas, L Lyccena argyrognomon, Bergstr.

. „ ramhuri, nom, nov „ idas, Eamb.
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Observations on certain Names proposed in Dr. Verity's paper on the

Rliopalocera Palsearctica in the Collection o£ Linn^us. By Dr. Karl

Jordan. (Communicated by the President.)

[Read 1st May, 1913.]

Having had an opportunity of reading Dr. Verity's interesting and

important investigation of the Linnean Palsearctic butterflies, I should be

glad to make a few observations concerning the names proposed by that

author in substitution of those now in currency.

It must be admitted that the Linnean specimens are of great historical

interest, and Dr. Verity knows the Palsearctic butterilies so well, that his

identifications of the Linnean specimens may be accepted as perfectly correct,

and the specimens and labels claimed to be Linnean by Dr. Verity may be

regarded as undoubtedly genuine.

On the other hand, there is no proof positive that these specimens are those

from which Linnseus drew up the descriptions for the ' Syst. Nat.' ed. X.

(1758) ; in the absence of such proofs \ve cannot follow Dr. Verity in

according them the status of " types."

The utmost care and circumspection should be exercised before a change

of name is proposed, and if there is any doubt as to the necessity of the

change, no change should be made. Even if the Linnean specimens could

be proved to be " types," some of the changes in nomenclature proposed by
Dr. Verity would nevertheless be unwarranted and would give rise to just

and strong protests, e. g. in the case of Pafpilio podalirius. Three examples

different in character may suffice as a criticism of Dr. Verity's arguments.

a. Papilio podalirius.—The name was based by Linuasus in 1758 on

recognisable figures of the Central European Scarce Swallowtail. It is

entirely indifferent from a nomenclatorial point of view whether Linnseus

had seen a specimen or not. Names are frequently being proposed for

species known to the author only from figures or descriptions, and such

names are valid.

b. Apatura iris.—The iris of 1758 is composed of two species, one bearino-

an ocellus both on the fore and the hind wing, and the other species having

a distinct ocellus only on the hind wing. The description of 1758 only

mentions the ocellus of the hind wing, and therefore applies strictly to

the species generally known as iris. Moreover, in the case of composite

species any subsequent author is at liberty to restrict the name to one of the

species. This was done in 1776 by SchifFermiiller, who gave the name of ilia

to the bi-ocellate species. It is entirely indifferent from a nomenclatorial

point of view that Linnseus has added a manuscript note to the original
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description. This note—posterior to 1758, and to the effect that iris has an-

ocellus on both wings—may, however, be taken as evidence that Linnaeus-

received specimens of the bi-ocellate species after 1758.

c. Argijnnis ad'qype.—The Linnean description applies equally well to the

silver-spotted form of niohe as to the insect generally known as adipjje

( = cydiiype preocc), although Esper (in 1782) was emphatic on the point that

the description best fitted the species he figured as adipp)e. If the female

from the Linnean collection can be proved to be the one on which the name

cydippe was based in 1763, a change of name would be necessary in

accordance with the law of strict priority. That proof it will be difficult or

impossible to furnish, and some doubt will remain as to whether Esper in

1782 was really wrong in figuring as adippe L. the insect known under that

name ever since.
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On the Classification o£ the Order Symphyla.

By Eichard S. Bagnall, F.L.S., F.E.S.

(Hope Dept. of Zoology, Uuiversity Museum, Oxford.)

[Read 3rd April, 1913.]

As far back as 1882, in a note on the " Genera o£ the Scolopendrellidse," *

J. A. Ryder shows that there are two forms, stating. that "the first has the

body very slender, tapering anteriorly, with the eyes or stenimata placed on

the upper surface of the narrow, elongate head ; the second form has a

^broader, more robust body of nearly uniform width anteriorly and posteriorly,

with the eyes or stemmata at the sides of the head and not visible from

above, the head itself being nearly circular or sub-quadrate in outline

from above.

"The first is the type to which we may assign the old designation of

Scolopendrella originally proposed for it by Grervais f ; the second, of which

Newport's species (i. e., immaculata) becomes the typCj may be distinguished

generically from the first, as pointed out above, under the name of Scutigerella.

The latter form is also distinguished from the first by the much greater

•development of the basal appendages of the legs.'"*

Hansen $, in his excellent ' Monograph of the Order Symphyla '

(established as an order by Ryder in 1880) says (p. 23) : " The group

consists of one single family with two genera," but in a footnote he adds,

with some significance, " Some zoologist will perhaps soon establish these

;genera as families, and divide each of them into two or more genera/'

Since Hansen's work was published in 1904 single species have been

described by Imms, Silvestri, and Attems, whilst I have had the pleasure

•of examining very rich English material comprising no less than fourteen

species and have just received numerous tubes of Oriental material.

Prior to the appearance of Hansen's monograph Silvestri § diagnosed a

.new genus, Sympliylella, for the species of Scolopendrella in which the first

pair of legs is absent, with isabellce, Grassi, as tj-pe. He also figured and

described Scoloijendrella notacantha, Gervais, and S. pygma'a, sp. n., species

which agree in the possession of the first pair of legs, but which in my
opinion are more strongly separated than pygmcea and isabellce. This paper

was not noticed by Hansen, and I am inclined to think that Seal, suhnuda,

Hansen, will prove to be synonymous with S. pygmcea, Silvestri.

In working out my material I have come to the conclusion that the

genera Scutigerella a,nd Scolopendrella as diagnosed by Hansen represent two

* Proc. U.S. Nat. Mus. v. (1882) p. 235.

t Ann. Sci. Nat. s^r. 3, Zool. ii., 1844.

% " The Genera and Species of the Order Symphyla," Quart. Journ. jMicr. Sci. xlvii., 1904.

§ In Berlese's ' Acari, Myriop. et Scorp. hue. in Italia rep.,' fasc. xcvi., 1902.

LINN. JOURN. ZOOLOGY, VOL. XXXII. 17
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main groups, here treated as subfamilies but which might in future be

readily given family rank, and that each contains at least three strongly

characterized genera.

In the Scutigerellinse (as I propose to name the first group) I was

fortunate enough to collect two new species of the immacidata-^YOup, which

makes it safe to deal with immaculata as a type distinct from the nfy^a-group.

In fact, although Hansen (in litt.^ has always regarded Scutigerella as more

difficult to deal with than Scolopendrella, this material has enabled me to

tabulate the genera of the Scutigerellin?e in unmistakable characters.

In Scutigerella, s. str., the postero-median cavity of the last dorsal scutum

is peculiar and is endorsed by the absence of the long outstanding antero-

lateral or lateral scutular setae. In this genus we find two species each

possessing a distinctive character which does not reappear in succeeding

groups,

—

arniata, Hansen, having each fore-femur armed with a distinct

tooth, and hiscutata, Bagn., possessing a pair of plate-like prolongations

hinged to the 13th dorsal scutum.

The second genus, Neoscutigerella, is erected for the English species

S. Hanseni, Bagn., and in the character of its scutular setse stands alone.

The absence of the postero-median cavity of the last abdominal setse precludes

its reception in the genus Scutigerella, but here, too, the possession of

longer, outstanding, and presumably sensory set?e is not shown. A second

species of this genus (from Ceylon) is in my possession.

In the third and last genus, Hanseniella, the long outstanding seta3 of the

scuta appear for the first time, and this feature is continued throughout the

genus and throughout the genera of the second subfamily, Scolopendrellinse.

In the %\}hgQi\n^ Scolopendrdloicles {yxhich may ultimately be split off from

Jlanse7iiella, s. str.), as exemplified by two species, w^e find three common-

characteristics of which two are noteworthy. Firstly the somewhat deep

postero-median depressions of the last scutum suggests the curious cavity in

Scutigerella, whilst the shorter exopods of the posterior legs lead one naturally

to the Scolopendrellinse.

Scolopendrella, s. str., in the well-developed legs of the first pair present a con-

necting link also, and this pair in the next genus, ScolojyeJidrellopsis, is there

also but smaller, and in Sgrnphj/lella is obsolete. Whilst I have accepted

Silvestri's genus Sympliylella, I should here point out that as yet I have not

succeeded in perceiving any valuable character other fhan the absence of its

first pair of legs to warrant its separation from Scolopendrellopsis (but I have

only examined the one species suhiuda, Hansen), wdiilst from my table it

will be seen that these genera cannot possibly be included in the genus

Scolopendrella, being separated by the strongest morphological characters.

I name the genus Hanseniella in honour of one of our foremost zoologists.

Dr. H. J. Hansen, of Copenhagen, whose friendship and help I am proud |to-

acknowledp'e.
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Family Scolopbndrellid^.

Species usually larger and more robust, with the first pair of legs always

well developed and more than half the length of the following pair ; the

exopods well developed and conspicuous.

Posterior margins of all the dorsal scuta bat the last slightly rounded or

emarginate, with angles generally broadly rounded, rarely angular (but

when angular each lobe is several times broader than long).

Dorsal surface of the hind pair of legs usually furnished with numerous

setEe. Cerci simple, that is, without striped terminal area or transverse

lines at apex Subfamily Scutigbrellin^, mihi.

2. Species smaller and more slender, with the legs of the first pair rarely more

than one-half the length of those of the following pair (^S. notacantha is the

only exception), and more usually vestigial ; none of the exopods well

developed.

Posterior margins of all the dorsal scuta but the last one produced into a

pair of triangular plates.

Dorsal surface of the hind pair of legs furnished with very few setse. Cerci

usually with a striped terminal area, and often, in addition, with raised

transverse lines on the most distal part outside the area.

Subfamily Scolopendrellin^, mihi.

Subfamily Sccjtigerellin^, mihi.

1. Last dorsal scutum with a very deep and somewhat large cavity overlapped

anteriorly and situated in the middle of the posterior margin. No long

outstanding setas on lateral margins of scuta Genus Scutigkrella, Ryder.

Last dorsal scutum without such median cavity 2.

2. All setae on scuta, excepting an antero-marginal pair on the first scutum,

short, blunt, and fusiform Genus Neoscutigerella, nov.

All setae normal. The second .scutum (and certain others) furnished with

at least one pair of longer, forwardly or laterally directed, latero-marginal

setae Genus Hanseniella, nov.

a. The last scutum slightly depressed posteriorly along the middle. The
exopods of posterior legs well developed. The setae on the inner

side of the proximal antennal joints directed obliquely forwards and,

at most, about one and one-half times as long as the setae on the

outer side Subgenus Hanseniella, s, str.

h. The last scutum with a deep postero-median depression. The exopods

of posterior legs short, at most much shorter than the depth of

tarsus. Some setfe on the inner side of the proximal antennal joints

nearly vertical to the longitudinal axis of the antennae and unusually

long, the longest at least two and one-half times as long as the setae

on the outer side Subgenus Scolopendrelloides, nov.

17*
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Subfamily Scolopendrellin^, mihi.

1. First pair of legs well-developed, of normal sliape and more tlian two-thirds

the length of the following pair. Hind margin of each scutum with a

distinct longitudinally striate belt between the pair of triangular processes.

Cerci without the raised transverse lines at the most distal part. Central

cephalic rod interrupted before the middle and there branching shortly

to either side Genus Scolopendrella, Gervais.

First pair of legs reduced in size or (more usually) obsolete. Hind margins

of scuta without striate belts. Cerci with raised transverse lines at the

most distal part opposite to the terminal area. Central cephalic rod

interrupted before the middle, but not branched laterally 2.

2. First pair of legs present, not more than one-half the length of the following

pair Genus Scolopendrellopsis, nov.

First pair of legs obsolete, represented by a pair of rudimentary wart-like

protuberances, without claws even '. Genus Symphylella, Silv.

Species of the Order Symphyla.

Subfamily Scutigerellin^, Bagnall.

Genus SCUTIGERELLA, Ryder.

Species immaculata (Newp.), armata, Hansen, spinipes, Bagn., and

hiscutata, Bagnall.

Genus NEOSCUTIGERELLA, Bagnall.

Species Hanseni (Bagn.).

Genus HANSENIELLA, Bagnall.

Subgenus Hanseniella, s. str.

Species unguiculata (Hansen) *, subunguiculata (Tmms) f, caldaria

(Hansen), orientalis (Hansen), plebeia (Hansen), ruwenzorii

(Silvestri) |, nivea (Scop.), cliilensis (Hansen), capensis (Hansen),

and angidosa (Hansen).

Subgenus Scolopendrelloides, Bagnall.

Species crassicornis (Hansen), and pauperata (Hansen).

* Gravely names a subspecies indica, of which I shall have something to say later.

t Journ. Linn. Soc. Lend., Zool. xxx., 1909.

J Torino Boll. Mus. Zool. ed. A.nat. vol. xxii., 1907. I have not yet seen the description.
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Subfamily Scolopendeellin^, Bagnall.

Genus SCOLOPENDRELLA, Gervais.

Species notacantha, Gei-vais.

Genus SCOLOPENDEELLOPSIS, Bagnall.

Species microcolpa {Muhr), pj/gmcea (^ilv.), sulmtda (Hansen)*,

and silvestrii (Hansen).

Genus SYMPHYLELLA, Silvestri.

Species Isabella (Grassi), dunelmensis (B?ign.)
,
jacksoni (Bagn.),

texana (Hansen), vulgaris (Hansen), Jwrrida (Bagn.):? neotropica

(Hansen), simplex (Hansen), delicatida (Bagn.), minutissima

(Bagn.), pnsilla (Hansen), hrevipes (Hansen), and antennata

(Hansen).

* Perhaps synonymous witli pygmcea.

[Note.—I liave not seen Graf Attems' description of his Scutigerella

indecisa from South-West Australia, and have therefore been unable

to include it in the above list.—E. S. B., 23rd July, 1913.]
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Freshwater Rhizopoda from North and South America.

By G. H. Wailes, F.L.S.

(Plate 15.)

[Read 19tli June, 1913.]

UNITED STATES.

During the year 1912 I was able to augment the records of Rhizopoda from

the Eastern United States, described in a paper read before this Society in

April 1912 *, by collections from the following localities :

—

New Jersey.—The Palisades on the west bank of the Hudson River from

opposite Yonkers for about 5 miles southward
;
gatherings from pools, moss,

and sphagnum. This district dries up almost completely during the summer,

but 99 species and varieties were recorded, including Difflugia oviformis,

D. ruhescens, Nehela caudata, JS'. tenella, Euglyplia crenulata, E. alveolata

var. cirrata, and Cryptodi-ffliigla ehoracensis, besides others noticed at greater

length below.

Englewood and Leonia
;
gatherings from pools, ditches, etc., and a large

swamp forming part of the Hackensnck Meadows : from this district

41 species were obtained, including JSelela dentistoma Yav. lacustris, Eugli/pha

alveolata var. cirrata, and Pseudodifflugia fulva.

Princeton ; squeezings from water-plants and sediment from Carnegie

Lake, sphagnum from a marsh about one mile north of the lake, and

gatherings from a pond near Railway : 57 species were obtained, including

Difflugia oblonga var. cornnta, D. oviformis, D. ridyescens, D. urceolata, Nehela

scutellata, Euglyplia alveolata var. cirrata, and Pseudodifflugia gracilis.

New York State.—West Point on the Hudson
;
gatherings from a lake

and small marsh, from which 28 species were obtained, including BuUimda
indica, Eughjpha rotunda, and Pseudodijfflugia fulva.

Baldwin, Long Island
;
gatherings from a large pond having sphagnum

and Drosera rotundifolia growing on the margin : 39 species were recorded,

including Pseudodifflugia Arclieri and P. gracilis ; Difflugia ridjescens and

Cyphoderia trocJms var. ampliorcdis were particularly numerous.

Virginia.—Ocean View near Norfolk ; two gatherings of water-plants

•and some sediment collected by E. Solomonsky : from these 44 species were

* Jouru. Liun. Soc, Zool. xxxli. (1912) pp. 121-161.
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obtained, including Difflugia oviformis, D. tuherculata and var. minor, only-

one species o£ Nehela—N. barhata, Euglyplia alveolata var. cirrata, E. armata,.

E. crenulata, E. rotunda, and Pseudodifflugia gracilis. Especially numerous

was a handsome form of Centropyxis acideata var. discoides, about 200 /x in

diameter, having a brown test with usually three spines.

The above localities and a further examination of previous collections added:

24 species and varieties to the 161 previously recorded, including three new-

species and one new variety. Short notes on these additional records are-

added.

Sub-Class RHIZOPODA,

Order AMffiBINA.

Family L o b o s A.

Amceba pilosa, Cash.

Linn. Soc. Journ., Zool. xxix. (1904) p. 219. pi. 26. fig. 8.

Cash & Hopkinson, Brit. Fresliw. Ehiz., Etiy Soc, i. (1905) p. 62, p]. 4. figs. 1-5.

Two individuals of this species w^ere obtained in Van Cortlandt Park, N.Y.^.

when inactive they were about 50 fi in diameter and covered with fine cils

6 fi in length ; the endoplasm was loaded with various kinds of granules,

including green and yellow bodies ; two rather small contractile vacuoles

were visible near the periphery, but the nucleus could not be distinguished.

When in movement the ectoplasm flowed in short lobular expansions, the

surfaces of which became immediately covered with the fine cils. Whilst

under observation one individual rejected all the granular inclusions, leaving

a finely granular grey plasma which completely dispersed immediately on

becoming dry.

Amceba proteus var. geanulosa. Cash.

Cash & Hopkbson, Brit. Freshw. Ehiz., Eay Soc, i. (1905) p. 48, pi. 1. fig. 3 ;
pi. 3.

fig. 2.

Amoeba prote^is pars, Leidy (6), p. 30, pi. 1. fig. 4.

Occurs on the Palisades, N.J. One individual measured 600 /x in length*

and about 90 yu, in breadth, when active.

Amceba villosa, Wallich.

Leidy (6), p. 62, pi. 2. figs. 14-16
;

pi. 8. figs. 1-16.

Not uncommon on the Palisades. Albany, N.Y. {De Tarr).
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Family Vampyrellida.

Yam-pyr-rlla LATEniTiA (Fresen.), Leidy.

Leidy (6), p. 2o3, pi. 45. figs. 10-16.

Vampyrella spirogyra;, Cienk, in Arch. mikr. Anat. i. (1865) p. 218, pis. 12, 13. figs. 44-65.,

At West Point, N.Y., and in a pool on the Palisades, N.J., opposite Harlem,,

this species occurs numerously. Individuals kept under observation fed

freely on filaments of Spirogyra (cells 30 /x diam. and 70-80//. in length) ; the

contents were abstracted by the animal apparently dissolving an oval apei'ture,

10-12 yt6 in length, in the cell-wall; through this, pseudopodia were thrust and

the cell-contents absorbed, then the transverse cell-walls were attacked, and

a very small hole, about 2 jx in diameter, was made in each by the extremity

of a pseudopodium which was then used to abstract such of the contents as

were within its reach, a portion usually being left. After three adjoining cells

had thus been more or less completely emptied, the Vampyrella moved along

the filament for a distance of 3 or 4 cell-lengths and repeated the process.

Whilst feeding, the animals did not increase noticeably in size but became

green ; this colour, however, soon disappeared, and the normal brick-red colour

was resumed.

Frequently accompanying the Vampyrellce were a number, 4 to 8, of small,

amoeboid sporozoa, 6 to 8 /i in diameter ; they appeared to search the Spiro-

gyra filament for the large openings made by the Vampyrella, through these

they entered the empty cells and then searched the end walls for the small,

perforations that had been made, squeezed themselves through, and fed on

such portions of the contents of the cells as had been beyond the reach of the

Vampyrella. These sporozoa had a well-defined nucleus and small vacuole,

whilst within the cells they displayed two or three sharply pointed pseudo-

podia ; they became green and larger after feeding, and frequently some

were unable to emerge through the small perforation until the process of

digestion had reduced them in size.

Order CONCHULINA.

Family Arcellida.

Arcella curvata, sp. nov. (PI. 15. figs. 3 & 4.)

Arcella discoides pars, Leidy (6), p. 173, pi. 28. figs. 32-36.

Test of medium size, light brown in colour, circular, the ventral face

curved so as to form a portion of a cylindrical surface subtending an angle of

80°-100°, the dorsal face forming a dome of moderate height ; aperture

large, circular, invaginated, bordered by numerous small pores
;
plasma

greyish, granular, usually including many' food-particles ; the nuclei not
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large, about four or five in number ; two or more contractile vesicles usually

present
;
pseudopodia not observed.

Diameter 120-135 /i ; aperture 48-55 jjl ; thickness about one quarter oi

the diameter.

• Distribution.—Norfolk, Virginia ; Jacksonville, Florida {Leidij) ; Switzer-

land (Penard).

In the material from Norfolk the curved tests at once attracted attention,

and that this is not merely an accidental condition is evidenced by the

constant curvature and the absence of any similar tests not curved. The

number of the nuclei also distinguishes it from other Arcellce, a subject

which is entered upon at greater length in the note on the following species.

No active and only a few living individuals were observed, and further

observations as to the number of nuclei and the plasma, etc., are desirable.

Penard has observed this species in two localities near Geneva ; at Norfolk

it occurs numerously but is perhaps of very local occurrence.

Arcella megastoma, Penard, sp. nov. (PL 15. figs. 1 & 2.)

A. polypora pars, Penard (8), p. 408.

A. polypora pars, Wailes (16), p. 130.

A. discoides, Elireub. pars, Leidy (6), p. 173, pi. 28. fig. 22.

Test large, circular, compressed, thickness about one quarter to one third

of the diameter ; aperture large, circular, invaginated, surrounded by

numerous small pores, from 0*4 to more than 0*5 of the diameter of the test

in width
;
plasma greyish in colour, granular, attached to the test by numerous

epodes and containing many food-particles ; nuclei small, numerous, from 40

to 200 in number ; several contractile vesicles usually present
;
pseudopodia

digitate.

Diameter 190-365 /x; aperture 100-190 /a.

Distribution.—Van Gortlandt Park, N.Y.; Split Rock, Lake Boonton, N.J.;

'Wjormxig (Leidif); Chili; Switzerland (PgnanZ).

Having received slides containing specimens found near Geneva, kindly

sent to me, for comparison with American specimens, by Dr. Penard, he

suggested that I should give a description of this species, which he had

named provisionally A. megastoma ; it is, however, to be hoped that he will sup-

plement it by the results of observations extending over a considerable period.

All species of Arcellas have normally two nuclei only, except A. lyolyjjora,

A. megastoma, and ^1. curvata ; the first two belong to what may be called

the A. discoides group, having tests more or less similar to that species but

possessing more than two nuclei : ^1. discoides, howeYer,has been recorded by

several observers with more than two nuclei (8. p. 408;, for example Leidy (6),

PI. 28. fig. 28, shows a test 180 /m in diameter with three nuclei, but others may

have escaped observation, and in other respects it conforms to A. 2^olypora

;
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but until a sufficient number of observiitions have been recorded to clear up

this question it would perhaps be advisable to regard A. polypora, Penard, as

a variety of A. discoides, Ehrenberg. The following table shows the relation-

ship of these species with appro.vimate limits of size :

—

Diameter. Aperture.
1

Heiglit. No. of nuclei.

Arcella discoides, Ehrenberg 80-150 ,x 3 dia. 1/5 to 1/3 dia. 2 normally

>>
polypora, Penard 100-200 [X •3--4 dia. 1/4 to 1/3 „ 8-20

}>
megastoma, Penard^ sp. nov. 190-365^ •4-"55 dia. 1/4 to 1/3 „ 40-200

)!
cwucita sp. nov 120-135 ti

•4 dia. 1/4 dia. 4 or 5

Information is required regarding the development of the young of the

above species and the number of nuclei present at various stages of their

growth. It is possible that the nuclei increase in number by division during

the development of an individual. The structure of the tests and the pores

around the apertures appear to vary in the A. discoides group within a wide

range, the limits of which cannot at present be accurately defined.

Arcella vulgaris, Ehrenherg. (PI. 15. fig. 5.)

An unusual form of this species was found which has acute basal angles, as

shown in fig. 5.

Diameter 100-136 //, ; height ^ to ^ the diameter.

Distribution.—Princeton, N.J. ; Norfolk, Ya.

Family Difflugina.

DiFFLUGiA BICORNIS, Penard, in Mem. Soc. Geneve, xxxi. 1890, no. 2,

p. 141, pi. 4. figs. 12-U. (PL 15. figs. 10 & 11.)

JD. hicuspidata, KliumWer, Zeitschr. f. wiss. Zool. lii. (1891) p. 546, pi. 32. fig. 60.

D. elegans pars, Penard (8), p. 237, fig., 10.

? B. acuminata pars, Leidy (6), p. 109, pi. 12. figs. 24-27.

The majority of the tests observed were furnished with two horns, but

three- and rarely four-horned tests also occur ; the two- and three-horned

forms are symmetrical, but the fourth horn appears as if interpolated on the

latter form (fig. 11).

Length, without horns, 70-80/* ; breadth of test 60-65//,; horns 20-30 /t

in length.

Distribution.—Grood Ground, Long Island; Palisades and Princeton, N.J.

;

Asbury Park, N.J.
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The tests figured by Leidy (figs. 24-27) have smaller and less divergent,

horns than those seen by me but are of about the same size, his figs. 28 and

29 are much larger (about 200 /x in length).

This species is much smaller than either D. corona or T>. urceolata, has

fewer horns, and the circular aperture is devoid of any lip. The plasma

often contains zoochlorella cells.

DiFFLUGiA LANGEOLAta, Penard.

B. pyriformis pars, Leidy (6), p. 98, pi. 10. fig. 17.

Occurs on the Palisades, IS .J., about 140 fju in length.

DiFFLUGiA OLLiFORMis, Lagerlieim. (PL 15. fig. 12.)

In Fcirli. Geol. Foren. Stockholm, xxiii. (1901) p. 512, figs. l-o.

The test of this Diffiugia resembles that of D. suhcequalis, Penard (Revue

Suisse), but is rarely so large, is less truncate and much more variable in size.

The colour of the test is brown, with an aperture bordered by a collar usually

smooth but occasionally composed of small grains loosely aggregated.

Length 80-87 yu. ; diameter 70-78 /i ; collar 36-42 /i.

Distribution.—Carnegie Lake, Princeton, N.J.

Li the 'Scottish Naturalist,' March 1912, p. 63, this species was recorded

doubtfully by me as D.suhcequalis. The limits of size in Great Britain are :

—
length 50-84 /a, diameter 45-80 jx, collar 30-60 //,. A small variety about

30/1, in length also occurs in Yorkshire (Lagerheim, figs. 4 & 5).

DiFFLUGiA URCEOLATA var. AMPHORA, Leidy.

Leidy (6), pi. 14. figs. 8, 4, 8; pi. 16. fig. 34.

D. amphora, Leidy, Proc. Acad. Nat. Sci. Philad. 1874, p. 79.

This variety is distinct from D. amphora, Penard (Faune Rhiz. Leman,.

1902), which is distinguished by a recess around the base of the neck, and

the collar having in side view a wavy outline, and by the expression of the

polygonal aperture. D. amplioralis, Hopkinson, is a much smaller species.

Length 190-200 [jl (Leidy 200-600 yu,) ; diameter 125-128 /i ; aperture 58-

60 ytt. Similar to Leidy^s fig. 8, pi. 14.

Distribution

.

—Yan Cortlandt Park, N.Y.

Family Nebelina.

Nebbla saccifera, sp. nov. (PL 15. figs. 7, 8, 9.)

Diffiugia equicalceus pars, Leidy, Proc. Acad. Nat. Sci. Pliilad. 1874, p. 156,

Nebela equicalceus pars, Leidy, ibid. 1876, p. 118, fig. 15.

Nelela equicalceus, Wailes (16), p. 137.

Nebela hippocrepis pars, Leidy (6), p. 156, pi. 24. fig. 13.

Test of large size, pyriform, compressed, colourless, formed of circular

discs usually imbricated
;
provided with two hollow curved horns, projecting
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internally, arising at each side o£ the test above the widest part, and communi-
cating at the base with the exterior by a small slit-like orifice ; test in lateral

view narrowly pyriform ; transverse section elliptical, prolonged at each end

into a shallow keel ; aperture elliptical ; nucleus large, placed posteriorly,

containing several nucleoles
;
plasma normal.

Length 203-240 fju ; breadth 126-145 /^ ; aperture 38-45 /* by 20-23 yu ;

thickness one half to two thirds o£ the breadth; length o£ horns 35-60//,.

Habilat. Sphagnum.

Distribution.—Lakehurst ; Absecom {Leidij), N.J. ; Good Grround, Long
Island (16).

Leidy found only two empty tests o£ this species, and he realised that

although related to, they were distinct from Nebela equicalceiis ; from which

species it is distinguished by the absence of the horseshoe-shaped keel around

the fundus, by the horns not being solid, and the smaller size of the test with

a shorter neck. The small openings at the base of the horns are very narrow

«lits usually indistinguishable but readily detected if a test be removed from

water into oil of cloves, when the oil can be seen entering; throuo-h them :

although not uncommon in several gatherings and many living individuals

were seen^ none were active. No specimens of JSf. equicalceus were found. It

may perhaps be more than a coincidence that if the space occupied by the

horns were vacant the test would then be similar to that of N. ansata, and the

small discs often attached to the horns of that species (Leidy, PI. 25. fig. 1)

may represent the discarded material.

COCHLIOPODIUM ECHINATUM, Korotneff.

In Arch. Zool. exper. viii. (1879) p. 480, pi. 25. fig. 9.

C. vestitum pars, Leidy (6), p. 188, pi. 32. figs. 27, 28.

A form occurs at Good Ground, Long Island, similar to Leidy's figs. 21

& 28, which Cash & Hopkinson (Ray Soc. 1908) consider to represent this

species ; this form possesses spines intermediate in length between those of

this species and C. vestitum. The aperture varied from being about two-

thirds the diameter of the test to a narrow slit, according to the movements

of the animal. The pseudopodia, nucleus, etc., are accurately represented

hy Leidy.

Diameter 32-35 [x ; nucleus 6 jx dia. with a well-defined central nucleole
;

spines about 8-10 [x in length.

Distrihution.—Trout Pond, Good Ground, Long Island.

Family Euglyphina.

EUGLYPHA DENTICULATA, Brown.

In Scott. Nat. 1912, p. Ill, pi. 5. figs. 5-11.

This recently described species bears a close resemblance to a colourless
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form 0^ Assulina muscoriim devoid of the membrane bordering the aperture ;

the plasma, nucleus, and pseudopodia are also similar ; it is widely distributed

but not very numerous, and seems always to occur in association with

A. mxiscorum.

Length 42-52 /* ; breadth 23-30 fju.

Distrihvtion.—West Point, N.Y. ; South America ; Java ; Great Britain.

EuGLYPHA FILIFERA var. PYRiFORMis, var. nov. (PL 15. fig. 6.)

K ciliata pars, Leidy (6), p. 214, pi. 36. fig. 11.

E.filifera, form "c," Wailes (16), p. 148.

Test usually smaller than the type, pyriform with elongated neckj the

lateral margins furnished with 5-7 long spines arranged in a single row ;

transverse section elliptical ; aperture circular bordered by 8 denticulated

scales
;
plasma and pseudopodia as in the type.

Length 48-60//,; breadth 24-30 /a ; aperture 6-10 yu, ; thickness 17-

23 /i ; spines 18-26 /a in length.

Distribution.—Good Ground, Long Island ; Pennsylvania {Leidy).

This variety is referred to as form c on p. 148, Journ. Linn. Soc, Zool.

vol. xxxii. (1912), but specimens submitted to Dr. Penard were declared by

him not to be E.filifera, Penard.

The tests of this variety are usually somewhat more compressed than in the

tvpe, the thickness varying from two-thirds to three-quarters of the breadth.

It is not of common occurrence.

EuGLYPHA STRIGOSA var. MUSCORUM, Wcules (17), p. 42.

Forma heterospina, f. nov.

This form was recorded with the test thickly covered with spines of various

lengths.

Length 65-70//, ; breadth 55-58 /«,; aperture 16-17 /i; spines 6-26 /t in

length.

Distribution.—Palisades, N.J.

AssuLiNA SEMiNULUM var. SCANDINAVICA, Penard (8), p. 519.

A. scandinavica, Penard in Mem. Soc. Geneve, xxxi. (1890) no. 2, p. 176, pi. 9. figs. 1-1.3.

(July one or two individuals were seen and these very small; it is usually

found in elevated situations.

Length 77/t; breadth 73/i; aperture 24 /ia : nucleus 22 /x in diameter,

containing nucleoles 6 x4/t ; scales 10 /t in length.

Distrihution.—Palisades, N.J.

Trinema enchelys var. galeata, Penard in Mem. Soc. Geneve, xxxi. (1890)

no. 2, p. 186.

This variety, approaching T. complanatmn in appearance, is widely dis-

tributed and was occasionally seen in an active state.

Distrihution.—Yan Cortlandt Park, AYest Point, Long Island, N.Y.
;

Palisades, N.J.!;
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Family Gromiina.

Pamphagus mutabilis, Bailei/.

In Amer. Jouru. Sci. & Arts, vol. xv. (1853) p. 341.

Leidy (6), p. 191, pi. 33. figs. 1-9.

In a pool on the Palisades this species occurs numerously ; many were

seen in an active state.

Length 45-60 [x ; breadth about half the length.

Distrihution.—New Jersey! (6); West Point, N.Y. (Bailey); Pennsyl-

vania (6); Wyoming (6); Iowa [Edniondson).

PSEUDODIFFLUGIA FASICULARIS, PencU'd (8), p. 453.

Unusually scai-ce, being found in only one gathering, where it occurred in

association with P. gracilis.

The majority of individuals had smoother tests than is usual and one empty

test was perfectly smooth with a sharply defined narrow collar around the

aperture.

Length 26-30 /i ; diameter 18-20 /u, ; aperture 10//..

Distribution.—Palisades, JSI.J.

DiAPHOROPODON MOBILE, Arclier.

In Quart. Journ. Micros. Sci. n. s. ix. (1869) p. 394, pi. 20. fig. 6.

In one gathering of sphagnum this species was numerous, but in no instance

were the pseudopodia fully displayed. The test is thick but smooth and

pliable ; its shape is very variable, ovoid, pyriform, or even sometimes con-

stricted in the middle, but it is not usually compressed ; the fine cils with

which it is thickly covered are colourless, and under a low power appear like

a hyaline investment ; they are from 8-10 jx in length and become invisible

in Canada balsam, oil of cloves, and glycerine ; they are insoluble in cold

sulphuric acid.

Length 70-113//,; breadth 50-65/6; aperture variable; nucleus about

20 /t in diameter.

Distribution.—In sphagnum from Trout Pond, Good Ground, Long Island.

Family A M p H i s T M i N A.

DiPLOPHRTS Archeri, Barker.

lu Quart, Joum. Micros, Sci. n. s. riii. (1868) p. 123.

On some water-plants a young colony of embryos of this species was seen in

an amoeboid state ; the individuals were 4 /m in diameter, and the colony, about

50 fi in length, displayed numerous pseudopodia about 30-40 /t in length.
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Leidy, 1879, PI. 45. figs. 7, 9, shows such a colony which he doubtfully

ascribes to this species, but in reality it belongs to the Heliozoon Elceorlianis

cincta, Greeff^ whose embryos contain reddish globules, whereas the globules

in D. ArcJieri are usually yellow but sometimes of a pale blue colour

(v. Penard, ' Les Heliozoaires,' 1904, p. 228).

Distribution.—Palisades, N.J.

Sub-Class HELIOZOA.

Family AcTiNorHRYiD^.

ACTINOSPH^RIUM ElCHHORNII, Elireiib.

Leidy (6), p. 259, pi. 46. figs. 1-11.

This species occurs numerously in several localities ; many small ones

f(Leidy, figs. 3 & 5) were seen, the result of the division of mature individuals.

Distribution.—Palisades ; Englewood ; West Pointy N.J.

SOUTH AMERICA.

During the years 1911 and 1912 moss and squeezings were received that

had been collected by James Murray in South America, for examination

for Rhizopoda ; the gatherings from Bolivia and Peru are described in his

' Notes on the Natural History of Bolivia ' (1913) ; the others are here

described.

List of gatherings :

—

(1) Antofagasta, Chili ; one gathering from a pond : 6 species.

(2) Valparaiso, Chili ; one gathering from a pond : 7 species.

(3) Puntas Arenas, Straits of Magellan, Chili
;

gatherings from
sphagnum, ponds, and stream : 29 species.

(4) Rio Janeiro, Brazil
;
gatherings from moss (shore and inland),

ponds, and sphagnum collected on the slopes and near the

summits of Mt. Papagaio (4000-5000 ft.) and Mt. Corcovada

(2200 ft.) : 55 species.

(5) Buenos Ayres, Argentina ; moss from trees : 3 species.

(6) Panama, Central America ; a sample of dry sandy moss :

8 species.

Little is known of the distribution of the Rhizopoda in South America.
Ehrenberg (1841) records Arcella pileus and two other species, and in 1871
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(Abh. Kgl, Akad. Wiss. Berlin) he records from Venezuela six species of

which Trinema enclielys [Arcella caudicola, pi. 2. f. 31) is the only one that

can be identified with certainty ; of the remaining five Difilugife, four are

species of Neheia and one is a species of Euglypha ; from Cape Horn he

records three species, viz. : Dijjlugia plLiala (f. 9), which resembles Nelela

Murrayi in outline, but the absence of all detail prevents its identification,

D. liermitana (f. 10), which has an outline resembling Neheia Certesi, and

D. antarctica, which is some species of Euglyplia. Certes (3) records

-2^ species and varieties from Cape Horn including four new species *.

From Paraguay, Daday (4) records 34 species including five interesting

and curious new ones. Dr. Fuhrman has submitted a collection of material,

made during his recent expedition to the Andes of Colombia, to Dr. Penard

for examination, but the report is not yet published.

The collections made by J. Murray provided a total of 74 species and

varieties, three of which are now first described, and one (^Arcella megastoma,

PI. 15. figs. 1 & 2) is described above, p. 204. Nearly all the species

recorded are or common occurrence in other parts of the world, but the

following may be noted as either rare or seldom recorded previously :

—

Awerinzewia cydostoma. Neheia eaxidata.

Bullinula indica. „ (^HyalospJienia) cockayni.

Corycia aadeata. „ scutellata.

,, flava var. coronata. „ tropica.

„ vas.

Of these, Neheia cockayni has been recorded previously only from Oceania,

-and N. vas from localities bordering the Pacific Ocean (3, 11) ; several

species recorded by Certes and Daday were not found.

The Nebelse now first described are interesting owing to their affinities and

peculiarities ; N. spicata occurs at Sandia, Peru, but was not found in time

to be described in J. Murray's report.

Judging from the materials examined, many places on the coasts of South

America, also large tracts of forest, are very deficient as regards the

Phizopod fauna, owing no doubt to unfavourable conditions as to humidity

and sunlight ; in localities where conditions are more favourable the number
of species still appears to be restricted, but individuals are often numerous.

Investigations carried on in situ are sure to result in adding many species to

those recorded.

Notes on some of the less common species that Avere found are appended.

Trinema constricta, Certes, is Corytliion dubiwn, Taranek, and Trinema sativinetif

Oertes, is a Rotifer test.

LINN. JOURN.—ZOOLOGY, VOL. XXXII. 18
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Class SAECODINA.

Sub-Class EHIZOPODA.

Order AMCEBINA.

Family Lobosa.

Amoeba terricola, Greeff

Order CONCHULINA.

Family Abcellida.

Arcella arenaria, Greeff

„ discoides, Ehrenh

„ megastoma, Penard
„ vulgaris, Ehrenb

„ „ vni: gibbosa (Pen.), West
Pseudooblamys patella, Clap, et Lack
Corycia aculeata {Greeff), Atcer

,, flava {Greeff^, Pen
,, var. coronata {Pen.) ,

Buliiuula indica, Pen
Centropyxis aculeata [Ehrenb.), Stein

,, „ var. discoides, Ehrenb

,, ,, var. ecornis {Ehre^ib.), Leidy

„ ,, var. bemispberica {Barnard), Wailes (7)

„ arcelloides. Pen
Plagiopyxis callida, Pen

,, labifita, Pen

Family Difpltjgina.

Difflugia constricta, Ehrenb. {Leidy)

„ gramen, Pen
,, lucida, Pen
,, oblonga, Ehrenb

,, „ var. venusta {Pen.), Cash
„ tuberculata var. minor, Pe7i

Pontigulasia compressa {Carter), Cash
Pbryganella bemispberica. Pen

,,
iiidulus. Pen

Trigonopyxis arcula {Leidy), Pen
,

Lesquereusia spiralis, BUtschli

Cbili.

>

pq

P^ ffi
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Family Nebelina.

Hyalosphenia papilio, Leidy

„ subflava, Cash
Nebela caudata, Leidy

„ cockayni {Pen.)

„ collaris, Leidy

„ dentistoma, Pen

,, ,, var. hesperia, var. nov, .

„ gracilis, Pen
,, lageniformis, Pen

,, militaris, Pen
„ Muvrayi, sp. nov

„ parvula, Cash

„ scutellata, Wailes

,, spicata, sp. nov. (Peru)

„ tropica, Wailes

„ tincta [Leidy), Aioer

,, vas, Certes

„ vitrsea. Pen
Quadrula symmetrica, F. E. Schidze

Heleopera sordida, Pen

„ sylvatica, Pen
Awerinzewia cj^clostoma (Pen.), Schout. . . .

Cocliliopodium bilimbosum [Auerh.), Leidy

Family Euglyphina.

EiigiypLa armata, Wailes

,,
alveolata, Duj

,,
ciliata, Ehrenb

„ cristata, Leidy

„ compressa. Carter

,,
denticulata, Brown

„ Ulifera, Pen

„ Ifevis, Perty

,,
strigosa {Ehrenb.), Leidy

„ „ f . glabra

„ „ f. heterospina

„ „ var. muscoriim, Wailes

Assulina muscorum, Greeff
Cyphoderia ampulla {Ehrenb.), Leidy ....

Trinema enclaelys {Ehrenb.), Leidy

„ ,, var. galeata, Pen
,, complanatum, Pe7i

,, lineare, Pen
Corytliion dubium, Tardneh
Splienoderia fissirostris, Pen

Family Geomiina.

Pampliagus mutabilis, Bailey .

Pseudodifflugia fascicularis, Pen.

„ gracilis, Schlumb.

w
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Order AMCEBINA.

Amoeba terricola, Greeff, in Arcli. f. mikr. Anat. i. (1866) p. 300, pi. 17.

iigs. 1-11.

A. verrucosa, Ehrenb. Infus. 1838, p. 126, pi. 8. fig. 11.

A. papyracea, Penard (10), Bd. 6, 1905, p. 201.

Owing to the possession of a comparatively firm pellicle this species is able

to withstand desiccation for quite lengthy periods, and often to be identified

in preserved gatherings. A study of this species and its allies by Penard

has recently appeared (Archiv f. Protist. 1912).

Order CONCHULINA.

BuLLiNULA INDICA, Penard (11), p. 225, pi. 22. fig. 1.

Jjidinella indica, Penard (12), p. 274, pi. 14. figs. 1-4.

Occurs in sphagnum on Mt. Papagaio, Rio Janeiro.

Length about 200 yu- ; breadth about 180 /*.

Distribution.—Peru (7) ; United Spates (16) ; Canada (11) ; Europe

'(17, 9, 1912) ; Australasia (11) ; India (12) ; (Seychelles (16).

CoRYCiA ACULEATA [Greeff), Aiverinzeio (1), p. 142.

Pseudochlamys aculeata, Greeff (5), p. 104.

Corycia coronata, Penard (8), p. 178.

This rare species occurs in moss on the shore near Rio Janeiro ; the spines,

usually numerous (8-12), are well developed but never long. The tests

were of medium size.

Diameter 90-100 /z.

Corycia flava {Greef), Penard (8), p. 173.

Amjjhizonella Jiava, Greeff, in Arch. f. mikr. Anat. ii. (1866) p. 329, pi. 18. fig. 19.

In addition to tests of typical size, 80-100 (x in diameter, several large tests

^vere seen, similar to those which occur in Bolivia (7) measuring from

120-165 fjb in diameter ; some of these were circular, others folded up ; they

may perhaps be Parinidina briicei, Penard (13), but the facets present on the

tests of that species were never distinguishable ; it is to be hoped that

specimens will be found in the materials collected by the Fuhrman expedition

that will enable Penavd to complete his description of that species and render

its identification more certain.

C. FLAVA var. COKONATA (Penard).

Corycia coronata var. simplex, Penard (8), p. 179.

Corycia penardi, Awerinzew (1), p. 143; Scliouteden (15), p. 332,

A few tests that belonged to this variety were found in moss ; the

projecting ring around the crown of the test is often only rudimentary and
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the animal is scarcely distinguishable from C. flava ; for this reason

Dr. Penard is now o£ opinion (private letter) that it should be regarded as a

variety of that species.

Diameter 93-100 fju.

Distribution.—Rio Janeiro, Brazil.

Nebela caudata, Leidi/ (6), p. 160, pi. 26. figs. 21-24. (PI. 15. fig. 17.)

Although never numerous this species is widely distributed throughout

the vvorld. In order that a comparison can be made with JY. spicata, sp. nov.,

a drawing; is o-iven of an individual from near the summit of Corcovada Mt.

Length, without spines, 80-90 /ju ; breadth 65-75 fi ; aperture 20-25 /x :

spines 3 or 4 in number.

Distribution.—Brazil, Bolivia, and Peru (7) ; Gough Island (13) ; United

States (6, 16) ; Canada (11).

Nebela cockayni (Penard).

Syalosphenia cockayni, Penard (11), p. 238, pi. 22. fig. 5.

The individuals found by Penard in Oceania possessed transparent tests

with very faint indications of the plates or scales ; those at Puntas Arenas

are distinctly marked, having typical Nebela-Yike tests composed of small

oval plates closely cemented together ; they are considerably larger than any

previously recorded, also less compressed, the thickness being about 0*6 of

the breadth ; the aperture in one case was 2'^ X 10 /x, in another 25 X 14 //.,

being narrowly elliptical. There are, as shown by Penard, two small pores

in the sides of the neck and no other openings in the body of the test. Only

empty tests were found.

Length 120-126 /i ; breadth 74-75 jx ; aperture 25-28 yu, ; thickness 42 /*.

Distribution.—Puntas Arenas ; Australasia (11) ; Auckland Islands (1. 89-

100 ^Ji) ; Sydney (1. 100 ^Ji), Mt. Cook, New Zealand (1. 115 /i).

Nebela dentistoma var. hesperia, var. nov. (Pi. 15. fig. 13.)

In addition to a few individuals of the typical N. dentistoma, Penard, a

form with a much larger test was found numerously in some gatherings,

which is here recorded, at least for tne present, as a variety of that species
;

a future examination of living individuals may perhaps result in it being-

regarded as an autonomous species. The following is a description of the

tests, no information as to the plasma, etc., being available.

Test large, pyriform, compressed, composed of oval, round, or square plates

in varying proportions with an occasional admixture of diatom frustules and

Englyplia scales ; transverse section elliptical ; aperture elliptical, its border

not thickened, slightly undulate and usually formed of o\al scales; in narrow

side-view, the fundus rounded, and the sides tapering in convex lines to the

aperture.



216 ME. G. H. WAILES ON EKESHWATER

Length 155-190 yu.; breadth 100-142 //- ; aperture 32-50 a; thickness

0'5 to O'G o£ the breadth.

The proportions o£ the test vary considerably, the breadth ranging from

0*6 to 0'8 of the length, the narrow tests having an ovoid outline. The

average of 13 tests gave : length 175 fi, breadth 128 /ll, aperture 38 /ju
;

two tests each 170 /u, in length measured 100 fi and 140 fi in breadth

respectively.

This variety is distinguished from iV. dentistoma var. lacustr'is, Wailes (16),

by the absence of any definite neck and by the structure of the test, which

consists of small plates with regular outlines.

Distribution.—Puntas Arenas ; Mt. Corcovada, Kio Janeiro (sphagnum).

Nebela Muekayi, sp. nov. (PL 15. figs. 18, 19.)

Test of medium size, broadly pyriform, compressed, nearly colourless,

usually formed of oval or circular plates ; in broad view nearly circular,

with a short, wide, parallel neck ; furnished with two orifices on each side

situated in depressions at the base of the neck, each pair of orifices contracted

by an internal tube ; the neck bearing a variable number of small circular

granules ; the test in narrow side-view having a slightly protuberant apex,

widening to the centre of the body thence tapering gradually to the neck;

transverse section elliptical ; aperture elliptical with thickened lip
;
plasma

grey, granular, containing numerous food-particles ; nucleus moderately

large with several nucleoles
;
pseudopodia not observed.

Length 120-136 fx ; breadth 95-100 /x ; aperture 30-35 jju ; thickness

about half the breadth.

Distribution.— Puntas Arenas ; Mt. Papagaio, Hio Janeiro.

This species belongs to a group of Nebelse in which the curious lateral pores

are characteristic ; the other members ore A^ bigibbosa, Penard, N. mariiali,

Certes, JS'. Certesi (Certes), Penard, but none of these were found in the

gatherings under examination. So far as is known at present N. bigibbosa is

peculiar to the Northern Hemisphere, and N. Certesi to the Southern ; the

latter and N. martiali are also distinguished by the presence of the small

nodules on the neck. N. Certesi has in addition tubular channels running

up the neck from the aperture, and the lateral internal tubes are sometimes

only rudimentary.

Nebela spicata, sp. nov. (PI. 15. figs. 14, 15, 16.)

Test of medium size, of a grey colour, ovoid, moderately compressed,

formed of various-sized oval or irregularly shaped scales ; the crown circular,

furnished with a single row of 6-8 hollow spines ; test in narrow side-view

pyriform ; transverse section elliptical, ratio of axes about 5:3; aperture

broadly elliptical with undulate margin bordered by a row of OA^al scales
;

plasma normal
;
pseudopodia not observed.
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Length (without horns) 120-140 fi ; breadth 100-125 w- ; aperture

32-40 fi ; thickness 0*5 to O'G of the breadth ; length of horns 20-30 fi.

Habitat. Sphagnum.

Distribution.—Sandia, Peru.

In the small quantity of material available some ten individuals were

found, but owing to the fragile nature of the horns many of these were

imperfect. The test is opaque, strongly constructed, and of a robust form,

the outlines follow regular curves, being free from excrescences ;
the

crenulations around the aperture are often pronounced^ resembling those of

Nehela dentistoma, a species to which it bears a close likeness when deprived

of the spines. It is distinguished from Nebela caudata (fig. 17), a species

found in association with it, by its much larger size and robust form, its

more regular outlines and greater number of spines. Encysted individuals

contained plasma of normal appearance.

Nebela scutellata, Wailes (16), p. 139, pi. 12. figs. 11, 12.

ISTot uncommon and quite typical.

Distribution.—Puntas Arenas (sphagnum) ; Mt. Corcovada (sphagnum)

and Rio Janeiro (shore moss) ; United States (16) ; Seychelles (16).

Nebela tropica, Wailes (16), p. 140, pi. 12. figs. 13, 14.

Found in association with the preceding.

Distribution.—Puntas Arenas ; Rio Janeiro ; Peru (7) ; Borneo (16) ;

Seychelles (16).

Nebela vas, Certes (3), p. 15, pi. 1. figs. 4 & 5.

Not uncommon in some of the gatherings of sphagnum, and of moderate

size. A certain amount of variation was observable in the neck, the base

varying considerably not only in width but in the depth of the depression or

groove at the point where the neck is attached to the body of the test ; some

individuals in broad view closely approached W. lageniformis in appearance,

but in side view the difference was pronounced.

Length 130-155 /u.; breadth 85-103 yu. ; aperture 26-32 /a.

Distynbution.—Puntas Arenas ; Rio Janeiro ; Cape Horn (length 140—

170 //,, Certes) ; Antarctic, Australasia, Fiji, Hawaii, and British Columbia

{Penard).

Penard found the usual size to be 160-165 fx in length, but in New
ealand a small form occurs 95 jm in length (11).



218 mr. g. h. wailes on freshwater rhizopoda.

Literature.

1. AwERiNZEW, in Trudui S. Petersburg Obslich, xxxvi. (1906).

2. Brown, J. M., in Journ. Linn. Soc, Zool. xxx. (1910) & xxxii. (1911).

3. Cebtes, a.— ' Mission scientifique du Cap Horn/ vi. Zool. (1889).

4. Daday, E. von, in ^Zoologica,' Stuttgart, Bd. xviii. Hft. 44 (1905).

5. Greep, E., in Sitzung. der Gesell. Befor. ges. Natur. Marburg, 1888.

6. Leidy, J.
—'Freshwater Eliizopods of Nortli America,' U.S.A. Geol. Surv. xii. (1879).

7. Murray, .7.
—'Notes on tlie Natural History of Bolivia,' including a report on the

Rhizopoda by G. H. Wailes, 1912-13.

8. Penard, E— ' Faune Rhizopodique du Bassin du Leman,' 1902.

9. in Revue Suisse de Zoologie, 1899-1912.

10. in Archiv fiir Protistenkunde, 1905 -1912.

11. British Antarctic Exped. Reports, Biol. vol. i. pt. vi. (1911).

12. " Rhizopoda from the Sikkim Himalaya " in Journ. Roy. Micro. Soc, 1907.

13. " Rhizopoda from Gough Island,'' in Proc. Roy. Phys. Soc. Edinb., 1912.

14. Schewiakoff, W., in M^m.-Acad. Sci. S. P4tersbourg, 7 ser. vol. xli. no. S.

15. ScHOUTEDEN, H., in Ann. Biol, lacustre, i. iii. 1906.

16. Wailes, G. H., in Journ. Linn. Soc, Zool. xxxii. (1912).

17. Wailes and Penard, Clare Island Survey, pt. 65 ; in Proc Roy. Irish. Acad. xxxi.

EXPLANATION OF PLATE 15.

Figs. 1, 2. Arcella megastoma, sp. nov., Penard. Dorsal and side views, x 150.

New Jersey.

3, 4. Arcella curvata, sp. nov. Dorsal and side views, x 300. Norfolk,

Virginia.

5. Arcella vulgaris, forma. Side view, X 300. Norfolk, Virginia.

6. EuOLYPHA eilifera var. fyriformis, var. nov. Side view of active

individual, X 500. Long Island, U.S.A.

7-9. Nebela saccifeea, sp. nov. Broad, narrow, and oral views of test, X 200.^

Long Island, U.S.A.

10, 11. DiFFLUGiA BicoRNis, Penard. Three-horned form ; side and dorsal views,

X 300. New Jersey.

12, DiFFLUGiA OLLiFORMis, Lagerheim. Side view of active individual, X 300.

New Jersey.

13. Nebela dentistoma var, hesperia, var. nov. Broad view of test, X 300.

Rio Janeiro, Brazil.

14-16. Nebela spicata, sp. nov. Broad, narrow, and oral views, x 300. Saudia,.

Peru.

17. Nebela caubata, Leidy. Broad view, x 300. Sandia, Peru.

18, 19. Nebela Murrayi, sp. nov. Broad and narrow views, X 300. Puntas.

Arenas, Chili.
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On Aphareocaris, noni. nov. {Aphareus, Paulson)^ a Genus o£ the Crustacean

Family Sergesticla?. By A¥. T. Galman, D.Sc, F.L.S.*

(Plate 16.)

[Read 19th June, 1913.]

The genus AjyJuireus was established by Paulson in 1875, for a species which,

he desci'ibed from a single specimen taken in the Red Sea. He placed it in

the family Penseidse, but did not further discuss its affinities. No further

specimens appear to have been recorded^ and, so far as I am aware, the

genus has only been mentioned twice by later writers. Mr. Stebbing, in

1893, gave a definition of the genus^ derived from Paulson^s account, but

transferred it to the tribe Stenopidea; Nobili, in 1906, gave a translation f

of Paulson^s description, reproduced some of his figures,, and suggested that

the proper place of the genus was in the family Sergestidpe.

Among a small collection of Crustacea from Thursday Island, Torres

Straits, recently presented to the British Museum by Dr. J. R. Tosh, is

a specimen of what I regard as a second species of the genus. It is a male,

adult or nearly so, and was quite perfect ; in view of the divergent opinions

expressed as to the affinities of the genus, it seems worth while to give

a somewhat detailed account of it.

Unfortunately^ the name AjjliareKs is preoccupied for a genus of fishes,

and it is therefore necessary to propose a new name for the Crustacean

genus.

Geaus AphaeeocakiSj nom. nov.

Aphareus, Paulson, Izslyedovaniya Ilakoobraznuikh Krasnagho Morya..

Chast I. Kiev^ 1875, p. 117 ; Stebbing, History of Crustacea (Internat.

Sci. Ser.), 1893, p. 212 ; ^Nobili, Ann. Sci. Nat. ser. 9, Zool. iv. 1906,

p. 21 ; nee Aphareus, Cuvier et Valenciennes, Hist. Nat. Poissons, vi..

1830, p. 185.

Genotype.

—

Aphareus inermis, Paulson, op. cit. p. 117, pi. xviii. figs. 3-3 k.

Aphareocaris elegans, sp. nov.

Description of male,—Total length 20 mm. (PI. 16. figs. 1-16.)

Body slender and compressed. Carapace just over one-fourth of total

length, with a very short acute rostrum continued backwards as a short

dorsal crest cut into two teeth ; with a supra-orbital and a hepatic spine, the

* Published by permission of the Trustees of the British Museum.

t I am much indebted to Dr. K. Andersen for a fresh translation of the passages in

Paulson's Russian memoir. The additions to Nobili's version are, however, imimportaut,,

and no light is thrown on the obscurities to which he calls attention.
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latter placed at about one-fourth oE the length of the carapace from the front

margin
; the antero-lateral margin sloping backwards from the base of the

antennules to a very minute pterygostomial tooth ; inter-regional grooves on
surface of carapace very indistinct.

Anterior abdominal somites rounded dorsally, fifth and sixth obscurely
carinate

; pleural plates of first somite biiobed ; sixth somite twice as long as

fifth, measured along dorsal edge. Telson (PL 16. fig. 3) four-fifths of length
of sixth somite, acutely pointed, with a longitudinal median dorsal groove,
and with five pairs of small marginal spinules.

Ocular peduncle (fig. 2) about one-third of length of carapace, not reaching
end of first segment of antennular peduncle, widening distally ; corneal area

occupying less than one-fourth of length of second segment, little wider than
adjacent part of peduncle, dark brown with lighter periphery.

Antenmdar 'peduncle (fig. 2) about four-fifths of length of carapace, the first

segment, measured along outer edge, about three times as long as second
and four times as long as third ; tooth of outer margin (stylocerite) rather

behind the middle of its length, and a second tooth, or vertically compressed
lobe, rising from the upper surface just in front of the statocyst and behind
the stylocerite

; second and third segments successively narrower. Inner
flagellum shorter than peduncle ; outer flagellum about 3^ times as long as

peduncle, thickened at base, where it carries a brush of sensory filaments

;

no trace of clasping organ.

Flagellum of antenna (fig. 1) more than twice as long as the body, with an
abrupt double bend at about three-sevenths of its length from the base ;

marginal setae longer and more conspicuous distal to this bend. Antennal
scale about two-thirds as long as carapace and three times as long as wide

;

outer margin nearly straight, its terminal tooth considerably surpassed by
the rounded distal maroin.

Mandibular palp (fig. 4) composed of three segments ^, the first very small,

the second large and flattened, trapezoidal in outline, about three times as

long, and, at its greatest width, three times as broad as the third segment.

Maxillula (fig. 5) resembling that of Sergestes.

Maxilla (fig. 6) i-emarkable for the reduction of the endites ; only two are

present and these are very small, with one or two minute apical seta3 on each.

* It is sometimes given as a general character of the tribe Pena3iclea that the mandibular
palp is composed of only two segments (Spence Bate, Eep. ' Challenger ' Maci-ura, pp. xxxiv
& 226, 1888

; Bonvier, Res. Camp. Sci. Monaco, xxxiii. Crust. Decap. (Peneides) p. 9,

1908). Kr^yer, however, attributes three segments to the palp of Sergestes (Kgl. Danske
Vid. Selsk. Skr. (5) iv. p. 225, 1856), while Boas describes it as three-segmented in Sicyonia
and Sergestes, and as having the first segment obscurely or not at all defined from the second
in Penceus (Kgl. Danske Vid. Selsk. Skr. (6) i. pp. 31, 34, 36, ]880). I find the small
proximal segment quite distinct in Sergestes rohustus, Acetes indicus, Benthesicij7niis in-

vestigatoris, and Sicyonia carinata, as in the species here described ; on the other hand, only
two segments can be detected in the palp of several large species of Penceus.
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First maxilliped (PL 16. fig- 7) resembling that o£ Sergestes, especially in

the large size of the distal endite^ which^ however, does not extend so far as

the tip of the exopod ; the endopod is composed of four distinct segnients.

Sesond maxilliped (fig. 8) distinctly of the Sergestid type, in the absence of

exopod and the lengthening of the distal segments.

Third maxilliped (fig. 9) also of Sergestid type in its great size—it is

longer by about two-thirds than the carapace, and extends well beyond the

antennular peduncle—the absence of exopod, and the subdivision of the

two distal segments, the terminal into four and the penultimate into three

segments ; it is strongly spinose.

First three pairs of legs (figs. 10-12) increasing successively in length and

slenderness, all with well-developed chaise. On the under side of the propodus

of the first pair is a group of pectinate spines opposed to a similar group on

the carpus*; a trace of a'similar arrangement is observable in the second pair.

Propodus of third pair at least ten times as long as wide and nearly three-

fourths as long as carpus.

Last two pairs of legs (figs. 13 & 14) each with the normal number of seven

segments, the dactylus being short and slightly curved ; the other segments

are flattened, the ischium and merus fringed with very long setse on both

margins, the carpus and propodus only on the inner margin.

The pleopods of the first pair carry a petasma (figs. 15 & 16), the middle lobe

of which has the terminal area beset with numerous invaginated hooks like

those figured by S. I. Smith in Sergestes robustus. The remaining pleopods

are biramous ; those of the second pair have a spinose appendix masculina.

The uropods have the exopod longer than the endopod, which, again,

longer than the telson ; the marginal tooth of the exopod is about one-sixth

of the total length from the tip.

The branchial system is much reduced. Unfortunately, the method of

preservation (formalin followed by spirit) has left the branchiae very trans-

parent and difiicult to see. It is possible, therefore, that one or two of the

vestigial branchige may have been overlooked, but, with this reservation,

the formula may be given as follows :

—

1

mxp. i. mxp. 2, mxp. 3. v\ 1- per. 2. per. 3. per, 4. per. 5.

Pleurobranchiae — p 1+r 1+1- l+i-
i

1+ 1- 2

Artlirobrancliife — — — — — - —

Podobranchise ep. 1+ep. — — — — —

* Coutiere lias called attention to a similar apparatus in various Caridea and Penseidge

'(C. E. Acad. Sci. Paris, cxli. p. 220, ]905). It has not been observed in Sergestidse.
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This is practically the formula given by S.I. Smith for Sergestes japonicusy.

Sp. Bate (S. mollis, Smith), but the branchia, and especially those of the

penultimate somite, are much larger than in that species and, of the vestigial

branchiae, the posterior two at any rate show a certain amount of lobulation.

Abilities.—The genus Aphareocaris resembles Sergestes in the following,

among other less important characters :

—

(1) The reduction of the branchial system, and the insertion on the body-

wall of those branchiae which correspond to the arthrobranchi?e of

the Penseidse,

(2) The absence of exopodites from all the thoracic limbs except the first

maxillipeds.

(3) The form of the second and third maxillipeds and particularly the

subdivision of the two distal segments of the latter,

(4) The flattened form and long marginal setai of the last two pairs

of legs.

It differs from Sergestes and the other Sergestida^, and resembles the

Pengeidse, in the following points :

—

(1) The first three pairs of legs are chelate and none of their segments are

subdivided.

(2) The last two pairs of legs possess the full number of seven segments.

(3) The autennule of the male is without a prehensile apparatus.

These resemblances to the Penseidfe are all of a general character, serving

to indicate the primitive position of Aphareocaris with respect to the more

specialized genera of Sergestida?, but not in any way counterbalancing the

important and positive characters by which it is linked to that family.

It seems, therefore, that Nobili was justified in his suggestion that the genus

should be placed among the Sergestida?. Of an affinity with the Stenopidea,'

as suggested by Mr, Stebbing, I can find no evidence.

Specific characters.—Paulson's specimen may be presumed to have been

a female, since he makes no mention of a petasma. It is, therefore, a matter

of analogy and conjecture whether the differences from the specimen now

described are individual, sexual, or specific. There seems a reasonable

probability, however, that some at least of the following belong to the last

category.

Rostral crest with one tooth. Penultimate segment of third

maxilliped divided into four parts. Chela of third leg not more

slender than that of second, about six times as long as wide, and

less than two-thirds as long as carpus . A. ine^'inis (Paulson), Red Sea.

Rostral crest with two teeth. Penultimate segment of third

maxilliped divided into three parts. Chela of third leg much

more slender than that of second, at least ten times as long as

wide, and nearly three-fourths as long as carpus.

A. elegans, sp. n., Torres Straits..
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EXPLANATION OF PLATE 16.

Eio-. 1. Aphareocaris eleganSjS^.n. Male (liolotype) from side. X 5.

Anterior part of body from above. X 10.

Telson and uropod. X 10.

Rigbt mandible. X 1-4.

Maxillula. X 14.

Maxilla. X 14.

First maxilliped. X 14.

Second maxilliped. X 15.

Third maxilliped. X 15.

First leg. X 15.

Second leg. X 15.

Third leg. X 15.

Fourth leg. X 15.

Fifth leg. X 15.

Peduncle of first pleopod with petasma. x 20.

Petasma with the lobes drawn apart, x 20.

1. Apliareocaris elegans, sp. n,

2. )> V

3. » . ,v

4. j» J)

6. >) J>

6. ?> )>

7. V JJ

8. » )J

9. J) »

]0. » }J

11. V )>

12. >' >)

13. )j »

14. » 75

15. V ?»

16. )) 77
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A Free-swimming Nauplioicl Stage in Pcdhmrus.

By J. D. F. Gilchrist, M.A., D.Sc, Ph.D., F.L.S. (With 1 Text-figure.)

[Read 3rd April, 1913.]

The hirva of Palinurus, ScyUarus, and the Loricata generally has hitherto

been supposed to hatch out from the egg in the form of a " phyllosoma,"

characterised by a flattened transparent body and the presence of swimming-
organs, in the form of the exopodites of some of the thoracic appendages.

A number of observations, which I have made on the early stages of

Palinurus (Jasus) lalandU, seems to indicate that this is not so in the case

of this South African Crawfish.

The observations were made on a number of specimens of this crustacean

kept alive in tanks at the Marine Laboratory at St. James, near Cape Town.

They are hardy animals, and can be kept in good condition for a considerable

length of time without much trouble. On hatching, the larvse are given off

in large numbers, and are readily seen by the naked eye in the typical

phyllosoma stage. Among these slowly -moving larvse was observed a

number of nauplius-like forms, with large biramose antennse, by means of

which they rose to the surface in a series of rapid dancing movements.

These larv?e on closer examination proved to be, not nauplii, but the earliest

free stage, differing considerably from a phyllosoma. The duration of this

stage is A^ery brief (4-6 hours), and is readily overlooked_, especially if

hatching takes place during the night.

In the advanced egg, which measures about 0*7 mm. in breadth and slightly

more in length, the embryo is seen to have the body so bent on itself that

the thoracic appendages are compactly folded up over the ventral aspect of

the body, passing between the eyes, and extend to some considerable distance

over the back of the cephalic region. The antennse are well developed, are

longei' than the antennules, and biramose ; they are folded over the back of

the embryo, and their long feathery swimming-setse overlap each other in

this region.

On hatching, the embryo leaves the egg, and, at the same time, throws off

the old cuticle, which may sometimes be seen lying alongside of or near the

ruptured egg. The antennse and antennules immediately expand, while the

other appendages still retain their folded position. Thus the larva at this

stage appears to have a rounded or ovoid body, consisting of cephalic and

thoracic regions bent over on each other, the short abdomen and long-

appendages being folded up ventrally. A little later in this stage, the

appendages become somewhat unfolded, and the angle of flexure between the
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cephalic and thoracic regions becomes less acute, so as to give the whole body

a more elongate appearance. This unfolding also occurs in specimens placed

in preserving-fluid at this stage.

The superficial resemblance to a nauplius at this stage is striking, especially

in the large bi ramose swimming-antennse and apparently ovate body, but a

closer examination of the body and appendages indicates that the larva is

much more advanced in organization than a nauplius, this latter stage having

presumably been passed through much earlier in the development of the egg.

For convenience the larva mny be called a naupliosoma or described as being

in a nau{)liosoma stage.

The cephalic region is broad (0-72 mm.), and is almost circular in outline,

the length, from the anterior to the posterior margin of the cephalic shield,

being about equal to its breadth. This region is not flat and transparent, as

in the succeeding phyllosoma stages, its depth (from the centre of the back

to the mouth-appendages) being about four-fifths of its breadth, nor is it

transparent, being as yet filled with a considerable amount of yellow yolk-

granules. The antennal glands, which appear distinctly in the next stage,

were seen in some, and also three large hepatic diverticula on each side.

Two powerful muscles, which degenerate at a later stage, were observed

attached to the base of each of the antennae. The cephalic shield is rounded

dorsally, and extends backwards over the thoracic region to about the anterior

margin of the base of the second maxillipeds (in some cases only to the first

maxillipedj.

The tJioracic region is bent forward and under the cephalic region, there

being, especially at first, a somewhat abrupt flexure of the body at the

junction between the two. This region is characterised also by the presence

of a well-marked segment—that to which the first maxilliped belonos

—

which appendage, it is to be noted, is a mere rudiment. The thoracic region

is narrow, resembling the body of a pycnogonid, and, except the part

mentioned, show^s no distinct traces of segmentation. It is transparent

except for the presence of a thin yellow streak—the remains of the yolk in

the intestine.

The abdominal region or tail is short, and, like the thoracic region, is flexed

ventrally. In its anterior two-thirds four distinct segments can be dis-

tinguished. It is also narrow, scarcely exceeding the breadth of the first

joint of the last appendage (the sixth thoracic). It ends in a pair of furcal

processes;, provided with setse, which are not yet free, but covered over

by cuticle.

The ^yigmentation of the body is striking; the cephalic region and the

intestine are of a faint yellow colour from the presence of the yolk, while on

the body and limbs are bright blood-red patches of pigment, usually of a

stellate structure in the living animal. These are disposed as follows :
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at the tips of the antenmiles (sometimes absent), at the imier side o£ their

bases, on the lower lips (well marked), at the bases of the third maxilhped,

the first, second, and third walking-legs, and at the joints and tips of the

walking-legs with the exception of their exopodites which are unpigmented.

The paired eyes are well developed, and are situated near the anterior

maro-in of the cephahc shield, to which they are attached by short stout

stalks. There is a median eye-spot.

The aniennules project forward between the eyes. They show no traces

of segmentation, and the spines, which appear in the next stage, are still

covered by cuticle, though a few short terminal ones and a minute one at

a little distance from the free extremity can be made out. The bases of the

antennules are visible from the ventral side, and are situated slightly posterior

to the bases of the eye-stalks. In length the antennules are about three-

fourths of the length of the aiitennse.

The antenna} are the most conspicuous organs, and are in length about

four-fifths of the breadth of the cephalic region. Each consists of a rather

long and stout protopodite, the main axis of which is continued into a

shorter, but also stout, exopodite, while the smaller endopodite appears as

a branch to this main stem, though a little later on (at the third moult) it

already exceeds the exopodite in length, and, ultimately, alone survives as the

main portion of the antenna. Near the base of the protopodite is a papilla-

like projection, apparently a masticatory process. From the posterior border

of the exopodite arises a series of long cuticular projections, each resting on

a ledge-like indentation of the exopodite. They form broad flat swimming-

blades, nearly touching each other at their origin, and beut dorsally at their

tips. They are provided with a single series of fine setse on each side.

There are five of them arising from the posterior margin of the exopodite and,

two from its extremity. In length the inner is a little over three times the

length of the exopodite, the terminal one being very much smaller. Into

this last and the one next it project two spines which become free at the next

stage. The endopodite is also provided with long flat cuticular processes,

similar to those of the exopodite, but only two in number. The first, or

inner, is shorter than the second. They arise from a common base, and

into each projects a spine from the tip of the endopodite.

The upper lip is well developed and shows active movement in the living

state.

The mandibles are sliort stout organs, with a broad base, and term.inate in

a short thick spine with about three denticulations. No trace of segmenta-

tion nor a biramose condition was seen. Their inner extremities are over-

lapped by the upper lip.

The loiuer lip consists of two well-marked leaf-like lobes, which also

overlap the tips of the mandibles from below, and even the margin of the

upper lip to a slight extent.
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The first maxilla is well developed and shows active movement. It is

unsegmented, but biramose, each of the short stout branches being turned

inwards and terminated by two or three long sharp spines as yet covered by

cuticle and apparently not functional.

The second maxillw lie at some distance from the first maxillse and other

mouth-parts. They are comparatively well developed, but unsegmented,

being long blade-like organs projecting forward from their points of attach-

ment on the body. Their outer margins are straight, while their inner is

convex, and shows no lobes, though provided with a spine. Their greatest

breadth is about one-third of their length. At the free extremity of this

appendage are three long spines, not easily made out as they are still covered

by cuticle.

The: first maxilliped appears as a minute knob or projection of the body,

about one-quarter of the breadth of the first joint of the succeeding appendage

in breadth, and not much over this in length. It is terminated by a sharp

spine about its own length. It is situated about midway between the

neighbouring appendages and towards the middle line of the body, so that

its free end scarcely reaches the margin of the body. It is thus a mere

rudiment.

The second maxilliped is much longer, and extends forward in a curve to

about the middle of the cephalic region. It consists of five distinct segments

terminated by spines still in cuticle. It is not provided with an exopodite.

The third maxilliped is similar to the second^ but is longer. Both are, at

this stage, folded inwards under the three succeeding walking-legs. There

is no exopodite.

^\ie first and second walking-legs are much stouter, being about twice the

breadth of the preceding appendage at their bases. They are much shorter

than in the next stage, being compressed within the cuticle so that they

appear twisted or folded on themselves, a condition specially marked in the

third joint of the endopodite. The exopodite is not folded and is not as

yet provided with the swimming-setas so characteristic of their condiiion

in the next stage, though these may be seen indistinctly under the cuticle as

well as the segmentation of this appendage. The two powerful muscles with

which it is provided for swimming purposes at the next stage are distinctly

visible.

The third walking-leg differs from the first and second, and though long and

folded on itself like them, has only the rudiment of an exopodite.

The fourth loalking-leg is scarcely to be distinguished as a small swelling,

while the fifth is not present even in rudiment.

In comparing this larva with that of other known larvse of the Loricata

we notice some striking differences. The European Palinurus and Seyllarus

have been investigated by Dohrn (1), Clans (2), and Richters (3), and their
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development and transition into the phyllostoma stage described. In both

cases the form which emerges from the egg is a typical phyllosoma, the

body is clear and transparent, the limbs are fully expanded, the various spines

and swimming-setge are fully developed. In the newly-hatched larva of

Palinurus (Jasus) lalcmdii, on the other hand, it is not till the next moult

that the typical phyllosoma-form is assumed and in the first free larva the

cephalic region is still opaque owing to the presence of yolk, the thoracic

limbs with their spines and swimming-setse are not fully developed. In

reo-ard to these points, therefore, the naupliosoma larva corresponds to a

stao-e passed in the egg in the case of Sct/llarus and the northern Palinurus.

Again, in Palinurns quadricornis and Scyllarus the second antennae at the

time of hatching are shorter than the first, whereas in the form under

consideration the first are markedly the shorter, being only about three-

fourths of the length of the second antennee. This new form further differs

from the young P. quadricornis in having well-marked biramose antennse,

in this respect resembling Scyllarus. The presence or absence of marked

biramose antennae cannot therefore be taken as a means of distinguishing the

larval forms of the Palinuridse from other similar forms. This biramose con-

dition persists in the succeeding phyllosoma stages of the Cape Palinurus,

and is marked in the oldest undoubted phyllosoma belonging to it which

I have yet found (4-4 mm. in length).

The hepatic diverticula of the naupliosoma have a much greater resem-

blance to those of the phyllosoma of Scyllarus than to that of P. quadricornis,

there being three pairs in the first two, while, in the last, they are numerous

from the very beginning.

An agreement between the first two is also seen in the absence of an

exopodite in the third maxilliped, while it is present in the youngest

phyllosoma of the last (taken from the egg just before hatching).

in the newly hatched larva of Scyllarus the 4th and 5th ambulatory legs

are scarcely to be seen, while in that of P. quadricornis they occur as minute

buds. In the naupliosoma there is only a slight trace of the 4th, in the form

of a minute bud, while no traces at all of the 5th were observed, though they

both appear in the stage of 4*4 mm.

Neither in Scyllarus nor in P. quadricornis are the antennae at any stage

provided with long setose swimming-processes as in the naupliosoma. It is

presumed tha', at one stage in its phylogeny, Paliymrus had a free nauplius

stage, whose chief organs of locomotion were the biramose antennae and their

swimmino- cuticular processes. The appearance of such organs at this late

stage in the Gii^Q Palinurus maybe a new acquisition or a belated appearance

of an old.

The significance of this stage of so short duration in the life-history of the

Crawfish appears to be that it enables the young to ascend more rapidly, and

with more certainty, to the surface than in the case with the slowly moving



NAUPLIOID STAGE IN PALINURUS. 231

phyllosoma, which is more adapted to a horizontal mode o£ progression. The

biting and grasping seta^ of the mouth-parts and other appendages are not yet

developed, and the larva does not appear to feed during this stage. The Cape

Crawfish occurs in sreat abundance on the West Coast of South Africa in

marked contrast to the comparative scarcity of the European Palinurus. Is

it possible that the occurrence of this short stage, which appears to be of a

little assistance in the life-history of the animal, may have something to do

with this relative abundance ? If so, the Cape Crawfish might with profit be

introduced into the fisheries of Europe, an undertaking which would be

comparatively easy, owing to the hardy nature of this animal.
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On a Collection of Non-Marine Molliisca from the Southern Sudan. By
Jane Longstaff, F.L.S. With Descriptions of Three New Species, by

H. B. Preston, F.Z.S. ; and Notes on Veronicella uilotica, by Gr. 0.

RoBSON, B.A. ^.---r— —?-*^

(Plates 17, 18.) /^^"^ **"

[Read 4th December, 1913.] 1

Since many travellers in the region of the Upper Nile have collected f,»\\^^

mollusca, which have been recorded either by themselves or others, it might--'

seem almost superfluous to write further on the subject. Unfortunately,

however, some authors have not been careful to give exact localities, while

others have founded new species on one or two specimens, or even on

immature ones. It may, therefore, not be devoid of interest to have an

account of a collection from the Sudan detailed both with reo-ard to localities

and numbers.

This collection was made almost entirely on the White Nile, in the years

1909 and 1912. A visit each year to the mouth of the river near Mogran
was very fruitful, but still more so were two trips up the river in comfortably

equipped Government steamers. The first time we went, between the 16th

and 21st of February, we did not get further than Gebel En on the right

bank (lat. 12° 37' N.). The second journey took place between February 1st

and 23rd, and extended to Gondokoro in Uganda on the same bank

(lat. 4° 51' N.), and also about eight miles beyond to Rejaf on the opposite

bank (lat. 4° 45' N.), in the Lado Enclave, now forming part of the Anglo-

Egyptian Sudan.

The distance traversed in steaming up the White Nile from Khartum
(lat. 15° 37' N.) was 1128 miles. North of Lake No (lat. 9° 30' N.) the

river is called Bahr al-Abyad ; it is fairly wide and the shores are more or

less shelving. South of Lake No, where the river is called Bahr el-Gebel,

we passed for many hours through the Sadd, which is composed of masses

of vegetation, much of it floating ; still further south the shores were usually

steeper, occasionally forming cliffs, while sometimes rocks cropped out in

the bed of the river.

We went a little way up the tributaries Sobat and Bahr el-Zarfifa ; the

latter runs almost parallel with the Bahr el-Gebel, leaving it in lat. 7° 0' N.,

and entering the Bahr al-Abyad in lat. 9° 25' N.

In addition to collecting on the White Nile I had the opportunitv of

spending a few hours at Soba, about fifteen miles up the Blue Nile, in

lat. 15° 32' N., and also a short time at Khor Surkab, near Kerreri, on the

united rivers below Khartum, in lat. 15° 46' N.

While ascending the White Nile numerous stoppages were made, and I
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obtained specimens at thirty places^ some o£ whicli were Aasited twice.

Though the managers of the steamers were most obliging in trying to suit

the tastes o£ all the passengers, these halts were only too few and too short

to satisfy collectors, while sometimes the best hunting ground was just dis-

covered as the steamer had to. start again. A collection made under such

circumstances cannot be exhaustive, and indeed must be regarded only as a

contribution towards our knowledge of the Molluscan fauna of the region.

The shells were all taken in the river or within one, or at most two,

miles from its margin. Many were obtained either by means of a long

handled scoop, by boys wading, or in the case of the larger ones, such as

^tlieria, through native fishermen, who caught them in their nets. Others,

again, were stranded by the subsiding water of the river, when they often

contained the animal alive or but recently dead. Small gasteropods as well

as the large Ampullaria were found on marshy ground close by, and the

former also on water-plants in the river.

With regard to distribution it is unnecessary to say much here, as it is

given in the notes on each species. It may, however, be pointed out that

the range is interesting in a twofold way.

First, the geographical position of the Nile causes it to carry the drainage

of the reoion of the Great Lakes down to the Mediterranean, giving rise

to a commingling of Ethiopian and Pala^arctic forms.

As might be expected, the freshwater molluscan fauna presents, with few

exceptions, the same character throughout. But it is otherwise with the

land-shells, for Helix desertorum is left behind and distinctly tropical forms

take its place.

Secondly, there is the fact of species extending far beyond the Nile

Region over the continent of Africa. Among the bivalves, Sjuitlia ruhens^

for instance, ranges from Lower Egypt to Uganda, and also to Senegal and

the Congo ; S. icahlbergi occurs near Khartum and extends thence south-

wards to the Transvaal, as well as westwards across to the Ngadda River in

Nigeria. And the large gasteropod Biirtoa nilotica extends from the Bahr

el-Grebel to Matabele Land in the south, to Lake Tchad in the west, and to

the Juba River in the east.

If we consider merely the district of which I have had a more or less

limited experience, we must observe that Cleoj^tatra buUmoides is by far the

most frequent and abundant freshwater gasteropod. It occurs in both Palse-

arctic and Ethiopian regions, and though so common, is interesting as

exhibiting a considerable amount of variation. Ampullaria icernei, a dis-

tinctly Ethiopian species, is not only numerous but, on account of its great

size, it is also conspicuous.

As it was the dry season terrestrial gasteropods were scarce, and they were

more especially so in 1912, because there had been less rainfall than usual
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during the previous raiuy season. Those collected were all dead except a

single specimen of Veronicella nilotica, Cociv.;, found at Hillet al-Nuwer, a

small islet in the Sadd, and only one example of Limicolaria, which was
taken at Kakti, contained even a dead animal. No land-shells were seen

north of Abba Island (lat. 13° 22' N.), where we met with the first specimens

of Limicolaria, of which genus the individuals became more numerous
further south. Sheik Tombe, on the Bahr el-Gebel^, was the best place we
stopped at for land mollusca, but unfortunat'elj, after a violent thunderstorm

there were such torrents of rain that I was unable to go ashore. I was
therefore indebted to my husband and fellow-passengers for the specimens

obtained.

The practice of setting fire to the vegetation in the southern districts was
most detrimental to the gasteropoda, and many were more or less calcined.

No Lamellibranchiata were met with south of Lake Shambe with the

exception of immature specimens of Corbicula and Sphcerium at Gondokoro.
Possibly the steep character of the shores as well as my not havino- facilities

for deep-water dredging is answerable for this, since I always found bivalves

most numerous where the margin of the river was shelving. They were
especially abundant on the flat lower reaches of the Bahr al-Abvad, where
wading and other birds also abounded, and probably they afforded food for the

latter, for several shells taken had angular breakages as if made by birds.

On the muddy flats near Mogran specimens of Mtdela and Nodidaria were

very numerous. Quite the rarest species met with was Pseadomutela jMcata,

von Marts., of which I onl}^ obtained one example at Gebel Ahmad Agha.
During the present century four collections from the Upper Nile have

been described, and in most cases accurate localities have been o-iven.

The first was made by Capt. Flower, F.L.S., and recorded in the Proc.

Zool. Soe. 1900, p. 970. He obtained eleven species in the Bahr al-Abyad

and Bahr el-Zarafa, none of which was new to science.

The second was the result of the Swedish Zoological Expedition to the

district between Shendi, lat. 16° 42' N., and Fashoda (Kodok), lat. 9° 54' N.,

during the period from February until May in 1901. Twenty species and
four varieties were taken, and afterwards recorded by Herr Richard Haoo-

(1904). One of the latter, a variety of Limicolaria sennaariensis, ^\\\\tt.

{flammata, Caill.), he regarded as new.

The third collection was made by Dr. Junes Bey on the White Nile, and
described by M. Pallary (Bull. Inst. lEgypt. ser. 4, no. 3, March 1902).

Few of the localities visited are given, and the date is not stated. Twenty-
four species are enumerated ; two gasteropoda are not specifically denoted

;

three lamellibranchs are new, and two others, Unio euryssellinus, Letourn.,

and U. nii/sticus, Bourg., have since been regarded by M. Pallary as varieties

of jyodukii'ia nilotica, Caill.

21*
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The fourth collection was made by Dr. Otto le Roi, o£ Bonn, and described

by Dr. 0. B. Boettger and Dr. F. Haas in Proc. Make. Soc, Sept. 1913.

Twenty-four species are recorded ; as five of these occurred in the Bahr el-

Ghazal exclusively, and two in the Nile further north, we are only con-

cerned with seventeen. Of these one form, Limicolaria koenigi, is regarded

as a new species.

Of course these collections have many species in common ; allowing for

this we have a total of forty-four in all.

I obtained fifty-three species, as well as several varieties, on the White

Nile—thirty-four species of Gasteropoda, and nineteen of Lamellibranchiata.

Two are new, both Gasteropods, which occurred in the Bahr el-Gebel ; one

is a species of Streptaxis, > the other of Segmentina. In the Blue Nile, in

addition to several common molluscs, I found a new species of Nodularia.

Four species of Gasteropoda from the Bahr el-Gebel are too imperfect to

name. Six or seven other species appear to be new records for the White

Nile, viz. :

—

Ltmieolaria turriformis, v. Marts., L. smitJii, Preston, Limnaea

cailliaudi, Bourg., Isidora dybowskii, Fischer, Sph(erium teilhardi, Pallary,

Eupera letourneuxi, Bourg., and jDerhaps Yeronicella nilotica, Cock. It is not

clear whether the last-named species occurred on the White Nile previously

or not. The only record of the habitat of the holotype is " by the Nile

above Khartum.''^ By Nile is probably meant Bahr al-Abyad, and the

mollusc may well have been brought down from above by floating Sadd.

I have in addition six or seven species which have been previously

recorded by earlier collectors, as well as thirty-three of the same species as

those in the four recent collections just quoted. These contain also twelve

species * which I did not meet with, making a grand total of sixty-five

species for the White Nile exclusive of the region to the west of Lake No
and south of Pejaf. Since authorities differ in opinion as to what should

be regarded as a species, any numerical statement must be regarded as

approximate only.

On our voyages up the White Nile our fellow-passengers were most kind

in bringing me all the land-shells they found, and I must especially mention

Messrs. Backhouse, Gwynne, and Wallace. I am greatly indebted to

M. Pallary for naming specimens, and to Mr. E. A. Smith and Mr. Pobson

for their courtesy in affording me facilities for studying in the British Museum
(Nat. Hist.), and to Mr. Preston for valuable assistance in many ways.

* These are Cleojjatra verreauxiana, Bourg. (Hjigg), Bithynia hoissieri^ Charp. (Hao-g},

Lanistes ovum, Peters (Boettger), Hydrobia schioeinfurthi, Jickeli (Hagg), Planorbis fcbteli,

Jickeli (Pallary), Isidora sericina, Jickeli (Hiigg), Physa subopaca, Lam. (Pall.), Physopsis

sp. ? (Pall.), Succinea rngulosa, Morelet (Hagg), Limicolaria hordofana, Shutt. (Pall.), and

L. connectens, von Marts. (Boettger). I liave not counted Corbicula radiata, Parr, and

C. pusilla, Parr., as Pallary considers them merely immature forms.
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111 order to save space I have only given sufficient references to identify

each species. Also, A\'ith a few exceptions, only the names of works on the

subject published since 1908, as Herr Hagg and M. Pallary have compiled

complete lists of those pi'ior to that date.

Class GASTEROPODA.

Order PROSOBRANCHIATA.

Suborder MONOTOCARDIA.

Section TaBjiioglossa.

Family H Y D R B 1 1 D ^.

Subgenus G-abbia, Tryon.

GrABBIA SENNAAKICA, Kuster.

Paluclina sennaarica, Parreyss in Kiister, 1853, ' Syst. Conchyl.-Cab.' p. 44, pi. 9. fig. 10.

Grebel En (two), Bahv el-Zarafa (five), small living specimens numerous

amongst weeds in Lake Shambe, and Kanisa (one). Confirmed by M. Pallary.

He states that the species occurs " Tout le cours da Nil efc de ses affluents.-"

Bourguignat records it from Abyssinia and the Blue Nile.

The largest example was found at Gebel En ; it measures, alt. 5 "75,

diam. 4 mm. Another from Bahr el-Zarafa is nearly as big, measuring-

alt. 5"5, diam. 4 mm.
The specimens from these two localities have the spire slightly higher

than some I got in ponds near the Pyramids of Gizeh, which M. Pallary

considered typical.

Family ViviPARiDiE.

Genus Vivipara, Lamarck.

YlVIPARA UNICOLOR, OUv.

Cyclostoma unicolor, Olivier, 1804, 1812, ' Voy. Emp. Ottoman,' vol. ii. p. 39, vol. iii. p. 68,

Atlas ii. pi. 31. fig. 9.

Thirty-five specimens were taken at the following localities:—near Mogran

(six), Abba Island (six), Ad-Duwem (one), Hillet Abbas (five), Masran Island

(two), Gebel En (three), Kodok (one), Waw (one), Hillet al-Nuwer (two),

and in Lake Shambe (eight).
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The shells from Mogran and Ad-Duwem have smooth, convex whorls

with occasional vestiges of spiral lines, or of an angle on the upper whorls,

or subangularity on the body-whorl. Nearly all the rest are distinctly bi-

angular (var. hiangulcda, Kiist.) with intermediate moniliform lines. In

several o£ the specimens from Abba Island, Hillet Abbas, Gebel En, Kodok,

and Lake Shambe, hairs are attached to the " beads." On a shell from

Kodok the hairs are remarkably long, some measuring 1*25 mm. in length.

These hairy individuals are like those named by Frauenfeld, V. aipillata,

but since they do not diffei* in other respects from V. inncoJor they can

hardly be considered more than a variety. The specimens of this species I

found in ponds near the Pyramids of Gizeh nearly all show traces more or

less defined of moniliform sf)iral lines, but I did not observe hairs on any

of them ; of course this might arise from carelessness in cleaning them, for

the hairs would be easily rubbed off.

The largest shell is from Hillet Abbas ; it measures alt. 20'5, diam. 17*5 nnn.

Some of the others are nearly as big.

V. unicolor is reported throughout Egypt and the whole basin of the Nile

from the Victoria Nyanza, Albert Nyanza, Lake Dembea, East Africa, Lake

Tchad, and Senegal. Also sub-fossil in the Fayum.

Subgenus Cleopatra, Troscliel.

(3LE0PATRA BULIMOIDES, Oliv.

Cyelostoma bulivioides, Olivier, 1804, 1812, ' V03'. Emp. Ottoman,' vol. ii. p. 39, vol. iii.

p. 68, Atlas ii. pi. 31. fig. 6.

This species was taken at intervals along the whole length of the White
Nile between the mouth near Mogran and Gondokoro. A certain amount
of variation was observed, some having smooth convex whorls and others

carinated ones, the spiral angle differed somewhat ; also the colour varied

from light horn to almost black, or there were dark stripes on a paler

ground. None of these characters are of sufficient note to be deemed worthy

of specific significance, but it may be of interest to record the extent of their

occurrence at different localities. It will be observed that striped and keeled

shells were more numerous than unicolorous smooth ones in comparison with

the number taken, higher up the river than at the mouth.

Near Mogran were found one hundred and seventy-five examples ; twenty-

four have keels, but on only one is the keel continued to the body-whorl.

Eighteen are striped, the rest unicolorous. The largest consists of six

whorls, it measures alt, 16, diam. 10 mm. A more slender form has five and

a half whorls which measure, alt. 12, diam. 7 mm.
Ad-Duwem : six, only one striped.
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Tawila : eleven all dead, only six in tolerable condition, they are striped

and three are bicarinate.

Hillet Abbas : ten, all decollated, five striped, four bicarinate.

Masran Island : four, decollated and striped.

Gebel En : seventy-eight, mostly decollated, thirty-seven with both keels

and stripes, eleven unicolorous with keels, generally uncarinate, but a few

bicarinate. Twenty-three simply striped.

Gebel Ahmad Agha : two dead, decollated and striped.

Kclka : nineteen decollated and some much eroded, all striped and six

bicarinate.

S. of Melut : two dead, striped.

Lake Shambe : ten, all striped and keeled, the greater number bicarinate.

Colour so dark that the stripes hardly show.

Gondokoro : one alive, more elongated than usual as the whorls are more

exsert ; it is decollated, striped, and bicarinate. Alt. 14, diam. 7'5 mm.
Whorls five. If this shell were compared with one of the broader forms

from Mogran without the intervening links, each would probably be con-

sidered a distinct species.

E-eported from Lower and Upper Egypt, the whole basin of the White

Nile up to the Victoria Nyanza ; Abyssinia, Lake Rudolf, Morabassa,

Zanzibar, Angola, and Senegal.

Family AiiPULLARiiDJi:.

Genus AllPULLARIA.

Ampullaria kordofana, Phil.

AmpuUaj-ia kordofana, Philippi, 1851, ' Concliyl.-Cab.' ed. 2 : Genus Ampullaria,

p. 44, pi. 13. fig. 1.

About thirty specimens were taken, many of which are immature, and in

that state they are difficult to distinguish from A. loernei, Phil. They

occurred at Tawila, Kosti, Hillet Abbas, Masran Island, Gebel En, Renk,

south of Melut, Bahr el-Zarafa (southern end), and Hillet al-Nuwer.

An example from Kosti, having the apex broken and four whorls intact,

measures alt. 66, diam. 56'5; aperture, alt. 48, diam. 30 mm.
A specimen from the Bahr el-Zarafa has a higher spire than usual and

thus resembles a variety called elongata hj Rochebrune and Germain (Mem.

Soc. Zool. France, 1904, vol. xvii. p. 5). They state that their shell corre-

sponds with that figured by Bourguignat in Moll. Nouv., Litig. &c., 1863,

p. 78, pi. 11. fig. 13. The dimensions they give are alt. 70-78, diam. 65-69;

aperture, alt. 50-55, diam. 35-38 mm. Locality, River Omo, at a height of
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600 metres. My speoimen is largei- but has much the same proportions;

it measures, alt. 82, cliam. 70 ; aperture, alt. 56, diam. 37 mm. It has only

three whorls preserved, the apex being broken.

This species is common in all the lakes and rivers of Egypt as well as

throughout the whole Nile basin ; it also occurs in Abyssinia. It has thus a

more extended rang-e northwards than A. icernei.

Ampullaeia weenei, Fhil.

Amjmllcn-ia wernei, Philippi, 1851, ' Conchyl.-Cab.' ed. 2: Genus Ampullaria, p. 19,

pi. o. fig. 4, and pi. 17. fig. 2.

About fifty specimens w( re taken. The species occurred throughout the

course of the White Nile traversed, namely at Abba Island, both opposite

Fashi Shoya and also at Tawila, Kosti, Hillet Abbfis, Grebel En, south of

Melut, Lul, Waw, Taufikiya, Duleb (Sobat River), Bahr el-Zarafa, Lake

Shambe, Kanisa, and Rejaf Wooding Station. I am uncertain whether to

refer a number of immature shells found at Malek to this species or to

A. I'ordofana.

A laroe individual from Hillet Abbas consistino- of six whorls measures,

alt. 103, diam. 97; aperture, alt. 77, diam. 45 mm. It was alive, as well as

another nearly as big. Shells from Tawila almost equal these in dimensions,

and the operculum belonging to a still larger shell was found at Gebel En.

A. icernei has been reported from near Kassalato the north and throughout

the basin of the Upper Nile southward to the Great Lakes, as well as west-

ward in the Bahr el-Ghazal and Chari River. Von Martens mentions a

variety which was collected by Prof. Peters in Querimba Island.

LxVNISTES CAEINATUS, OUi\

Cyclustoma carinata, Olivier, 1804, 1812, ' Voy. Emp. Ottoman,' vol. ii. p. 39, vol. iii.

p. 68, Atlas ii. pi. 31. fig. 2.

This species was found at intervals throughout nearly the whole distance

traversed, namely at Ad-Duwem, Abba Island, Kosti, Hillet Abbas, Masran

Island, Gebel En, Renk Wood Station, Mashra Zartifa Wood Station, Kaka,

S. of Melut, Kodok, Lul, near each end of the Bahr el-Zarafa, Lake Shambe,

Kanisa, Malek, and Sheik Tombe. Of the sixty specimens taken, many were

living ; the largest, however, which is from Kaka, was dead and devoid of

epidermis.

Lanistes carhiatiis occurs both in Lower and Upper Egypt ; in the Sudan

being reported from Sennaar on the Blue Nile, and the Bahr el-Ghazal as

well as its tributary the Djur, and, as noted above, in the White Nile up to

the borders of Uganda, in the Victoria Nyanza, Lake Lembea, and as far

east as the Tana River. It also is found fossil in Recent and Post-Pliocene

deposits in Egypt, and in Miocene beds near the Victoria Nyanza.
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Subgenus Lanistes, Montfort.

Lanistes innesi, Pallavy.

Lanistes innesi, Paliaiy, 1902, Bull. Inst. Eg-ypt. ser. iv. uo. 3, p. 91, pi. 1. fig. 2.

Fourteen specimens were found at a short distance from the mouth of the

Bahr el-Zanifa, all dead, onlj one with the epidermis well preserved and

three with fragments of it. The umbilicus varies in different individuals ; in

two it is completely covered by the reflection of the inner lip, in two

uncovered, and in the rest it is partially covered. It greatly resembles

L. purjnireus, Jonas {Ampidlaria purpurea, 1839, Archiv f. Naturgesch.

vol. i. p. 342, pi. 10. fig. 1), and may be a variety of that species. It is dis-

tinguished by the spire having the contour less flattened, the whorls more

convex, sutures deeper, and the lines of growth coarser. The height of the

spire varies somewhat ; the best preserved specimen measures alt. 51*5, diam.

40 mm. ; whorls six. The largest measures alt. 56, diam. 40 mm.; whorls

seven.

The holotype was obtained by Dr. Innes Bey on the White Nile, but the

exact localitv is not given. I have seen the shells in the British Museum
(Nat. Hist.) taken by Captain Flower in ih.Q Bahr el-Zarafa which were

referred by him to L. pmrpureiis, and 1 find that they are conspecific

with L. innesi, Pallary.

Family Melaniid^.

Genus Melania, Lamarck.

Melania tuberculata, MiiU.

Nerita tuberculata, Miiller, 1774, 'Verm. Terr, et Fluv. sen Anim. Infus., Uelmiii. et

Testae, non Marin., Succ. Hist.' vol. ii. p. 191.

This widely distributed species was taken near Mogran, at Ad-Duwem,
Tawila, Masran Island, Gebel En, Kilka, near Melut, in Lake Shambe, where

it was especially numerous, and at Gondokoro.

All the specimens are decollated except a few very young ones which have

the protoconch preserved.

Order PULMONATA.

Suborder BASOMMATAPHORA.

Family Limn^id^.

Genus LiMN^EA, Lamarck.

LlMN^EA CAILLIAUDI, Bourg.

Limncea cailliatidz, Bourguignat, 1883, ' Hist. Mai. Abyssiuie,' pp. 89, 90, figs. 100-101.

Five living specimens were found : at Gebel En (two), Bahr el-Zarafa (two),
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and at Hillet al-Nuvver (one). They were near the edge of the river and are

small. M. Pallary, who kindly examined them^ considers them immature.

One from Gebel En has the spire more produced and resembles L. acroxa,

Bourg. (op. cit. fig. 94), which M. Pallary also thinks is an immature stage

of this species. He states that L. cailliaudi is found in the " Cours du Nil

Bleu et du Grrand Nil." He has not, however, recorded it in his descriptions

of the Innes Bey Collection ; neither has the Swedish Expedition noted its

occurrence in the White Nile. Bourguignat reports it in addition from Lake

Dembea.

This seems to be a new record of its existence in this region.

Genus Planorbis, Giiettard.

Planorbis BOissYi, Pot. et Midi.

Planorbis boissyi, 1838, Potiez et Micliaud, ' Galerie de Douai,' vol. i. p. 208, pi. 2],

figs. 4-6.

I met with this species both to the north and'south of Lake No, and took

eighteen specimens in all : at Abba Island (two) , Hillet Abbas (four), Grebel

En (five), north end of Bahr el-Zarafa (three), south end (one), and Hillet

al-Nuwer (three). The Swedish Expedition appear to have l)een the first to

find it in the White Nile, and they obtained numerous young examples at

Gebel Ahmad Agha, none of which is as large as my biggest, which

measures, alt. 3*5, diam. 12 mm. This species is also recorded from Lower

Egypt.

Planorbis mareoticus (Letourn. MS.), Innes.

Planorbis niareoticus, 1884, Walter Innes, Bull. Soc. Malac. France, vol. i. p. 339.

Only one dead specimen in Lake Shambe, which I sent to M. Pallary, who

kindly determined it. He had previously recorded some examples of the

species found by Dr. Innes Bey in the marshes of the White Nile.

It is doubtful whether this should be separated from P. elirenhergi, Beck

(P. cornu, Ehrenb.). Dr. Innes Bey and M. Pallary consider the species

distinct, restricting the name ehrenberc/i to specimens with convex whorls

and mareoticus to those with sharply keeled whorls. Jickeli and M. Ancey
regard them as conspecific because there are numerous intermediate forms.

Prof. Schweinfurth took specimens of P. cornu, Ehrenberg (which is

probably identical with this) in the Bahr el-Ghazal. It also occurs in

Lower Egypt.
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Planorbis cosmius, Lines.

Plajiorbis cosmius, 1884, Walter lunes, Bull. Soc. Malac. France, vol. i. p. 335.

I took but a single specimen of this small form at Kanisa, which I sent to

M. Pallaiy, as I thought it might be the same as some examples from the

White Nile referred to by him in Bull. Inst. Egypt, p. 90, which he did not

name. He replied that it was conspecific and suggested my comparing it

with P. cosmias, Lines. It agreed with the description by Dr. Lines Bey, who
considers the species to be the Egyptian representative of P. spirorhis. I

therefore compared it with British specimens of that species, and found that

it comes nearest to the variety ecarinata, Jeffr.; it is, however, lower, and the

last whorl is wider. Jickeli * writes of a new species o^ Planorbis having very

narrow flat whorls which was found by Prof. Schweinfurth in the Bahr el-

Grliazal. This also may possibly be P. cosmius.

Dr. Innes Bey had previously found other specimens near Ramleh.

Subgenus Segmentina^ Fleming.

Segmentina angusta, Jickeli.

Four specimens were met with. Bahr el-Zarafa (one living), Hillet al-

Nuwer (one dead), Kanisa (two living). The largest has a diam. of 3*5 mm.
Jickeli states that this species is ver}'- rare ; he reports it from the White

Nile, Bahr el-Ghazal, and Abyssinia. Dr. Boettger received one example

only from the Bahr el-Ghazal.

Segmentina kanisaeinsis, sp. nov.

Five examples taken in marshy pools near the river at Kanisa.

A description by Mr. Preston is given in Appendix I., p. 265.

Grenus Isidora, Ehrenherg.

IsiDORA BROCCHii, Elirenh.

Jsidora brocchii, Elireuberg, 1831, ' Symb. Phys.' No. 2.

Phi/sa brocchii, Bourguignatj 1862, ' Pal^ontol. Alg.' p. 84, pi. 5. fig. 20.

Two examples from Gebel En. The largest measures, alt. 7*5, diam.

4'75 mm. Bourguignat gives alt. 8-10, diam. 6-7 mm.
This species is chiefly distinguished from /. truncata by its higher spire

and narrower body-whorl.

It has been reported from Egypt, Algeria, and Syria..

* ' Fauna der Land- u. Siisswasser-Mollusken N.O.-Afrikas,' Nova Acta der K. Leop.-

Carol. Deutsch. Akad. d. Naturf. vol. ii. 1874, p. 217.
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IsiDORA TRUNCATA (Fer.), Bourg.

PMjsa truncata, Ferussac, Audouin, 18:^6, 'Explic. Sommaire des Planches Moll. Egypte

et de la Syrie par Savigny,' vol. i. pi. 4, p. 33. Savigny, ' Descr. de TEgypte,' 1812,

pi. 2. fig. 27.

Physa tnmcata, Bourguignat, 1856, 'Amen. Malac' vol. i. p. 176, pi. 21. figs. 5-7.

Fonr specimens were found at Hillet Abbas and two at Gebel En on

water-plants at the edo-e of the river. Tbev were previously mistaken for

1. sericina, Jickeli (' Butterfly Hunting in Many Lands/ by G. B. Longstaff,

1912, p. 124), which had been recorded from the district by Herr Hagg.

They have, however, a much flatter spire and a longer body-whorl.

The laro-est example is from Hillet Abbiis; it measures, alt. 9'25, diam.

6 mm. The smallest, from Gebel En, has an alt. of G mm.

Jickeli unites I. truncata with I. contorta, Mich., considering it a young

stage of that species, but this can hardly be the case for they differ in form,

and my biggest shell exceeds in size the dimension he quotes for i. contorta.

It may more probably be a variety of /. broccJui, Ehrb., to which it bears a

greater resemblance, as they both have a narrower aperture than /. contorta.

Bourguignat states that it is widely spread in Syria and Egypt and that it

occurs both living and fossil in Algeria. Germain records it from Lake

Tchad.

ISIDORA CONTORTA, Mich.

Physa contorta, Michaud, 1829, Bull. See. Linn. Bordeaux, vol, iii. p. 268, figs. 15, 16.

Only one specimen was found, on Masrau Island, but many were taken in

Lake Shambe, most of which were immature. Three or four shells have

strong raised threads running down the whorls along the course of the lines

of growth.

This species was previously found in the White Nile by Prof. Schweinfurth

and recorded by von Martens. It has a very wide range, being reported

from Southern Europe, North, West, and South Africa, Abyssinia, and the

Euphrates.

IsiDORA DYBOWSKii, Fischer, var.

Bullinus dybotvskii, Fisclier, 1891, ' Moil. Miss. Dybowsky,' p. 365, pi. 3. figs. 4, 4 a.

A single example was taken alive at Kaka. It appeared to me like the

shell figured by M. Pallary in 'Cat. Faune Malac. Egypte/ pi. 3. fig. 34, as

a variety of Isidora dyhowsUi. I therefore sent it to him, and he confirmed

my identification and stated that it was not quite mature. This is a new

record of the species in the White Nile.

It has previously been found in Lower Egypt, and also sub-fossil in the

Algerian Sahara at El Golea (Pallary').
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IsiDORA (Pyrgophysa) FORSKALI, Elirh,

Isidomforskali, Ehrenberg, 1831, ' Symb. Phys.' No. 3, p. 174.

One specimen was found alive in Lake Shainbe. It is of medium size,

consisting of four and a half whorls which measure^ alt. 6*75 mm.
The species is reported from North, East, West, South, and Central Africa,

Aden, Mauritius, and the Cape Verde Islands.

Suborder STYLOMMATAPHORA.

Family Testacellid^.

Streptostele ? sp.

One dead specimen at Sheik Tombe.

Streptaxis ? sp.

Four dead shells at Sheik Tombe too imperfect to identify.

Streptaxis sudanica, sp. nov.

Three specimens at Sheik Tombe. A description by Mr. Hugh Preston

will be found in Appendix I., p. 265.

Family L i M A c i D ^.

Helicarion ? sp.

One dead specimen at Sheik Tombe.

Martensia sp.

Two dead immature shells at Rejaf Wooding Station. Four in similar

condition, probably the same species, found among scrub at Rejaf.

Family Stenogyrid^.

Genus LiMicoLARiA, Schumacher.

LiMICOLARIA FLAMMATA^ Caill.

Cochlogena flammata, Cailliaud, 1823, 'Voyage a Meroe/ vol. ii. pi. 60. figs. 4, 5, vol. iv.

1827, p. 265.

I obtained about eighty specimens of this species. They show a consider-

able amount of variation, and at localities where a series was taken shells of

the stouter typical form were associated with others varying in their degree

of slenderness.
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Now a slender form has been described by Sliuttleworth * under the name
of candidhsima, and it is represented as pure white in the figures, though he

states there are traces of straw-yellow streaks on the last whorl, and that the

epidermis is thin, pale, and horny. He had only one example, which was

from Kordofan.

V^oii Martens t refers to the traces of brown streaks on this specimen,

though at first sight it appears white^ and he regards these streaks as similar

to those on L. raiUiaudi, Pfeiff. (L. fiammata). Jickeli J also states that,

though he has figured a unicolorous example, he has specimens before him
with stripes more or less the same as those on L. sennaariensis, Shutt.

{flammata)

.

Von Martens § has described and figured a small shell from the Bahr el-

Ghazal resembling L. candidissima in shape, but smaller and having very

decided brown streaks, as variety gracilis.

Still another elongated shell has been described by Dr. Pilsbry
||
from the

Omo River, similar to the last in form and colour, but more elongated ; it is

named var. smitJii.

The streaks or flammules with which the shells of this group are orna-

mented vary in width, distance apart, and also in depth of colour, which may
be light yellowish-brown, dark brown, or almost black. Owing to the habit

that molluscs have of burying themselves in the earth, it is common to find

shells, both stout and slender, bleached on one side, while more or less of the

epidermis and flammules may be preserved on the other.

It is most unfortunate that a name of the significance of candidissima

should have been given to a holotype ; also it is unfortunate that the repre-

sentative of the var, gracilis should have been a small form. Since Jickeli

and M. Pallary both comprise the slender shells agreeing in shape, whether

striped or unicolorous, under the varietal name of candidissima, I think it

advisable to follow their example.

In my collection the groups found at different localities, besides varying

among themselves in the width of the spiral angle, have also each a dis-

tinctive facies, showing slight differences in form and colour according to

their respective habitats.

In consequence of this fact, I consider it most convenient to record the

specimens topographically, when I shall reserve the word holotf/pe to signify

L.jiamniata, sensu stricto.

It would of course be possible to make a number of sub-varieties based on

slight peculiarities, but these would be of no value without a knowledge of

* ' Notit. Malac' vol. i. 1856, p. 49, pi. 6. figs. 7, 8.

t Malak. Bliitt. 1865, p. 197.

% 'Fauna Land- ii. Siisswasser-Moll. N.O.-Afrikas/ p. 161.

§ Malak. Blatt. vol. xvii. 1870, p. 34.

It
' Man. Concli.' vol. xvi. 1904, p. 28.3, pi. 22. figs. 37, 38.
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the different animals. As most collectors visit these re2;ion^: diirino- the

dry season, it is difficult to obtain living specimens.

Gebel En: one example similar to the holotype but bleached^ alt. 61,

diam. 25 mm.
Renk : here I secured thirteen specimens especially characterised by

their large size and distinct light brown flammules. The biggest has ten

whorls, and measures, alt. 75, diam. 30, aperfc. alt. 28, diam. 3 3 mm. This

is really a large typical specimen ; it is similar to a shell figured bv
Dr. Kobelt (Martini u. Chemnitz, Syst. Conch.-Cab. ed. 2, vol. i. p. 71,

pi. 23, fig. 3), which he regards as a variety of L. sennaariensis. The
longest shell measures, alt. 79, diam. 28 ; apert. alt. 28, diam. 12 mm. This

is slightly larger than fig. 4 o£ Dr. Kobelt. Another individual is still more
slender, measuring alt. 70, diam. 24 mm. Specimens were taken by Herr
Hagg at this localitj^, one of which he refers to Dr. Kobelt\s fio-. 4 and
names var. crassior. His shell has the aperture somewhat wider than mine.

Mashra Zarafa : nine examples all slender, two with slightly convex

whorls and especially resembling var. candidissima in shape, but distinctlv

streaked with brown. The others have more flattened whorls : one is semi-

transparent and pure white ; it is, however, uncertain whether it is reallv an

albino. It measures, alt. 48, diam. 18 mm.
Kakii : seven very beautiful shells. One is typical, the others are more

slender ; they are distinguished from those from Renk by liaving the body-

whorl more flattened and elongated. They have on the whole rather broad

distinct brown flammules ; on one example^ however, these are finer and

more broken. This last has nine whorls, which measure alt. 69, diam.

25 mm. Another shell is bleached, with only faint yellowish flammules on

the body-whorl ; it is almost identical in shape and dimensions with Shuttle-

worth's figure of the holotype of L. candidissima.

Kodok, one ; Lul, one, bleached ; Duleb, one good example of the typical

form and one of var. candidissima.

Lake Shambe : here we have a very distinct group of five shells possessing

especially dark flammules close together, somewhat convex whorls, with an

impressed line below the suture on the body-whorl, which in two cases has

begun on the penultimate whorl. All are referable to the holotype, but

they vary slightly in their spiral angle. The broadest measures, alt. 54,

diam. 23 mm. ; a more slender shell has an alt. of 60*5 nmi. with the same

diameter.

Kanisa, two of typical form ; Malek, one, var. candidissima; Sheik Tombe,

one ; Kiro, one ; Mongalla, six specimens, of which five are small typical

examples, the sixth is more elongated, alt. 55, diam. 20*5 mm., and is very

like Dr. Pilsbr^'s figure of the var. smitlii ; Lado, three near the holotype.

Rejaf Wooding Station : about twenty, mostlyyoung, two typical, the others
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more slender^ the largest of these greatly resembles the figm-e of gracilis,

V. Marts. ; it measures, alt. 43, diam. 17, apert. alt. 17*5, diam. 7*5 min.^ but

it is not mature.

Other slender forms of this group are L. longa, Pilsb., and L. loenigi,

Boettger, neither of which have I met with.

The holotype oi L.flarmnata is from Mouna, a few miles north of Sennaar

on the Blue Nile. This species, or one of its varieties, ranges southwards

from this locality to the Lakes Albert and Tanganyika, also to the district

between the Lakes and Zanzibar, and eastwards to Abj'ssinia.

LiMiCOLARiA HEUGLINI, von Martens.

Acliatina {Limicolarin) heu(jlini, vou Martens, 1866, Malak. Blatt. vol. xiii. p. 91, pL 4.

figs. 1, 2.

Three specimens were found at Hillet al-Nuwer. They may be distin-

guished from L. flammata, var. gracilis, v. Marts, by their flatter spire and

lower penultimate whorl.

The holotype came from Southern Abyssinia. The species was taken by

Dr. le Boi on the Bahr el-Gebel and the Bahr el-Ghazal ; also in the latter

district by Dr. Schweinfurth.

My largest example measures, alt. 34, diam. 16 mm. Yon Martens^

longest shell measures, alt. 35, diam. 16 mm.

LiMICOLARIA KAMBEUL, Brug., var. TURRIS, Pfeiff.

Btdimus kamheul, Brugaiere, 1789, ' Enc. Metli.' vol. vi. pt. i. p. 332.

Var. turns, Pfeifter, 1861, Proc. Zool. Soc. Loudon, p. 25, pi. 2. fig. 3.

Limicolaria adaimmi, Jickeli, 1871, 'Fauna L. u. S. Moll. N.O.-Afrikas,' p. 154, pi. 6.

figs. 3 & 4.

Two large and two very small specimens were found at Bejaf Wooding
Station, also ten immature ones five miles further south at Bejaf. Some
examples are bleached, but on others the periostracum with its deep

brown flammules is well preserved. The two larger shells aoree with

Pfeiffer's figure, and also with Jickeli's figures 3 and 4 on pi. 6 (op. cit.),

Avhich he calls L. adansoni, Pfr., and considers identical with L. furris, Pfr.

Pilsbry *, however, regards L. adansoni and L. turris as distinct varieties of

L. kamheul, Brug., the former being the western, and the latter the eastern

variety. My two larger specimens measure respectively, alt. 113, diam.

about 52 mm. (last whoid broken) ; alt. 95, diam. about 50 mm., alt. of

aperture 46, diam. of apert. 24 mm. (peristome and base broken).

Dr. Boettger f records that Dr. le Roi found four specimens in this

district, one at Bejaf, two at Kiro, and one at Gemesa (Kanisa ?).

* Tryon, ' Man. of Concli.' ser. ii. 1904, Pulraonata, vol. xvi. p. 252, pi. 25. figs. !), 10, 11.

t Proc. Malac. Soc. 1913, vol. x. pt. vi. p. 355.
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This variety is reported from the sources and tributaries of the Upper Nile,

and also from Lake Tchad.

M. Germain states that it has been taken at Querke, on the French border

o£ Liberia.

LiMicOLARiA TUEEiFORMiSj von Martens.

Limicolaria turriformis, von Martens, 1895, Nacliriclitsbl. Mai. Ges.p. 182; von Martens,

1898, Deutsch-Ost-Afrika, Bd. iv. Beschalte Weichthiere Ost-Afrikas, pp. 102, 103,

pi. 4. figs. 11, 13, & 15.

A single specimen was found at Sheik Tomb^- It appears to be inter-

mediate in form between the varieties neitmanni, v. Marts, and solida,

V. Marts. Alt. 63, diam. 29 ; aperture, alt. 27, diam. 14 ram.

This species has been recorded previously from the neighbourhood of the

Victoria Nyanza, whence came the holotype and two varieties just quoted :

also from Lake Tchad, but apparently not from the Bahr el-Gebel.

Limicolaria eohlfsi, Kob.

Limicolaria roMfsi, Kobelt, 1895, ' System, Couch.-Cab.' von Martini und Chemnitz,

p. 72 & pi. 23. figs. 5, 6.

This species was taken at Hillet Abbas (two), Hillet al-Nuwer (four),

south end of the Bahr el-Zarafa (five), Malek (one). Sheik Tombe (two), and

Kiro (four), making in all eighteen specimens. Dr. le Roi also found it at

Tombe and Gemesa (Kanisa ?). The holotype came from the Ngadda River,

and the species is further reported from the neighbourhood of the Victoria

Nyanza, Albert Nyanza, and Albert Edward Nyanza. My largest specimen

is from Hillet Abbas ; it measures, alt. 42-5, diam. 18 mm.

The occurrence at this locality is interesting, as it does not appear to have

been previously recorded so far north.

The type measures, alt. 38, diam. 17 mm.

Limicolaria smithi, Preston.

Limicolaria smithi, Preston, 1906, Proc. Malac. Soc. London, vol. vii. pp. 89, 90.

Limicolaria prestoni, Boettger, 1913, ibid. vol. x. pt. vi. p. 359.

Four specimens were found at Sheik Tombe and one at Malek.

The holotype is from the northern shore of Victoria Nyanza. Mr. Preston

informs me that numerous other examples in different stages of growth have

been obtained in Uganda.

linn. JOURN. ZOOLOGY, VOL. XXXII. 22
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Genus BuETOA, Bourguignat.

BURTOA NILOTICA, Pfr.

Sulimus niloticus, PfeifFer, 1861, Proc. Zool. Soc, London, p. 24.

Limicolai'ia nilotica, Pfeiffer, 1876, 'Nov. Conch.' vol. iv. no. 676, pi. 110. figs. 1, 2

3, p. 5.

This species was only met with on the Bahr el-Gebel. Thirteen specimens

were taken : near Lake Shambe (one), at Malek (six), Sheik Tombe (three),

Kiro (one), and at Lado (two). All were dead^ and only two from Malek

have the epidermis preserved ; a bleached shell from this locality has the

peristome greatly thickened.

Burtoa nilotica is a very variable species, and some of the forms have

received distinct names.

Dr. Boettger records two specimens from near Gemesa (Kauisa ?) on the

Bahr el-Gebel, and von Martens reports it from the Bahr el-Ghaz;11. It

occurs throughout the Lake Region, and has been found as far south as

Matabeleland (Conolli/). Mr. Preston informs me he has taken it at Kismayu,

while Germain records it from Lake Tchad.

Family Succineid^.

Genus SucciNEA, Draparnaud.

SucciNEA CLEorATR.1,, Pollavy.

Sucdnea cleopatrce, Pallary, 1909, ' Cat. Faune Malac. Egypte,' Mem. Inst. Egypt.

vol. vi. fasc. i. p. 45, pi. 3. figs. 29, 30.

Sucdnea cegyptiaca, Ehrenberg, 1830, ' Symb. Phys.'

Sucdnea indica, Ji6keli, 1874, 'Fauna N.O.-Afrikas,' p. 167, pi. 6. fig. 11 (non Pfeifter).

Two specimens were found at Gebel En under a log near the edge of the

river, one alive, the other dead. They agree with the figures of M. Pallary

and also with that of S. indica, Jickeli, which species M. Pallary considers

distinct from S. indica, Pfeiff., therefore he has given it the above name. At

the same time he states that it is probably couspecific with S. a:gyptiaca,

Ehrenberg, but as this species was described from an immature specimen

it is hardly possible to refer other shells to it with certainty.

It occurs near Alexandria and Damietta. If conspecific with S. wgyptiaca^

Ehrenb., it has previously been taken in the White Nile by Prof. Schwein-

furth and recorded under that name by von Martens in Malak. Bliitt. 1873,

p. 41.
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Family Vagi NULiD^.

Genus Veronicella, Blainville.

Veronicella nilotica, Cocherell.

A second specimen of this rare species was taken at Hillet al-Nuwer,

about which Mr. Robson gives further details in Appendix II., p. 2&%.

Class PELECYPODA.

Order EULAMELLIBRANCHIATA.

Suborder SUBMYTILACEA.

Family tEtheriid^.

Genus jEtheria, Lamarck.

^THERIA ELLIPTICA, Lamarck.

JEtlieria elliptlca, Lamarck, 1807, Ann. Mus. Hist, Nat. Paris, vol. x. p. 401, pi. 29 and
pi. 30. fig. 1.

Numerous specimens were taken at Ad-Duwem, Abba Island, Masran
Island, Gebel En, near Gebel Ahmad Agha, and at Mashra Zarafa Wood
Station. At several places clusters were observed formed of examples of both

the smooth, typical form, and the variety tuUfera, Sowerby*, adhering

together, this variety being generally the more abundant. The theory that

the latter is characteristic of calm and the former of more turbulent waters

can hardly be maintained. This species varies not only in ornamentation but

also in shape, and sometimes the shells form such masses as to be an im-

pediment to navigation.

^L^tlieria elliptica has been recorded from the whole Nile basin, the Lakes

Victoria, Tanganyika, Dembea, Rudolf, and Tchad ; from the Blue Nile,

where I, as well as other collectors, have also taken it ; and from West
Africa ; a very similar form is stated to occur in the Congo.

* Zool. Journ. vol. i. 1825, p. 523, pi. 19.

22*
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Family Untonid^.

Genus Nodularia^ Conrad.

Section Cselatura, Conrad.

NODULARIA (CeLATURA) NILOTICA, Caill.

Unio niloticus, Oailliaud, 1823, 'Voyage a Meroe,' vol. ii. pi. 61. figs. 8, 9; vol. iv. p. 263.

? Unio sennaariensis, Kiister, 1862, ' Conch.-Cab.' p. 280, pi. 94. fig. 6.

Abundant in the lower part o£ the Bahr al-Abyad, where I found a hundred

and forty-two specimens ; the greater number occurred at Mogran and

Ad-Duwem, only four were taken on Abba Island and one at Kosti. All are

small, and few, if any, mature, but some have such a remarkably thick test

that it is possible they may be a dwarf form which never attains full

dimensions.

M. Pallary lays great stress both on the colour of the nacre, and the

presence of wrinkles (flabellations) as characters essentially separating the

species A^. nilotica and N. cef^i/ptiaca from one another. I have, however,

found the colour too variable to be a distinction of specific value.

Sixty-six of the specimens I took have the nacre salmon-pink, twenty-six

purplish-pink, and fifty white.

The absence of wrinkles is possibly more constant, for I have not observed

them on any of the White Nile examples of A. a^ayptiaca, nor on those I

found in ponds near the Pyramids of Gizeh. They are generally present on

N. nilotica, sometimes on both ends, at other times on one end only, or they

may be absent altogether.

I obtained fair-sized specimens of JS\ nilotica at Manshiya, near Mena,

fourteen in number, ten with purplish-pink nacre and four white.

I also got twelve examples from the same locality of a form which

M. Pallary has figured as W. gaillardoti, Bourguignat MS. They appear

to me more worthy of ranking- as a variety than a distinct species, for there

are shells intermediate in character which it is very difficult to place. With

one exception these have all purplish-pink nacre. I also obtained two

remarkably short specimens. M. Pallary has suggested that N. gaillardoti

may be an intermediate form between N. nilotica and N. parrei/ssi.

The examples of A^. nilotica from the White Nile show a certain amount of

variation. M. Pallary informs me that two have received distinctive names

from Bourguignat : one which occurred at Ad-Duwem was called Unio euri/s-

seUitms, and M. Pallary has figured it (Bull. Inst. Egypt, ser. iv. no. 3,

p. 94, pi. 2. fig. 4). The other, a swollen, sub-quadrate form, was named

U. pldhsicus or emeritus in lit. I found it both at Mogran and Ad-Duw6m ;

an example from Mogran measures long. 37, alt. 24, crass. 16*5 mm. One

of the former measures, long. 36, alt. 23, crass. 14*5 mm.
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Unio sennaariensis, Kiister (fig. 6), is also probably an immature form ot

this species. Herr Boettger regards it as a variety and records a single

specimen from Gebel Ahmed Aghii.

Some of the shells have the dorsal margin lower posteriorly than U. eurys-

selliniis, and come nearer to the type in form. These generally have the

nacre either white or tinged with salmon-pink within the umbo.

It would be unwise to found new varieties on any of these shells since

neither Bourguignat^s nor mine are quite rnature.

The largest specimen I got at Manshiya measures, long. 54, alt. 31, crass.

24 mm. Herr Hagg states that the Swedish Expedition obtained twenty

specimens, of which the dimensions exceed any that I have found in either

district, having long. 73-5, alt. 42^ crass. 32 mm.
The holotype is from Joseph's Canal, Lower Egypt. The species is reported

from Upper Egypt, also previously from the White Nile, and Mr. A. E. Smith

has recorded it from Lake Tanganyika.

NODULARIA (OiELATURA) ^GYPTIACA, Ccdlliaud.

Unio cegyiJtiacus, Oailliaud, 1823, 'Voy. a Meroe,' vol. ii. pi. 61. fios. 6, 7 ; 1827, vol. iv.

p. 263.

I found this species less numerous but more widely distributed than

N. nilotica. Sixteen specimens were taken, none are mature ; the shell

structure is thin, externally brownish green in colour^ the nacre is pinkish

purple, in some examples the pink tone predominates and in others the blue.

No wrinkles (" flabellations '^) observed.

The largest specimen was found at Mogran ; it measures, long. 40, greatest

alt. 28, crass. 16 mm. Others occurred at Ad-Duwera, Tawila, Kosti, Hillet

Abbas, Masran Island, south of Melut, Waw, Taufikiya, and Lake Shambe.

This species has been reported from Upper and Lower Egypt, in which

district I have also taken examples, the Upper Nile basin, and Central Africa.

Var. SHAMBiENSis, var. nov. (PI. 18. figs. 4-7.)

Diagnosis.—More oval in contour than the type, more swollen, dorsal

margin more curved. Exterior brown, the nacre varies from pink to purple,

in two it is rose-pink merging into salmon-pink within the umbo, while in

another it is bluish-white with sahnon-pink within the umbo. Some of the

examples are remarkably solid, and when this is the case the lamellar anterior

teeth of the right valve become greatly thickened, divided, and jagged.

This is a very distinct form having the muscle-scars and the teeth, when
the test is thin, of N. cegijptiaca, while the shape is something like N. nilotica,

but none of the specimens has the wrinkles of that species. The higher

posterior rostrum distinguishes it from N. parretjssi, though the teeth when
the test is thick resemble those of that species.
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I sent examples to M. Pallarv, and he suggested it might be a variety o£

N. rugifer, Kiister, who^ however, calls his species the '^ runzeltragende

Flussperlmnschel/' and as I have just remarked^ my shells have no wrinkles
;

the shape also is different, the umbo being further from the anterior end, the

hinge-line shorter, and the posterior slope more gradual.

Dimensions.—One specimen measures, long. 39'5, alt. 23, crass. 16*5 mm
Another is slightly shorter, the long, being 38 mm., while the alt. and crass.

are the same.

Locality.—Lake Shambe„ Eighteen individuals.

NODULARIA (C^latura) parretssi, PJiiUppi. (PL 18. fig. 8.)

Unto 2'>arreyssi,Y. d. Busch in lit., Pliilippi, 1848, 'Abbildg. Besclireib.' vol. iii. p. 81,

pi. 5. fig. 6.

Unio parreyssi, Kiister, 1862, ' Conch.-Cab.' p. 268, pi. 90. fig. 6.

? Unio seniiaariensis , Kiister, ibid. p. 280, pi. 94. fig. 5 (uou fig. 6).

About ninety specimens were taken between the mouth of the White Nile

and Lake No^ at the following localities : Mogran, Ad-Duwem, Tawila on

Abba Island, Masran Island, Gebel En, Mashra Zarafa AVood Station, south

of Melut, and Taufikiya.

Philippi states that it occurred at Sennaar, White Nile {Kotschy).

It has also been recorded from the Bahr el-Ghazal by von Martens. The
Swedish expedition found only one example in the White Nile, for which no

locality is given. According to M. Pallary, "Tres commun dans tout le cours

du Nil et de ses derives.'^

This species may be distinguished from JS. nilotim, Caill., with which it has

been united by some writers, by its more curved dorsal margin, lower posterior

rostrum, more flattened and generally more eroded umbo, the most swollen

part of the valve being lower, and by the thick and frequently jagged

anterior tooth in the right valve. The wrinkles vary as in iV. nilotica. A
young specimen from Mogran is remarkable for having wrinkles over the

umbo as well as on both ends. The colour of the nacre, however, is rarely so

deep in tone : it is white, white tinged with blue, purplish pink, coral pink, or

orange, the richest colour being within the umbo. The exterior is dark

brown, sometimes with a greenish or yellowish tint. It differs from

JSf. mossambicensis, Peters, in having the anterior end shorter and lower.

Philippi's holotype measures, long. 42, alt. 25, crass. 16 mm.
One of my shells from Ad-Duwem measures, long. 39-5, alt. at umbo 22*5,

greatest alt. 24'25, crass. 17 mm.
A large individual from Mashra Zarafa Wood Station is dead and somewhat

worn, and I feel doubtful about referring it to this species, but it appears

more like it than any other. It measures, long. 43*5, greatest alt. 26-5, alt.

at umbo 25*5, crass. 19 mm.
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This species shows a certain amount of variation in form. Von Martens

(Malak. Bliitt. vol. xxi. 1873, p. 43) refers to a small specimen fomid by

Prof. Schweinfurth in the Bahr el-Ghazal as Unio sennaariensis, var. schwein-

furtJii, but as there is only one he hesitates about founding a new species on

it. Later, in ' Nov. Conch.' of PfeifEer, vol. iv. 1876, p. 140, pi. 132. figs. 3-5,

he describes it as Unio parreyssi, var. sclnoeinfurthi. Unfortunately the

shell is immature ; it resembles several in my collection, but it is impossible

to know whether it would have grown up in any way distinct from the

type in form, and the red colour of the nacre has no value as a specific

distinction.

There are however two, if not three, distinct varieties.

Var. OBLIQUA, nov. (PL 18. fig. 11.)

Diagnosis.—Jickeli (Nova Acta Akad. d. Naturf. vol. xxxvii. 1874, p. 274)

mentions two shells found by Prof. Schweinfurth in the Bahr al-Ghazal which

he does not name. They are described as having the dorsal margin much
higher posteriorly and lower anteriorly. Thus the shells have an oblique

appearance. Also the dorsal margin is more or less angular at the anterior

end.

Locality.—I took this variety at Tawila (two separate valves), Masran

Island (three), Melut (six). There are also two specimens from this last

locality intermediate between the variety and the type in shape.

Dimensions.—The dimensions given by Jickeli are, long. 30, alt. 17*75,

crass. 11*5 mm.
One example from Meltit is near this, while another is still laroer,

measuring long. 39'5, alt. at umbo 19, greatest alt. 24, crass. 16 mm.

Var. ELONGATA, nov. (PL 18. figs. 9, 10.)

Diaffnosis.—Shell more elongated, having the umbo nearer the anterior end.

The adult has the test thicker and more swollen and the teeth are generally

very strong and jagged.

The tw^o valves from Tawila, which I have referred to the last variety,

resemble this in their great strength but are oblique in form.

Locality and Dimensions.—The variety elongata occurred at Ad-Duwem
(two), Tawila (three), and Gebel Ahmad Agha (one). The last measures,

long. 42, alt. at umbo 21, greatest alt. 23'5, crass. 20 mm. The largest from

Tawila measures, long. 40"5, alt. at umbo 21'5, greatest alt. 23 5, crass.

18 mm.
A small specimen found at Mogran and another at Khor Surkab near

Kerreri are shorter than usual and much swollen, also the posterior dorsal

margin is lower. The former measures, long. 31*5, alt. at umbo 19, greatest

alt. 19"5, crass. 15"5 mm.



256 MRS. JANE LONGSTAFF ON NON-MAKINE

Two individuals from Ad-Duwem have the test much thinner, the teeth

less strong, and the exterior a brighter green than usual ; the nacre is

bluish white.

NODULARIA (CiELATURA) SOBAENSIS, Sp. nOV.

Five specimens were taken at Soba on the Blue Nile.

A description oi: the species by Mr. H. Preston will be found in

Appendix I., p. 2<d6.

Section Lanceolaria, Conrad.

NoDULARiA (Lanceolaria) tbretiusoula, Pldlippi.

TJnio teretiusctdus, Pliilippi, 1847, ' Abbildg. Beschreib.' vol, iii. p. 45, pi. 3. fig. 3.

Unio cailliaudi, Ferussac, von Martens, 1866, Malak. BUitt. p. 13.

Unio lithophagus, Parreyss in MS.

Unio lithophagus, Ziegler in MS.

Only a left valve was found at Tawila on Abba Island. It agrees in form

with the holotype, but is smaller. It measures, long. 39*5, alt. 17 mm.
The holotype is also from the White Nile, and measures, long. 51, alt. 21,

crass. 19 mm.
This species has had the names cailliaudi and Utliopliagus bestowed upon

it, which have apparently only existed in manuscript, for they had not been

published previous to Philippics description. Von Martens gives the name
cailliaudi priority, though there is no certain evidence of Ferussac having

published it. Philippi credits the name lithophagus to Parreyss, while von

Martens refers it to Ziegler. N. teretiuscula is also recorded from the Bahr

el-Grhazal, Albert Nyanza, Nabia, and Egypt. I have seen the specimen in

the British Museum (Nat. Hist.) from Abu Zeit referred by Captain Flower

to this species, and find it belongs to the following variety.

Var. PALLARYI, nom. nov. (PI. 18. figs. 12-14.)

Var. lithophaga, Ziegler, Pallary, 1902, Bull. lust. Egypt, ser. iv. no. 3, p. 95.

Diagnosis.—This variety differs from the type in being lower, more elon-

gated, and more pointed posteriorly, in the umbo being nearer the anterior

end, and in the anterior lateral teeth of the left valve beino- nearer together.

The valves are also much swollen. The exterior is dark brown, the nacre

bluish white, tinged with salmon-pink inside the umbo, and in one example

from Ad-Duwem this colour has spread all over the interior.

M. Pallary is mistaken in referring this form to Unio lithophagus, Ziegler,

which is a synonym in manuscript of the typical name, and according to

von Martens (Malak. Bliitt. 1866, p. 13) has similar dimensions. I therefore

propose calling it after M. Pallary.

According to my experience the variety is much more abundant than the
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type in the Bahr al-Abyad. It was found at Mogran (fifteen), Ad-Duwem
(seventeen), on Abba Island, both opposite Fachi Shoya (three), and at

Tawila (thirteen), Kosti (two), Hillet Abbas (five, and five separate valves),

Masran Island (one), Grebel En (six), north of Gebel Ahmad Agha (two

very small), south of Melut (three), Lul (one), Taufikiyfi (one valve).

Total sixty-eight. Reported also from the White Nile by M. Pallary. My
largest specimen occurred a little to the south of Melut; it measures, long.

44, alt. 17'5, crass. 16*5 mm.

Genus MuTELA, Scopoli.

MUTELA NILOTICA, SoW.

Iridina nilotica, Sowerby, ]824, Zool. Journ. vol, i. p. 53, pi. 2. fig. 1.

Iridina nilotica, Cailliaud, 1827, ' Voyage a Meroe/ vol. iv. descr. p. 262 ; 1823, Atlas,

vol. ii. pi. 60. fig. 11.

A single valve of a specimen of this species was found by Dr. Longstaff

near Gordon^s Tree, Khartum. It is not so large as Sowerby^s type, but

agrees with it in form, the dorsal and ventral margins being nearly parallel.

It measures, long. 9(), alt. at umbo 32, alt, post. 36 mm. Sowerby states that

his specimen M'as given to him by M. Cailliaud, and that it came from

Sennaar. A shell in the British Museum (Nat. Hist.) is probably the holo-

type; it agrees with the figure in shape, and has the adventitious marks in

the nacre, which are represented in the drawing, only reversed as would be

the case if they were copied from the reflection in a mirror. There is no

certain record of the locality of this individual. It measures, long. 144,

alt. .54 mm.
The name nilotica appears to have been given by Ferussac in MS., but

Sowerby was the first to describe it, thougli the shell had been })reviously

figured by Cailliaud.

This species greatly resembles the West African form, M. exotica. Lam.

[elonqata, Sow.), but it is distinguished by only having traces of crenulations

along the hinge-line, while they are very strongly developed in M. exotica.

Cailliaud's figured specimen came from Joseph's Canal, Lower Egypt.

The species also occurs in Upper Egypt, the Blue and White Niles, and

Albert Nyanza.

Var, ANGUSTATA, Soioerbr/, sp.

Iridina angustata, Sowerby, 1868, in Reeve's ' Conch. Icon.' vol. xvi. pi. 2. figs. 4 & 6.

Iridina nilotica, Savigny, 1813, ' Descr. Egypte,' pi. 7. fig. 2.

Iridina nilotica, Audouin, 1826, ' Explic. Somm. Planches Moll. Egypte,' p, 46.

Twenty specimens were taken: near Mogran (seven), at Tawila (one),

Gebel En (one), Gebel Ahmad Agha (four), Masran Island (five), and a

single valve, south of Melut (two). This form shows a certain amount of

variation. The shells found near Mogran come nearest to the holotype of



258 MRS. JANE LOKGSTAFF ON NOX-MARINE

M. nilotica in having less difference between the height o£ the anterior and

posterior ends, the posterior dorsal margin being less produced, the posterior

ridge is also very distinct. The mature specimens from Gebel Ahmad Agha,

on the other hand, have the posterior dorsal margin greatly produced, and the

valves are very veutricose, so that the posterior ridge is not so sharp; also

the A'entral margin is more sinuated. Several individuals show faint taxodont

teeth on the hinge. The exterior is dull green, the nacre greyish pink.

An individual from Mogi'an measures, long. 110, alt. at umbo 41, alt. post.

50, crass. 210 mm.
The largest, taken a little north of Gebel Ahmad Agha, measures, long. 130,

alt. at umbo -44, alt. post. 56, crass. 36 mm.
This form was first described by Sowerby in Reeve, but it had previously

been figured by Savigny, and was referred to Iridina nilotica, Fer. MS. by

Audouin, who wrote the explanation of Savigny's plates. Sowerby names

fig. 4 on PI. 2. op. cit. I. nilotica, but it is really the same form as fig. 5,

which he calls angustata, differing only in age. It appears more advisable

to regard M. aivjiistata as a variety of M. nilotica rather than a distinct

species, the chief dift'erenee being a greater expansion of the posterior dorsal

margin in the former.

Sowerby merely gives " Africa ?'' as locality. There are specimens in

the British Museum (Nat. Hist.) marked '' Egypt and Senegal," also " Eiver

Nile."

It is reported from Egypt, the Blue Nile, Lake Tchad, and West Africa.

Genus MuTELlNA, Bounjuiijnat.

MUTELINA R08TEATA, RanCf.

Iridina rostrata, Eaiig, 1835, 'Nouv. Arcliiv. Museum,' p. 316.

Eighty-three specimens were taken at the following places : near Mogran
(thirty-five), Ad-Duwem (eighteen), Tawila (five), south of Melut (six), and
at Lake Shambe (nineteen).

The largest were met with at the latter place, and five of the shells found

there have the posterior dorsal margin rather higher than usual. The biggest

measures, alt. 35, long. 100 mm.
Many of the younger shells have the epidermis of a beautiful iridescent

green colour.

This species was found by Captain Flower south of Abu Zeit on the White
Nile, but it is not recorded from this region by M. Pallary, Herr Hagg, or

Herren Boettger and Haas. It occurs in Egypt, and has been reported from

Lake Tchad {Germain), as well as from Senegal [Jousseaume).
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Genus PsEUDOMUTELA, Simpson.

PSEUDOMUTELA PLICATA, von Martens.

Mutela plicata, vou Martens, 1866, Malak. Blatt. p. 10.

A single specimen was taken at Gebel Ahmad Agha. Since only

two examples appear to have been recorded previously, this is an

interesting find. These are in the British Museum (Nat. Hist.); one is

figured by Sowerby in ' Conch. Icon.' vol. xvi. 1868, pi. 2. fig. 3, and both

are referred to by Jickeli, p. 270. The locality in the British Museum
register is " Cataract at Syene,'' Jickeli gives Sennaar (Kotschy), and

Sowerby gives no locality. Gebel Ahmad Agha is about one degree south

of the province Sennaar; the town of this name^, however, is on the Blue Nile,

lat. 13° 25' N. My specimen measures, long. 87, greatest alt. 31*5, alt. at

umbo 23, crass. 17 mm., and is intermediate in size between the two in the

British Museum, the largest of which measures, long. 106^ greatest alt. 36,

alt. at umbo 27*5, crass. 20 mm. These latter are named Iridina plicata,

Parreyss. In the Collection Morelet, ' Voy. Welwitsch,' 1868, p. 40, the

species is attributed to Parreyss, but there is no description. Yon Martens

(Malak. Blatt. 1866, p. 10) mentions a specimen in the British Museum, and

gives a diagnosis: though this is very brief, the species must be credited to

him as the first really to describe it. Sowerby in 1868 describes it more

fully, calling it Mycetopus plicatiis, and referring it to Gray in MS.

P. jjlicata somewhat resembles Mutelina rostrata, but is distinguished by

being subquadrate posteriorly, and gaping at both ends, by having a rather

wide groove running from the umbo to the posterior end, and a larger

cardinal tooth in the right valve. The shells in the British Museum are

yellowdsh externally, while mine is darker, being greyish green, with the

nacre salmon-pink, merging into bluish white at the margin.

Genus Spatha, Lea.

Spatha eubens. Lam.

Anodonta ruhens, Lamarck, 1819, Hist. Nat. Aiiim. sans A'ert. vol. vi. pt. 1, p. 86.

Spatha cailUaudi, von Martens, 1866, Malak. Blatt. vol. xiii. p. 9.

An adult specimen measuring long. 112, alt. 73, crass. 42 mm., as well

as the right valve of a still larger example measuring long. 145, alt. 97 mm.,

were obtained from a fishing boat at Kosti. Immature shells in different

stages of growth were taken at Ad-Duwem, Tawila, and Lake Shambe.

Von Martens considered this Nile species of Spatha distinct from that

described by Lamarck from West Africa, and therefore called it S. cailUaudi.

I have, however, compared my specimens from the White Nile, and also

some I obtained from a pond at Shabra Maut, near Gizeh, with examples

r om West Africa in the British Museum (Nat. Hist.), and I consider them
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conspecific, for there is no greater variation in form and colour than occurs

in a large series from one district^, such as I possess from Shabra Maut.

The nacre is generally deep pink; my entire specimen from Kosti is pale in

tone, and two shells M. Pallary has given me from Cairo and the Canal

Mahmoudich are respectively pearly white and white tinged with pink.

M. Pallary (Mem. Inst. Egypt, vol. vi. fasc. 1, 1909, pp. b'd, 8-4) has shown that

the forms regarded as distinct species under the names lepsii, Jickeli, eanaida,

Bourg., arcuata, Caill., and letourneuxi, Bourg., are merely stages in the

gj-owth of S. ruhens. I not only have examples from the White Nile

in these different stages, but also shells from Shabra Maut indicating them

clearl}' by the lines of growth.

This species has previously been recorded from the White Nile, the Blue

Nile, the Bahr el-Ghazal, Abyssinia, Uganda, Lake Tchad, and its occurrence

in Egypt and also in West Africa has just been mentioned.

The figure of S. loissmanni given by von Martens in ' Conch. Mittheil.^

vol. iii. 1889, pp. 9, 10, is hardly distinguishable from an old example of

this species. It is from the Rivers Lubi and Lubihisch, tributaries of the

Congo, in S. lat. 5° 6'.

Spatha innesi, Pallarij.

Spatha innesi, Pallary, 1902, ' Moll, recueillis Iniies Bey,' Bull. Inst. Egypt, ser. iv. no. 3,

p. 97, pi. 2. lig. 2.

Specimens were taken near Mogran, at Ad-Du\vcm, Tawila, Kosti, Gebel

Ahmad Agha, near Melut, at Kodok, and in Lake Shambc. They were most

numerous at Ad-Duwcm, where twelve examples were found in different

stages of growth.

The holotype measures, long. 60, alt. 37, crass. 25 mm. My biggest shell

exceeds this, measuring, long. 72, alt. 42'5, crass. 28'5 mm. It is from

Ad-Duwem. The specimens vary in shape, some having the ventral sinuation

more pronounced, some are more elongated, while others have the test

considerably thicker. A small example from Melut is remarkaljly solid,

more oblong in form, with the posterior dorsal margui higher.

This species bears some resemblance to the western form, S. chaizlana,

Rang, with specimens of which I have compared it, but I fully agree with

M. Pallary in considering it distinct.

The exact locality of the holotype is not given, but .since Dr. Innes Bey

kindly gave me an example from Kaka, it may also be from the same

habitat.

Spatha wahlbergi, Krauss.

Iridina tvcchlberffi, Krauss, 1848, Siidafrik. MolP p. 19, pi. 2. fig. 1.

Spatha hartmanni, von Martens, 1866, Malak. Blatt. vol. xiii. p. 10.

Four entire specimens were taken near Mogran, and a single valve at
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Ad-Duwem. None are mature. They agree with the figures of both Krauss
and Jickeli, but are not so large. I compared them with two specimens in

the British Museum (Nat. Hist.) found in the White Nile by Captain Flower,

and also with some from Natal. They are similar in shape and muscular

markings to all of these, but are not so large as the former; m}^ largest,

however, is nearly the same size as the smallest from Natal. They differ in

the colour of the nacre^ mine being bluish or greenish white, and the others

pink. Krauss says the inner surface of his shell is white, the middle flesh-

colour, while the margin is green and reddish iridescent. Much stress cannot

be laid on the tint of the nacre, as it is known to vary greatly in manv
freshwater bivalves.

My largest example from Mogran measures, long, 68*5, alt. 84, crass.

18"5 mm. Krauss's specimen measures, long. 113, alt. 52 mm. Flower's

specimen measures, long. 112, alt. 55 mm. The largest from Natal measures,

long. 70, alt, 37 mm.
It is interesting to note what a wide range this species has. The type of

S. v:a]ilher<ji is from the Apies River, the most southern source of the

Limpopo lliver. The species has been reported from several other localities

in South, East, Central, and West Africa ; amongst them may be mentioned

Khartum, Sennaar, between Ad-Duwem and Goz Abu-Groma (Hdgg), Bahr

el-Zarafa (JRolil), and Lake Tchad.

Spatha maexoi, Jickeli.

Spatha marjioi, Jickeli, 1874, 'Fauna N.O.-Afrikas,' p. 264, pi. 8. lig. 3.

The right valve of a specimen of this species was found on Abba Island

opposite Fachi Shoya. It measures, long. 106, alt. 52 mm. Two smaller

dead and worn examples were taken in recently dredged mud a short

distance up the Bahr el-Zarafa. This latter locality is the habitat of the

holotype, whose long, equals 85, alt. 40*75 mm.

Spatha fourtaui, Pallanj,

Spathella fourtaui, Pallary, 1902, Bull. Inst. Egypt, ser. iv. no. 3, p. 96, pi. 1. fig. 3.

Twenty-seven specimens were taken at the following localities : Tawila,

Masran Island, near Gebel Ahmad Agha, south of Melut, Taufikiya, Hillet

al-Nuwer, and fragments of a fair-sized specimen at the southern entrance

to the Bahr el-Zarafa. They were most abundant to the south of Melut,

where nineteen examples were found. The largest is from Hillet al-Ntiwer
;

it measures, long. 63, alt. 29*5, crass. 17 mm. ; it is slightly lower than usual.

A single valve from Melut measures, long. 60, alt. 29 mm.
This species greatly resembles S. marnoi and may possibly be a variety of

that species. It shows a certain amount of variation, and some specimens are

very like the small examples of S. marnoi from the Bahr el-Zarafa in form
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and size, but not in colour. S.fourtaiii is distinguished from S. uiarnoi in

being smaller, thinner, having the posterior dorsal margin slightly more

angular, the ventral margin more sinuated, and in the nacre being bluish or

greenish white instead of pink.

M. Pallary does not state the exact locality on the White Nile where the

holotype was found.

Family C Y R E N i D ^E.

Genus (;0RBICULA, Megerle von Miililfeldt.

CORBICULA CONSOBRINA, CailUaud

.

Cyrena consobrina, Cailliaud, 1823, ' Voy. a Meroe,' vol. ii. pi. 61. figs. 10 & 11 ; 1837,

vol. iv. p. 263.

This species occurred almost throughout the whole length of the river we
traversed. I took it near Mogran, at Ad-Duwem, Kosti, Abba Island, Hillet

Abbas, Gebel En, Mashra Zarafa Wood Station, Kaka, Hillet al-Nuwer,

Lake Shambe, south end of the Bahr el-Zarafa, and Gondokoro. It was

very numerous near Mogran and in Lake Shambe. Most of the specimens,

however, are immature ; the largest is a single valve from Hillet Abbtis which

measures, long. 34, alt. 30 mm. Another from Mogran measures, long. 23,

alt. 20*5. crass. 14*5 mm. The colour varies from lioht oreen in vouup- to

darker green, brown or nearly black in adult examples. C. consobrina exists

throughout the region of the Nile and in Abyssinia.

CORBICULA ARTINl, PaUaviJ.

Corbicida artini, Pallarj, 1902, 'Moll, recueillis par le Dr. Inues Bej dans le Haiit Nil,'

Bull. Inst. Egypt, ser. iv. no. 3, p. 93, pi. 1. fig. 4.

Corhicula lavigeriana (Boui-guignat), Germain, 1906, Bull. Mus. Hist. Nat. Paris, p. 583,

fig. 18 b.

Only found in the Bahr al-Abyad, where it occurred at the following

places : near Mogran, at Ad-Duwem, Abba Island, Kosti, Hillet Abbas,

Masran Island, and Gebel En. It was most numerous at this latter place
;

a single valve taken there is the largest example, measuring, long. 23,

alt. 24 mm. A specimen from Tawila on Abba Island measures, long. 21,

alt. 21, crass. 15'5 mm. M. Pallary gives the dimensions as long. 22^

alt. 23, crass. 18 mm. This is a remarkably solid shell ; the exterior varies

from pale green when young to dark rich brown when adult, the interior is

purple. M. Pallary states that this species is rarer at Alexandria and

Ismailia than in the White Nile.
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• Genus Sph.erium, Scopoli.

Sph.erium teilhardi, Pallary.

Sphcsrium teilhardi, Pallary, 1909, Mem. Inst. Egypt, vol. vi. fasc. i. p. 74, pi. 4.

fig. 27.

About thirty-four specimens were taken. The species was determined by

M. Pallary, who had recorded it from Lower Egypt, but this seems to be the

first notice of its occurrence in the Sudan. It was found both to the north

and south of Lake No, at Abba Island, Hillet Abbas, Grebel En, Lake

Shambe, and possibly one immature shell from Gondokoro is referable to

this species. The largest is from near Gebel En; it measures, long. 11*5,

alt. 8'5, crass. 5*5 mm.

? PiSIDIUM sp.

Only two small specimens possibly referable to this genus were found, one

at Gebel En and the other at Lake Shambe. They are, however, too immature

for certain identification.

Genus EuPERA, Bourgidgnat.

EUPERA PARASITICA, Desll.

Pisum parasitAcum, Parreyss in Deshayes, 1853, ' Catal. Concli. Bivalv. Brit. Mus.' vol. i.

p. 280.

Limosina ferruginea, Jickeli, 1874, ' Frama N.O.-Afrikas,' p. 293, pi. 11. fig. 16.

Five specimens were taken, four at Gebel En and one at Hillet al-Nuwer.

M. Pallary kindly examined this and the two following species. He states

that it occurs throughout the whole course of the Nile ; Bourguio-nat records

it from Abyssinia and von Martens from the Victoria Nyanza.

EuPERA JICKELI, Bourg.

Eupera jickeli, Bourguignat, 1883, ' Hist. Malac. Abyssinie,' p. 134.

Liiiwsina ferruginea, Jickeli, 1874, op. cit. p. 293, pi. xi. fig. 17.

Nine examples in Lake Shambe, and thirteen from Masran Island. Only
one specimen was found by Dr. Innes Bey in the White Nile, and the exact

locality is not stated. Bourguignat records it from Abyssinia and throughout
the course of the Nile to Lower Egypt.

EuPERA LETOURNEUXI, Bourg.

Eupera letourneuxi, Bourguignat, 1883, ' Hist. Malac. Abyssinie,' p. 134.

Seven specimens were found near Gebel Ahmad Agha in the interstices

of clusters of ^S^theria elliptica, Lam. Bourguignat only reports its occur-

rence in the canals of Alexandria. This appears to be a new record for the

White Nile.
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List o£ Localities with their distances from Khartum

and their latitude N.

Miles bj^ river

fi'om Latitude

Khartum. North.

12 Kerreri 15= 47'

Khartum 15° 37'

14 Soba (Blue Nile) 15° 32'

125 Ad-Duwem 14° 0'

213 Sennaar (Blue Nile) .... 13° 25'

Abba Island 13° 22'

Tawila 13° 16'

192 Kosti .13° 10'

Hillet Abbas 13° 7'

209 Masran Island 12° 45'

238 GebelEn 12° 37'

Eenk 11° 45'

353 Gebel Ahmad Aglia 11° 0'

Maslira Zai-afa 10° 50'

404 Kaka 10° 40'

413 Melut 10° 27'

459 Kodok (Fasboda) 9° 54'

511 Lul O'' 47'

Miles by river

from Latitude

Khartiim. North.

Waw 9° 40'

518 Taufikiya 9° 25'

Duleb (R. Sobat) 9° 22'

612 Lake No 9° 30'

Bahr el-Zarafa . . 9° 25'-7° 0'

751 Hillet al-Nuwer 8° 13'

865 Lake Sbambe 7° 0'

916 Kanisa 6° 50'

Malek 6° 7'

Sheik Tombe 5^ 43'

1072 Kiro 5° 22'

1086 Mongalla 5° 12'

Lado Wooding Station . .
5° 8'

1107 Lado 5° 2'

1116 Gondokoro 4° 54'

Eejaf Wooding Station.

.

4° 50'

1128 Rejaf 4° 45'
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APPENDIX I.

Description of Neio Species. By Hugh B. Preston, F.Z.S.

Segmentina kanisaensis, Preston, sp. nov. (PI. 18. figs. 17-19.)

Shell small, suborbicular, with concave spire, reddish brown ; whorls 4,

regularly increasing, the first three sunken, the last carinate below, marked

with oblique growth ridges, and sculptured with microscopic, wavy spiral

strige ; suture well impressed ; base of shell flat, slightly polished, sculptured

as above ; umbilicus rather shallow, wide, about one-fourth the diameter of

the shell ; columella margin very short and obliquely descending, diffused

above into a not very well defined parietal callus, which reaches to the

upper margin of the labrum ; labrum acute, receding below, projecting

above ; aperture bluntly sagittiform.

Alt. 1, diam. maj. 4, diam. min. 3'25 mm. Aperture : alt. 0*75,

diam. 1 mm.
Hah. Kanisa ; five specimens (Mrs. G. B. Longstaff).

This would seem to be the shell cited as S. angusta, Jick.* by Pallary in

his paper entitled " Mollusques recueillis par le Dr. Innos Bey dans le

Haut Nil " t^ from which it differs chiefly in its less polished appearance,

flatter, more angular and broader form, more convex and less tightly coiled

earlier whorls, less concave spire, flatter base, and wider umbilicus.

Streptaxis sudanica, Preston, sp. nov. (PL 18. figs. 15, 16.)

Shell perforate, ovately rectangular, whitish, thin, shining ; whorls 6,

the first very small, the second proportionately large, the third and fourth

regularly increasing, the fifth and sixth rapidly increasing and eccentric
;

the apical whorls smooth, polished, the remainder sculptured with oblique,

arcuate, rather closely set, transverse costulse, which become finer on the

* Jickeli, 1874, 'Fauna Land- u. Siisswasser Moll. N.O.-Afrlkas,' pp. 220-221.

t Le Caire, Bull. Inst. Egypt., ser. iv. 1902, p. 90.

LINN. JOURN.—ZOOLOGY, VOL. XXXIL 23
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last whorl ; suture impressed^ crenellated by the termmations of the transverse

costulse ; umbilicus narrow, deep, somewhat ovate ; columella descendinor

in a curve, outwardly expanded, diffused above into a somewhat ill-defined,

outwardly spreading^ parietal callus which reaches to the upper margin of

the labrum ; labrum outwardly expanded and reflexed, projecting in front,

recedino- below, and a little above to form a broad and shallow sinus
;

aperture ovate.

Alt. 16*25, diam. maj. 11, diam. min. 9*5 mm. Aperture : alt. 8,

diara. 5'5 mm.
Hob. Sheik Torabe ; one young and two adult specimens (Mrs. G. B.

Longstaff).

NODULARIA (Cji^LATURA) SOBAENSIS, Sp. nov. (PI. 18. figS. 1-3.)

Shell rather small, ovate, covered with a somewhat thin, brownish-olive

periostracum which becomes scabrous posteriorly, painted (with the exception

of the extreme anterior and posterior sides) with fine, radiate, greenish,

transverse bands ; both valves marked with concentric lines of growth,

considerably wrinkled and coarsely nodulated towards the umbonal regions
;

dorsal margin sloping upwards in a straight line from the anterior to the

posterior side ; ventral margin gently rounded ; anterior side somewhat

angularly rounded
;
posterior side broad, o])tuse, rounded below ; right valve

bearing a somewhat elongate, erect cardinal, a very fine and rather short

anterior, and an elongate, slightly curved posterior lateral ; left valve bearing

a weak, rather minutely nodulous cardinal, and two elongate, curved,

posterior laterals ; both anterior and posterior muscular scars well impressed,

the anterior especially so
;
pallial line well marked and continuous in both

valves ; interior of shell pale pinkish.

Long. 19, lat. 31, diam. 12 mm.
Hah. Soba, Blue Nile; five specimens (Mrs. G. B. Longstajf).

The specimens from which the present species is described have been

submitted to M. Paul Pallary, who is also of opinion that they cannot be

referred to any hitherto known form.

APPENDIX II.

The Dentition Sfc. of V^eronicella nilotica, Cocherell. (Text-figs. 1 & 2.)

By a. C. RoBSON, B.A.

(By permission of the Trustees of the British Museum.)

A single example of this species was obtained by Mrs. Gr. B. Longstaff at

Hillet al-Nuwer, an islet on the Bahr el-Gebel. It was found among papyrus

on the river bank ; and although smaller than the type, it corresponds very

closely to the description given by Prof. Cockerell (' Nautilus,^ xxiii.

p. 108). The author did not give any account of the raduia or jaw in this
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•description, nor has any been subsequently published. In addition, Prof.

'Cockerell apparently was not in possession of any information as to the actual

colour of the species, his account being based on the colour of a specimen

preserved in alcohol. Thanks to the careful notes of the colour made by
Mrs. LongstaflF, and to the kindness of Dr. H. M. Gwatkin, who lent the

author the radula of the type specimen for purposes of comparison with that

of Mrs. Longstaff^s example, it is now possible to give a fuller account of

this interesting species which, as Prof. Cockerell says, extends the range

of the genus fifteen degrees further north in E. Africa.

Veronicella kilotica, Cockerell.

Extertial ajypearatice and remarks on general disposition of some of the

internal organs, see 'Nautilus,' xxiii. p. 108.

Fis. 1.

m
31 32 33 44 45

Veronicella nilotica, Cockerell.—Radula. Holotype in possession of the Rev. Dr. Gwatkin.

By Nile above Khartum. Figured nnder 4 oc. x 6 obj., Reichert.

Radula.—The exact number of teeth in a row is not quite certain but is

probably not more than 50 ; 48 may possibly be the average number in a

row. The sinuosity indicated on the base of the teeth numbered 29-33 in

the figure is frequently, though not always, emphasized so as to form a

Fio-. 2.

Veronicella nilotica, Cuckerell.—Jaw. Holotype in Zoological

Dept. British Museum. Hillet al-Nuwer, Bahr el-Gebel,

Figured under 4 oc. X 3 obj., Reichert.

marked notch or indentation. Somewhere about the twenty-ninth or

thirtieth tooth in each row, a marked transition is effected toward the

23*



268 NON-MARINE MOLLUSCA FROM THE SOUTHERN SUDAN.

square marginal type, though a modification of the lateral is appreciable-

earlier in the series.

Jaio.—Only one side of the jaw is figured. The complete jaw is composed

of a total of 19 rather narrow plates set close together. The width of

these plates varies but their disposition is not bilaterally symmetrical,

there being one broad plate on one side and three on the other.

Colour.—Dorsum very dark grey, hyponotum dirty yellow turning to-

deeper yellow anteriorly. Covered generally with small black spots. Foot

sole orange. Tentacles dark grey.

[The Collection has been presented to the British Museum (Natural History).}

EXPLANATION OF PLATES 17 & 18.

Plate 17.

Map sliowiug localities of Mollusca,

Plate 18.

Fig. 1. Nodularia (Ceelafura) sabuensts, Preston, sp. nov. External aspect of right valve.

2. „ ,, „ Internal aspect, showing liiuge.

3. ,j „ „ Dorsal aspect. Nat. size.—Soba, Blue Niie.

4. ,, „ cegyiytiaca, CailL, var. shambiensis, Longstaft, var. nov. Ex-
ternal aspect of right valve.

5. ,, „ „ Internal aspect of thin shell showing hinge.

6. „ „ „ Internal aspect of thick shell showing strong

teeth.

7. „ „ „ Dorsal aspect. Nat. size.—Lake Sluunbe, Bahr

el-Gebel.

8. ,, „ parreyssi, Phil. Internal aspect of shell similar to Philippi's

figure of type showing hinge.—Ad Duwem.

9. J, „ „ var. elonr/ata, Longstafi^ var. nov. External aspect

of right valve.

10. „ „ ,, var. elongata, Longstaffj var. nov. Dorsal aspect..

Nat. size. —Gebel Ahmad Agha.

11. ^, „ „ var. obliqua, Longstaft", var. nov. External aspect

of right valve. Nat. size.—S. of Melut.

12. Nodularia (Lanceolaria) teretiuscula, Phil., var. pallaryi, LongstafF, var. nov. Ex-
ternal aspect of right valve.

13. „ „ „ Internal aspect showing hinge.

14. ,, ,, ,, Dorsal aspect. Nat. size.—Near Mogran.

15. Streptuxis stidanica, Preston, sp. nov. Front aspect.

IG. ,, „ Dorsal aspect. Nat. size.—Sheik Tombe.

17. Seynientitia kanisaensis, Preston, sp. nov. Front aspect.

18. ,. „ Spiral aspect.

19. „ „ Basal aspect.—Kanisa.
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Spolia Runiana.—II. Funkulina quadrangularis (Pallas); Diazona violacea,

Sav. ; Forhesella tessellata (Forbes) ; variation in Ascidia ;
and records

o£ various rare Invertebrata. By W. A. Herdman, F.R.S.. F.L.S.,

Professor of Zoology in the University of Liverpool-

(Plate 19.)

[Read 6th November, 1913.]

In Part I. of " Spolia RuniaDa," last year *, I dealt mainly with Hebridean

specimens of the giant Pennatiilid, Funicidina quadrangularis, and of the

Compound Ascidian Diazona violacea. During the cruise of the yacht

'Runa' in the present summer (July and August 1913), we were fortunate

enough to capture many additional specimens of both these comparatively

rare animals, and this Avealth of material has enabled me to add some further

particulars to what was previously recorded. During the cruise I paid

particular attention to the Tunicata, and preserved large numbers of several

common species with a view to studying individual variations and their

bearing on specific characteristics. We obtained also some specimens of the

less common Cynthiid Forhesella tessellata (Forb.), and the examination of

these has enabled me to offer some remarks upon the position of this isolated

species in the " system " of classification.

The occurrence of a few other rare forms seems worth putting on

record :-

—

I. New OR Interesting Records.

(1) The Starfish Pteraster [militaris (0. F. Miill.) was dredged in the

Inner Sound, between the Island of Raasay and the mouth of the Gair Loch

(Ross-shire), from a depth of 20 fathoms, on August 18th. This is a northern

species, found on the coast of Norway, and not previously known, I believe,

from the British seas— the nearest locality being the Faroe Channel,

^ Porcupine ' expedition, from over 400 fathoms ; and, again, the ' Triton
'

expedition, 530 fathoms.

Prof. Jeffrey Bell in a letter (Oct. 22nd) remarks :
" I do not suppose it

occurs in strictly British waters.'-* Consequently the present record makes

an addition to the known British Fauna,

Our Scottish specimen measures as follows :—

•

R= 22 mm. r= S mm.
Greatest height= 8 mm.
Breadth of arm at base= 10 mm.

A red eye-spot is conspicuous at the extremity of each arm.

* Jouru. Linn. Soc, Zool. vol. xxxii. p. 163, May 1913.



270 PROF. W. A. HERDMAN ON NEW

(2) The Echinid Echinus acutus, Lamk,, was dredged in the Sound o£

Mull, north of the Green Islands, from a depth of 20-30 fathoms on

July 16th, 1913.

This is a southern form which occurs in the Atlantic to the west and

south of Ireland, and has apparently not been recorded previously from

Hebridean waters.

The dimensions of our specimen are :

—

Diameter of test= 54 mm.
Heights 36"5 mm.
Diameter of peristome= 17*5 mm.
Diameter of periproct= 6'5 mm.
Largest spine= 26 mm.

The bases of the spines are of a greenish colour. The conspicuous

characters of this Echinid when alive—which at once attracted my attention

to it in the dredge—were the comparatively few but very long spines, and

the general white coloration.

(3) Amongst other more noteworthy Echinoderms obtained were :

—

Antedon tenella (Retzius), as well as A. phalaiuiium (G. Midi.) and

A. hifvda (Penn.).

Asterias muelleri (Sars), as well as A. ruhens.

Ophiocnida hracliiata (Mont.), with other commoner Ophiuroids.

Pliyllopliorus pellucidiis (Diib, & Ivor.).

Mr. H. C. Chadwick, who has examined these Echinodermata for me,

throws doubt upon the distinctness of the last species from P. drummondi ;

and he is inclined not to recognise the validity of the characters drawn

from the spicules known as '' tables ''
in the integument of P. pellucidvs

and of P. drummondi.

(4) Several boulders brought up (with much labour, and risk to the

dredging-gear) from some of our deeper hauls, on rough bottoms, yielded

a few examples of the rare solitary corals :

—

(?) Paracyatlius taxilianus, Gosse ; the Minch, 30 fathoms—a doubtful

species.

Carijophyllia smithii, Stokes ; off Ardnamurchan, 22 fathoms ; and

south of the Island of Eigg, 30 fathoms.

We also got the following other noteworthy Actinozoa :

—

Epizoantlius incrustans (Diib. & Kor.), off A'^aternish Pt., Skye, 50 fathoms ;.

and E. coucJiii (Johnst.), Loch Hourn, 35 fathoms.

Sarcodictyon catenata, Forbes, at many localities, and of three quite distinct

colours, viz. :—(1) the usual deep red, (2) pale yellow or creamy white^

and (3) a bright cinnamon tint, exactly as figured by Forbes and Goodsir *

in 1851 from the specimen dredged off the Croulin Islands, and which they

* Trans. Eoy. Soc. Edin. toI. xx. p. 307.
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described as a new species under the name S. agglomerata. We dredged

some specimens o£ the last from the original locality, but I have no doubt

they are simply a colour variety of S. catenata.

(5) Professor Dendy, who has kindly looked over the sponges of the

' Runa ' collection, notes the following as the more interesting forms, all

from the Shiant East Bank and neighbouring parts of the Minch :

—

Tethya lyncurium, Ficidina jicus, Suherites carnosus, Dictyocylindriis stuposus,

PhahelUa ventilahrum, Ph. (^Isodietyd) infundibidiformis, and a series of

Quasillina (Polymastia) hrevis and Polymastia mammillaris, which Prof.

Dendy says " seems to indicate that Bowerbank was right in assigning the

species, Q. hrevis, to the genus Polymastia ; but the question wants working

out with specially preserved material."

Amongst the other, commoner, sponges obtained were many specimens of

the large white Esperella lingua, and every specimen examined had embedded

deeply in its interior some examples of the eggs or embryos of the cuttle-

fish, Rossia macrosoma. I had found these in the same position under the same

circumstances the previous summer, and, now again in 1913, 1 found some-

times quite young eggs and sometimes far advanced embryos, with the eyes

and the arms and other parts of the cuttle-fish distinctly visible on removing

the opaque egg-shell. This year, however, on opening some of these eggs,

I found no cuttle-fish embryo, but the whole of the interior of what hsid

evidently been the covering of the cuttle-fish egg filled up with sponge-tissue

like that outside. The only explanation I can suggest is that some of the

eggs or embryos die, or are unable to break out through the sponge to the

exterior, and that in these cases the neighbouring tissue grows into the

capsule and replaces the normal contents.

(6) Mr. A. 0. Walker, who was with us on the ' Huna^ for a few days in

the earlier part of the cruise collecting Amphipods, and who has kindly

examined all the higher Crustacea obtained, reports as follows :
—

" The total

number of species of Malacostraca taken is 108, made up as follows :

—

Decapoda 23, Cumacea 2, Euphausiacea 2, Isopoda 5, Amphipoda 76.

" Of these, the following do not appear in (knon A. M. Norman's list of

Crustacea collected in the Shetland Seas in 1861-7 (Report, British

Association, 1868) :— NepTirops iiorvegicus (Linn.), Plulocheras seulptus

(Bell), Eudorella emarginata (Kr.), Campylaspis glabra, G. 0. Sars, Coni-

lera cylindracea (Mont.), Lysiavassa ceratina, A. 0. Walker, Tryphosa

Soringii, Boeck, Socarnes erytlirophtlialmus , Robertson, Hippomedon denti-

culatus (Bate), Metaplwxus fultoni (Scott), Neopleustes asshnilis (Gr. 0. Sars),

Maera temdmana (Bate), Gammarus dueleni, LiUj., Jassa piisilla (G. 0.

Sars), and Corophium honellii, M. Edw.'"

A specimen oi' Munida bamffica, dredged in the Minch, showed on one side

the swollen carapace indicative of a Bopyrid parasite. Mr. T. R. R. Stebbing

has kindly examined the specimen for me, and finds that the cavity contains
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only the small male o£ a species o£ Pseudione. The Munida, we find, is also

infested by a Rhizocephalan parasite, the Triangulus munidce o£ Geoffrey

Smith *—probably a new record for the British fauna.

(7) Miss L. B,. Thornely, who has examined and identified the Polyzoa

collected on the cruise, reports to me a list of 52 species, some of which

are of considerable interest— one (Miicronella ahyssicold) haying been

preyiously recorded from the Shetland Seas only. Our specimen was

obtained from the Minch, off the west coast of Skye. Leprcdia polita and

Idmonea atlantica are also worthy of note.

(8) Knowing that Mr. E. Heron-Allen and Mr. A. Earland were engaged

on a ' Monograph of the British Foraminifera,' it occurred to me when
arranging the work of this cruise, that samples of our dredged deposits might

possibly fill some gaps in their list of localities.

Mr. Heron-Allen supplied us with two dozen canyas bags which were duly

filled with fair samples of the unwashed mud, sand, or other material as it

was emptied from the dredge on to the deck.

These samples are now being examined, and Messrs, Heron-Allen and

Earland report as follows in regard to them :

—

" It has been a matter of great satisfaction to us that we haye been

entrusted with this series of samples. Apart from any intrinsic merit or

interest which they possess in themselyes, they greatly enrich, and fill

gaps in, the collection of material already at our disposal from these seas,

linking up as they do the 'Goldseeker' dredgings with the work of

Messrs. Balkwill and Millett in the Galway District, our own in the Clare

Island District, and that of Mr. G. Wright on the ' Helga ' and other

dredgings off the west and south-west of Ireland.

" So far, four bags of material haye been examined, with results at once

satisfactor}^ and surprising. Indeed, whether the material is a shore-sand or

a dredged mud, Miss Catherine Herdman, to whom we understand we owe the

collection of the samples, seems to have displayed an unerring instinct for

those muds and sands which were exceptionally rich in quantity of specimens

and quality of species.

" In Sample No. 1 (At anchor, Lowlandman's Bay, Jura, 5 fms.), in addition

to a series of 20 species of the genus Lagena, we have found the family of

the Textularidse very finely represented, the otherwise dominant form being a

robust and highly papillate Rotcdia of the heccarii type, attaining remarkable

dimensions in enormous quantities. The Station yielded 89 species.

"Sample No. 2 (Dredging, Sound of Mull, 20 fms.), which reached us as a

cake of hard black mud, 254 c.c. in bulk, became on the sieve 5 c.c. of fine

material, which yielded 107 species. The dominant feature of the dredging

* This specimen has since been examined by Mr. Geoffrey Smith, who finds that this

fresh material enables him to correct the description in his Naples Monograph and to show
that these parasites of Munida should be included in the genus Lernceodiscus, the other

members of which are also parasitic on the GalatheidjB.
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was the presence o£ many hundreds of the rare species Ammodiscus charoides,

Jones & Parker sp, Among the 39 species o£ Lagenidee, were fine speci-

mens of Nodosaria filiformis, d'Orbigny, N. vertebralis^ Batsch sp., and

N. roemeriana, ISTeugeborer, and Sagrhia nodosa, Parker & Jones.

" Sample No. 3 (Dredging, Shell Bank, off Ardnamurchan, 20 fms.)^ was

a large bag (2335 c.c.) of fine and coarse clean brown shell debris which

yielded 128 species, many being represented by relatively gigantic specimens,

e. g.j Vaginulina legumen, Linne sp., Polymorpldna. gibha, d^Orbigny, and

P. sororia, Reuss (both highly fistnlose), and Pidvintdina repanda, Fichtel

& Moll sp. attaining sizes of 1-3 mm. The sample yielded also Crithionina

mainilla, Goes, Reo'pliax jindens, Parker sp., and R. moniliforme, Siddall,

Lagena ornata, Williamson, L. spumosa, Millett, and remarkable specimens o£

L. marginata, Walker & Boys sp., Gypdna vesicularis, Parker & Jones sp.,

and many other rare species.

" Sample No. 4 (Dredging, Loch Sunart, 20 £ms.), is not yet completely

worked out, but has already yielded 140 species, including Frondicularia

sp)atlmlata, Brady, and Bidimina sahteres, Brady, from a block of harsh grey

mud o£ 1000 c.c. bulk. The dominant forms are Nodosaria scalaris, Batsch,

and Nonionina umbUicatida, Montaga sp., with a very complete series of

Buliminae, showing every gradation from B. elegans, d^Orbigny, through

B. pupoides, d'Orb., and B. marginata, d'Orb., to B. aculeata, d'Orb.

" So far as v;e have been able to clean the material, the shore-sands

promise to give results not less rich than the dredgings we have already

examined, and we hope, in the near future, to contribute to Prof. Herdman's

series of ' Spolia Runiana ' a paper on this very remarkable series of

gatherings."

Mr. Heron-Allen has very kindly sent me a list o£ the 259 species of

Foraminifera which he and Mr. Earland have found in the four samples

which they have up to now examined. But I do not include the list here, as

it is probable that the remaining 20 bags will add materially to the record

which I hope they will publish in full when the work is completed.

XL FUNICULINA QUADRANGULARIS (Pallas).

At the end o£ the statement which I made last year in regard to the limited

distribution o£ this magnificent Pennatulid, I ventured to add : "I do not

doubt that other localities will yet be discovered on the West Coast of Scotland

containing virgin forests o£ this largest and stateliest of the British Coelen-

terata.'^ In this year's work w^e have added four localities to those previously

known, viz. : (1) Loch Sunart, near the mouth, opposite Tobermory, 22

fathoms
; (2) Loch Nevis, to the east of Tarbet Bay, 30 to 40 fathoms

;

(3) Loch Hourn, off Piper Island, 20 fathoms, and also further up near the

" narrows ^'
; (4) Loch Shell, in Harris, 25 to 30 fathoms—in all cases from

a muddy bottom. The original locality, near Oban, between the islands of
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Kerrera and Lismore, in the Firth of Lorn, is, however, the spot where this

giant *' sea-pen " seems to live in greatest abundance and to attain to the

largest size (62 inches is still my greatest recorded length of colony). It is

pretty clear now that Fumcidina quadrangularis is widely distributed in the

more sheltered sea-lochs of Scotland, at depths of about 20 fathoms and
upwards *, and always embedded in a bottom of stiff mud.
The abundance of Funicidina material we obtained in the Firth of Lorn

this year, enabled us to keep some alive, under observation, in baths and
basins on deck, and to record the colours in the living expanded condition and

also the phenomena of its " phosphorescence." Professor Newstead photo-

graphed for me some colonies, living in a long tube of sea-water, where the

polypes had expanded to a length of nearly an inch (see PL 19. fig. 1).

In regard to the " phosphorescence " or luminosity, we were able to

watch the colour and distribution of the light emitted both (1) when observed

freshly dredged (a very few minutes after being taken from the sea) in an

excellent make-shift dark-room—the lazarette of the yacht ; and also (2)

some hours afterwards, lying in their basins of sea-water on the deck at

midnight. In the two cases the phenomena were the same, and it was
noticed that the distribution of the light is quite different from that in the

better-known Pennatula pliosphorea. In the latter form the light appears

to be restricted to the polypes. I have not been able to excite any luminosity

in the stem portion of the Pennatula colony, but illumination of the polypes

is very general and beautiful—more general and more lasting than the

luminosity of that part of the colony in Funknlina.

In Funiculina quadrangularis, however, Avhile there are many distinct

sparkles scattered over the polype-bearing part of the colony (corresponding,

no doubt, to the individual polypes), the long, bare lower part of the stem,,

9 inches to a foot in length, when gently stroked in the dark glows with a

continuous sheet of light of (it seemed to me) a pale green t colour which
flickers or pulsates like a lambent flame. The light on this bare part of the

colony is certainly more intense than that of the polypes, and is, I think,

the most brilliant " phosphorescence " I have seen in any marine animal.

During the cruise a letter was received from Professor Hickson asking

me if I found the allied smaller sea-pen, Virgularia mirabilis, to determine,

if possible, whether that form was phosphorescent and could sting. As both

of the other British Pennatulids, Funiculina and Pennatula, had been
exhibiting a brilliant display of light, I fully expected to find the Virgidaria

was also luminous
; and was therefore rather astonished, when we did

dredge a couple of colonies of V. mirabilis in Loch Nevis, to notice that,

although stimulated in various ways in the dark, not the slightest trace of

* Sir Wyville Thomson records having dredged it in abundance iu the Sound of Eaasay
from a depth of 100 fathoms, on the ' Porcupine ' Expedition.

t Wyville Thomson in ' Depths of the Sea' refers to the "lilac phosi^horescence " of

Funiculina.
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light was visible ; while small Funiculina colonies, dredged at the same time

and treated in the same way, were phosphorescing freely. 1 did not notice

any stinging or numbing effect in handling any of the above-mentioned

three species of Pennatulids.

The colour notes which I made from the living FanicuUna are as

follows :—The stem of the colony is pale yellow to ivory-white in tint, quite

opaque in the centre and translucent along the edges. In an expanded

polype^ measuring about three-quarters of an inch in its free part, the lower

half inch or so is translucent and of a greyish colour. The upper^ or distal,

quarter inch, where the stomodpeum and the mesenterial filaments show

through, varies from an opaque yellow^ to an orange-red—the stomodseum

being the yellower part and the mesenterial filaments the redder. The

expanded tentacles are of a delicate pinkish white, and the edge of the

mouth is marked by a narrow line of opaque yello^v. The blending of these

colours, when seen at a little distance, gives the general orange-pink effect

which is characteristic of the expanded poljq^e fresh from the sea.

In a colony a little over three feet in length (say one metre) the largest

polypes, when fully expanded, measured about | of an inch in the length

of their free part projecting above the stem (see Plate 19. fig. 1). The

spiral arrangement of the polypes upon the stem is very evident in the

living colony.

This abundant fresh Funiculina material has enabled us to fill a gap in

the knowledge of its minute structure. The Marshalls, in 1882, were

unable to find in their Oban specimens any trace of the male gonads, and

the male Funiculina has remained undescribed to the present day. Miss H.

Muriel Duvall, B.Sc, a post-graduate worker in my laboratory, has been

examining with me some of the fresh Funiculina material plunged living

into 10 per cent, solution of formalin in sea-water, and we have been

fortunate enough, after some searching, to find the missing male gonads.

They were found first in a moderate-sized colony of a much paler colour

(in formol solution) than the pinker ones in wdiich we were finding the

mature female gonads.

The male gonads of Funiculina are of much the same appearance and

structure as those of Pennatula. They are globular masses (spermospheres)

of rather smaller size than the mature ova, and consist of an external

cellular capsule, a distinct structureless membrane (mesogloea), and a central

mass of small nucleated cells which evidently, as the gonads mature, increase

greatly in number and become radially fusiform, and are then packed

together in masses running inwards from the wall towards a central space.

Out of seven colonies we have now examined, three were male and four

female, the males being rather the smaller and so distinctly paler in colour

that, after seeing the first one, Miss Duvall successfully predicted which of

the remaining colonies would prove to be male.
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III. DiAZONA YIOLACEA, Sav'igny.

I have this year been extraordinarilv fortunate in obtaining abundance

of material of this remarkable species. Previous to my record of last year,

I believe only two specimens were known from Hebridean Seas—the one

described by Forbes and Goodsir in 1851 as " Si/ntethys hehridicus " and the

colony which I noted in 1891 * as having been dredged by the late Duke of

Argyll, north of Mull, in 1885. Last year I found one good colony off

Barra Head in the Outer Hebrides, and a few small fragments from the

East Shiant Bank in the North Minch. This year I dredged over 30 colonies

—most of them from a bank in the Inner Sound, north of the Croulin

Islands j, iit a depth of about 30 fathoms, but some off the W'est coast of

Skye across the mouth of Loch Snlzzort, outside the Ascrib Islands, from

30 to 40 fathoms.

At the Meeting of the British Association at Birmingham last September,

I exhibited to the Section of Zoology two large museum jars, the one con-

taining several bright violet colonies of Diazona preserved in alcohol, while

the other had an equal number of colonies preserved in a solution of formol

and still showing distinctly the green colour of the living animal. The
contrast in appearance between the two jars was most marked, and was due
merely to the method of preservation, all the colonies having been equally

green when placed alive in their respective fluids. In the discussion, I was
then asked the question—What will be the result if you now put one of the

green formol-preserved specimens into alcohol ? I am now able to answer

that question as follows :

—

On September 24th I washed one of the colonies from the green jar in

running fresh water for a couple of hours, to remove the formol from the

surface, and placed it in absolute alcohol at 5.40 p.m.

Up to 6.0 P.M. no change was visible.

September 25th, 9.30 a.m., the alcohol was tinged with green and the

colony looked paler.

September 26th—the alcohol was much greener.

October 2nd—handed the green alcohol over to Dr. A. Holt for chemical

examination, and transferred the colony, now of a pale green colour, nearly

colourless in places, and of crystalline appearance on the surface, to a jar of

new colourless alcohol.

October 3rd—the alcohol beoinnino- to be green.

October 4th—fluid still greener ; colony seems colourless on surface.

November 4th—there has been no further chanoe for some weeks. TheO

* Auu. & Mag. Nat. Hist, for August 1891 (ser. 8, vol. vi.), p. 165.
1- This is probably the same spot from which Forbes and Goodsir, when on Mr. R.

McAndrew's yacht in 1851, dredged the first-described specimen of " Syntethys."
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fluid is distinctly yellow-green. The colony when taken out of the alcohol

is now of a light yellowish-grey tint, but has very little colour. No violet

has appeared in any part.

It seems, then, that the change from green to violet, as the result of

preservation in alcohol, can only be effected in the case of the living, or at

least unfixed, animal ; and that the specimen which has been preserved in

formol, although it will still give out a green colour when treated with

alcohol, does not become violet.

A further new point I have nov/ to state, in connection with the colour-

changes of this Ascidian, is that even the living colony exposed in a vessel

of sea-water to bright sunlight for a few days changes its colour to a notable

degree, and may even develop a certain amount of violet or blue coloration

on the surface of the colony. The abundance of material obtained off the

Croulin Islands enabled me, after preserving some specimens in a tank of

spirit (these became violet at once), and others in a jar of 10 per cent,

formol (these remained green), to allow othei'S to remain alive in basins of

sea-water on deck under observation.

The first change noted w^as that the green Hebridean D'lazona becomes

distinctly greener during the first hour or so of exposure to sunlight. When
brought up fresh from a depth of 20 or 30 fathoms the colony is of a

delicate grey-green colour and has a gelatinous translucent appearance.

But the green soon becomes more vivid and opaque, and the colony is then

more solid in appearance. The green, after the lapse of some hours^ then

changes gradually from a yellow-green to a still more opaque and darker

green, and then to a blue-green. After two or three days' exposure to lioht

(the sea-water in the basins was frequently renewed during these obser-

vations) the colour of the colony round its margins, and especially in tlie

upper parts of the test occupied by the ascidiozooids, became distinctly

bluish, bluish violet, or slate-blue, usually very much of the tint of freshl_y

spilt "Stephens's blue-black" ink—and in this condition it remained..

Some of the colonies after a few days further captivity, were evidently

(lead or moribund; the others we preserved in the tank of spirit, and they

are now all violet in colour like the rest.

Up to the last, however, the change in colour is only superficial, affecting'

at the most the outer quarter to half inch in thickness of the test. Similarly,

the change to violet in the case of specimens preserved in alcohol^ deep and

opaque though the colour may seem, affects only the surface-layer of the

test. Even now, after some months preservation in several changes of

spirit, if a colony be cut open the centre is found to be of a vivid green

colour ; and it is interesting to notice that that green is now permanent,,

even when exposed to clean alcohol. Apparently the change to violet only

takes place in the case of the fresh specimen taken from sea-water and

placed in spirit.
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As specimen after specimen of the livino- ascidian went through the same

series of colour-changes before our eyes this summer, it is probable that we

have seen all that can be determined from observation of the living animal,

and that any further investigation of the pigmentation must be undertaken

.by the chemist in the laboratory.

Dr. Alfred Holt, of the Physical Chemistry department of the University

of Liverpool, has kindly undertaken to investigate the pigment or pigments

of these Hebridean colonies of Diazona from the chemical point of view. He
reports to me as follows on his investigation so far :

—

"Animal investigated was purple outside, but yellow-green inside. The

purple and yellow-green portions were investigated separately.

" (1) Purple part.—Cut up into small fragments or ground with sand

and then extracted in a Soxhlet with absolute alcohol, the colour gradually

passed into solution. The solution thus obtained was bluish green in colour,

quite distinct from the colour of the inner part of the animal or from the

alcoholic solution obtained from the fresh animal on capture. This blue-

green solution on evaporation at a low temperature (below 100° C.) gave

a small residue which by transmitted light had no decided colour, bvit by

reflected lioht was purple, identical in colour with that of the animal. The

colour was soluble again in alcohol or zylene, solution taking a long time.

The zylene extract had a more pronounced blue tint than that in alcohol.

"The addition of alkali to the blue-green solution changed the colour to

a greenish yellow.

"
(2) Green part.—The colouring matter of the inner green part was very

easily soluble in alcohol to a green solution, the colour of which was,

however, far more yellow than that of the purple part. On evaporation at

low temperature this yellow-green solution yielded a green residue, not

purple, and was again easily soluble in alcohol. The addition of alkali did-

not materially change its colour.

"The oreen parts of the animal did not go purple in alcohol. The fresh

animal preserved in formaldehyde maintained its green colour, and this was

readily and completely soluble in alcohol.

" Acid had no marked effect, nor acid nor alkaline hydrogen peroxide

in dilute solution.

" From the absorption spectrum and general characters it would seem

that the pigment in the purple portion is very similar to that obtained by

Friediander from Murex hrandaris, and which was subsequently shown

by him to be an indigo derivative. If this be so, then the yellow-green

colour of the alcoholic solution from the inner (not purple) portion of the

animal can scarcely be due to this pigment. Microscopic examination of

this part shows numerous globules containing what looks like a yellow oil,

and it is probably the solution of this oil that gives the yellow-gri'cn colour

to the alcohol. The particular shade of tint may vary, dopentling on the
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amount of the blue puL-ple (indigo ?) dissolved in the yellow oil, and so

producing a greenish shade. Attempts are at present being made to

extract the colouring matter by Friedlander^s method and so prove its

<!heinic;il nature/'

Dr. Holt proposes to publish a paper later on his chemical investigation

of these pigment changes.

The fresh material has enabled me to make some further observations on

the arrangement of the ascidiozooids as seen in the living and expanded

colony. It is clear that, in some colonies at least, the ascidiozooids are not

placed evenly over the whole of the upper surface, nor are they scattered

irregularly, but are arranged in definite rows or groups with meandering

branching paths of smooth depressed test between. So that, looking at the

top of the expanded colony from above, one sees certain bare areas of test,

as shown in Plate 19. fig. 2. In all probability this grouping of the ascidio-

zooids is the result of lines of budding in the growth of the young colony.

In Alder and Hancock's 'British Tunicata ^ * the arrangement of the

ascidiozooids is described as " forming a single, irregular, or very indis-

tinctly concentric system '^
; but there is no reason to regard this as Jbrming

a single " system," and the arrangement is certainly not concentric.

In fig. 3, I show the arrangement of the " ocelli " or pigment spots in

relation to the branchial and atrial siphons and also the lines of snow-white

pigmentation on the thorax, as these structures are not represented correctly

in Forbes and Goodsir's figures. There are six ocelli at the atrial aperture

and none at the branchial, but a circle of white pigment spots, surrounds the

base of the branchial siphon, a short row of dots runs from this in the medio-

dorsal line to the nerve ganglion, a double line of white pigment bounds the

endostyle along the ventral margin of the branchial sac, and two parallel

white bands run along the dorsal edge of the thorax, terminating anteriorly

in a single row of white dots facing that of the ganglion on the opposite side

of the atrial siphon (see fig. 3). Each siphon terminates in six lobes.

IV. The Systematic Position of Fosbesella tessellata (Forbes)

.

This West Coast species was first described by Forbes in 1848 f as Cynthia

tessdlata. Forbes's specimens were dredged by McAndrew in Mounts Bay,

Cornwall, from 25 fathoms, and the species has since been found in deep

water at several localities round the South and West coasts. In 1891, from

the examination of some specimens dredged off the west of the Isle of Man, I

drew attention to the fact that this species seemed to occupy an intermediate

position between the subfamilies Cynthiinse and Styelinse, agreeing with the

former in the compound tentacles and with the latter in having only four

* Edited by Hopkinaon, Eay Soc, vol. ii. 1907, p. 159.

t British Mollusea, vol. i. p. 38.
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folds on each side o£ the branchial sac. In my " Revised Classification of

the Tunicata/' read before this Society in February 1891 *, I therefore placed

the species in a separate genus, Forhesella ; and in 1893 t I redescribed and

figured it in more detail. In 1892 Lacaze-Duthiers and Delageij:, from the

examination of specimens found off the coast of Brittany, quite independently

came to the same conclusions as my own, and had proposed to form for the

reception of this species a new genus ^'"Forhesia" ; but on receiving my paper

of 1891 they accepted the generic name Forhesella there-in defined.

More recently liartmeyer, in the new edition of Bronn's " Tier-Reichs,"

1909, p. 1335j places both Forhesella and Forhesia as synonyms of his genus

Pyura, the modern equivalent of Cynthia. His defence for so doing is

that what seem the two most notable characteristics of Forhesella tessellata^

namely, the tessellated or plate-like condition of the test and the small

number of folds in the branchial sac, are both characters that are fomid in

other species which he brings under his comprehensive genus Pyura. It

may be remarked, however, that even on his own showing the combination

of these two characters is not found in any other species ; but, apart from

that, it is quite questionable whether species showing such a small number of

folds in the branchial sac ought to be placed in Pyura (= Cynthia). In his

discussion of the matter Hartmeyer states that two or possibly three species

show five folds on each side, and that one {Pyura stuhenrauchi, Meichaelsen)

has on each side only four folds. The species that have five folds on each side

I would regard as undoubtedly members of the genus Pyura or Cynthia, but

the species with only four folds, if the existence of that character as a normal

condition is established, I would unite with the species tessellata in the genus

Forhesella. The species Cynthia stuhenrauchi of Michaelseu § was described

from a single preserved specimen brought home from the Straits of Magellan.

In such a case it is of course quite possible that the single specimen examined

was an abnormal individual, and I doubt whether on such evidence we are

justified in making the proposed change in our classification.

I make a considerable distinction between the presence of eight folds and

of ten. Four folds on each side is a well-marked character of the subfamily

Styelinse (according to some authors the family Styelidse), while the Cynthias

have a variable number of folds, from five on each side upwards. In dis-

cussing such matters of classification one must look at the problem from the

standpoint of phylogeny. The ancestral Styelinse and Cynthiinse diverged

presumably when their common ancestors had four folds on each side of the

branchial sac, and thereafter the Styelas seem to have fixed the character of

* Journ. Linn. Soc, Zool. vol. xxiii. p. 558.

t Journ. Linn. See, Zool. toI. xxiv. p. 451.

X Mem. Acad. Sci. Inst. France, t. xlv. No. 1, p. 137.

§ Zoologica, Bd. xxxi. p. 102 : Stuttgart, 1900.
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four folds in their line of descent, whereas the Cynthias acquired a greater

number. In addition there is the further characteristic derived from the

condition of the tentacles, which remained simple in Styelids and became
compound in the Cynthiidse. In my opinion, then, we are justified in con-

sidering that a species which presents us with only four folds on each side

must be excluded from the genus Cynthia or Pyura ; but as it has compound
tentacles it must equally be excluded from the genus Styela. Therefore I

would place both Forbes's tessellata and Micbaelsen's stubenrauchi, if the latter

has undoubtedly not more than eight folds, together in the genus Forhesella,

occupying an intermediate position between Styela and Cynthia, and repre-

senting an early offshoot from the ancestral Cynthiids after they had attained

compound tentacles, but before the number of folds in the branchial sac had
increased beyond a total of eight.

I have now before me a series of specimens of Forhesella tessellata, obtained

during the cruise of the ' Runa,-* from five localities on the west of Scotland^

VIZ.

(1) Loch Sunart, 20 fathoms.

(2) OfE Island of Canna, 60 fathoms.

(3) South of Neist Point, Skye, 42 fathoms,

(4) Off the Croulin Islands, 30 fathoms.

(5) Inner Sound north of Croulins, 50 fathoms.

This series demonstrates clearly the very definite nature of the flat plates

or scales into which the test is modified, and which are much more perfect

and regular than the rough tubercles or surface elevations found in some
species of Cynthia. I give (PL 19. fig. 4) a tracing with the "Edinger-"'

drawing-apparatus to show the very definite polygonal shapes and arrange-

ment of these plates from one of my Hebridean specimens.

The internal structure of these northern individuals agrees,, so far as I have
examined it, very closely with that of specimens from the Isle of Man. The
branchial sac again, as in the former specimens, shows some variations ; but

in all cases the folds never exceed four on each side, which, taken alono- with

the compound tentacles, in my opinion places this curious little form in an
intermediate position between -Cynthia and Styela and entitles it to rank as a

distinct genus, Forhesella, in the subfamily Cynthiinse.

V. Variation in Ascidia.

The large specimens of Ascidia mentula, Miill., and Ascidia venosa, Miill.,

which came up in the dredge on various occasions suggested to me that it

might be useful to examine the individual variation in some of the internal

organs which are usually described among the specific characters of these

two well-marked species.

LINN. JOURN. ZOOLOGY, VOL. XXXU. 24
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Ascidia mentula and A. venosa* are easily distinguished by their external

appearance. Amongst more than a hundred specimens collected and pre-

served there was not a single doubtful case. Although individuals vary to

some extent, especially in A. mentula, still every specimen can at a glance

be referred to one or the other species.

I had removed a number of the freshly-dredged specimens of both species

from their tests, thinking that this would ensure better preservation
; but

examination of the material now shows that this was a mistake, as these

"skinned'^ specimens are so contracted and distorted as to be much less

suitable for investigation than those specimens where the test was left as a

support to the more delicate tissues within.

We t picked out ten well-preserved specimens of each species and made

microscope preparations of the wall of the branchial sac, of the entire series

of branchial tentacles, and of the dorsal tubercles, with the following

results :—The specimens of Ascidia mentula ranged in length (antero-

posterior) from 12 to 16 cm. The tentacles were found to vary in number

from 39 to 103, and the number seems to bear no relation to the size of the

body, since the individual with only 39 was actually larger than the one with

103 tentacles. The most usual number for the tentacles is from 60 to 90 J.

The tentacles are always of more than one size §, and usually three distinct

sizes or orders are present. The proportion of those of the first (largest)

order to the rest varies from one-ninth to one-half—one-third
||

being the

proportion most frequently found. As Ascidia mentxda usually lies attached

with the left side downwards, it would not be surprising to find that some of

the apparent irregularities in size and position of the tentacles bore some

definite relation to the two sides of the body, but no such relation exists. In

some specimens it is the right and in others it is the left side that has -the

largest or the greatest number of tentacles. One individual examined had

4 tentacles of the first order on the right side and 3 on the left, while

another with 4 tentacles on the right side had no less than 11 on the left.

There is a considerable range of individual variation in the spacing of the

tentacles, which may be densely crowded (Pi. 19. fig. 7) or sparsely scattered

(fig. 5), or show intermediate gradations. Figures 5 and 6 show the

* We are not at the moment concerned with the question whether or not it is convenient

to separate venosa in an independent genus Ascidiella.

t Miss H. M. Duvall, B.Sc, a post-graduate worker in my laboratory, has kindly assisted

me in this investigation.

X In tlie L. M. B. C. Memoir on ''Ascidia" I find that, as the result of a number of

specimens examined, I then gave the number characteristic of the species as being from

70 to 100.

§ In Alder and Hancock's 'British Tunicata,' vol. i. (1905), u-aAev Ascidia me)ittda,we

are told on p. 76 that the " tentacular filaments" are of " equal length," while on p. 79 they

are said to " vary considerably in size." The latter is the more correct statement.

|| This agrees with what is stated in the L. M. B. (J. Memoir.
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extremes found in one and the same individual : in these examples the

tentacles are in the proportion o£ 4 to 9 in a given space. We are of

opinion, however, that the unequal crowding of the tentacles in places is

due in part to unequal contraction of the sphincter muscles. Consequently,

individuals probably do not differ so much from one another as might be

supposed, and authors in describing the condition of the tentacles would do

well to take the state of contraction of the sphincters into consideration.

The apparent crowding on the dorsal and ventral edges which is sometimes

seen is mainly due to muscular contraction.

Calling the tentacles of the first, second, and third orders 1, 2, and 3, the

normal scheme of arrangement in Ascidia ynentula is :—1, 3, 2, 3, 1 (see

fig. 8) ; but there is much individual variation : the third order of tentacles

is especially variable, and in places where they are crowded those of the

third order are liable to be squeezed out and the remaining tentacles then

appear more equal in size.

The specimens of Ascidia venosa examined ranged from 7 to 11 cm., and

the tentacles varied in number from 38 to 74—the most usual number being

from 40 to 50. In this species also there seems to be no correlation between

the number of tentacles and the size (probably =age) of the individual. The

average proportion of the largest tentacles to the rest is one-half. Here,

again, as in A. mentida, there is no correlation between the arrangement of

the tentacles and the right and left sides of the body.

In making a comparison between A. venosa (fig. 9) and A. mentida

(figs. 5 to 8), we find that the tentacles in the former are more slender,

have a smaller range in number, and show less variation in size and

arrangement and spacing, and any crowding noticed seems to be due to

muscular contraction.

Turning now to the Dorsal Tubercle in the same specimens of these two

species, we find that it is distinctly smaller in A. venosa than in A. mentida.

The typical form in A. mentula is a horseshoe shape with the two free ends, or

"horns,'-' turned in the same direction, say to the right side, so that the right-

hand horn turns outwards and the left inwards. The commoner variations

are that both horns may turn to the left side, or both turn inwards, or one

turn inwards and the other remain straight or nearly so. Out of the ten

dorsal tubercles examined, six have at least one horn turned to the rio-ht.

In Ascidia venosa the typical form is a deep U-shape. Out of the ten

specimens examined eight are simply U-shaped, and two have one horn turned

inwards.

Finally, we examined the condition of the branchial sac in the same two

series of individuals. In comparing branchial sacs it is desirable to examine

pieces taken from corresponding parts of the wall ; and, in fact, the samples

we have made use of were all cut out from the centre of the right-hand wall

about the middle of its length.

24^
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In A. 7nentula the usual characters o£ the branchial sac seem to be as

follows :—There is well-marked " plication " o£ the wall, intermediate papillae

are always present on the internal bars halfway between the transverse

vessels, the stigmata are wide and short and vary from 5 to 16 in a mesh

—

the usual numbers being from 9 to 12.

In A. venosa the plication of the wall is much less marked, there are no

intermediate papilla? (except occasionally where a range of stigmata is in

process of dividing into two—and in that case the papillse are not really

"intermediate" as they will eventually be at the angles of meshes), the

stigmata are longer and narrower and more regular, and vary in number

from 7 to 15 in a mesh, the usual numbers being from 8 to 12.

If we now attempt to draw some conclusions from these studies of the

variation of the internal organs which are considered of most importance in

defining the species, they must be to this effect :

—

Ascidia mentula and

A. venosa can always be easily distinguished from one another by the external

appearance either alive or when preserved. They may also be readily

distinouished when stripped of the test. In the hundred or more specimens

which we have just passed through our hands there has never been the least

doubt as to which species each individual belonged to. Of the Uyo, A. mentula

is the more variable. Then, again, when examining the microscopic anatomy

of the internal organs, such as the branchial sac, there is a genei-al facies

which is found to be characteristic <>f the organ in each of the species and

which in most cases enables one to name the species correctly. But it is

important to note that in these organs the range of individual variation in

what are usually regarded as specific characters may, as we have seen, be

very wide, and the extremes of the one species may reach to or even overlap

those of the other. Consequently, it might be difficult in the case of a given

preparation of an organ, say branchial sac or tentacles, placed under the

microscope to determine the species with certainty, but even in that case if

the other internal organs are available for examination, from the combination

of characters there ought to be no difficulty in making a correct iden-

tification.

These two species which I have chosen out first for the purpose of such a

comparison of their characteristics are very distinct from one another—so

much so, in fact, that they are sometimes placed in separate but neighbouring

genera, Ascidia and Ascidiella*. I am afraid, when one comes to deal in

this manner with the variations in other more closely related so-called species

of Ascidia, it will not prove such an easy matter to discriminate and define.

There is no doubt that such investigations ought to be made whenever large

series of individuals can be obtained, and I feel pretty sure that the work

* Separated off mainly on account of the relative positions of the nei've-gangiiou and the

dorsal tubercle.
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will result in a considerable number o£ the named and described British

Ascidians being shown to have no existence as distinct species. That will

probably be the fate of some o£ the supposed species described by Hancock,

and by myself and others, from single specimens in some cases preserved in

spirit and possibly distorted. These descriptions may have served a useful

purpose at a certain stage in our knowledge of the group, but the names may
eventually in the light of further study and comparison have to be removed

from the list of valid species.

I had hoped to have included in the present study some further series of

common forms of Ascidians which I had collected from the ' Runa ^ for the

purpose ; but other work has come in the way, and they must now be left

over for some future occasion when I shall hope to publish the results in

another part of " Spolia Runiana."

EXPLANATION OF PLATE 19.

Fig. 1. Fimiculina quadrangular is (Pallas), alive aud expanded in a cylinder of sea-water

—

about half natural size. From a photograph.

Fig. 2. Diazona violacea, Sav., alive and expanded to show the arrangenaent of the ascidio-

zooids ; reduced a little.

Fig. 8. Anterior end of an ascidiozooid of Diazona violacea to show the arrangement of the

lines cf white pigment on the thorax. Enlarged.

Fig. 4. Forbesella tessellata (Forbes), upper surface of the test to show the plates. Enlarged.

Figs 5 to 8. Ascidia mentula, Miill., showing variation in tentacles.

Fig. 6. Sparsely scattered arrangement of tentacles.

Fig. 6, More crowded condition found in another part of the same individual.

Fig. 7. Densely crowded arrangement of tentacles.

Fig. 8. The typical arrangement of the tentacles in A. mentida.

Fig. 9. Tentacles of Ascidia venosa, Miill.—Figs. 5 to 9 all enlarged about 10 times.
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I. Introduction.

In classifying the different Orders o£ animals, zoologists have endeavoured to

separate species and genera from one another by certain characters which

are constant for a particular genus or species ; thus in Insects the form of

the antennse and the venation of the wings has been largely used, in

Molluscs the generative organs and nervous system.

Many of the systems propounded by earlier writers have been discarded

because the characters relied upon for this separation, have on further study,

been found to vary greatly in individual species and therefore to be un-

reliable.

In the various attempts that have been made to classify and diagnose the

different genera and species of Terrestrial Isopoda, students have laid

particular stress at different times upon the shape and form of almost every

part of the external structure.

Considerable reliance has of recent years been placed upon minute

differences in the oral appendages, and the object of the present paper is to

show that these particular appendages are liable to a large amount of

variation in individual species, and are therefore characters of only minor

importance as compared with the form of the head, antennae, telson, uropoda,

mesosomatic segments, and thoracic appendages.

Lereboullet (Compt. Rendus, 1849, xx, p. 346) stated that in his opinion

the oral appendages are in no case available for characterizing the genera and
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species, and Miers (4) was o£ a similar opinion. The late Dr. Biidde-Lnnd,

however, whose ripe experience and wide acquaintance with the terrestrial

species of this Order made his judgment so valuable, placed the greatest

reliance upon these organs (1 & 2)

.

Restricting my remarks to the genera occurring in the British Isles,

an examination of the oral appendages shows that in most of them the form

of the mandibles and 1st and 2nd maxillse are very similar, e. g., the two

maxillae in such widely separated forms as Oniscus asellus, Linn., Pliiloscia

miiscorum (Scopoli), Cylisticus convexus (de Geer), and Armadillidium vulgare

(Latreille) ; and linking these together, we have a large series of Continental

forms in the same genera, so that a perfect gradation can be shown to exist.

Whilst working upon our British species, and also those of other countries,

I have noted that there is a considerable amount of variation in the oral

appendages according to the age of the specimen, and further, that other

variations occur, due, in all probability, to the nature of the food, environment,

etc. This being so, it seemed desirable to examine a fairly large number of

examples of representative species, and the results obtained considerably

lessen, in my opinion, the value of these organs as characters for generic and

specific distinction.

The shape of the head, antennae, the mesosomatic' segments, the telson, and

uropoda I A'vould regard as of primary value ; that of the thoracic appendages

as of secondary, whilst the value of the abdominal and oral appendages as

diagnostic features I believe to be very much less.

I have "only arrived at this opinion after examining a considerable number

of specimens of a fairly representative series of species.

II. Species Examined.

The species examined and the number of examples and variations and the

times they occurred are as follows :

—

No
Species. .

"
,^ examined.

No. of

Variations.

No. of times
occurred.

1. Lig a oeeanica, Linn 36 4

1

13

7

1

4

b

7

9

39

22

5

20

8
'

2. Trichoniscus roseus (Koclij 48

3. Oniscus asellus, Linn 112

4. Porcellio scaber, Latr 86

5. „ Icsvis, Latr 3t)

6. Poi cellionides pruinosus (Brandt) 68

7. Armadillidiuvi vulgare (Latr.) *>'

439 33 110

Unless otherwise stated all the variations occurred on both sides of the body.
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1. LiGIA OCEANICA, Linn. (PI. 20. tigs. 1-4.)

Thirty-six specimens have been examined and four variations, one in

each of the oral appendages, have been observed. The one in the mandibles

occurred twice and on the right side of the body only in both cases, that in

the first maxillse once, and those in the second maxillse and maxiliipedes each

twice. The specimens examined were collected from two localities.

llie Mandibles.—The variation shown in fig. 1 occurred twice. In the

curved form of the teeth, it is quite distinct from the figure given by Sars (5)

and approaches most closely that given by Hewitt (3).

2'he 1st Maxillce.—The only variation noted was in a single specimen from

St. Andrews (fig. 2) in which the setose bristles of the inner lobe were larger

than usual and the short thick s{)ines of the outer lobe reduced to two, the

distal extremity of the lobe forming a knob-like process.

The 2nd Maxillce.—In two examples the terminal portion of the protopodite

was thickened and the two setose bristles rather Lirger than usual, whilst

externally the thickening is produced into a tooth-like spine (fig. o).

The Maxiliipedes.—In two examples the inner plate was found to have the

spines unusually well developed in addition to the greater length of those at

the extreme distal end there were present four spines just below these

(fig. 4, sp.). The outer palp was considerably longer than usual, and further

differed from the normal in the number and length of the spines (tig. 4).

2. Trichoniscus roseus [Koch) Bndde-Lund. (PI. 20. fig. 5.)

Forty-eight specimens were examined of this interesting species^ but only

one variation was observed, which occurred in the maxiliipedes of nine out

of nineteen specimens collected at Hale, Cheshire. In these (fig. 5) the

maxiliipedes were of a much more robust type than ordinary, and characterised

by three well-defined spines on the outer distal palp^ whilst the inner one

terminated in a spinous manner as in ty{)ical examples of T. pusillus, Brandt.

3. Oniscus asellus, Linn. (PL 20. figs. 6-16 ; PI. 21. figs. 17, 18.)

The oral appendages of one hundred and twelve specimens of this species

were examined and thirteen variations were observed. Of these six occurred

in the mandibles, three in the first maxillse, one in the second maxillse, and

three in the maxiliipedes. The variations in the form of the mandibles would

seem to be endless. The specimens examined were collected from three

localities.

The Mandibles.—These are shown in figures 6-11. The first form (fig. 6)

occurred in three different specimenSj once on the right side and twice on the

left. In the general shape this variation differs from the typical form, being-

produced laterally in a triangular manner. There are three stout mandibular

teeth and three smaller pointed teeth partially overlapping these. The second
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variation (fig. 7) occurred in four different specimens; twice it was paired and

in the other two cases present on the right side only. Here the mandibular

teeth appear fused (or worn down ?), whilst below these there is a large, blunt,

somewhat hammer-shaped process. The third variation (fi.g. 8j occurred five

times, twice on the left side and three times paired. It is somewhat similar

to the previous one (fig. 7), only the teeth are more produced and there is a

large blunt spine on the outer face. The fourth variation (fig. 9) occurred in

six specimens and paired in only one instance. There are two blunt

mandibular teeth and a spinous process on the outer face whose base has

coalesced with the lower division, forming a rounded boss. At the junction

of the upper and lower processes there is a small palpiform structure bearing

setose bristles. The fifth variation (fig. 10) was found twice, occurring once

on the right side and once on the left. It differs from any of the others in

that the upper process, which normally carries teeth, terminates in a blunt

process, and the lower process, which has a notched terminal portion,

arises from the inner instead of the outer side. The sixth variation (fig. 11)

occurred in two examples and on both sides of the body. Here the lateral

border was produced into a blunt flattened process.

The 1st Maxillce.—Three variations were noted in these appendages (figs.

12-14) ; with one exception they related to the number and disposition of the

spines of both lobes. In one case (fig. 14) only the outer lobe varied. In the

first case (fig. 12) the outer lobe was wider than usual and had two large and

two small curved spines and three shorter blunter ones, whilst the inner lobe

terminated in two broad spines and two nmch shorter and smaller ones. In

the next case (fig. 13) the spines of the outer lobe are the same in number but

somewhat differently disposed, and in addition there are two short blunt spines

below these on the inner side. The inner lobe teiminates in a bifid manner.

In the third case (fig. 14) there are six curved spines on the outer lobe and

four shorter pointed ones. The inner lobe was normal.

The 2nd Maxillce.—One variation only was observed (fig. 15), the external

distal portion being produced slightly into a tooth-like projection.

The Maxillipedes.—Three variations were noted (figs. 16-18). Those

indicated in figures 16 and 17 each occurred twice, and that in fig. 18

three times. That shown in fig. 17 is interesting, exhibiting, as it does,

a peculiar flat top of the inner palp with three minute spines, quite distinct

from any variation noted in any other species ; moreover, I know of no

species of Terrestrial Isopod where the pulp of the maxillipedes terminates

in this manner.

4. POECELLIO SCABER, Latr. (PL 21. figs. 19-25.)

Eighty-eight specimens have been examined, and seven variations were

noted. One of these occurred four times and another twice in the mandibles,

three in the first maxillae, and two in the maxillipedes.
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The Mandibles.—The variation (fig. 19) shows the teeth o£ the mandible

much more pointed than usual and a sharp curved spinous tooth arising from

the inside. Four cases were observed where these features were present.

Figure 20 shows a further modification where the inner spinous tooth has

come to the edge and fused, whilst the true bifid internal tooth is spinous.

The 1st Maxillce.—The peculiar variation shown in fig. 21 of the inner lobe

occurred twice ; it exhibits ten spines at the distal extremity instead of the

tiny single spine and the two setose bristles. In a second case (fig. 22) tliere

were four spines at the distal extremity and five smaller ones on the inner

margin. A third variation observed once involved both lobes of the maxillae,

the outer lobe terminating distally in two large and one smaller spine, whilst

the inner lobe terminated in a dense brush-like mass (fig. 23).

ihe Maxillipedes.—Two well-defined variations were met with, one (fig. 24)

occurring no fewer than eight times and the other (fig. 25) four times. The

first is remarkable for the great development of spines both in number and

size, whilst in the other case there is a corresponding absence. In both cases

the form of the outer lobe approaches that which obtains in normal examples

of Philoscia muscorum (Scopoli) and again in Forcellio ratlikei, Brandt,

5. PORCBLLIO LiEViS, Latr. (PI. 21. fig. 26.)

Thirty-six specimens were examined, but only one variation was found,

which occurred in the 1st maxillae. The outer lobe terminated in a large,

curved spine followed by three smaller ones, then there was a distinct blank

space bearing no spines, and below this five much finer spines were present

(fig. 26). The inner lobe in all five cases terminated distally in four long

curved spines.

6. PoRCELLiONiDES PRUINOSUS (Brandt) Stehbing. (PI. 21. figs. 27-30.)

Sixty-eight examples were examined of this cosmopolitan species and four

variations noted. Three of the specimens were from Northern India, and in

all of these the variation shown in fig. 2d) was present.

The 1st Maxillce.—Two well-marked variations occurred,, one in two

examples (fig. 27) in the spines of the outer lobe, which terminated in a large

and prominent spine, with a smaller one arising from the inner side of the

plate of the lobe. Below the large spine were six short spines, one below the

other. In the second case (fig. 28) the variation was noted in three specimens

from Northern India and in another example from the Channel Isles. Here

the spines of the outer lobe were well defined, and in all cases there was the

smaller spine arising from the inner side of the plate of the lobe. The distal

extremity of the inner lobe in all four specimens terminated in a flat plate-

like palp (tig. 2^).
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The 2nd Maxillce.—In eight specimens from Northern India this appendage

had the form shown in figure 29, whilst in six examples obtained from

different parts of the British Isles the variation took the form shown in

figure 30.

7, Armadillidium vulgare [Latr.) Milne-Edwards. (PL 21. figs. 31-33.)

Fifty-one examples of this species were examined and three variations

observed, viz., one in the mandibles found twice, and one in each of the

maxillse, each of which occurred three times.

The Mandibles.—A slight modification was noticed in two specimens where

the teeth were shorter than usual (fig, 31).

The 1st Maxillce.—The outer lobe terminated in a strong spine^ rather

shorter, however, than in typical examples, and this was followed by five

very short, tooth-like spines ; the inner lobe terminated in a sharp, short spine

on the outer side and two small blunt spines on the inner side (fig. 32).

The 2nd Maxillw. In the typical form the terminal portion externally is

produced into a tooth-like piece whilst internally the terminal portion is more

or less flat or plate-like. Sars's figure (5, pi. (S2, fig. ni) is an excellent one.

In the variation noted in three examples, both the internal and external

terminal jjortions were flat and rather stouter in build.

III. Summary and Conclusion.

1. Four-hundred and thirty- eight specimens have been examined embracing

seven species referable to six genera and four families, and one-hundred and

ten individuals exhibited variations.

2. Of the one-hundred and ten individual variations thirty-one occurred in

the form of the mandibles, twenty-eight in that of the 1st maxillas, twenty-one

in that of the 2nd maxillse, and thirty in the form of the maxillipedes.

3. The conclusion arrived at, after carefully examining and considering, the

above mentioned variations, is, that the oral appendages are subject to a

considerable amount of variation, and for purposes of specific distinction are

not of the value generally supposed, and certainly not so constant as the form

of the head, the mesosomatic segments, the antennse, the telson, uropoda, and

thoracic appendages. That they may serve to characterise the larger divisions

is possible.
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EXPLANATION OF THE PLATES.

Plate 20.

Fig. L Lif/ia oceanica, Linn. Mandible.

Fig. 2.
)) 71

1st Maxilla.

Fig. 3. >' ))
2nd Maxilla.

Fig. 4. j; ;»
Maxillipede.

Fig. 5. Trichoniscus roseus (Kocli). Maxillipede.

Figs. 6-1

L

Oniacus asellus, Linn. Mandibles.

Figs. 12-U. » ;'
1st Maxilla.

Fig. 15.
>) V 2nd Maxilla.

Fig. 16.
J) j:

Maxillipede.

Plate 21.

Figs. 17, 18. Oiiiscus asellus, Linn. Maxilli pedes.

Figs. 1 9-20. Porcellio scaber, Latr. Mandibles.

Figs. 21- 23. '» )j
1st Maxillpe.

Figs. 24-25.
»; ;>

Maxillipedes.

Fig. 26. Porcellio Icsvis, Latr. 1st Maxilla.

Figs. 27, 28. Porcellionides 'pruinosuh( (Brandt). 1st Maxillae.

Figs. 29, 30. U )>
2nd Maxilla.

Fig. 31. Armadillidium vulgare (Lair.). Mandible.

Fig. 32. T> V 1st Maxilla.

Fig 33. )I ))
2nd Maxilla.
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Some Observations on the Tentacles of Blennius gattorugine. By H. A.

Baylis, B.A., of Jesus College, Oxford. (Communicated bj

Prof. G. C. Bourne, F.R.S., Sec.L.S.)

(Plates 22 & 23, and 1 Text-figure.

)

[Read ISth January, 1914.]

While examining the cutaneous sense-organs of the barbels and other

appendages of various fishes at Naples, it occurred to me that the tentacles of

this remarkable species might provide some facts of interest ; and thouo-h

previous observers have not, so far as I have been able to discover, noted any
peculiar sense-organs in these appendages, I did not feel satisfied that

tentacles of such peculiar shape and appearance could have become a charac-

teristic feature of the species without performing some special function. My
investigations have not made it clear what that function actually is, but

it does appear to me that sense-organs of at least one kind are present, and
this is my excuse for publishing the following remarks.

The head of Blennius gattorughie bears two pairs of branched appendao-es

(see text-Hgure). The larger pair, situated on the top of the cranium, im-

mediately above the eyes, may be called the supraorbital tentacles. It is

with these that my account is chiefly concerned. The smaller pair are

situated on the posterior edge of the somewhat tubular anterior nostrils,

forming a kind of fringe of filaments overhanging the nostril on either

side.

As far back as 1872 M. Jobert [2] published an account of the general

structure of the large tentacles, from a study of transverse sections, as well

as a general description of their form. I need therefore only remark, as to

their shape, that tliey consist of a slightly tapering stem, flattened laterally,

with numerous smaller branches, or " filaments ascendants," as M. Jobert

calls them, along its anterior and posterior edges. The branches, in their

turn, often give off still smaller twigs, especially those nearest to the base of

the tentacle and posterior to it. M. Jobert mentions, that the tentacles were
about 2 cm. in length in the specimen examined by him, but in those which
I have studied they are considerably smaller (about 11-12 mm.).

When the fish is in water, the tentacles stand up vertically, apparently

rigid, looking like a pair of elaborately branched antlers. M. Jobert states

that " au centre se trouve une sorte de charpente de tissu conjonctif tres-

dense, qui permet de les maintenir, meme hors de I'eau, a I'etat de demi-

erection " This may be the case in very fully developed specimens, but I

find that in mine the tentacles are limp, and lie down flat on the head when
the animal is taken out of water.
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The tentacles are capable of a certain amount of motion, but are not

supplied with special muscles, and move, I think, only in correspondence

with the movements o£ the eyes. If an object, such as a glass rod, is made

to approach the head of a normal Blenny, the tentach' on the side nearest

to it may sometimes be seen to move slightly away from it, but at the same time

the eye is turned upwards to examine the intruding object, and the motion

of the tentacle does not appear to take place in specimens which have been

^'.T.

A.N.

Pect. F

Pelv. F

Head of Blennius gattorugine. X 2.

A.N., anterior nostril. N.T., nasal tentacle. Pect. F., pectoral fin. Pelv. F., pelvic fin.

P.N., posterior nostril. S.T., supraorbital tentacle.

blinded by cutting the optic nerves. The significance of this fact will be
seen later, in inquiring into the possible function of the tentacles.

When cut off, the tentacles appear to be readily regenerated. In this

species the regenerated parts show signs of branching while still very small;

the pigment is at first very scanty. This is in curious contrast to the

process in B. ocellaris, in which the regenerated parts remain unbranched
for a long time, though attaining a considerable size, and being quite

deeply pigmented.
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Microscopic Structure.

In sections, either transverse or longitudinal, the centre of the tentacle is

seen to be occupied by numerous bundles o£ medullnted nerve-fibres, which,

as M. Jobert has shown, are offshoots from the supra-ophthalmic branch or

the Vth nerve. These bundles are accompanied by small blood-vessels,

which run parallel to them, and in some cases even appear to be partly

surrounded by them. Branches are sent 6flF from this central and very

abundant nerve-supply to the various lateral twigs of the tentacle. These

nerves and vessels are surrounded by a connective-tissue sheath, and this is

succeeded by a more or less dense network of fine connective-tissue fibres,

with nucleated cells interspersed. Peripherally there is a dense corium^ here

and there raised into a small papilla. The outer part of the corium shows a

stratified structure, as M. Jobert points out. Internally^ however, the corium

takes the form of a series of vertically-placed bundles of very fine fibres.

In tz-ansverse sections the centres of these bundles sometimes give the appear-

ance almost of a little " lens
''—probably a mass of some refractive colloid

substance (PI. 22. fig. 2). These vertical bundles give the corium, in a

transverse section, the appearance of being divided into a series of

nearly regular blocks; immediately below these there is a layer of very

large, branched pigment-cells, densely crowded with granules of pigment,

which may be of vnrious colours—yellow, reddish, or nearly black. These

cells send their amoeboid processes up between the " blocks " of the corium,

and it is at this level that the pigment granules are usually most densely

crowded (fig. 2).

Starting from the corium externally to the pigment-cells, and passing

inwards between them at -frequent intervals, at right angles to the longi-

tudinal axis of the tentacle, are seen bundles of connective-tissue strands,

which stain deeply with nigrosin. They appear to lose themselves at one

end in the corium, and at the other in the connective-tissue sheath of the

central nerve-bundles. I was at first led to think that they might be nerve-

sheaths, but have not been able to demonstrate nerve-fibres running through

them, and must therefore suppose that they are merely strengthening and

supporting structures, helping to render the tentacle more or less rigid.

These structures are much more numerous and conspicuous in B. ocellans

than in the species under consideration. Their arrangement is indicated in

fig. 1.

No doubt the ultimate branches of the nerves lose themselves in a fine

network immediately below the pigment layer of the corium. In my
preparations^ however, it is difficult to distinguish the fibres belonging to this

system from those of the ubiquitous connective tissue. My attempts to

stain with methylene-blue and Avith nitrate of silver were signal failures, and

LIKN. .TOURN.-—ZOOLOGY, VOL. XXXII. 25
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though chloride of gold gave useful results in one particular, as I hope to

show, yet for this purpose it was equally unsuccessful.

It now remains to describe the structure of the epidermis, and it is chiefly

here that my account, I believe, differs from those previously given.

M. Jobert was unable to study the epidermis, as it was lacking in the speci-

men used by him, owing to imperfect fixation. He mentions, however, that

on the stem and branches of the tentacle dermal papillae are present,

exactly like those of the barbels of other species, in which they are usually

surmounted by taste-buds in the epidermis. Oue might, therefore, expect

to find a taste-bud in this instance wherever there is a papilla. This, how-

ever, does not seem to be the case. A. Zincone [5] gives some account of

the cellular elements of the epidermis, and a figure of a transverse section

of the tentacle. He does not mention the ])re3ence of any taste-buds,

either on dermal papillae or anywhere else ; but he mentions certain other

kinds of cells, to which I shall have occasion to refer later. His figure is

rather diagrammatic, and seems to differ somewhat from his description.

He does not show, for instance, the " rilievi papillarl notevoli " of the

dermis ; nor any peculiar cells in the epidermis except ordinary mucous cells.

Bateson [1] states that he found no sense-organs on the '^ tree-shaped pro-

cesses standing up from the anterior nostril and orbit of B. (jattoruginey

Now, it seems to be tolerably clear that the dermal pa[)illa3 are not the

seat of taste-buds in this case. At the same time, I have noticed in a few

of my sections, both in this species and in B. ocellar'n^, little groups of elon-

o-ated cells extending through the thickness of the epidermis, and having

very much the appearance of taste-buds. They do not seem to be arranged

on any definite plan, and in fact are so rare that they have the appearance

of having " strayed ^^ from a more normal situation. Where they do occur,

they always appear between, and not on, the dermal papillae. In fig. 3 is

represented such a group of cells from a tentacle of B. ocellaris. The

arrangement of the cells in this case seems so definite that I have figured it

for comparison with the less convincing example from B. gattorugine shown

in fio-. 4 (PL 23). The cells composing these groups do not, it is true, seem

quite similar to those of ordinary taste-buds, and they are few in number.

But the fact of such groups of cells occurring at all, and of their extending

from the basement membrane to an apparently free ending at the surface,

is in itself worthy of notice. Unfortunately I have not been able to see

whether any nerve-fibres pass to these groups of cells, but it seems probable

that such is the case, and that they are sense-organs of some kind, and

very possibly true taste-buds.

These, however, are not the only sense-organs which I believe to exist

in these appendages. In sections of the tips of the branches, stained with

chloi'ide of gold, I have found a great abundance of peculiar elongated

cells running through the thickness of the epidermis, and ending distally in
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a fine though blunt-ended hair-like process. They closely resemble olfactory

cells in general appearance, having a rather swollen inner end, containing a

comparatively large nucleus. Distally they taper gradually, but appear to

end abruptly, while proxinuiUy I believe they are connected with fine nerve-

fibres. These cells are invisible in preparations stained by ordinary methods,

but stain deeply with the gold chloride, with the exception of their nuclei,

while the surrounding tissues remain vaguely defined. Fig. 5 gives a general

idea of their appearance, while fig. (j is a drawing of a few of them at a

higher magnification, showing how the fine nerve-fibres appear to come

into connection with them. These fibres I have been unable to trace through

the corium, owing to the dense pigment. On dissolving the pigment by

means of Mayer^s chlorine bleaching method, the tissues will no longer

stain properly. Hence I can only conjecture (and it seems a reasonable

hypothesis) that nerve-fibres pass from the network beneath the corium,

through the latter, to reach tiiese fusiform cells in the epidermis. In order

to establish the existence of these cells more certainly, I have made prepara-

tions of them in glycerine by macerating the tentacles with weak alcohol,

and also with osmic acid. I hoped also in this way to be able to see more

clearly their connection with the nerves, but in this I was disappointed.

Fig. 7 is a composite group of a number of these elongated cells, isolated

in this way. This method seems to leave little doubt that such cells actually

exist as component parts of the epithelium. They are exceedingly numerous,

occurring singly among the ordinary cells of the epidermis, and not forming

groups as taste-buds. They only occur near the tips of the fine branches,

and not on the main stem of the tentacle. This might, perhaps, account for

their having been hitherto overlooked.

It is interesting to notice, however, that Zincone, in the paper already

cited, has given an account and a figure of certain elongated cells, whicLhe calls

" cellule fusiformi," in the epidermis of the free fin-rays of Trigla. These

cells are connected with nerve-fibres passing through the dermis. He says_, " Lo

strato epidermoidale riposa sopra una zona di connettivo omogeneo irto di

processi papilliformi. Le cellule fusiformi a due poll fanno continuazione

non interotta con le papille, e probabilmente raggiungono la cuticola." His

figure shows one of these cells with its nerve, but the " probable " con-

nection with the cuticle is only represented by a dotted line. It will readily

be seen that these cells have a certain resemblance to the elongated cells in

Blennius ; but to what extent they are homologous (or analogous) with them

is doubtful.

Cells somewhat similar in appearance are also described and figured by

Morrill [6] from the free fin-rays of Prionotus, another member of the

Gurnard family. He appears to have satisfied himself that they are tactile

in function, and used in finding food.

I find fusiform cells also in the nasal tentacles of B. gattorugine, in sections
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o£ the filaments stained with gold chloride. The cells ap[)eax' to be exactly

similar to those in the supra-orbital tentacles, and are equally invisible by

other staining methods.

Before leaving the morphological characters of the epidermis, certain other

kinds o£ cells must be mentioned which occur with gi-eat frequency among
the ordinary stratified epithelium. Zincone mentions two kinds—namely

(1) ordinary unicellular mucous glands ("cellule a forma di bottiglia *"),

which have their narrow ends on a level with the outer surface of the

epithelium. His account of these agrees with my observations. As he sa}S,

they are not stained by osmic acid or by chloride of gold, l)ut rem?iin as

clear, conspicuous, refractive bodies. They have a small nucleus at the

bottom of the cell, surrounded by a thin pvoto[)lasmic residuum. The greater

part of the cell is occupied by the mucous secretion. These are ihe only

cells, apart from the ordinary epithelial cells, shown in his figure. They are

particularly abundant near the base of the tentacles. Some of them are

shown in outline in my figure 8, and one from />. oi-ellarls in fig. a,

(2) If I understand him aright, the only otht-r cells alluded to by him are

round or oval cells, more deeply imbedded in the epidermis, iind staining

deeply both with osmic acid and c hlorido ol gidd. He says :
" Vi sono

invece altre cellule di grandezza parimenti notevole, le qu:di hcnchc non

presentano la iorma dei cosi detti KoUwn desci'itti dal Mjix Schultze e Fr. E.

Schulze, ed invece si presentano di una forma ovale, pure subiscono una

reazione particolare non commune alle cellule a muco, si colorano cioe

fortemente al cloruro d'oro ed alT aciilo i[)erosmico." As he suggests, they

are probably merely an early stage of the mucous cells, and would later

migrate to the surface and acquire the characteristic flask-like shape, with

an opening on the exterior. As in their final form, they have an eccentric,

nucleus surrounded by a little residual protoplasm, and the rest of the

globular cell is swollen out with the secreted matter, Mhich becomes deep

black when ti-eated with osmic acid. With ordinary methods of staining,

such as borax-carmine, these cells remain clear. A typical example of such

a cell is shown in fig. 9 (M). See also figs. 2 and 4 {M). Two such cells,

treated with osmic acid and isolated, are also shown in fig. 10.

In addition to these two forms of mucous cells, 'it seems to me that there

are also present still more conspicuous cells, which may fairly be compared

with the " Kolben " described and figured, especially for Fetromyzov, by

F. E. Schulze [4]. These are very large elongated cells, extending, as a

rule, through the whole thickness of the epidermis. In sections they always

appear to lie in a space hollowed out \\\ tlie ordinary stratified epithelium;

an appearance which may, perhaps, be due to shrinkage. As Schulze says,

there is no apparent membrane surrounding these cells, and they appear to

be of a semi-fluid consistency (" dickfliissige Consistenz ") ; but after harden-

ing, they can easily be isolated by teasing or pressure, and then appear as
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bodies o£ n fairly constant, somewhat bottle-shaped form. The mass of the

cell appears to be composed of fine, highly refractive granules ; it stains

rather deeply with carmine, and appears uniformly greyish after tieatment

with osmic acid. In the centre of this granular mass there is a large nucleus,

which often appears to consist of two halves ver}^ closely apposed. This

peculiarity does not, however, appear to be constant. The double nucleus

may be seen in my figures 2 (A, n') and 9 (A). At the outer end of the cell

there is always a little clear, cup-shaped hollow, which in my preparations

always seen)s to be open to the exterior [fig. 10 (c.) and 9 (o.)]. According

to Schulze, this hollow, in the " Kolben " of Petromyzon, varies considerably

in size and position. In some cases he found it as a mere space in the cell,

with no external opening. In others it not only had an opening at the outer

extremity of the cell, but might even extend inwards as an elongated tubular

cavity, tapering to a point towards its proximal end. This appeaiance I have

never observed in my preparations. Schulze is of opinion that the form with

closed cavity is an early stage, and that the cavity afterwards acquires an

opening and pours a secretion out on the surface of the skin. He finds fat-

globules sometimes present in the cavity, but does not seem certain whether

these may not be pathological. According to M. Schultze [3] (as quoted by

Schulze), the " Kolben'^ of Petromi/zon often .'ippearto be in close connection

with perpendicular strands of connective tissue imn;ediately below the cutis,

and these strands often contain a dark fibre which may possibly be a nerve-

fibre. He also finds, as does F. E. Schulze, that the Kolben themselves

show certain cross-striations, caused by alternate layers of donbly and singly

refractive substance, comparable to the appearance of striated muscles.

M. Schultze therefore draws the conclusion that the Kolben are probably

" nervose Endapparate muskuloser Natur.^^

F. E. Schulze, however, points out that neither the cross-striations nor the

intimate connection with the cutis are constant for all fishes in which
'• Kolben" are found. In Petromyzonfiuviatilis and the Eel, he says, all the

" Kolben " stand on the cutis ; but in other fishes examined by him (Siluriis,

Cobitis, Tinea, and Leuciscus) they may occur at all levels in the epidermis

and separate from the cutis. Even in another species of Lamprey, described

by H. Miiller, both these peculiarities of the " Kolben " are absent. Schulze

therefore remains undecided as to the nature of these cells, but thinks they

are perhaps comparable with the sebaceous glands of mammals, their

substance breaking down to form latty matter, wdiich is discharged as a

secretion on the surface of the skin. He thinks that normally the " Kolben "

migrate to the surface to perform this function ; in Petromyzon and the Eel,

where they never lose their connection with the cutis and have no actual

opening on the exterior, their secretion probably finds its way out between

the outer cells of the epidermis. He is also of the opinion that their

apparent muscular structure may be for the expulsion of the secretion.
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In most particulars the " Kolben," if I may so call them, of the tentacles

o£ Blennius agree closely with those o£ Petromyzon ; but they nearly always

appear to have an opening on the exterior between the outer layer of

epidermal cells. I have not observed cross-striations or fat-globules in thenij

but the double nucleus and the clear cavity are almost always visible. The

latter, however, is always open and of a cup-like shape. The "Kolben"
usually either touch the cutis at their lower ends, or are only separated from

it by protoplasmic processes from the surrounding cells, rarely by any

complete cells with nuclei. (Of course, an appearance of this kind may be

produced in sections whicli do not pass quite through the longitudinal axis

of the "Kolben.'^) I have not been able to discover any nerve-fibres in

connection with them, and do not think that they ever form any connection

with my vertical connective-tissue " blocks.'''

As regards the function of the tentacles, and especially of the peculiar cells

previously described, which seem to me to be undoubtedly sensory, I am not

in a position to make any definite statement. Ajiart I'rom inor[)hological

considerations, whicli would lead one to suppose that these cells might be

olfactory in function, the only means of investigating this question is the

experimental method. There are, however, great difficulties in the way of

reaching any certain conclusions by this means. Thus, even if one could

prove that thc^ tlsh recognized the presence of food or of chemical substances

by the use of their tentacles, by cutting off all other avenues of perception, it

would be well-nigh impossible to say whether the sensation appreciated was

one of smell, of taste, or of what G. H. Parker, in a recent paper, has termed

the "common chemical sense." The few experiments which I have made in

this direction are not of much value for this reason. I tested a few normal

specimens first with certain reagents, with a view to finding out whether the,

tentacles were sensitive to them. In each case a small pellet of wool was

dipped in the reagent, and then (first) held over or near the tentacles in the

water, and (secondly) lightly brushed against them. To oil of cloves there

was no perceptible reaction. Acetic acid caused a ra])id retreat on the part

of the fish ; they backed away as soon as the diffusing acid reached them, and

without being touched by the pellet. But the movements of the mouth and

opercula showed that some of the acid had got into the mouth. Hydrochloric

acid produced similar results. C-austic soda seemed to have a decided effect

when placed near the tentacles, the fish darting away at once. When some

of the white precipitate formed entered the mouth, the fish backed a little

and spat it out, but did not dart away. Caustic ammonia did not produce

any marked effect when presented to the tentacles, but the fish did not seem

to like it when presented in front of their snouts. Now it cannot be shown
from these experiments that the reactions may not have been due to the

stimulation of the free nerve-endings in the skin of the head, or of taste-buds

situated either in the mouth or elsewhere. There is no proof that any of the

reactions were due to the stimulation of organs in the tentacles alone.
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As a further test, three specimens were etherized, and in two of them the

optic nerve on either side, and the olfactory tracts, were cut. In the third

the olfactory tracts only were severed. These specimens still reacted to

chemical ao-onfcs, such as acetic acid, as might be expected, but this fact is of

no value. Their tentacles were very sensitive to touch, especially in those

whose optic nerves had been cut. After a rest of some four days, to allow

of recovery from the effects of the operation, the three fishes were placed in

a small aquarium and tested with worms and pieces of worms. The two
which had been blinded showed no sign of noticing the food when placed on
the bottom of the vessel near their snouts or eyes. The unblinded specimen
shelved signs, as might he expected, of perceiving them by sight. When
pieces were lightly brushed against their tentacles, all three specimens at

first backed away, as if reacting to an ordinary touch-stimulus. One of the

blinded individuals, however, appeared to recognize the presence of food.

He made a feeble snap at it, but did not swallow it. In fact, none of them
fed at all. After two or three trials they ceased to react at all to the stimulus

of touch applied to the tentacles. As a control, three normal specimens were
fed in the same vessel, two of which fed readily. On the two following days
the same procedur(i was gone tlirough, with similar results. I am inclined

to believe that in the one fish wliicli seemed to recognize food the olfactory

function may not have been completely destroyed.

The only conclusions with regard to the tentacles which it is possible to

deduce from the above meagre evidence are :

—

(1) That the tentacles are very sensitive to toucli.

(2) That they may recognize the " feeP' (? the taste or odour) of the

substance that touches them. This, however, is verv doubtful.

As to the normal function of the tentacles, therefore, I am still undecided.

The only tact which seems tolerably certain is that they contain some nervous

apparatus wliich is eminently sensitive to touch, whether the stimulus comes
from an article of food or an inanimate object. Thus, normal specimens

whose tentacles are lightly touched with a glass rod as they lie on the

bottom of an aquarium, will lean over in an ahnost ludicrous manner away
from the side touched, at the same time moving their eyes to see the source

of irritation. Whether my fusiform cells play any part in the perception of

this kind of stimulus is a question which I must leave unanswered.

It would have been interesting if it could have been shown that the

tentacles were sensitive to disturbances or vibrations in the water, due to the

movements of other animals or to deliberate stirring by artificial means.

From the habit shown by these fishes of lying half concealed among rocks

and stones, often with only the head exposed and the tentacles erect, this

would almost seem a likely function. I have not, however, been able to find
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anj evidence that such is the case *. Of course, there is always tlie possibility

that such appendages may serve merely to increase the resemblance of the

animal to its surroundings by simuiating bits of seaweed and the like, or by

merely breaking tbe continuity o£ its outline, as is no doubt the case among

various fishes, such as Scorpcena. But this offers no explanation of the

presence of specinl sense-organs in the tentacles, and could not, therefore, in

this case be considered the sole justification for their existence.

Note.—In Blennius ocellaris somewhat similar supraorbital tentacles are

found, but tliey are more flattened in shape, with expanded extremities.

They do not appear to contain any fusiform cells, though in other respects

their histolooy closely resembles that of the tentacles of B. (jattorugme.

There are no nasal tentacles, but there is a small flattened dermal appendage

on the back, on either side of the first or anterior ray of the dorsal fin. In

sections of these appendages no fusiform cells or taste-buds were found, but

there are a very few " Kolben '' and numerous globular mucous cells. The

corium is very thick, and consists of fine fibres arranged in a conspicuously

concentric manner, with large vertical bundles internally. The connective

tissue in the centre of the organ is rather loose, with a few small nerve-

bundles running longitudinally through it.
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EXPLANATION OF THE PLATES.

Plate 22.

Fio". L A transverse section of the main stem of a tentacle of Blennius yattoruyine ;
low

power. Partly diagrammatic.

a, One of the "Kolben." b, blood-vessels. C, corium. C.T., the deeper

connective tissue. Ep., epidermis. F., one of the radially-disposed bundles

of connective-tissue fibres, m., mucous cells (round form). N., nerve-

bundles. P., pigment. Pa., dermal papillae.

Fig. 2. A small portion of the edge of a transverse section of the same.

A " Kolbe." C, the outer layer of columnar epithelium. Co., corium.

L. " lens-like " body in perpendicular column of connective tissue. M., round

form of mucous cell. P., pigment-cell. ?«., nucleus of pigment-cell. «.', double

nucleus of Kolbe. Cam., oil imm. j^2 ", oc. x8.

Fig. 3. Blennius ocellaris. Small portion of the skin of the tentacle in longitudinal

section.

C, Stratified outer part of corium. Cu., cuticle. Ep., epidermis. T., group

of elongated cells, possibly a taste-bud. Cam., oil imm. -^^" , oc. x8.

Plate 23.

Fig. 4. Blennius gattoruyine. Portion of transverse section of the stem of a tentacle.

T., A group of elongated cells (taste-bud ?). Other letters as in tig, 2. Cam.,

oil-imm. -jV"v oc. x8.

Fig. 5. Blennius gattoruyine. Part of the edge of a transverse section of one of the

" twigs " of a tentacle, stained with gold chloride.

C. Corium. C.T., connective-tissue and nerve-fibres, ^., end-cell. jBp., epi-

dermis, h., hair-like termination of end-cell, n., nerve-fibres. P., pigment.

Cam., oil-imm. jy"") '^'^* ^^•

Fig. 6. Portion of a similar section, more highly magnified.

Lettering as in fig. 5. E.', end-cells cut obliquely or to one side.

Fig. 7. Isolated elements of the epithelium of the tentacle of B. gattoruyine.

(Macerated in weak alcohol, stained with picrocarmine, and examined in

glycerine.)

E., End-cells. Ep., ordinary epiderm-cells. E.' , an end-cell with bifurcated

base, d., distal extremity of end-cell, n., proximal end, with minute nerve-

fibre, n'., nucleolus. Cam., obj. i", oc. x8.

Fi^. 8. B. gattoruyine. Part of a longitudinal section near the base of a tentacle prepared

with osmic acid.

a, clear flask-shaped mucous cells, occurring only near the base, b, round

form of mucous cells, blackened with osmic acid. Other lettering as before.

Obj.i",oc. X5.

Fig. 9. B- gattoruyine. Portion of transverse section of a tentacle.

A 'Kolbe," in median section. A', another, cut to one side. M., round

form of mucous cell, o., opening of the cavity of the " Kolbe." Other letters

as in previous figures. Cam., oil-imm. -j^", oc. X 5.

LINN. JOUUN. ZOOLOGY, VOL. XXXII. ^2.^
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Fig. 9 a. Blennius ocellaris. Part of transverse section of tentacle.

M., a flask-shaped mucous cell, n., its nucleus surrounded by the residual

protoplasm. Other lettering as before. Cam., oil-imm. y^" . oc. X 8.

Fig. 10. B. gattorugine. Isolated elements from the epidermis of the tentacle, treated with

osmic acid.

A, " Kolben." B, round form of mucous cell, blackened with osmic acid,

c, cup-like cavity of Kolben. n., eccentric nucleus of mucous cell. Cam.

obj. ^", oc. X 8.
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On the Mouth-Parts and Mechanism o£ Suction in ScJiizoneura lanigera,

Hausmann. By J. Davidson, M.Sc, F.E.S. (Communicated by

Dr. A. D. Imms, F.L.S.)

(Plates 24 & 25, and 2 Text-figures.)

[Read 5tli February, 1914.]

I. Introductory Bemarks.

Owing to the great importance of the family Aphididse from the point of

view of Economic Entomology, it is thought that a detailed investigation of

the structure and mechanism of the mouth-parts and associated structures in

a member of this family, may be of considerable help in elucidating many
points in connection with the life-history and habits of these insects.

There are many questions associated with the mechanism of suction in

Aphids, about which our knowledge is very obscure. The action of the

stylets in the plant tissues is by no means clearly understood, although

Biisgen (1890) contributed a great deal to our knowledge of this problem.

When considering the influence of the sap of certain plants upon the

development and reproduction of Aphids, it is very essential to know exactly

from which cells the necessary food is derived. There is moreover the

question as to why certain species of Aphids produce galls on the host

plants, as is the case with the species under consideration.

From observations made in connection with some experiments I have

carried out this summer, it seems evident that these insects are susceptible

to changing conditions of growth of the host plant. The present paper has

been written in the hope that it may be helpful in the further investigations

of the problems mentioned above. It deals only with the anatomy of the

mouth-parts and associated structures, and attempts to give a clear account

of the way in which the plant juices are conveyed into the pharynx and
then passed through the ossophagus into the stomach, and further to explain

how the secretion from the salivary glands is forced by the salivary pump
into the tissues of the host plant.

This work has been carried out in the zoological laboratory of the Royal
College of Science, London, where the author has been working for the past

year as a Board of Agriculture Research Scholar. Through the kindness

of Mr. P. Awati, who has been investigating the mouth-parts of Lygus pabu-
limis, Linn.^ I have been able to examine his sections, and the comparative

observations have been most helpful. Mr. Awati is shortly publishing his

paper on Lygus. The reader is referred to a previous paper by the author

on the general anatomy of ScJiizoneura lanigera, which gives a more general

description of the alimentary canal and associated structures, and should be

read in conjunction with this paper.

LINN. JOURN. ZOOLOGY, VOL. XXXII. ^
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I should like to take this opportunity of expressing my sincere thanks to

Professor Maxwell Lefroy for the many suggestions and advice he has kindly

given me during the progress of the work, and also to Mr. Clifford Dobell

for much valuable assistance in connection with methods of technique and

references to literature.

II. Technique and Methods.

Specimens were fixed in Carnoy's fluid and kept in 90 per cent, alcohol.

Bouin's picro-formal mixture was also used.

The mode of preparation of material for the parafiin bath was as follows.

After passing through the alcohols to absolute alcohol^ the material was

placed in chloroform for several hours, then in a mixture of equal parts of

chloroform and wax and finally in the paraffin bath. Paratfin-wax melting

at 58° C. was used and the best results were obtained when the material

was left in the bath for about two hours. Only the head was imbedded, but

for entire specimens a longer time in the bath is advisable. Sections were

cut from 4-10 yu, thick, in three planes, transverse, vertical, and longitudinal.

Normal saline solution, glycerine, and turpineol have been used as

examination media.

For exann'nation of cleared specimens the material was taken through

alcohol and cleared in cedar-wood oil, clove-oil, or turpineol, and mounted

in alcoholic or xylol balsam.

Sections were stained with hsematoxylin (Ehrlich) and orange G or eosin.

For examination of the chitinous parts the material was treated with

10 per cent, potash for several hours and then washed in slightly acidulated

distilled water and examined in pure glycerine, or mounted permanently in

the usual way in Canada balsam.

The drawings were made from Camera lucida sketches, and owing to the

minute detail of the parts very high magnifications were necessary, so that

most of the work was done with a -j^ oil-immersion lens, and in the case of

figs. 4-14 and fig. 24 a No. 18 occulo was used.

III. Nomenclature ; Review of Literature.

The terms used throughout this paper are based solely upon the study of

the anatomy, and do not necessarily imply a definite homology with other

Hemiptera. It is not intended to discuss in any detail the homologies and

morphology of the different parts. As far as possible established names have

been given, but generally speaking the terms are mainly used for convenience

of description.

Most of the published work dealing with the mouth-parts of Hemiptera is

confined to the division Heteroptera. The deflexed position of the head in
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the Homoptera gives rise to several structural differences between the two
divisions.

The description throughout refers to the head in the feeding position, so

that the clypeal or dorsal face of the fore-head is spoken of as the anterior

or dorsal face, and the surface which is adpressed to the venter in repose, as

the posterior or ventral face*. The distal end of the fore-head is towards the

extremity of the labrum and the proximal end towards the epicranial

region of the head.

Several of the earlier anatomists, for instance Westwood and Burmeister,

tried to homologise the mouth-parts of sucking insects with those of the

mandibulate or biting insects, and in 1853 Gerstfeld published a paper

dealing specially with the mouth-parts of sucking insects. Geise (1883)

published a paper on the mouth-parts of Notonecta, Nepa, and Corixa, and
described the salivary pump (Wanzenspritze) which Mayer had described in

Pyrrliocoris apterus in 1874. Wedde (1885) dealt with the mouth-parts of

some Rhynchota and made some observations on the method of suction. Two
years later Leon (1887) studied Pentatoma, and made observations on the

homologies of the parts. The next important paper is that of Heymons
(1899), who made many interesting additions to our knowledge of the

morphology of the Hemipterous trophi. The most valuable contribution

within the last few years is that of Bugnion and Popoff (1911). These

authors have dealt specially with Graphosoma lineatum, but have also studied

several other species of Heteroptera. In an introductory chapter they give

many of the different views held by previous workers, as to the homology of

the different parts of the trophi.

!So far as the Homoptera are concerned very little work has been done.

Smith (1892) attempted to homologise the mouth-parts of Cicada with those

of Diptera, but his work was much criticised by Marlatt (1895). In 1898

Smith published a further paper upholding his views that the proboscis and

stylets are maxillary structures, and that no trace of mandibular structures

occur in any present form of Hemiptera.

Meek (1913) published an important work on the mouth-parts of Cicada

septendecim, in which he shows the close relationship existing between the

structure of the head and trophi in this Homopterous insect and the many
Heteropterous insects that have been studied. He also gave an account of

the method of suction. During the past two or three years Muir and
Kershaw have made some interesting additions to our knowledge of the

morphology of the mouth-parts in Heteroptera and Homoptera. Their

conclusions are based chiefly on the study of the development of the embryo
of Pristhesancus papicensis and of Siphanta. They have also made a general

comparative study of different families, and have endeavoured to show

* Vide footnote on p. 311.

27*
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the close relationship that exists between the trophi of Heteroptera and

Homoptera.

To supplement this brief review of the literature I shall indicate as far as

possible the relationships which the mouth-parts herein described bear to

those studied in other Hemiptera.

The salivary pump is the " Wanzenspritze " noted by Landois (1868) in

Citnex lectularius. A few years later it was described by Mayer (1874)

in Pyrrhocoris aptems, and since then, from time to time, by many authors

in different species of Hemiptera, including Aphids and Coccids, Muir and

Kershaw (1911 &) consider that the salivary pump arises as a modified

development of the salivary duct.

The morpholooy of the sclerites forming the head is a much debated

question. Owing to the deflexed position of the head in Homoptera the

distal part forms a freely articulating chitinous capsule which sujiports the

trophi. This, which is the Vorderkopf of many German authors, I propose

to call the fore-liead. Meek (1903) has described the fore-head in Cicada as

made up of the frons, clypeus, labrum, epipharynx, and the mandibular and

maxillary sclerites. The tapering upper lip, which I call the labrum, appears

to be the part referred to by Meek as the prolongation of the epipharynx
;

the labrum he considers as being considerably reduced.

This view is also held by Muir and Kershaw (1911). It will be seen later

that I retain the name epipharynx for the specially thick chitinous roof of

the pharyngeal duct, which also forms the floor of the part I call the clypeo-

labrum.

The structure I refer to as the clypeus corresponds in position to the

frons of Meek in Cicada. A slight transverse depression divides it off from

the clypeo-labrum, but internally it is defined by the presence of the

pharyngeal struts, which are really thickened parts of the clypeal folds. Tlie

clypeus supports the divaricator muscles of the pharynx.

There is some doubt as to the parts which make up the labium. Geise

(1883) considers it as the lower lip. L6on (1887) described rudimentary

labial palps in Hydrocores ; but Heymons (1899) found, by studying the

development in the embryo, that the proboscis is formed by the fusion of a

simple pair of appendages (2nd maxilloe), which bear no trace of palps. He

considers these latter structures arise as secondary developments. Muir and

Kershaw (1911) have shown that the proboscis is formed by the fusion of

the simple 2nd maxillas, and afterwards becomes secondarily divided into

segments ; they found no clue to the missing palps.

The morphology of the stylets is a much debated point. Originally it

was thought that they represented the maxillsB and mandibles. Smith (1892)

drew attention to the fact that certain sclerites, which formed part of the

chitinous capsule of i\\e fore-liead, were really associated during development

with the stylets, so that the stylets do not really represent the complete

mandibles and maxillae.
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Heymous (1896-8) showed from embryology that the internal or posterior

stylets represent only part of the first maxillse. During development the

basal portion o£ each maxilla forms a chitinous plate, which fuses with the

wall of the head. The work of Muir and Kershaw (1911) has confirmed

this both in Homoptera and Heteroptera ; hence this pair of stylets I have

called the maxillary stylets, and their sclerites the maxillary sclerites.

Bngnion and Popoff (1911) consider the anterior or dorsal pair of stylets

also represent only part of the mandibles in Heteroptera, the basal portion

of the mandible forminp; a sclerite which fuses with the wall of the head.

Meek also considers that mandibular sclerites (lorse) are present in Cicada.

The later work of Muir and Kershaw (1911-12) on the embryology of

Pristliesanciis papiiensis and Siplianta shows that the mandibular sclerites

(so-called) have no relation to these stylets, and are not derived from them,

and thus I call these stylets the mandibles. The structures 1 refer to as the

clypeal sclerites agree in position with the lorse or mandibular sclerites

of Meek.

IV. Anatomy of the Head and Mouth-parts.

A. External Structure.

The head in repose is strongly deflexed beneath the anterior end of the

body. On examination of its anterior face, it is seen to be divided into two

distinct portions by a transverse suture, situated near the vertex. The

proximal portion, which bears the eyes and antennae, comprises the epicranial

region. The distal portion is conical in shape and tapers distally, forming

a stout, chitinous capsule which supports the trophic For purposes of

description I shall refer to the structure as the fore-head *. It freely

articulates with the epicranial region by means of thin, flexible chitin

(PL 24. fig. 1, a./.), which allows freedom of movement, enabling it to be

raised or deflexed at will.

The epicranial region is broad and convex and is continuous at its proximal

end with the prothorax.

The fore-head is strongly convex on its anterior and antero-lateral faces,

and is composed of several chitinous plates or sclerites.

The post-lateral walls, vide fig. 18 (PI. 25), are flat and composed of thinner

chitin.

In the distal half of the fore-head the integument folds into the interior,

between the sclerites^ forming well-defined chitinous folds, as indicated in

text-fig. 1.

Looked at from its anterior face, the fore-head is seen to consist of dome-

shaped areas, vide fig. 1.

* In a previous paper I called this structure the frous. This term is misleading. It is

the Vorderkopf of many German authors and for want of a better word I use the literal

translation fore-head.
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A Jarge median plate, which I call the clypeus, cl., extends from the

proximal margin of the fore-head and forms the greater part of the anterior

face. Distally it narrows somewhat, and is divided by a shallow, trans-

verse depression from a smaller triangular sclerite, cl.l. This I call the

dypeo-labrum. It seems to be really a continuation of the clypeus. A
tapering plate of chitin, the lahrum, Ibr., extends in the median line from

the distal end of the clypeo-labrum.

The floor of the clypeo-labrum, PI. 24. fig. 1, e.p., is composed of thick

chitin, which forms the roof of the pharyngeal duct, jjJi.d. This is the

epipliarynx. It possesses a deep, longitudinal groove on its internal face.

Text-fig. 1.

mx.pr

Transverse section through the fore-head in region of pharynx protuberances, showing

relation of sclerites forming the fore-liead. X300.

(For explanation of lettering see p. 329.)

as is shown in transverse sections,, figs. 7-9, which affords a support for the

maxillary stylets.

Distally, it is continuous with the internal face of the labrum, but the

chitin becomes much thinner.

The labrum possesses a few, small, transverse ridges on its outer face and

a longitudinal groove on the internal face. It is connected with the clypeo-

labrum by a thin chitinous fold, which permits free movement.

Two folds of chitin, the clypeal folds, text-fig. 1, c/./'., extend into the

fore-head on each side of the clypeus, and become continuous with the dorsal

wall of the pharynx.
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At the anterior end of. the pharynx the walls of the fold are composed of

very stout chitin and form two strong chitinous struts, the pliaryngeal struts

{pJi.st., figs. 13 & 14), which extend to the antero-lateral walls of that structure,

affording a firm support for it. The clypeal folds separate the clypeus from

two lateral sclerites, the clypeal sclerites, cl.sc. (mandibular sclerites or lorse

of some authors)

.

Two maxillary sclerites, mx.sc, are situated below the clypeal sclerites, and

help to form the latero-ventral walls of the fore-head. They extend ventrally

towards the mid-ventral line. In the post-ventral region they merge into

the floor of the fore-head which is composed of thin chitin, fig. IS, f.h.

Distally, the maxillary sclerites lie close together in the mid-ventral line

and extend beneath the clypeo-labrum and labrum. They are separated for

some distance, however, by a median plate of chitin which merges proximally

into the ventral wall of the fore-head. This is the liypopliarynx, hyp. It is

continued forward beneath the pliaryngeal duet, pli.d., as a small liypopliarynx

lip, hypd., fig. 1. The maxillary sclerites, closely apposed in the median Hue,

extend beneath the hypopharynx lip, concealing it from the ventral aspect,

and form two tapering processes, the maxillary processes as seen in sections,

figs. 4-7, and shown in fig. 2, mxp.

The maxillary sclerites turn inwards on each side of the hypopharynx and

form two deep folds, the buccal folds, h.f. These folds remain open through-

out and form two large cavities or chambers, the buccal cavity, b.c, which

accommodate the stylets. Towards the distal end, the internal faces of the

maxillary sclerites and maxillary processes are composed of stout chitin, and

ar grooved, thus affording support for the stylets, figs. 6-8.

The hypopharynx lip extends beneath the pharyngeal duct, forming the

ventral wall of that structure. Proximally the lip dips down and becomes

continuous with the broader portion of the hypopharynx, hyp. A large bay

is thus formed in which the salivary pump, text-fig. 2, s.p., is situated,

being attached to the wall of the hypopharynx by means of a stout chitinous

supporting base, figs. 2, 12, 13, and 23, p.s.

The salivary pump can be seen through the integument in cleared speci-

mens as a dark " y "-shaped chitinous structure.

The floor of the fore-head, into which the hypopharynx merges at its

proximal end, becomes continuous with the dorsal wall of i\iQ 2yroboscis or

labium, fig. 1, Ibm., and text-fig. 2 (p. 325). This latter structure turns

beneath the hypopharynx, and at its proximal end its walls consist of thin,

flexible chitin.

The post-lateral walls of the fore-head are composed of thinner chitin,

fio-. 18, l.w. When viewed from the anterior or dorsal face, in cleared

specimens, there appears to be a ridge of chitin running along the lateral

edges of the clypeus. This however, is due to the thick chitin of the clypeus

joining on to the thinner lateral walls of the fore-head.
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The clypeal sclerites and maxillary scleriiesare separated by the maxillary

folds, mx.f. These represent the mandibular folds o£ Muir and Kershaw.

As in the case of the clypeal folds, the in-turned edges of the maxillary and

clypeal sclerites are held firmly together by connective tissue. In sections

the connective tissue tears away and the sclerites become separated. The
maxillary and clypeal folds extend towards the proximal end of the fore-

head^ where the sclerites merge together to form its lateral walls.

The internal, lateral walls of the hypopharynx (figs. 11-14) are composed

of stout chitin and become continuous with the wall of the pharvnx, forminu"

part of the stout chitinous supports which surround its anterior end. The
pharynx is held firmly in position by these supports, vide fig. 14.

B. The Endoskeleton of the Head.

The endoskeleton of the head consists of strong, hollow, chitinous bars,

formed by invaginations of the integument of the head. These bars, which

form the arms of the tentorium, give support to the fore-head, and also

afford attachment for several muscles. Figs. 2 and 3 show the cliitinous

endoskeleton as seen in potash preparations of the head.

The arms of the tentorium expand at their extremities and form a broad,

hollow, transverse plate, t.j)., which is situated in the posterior region of the

head, beneath the supra-cesophageal ganglion, and forms the central support

of the tentorium. The antero-dorsal arms, the antero-ventral arms, and the

ventral rods *, are attached or continuous with the transverse plate. The

chitin of this latter structure is thinner towards the middle, but becomes

much stronger towards its ends, from whence the tentorial arms pass.

The antero-dorsal arms, a.d., are formed by two invaginations at the

posterior end of the clypeal region of the head. They extend in a posterior

direction to the transverse plate, fig. '6, a.d.

The antero-ventral arms, a.v., pass forward ventrally, diverging from one

another, towards the infra-posterior angles of the fore-head. Each then bends

upwards, along the lateral wall, and ends at the proximal end of the maxillary

fold. From this region a stout triangular bar of chitin passes into the fore-

head from each side, which form two levers, md.l., for the dorsal or anterior

pair of stylets (mandibles). The position of these levers corresponds to the

position of the ends of the maxillary folds, and each lever appears to be a

thickening of the fold in this region, fig. 16, md.l., being part of the

cl3'peal sclerite.

The ventral chitinous rods, v.r., fig. 2, and also in figs. 18-21, originate at

the posterior ends of the buccal folds, and passing beneath the large pump-

* These terms are used for convenience in description, and are not necessarily homologous

with the arms of the tentorium as described by Comstock (1902) in insects generally.
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nmscle, p.771., they become continuous at their proximal ends, by means of

thinner chitin, with the middle o£ the transverse plate *.

A narrow curved rod of chitin, mx.l., articulates at the proximal end

of each niaxillary sclerite, where that structure fuses with the general wall

of the fore-head, and near the base of the mandibular lever on each side.

They both pass inwards to become attached to the proximal ends of the

internal or ventral stylets (maxillary stylets), and thus form the maxillary

levers, mx.l., figs. 2, 3, and 17.

C. The Labium.

The proboscis or labium Qbm.) is formed by an evagination of the integu-

ment at the infra-posterior end of the head. In repose it lies closely

adpressed against the ventral surface of the body, between the coxse, and

extends for some distance beyond the third pair. It consists of three

segments, text-fig. 2, a long proxiuial segment and two shorter distal

segments. Its dorsal or anterior face is folded to form a median, longi-

tudinal groove, which extends along the greater part of its length. At the

extremity of the distal article the walls of the fold close completely over,

thus forming a short tube, but throughout the rest of its length the groove

is open. The [)roximal end of the proboscis is composed of thin, flexible

chitin, as is ^hown in fig. 1. It is this part which is capable of being drawn

into the body during feeding, as will be explained later. This proximal end

is not grooved. When specimens are examined, the stylets are usually

found lying in the proboscis groove, being held in it by the short, closed

tube at its extremity. They are often found extending through the end of

this tube, beyond the tip of the proboscis. The distal article of the proboscis

bears on its extremity a ring of tactile hairs. Daring feeding, the proboscis

is raised from the surface of the body, and its anterior face is closely

pressed against the hypopharynx and maxillary processes.

D. The Pharynx.

The pharynx {ph.) extends through the head iu the median line, and passing

over the transverse plate of the tentorium, leads into the oesophagus, fig. 1.

When a cleared potash preparation of the head is examined from the

dorsal aspect, two conspicuous prominences are seen at the anterior end of

the pharynx. These are the 2^harynx iirotaherances, p.p., figs. 12, 13. They

are the " Naroiden " described by Dreyfus (1894) in Phylloxera. It is in

* Mordwiiko (1895) lias described these rods iu Lachnus, as the " Chitinfortsatzestabchen."

He considers they are free at their proximal ends. By means of serial sections I have

traced these rods in Schizonettra to the transverse plate to which they are attached by

thin chitin.
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this region that the stout pharyngeal struts and the thick, internal walls of

the hypopharynx meet, thus forming a firm support for the pharynx.

The pharynx proper (z. e., the part which exerts the sucking force) begins

here, and as is seen in the transverse sections, figs. 12-22, the dorsal wall is

composed of thin flexible chitin, which is acted upon by large divaricator

muscles, d.m. Anterior to the pharynx protuberances the continuation of the

pharynx dips down, and its walls are entirely composed of very stout, rigid

chitin, figs. 7-11. The thick chitinous upper wall is formed by the epipharynx,

e.p., and the lower wall by the hi/pophari/iuv. This portion does not exert

any sucking action, and is simply a duct, the pliaryngeal duct, ph.d., which

conveys the plant-juices into the pharynx proper. This duct, as will be

shown later, leads directly into the suction-canal formed by the approxi-

mation of the maxillary stylets. The pharynx proper extends from the

position of the pharynx protuberances to the transverse chitinous plate

of the endoskeleton. It is concave in section, the thin dorsal wall fitting

against the stout ventral wall, and possesses a fairly wide lumen.

The pharytiw protuberances are two hollow, dome-shaped prominences,

formed by the meeting of stout chitinous arms in this region, as shown in

figs. 12 and 13. They afford a strong support for the anterior end of the

.

pharynx. The dorsal wall of the pharynx, which is thin and flexible, fits

snugly between the protuberances into the deep bay formed by the thick

ventral wall. In this region the dorsal wall is acted upon by strong

divaricator muscles, d.m., which are attached to a median^ vertical tendon,

m.t. It will thus be seen that when these muscles are relaxed, the upper
wall of the pharynx fits closely against the ventral wall between the pro-

tuberances and practically occludes the opening into the pharynx, thus

acting as a kind of entrance-valve. It seems to me, therefore, that the

function of the protuberances is simply to strengthen the anterior end of

the pharynx, and to render this valvular action more complete.

The pliaryngeal duct, which really forms part of the pharynx, can be

discussed separately, because its function differs from that of the pharynx
proper, in that it exerts no sucking-force, but is simply a conducting-canal

through which the plant-juices are conveyed from the suction-canal.

The pharyngeal ditct, -^gs. 10 and 11, ph.d., dips down and leads to the

extremity of the hypopharynx lip *, Its roof is formed by a specially thick

plate of chitin, which also forms the floor of the clypeo-labrum, cl.l. This

structure is the epipharynx, ep., figs. 3 and 7-11.

* The mouth, or oral opening, which is really the entrance from the buccal cavity into
the pharynx, may be considered as being here. Owing to the special mode of feeding in

Hemiptera however, the food-juices, a.s will be shown later, really enter at the extremity
of the compound maxillary stylet, and pass upwards through a special canal into the
pharyngeal duct, so that the actual mouth is situated at the extremity of this stylet.
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E. The Epipliarynx.

When exainiiieJ in transverse sections, fig. 9, the epipharynx is seen to be

deeply grooved on its internal face, affording, towards its distal end, a kind

of bay in which the maxillary stylets are snugly fitted.

In cleared preparations of the head, fig. 3, the epipharynx is seen to

possess a median row of eight well-formed {)ores, and these are also seen in

median longitudinal sections, figs. 1 and 25. Drej'fus (1894) has figured

and described a similar structure in Phylloxera, and calls it the hypopharynx.

He has also figured the eight pores, but considers these " pale spots " as small

chitinous pegs. It may not be out of place here to emphasize the need of

verifying observations made on cleared specimens by means of sections.

The danger of misinterpreting deeply-seated chitinous structures from cleared

transparent specimens is very great^ and serial sections are indispensable if a

true interpretation of internal chitinous structures is to be gained.

In longitudinal sections the epipharynx appears as a perforated plate, and

is probably the perforated languette described by Bugnion and PopofF (1911),

and also by Wedde (1885) in other Hemiptera.

Lying above the anterior end of the pharynx and extending over the

pores in the epipharynx is an irregular group of cells, possessing large,

deeply-staining nuclei, but cell-walls are not defined, fig. 25, g.o.

This structure is found in all sections. Behind the epipharynx it seems to

divide into two lobes which extend one on each side ol: the divaricator muscles.

In lonoitudinal sections taken a little out of the median line, I have found a

nerve passing from the two anterior lobes of the supra-oesophageal ganglion

to each lobe of this structure.

From its position over the perforated epipharynx this structure would seem

to be a giistatoTii organ. An organ in this position has been described by

Bugnion and PopofF (1911) in Heteroptera, and also by Wedde (1885), but

as far as I am able to see with the sections I have made, the histological

structure does not agree with the figure given by the former authors. It

certainly does not appear to be a glandular structure. I hope in the near

future to make special preparations and sections to show the structure of

this organ, which will demand the application of special methods. From

indirect evidence it would appear that it is an organ of taste, which enables

the aphid to test the nature of the sap drawn into the pharyngeal duct

before it enters into the pharynx proper.

That aphids are able to readily appreciate differences in the plant-juices

derived from different plants is quite certain from observations I have made

this year during the progress of some experiments with Aphis riimicis.

There is no other organ present which could exert such a function. The

tactile hairs at the extremity of the proboscis only serve to enable the aphis

to find a suitable tender part of the plant in which to insert its stylets.
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I have given a longitudinal section, fig. 25, through the epipharynx,

showing the position and structure, so far as I am able at present, of this

gustatory organ. The section is not quite median, so that the surrounding

chitinous structures are not shown very clearly.

F. Musculature of the Pharynx.

The anterior or dorsal wall of the pharynx is acted upon by powerful

bands of divaricator muscles, which pull out this flexible dorsal wall, thus

greatly increasing the lumen of that structure. In the distal half of the

pharynx an upright membrane or tendon, m.t., is attached along the middle

of the pharynx-wall, and to this tendon are attached the divaricator muscles,

d.m., as is shown in figs. 12-16. The muscles pass from each side of this

median tendon in parallel bands, and become attached to the wall of the

clypeus, on each side of the median line. The internal face of the clypeus

possesses several, small, projecting ridges of chitin, which afford a firm

attachment for the muscles. These muscles extend to the clypeus in a

slightly posterior direction^ so that in transverse sections they are often cut

across, as shown in fig. 17.

The muscles attached to the proximal end of the dorsal wall of the pharynx

are smaller. They converge towards the post-dorsal wall of the clypeus,

becoming inserted on its internal face, near together, on each side of the

median line.

In fig. 1, which is a slightly scheniiitized median, longitudinal section

through the head, the muscles are cut through obliquely and pass out of

the line of section before reaching the clypeus.

Between the pharynx protuberances, the pharynx is narrow in transverse

section, figs. 12 and 13, and " U "-shaped. When the divaricator muscles

are relaxed, the flexible dorsal wall becomes closely ad{)ressed against the

ventral wall, completely closing the lumen.

G. The Salivary Pump.

The salivary pump is a bell-shaped chitinous structure situated below the

anterior end of the pharynx, being attached to the hypopharynx, vide fig. 2.

In longitudinal section, vide fig. 1, it is seen to consist of a stout chitinous

distal portion, forming the handle of the bell. This is the pump-stem, p. s.

It widens out at its proximal end to form a cup-shaped portion—the body of

the bell—which is the pump-cylinder, p>.c. These parts are [)erhaps better

shown in vertical section, fig. 23.

"Ihe pump -cylinder is a thick- walled, cup-like structure, composed of thick

chitin which encloses the pumjj-chamher, p>.ck.

The proximal wall of the cylinder consists of membranous chitin, which is

continuous with the thick rim of the cup. This wall is usually seen with-

drawn into the cylinder, so that only a small part of the chamber remains

showing. Attached to this proximal wall is a small club-like tendon to
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which the large pump-mnscle, p.m.^ is attached. This muscle when it

contracts pulls out the proximal wall^ thus enlarging the pump-chamber,
but in sections the muscle is always seen in the relaxed condition and the

pump-chamber is considerably reduced in size, and difficult to see.

Tha immp-stemiB attached at its distal end to the wall of the hypopharynx.

It is compressed laterally, figs. 12-13. Two strong arms ol: chitin extend

from it laterally and fuse with the lateral walls of the hypopharynx, thus

affording- a firmer support for the pump.

A minute canal (figs. 12 and 13, s.ed.'),i\\Q efferent salivary canal, extends

through the dorsal part of the pump-stem, along which the saliva is con-

ducted into the ejector canal, e.c, formed by the junction of the maxillary

stylets.

The efferent salivary canal is continued beyond the pump-stem along the

ventral wall of the small hypopharynx lip, being enclosed by this wall, and

extends to its pointed extremity (figs. 1 and 10-13, s.ed.), where it is con-

tinued into a small chitinous process. A similar process extends from the

dorsal wall of the lip. There is thus formed a " V "-shaped cleft at the

extremity of this structure, as is shown in fig. 25. As will be shown later,

the dorsal process forms the continuation of the pharyngeal canal, which

leads into the suction canal formed by the maxillary stylets. Similarly the

ventral process enclosing the efferent salivary canal leads into the ventral or

ejector canal formed by the maxillary stylets.

The salivary glatids * are situated above the oesophagus, and lie obliquely

partly in the prothorax and partly in the posterior region of the head, one

pair on each side of the median line. The salivary duct from each pair passes

beneath the thoracic ganglia, and both meet in the median line at the infra-

posterior region of the fore-head, where they form a bulbous expansion, c.s.d.

From this structure a single median salivary duct passes forward into the

fore-head. It becomes greatly reduced in size, and extending in the median

line beneath the salivary pump^ turns upwards, forming an " S "-shaped

flexure, and enters the pump-chamber at the post-ventral end of the

pump-cylinder, as is shown in fig. 1.

At the place of entry of the salivary duct into the pump-chamber, the

walls are so arranged that they exert a valve-like action^ the opening beino-

controlled by two smair bands of muscles, the ventral 'ptmip-muscles, v.m.,

figs. 1 & 2, and figs. 15-18. These muscles are attached, close together,

to the wall at the place of entry, and extend backwards below the large

pump-musckj becoming attached to the ventral rods of clritin. The lumen

of the salivary duct is extremely small.

The exit opening from the pump-chamber is situated at the antero-dorsul

end of the cylinder (fig. 1), and leads into the effWent salivary canal,

described above as passing through the pump-stem.

* For further description of the salivary glands see Quart. Journ. Micr. Sci. vol. Iviii.

(1913) p. 680.
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H. Musculature of the Salivary Pump.

The structure o£ the salivary pump is such that it acts as a force-pump,

the working o£ which is controlled by the large spindle-shaped pump-muscle

shown in fig. 1 and fig. 2, p.m.

The pump-muscle is attached to the flexible, proximal wall of the cylinder

and extends beneath the pharynx, towards the transverse plate of the ten-

torium, being partly attached to the latter structure and partly to the stout

ventral wall of the pharynx. It is divided for some distance along its

length, as is seen in transverse sections. The musculature will be considered

in more detail later.

I. TJlc Stylets.

The stylets are situated below the pharynx, and consist of two anterior

or dorsal stylets, the mandihles {m.d., fig. 3), and two posterior or ventral

stylets, the maxillary stylets (mx.s., fig. 2).

They are withdrawn for some distance into the fore-head, being swollen

in a club-shaped manner at their proximal ends. Distally they become

considerably reduced in size, and form long, needle-like structures which,

passing through the buccal cavity, extend along the longitudinal proboscis

groove. They are finely pointed at their distal extremities, vide fig. 24.

The stylets are hollow chitinous structures, which are continuous with the

integument of the posterior end of the buccal cavity, being drawn inwards

somewhat after the manner of an inverted finger of a glove, i^ide fig. 23.

The cavity of the stylet-shaft is especially large in the swollen, proximal

part. From the proximal end of each emerges the retort-shaped organ

indicated in the series of transverse sections, md.o., mx.o.

The relation of the stylets to other structures in the fore-head will be best

understood from the serial sections, figs. 4-18.

The maxillary stylets.

The maxillary stylets lie ventral to the mandibles, one on each side of the

median line, and are situated further back. As they emerge into the buccal

cavity they approximate towards each other, becoming considerably reduced

in size. As is seen in fig. 23, the integument of tlie buccal cavity, which in

this region is thin and membranous, is continued proximally along the shaft

of the stylets, forming a sheath in which those structures are freely

moveable.

As the maxillary stylets enter the buccal cavity they lie one on each side,

along the internal lateral walls of the hypopharynx (fig. 15), fitting into

a longitudinally running bay or groove.
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flunning along the internal face of both stylets is a median longitudinal

ridge. This causes two longitudinal grooves to be formed, a dorsal and
a ventral groove.

As the stylets extend towards the extremity of the hypopharynx lip, they

gradually approach towards the median line, the longitudinal ridge and
the two grooves on the internal face becoming more pronounced, iit the

extremity of the hypopharynx lip they meet in the median line, and
the two internal faces become apposed. There is thus formed between the

stylets two longitudinal canals (figs. 8 and 9) which are more or less separated

by the close apposition of the two longitudinal ridges formed on the

internal faces.

I have mentioned before that the tip of the hypopharynx lip possesses

a " V "-shaped cleft, owing to the slight prolongation of the two processes

which support the openings into the pharyngeal duct and efferent salivary

canal. As will be seen in fig. 9, the longitudinal ridges on the internal

faces of the maxillary stylets fit into this " V '^-shaped cleft, and the dorsal

and ventral canals formed by the junction of these stylets enclose the two
processes, thus establishing direct communication with the two canals and
the pharyngeal duct and efferent salivary canal respectively.

The maxillary stylets do not actually fuse when they meet, but towards

their extremity they appear to do so, although the line of fusion is clearly

marked.

The compound stylet thus formed possesses two well-marked canals, which
run throughout its length :—The dorsal suction-canal, s.c, which conveys the

plant-juices to the pharyngeal duct, and thus into the pharynx and a ventral

canal. The ventral canal is slightly smaller : it is the salivary ejector canal,

ex., and conveys the saliva from the efferent salivary duct into the tissues of

the plant.

Beyond the extremity of the hypopharynx lip, the compound maxillary

stylet is supported above in a deep groove on the ventral face of the epi-

phtirynx, and below, by grooves on the internal walls of the maxillary

sclerites. As is seen in figs. 7, 8, and 9, these surfaces are so arrano-ed

that the stylet fits snugly into the grooves, being held firmly in position,

at the same time having perfect freedom of movement for protraction or

retraction.

Beyond the region of the epipharynx the maxillary processes and the

labrum—which is grooved on its ventral face—afford a firm support for

the stylets.

Towards the extremity of the labrum the compound stylet enters into the

longitudinal proboscis-groove and extends along it to the extremity of the

proboscis.
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The maxillary levers.

The maocillary levers are two curved rods of chitin which articulate one at

the proximal end of each maxillary sclerite ; each passes into the fore-head,

beneath the maxillary stylets (figs. 2 & 3, m.v.l., and fig. 17), to the sv^'ollen

proximal ends of which they become attached, thus affording moveable

supporting levers for those structures. The levers project a little way

beyond the internal face of the stylets, as shown in figs. 2 and 18, and thus

afford attachment for some of the retractor muscle-bands, mx' .re.

The mandibles.

The anterior stylets are the mandibles. They lie dorsal to the maxillary

stylets, being disposed slightly further from the median line (fig. 3, md.).

Although slightly longer, they resemble the latter in general appearance,

but remain separate throughout. As they enter the buccal cavity they

approximate towards the median line, and extend above the maxillary stylets

along the internal walls of the hypopharynx (rzVZe figs. 4-14).

Towards the extremity of this structure the internal faces of the mandibles

are somewhat concave, and fit closely against its lateral walls. Beyond the

junction of the maxillary stylets the mandibles lie by the side of the com-

pound stylet, the internal concave faces of the former closely fitting against

the convex outer faces of the latter. They then extend by the side of this

stylet along the proboscis-groove.

The mandibular levers.

The mandil)les are supported by two stout arms of chitin (md.L, fig. 3),

which extend, one on each side of the fore-liead, from the proximal end of

the maxillary fold (fig. 16). They are much stronger than the maxillary

levers. Each passes to the base of the mandibles, to which they become

attached.

J. Musculature of the Stylets.

The mandibles and maxillary stylets can be protracted or retracted by

a system of protractor and retractor muscles.

The retractor muscles of the mandibles are inserted on the internal face, at

the proximal end of those structures (fig. 3_, md.re., and figs. 16-21), and

extending backwards into the head, divide into two groups, one group

becoming inserted along the antero-dorsal arms of the tentorium, the other

on the transverse plate of chitin, at the base of these arms.

The jyrotractor muscles, md.pr., are inserted along the base of the mandibular

lever, and pass forwards to become inserted along the pharyngeal struts.

The retractor muscles of the maxillary stylets (fig. 2, and figs. 18—21, mx.re.)

consist of two groups of muscles. One group is inserted on the internal face
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of the proximal extremity of each stylet *, and passing backwards through
the head they become attached to the antero-ventral arms of the tentorium,
at the base of those structures where they join the transverse plate.

The other group of muscles is smaller, and is attached to the projecting

portion of the maxillary lever. The muscles from each lever extend laterally

through the head to become inserted on the antero-ventral arms of the

tentorium, at the place where that structure bends into the fore-head, vide

figs. 2 and 18, mx'.re.

The large protractor muscles of the maxillary stylets are inserted along the

external face of the prolonged base of each stylet, and extend in an anterior

direction to become inserted on the walls of the maxillary sclerites (fig. 23,

mx.pr.^.

K. Musculature of the Head.

I have shown that the fore-head freely articulates with the proximal
portion of the head by means of a raenibranous chitinous fold. This allows

the fore-head to be raised from the deflexed position it occupies in repose,

to a position more or less at an angle to the body, which it occupies when
the aphis is feeding. These movements are brought about by two sets of

muscles, the elevator muscles of the fore-head and the d.epressor muscles.

Extending from the transverse plate of chitin are two bands of muscles
which pass through the proximal portion of the head, in a postero-lateral

direction, and become inserted on the post-lateral border of the head at its

junction with the prothorax. These muscles are not shown in fig, 1, as they

are attached at the ends of the transverse plate, and are not seen in median
section. I have indicated them in the schematic text-figure 2, m.d.p. When
these muscles contract they pull down the transverse plate of the tentorium

and as this structure, by means of the tentorial arms, is firmly attached to the

fore-head, this latter structure is elevated from its deflexed position. I call

these muscles therefore, the elevator muscles of the fore-head.

The depressor muscles of the fore-head consist of two strono- muscles which
are attached, in the median line, to the floor of that structure (fios, 18 & 19

m.d.f). They diverge laterally, in a slightly posterior direction, and become
inserted on the antero-ventral arms of the tentorium. When the aphis has

* Muir and Kershaw (1912) consider that the part of the stylets projecthio- into the head
and supporting the retractor and protractor muscles are chitinized tendons orioinatiuo- " by
the invagination of the ectoderm at the base of the setae, which becomes solid or partly

solid, by deposits of chitin." As may he seen in fig. 23, the maxillary stylets are apparently
continued for some little distance into the head, thus affording attachment for the muscles.

This part is chitinous, and in the case of the mandibles the chitin possesses small chitinous

papillaj, which afford firm attachment for the retractor muscles. The base of the stylets

seems to be continued into the head for a short distance beyond the continuation of the
integument of the buccal cavit)', thus affording an attachment for the muscles.

LINN. JOURN. ZOOLOGY. VOL, XXXII, 2^
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finished feeding, and these muscles contract, the fore-head is pulled back

into the normal deflexed position.

There are two other bands of muscles attached to the ends of the transverse

plate of chitin (text-fig. 2, m.e.p.). They extend through the head, almost

parallel, in a plane continuous with that of the large pump-muscle, and

are inserted on the wall of the head. These are the elevator muscles oj

the transverse plate. From their position the function undoubtedly is to

counteract the pull on this structure, of the large pump-muscle and the

retractor muscles of the stylets.

I have shown that the salivary pump is held firmly in position by chitinous

supports. When the large pump-muscle contracts, thus operating on the

proximal wall of the pump- cylinder, there must be also a considerable pull

on the transverse plate, and if this structure were allowed to be pulled in the

direction of the pump, the muscle would be deprived of a considerable

amount of its force exerted on the pump. This is overcome by the action of

the elevator muscles of the transverse plate. When these muscles contract

they exert a pull along the same plane as the pump-muscle, but in the

opposite direction.

L. How Suction is accomplished.

I have indicated when describing the anatomy of the mouth-parts how

the plant-juices are conveyed into the pharynx, and how the saliva is

conveyed into the plant-tissues.

I shall now o-ive a concise account of the way it seems to me the mouth-

parts work during the operation of feeding.

Owino- to the minute structure concerned it has not been possible to work

the parts experimentally, or to observe them working in the living insect, so

that the following conclusions have been arrived at by means of a careful

study of the anatomy, and especially the distribution of the muscles.

The proboscis is raised from the body, and a suitable part of the plant-host

is selected in which to insert the stylets. The distal article of the proboscis

is freely moveable, and exerts a tactile function by means of the tactile hairs

on its extremity.

The fore-head is also raised from its deflexed position by the contraction

of the two elevator muscles of the fore-head (m.d.p.). The stylets lie

along the longitudinal groove on the anterior face of the labium, to which

the labrum is closely adpressed.

The fore-head and proboscis are now in the position for the working of

the stylets.

By means of the large protractor muscles (fig. 23, mx.pr.), the compound

maxillary stylet is forced into the tissues of the plant. This stylet, as has

been described above, is held firmly in position by the deep grooves on the

internal face of the epipharynx and labrum and the grooves on the internal

walls of the maxillary sclerites. Proximally, before they come together, the
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two maxillary stylets -work smoothly along the internal walls of the hypo-

pharynx. As they lie along the proboscis-groove, they are held in position

at the extremity of the proboscis by the folding over of the walls of the

Groove, which thus forms a tube through which the stylets pass into the

plant.

Text-fig. 2.

m.e.p.

oe.s

p.m.

m.d.p.

Schematic longitudinal section through the head, showing relation of parts. X 160"

The stylets have not been shown, in order to avoid confusion. The working of these

structures will be readily understood from figs. 2 and 3.

At the same time the large protractor muscles of the mandibles (md.pr.)

contract, and pull down the mandibular levers^ so that the mandibles are

also forced into the plant *.

* From examination of some sections of plant tissues with the stylets in position {Aphis

rumicis on Chenoimdium album), the stylets were found to pass between the cortical cells

in a more or less irregular course to the vascular bundles.

28*
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During the insertion of the stylets, the proximal part of the proboscis is

withdrawn into the body by the protractor muscles (7?^.pr.). This enables

the stylets to be forced deeper into the tissues of the plant ; at the same time

they are strengthened by being supported outside the plant in the proboscis-

groove. I have indicated above, that the proximal end of the proboscis is

very thin and membranous, which allows it to be readily retracted.

The mandibles remain free throughout, although they are closely apposed

to the compound maxillary stylet, and strengthen this structure during the

piercing of the plant-tissues.

When the stylets have been forced into the desired part of the plant-

tissues, suction commences.

Owing to the very minute lumen composing the suction-canal, s.c, it is

very probable that the plant-juices ascend up this canal, largely by means of

capillarity, and there is the further factor of the pressure of the sap itself.

As the divaricator muscles of the pharynx contract, they pull out the

flexible, dorsal wall of the pharynx, thus greatly enlarging the lumen of that

structure. This causes a sucking action, and as the plant-juices make their

way from the suction-canal up the pharyngeal duct, they are drawn from the

latter duct into the pharynx proper.

The divaricator muscles acting on the posterior half of the pharynx are not

so strong as those acting on the anterior half. I have shown that the stont,

ventral wall of the pharynx between the pharynx protuberances is deeply

concave, so that when the divaricator muscles of this part are relaxed the

dorsal wall becomes adprcssed to the ventral wall and practically occludes

the entrance from the pharyngeal duct. As the other divaricator muscles

are relaxed the dorsal wall tends to regain its original position by virtue of

its own elasticity, and as a result, the lumen being considerably reduced in

size, the juices are forced backwards into the oesophagus, and thus into the

stomach. At the entrance of the oesophagus into the stomach, there is

formed a well-defined oesophageal valve, which prevents regurgitation of the

food into the pharynx *.

The working of the salivary pump is produced by the large pump-muscle,

p.m. When this muscle contracts, the proximal wall of the pump-cylinder

is pulled out (fig. 23), thus enlarging the lumen of the pump-chamber. By

the contraction of the small ventral muscles, fig. 25, v.m., the entrance from

the median salivary duct into the pump-chamber is opened and the saliva

passes into the pump-chamber.

It will be noticed in fig. 23 that the thick proximal rim of the pump-

cylinder, which is slightly inturned, is also pulled out, and the strong walls

of that structure are thus forced outwards, which is rendered possible by the

elasticity of the thick chitin. It is for this reason that the pump-muscle is

* Davidsou, 3., Quart. Journ. Micr. Sci. vol. Iviii. (1913) p. 680.
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SO powerful, as the for.ce required to squeeze oat the walls ol: the cylinder

must be very considerable. The resulting pull on the transverse plate o£ the

tentorium must be very great, and to counteract this there are the two

elevator muscles of that structure, m.f.p. These muscles exert a pull in the

same plane as the pump-muscle^ but in the opposite direction.

If the only function of the pump-muscle were to pull out the flexible

])roximal wall such great force would not be needed. Further, it is very

improbable that the return of this wall would give sufficient force to propel

the saliva from the pump-chamber, along the minute efferent salivary canal,

and then down the ejector canal formed between the maxillary stylets.

When the saliva has collected in the pump-chamber the small ventral

muscles (v.m.) are relaxed and the opening from the median salivary duct

(afferent canal) is closed. The large pump-muscle is then relaxed and the

walls of the pump-chamber return to their normal position. The force of

the contracting walls of the cylinder is such that the saliva is forced into the

efferent canal, down into the ejector canal. The flexible proximal wall of

the cylinder gradually returns to its normal position and the cavity of the

chamber is considerably reduced in size^ the contents being forced down the

salivary ejector canal into the tissues of the plant at the extremity of the

compound maxillary stylet as explained above. When the chamber is

emptied, the process is repeated as before.

As regards the function of the saliva I am not able at present to say any-

thing definite. Meek (1903) remarks that the saliva of Hemiptera is alkaline,

and has the power of changing starch into sugar. He refers to the work of

Plateau (1874), 'Recherches sur les Phenonomene de la Digestion chez les

Insectes,' who holds that primarily the saliva serves as a digestive fluid.

It may be, considering the extreme minuteness of the suction canal, that

the ascent of the cell-sap along this canal is largely due to capillarity, and

that the addition of the saliva causes the surface-tension of the sap to be

lowered, thus facilitating its ascent up the suction-canal.

When suction is finished the pump-muscles and the protractor muscles of

the stylets are relaxed, the stylets being withdrawn from the tissues of the

plant by the contraction of the retractor muscles md.re., mx.re. The

integument at the posterior end of the buccal cavity is thin and flexible, thus

allowing the stylets to be withdrawn for some distance into the head, into a

kind of integumental sheath. The pull exerted on the tentorial arms by the

retractor muscles is largely counteracted by the two elevator muscles of the

transverse plate.

When the stylets are withdrawn from the plant the proboscis muscles are

relaxed and that structure returns to its normal position of repose. Similarly

the depressor muscles of the head pull the fore-head into its normal deflexed

position.
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• EXPLANATION OF THE PLATES.

Reference lettering.

a.d.

a.f.

ant.

h.c.

h,l

c.ep.

c.s.d.

cl.

cl.f.

cl.l.

cl.sc.

conn.

d.tn.

e.c.

epc,

ep.

ep.gr.

f.h.

f.h.

(J.O.

hs.

hyp.

hyp.l.

Ihr.

Ibm.

Ibr.g.

Ipr.g.

md.

md.l.

md.pr.

md.re.

Antero-dorsal arms of the ten-

torium.

Antero-veutral arms of the ten-

toi'ium.

Thin chitinous fold joining fore-

head to epicranium.

Antenna.

Buccal cavity.

Buccal fold.

Stout chitinous mass formed at

the beginning of the pharynx

by junction of clypeal folds

and internal walls of hypo-

pharynx.

Common median salivary duct.

Clypeus.

Clypeal fold.

Clypeo-labrum.

Clypeal sclerite.

(Esophageal connective joining

supra- and sub-cesophageal

ganglia.

Bivaricator muscles of pharynx.

Ejector canal (salivary) formed by

meeting of maxillary stylets.

Proximal part of head (epi-

cranium).

Epipharynx.

Longitudinal groove on epipha-

rynx.

Ventral wall or floor of fore-head.

Fat-body cells.

Gustatory organ.

Hypodermis.

Hypopharynx.

Hypopharyux lip.

Labrum.

Labium.

Longitudinal groove on labrum.

Longitudinal groove on proboscis.

Thin post-lateral walls of head.

Mandibles.

Mandibular lever.

Protractor muscles of mandibles.

Retractor muscles of mandibles,

attached to antero-dorsal arms.

md'.re. Retractor muscles of mandibles

attached to transverse plate.

m.d.f. Depressor muscles of fore-head.

m.d.p. Elevator muscles of fore-head.

md.o. Retort-shaped organs of man-
dibles.

mx.s. Maxillary stylets.

mx.re. Retractor muscles of maxillary

stylets, attached to transverse

plate.

mx'.re. Retractor muscles of maxillary

stylets, attached to antero-ven-

tral arms.

mx.p. Maxillary processes.

mx.sc. Maxillary sclerite.

mx.l. Maxillary lever.

7nx.f. Maxillary folds.

mx.sh. Integument of buccal cavity form-

ing a sheath round stylets.

mx.o. Retort-shaped organs of maxillary

stylets.

mx.pr. Protractor muscles of maxillary

stylets.

m.t. Median vertical tendon to which
the divaricator pharyngeal mus-
cles are attached.

m.e.p. Elevator muscles of transverse

plate.

CBS. CEsophagua.

p.c. Pump-cylinder enclosing pump-
chamber.

p.ch. Pump-chamber.

p.m. Pump-muscle.

p.w. Post-dorsal wall of clypeus (fore-

head).

pp. Pharynx prottiberances.

p.v.iv. Post-ventral border of fore-head.

ph. Pharynx.

IJh.d. Pharyngeal duct leading from

the suction-canal into pharynx
proper.

ph.o. End of pharynx and beginning of

oesophagus.

2)r.iv. Flexible proximal wall of labium.

pr. Labium (proboscis).

p>.s. Pump-stem.
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2}st. Insertion of pump-muscle on tlie

flexible proximal wall of salivary

pump.

s.(/a. Supra-CBSophageal ganglion.

s.c. Suction-canal formed between the

maxillary stylets and leading

into pharyngeal duct.

s.e.cl. Efferent salivary duct leading

from salivary chamber into the

salivary ejector-canal formed

between the maxiUary stylets.

s.p. Salivary pump.

s.c/l.p. Posterior salivary gland.

t.p. Transverse chitinous plate of endo-

skeleton.

th.ffa. Thoracic ganglia.

v.r. Ventral rods of chitin extending

from posterior angles of the

buccal folds.

v.m. Small ventral muscles of salivary

pump, which act on the opening

of the salivary duct into the

pump-chamber.

Platk 24.

Fig. 1. Median longitudinal section tliiough the head, slightly schematised, showing

salivary pump, pharynx, etc. x 600. The indicating lines at the side indicate

the plane through which the transverse serial sections figs. 4-22 have passed ;

the numbers refer to the number of the transverse section given. Figure drawn
in outline from longitudinal section with Camera lucida.

2. Fore-head, ventral view, showing stylets, musculature, etc.

—

Note. The maxillary

sclerites really come close together in the median line over the hypopharynx lip,

but they are shown displaced from the median lino so as to show the underlying

hypopharynx lip. TJie lines at the side indicate the plane of the serial sections

as in hg. 1. Figure drawn from potash preparation.

S. Fore-head, dorsal view, showing mandibles, musculature, and endoskeleton. Side-

lines indicate as in fig. 1. Figure drawn from cleared preparation. The length

is increased slightly out of proportion so as to show the antero-dorsal arms.

Figs. 4-11. Transverse sections through fore-head {i. e. at right angles to its longer axis),

in planes indicated by side-lines in figs. 1-8. X 1245.

Fig. 23. Vertical section through fore-head, showing salivary pump and maxillary stylets.

X 300.

Plate 25.

Figs. 12-14. Continuation of the same series of transverse sections.

15-22. Transverse sections through fore-head in planes indicated by side-lines in

figs. 1-3. Continuation of same series. X 450.

Fig. 24. (a) Extremity of compound maxillary stylet, showing two canals, x 1250.

(b) Extremity of mandible, x 1250.

25. Longitudinal section, almost median, showing gustatory organ and its relation to

perforated epipharynx. Stained with hajmatoxyliu and orange G. X 450. The
section is not quite median.
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A New Amphipodan Gemis and Species (Family Dexaiiiinidfe) from New
Zealand. By Charles Chilton, M.A., D.Sc, LL.D., M.B., C.M.,
F.L.S., Professor of Biology, Canterbury College, New Zealand.

(Plates 26 & 27.)

[Read 2nd April, 1914.] .

The Amphipod described in this paper was taken on seaweed in rock-pools
at Oamaru, on the East Coast of Otago, New Zealand, in June 1908, and
from its bright red colour and conspicuous appearance was at once seen to

be different from any of the Amphipoda so far described from New Zealand.
On examination, it proves to agree with the characters of the family

Dexaminida3 as given by the Rev. T. R. R. Stebbing in ' Das Tierreich:
Amphipoda,' except in the following points :

—

(1) The second joint of the peduncle of the upper antenna is not specially

long.

(2) The inner lobe of the second maxilla is sparsely fringed with setse

along the greater part of its inner margin as well as at the extremity.

Probably neither of these points is of sufficient importance to be included
in the diagnosis of the family. The second joint of the peduncle of the upper
antenna varies considerably in length in different specimens of the species
Paradexamine pacifica (Gr. M. Thomson) (see Chilton, 1912, p. 502) • in

P.fiindeTsi (Stebbing) (1910, p. 603) it is slightly shorter than the first

segment, and should perhaps not therefore be called long, and similarly in

Guernea coal'da (Norman) it is shorter than the first which is described as
"not much longer than the second" (Stebbing, 1906, p. 522). The second
character also does not hold for all species of the family. Chevreux (1913

p. 181) has pointed out that in the species named by him Paradeccamme
fissicauda the inner lobe of the second maxilla has its inner margin frinoed

with seta3 ;
I found this also to be the case with specimens from the South

Orkneys, collected by the "Scotia" Expedition, which I (1912, p. 502)
referred to P. pacifica (G. M. Thomson), a species from which I consider

P. fissicauda to be hardly distinct ; in New Zealand specimens of P. pacifica,

however, the setae are almost confined to the extremity. In Polycheria

antarctica (Stebbing) there are a few setse on the inner margin of the inner

plate (Stebbing, 1906, p. 520).

I have found it impossible to refer the species described below to any of

the existing genera of the Dexaminidse. According to the characters oiven in

the " Synopsis of Genera" by Stebbing (1906, p. 514), it would have to come
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near to Paradexamine, but it differs distinctly from that genus in the

character o£ the mandible, which shows no dentate cutting-edge, spine-row,

nor distinguishable molar, and therefore appears to be similar to the

mandible of Guernea, a genus distinguished from Paradexamine by the two-

jointed palp of the first maxilla, and by other characters.

In the lower lip, again^ my species resembles Guernea coalita (Norman) in

having the principal lobes with an acute apex and the mandibular processes

obsolete. There seems to be some approach to this character in Para-

dexamine, for in describing P. fissicauda, Chevreux (1906, p. 90) says

" Les lobes lateraux de la levre posterieure portent une petite dent au bord

interne." This little tooth, however, seems to be rather different from the

acute apex to the lobe in the species described below ; in a dissection of one

of the specimens of the Paradexamine from the South Orkneys (mentioned

above), there is on one side a tooth, ap[)arently as figured by Chevreux, it is

narrow and stands out like a little tooth or process from the general out-

line of the lobe, and there is a smaller and shorter process situated more

proximally on the inner margin; on the other side of the appendage this

second process is [)resent, but the other, nearer tiie apex of the lobe, is

not apparent in the preparation.

I have, therefore, decided to establish for iny s}iecies a new genus, which

I propose to name Sijndexainiiie, and which may be defined as follows :

—

Syndexaminb, nov. gen.

Upper antenna longer than the lower; palp of the raaxillipeds four-jointed

;

lower lip with inner lobes well-developed, principal lobes with an acute apex
;

mandibular processes obsolete ; mandibles with cutting-edge rounded and

entire, no apparent spine-row, nor definite moUir ;
palp of first maxilla one-

jointed. In other characters, similar on the whole to Paradexamine.

Syndexaminb carinata, sp. nov. (Plates 26 & 27.)

Specific description :—PerjBon robust, dorsally rounded anteriorly, laterally

com))ressed and slightly carinate in the last one or two segments. Pleon

carinate, segments 1 to 3 each produced dorsally into a strong keel ending

posteriorly subacutely ; segment 4 with a dorsal keel on posterior part of the

seoment, the dorsal margin of the keel dorsally rounded in front and ending

somewhat acutely behind. None of the segments of perseon or pleon pro-

duced into dorsal or lateral teeth. Head slightly longer than the first and

second segments of the perseon combined ; dorsal surface convex so that the

anterior part is depressed ; rostrum very short and blunt at apex. Pleon

segment 3 with postero-lateral' angle acute and slightly produced ; the

combined 5th and 6th segments bearing a group of three or four stout

spinules at the base of the telson, and one lateral spiuule more anteriorly and
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in a line with the single spinule on the 4:th segment. Eye of moderate size,

of many facets, rounded or slightly oval. Side plates 1-4 of about equal

depths, not so deep as their respective segments ; the anterior lobe of the 5th

side plate small ; 6th and 7th side plates subquadrangular with posterior

margins rounded.

Upper antenna about two-thirds as long as the body, much longer than the

lower antenna
;
peduncle with first joint stout, berii'ing below numerous

strong spines, second segment about two-thirds the length of the first with a

group of three stout spines on lower surface about one-third the length from

the base, third segment short, nearly similar to the joints of the flagellum

;

flagellum more than twice as long as the peduncle and of many joints.

Antenna 2 with fourth joint much the longest, armed above and below with

stout spinules, fifth joint less than half as long as the fourth ; fiagellum many-

jointed, longer than peduncle. First and second gnathopods equal in size

and similar in shape, carpus about as long and broad as propod ; the latter

ovoid with the palm oblique, straight or slightly concave, defined by one or

two stout spinules. All the perseopoda with the dactyl particularly strong

and bent back upon the propod, which bears three groups of stout spines, the

whole forming an effective grasping organ. Third uropod reaching beyond

the end of the second uropod and of the telson, its two branches broadly

lanceolate, each with both margins armed with stout spinules. Telson nar-

rowing distally, cleft for rather more than two-thirds its length, each lobe

with a stout spinule at the end and two or three on the lateral margin.

Colour.—Bright red, eyes red.

Length of largest specimen (in position in which it is drav/n) 9 mm.

Hah. Oamaru, on East Coast of South Island of New Zealand, four speci-

mens ; one small immature specimen from Lyttelton Harbour.

General Description.

In most of the characters this species presents a fairly close resemblance

to species of Dexamine and Faradexamine, though, as seen from the generic

description, it combines characters belonging to different genera. The

general shape and carination of the body is not unlike that of D. spinosa

(except that none of the segments is produced into teeth) , while the carina

on the fourth pleon segment is almost the same in outline as that of D. spini-

ventris (A. (Josta). The integument seems particularly hard and firm. I

oive the following general description of the difi:erent appendages for

comparison 'Aith other species.

The upper antenna (Plate 26. fig. 2) is about two-thirds the length of the

body, and has the first joint longer and broader than the second and fringed

with about a dozen stout spinules on the distal half of the lower margin; the

second joint has a group of three similar spinules about one-third its length
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from the base ou the lower margin, and one or two small setae placed more

distally ; the third joint is small and hardly diti'ers from the first segment of

the flagellum which is long, containing about 40 joints.

The Lower antenna (fig. 3) is much shorter than the upper and has the

penultimate joint of the peduncle longer than any of the others and provided

with groups of spines on both upper and lower margins ; the last joint of the

peduncle is not much more than a third the length of the preceding one

and bears only two small setas at the distal end ; the flagellum is much

longer than the peduncle and contains about 25 joints.

The upper Up (fig. 4) is of the normal form, with its free surface regularly

convex and bearing a few short setae.

The mandible (fig. 5) differs very greatl3' from that of Dexamine or Para-

de.xamine, but appears to be similar to that of Gaernea coalita (Norman) as

described and figured by Delia Valle (189o, p. 570) : there is no palp, the

part corresponding to the cutting-edge is strongly chitinised but is destitute

of teeth and has the nuirgin quite entire. There is no ajjpearance of a spine-

row nor of a molar; there is a small rounded protuberance which may

possibly represent the accessory plate, but this has rounded entire margins

without any appearance of teeth. The right and left numdibles appear to be

similar.

The loioer Up (fig. G) a^ipears to be similar to that of Gnernea, the inner

lobes being fairly well devclo[)ed and apparently somewhat irregularly lobed

at the extremities ; the principal lobes end in a small acute process which

seems to be thin and delicate, the outer margins are rounded and there are no

mandibular processes.

In the Jirst maxilla (fig. 7) the inner lobe is small and bears two setse, the

outer lobe bears about a dozen strong spines most of which are more or less

dentate ; the palp consists of one joint only, fairly broad, appearing to have

the same shape in both maxilloe, and fringed with seta3 at the extremity and

along the distal portion of the inner margin.

The second maxilla (fig. 8) has the inner lobe shorter antl narrower than

the outer, with seta3 along the greater part of its inner margin, but more

numerous towards the extremity.

In the maxillipeds (fig. 9) the inner plate is small, rectangular, ending in

a few long setse. The outer plate is large but does not reach quite to the

end of the palp. Its inner margin bears numerous stout spines which

become longer towards the extremity and gradually pass into the more

slender setse on the extremity and distal portion of the outer margin; the

palp consists of four joints of the usual shape, the terminal one being quite

small but distinct.

The first gnatliopods (Plate 27. fig. 10) have the basal joint long and

bearing numerous long setse near its anterior margin ; the carpus is fully

as long as the propod, widens distally and bears three distinct tufts of stout
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setse and a few smaller- ones on the posterioi- margin, and a group o£ long

setse at the antero-distal angle; the propod is slightly narrower at the

base than the carpus, it narrows distally and has the palm oblique, straight,

or slightly concave, defined by two stout spines, and fringed with slender

seta?, on the anterior margin there are three obliquely transverse rows of

setse and along the centre of the lateral surface a long row of short setse.

The arrangement of the sota3 on the propod is practically tlie same as that

in Paradexamine pacijica (G. M. Thomson).

The second gnathopod is almost identical in size and form with the first.

The Ji,rst perceopod (fig. 11) has the side plate convex in front and slightly

concave behind, the limb is short and stout, the carpus less than half as lono-

as the propod, the dactyl particularly strong, about two-thirds as long as the

propod and bent back upon it so as to form with the three groups of spines

on the propod a very efficient grasping organ.

The second perceopod (fig. 12) is similar but has the side plate broader

and produced at the lower posterior angle into a broad rounded lobe.

The third peripopod (fig. 13) is considerably longer than the preceding one,

its side-plate has the anterior lobe produced downwards below the posterior

lobe which bears two or three small spines on its lower margin, the second

joint is moderately broad, its anterior margin slightly convex and bearing-

six groups of short stout spines, posterior margin nearly straight and without

spines ; carpus shorter than the propod ; the latter and the dactyl are similar

to those of the preceding perseopoda.

The fourth loeixeopod (fig. 14) is similar to the third but slightly longer

and has the posterior margin of the second joint slightly convex.

The fifth perceopod (fig. 15) is similar to the preceding, but has the second

joint narrower and its posterior margin slightly concave.

The uropoda (figs. 16, 17, 18, 18 a) are similar in character to those found

in other species of the Dexam.inidae, the first pair reaches a little beyond the

extremity of the second and as far as the end of the third, the end of the

second uropoda being on the level with the end of the telson. The pro-

poi'tions of the peduncles and their rami and the arrangement of the spines

thereon will be best learnt from the figures ; in the third uropoda (figs. 18 &
18 a) there is a group of stout spines at the distal end of the upper margin

of the peduncle ; the two rami are lanceolate and end acutely in the usual

manner, and bear numerous spines on each margin.

The telson (fig. 19) has the normal shape, it is cleft for more than two-

thirds of its length, narrows greatly towards the extremity, each lobe has

a stout spine at the end and two or three similar spines at the lateral

margin ; in the specimen figured there are three on one side and only two

on the other.
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EXPLANATION OF THE PLATES.

Plate 26.

Syndexamine carinatu, nov. gen. et sp.

Fig. L Side view of whole animal, x about 10 times.

2. Upper antenna.

3. Lower antenna.

4. Upper lip.

5. Mandible.

6. Lower lip.

7. First maxilla.

8. Second maxilla.

9. Maxilliped.

(All the mouth-parts are drawn to the same scale, the aiiteimoe

are less highly magnified.)

Plate 27.

Syndexamine carinatu, nov. gen. et <sp.

Fig. 10. First gnathopod.

11. First peraeopod.

12. Second perjeopod.

13. Third perseopod.

14. Fourth perfeopod.

15. Fifth perseopod.

16. First uropod.

17. Second uropod.

18. Third uropod. (Side view.)

18 fl!. Third uropod. (Seen from above.)

19. Telson.

(The perseopods are all drawn to the same scale, and are less highly

magnified than the first gnathopod and the uropods and telson.)
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C. C. del. Grout sc. & imp.

SYNDEXAMINE CARINATA nov. gen. et. sp.
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C. C. del.
Grout sc. & imp.

SYNDEXAMINE CARINATA nov. gen. et. sp.
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Results of Crossing Euschistus variolarius and Euscliistus servus with

reference to the Inheritance of an Exclusively Male C-haracter. By

Katharine Foot and E. C. Strobell. (Communicated by Prof.

E. B. PouLTON, F.E.S., Pres.L.S.)

(Plates 28-34, aud 2 Text-fig-ures.)

[Bead 5th March, 1914.]

EuscMisTus vAEiOLABius bas an exclusively male character which is not

present in Euschistus servus, and it was the hope of being able to study

the transmission of this character, and its bearing on modern chromosome

theories, that led us to attempt to cross these two species *.

This specific character is a distinct black spot on the male genital segment

of E. variolarius, and as there is no spot on the genital segment of the female

(text-fig. 1), this spot in E. variolarius is an exclusively male character.

Fiff. 1.

"ST

Euschistus variolarius 5 • A compsirison of this sketch with the male variolarius of

photo 1 (PI. 28,), will show the marked difference in the form of the j^enital segment

of the two sexes, and will demonstrate that the genital spot characteristic of the male

could not appear in the female without a moditication of the entire genital segment.

The two species {variolarius and servus^ are shown in photo 1 (PI. 28).

On the left is a male variolarius, and on the right a male servus. The spot

on the male genital segment of variolarius is clearly demonstrated, and the

complete absence of such a spot on the male genital segment of servus is

clearly shown. This spot in variolarius is a constant character : it appears as

distinctly in all the males of this species as in the seven specimens shown in

photo 2. Five male specimens of E. servus are shown in photo 3 (PI. 30).

The difficulties involved in raising Hemiptera in captivity are serious.

For five consecutive summers we have experimented raising several species

* The E. variolarius 5 used for the cross-breeding experiments was raised in our

laboratory from material we collected at Ridgefield, Connecticut, and the E. servus were

collected at Southern Pines, North Carolina, by Rev. A. H. Manee.
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in our laboratory, aiming to learn to raise these bugs with as low a death-rate

as possible, and it was not until after three years of experimenting that we

felt it would be safe to attempt to cross two or more of these species. The

three most troublesome problems in this work were to provide the proper food,

to use cages well adapted for cleanliness and observation, and to maintain the

right degree of moisture. The bugs must have not only abundant food, but

it must be fresh and clean, and these conditions can be successfully met only

by frequently transferring the insects to clean cages with fresh food. This

should be done at least every third day, or, better still, every second day.

We were forced to do this work ourselves, for raising the nymphs demands

such delicate care that we were unable to entrust it to an assistant. It

proved to be an arduous task during part of the breeding season, when, in

our experimcmts, we found it necessary to change the food for more than

30 cages each day.

The cages we used for the adult bugs were olass dishes about 6 inches in

diameter and 3 inches deep. The covers were of coarse brass wire mesh,

carefully designed to prevent the possibility of the tarsi of the bugs being-

caught at any point where the brass cover comes in contact with the glass

dish (text-fig. 2). Until we wore able to design these covers the bugs were

Fig. 2.

Cage designed to prevent the insects from catching the tarsi at the point of contact between

the glass dish and the metal top. The spaces marked A and B are large enough to

allow the legs to move about freely, but are too small to admit any part of tlie body.

fretjuently mutilated, for if the tarsus is caught, the entire leg of the bug is

sacrificed, for the leg always gives way at the proximal end of the femur.

Such mutilation apparently does not seriously interfere with the functional

activity of the bugs, for in one case a female that had lost three legs

continued to mate and lay eggs quite normally. The greatest danger lies in

the fact that a bug in this mutilated condition cannot always regain its

normal position if it has, by chance, dropped on its back, for in this position

even the adult bugs frequently die in a few hours.

The food chosen for our experiments was wheat and orchard grass while
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they lasted, and later in the season timothy heads and berries. The former

were placed in the cage in two small bunches, each containing not more than

five heads, cut to about 3 inches in length and the stems tightly wrapped

together in wet absorbent cotton. I£ the cotton is kept wet, the food will

keep quite fresh for three days.

When blackberries were used, they were not plucked from the stems, but

small sprays with berries were selected; cut in lengths of 3 inches, and the

stems wrapped in wet cotton. All the leaves were carefully trimmed from

each spray, and only one large, or two small sprays were used in each cage.

The leaves must be cut off because they hide the bugs, and they are of no

value as food—becoming dry in a few hours. It is very important to place

the food in the cages in such a way that every bug can be seen at any time

and closely watched. When we used strawberries or cherries, we suspended

them by their stems from the wire tups of the cage. Frequently we used

the tips of young milk-weed, for we found that the bugs in captivity often

deposit their eggs on the under side of these leaves, though we have never

found any deposited on milk-weed in nature. In order to be sure

that all the eggs of our experiments were deposited by the bugs we

had under observation, no fresh food was ever placed in the cages

without being carefully examined to be sure that no eggs of a kindred

species were by any chance brought into the cages. If, however, the

food is changed every third day, this danger is practically eliminated, for the

eggs of this species require only from 5 to 7 days to hatch, and unless any

alien eggs were deposited on the food the same day it was put in the cage,

such a mistake would be very readily detected. This particular risk to our

experiments was reduced to a minimum in the season of 1912, for the

locality where we spent the summer was not only an unfavourable one for

Hemiptera, but the exceptional cold of the preceding winter had made the

locality even more than usually unfavourable. During the entire summer

we succeeded in finding only two specimens of Euscliistiis variolarius, though.

we constantly searched the wheat fields, berry bushes, &c.

If the food is properly placed in the cages, the bugs can be kept under

constant observation. We have frequently watched them deposit their eggs,

and were able to note approximately the length of time of each mating. The

number of bugs in each cage must necessarily be limited, or accurate

observation is impossible. As a rule we never placed more than four pairs

in a cage, and as soon as a pair was found mating, they were transferred

at once to a separate cage, in which they were kept isolated for the entire

breeding season. Thus, for the important experiments, a single pair of bugs

was confined in one cage, and each mating and the deposition of each batch

of eggs could be accurately noted.

The cages suitable for the adult bugs are of course not suitable for

the larval stages, unless a much finer wire mesh is used for the cover.

After various experiments we found wet chamber dishes the most satisfactory
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cage for the nymphs, care being taken to select a size deep enough for the

food and large enough to hold from 20 to 30 nymphs without orercrowding.

Sometimes as many as 30 nymphs are Latched from a single batch of eggs,

and these mav be very active after the first moult. We selected wet

chamber dishes, about 120 mm. in diameter and 25 mm. deep. Experiments

proved that the nymphs have sufficient air in these dishes, and can be raised

with safety through the five moults to the winged stage.

The food suitable for the adult bugs is not satisfactory for the larval

stages. Until after the third moult the nymphs are so small that they hide

under the petals of the berries and in the grasses, and it requires too much

time and patience to find them. The most satisfactory food for these stages

proved to be the small, tender leaves that form the centre of headed lettuce.

Experiment showed that the nymphs often select these leaves in preference

to the berries, and they certainly develop most satisfactorily on this food,

through the five moults to the winged stage. During the height of the

breeding season we used 15 heads of lettuce a day, as the nymphs were

transferred to a clean cage and fresh lettuce every other day. In making

this transfer the cage containing the nymphs was carried to a separate table,

used only for this purpose. The clean cage, labelled and containing fresh

lettuce leaves, was placed on the same table, and the nymphs were carefully

lifted from each stale leaf of lettuce to the fresh cage by using a very fine

camel's hair brush. The nymphs were carefully counted while moving them

from one cape to another, and it very rarely happened that a nymph was

accidentally thrown away with the discarded lettuce.

To keep the proper degree of moisture in the cages proved to be a very

troublesome problem. A certain amount of moisture is necessary to preserve

the food, but if the cotton which is wrapped around the stems of the

wheat &c., is too wet, some of the water may droj) on to the glass bottom of

the caoe, and if a bug falls on its back in even a few drops of water, it

frequently cannot regain its normal position, and may die in a few hours.

This dano-er must be controlled, for bugs frequently drop from the top or

sides of the cage, and from the food. Too much moisture is even more

dangerous for the larval stages. The drops that collect on the inner surface

of the class cover of the wet chamber dishes and fall to the bottom of the

dish, mean death to any nymphs that may fall on their backs into even one

drop of moisture. It requires constant vigilance to avoid this danger, by

frequently wiping off the moisture that collects on the inside of the glass

cover. We tried to avoid this risk by placing ordinary filter-paper on the

bottom of the cages, but this did not work well, for the tarsi of the bugs

frequently caught in the fibres of this coarse paper. But by substituting the

Grerman hardened filter-paper for the coarser paper, we got rid of this

difficulty. The filter-paper must be cut to fit the bottom of the cages exactly,

and it must be kept moist, but not too wet, for too much moisture will rot the

delicate lettuce leaves. We have frequently watched the adult bugs, and
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also the nymphs, snck the water from this filter-pa.per, but apparently with
no injurious after-effects. We aimed to keep the temperature at 80° Fahr.
night and day, and we succeeded in keeping the heat quite constantly at

this point by using an electric stove.

[t requires unremitting care to raise these Hemiptera in the laboratory.

They not only require constant watching during the day, but must be
examined two or three times in the night. Not only is this necessary for

accurate observations, but if the adults or nymphs are found on their backs
they can be turned over with a camel's hair brush and their lives thus
saved.

All our records have been kept with the utmost care. We have recorded
not only the number and date of the deposition of the eggs, but the date of

hatching, the number hatched in each group, the date when each of the five

moults occurred, and a record of just how many young survived each moult.

This is very important, in order to know the exact number of nvmphs in each
wet chamber dish, and thus avoid the danger of unwittingly thowino- away
a nymph with the stale food. As a rule, the nymphs from a sino-le batch
of eggs were kept separate, but late in the season, when only a few nymphs
hatched out from a group of eggs, these nymphs, after the 1st or 2nd moult
were added to a cage that contained other nymphs from the same parents.

When possible the date and hour of the deposition of each batch of eggs was
recorded, though this of course was only possible where the deposition of the

eggs was actually observed. In all other cases the time given is only

approximate ; but as the food in the cages was arranged to expose to view

the places generally selected by the bugs for depositing their eggs, they

were not often overlooked, until the food was changed and a closer search

was possible. It is very important to secure the eggs as soon as possible

after they are laid, for we found that both the male and the female parents

will occasionally suck the eggs. Sometimes the male and sometimes the

female was found with the proboscis buried in one of the eggs, very busy

sucking out the entire contents. They pass from one egg to the next and

may destroy a large number of eggs, leaving only transparent empty shells.

Two sets of records were kept for each pair of bugs, one set recording the

history of the parents, and the second set recording the development of

their offspring.

A full copy of these notes would make too voluminous a record to be

published here, but in order to compare the breeding habits of variolarius,

servus, the crosses and the Fi hybrids, we shall give a condensed extract

from these notes, showing for some individual cases, the number of eggs

deposited by one female, the relative number that hatched, and the relation

between mating and the deposition of eggs. Records I.-XI. pp. 362-70.

We have frequently watched the hatching of the eggs and the subsequent

five moults of the nymphs before they reach the winged stage. Nymphs
from the same group of eggs that hatched the same day, or even the same

29*
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hour, grow very unequally, occasionally a few of them being so retarded

that they have reached only the third moult at the time the others have

completed the fifth moult. Nymphs showing such greatly retarded develop-

ment almost invariably die.

Details of Crossing Euscliistus variolarius ? X EuscMstus servus <^ .

In November 1911, we placed in the same cage three female variolarius

and five male servus, allot' which had recently passed the fifth moult. These

eight specimens were kept together throughout the following winter. In the

sprino- (May 3rd) one of these variolarius females mated with one of the

male servus, this demonstrating the possibility of crossing these two species.

This female variolarius was hatched in our laboratory September 11th, 1911.

The month before we had collected a few wild specimens of variolarius in

Ridgefield, Connecticut, in order to secure young, vigorous bugs to carry

throuoh the winter for our crossing experiments, and eggs were deposited

several times in this cage. It was from one of these groups of eggs that we

secured the three females we used for crossing with servus. There were

17 eo-o-s in this group, but only seven of them hatched, this being due,

undoubtedly, to their having been deposited so late in the season. Six of

these seven nymphs—2 males and 4 females—were reared to the winged stage,

the 5th moult not being completed until October 16th. Three of these

four variolarius females were selected to cage with servus, nnd the two

variolarius males were killed the fourth day after the fifth moult, and

preserved in alcohol, in order to avoid the possibility of any question being

raised ns to the identification of the females as pure variolarius. One of

these two males is shown on PI. 28, photo 6, and the black genital spot, -

distinctive of the species vanolarius, is clearly shown. We believe we gained

a great advantage by selecting bugs that hatched out so late in the season,

for females which reach the winged stage so late as the middle of October

are sure to remain all winter as vigorous sexually immature bugs, thus offering

the best possible chance for successful breeding experiments in the spring.

The five male servus that were kept through the winter with the three

female variolarius, were hatched from eggs deposited in our laboratory by a

female servus received from North Carolina the day before, the eggs were

laid. A group of 10 eggs was deposited September 17th ; 9 of these

hatched and 8 were reared to the winged stage, the 5th moult being,

completed October 28th. Five of these bugs were males, and three females.

On November 3rd the five males were added to the cage which contained

the three above-mentioned female variolarius. In the further description of

this cross, this cage will be designated as Cage 2. None of these bugs

mated until May 3rd when, as stated above, one pair mated 7 hours (see

Record III. p. 364).
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As none of these bugs bad mated again by May 26tb^ and the males

seemed less vigorous than some wild specimens we had received from North

Carolina two days before, we decided to take the live male servus from Cage 2,

and replace them with three of the wild specimens just received from North

Carolina. Three of the five male scn'vus that were taken from Cage 2 at this

time are shown on PL 28. photo 5, and as all five came from the same

batch of eggs, these three specimens will serve to demonstrate the species.

Each of the three males selected from the wild specimens (to replace the

five that were raised in the laboratory) had just mated for several hours

with its own species. One was put in Cage 2 May 26th, one on May 27th,

and one on May 28th. The next morning at 5 o'clock a pair was found

mating, but they separated before we could isolate them. Later in the

same day the same female and, probably, the same male mated again. They

were then isolated by being left in Cage 2, while the remaining bugs were

transferred to another cage. They were kept isolated in Cage 2 until the

female died July 16th.

Before the breeding season commenced, one of the three original female

variolarius had unfortunately been thrown away with the stale food, and we

were therefore left with only two of the three original females. One of these

was undersize and never mated, though she was in a cage for nearly a month

with several wild male servus.

We succeeded therefore in crossing only one female variolarius ^iih. servus
;

but this proved to be a fortunate circumstance, for this pair was sufficiently

fertile to give us all the Fi and Fg hybrids that we could possibly care

for^ as at the same time we were raising hybrids from a cross between

E. variolarius ? and E. ictericus (^ .

The female variolarius and the male servus in Cage 2 mated again

June 11th : they mated 51 hours. This was the last time this pair mated,

though the female deposited eggs six times after this mating, while

normally eggs are deposited only once or twice between two matings.

In order to compare the breeding habits of this cross and of the

Fi hybrids, with the breeding habits of pure variolarius and servus we will

give a brief summary of the data we have collected from our laboratory

experiments.

A more detailed account of some of these experiments is given on pp. 362-70,

where we have reproduced extracts from our records of eleven pairs of bugs

that were isolated through their entire breeding period. All our experiments

'with variolarius and with servus indicate that they are alike in certain details

of their breeding habits. Records I. & II., pp. 362-3, give what we believe

to be the normal breeding habits of both these species. These records show

the approximate number of eggs deposited by one female during the breeding-

season, the approximate intervals of time between the deposition of eggs,

the frequency of the matings, and their approximate duration. They show
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that mating occurs dnriug the breeding season at rather definite intervals in

relation to the deposition of eggSj as a rale eggs being deposited only once or

twice between two matings. These records show further that nearly all the

eggs deposited during the height of the breeding season develop and hatch.

The features in which the breeding habits of the crosses differ from the

normal can be best appreciated by comparing the following brief summary of

the results from the eleven records given on pp. 362-70.

Record I. (p. 362). E. vanolar'ms (one pair).—210 eggs were deposited

from Mav 22nd to August 25th. The pair mated 13 times, and eggs were

deposited 9 times, but not oftener than once or twice between two matings.

None of the eggs deposited after July 25th were kept. Of the 129 eggs

deposited before that date all hatched except seven, which were undoubtedly

injured by the male, for he was discovered sucking them almost immediately

after they had been deposited. He had taken the entire contents from two

of these eggs, leaving nothing but the transparent shells.

Record II. (p. 363). E. vanolarius (one })air),—78 eggs were deposited

between July 2nd and July 26th. The pair mated 12 times, and eggs were

deposited 6 tunes,—in one instnnce being deposited 3 times between two

matings. None of the eggs deposited after July 10th were kept. Of the 63

deposited before that date all hatched but three. This pair was killed

July 26th.

The two records (I. & II.) show what we believe to be the normal breeding

habit of both E. variolarius and E. servus. They show that nearly all eggs

develop that are deposited during the height of the breeding season, and

that mating occurs oftener than eggs are deposited. They show further that,

as a rule, eggs are deposited not oftener than once or twice between two

matings. In these three features the crosses vary greatly from the normal,

for a very small percentage of the hybrid eggs develop, and mathig is very

rare. They are, however, quite normal as to the number of eggs deposited,

and the intervals of their deposition. The difference between normal

breeding and the cross, is shown by the following summary of Record HI.

Record III. (p. 364). E. variolar'ms '^ x E. servus c?.—120 eggs were

deposited from May 23rd to July 9th. This is quite the normal number, but

an abnormally small proportion of these eggs developed. 83 showed no

signs of any development, and were probably unfertilized. Five showed the

initial stages of development, but failed to hatch, and only 32 of the 120 eggs

developed to the point of hatching. Further, the deposition of many of

these eggs w^as abnormal. They were frequently deposited in small irregular

groups, such as those deposited by isolated females that have never mated.

For more than a month during the height of the breeding season

—
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June llth to July 16th—this pair did not mate, and dui-ing this period eggs

were deposited six times, whereas normally eggs are deposited only once or

twice between two matings. This female deposited eggs 20 times, and

mated only 4 times, wheareas normally mating occurs more frequently than

the deposition o£ eggs. These facts suggest that a more normal proportion

of the hybrid eggs might have been developed if the matings had been

normal. Whatever condition exists that interferes with the matins: of these

two species, it is evidently not due to the fact that either the male or the

female was functionally inactive, for the female deposited the normal

number of eggs at normal intervals, and the male, when temporarily trans-

ferred July 2nd to a cage containing three female servus, mated the same

day with one of his own species^ and continued to mate for 42 hours.

Further, he had mated with his own species before being caged with the

female variolarius. July 2nd, we placed a few fresh wild servus males in

Cage 2, but the variolarius female did not mate again, and died, July 16th.

Of the 32 F. 1 hybrid nymphs from this pair, 27 were reared to the winged

stage (11 J" & 16 ? ). We have photographs of all these eleven males, and

ten of them are reproduced on Plate 28, photos 7 to 14.

There is a marked similarity between the abnormal features of this cross

and those of a cross between an Fj hybrid female and a pure variolaiius

male. To compare the breeding of these two crosses we will give, at this

point, a brief summary of the results from Record XI.

Record XI. (p. 370). Fi Hyhrid $ X Pure variolarius <$ .—119 eggs

were deposited between August 25th and September I8th. Only 36 of these

hatched. Eggs were deposited 12 times and mating occurred only once.

This pair did not mate a second time, though they were caged through

their entire breeding period, which, in this case, did not begin until

August 22nd *.

The two crosses of Records III. and XI. resemble each other in the fact

that the mating of neither pair was normal, and that an abnormally small

proportion of their eggs hatched. They are unlike, however, in that almost

a normal proportion of the eggs of the cross of Record XI. showed the

initial stages of development. The development, however, was obviously

abnormal, and many of these eggs failed to hatch. Of the 36 eggs that

hatched, 26 were reared to the winged stage (18 S ^ ^ ? )• ^H ^^e males

were photographed, and are shown on Plate 34, photos 62-66. The pure

variolarius male of this cross is shown on Plate 34, photo 58.

* 111 this connection it is interesting to note that an Fj hybrid $ (from variolarius 5
X ictericus (S ) that was caged with a pure ictericus S , mated normally through the entire

breeding season. The female, however, had been kept through the winter, and they mated

for the first time June 15th.
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Fi Hybrids.—Thirty-two of this generation were hatched (see Record III.

p. 364) and 27 were safely reared through the five moults to the winged

stage. They hatched between June 4th and July 9tli, and reached the

winged stage between July 8th and August 3rd.

As soon as they reached the winged stage {i. e. after the 5th moult) they

were transferred to a large cage and closely watched. As each pair mated,

they were isolated, while mating, to a separate cage, and kept isolated

throughout the entire breeding period. The eggs from these F. 1 pairs were

placed in wet chamber dishes as soon as they were deposited, and the F. 2

nymphs were carried through their entire development in these dishes, until

they reached the winged stage, when they were killed and preserved in

glycerine, as described on p. 371.

On July 9th and 10th, seven of the Fj hybrid nymphs reached the winged

stage (3 ? & 4 (^). On July 19th two of these Fi hybrid pairs mated, each

pair being transferred at once to a separate cage while mating. They were

kept thus isolated through their entire breeding season (see Records lY.

and V.^ pp. 364-5). In this manner we isolated seven pairs of these

Fi hybrids.

Records IV. to X. give the details of these breeding experiments, and a

brief summary of tlie results will show what features are typical of this

generation of Fi hybrids.

Record IV. (p. 364). First Pair q/'Fi Hijhrids.—169 eggs were deposited

from August 2nd to August 31st. The pair mated 14 times, and eggs were

deposited 7 times, and not oftener than once or twice between two matings.

Six of the 169 eggs were killed for cytological study, and of the remaining

163, at least 154 hatched. (The number hatched is underestimated, as in

two cases, only those nymphs were counted that survived the first moult.)

96 of these nymphs were reared to the winged stage (46 cJ & 50 ? ).

Forty-three of the males were photographed, and are shown on Plate 29.

Three of the males died in the cage just after the fifth moult. The ventral

surface, including the genital segment of these three males, was dark and

pathological, and of no value for the demonstration of the genital spot.

A photograph of the male of this pair of F| hybrids is shown on

Plate 28, photo 9.

Record V. (p. 365). Second Pair of Fi Hybrids.—184 eggs were

deposited from August 1st to September 11th. The pair mated 25 times,

and eggs were deposited 10 times, and not oftener than once or twice

between two matings.

The female was discovered August 1st sucking the group of 2^ eggs

she had just deposited. She had sucked the entire contents from seven
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of the eggs, and she. must have injured others, as only eleven of the group

developed.

Of the remaining 173 eggs deposited by this female 119 hatched. For

some reason we were able to rear only a small proportion of these to the

winged stage. We succeeded in rearing only 57 (31 ^ & 26 ? ). Thirty

of these males were photographed, and are shown on Plate 30. The male of

this pair of F^ hybrids died September 16th. The female was killed

September 21st, ten days after the last deposition of eggs.

See photo 14, Plate 28, for the male of this pair.

Record VI. (p. 366) . Third Fair of Fi Hybrids.—194 eggs were deposited

from July 30th to September 2nd. The pair mated 21 times and eggs were

deposited 10 times, and not oftener than once or twice between two matings.

Seven of the 194 eggs were killed for cytological study. Of the remaining

187 at least 172 hatched—for the number hatched is underestimated, as in

two cases we counted only those nymphs that survived the first moult.

110 of these nymphs were reared to the winged stage (54 ^ & 56 ? ).

Forty-eight of the males were photographed and are shown on Plate 31.

Six males died just after the fifth moult. Two of these are preserved as

pinned specimens^ and four were destroyed because the ventral surface was

dark and the bugs were of no value for demonstrating the genital spot. The

male of this pair of Fx hybrids was photographed, and is shown on Plate 28^

photo 10.

Record VII. (p. 367). Fourth Fair of F, Hybrids.—170 eggs were

deposited from August ,8th to September 8tli. The pair mated 10 times,

and eggs were deposited 8 times, and not oftener than once or twice between

two matings. Seven of the 170 eggs were killed for cytological study, and

of the remaining 163 at least 130 hatched. This number is an underestimate,

for in three cases we counted only those nymphs that survived the first moult.

We succeeded in raising to the winged stage only 63 of the 130 nymphs that

hatched (28 c? & 35 ?). Twenty-seven of these males were photographed

and are shown on Plate 32, photos 42-48.

We were forced to kill this pair September 11th, as we had as many

nymphs in the laboratory as we could properly care for. See photo 12^

Plate 28, for the male of this Fj^ hybrid pair.

Record VIII. (p. 368). Fifth Fair of Fi Hybrids.—110 eggs were

deposited from August 8th to September 3rd. The pair mated 10 times and

eggs were deposited 6 times, and not oftener than once between two matings.

Only 29 of the 110 eggs hatched, and only 16 of these survived to the winged

stage (4 (^ & 12 ? ). The four 'males were photographed, and are shown on

Plate 28, photos 15 and 16. September 3rd, both male and female of this
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pair were killed. We were forced to discard some of the hybrids, and

selected this pair because the small percentage of eggs that hatched indicated

that they were not functioning normally in spite of the fact that the number
of eggs deposited in relation to the number of matings was quite normal.

The abnormally large percentage of eggs that failed to hatch may bear some
rehxtion to the fact that this female had probably deposited unfertilized eggs

before mating, for she was one of two females in a cage in which unfertilized

eggs had been deposited.

See photo 11, Plate 28, for the male of this Fi hybrid pair.

Before giving a summary of the l)reeding results of theGth and 7tli pairs

of Fi hybrids (Records IX. & X., p. 369) we must give a brief account of

some preliminary experiments.

Two Fj hybrid females and three Fi hybrid males * were put in

Cage 34 immediately after they had reached the winged stage (between

July 9th and 12th). By August 6th none of these bugs had mated, and a

group of four unfertilized eggs had been deposited b}^ one of these females.

The tv^'o females were then transferred to Cage 36, in which there were

4 Fi hybrid females and 4 Fj hybrid males that had not yet mated. At
2 P.M. of the same day two })airs were found mating, and were transferred,

while mating, to separate cages (Nos. 43 & 44). We believe these two

females were the two that were transferred to this cage from Cage 34,

though we have no proof of this. One of these pairs (Cage 43) mated

45^ hours, and on August 12tli mated again 6 hours. On August 15tli the

female died without having deposited any eggs. The second pair (Cage 44)

is the Fifth pair of Fi hybrids described above (Record VIIL).

Cage 36 now contained 4 females and 2 males that had never mated. The
two males resembled bugs that are found in the fall after the breeding

season : the ventral surface had become hard and grey, instead of a fresh

green colour, which is typical at the breeding period.

On August 15th we added to this cage the male that had mated August 12th

in Cage 43. Ten minutes after this male was put into Cage 36 he mated with

one of the four females, and the pair was transferred, while mating, to

Cage 46. They mated 15^ hours. There now remained in Cage 36 the

three females and the two males with grey venter, none of which had mated.

One of these females, however, had a fresh green venter and showed other

signs of functional activity.

August 16th, we removed the two males with grey venter from this

cage (36) and added the male from Cage 46 that had just mated. At

* Two of these males were killed August llth and the testes mounted for cytological

study. The bugs were preserved and are shown on Plate 28, photo 7. The third male was
killed August 13tli and preserved as a pinned specimen.
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2 P.M. oF the Scame clay the female with the green venter mated with this

male, and we transferred the pair to Cage 48. Thus the two females of

Cages 46 & 48 were fertilized by the same male, The two grey venter males

that had never mated were put back into Cage 36, which now contained these

two males and two females, none of which had mated. On August 28th

these four l)ugs were killed and preserved. The two males are shown on

Plate 28, {)lioto 8. The male that had mated with the two females (Cages 46

& 48 = Records IX. & X.) was transferred after each mating from one of

these cages to the other during the rest of the breeding season. We hoped

we could raise enough offspring from each of these two females for a com-

parative study of the transmission of the genital spot through two different

females fertilized by the same male. We were, however, disappointed in

this, as we succeeded in raising only seven males from one of the two females

—not enough to be of value for comparative study.

The results, briefly, are as follows :

—

Record IX. (p. 369). Sixth Pair ofF^ Hybrids.—134 eggs were deposited

from August 22nd to September 19th. The pair mated 11 times, and eggs

were deposited 10 times, and not oftener than once or twice between two

matings. Only 33 of these 134 eggs developed to the point of hatchino-,

although a great many more were fertilized, and there was no obvious reason

why they did not hatch. Only 13 of these nymphs survived to the winged

stage (7 cJ & 6 ? ). Six of the males were photographed and are shown on

Plate 32, photos 49 & 50. The male of this pair was killed September 19th

and the female September 21st. The male was photographed and is shown

on Plate 28, photo 13 (this male fertilized also the female of Record X.).

Record X. (p. 369). Seventh Pair of Pj Pfyhrids.—120 eggs were

deposited from August 20th to September 8th. The pair mated 8 times,

and eggs were deposited 8 times, and in only one instance were they

deposited more than twice between two matings.

104 of these 120 eggs hatched, and 68 of the nymphs were reared to the

winged stage (34 (J & 34 ? ) . Thirty-two of these males were photographed

and are shown on Plate 33, photos 51-57. Two males died in the cage just

after the 5th moult, and were destroyed because the ventral surface was dark

and pathological.

The above summary of the records of the seven Fi hybrid pairs shoM's

several features that are apparently typical of this generation of hybrids.

These records show further, that if the Fi hybrids can be secured, the F2

generation can be obtained in large numbers. The Fi hybrid generation is

quite as fertile as the original pairs of either pure variolarius or pure servus
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during the height of the breeding season, and it is interesting to note that in

this fertility they resemble the Fj generation of servus, but not of vario-

larius, for in our experience we have only one case on record in which the

Fj generation of pure variolarius mated and deposited fertile eggs the same

season. If these records (TV. to X.) are compared with Records I. and II.

of pure variolarius, it will be seen that, although the F^ hybrids are not

quite normal as to the percentage of eggs that develop, they are entirely

normal as to the relation between mating and deposition of eggs, for eggs are

deposited only once or twice between two matings, and the matings far exceed

in number the deposition of eggs.

The records show that towards the end of the breeding season matins'

became more frequent, in some cases the breeding season being closed by a

series of matings of short duration, which continued several days after the

last deposition of eggs. This we believe is characteristic of servus, and was

typical also of the F^ generation of two other species we received from the

South

—

E. ictericus and E. crassus.

We realize our experiments have not been sufficiently numerous to warrant

definite conclusions as to the breeding habits of the species we have studied,

but they furnish reliable data as far as the limited number of experiments

admit. The higher death-rate of the F2 generation, both as to the eggs and

nymphs, we believe was due in part to the fact that the weather was unseason-

ably cold, and a proper degree of temperature and moisture could not always

be satisfactorily maintained for all the cages.

In order to repeat these experiments on a larger scalo^ a much more

elaborate equipment should be available. The bugs should be kept in a hot-

house where temperature and moisture can be properly regulated, and the

lettuce used for food should be cultivated under supervision, to be sure that

no insecticides are used in its cultivation. Further, a number of trained

assistants is absolutely necessary. The material furnished by a single cross

is at some period of the experiments more than two workers can properly

care for. We were forced to cut short several important experiments on

account of the impossibility of continuing satisfactorily the extra work they

involved.

We believe that our success in being able to cross even one pair of

variolarius and servus is due to the fact that the two females used for the

experiments, hatched after the close of the breeding season, and were kept

through the following winter. This belief is supported by the fact that we
did not succeed in repeating the cross-breeding experiments during the

summer with bugs of the first generation of that season, though we tried this

with 16 female variolarius and 14 male servus. These experiments were

carried on in three cages, the first started June 22nd, the second June 28th,

and the third July 2nd. All the female vaiiolarius had been raised in our

laboratory during the early summer, and were transferred to these cages
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immediately after reaching the winged stage. Five of the ma\e servus used

in these experiments were raised in our laboratory, and like the variolarius

females, were transferred to the experiment cages immediately after reaching

the winged stage. The other 9 males were wild specimens, received from
North Carolina. These experiments were continued for nearly two months,

and no mating occurred at any time. The experiments were not closed until

many mifertilized eggs had been deposited in all the cages *.

Possibly nymphs captured in the field, and raised to maturity in the

laboratory may be more easily bred from; but in our experience we have
never been able to collect the wild nymphs early enough in the season to

succeed in breeding them with each other, or with an alien species.

The reciprocal cross with the first generation ( $ servus & ^ variolarius)

also proved unsuccessful ;' these experiments, as in all other cases, beino-

continued until unfertilized eggs had been deposited a number of times in

each caoe.

We believe our lack of success in these cross-breeding experiments was not

wholly due to the fact that the males and females were of diiferent species,

for we were almost as unsuccessful in getting a second generation of pure

variolarius, though we had much better success in raising the second genera-

tion from servus. The first generation of this species mated from 10 to 18

days after they reached the winged stage, and were very fertile.

Fortunately for the success of our cross-breeding experiments, the F
hybrids resembled servus and not variolarius, in that most of them mated

readily in captivity, from 10 to 20 days after the last moult, and like the

first generation of servus proved to be very fertile.

The following experiments show it is much more difficult to get a second

generation from variolarius tiie same season, although the first generation,

if kept through the winter, will normally mate and deposit eggs early in

the spring.

In 1911 we experimented with a few pairs of young variolarius, all reared

from the same batch of eggs. About twenty days after they had reached the

winged stage, a few males and females were placed in the same cage, from

August 6th to August 27th. During this period they did not mate once,

though the females deposited unfertilized eggs, and dissection showed the

males to be apparently sexually mature. Two females and four males from

this same batch of eggs were carried through the following winter^ and in

* As a rule unfertilized eggs are deposited quite differently from those that have been

fertilized. The latter are deposited in flat, symmetrical groups containing sometimes more

than 30 eggs, and all adhering together. Unfertilized eggs, on the contrary, are dropped

here and there on leaves, grasses or herries, sometimes only one or two eggs at a time, or

more frequently in groups of three, four, or five. We never destroyed the unfertilized eggs

until ten days after their deposition, although fertilized eggs always show the initial staoes

of development on the 3rd or 4th day.
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the spring they iiicated and deposited eggs quite normally ; 330 eggs being-

deposited by the two females before July 9th, when they were killed. It was

from these eggs that we raised the variolarius specimens used for the above

described unsuccessful cross-breeding experiments with servus. We also

tried to breed from several of this first generation of variolarius to use as a

control for our cross-breeding experiments, and to test the above described

experiment of 1911 with the first generation of that season. We had three

cages of these experiments in 1912, including in all 18 females and 13 males.

The first cage was started July 15th, and these experiments were not closed

until August 29th. During this period only one pair* of these 31 bugs

mated (August 16th) though many unfertilized eggs were deposited in the

three cages. The fact that in all these experiments unfertilized eggs were

deposited, proves that the young females function the same season, but our

experiments indicate that the young males rarely function until the next

spring. The following experiments bearing on this ])oint may be added to

those already given. As stated above, the young pairs of variolarius that

were caged in 1911 did not mate, although the females deposited unfertilized

eo-o's. Thinking this might be due to the fact that these bugs were all from

the same batch of eggs, we caged one of these F^ males with a wild female

th;it had just mated with a wdld male. They did not mate, however, although

the female continued to deposit eggs at normal intervals until August 22nd,

and was not killed until September 26tli.

In the season of 1912 we were anxious to test this experiment by caging

wild males, after they had mated in the laboratory, with young females that

were depositing unfertilized eggs, but we did not succeed in capturing any

variolarius males that season, though we searched ourselves, and had assistants

searching also.

That ihe young variolarivs males rareh^ function tlie same season in the

laboratory was ag an indicated by the following exj)eriment. Five young

variolarius males had been caged for five weeks with fiv(; Fj hybrid females,

and had not mated once, although the females had de|)Osited ^'S unfertilized

eggs. Tliinking that perhaps these males might be sexually immature, they

were replaced by the one young variolarius male that had mated in the

laboratory that season. Eleven days later this male mated with one of the

Fi hybrid females (see Record XI. and p. 345).

These facts would seem to indicate that the young male variolarius are not

as a rule sexually mature the sauie season they are hatched, but the evidence

on this point is entirely inadequate as proof. Variolarius females that were

depositing unfertilized eggs also failed to mate with the Fi servus males,

and these males were undoubtedly sexually mature, for they breed readily

* This pair was transferred to a separate cage while mating, and used for experiments

described below. The male of this pair is shown on Plate 34, photo 58,
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with their own species. This may indicate that possibly the factor of

selection may be in part responsible for some of the failures of our breedino-

experiments.

We raised only 10 cJ and 22 ? from the one pair of yonnor variolarius

that mated in the laboratory in 1912. We undoubtedly would have had
more, but the femnle was fertilized only once, as we transferred this male to

the Fi hybrid females^ as described above. This variolarius female deposited

58 eggs from August 17th to September 7th, and 36 of these hatched, 32 being-

reared to the winged stage (10 c? & 22 ? ). The Fi hybrid female that was

fertilized by this same male deposited 119 eggs and 36 hatched.

The males from these two females were photographed and ai'e shown on

Plate 34. Photos 59 to 61 show the males from the pure variolarious pair,

and photos 61 to 66 show the males from the F^ hybrid female and the pure

variolarius male.

These photographs demonstrate that the spot is inherited through the pure

variolarius fern de (photos 59 to 61) more intensely than it is throuo-h the

Fi hybrid female (photos 62 to 66), and a comparison of photos 62 to 66

with those when both parents are Fi hybrids, Plates 29-33, demonstrates

that the spot is transmitted through a pure male variolarius much more
strongly than through an Fi hybrid male. All such facts bearing on the

inheritance of the genital spot are important in testing modern chromosome
theories of sex-determination in the light of the transmission of this exclusively

male character.

Discussion.

Any analysis of the results of cross-breeding ex[)eriments involves a

discussion of their bearing on fundamental problems of heredity, and we
should examine the tacts demonstrated by our recent experiments in the

light of the popular theories which claim to offer a partial solution of some
of the important problems of heredity. The hypothesis of first interest to

the cytologist is the one that claims to otler an explanation of the trans-

mission of characters by the assumption that the factors essential to their

transmission are carried and distributed by definite chromosomes, but a

discussion of our results from this point of view is reserved for a paper in

which the cytological phenomena can be fully demonstrated by photooraphs.

A brief statement of the facts and their bearing on recent chromosome
theories was given in the preliminary report of our work (^13).

In the present paper we shall merely restate the facts and conclusions in

order to present the evidence in detail, as it is demonstrated in the photo-

graphs of Plates 28-34.

First. The results demonstrate that an exclusively male character (the

genital spot) can be inherited without the aid of the Y chromosome. This is
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proved by the fact that it is transmitted through the female, and the female

does not have the Y chromosome, as this chromosome is an exclusively

mnle character. Photographs 7-57 show the males of the Fj and the Fg

generations. All these males are the hybrid descendants of one pure

vanolarius female, that was fertilized by servus—i\\e species that has no

genital spot ; and these hybrids show beyond question that the spot can be

transmitted through the female, some of the Fo males having as pronounced a

spot on the genital segment as that of the variolarivs males : e. g.. one or more

of the speciniens of photos 15, 23, 2&, 28, 32, 34, 35, 36, 40, 41, 46, 48, 55.

Second. The results demonstrate that the genital spot can be inherited

without the aid of the X chromosome. This is proved by the fact that it

is transmitted through the male, and the male-producing spermatozoon

does not have an X chromosome. Photos 62 to 06 show the males from an

Fi hybrid ? x a pure variolarius ^^ , and a comparison of these photo-

o-raphs with those of the F2 hybrid generation (photos 15 to 57) shows that

the oenital spot is inherited much more strongly from the pure variolarivs

male than through the Fj hybrid males ; this fact demonstrating that the

male variolarius, as well as the female variolarius, can directly transmit the

spot to the males. As, according to the hypothesis, these can be inherited

directly from the male, only through the male-producing spermatozoon, which

has no X chromosome : it follows tliat the spot can be inherited without the

aid of the X chromosome. This back cross further demonstrates, not only

the direct inheritance of the spot from the male, but also the inheritance of

the serms character, absence of spot. This was transmitted to the Fj 9

by the pure variolaiius ? of the first cross, and therefore ew Jiypothesi it

must have come from the female-producing spermatozoon of servus. This

back cross therefore demonstrates that an exclueively male character—the

genital spot—can be transmitted by the male-producing sp( rmatozoon, and

an exclusively male character—the absence of spot—can be transmitted by

the female-[)roducing spermatozoon, and that therefore these so-called sex-

determining spermatozoa do not differ functionally in their transmission of

an exclusively male character. In making thfse deductions, it is, of course,

necessary to accept, for the sake of the argument, the assumption of male-

and female-producing spermatozoa, an assum})tion which, we believe, is far

from being proved.

Jldrd. The results show tliat if we assume that the factors necessary for

the production of the genital spot are located in any of the ordinary

chromosomes, they must be in at least both members of a pair of ordinary

chromosomes, for the spot is directly transmitted through both the male and

the female.

Fourth. The results show that if we assume that the factors necessary for

the production of the genital spot are carried by both members of a pair

of chromosomes, we must assume that the female carries an inhibitor for the
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spot, as the spot is never present in any o£ the females, neither in the pure

variolarins nor in the hybrids, although the fact that it is transmitted by the

female variolarins proves that the spot factors are present in the female,

though not expressed.

Fifth. The results show that, although it is necessary to assume an

inhibitor only in the females of pure variolarins, in tlie hyhrids it becomes

necessary to assume an inJiibitor in the males also. The Fi hybrid males show

th© spot either very incompletely, or not at all, although they can transmit

the spot to the next genei'ation, and therefore they must carry the factors

necessary for its transmission, in spite of the fact that the appearance of the

spot in the Fi generation is partly or wholly inhibited. The two Fi

hybrid males of photo 7 have no spot * , the upper Fi male of photo 8 has

merely an indication of a spot and in the lower bug it is not much stronger.

The Fj males of photos 9 to 13 have a very insignificant spot, and the Fi

male of photo 14 has merely a trace of a spot, although the offspring of these

males frequently have a spot quite as pronounced as that of pure variolarins.

Compare these Fi males with one or more of the Fg males of photos 15,

28, 2G, 28, 32, 34, 35, 36, 40, 41, 46, 48, and 55.

Sixth. The facts show that if we attempt to place this inhibitor in

definite chromosomes, we meet as serious difficulties as those involved in

assuming that the factors essential for the production of the genital spot are

carried by special chromosomes. In our preliminary report of these

experiments (''13), we discussed in full the evident results of placing this

inhibitor in various chromosomes : in the X chromosomes, in one of the

ordinary chromosomes, or in a pair of chromosomes, and vv© found that none

of these assumptions would accord with the facts. The facts force us to

regard these inhibitors as hypothetical forces which cannot logically be con-

fined to the chromosomes^ and are located we know not where—these hypo-

thetical inhibitors practically doing work that has been assigned to definite

chromosomes. As stated in the above-mentioned preliminary report, " the

facts force us to consign to these hypothetical inhibitors, not only the

responsibility of suppressing the spot factors in all the females, but also

of determining just how many spot factors shall find expression in the males

of the F] and Fg generations, and thus they practically relieve the chromo-

somes of the burden of unit distribution.'^

It would seem then that the facts are out of harmony with the theories

that offer an explanation of the transmission of characters on the assumption

that the factors essential to their transmission are carried and distributed by

definite chromosomes.

* The two dark specks on the genital segment of the upper bug, close to the base of the

segment, must not be confused with the genital spot. In the lower bug a slight indication

of a spot can be seen with a lens, but it will probably not appear in the print.

LINN. JOURN.—ZOOLOGY, VOL. XXXII. 30
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I£ we examine the results of our experiments in the light of Mendel's law

of heredity, we find that the genital spot does not behave as a Mendelian

unit. Professor Punnett (1911) defines a unit-character as follows : "Unit-

characters are represented by definite factors in the gamete which, in the

process of heredity, behave as indivisible entities, and are distributed

accordiup- to a definite scheme. The factor for this or that unit-character is

either present in the gamete, or it is not present. It must be there in its

entirety, or be completely absent." (Page 42.)

Whatever determines the genital spot in these hybrids, it cannot be an

indivisible unit-factor, which is " present in its entirety " or is " completely

absent,'' for the genital spot is not present as a whole, or completely absent.

If we speak of it in terms of Mendelism, we must say that it is the result

of a number of unit-factors, for in the hybrid males of the Fi and Fg

generations in which a spot can be identified, it is present in every degree of

intensity, from a mere indication of a spot, to that of the Fg generation

which is quite as conspicuous as the spot of a pure variolarhis.

Neither the spot nor its absence is dominant in the Fi hybrids. There

is certainly an absence of dominance in this Fi generation. Of the eleven

Fi male hybrids, 2 have no spot (photo 7) : 4 have a spot so faint that it is

barely visible (photos 8 and 14 and one fdnned specimen) ; and 5 have a spot

about one third as pronounced as that of a pure variolarhis (photos 9, 10,

11, 12, and 13).

It is evident also that the spot of these Fi hybrids is not a true blend,

for only one parent is represented by the two specimens that have no spot,

and there is quite as much variation in the size and intensity of the spot

of the remaining nine specimens as is found in any nine intermediates of

the F2 generation.

The F2 generation shows apparently a greater variability than the F]'

generation, for in the former both extremes are represented, some of the

males having a spot as pronounced as that of pure variolarius, while some'

have no spot whatever, and the remainder have the spot in varying degrees

of size and intensity. These facts may be of value as offering a test such

as Castle (1911) has suggested, by which it may be possible to decide whether

the results can be classed with the Mendelian type of inheritance, or with

that described as a " non-Mendelian, non-segregating type of inheritance/'

Castle says :
" There is one means by which we can determine with certainty

whether, in a particular case of seemingly blending inheritance, segregation

does or does not occur, namely by comparing the variability of the Fi

and Fg generations. If segregation does not occur, Fg should be no more

variable than Fi, whereas if segregation does occur, Fg should be more

variable." (Page 137.)

Although the Fg generation of our Euschistus hybrids shows more varia-

bility than the Fi generation, the value of this as proof is weakened, if not
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cancelled, by the £act> that the two generations are not equally represented,
and cannot therefore be justly compared. We have 190 males of the F
generation in which the exact condition of the spot can be determined, and
only 11 males of tlie Fi generation

; and therefore it would not be reasonable
to conclude from such inadequate data, that the Fj generation of these
hybrids is less vnriable than the Fg generation. We are inclined to believe
that if the number of the Fi hybrid males were equal to that of the Fg
generation, they would show both extremes of the inheritance of the spot,
and a variability quite as pronounced as we find in the Fg males.

Some of the males of the Fg generation might be assumed to be pure
dominants and recessives, for some have the spot as fully developed as that
of pure rariolarhis (one or more of the specimens of photos 15, 23, 26 28
32, 34, 36, 40, 41, 46, 48, and 55), while others have no spot whatever
(one or more of the specimens of photos 16 to 39, 43, and 51 to 56).
The intermediates show the spot in a very variable degree of intensity, but
if these latter are assumed to be " visible heterozygous forms '' of Mendelian
segregation, there should be an equal number of pure dominants and reces-
sives, whereas there are only 19 that have the perfect mriolarius spot, and
74 in which the spot is absent.

If we would attempt to find a theoretical explanation of the results we
must first devise a formula that will work for pure variolarius, and the facts

compel two assumptions in the making of such a formula. First we must
assume that the female is homozygous for the spot factors, and second that
she has an inhibitor for the spot and that she does not transmit this inhibitor

to her male offspring. The necessity for this last assumption seems obvious,

because the spot is never inhibited in the male. If we would assume
however, that both sexes can have an inhibitor, an assumption that some
facts in the hybrids demand, then we must assume that it requires a double
dose to inhibit the spot

;
and to insure the spot being a constant character

we must assume that in the male the inhibitor is not only heterozygous but
sex-linked. But this assumption, which would hold for variolarius, would
not work for the cross, because the female hybrids would in this case be
heterozygous instead of homozygous for the inhibitor, and would therefore

have the spot. If to obviate this difficulty we assume that servus also has
an inhibitor, this would inhibit the spot in the Fi hybrid females, but in

none of the Fjt hybrid males, whereas in fact, the spot is completely or
partially inhibited in all the Fi hybrid males.

The necessity of the assumption that the female variolarius is homozygous
for the spot factors is quite obvious, for the genital spot could not remain
constant if we assume that the female is heterozygous for the spot factors

unless we add the unwarrantable assumptions that the female is heterozyoous

and the male homozygous for sex, and that the spot factors are linked with
the sex-factor.

30*
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We seem compelled, therefore, to nssume that the female variolarius is

homozygous for the spot factors ; and if we assume that servns is without

them, then the Fj hybrids should be heterozygous for these factors.

Assuming that they are inhibited in the female, the males should all be alike,

either in having a variolarius spot or in having no spot. The facts, however,

are as follows :—Two of the eleven F^ hybrid males have no spot (photo 7),

and the remaining nine are variable intermediates (8 of the 9 are shown in

photos 8-14, and the 9th is a pinned specimen, which has a spot so small and

so faint that it is scarcely perceptible).

An interesting case of F^ hybrids approximating a blend is the cross

between the pigmented silky hen and the unpigmented brown leghorn.

Prof. Punnett theoretically explains these intermediates (partly pigmented)

Fi fowls by the following assumptions :

—

1st. Assumes that the ? is heterozygous for femaleness (Ff).

2nd. Assumes that the c? is v.dthout this sex-factor (ff).

3rd. Assumes that the silky is homozygous for the pigment factor (PP).

4th. Assumes that the silky is without an inhibiting factor (ii).

5th. Assumes that the brown leghorn is without the pigment factor (pp).

Gth. Assumes that the brown leghorn is homozygous for an inhibiting

factor (II).

7th. Assumes the inhibitor is sex-linked (there is a repulsion between

I and F)

.

If we transfer all these assumptions to the variolarius x serous cross, even

to the extent of assuming that the female instead of the male is heterozygous

for the sex factor, they fail to account for the fact that these Fj hybrids

are not all intermediates.* Tioo are like sorvus m liaving no sjmt. Such

irregularities in the Fi generation are out of hnrmony with the

principle? of Mendelism, but in some forms similar evidence ag;iinst

Mendelism has been weakened, if not cancelled, by the fact that the F2

generation shows a regular Mendelian ratio. This is not the case,

however, with the F2 generation of the EuscMstus cross—of the 190

F. 2 male hybrids (photos 15-57), 19 have the spot quite as distinct a.'< that

of pure variolarius, 97 are very variable intermediates, and 74 are like servus

in having no spot.

The classification of the Fg hybrids into these throe groups is based on

a study of the photographs, f and the numbers in each group were afterwards

* It is obvious that in t)xQ females oi variolarius a special inhibitor must be assumed that

is outside the germ phxsm— for theoretically the spot appears in the female.

t In classifying the photographs of the hybrids we included under the servus type not

only all those specimens with no spot whatever, but also those with merely a faint indication

of a spot, for tlie latter was not visible in the living specimens, and probably will not show

n the reproductions.
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compared with those, based on a study of the original specimens immediately

after the bugs were killed. The two sets of figures agree almost exactl}^,

differing only in the fact that in the original estimate we classed two speci-

mens as variolarius and two as servus which we now class as intermediates.

Such a variation in the classification is unavoidable because the intermediates

blend into the two extremes, and it is not always clear into which division a

specimen belongs. Possibly the printing of the photographs in the final plates

may be too light in some cases, and fail to bring out a faint spot that should

be classed as an intermediate and not servus, and this vrould cause some
slight variations from the above figures. If we consider separately the

ratio from each of the seven pairs of Fi hybrids, the results are as

follows :

—

F. 2 males from the seven pairs of Fj hybrids.

1

Spot ~^

like 1^

vario- (
larius. J

1st pair.

Plate 29,
Photos
17-25.

2ud pair.

Plate 30,
Photos
26-32.

3rd pair.

Plate 31,

Photon
33-41.

4th pair.

Plate 32,
Photos
42-48.

5th pair.

Plate 28,
Photos
16-16.

6th pair.

Plate 32,
Photos
49-50.

7th pair.

Plate 33,

Photos
51-57.

Totals.

1 3 8 4 1 2 19

Inter- 1

mediates,
j

17 12 27 18 2 6 IG 97

No spot 1

like I 25 15 13 5 1 1 14 74
servus. \

Of these seven pairs of F^ hybrids only the 5th pair shows a simple Mende-

lian ratio (1 like variolaiius, 2 intermediate, and 1 like servus), a ratio which

evidently would not have been maintained if a large number of offspring

had been secured, for no such ratio is shown by the Fg hybrids from any

of the remaining six pairs, all of which have a larger number of offspring.

If one is willing to readjust these ratios by filling the gaps with the

nymphs that died and those that failed to hatch, it would be possible

of course to create any ratio required, but the assumptions cannot be the

same for the seven pairs, and this fact would weaken the value of such an

adjustment.

y\^ e may further search for a Mendelian ratio (half pure and half hetero-

zygous) in the cross between the F^ hybrid $ and the pure variolarius (^ .

From this cross we raised 18 males (photos 62-66). 12 of these 18 males
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have the spot as strong as variolarius, 3 have a spot so small and faint that it

is scarcely perceptible (the lower two spechnens of photo 62, and the lowest

specimen of photo 66), and 3 are quite typical intermediates (the 3rd and

5th specimens of photo 64 , and the second specimen of photo 66). Thus

12 of these males have the variolarius spot, 3 are intermediates, and 3 are

almost without a spot. It therefore seems obvious that a Mendelian ratio is

not shown in any of the experiments, it does not appear in the Fi hybrid

generation, in the Fg hybrid generation, nor in this generation from an

Fj hybrid $ by pure variolarius cf .

The above-mentioned cross (Fj hybrid ? X jiure variolarius ^) is im-

portant because it shows that the genital spot is not a sex-linked character.

The test of whether a character is linked to a factor that determines sex is

usually made by the " reciprocal cross, '^ which in this case would be pure

servus ? X pure variolarius ^ . It is assumed that the parent that is hetero-

zygous for sex can transmit a SL-x-liuked character only to the opposite sex,

and therefore none of the males from such a cross should inlierit the spot.

We were unable to attempt this cross, but the above-mentioned experiment

(Fi hybrid $ x pure variolarius S ) ^hows quite as conclusively as a " reci-

procal cross " whether the genital spot beliaves as a sex-linked character.

This cross demonstrates that the genital spot does not behave as a sex-linked

character, for it shows that the male variolarius can directly transmit the spot

to his male offspring, for these offspring show the greatly increased strengtli

of its inheritance from the pure male as compared with its inheritance from

the Fi males.

We cannot explain this exclusively male character by simply assuming

that the constitution of the eggs inhibits the expression of the spot in

the female, for this leaves unexplained the fact that the spot is partly or

wholly inhibited in the Fx males.

We have been unable to harmonize our results either with the Mendelian

or non-Mendelian (blend) type of inheritance—the great variability of the

Fi hybrids being the most obvious difficulty. The assumption of multiple

factors may be satisfactory as an explanation of the variability of the Fg

intermediates; but it does not explain the variability of the F, hybrids.

On the assumption of multiple factors the F^ hybrids should be alike

—

subject only to minor variations (fluctuations). This_, however, is not the

case— 2 have no spot and 9 are variable intermediates.

Castle's assumption of change in potency of a given factor or factors

seems more in harmony with the facts, for this offers not only an explana-

tion of the variability of the Fg intermediates, but admits any degree of

variability in the F^ hybrids—even to the extent of reversing dominance.
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We cannot logically explain the facts on the assumption of variation in

potency of a single spot factor, for on this assumption the spot of pure

variolarius should show the same relative amount of variation, which is not

the case. But if we assume that servus has an inhibitor which also varies in

potency, then the Fj spot, besides being more or less reduced by a single

dose of spot factor which varies in potency, can be further reduced or wholly

cancelled by the servus inhibitor, according to the degree of its potency.

The hypothesis of varying potency of unit factors demands the presence

of at least a perceptible variation in the spot of pure variolarius, and such a

variability does, in fact, occur. This irregularity can be best appreciated by
comparing the male offspring from the same parents.

Castle (1912) says :
" In my experience ever^ unit character is subject to

quantitative variation, that is, its expression in the body varies." The funda-

mental explanation of his striking results in selection is the assumption

that these variations have a germinal basis and are inherited.

It seems to us that our results are more in harmony with Castle's assump-

tion of the varying- potency of unit factors ; but if they do in fact admit

of a pure Mendelian interpretation, this must be left to the specialist in

genetics.

APPENDIX I.

Since this paper was finished, striking corroborative support has been

given to the results of our experiments.

In expressing to Professor Poulton our desire to find an experienced Ento-

mologist who would look over the parent species of our hybrids for some

distinguishing character (other than the genital spot) that might give

additional evidence in support of our experiments, Professor Poulton kindly

suggested Dr. Harry Eltringham, of New College, Oxford, We feel very

grateful to Professor Poulton for his interest and courtesy in this matter,

and we are deeply indebted to Dr. Eltringham for his very valuable discovery

of the marked difference in the length of the intromittent organ of E. vario-

larius and ]^. servus. As a result of his observation^ we have been able to

follow out the inheritance of this second exclusively male character in the

hybrids from this cross, as well as from the cross between E. variolarixis

and E. ictericus.
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APPENDIX II.

Records of Eleven Pairs of Bugs that were Isolated

THROUGH THEIR BREEDING PeRIOD.

As details of breeding experiments can be of value or interest only to

those who may care to repeat such experiments with the same or allied

species, we have not published the following details in the text, but have

added them here in a convenient form for reference.

The following records are extracts from our notes. We have selected

only the main points essential for comparison, omitting such details as the

dates of hatching, the dates of the five moults, and the number of nymphs

that survived each moult, &c., &c. Tlie length of time given for each

mating is the minimum, as it is estim:).ted from the time the pair was

found mating until the last record before they were found apart. The

bugs were closely watched during the day, and observations made two

or three times during the night. The number of eggs that hatched is

also the minimum, for in some cases we counted only those nymphs that

survived the first moult. Before the first moult these small bugs generally

keep closely segregated in a compact mass, and it is impossible to count

them accurately when a large number is hatched.

Record I. Cage 2.—1011.

One Pair of E. variolarius.

(Collected April 16tb, at White Plains, New York, by J. II. de la torre Bueiio.)

April

20tli. 6.30 A.M. mating- : continued to mate 9^ hours.

28th. 5.00 p.m. ditto ditto 19 hours.

May
3nd. 1.30 P.M. ditto ditto 17^ hours.

7th. 6.00 A.M. ditto ditto 9 hours.

10th. 6.00 a.m. ditto ditto 15 hours.

22nd, 4 eggs, all hatched

:

3 reared to winged stage—(2 J & 1 2 )•

June
9th. 29 eggs, 20 hatched. (Found the S sucking these eggs : had sucked the

entire contents from two.) 16 reared to winged stage—(7 c? & 9 5).

26th. 5.30 A.M. mating : continued to mate 3^ hours.

July
1st. 28 eggs, all hatched : 15 reared to winged stage—(9 S & 6 $ ).

7th. 28 eggs, all hatched. Killed all after 3rd moult to preserve as njmphs.

13th. 6.30 A.M. mating : continued to mate 61 hours,

14th. 5.30 A.M. ditto ditto 4^ hours.
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July
20th.

20th.

23rd.

25th.

August
5th.

6th.

10th.

19th.

23rd

25th.

31st.

o.OO A.M. 28 eggs, all hatched. Killed all after 1st moult to preserve as

nymphs.

5,00 A.M. mating: coiitinued to mate 3 hours.

5.30 A.M. ditto ditto 5J hours.

12 eggs, all hatched. Did not keep these nymphs beyond the 2Dd moult.

42 ejigs, in 3 groups. These eggs not kept.

5.00 A.M. mating : continued to mate 4 hours.

11 eggs. These eggs not kept.

5,30 A.M. mating : continued to mate 27 hours.

5.30 A.M. ditto ditto Ql hours.

28 eggs. These eggs not kept.

The female died. Killed the male and preserved the pair in alcohol.

Record IJ. Cage 10.—1911.

One Pair of JlJ. variolarius.

(Collected Ajail ICth, at White Plains, Kew York, by J. E. de la torre Bueno.)

ApniL,

18th.

22nd.

25th.

28th.

May
1st.

10th.

•23rd.

June

6th.

17th.

July
2nd.

3rd.

6th.

7th.

10th.

12th.

16th-.

20th.

26th.

26th.

7.00 a.m. mating : continued to mate 6 hours.

7.30 a.m. ditto ditto 8^ hours.

1.00 p.m. ditto ditto 5^ hours.

6.30 a.m. ditto ditto 4J hours.

6.30 A.M. ditto

6.00 A.M. ditto

6.00 A.M. ditto

6.00 A.M.

5.30 A.M.

ditto

ditto

ditto G| hours,

ditto 27| hours.

ditto 331 hours.

ditto 14 hours.

ditto 14 hours.

hatched.28 eggs (watched the $ depositing some of these eggs) : 2/

Nymphs not kept after 3rd moult.

5.30 A.M. mating : continued to mate 36 hours.

14 eggs, 12 hatched. Killed after 2nd moult to preserve as nymphs.

13 eggs, all hatched. Nymphs not kept after 2nd moult.

8 eggs, all hatched. Nymphs not kept after 1st moult.

5.30 A.M. mating : continued to mate 29 hours.

3.30 p.m. ditto ditto 19^ hours.

10 eggs. These eggs not kept.

5 eggs. ditto.

Killed both the c? & $ and preserved. We were forced to kill this pair as

at this period we had as much living material in our laboratory as we
could properly care for.
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May
3rd.

23rd.

27th.

28th.

29th.

29th.

June
2nd.

8th.

11th.

11th.

14th.

18th.

2 1 St.

25th.

30th.

JUI.Y

9th.

16th.

Record III. Cage 2.—] 912.

E. variolarius ^ x E. servus ^

.

3.00 P.M. mating : continued to mate 7 hours.

1 egg', unfertilized (did not show the initial stages of development).

7 eggs, ditto ditto

6 eggs : one developed and hatched.

5.00 A.M. mating : continued to mate 15 minutes.

1.15 P.M. ditto ditto 18 hours.

17 eggs : 3 apparently unfertilized, 14 hatched.

5 eggs : 3 apparently unfertilized, 2 hatched.

18 eggs, in 3 groups: 12 apparently unfertilized, 6 liatched.

3.50 P.M. mating : continued to mate 51 hours.

13 eggs, in 2 groups : 4 apparently unfertilized, 9 fertilized, 8 of which

hatched.

8 eggs: 7 apparently unfertilized ; 1 fertilized, hut did not hatch. (Watched

the female depositing some of these eggs.)

10 eggs: 9 apparently unfertilized; 1 fertilized, but did not hatch. (Watched

the female depositing some of these eggs.)

10 eggs, in 2 groups : 8 apparentlj' unfertilized, 2 hatched. ( Watched the

female depositing some of these eggs.)

16 eggs, in 3 separate groups : 15 apparently unfertilized, 1 hatched.

9 eggs, in 3 groups : all apparently unfertilized.

The female died.

Total number of eggs deposited 120

„ ,,
apparently not fertilized 83

„ „ fertilized but failed to hatch .

.

5

,, „ hatched 32

Record IV. Cage 38.—1912.

July
19th. 6.00 P.M. mating

:

28th. 5.00 A.M. ditto

August
2nd.

3rd.

4th.

7th.

9th.

12th.

First Pair o£ Fi Hybrids.

continued to mate 15 hours,

ditto 28 hours.

31 eggs *, 30 hatched: 14 reared to the winged stage— (9 c? & 5 $).

5.00 A.M. mating : continued to mate 16 hours.

17 eggs, all hatched : 13 reared to the winged stage— (5 S & 8 $ ).

5.30 P.M. mating : continued to mate 15| hours

22 eggs, all hatched : 13 reared to the winged stage—(6 J & 7 $ ).

28 eggs : 26 survived 1st moult : 18 reared to the winged stage—(9 c? & 9 5 )•

* Unless stated to the contrary, the eggs were deposited in one symmetrical group, which

is typical of both variolarius and servus.



CROSSING ETISCHISTUS VARIOLAEIUS AND EUSCHISTUS SERVUS. 365

13th. 5.00 A.M. mating : continued to mate 26 hours.

17th. 9.00 P.M. ditto ditto 14 hours.

19th. 30 eggs (one group of 8 & one group of 22 eggs) : killed 6 for cytological study.

14 reared to winged stage—(9 c? & 5 $).
19th. 6.00 P.M. mating : continued to mate 26 hours.

21st. 7.80 P.M. ditto ditto 2 liours.

22nd. 3.80 P.M. ditto ditto 5 hours.

24th. 5.45 P.M. ditto ditto 5 hours.

25th. 6.30 P.M. ditto ditto 4 hours.

26tb. 5.30 P.M. ditto ditto 4i hours.

27th. 21 eggs (at 10 a.m.) : 18 survived 1st moult, 12 reared to winged stage

—

(3 cJ & 9 $)•

27th. 5.30 P.M. mating : continued to mate 3 hours.

28th. 4.00 P.Bi. ditto ditto U hours.

July

30th. The male died and was preserved in glycerine (tube 34).

31st. 20 eggs (deposited on wire top of cage) : 19 hatched, 12 reared to winged

stage— (5 d &7 5).

September
3rd. Killed the $ and preserved in glycerine. This lemale would undoubtedly have

deposited more fertilized eggs, but at this period we had as many
nymphs developing from all the hybrid pairs as we could properly care

for, and were forced to be satisfied with the number of offspring already

secured from this pair. The male was photographed, and is shown on

Plate 28, photo 9.

Record V. Cage 39.—1912.

Second Pair ot' Fi Hybrids.

July

19th.

30th.

August
1st.

5th.

6th.

]2th.

12th.

13th.

15th,

16th.

9.00 p.m. mating;

5.00 P.M. ditto

continued to mate 13 hours,

ditto I65 hours.

28 eggs. Discovered the § sucking these eggs ; she had taken the entire

contents from 7 and probably more were injured, as only 11 hatched.

8 reared to winged stage— (5 c? & 3 § ).

28 eggs, 17 hatched (6 survived 2nd moult). These were later caged wit

nymphs from eggs deposited August 12th.

6.00 P.M. mating : continued to mate 67 hours.

11 eggs, 3 hatched. These were later caged with nymphs from eggs deposited

August 5th. 8 reared to winged stage—(4 cj* & 4 $ ).

7.30 P.M. mating : continued to mate 12^ hours.

30 eggs, 24 hatched : 13 reared to winged stage—(o c? & 8 5 ).

3.30 P.M. mating : continued to mate 15i hours.

15 eggs, 12 hatched : 6 reared to winged stage—(4 c? & 2 $ ).
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August.

16tli. 6.00 P.M. mating : continued to mate 9^ hours.

19tli. 6.00 P.M. ditto ditto 15 hours.

20th. 19 eggs, 15 hatched : 7 reared to winged stnge—(6 cJ & 1 $ )•

22nd. 7.30 p.m. mating : continued to mate 13^ hours.

24th. 23 eggs, 15 hatched : 5 reared to winged stage— (3 ^ & 2 J ).

21:th. 5.45 P.M. mating : continued to mate 9| hours.

25th. 2.00 P.M. ditto ditto 8| hours.

26th. 5,30 P.M. ditto ditto 4^ hours.

27th. 6.30 P.M. ditto ditto 5 hours.

28th, 7.30 P.M. ditto ditto 6f hours.

30th. 8 eggs: 6 hatched (2 survived 2nd moult). These were later caged with

nymphs from eggs deposited September 3rd and September 11th.

30th. 4.30 P.M. mating : continued to mate 4^ hours.

31st. 3.45 P.M. ditto ditto 5J hours.

September

1st. 6.15 A.M. ditto ditto 2| hours.

1st. 9.00 P.M. ditto ditto 2^ hours.

2nd. 4.45 p.m. ditto ditto 7\ hours.

3rd. 7 eggs (4 survived 1st moult). These were later caged witli nymphs from

eggs deposited August 30th and September 11th.

3rd. Noon, mating : continued to mate 3J hours.

3rd. 4.30 p.m. uiating : continued to mate 5| hours.

4th. 3.00 P.M. ditto ditto 9 hours.

5th. 6.15 P.M. ditto ditto 2\ hours.

8th. 7.30 P.M. ditto ditto 4| hours.

9th. 5.15 P.M. ditto ditto 1\ hours.

11th. 15 eggs, 12 hatched (8 survived 2ud moult) : added these to nymphs from eggs

deposited Aug. 30th & Sept. 3rd. 10 reared to winged stage— (4 J &

6$)._
12th. 6.00 P.M. mating: continued to mate 11 hours.

16th. The S tlied : preserved in glycerine (tube 44). This male was photographed,

and is shown on Plate 28, photo 14.

21st. Killed the $ , Preserved in glyceiiue (tube 44).

Recoud VI. Cage 40.—1912.

Third pair of Fj Hybrids.

July

24th. 5.00 A.M. mating : continued to mate 6^ hours.

30th. 28 eggs, all hatched : 15 reared to the winged stage—(5 J & 10 J ).

31st. 5.00 A.M. mating : continued to mate 16 hours.

August
1st. 28 eggs : 25 survived 1st moult ; 18 reared to winged stage—(11 J & 7 $ ).

3rd. 28 eggs: 20 survived 1st moult; 12 reared to winged stage— (6 J & 6 $ ).

6th. 6.00 P.M. mating : continued to mate 17 hours.

11th. 7.30 P.M. ditto ditto 2 hours.

16th. 5.00 A.M. ditto ditto 2 hours.
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August
16th. 10.00 A.M. 28 eggs, all hatched : 17 reared to winged stage—(10 cj & 7 $ ).

16th. 9.00 P.M. mating : continued to mate 6| hours.

17th, 8.4o P.M. ditto ditto 5f hours.

ISth. 2.00 P.M. ditto ditto 7^ hours.

19th. 6.00 P.M. ditto ditto 3^ hours.

20th. 14 eggs. Killed 7 for cytological study ; the remaining 7 hatched. Added

6 that survived the 2nd moult to nymphs from eggs deposited

August 27th. Reared the 6 to winged stage.

20th. 7.30 P.M. mating : continued to mate 3 hours.

21st. 1.80 P.M. ditto ditto 8 hours.

22nd. 3.30 p.m. ditto ditto 8 hours.

24th. 5.45 P.M. ditto ditto 4| hours.

25th. 6.30 P.M. ditto ditto 4 hours.

26th. 17 eggs, 16 hatched : 6 reared to winged stage— (4 J & 2 $ ).

26th. 5.30 P.M. mating : continued to mate 4 hours..

27th. 10 eggs, all hatched : 9 reared to winged stage ; 15 in this cage including the

6 added from eggs deposited August 20th— (8 c? & 7 5).

27th. 3.30 P.M. mating : continued to mate 6A hours.

28th. 7.30 P.M. ditto ditto 5f hours.

29th. 5.15 P.M. ditto ditto 4^ hours.

30th. 13 eggs, 12 hatcned : 8 that survived were later caged with nymphs from eggs

deposited September 7th.

30th. 4.00 P.M. mating: continued to mate 7 hours.

Septembeb
2nd. 15 eggs, all hatched: 10 reared to winged stage—(6 c? & 4 5 ).

2nd. 4.45 p.m. mating: continued to mate 3| hours.

3rd. 8.00 P.M. ditto ditto 1 hour.

4th. The male died, and was preserved in glycerine (tube 38). This male is shown

on Plate 28, photo 10.

7th. 12 eggs, 11 hutched, and after the 2nd moult 8 nymphs were added from the

eggs deposited August 30th. 17 reared to winged stage— (4 J & 13 cJ )•

7th. Killed ^he female and preserved in glycerine (tube 38). We were forced to

kill this female, as at this period we had as many nymphs as we could

properly care for.

Record Vll. Cage 41.—1912.

Fourth Pair of F, Hybrids.

July
28th. 6.00 P.M. mating: continued to mate 12^ hours.

AUGLTST

8th. 20 eggs, 15 hatched: 8 reared to winged stage— (4 c5' & 4 $).

ISth. 5.00 A.M. mating : continued to mate 31 hours.

17th. 25 eggs, 22 hatched: 13 reared to winged stage~(7 c? and 6 2).

22nd. 18 eggs, 15 hatched : 5 reared to winged stage— (1 cT & 4 $ ).

23rd. 3.30 p.m. mating : continued to mate 40 hours.

25th. 6.30 P.M. ditto ditto 17 hours.

27th. 26 eggs, 21 hatched : 9 reared to winged stage—(2 J & 7 $ ).

27th. 5,30 P.M. mating : continued to mate 18.i hours.
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August
28th. 16 eggs, 13 survived 1st moult : These were later caged with nymphs from

eggs deposited September 8th.

31st. 27 eggs, 23 survived l.st moLilt : 12 reared to winged stage—(4 cJ & 8 5).

31st. 5.30 P.M. mating : continued to mate 11| hours.

September
5th. 24 eggs, 16 survived 1st moult: 7 reared to winged stage—(4 c? & 3 $).

5th. 6.16 P.M. mating : continued to mate 49 hours.

8th. 14 eggs (7 killed for cytological study) : 5 hatched ; added these to nymphs
from eggs deposited August 28th. (18 in all.) 9 reared to winged

stage— (6 c? & 3 $ ).

8th. 2.30 P.M. mating: continued to mate 11 5 hours.

9th. 5.15 P.M. ditto : ditto 6 hours.

10th. 7.00 P.M. ditto : ditto 2 hours.

11th. Killed both c? a.iid 2> f-^tl preserved in glycerine (tube 42). The male is

shown on Plate 28, photo 12. We were forced to kill this pair, as we
had as many nymplis in the laborator}' as avo could properly care for.

liEcoiiD VIII. Cage 44-.—1912.

Fifth Pair of F, Hybrids.

August
6th. 2.00 P.M. mating : continued to mate 39 hours.

8th. 25 eggs, 2 hatched : none reared to winged stage.

9th. 5.00 P.M. mating : continued to mate 4 hours.

11th. 5.00 A.M. ditto ditto 1 hour.

14th. 13 eggs (1 group of 10 and 1 group of 3) : 9 hatched, 7 survived 3rd moult.

These were caged later with nymphs from eggs deposited August 20th;

15th. 6.00 P.M. mating: continued to mate 14 hours.

19th. 5.00 A.M. ditto ditto 4| hours.

20th. 13 eggs : 8 survived 1st moult, 4 survived 2nd moult. Added to nymphs
from eggs deposited August 14th. 8 reared to winged stage—(1 J &
7?).

23rd. 3.30 p.m. mating: continued to mate 16 hours.

27th. 30 eggs : one hatched. Did not rear.

27th. 7.30 p.m. mating : continued to mate 14^ hours.

28th. 7.30 P.M. ditto ditto 9f hours.

29th. 15 eggs: 11 survived 1st moult, 4 survived 3rd moult. These were later

caged with nymphs from eggs deposited September 3rd.

September
1st. 9.00 P.M. mating : continued to mate 7 hours.

2nd. 4.45 p.m. ditto ditto 7^ hours.

3rd. 14 eggs, 8 hatched : 5 survived 2nd moult, added these to nymphs from eggs

deposited August 29th ; 8 reared to winged stage—(3 c? & 5 $ ).

3rd. Killed both the cJ & 5 , and preserved them in glycerine (tube 37). 'J'he male

is shown on Plate 28, photo 11.

We killed this pair because the small percentage of eggs that had
hatched indicated that these bugs were not functioning normally.
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• Record IX. Cage 46.-1912.

Sixth Pair of Fj Hybrids.

(This 5 and the $ of Cage 48 were fertilized by the same S )

August
15th. 3.30 P.M. mating : continued to mate \b\ hours.

22nd. 21 eggs, 6 hatched (only 2 survived the 1st moult) ; later added these to

nymphs from eggs deposited August 27th.

27th. 9 eggs, all hatched : added these to nymphs from eggs deposited August 22nd.

5 reared to winged stage—(2 c? & 3 $).

27th. 7.30 P.M. mating : continued to mate 3 hours.

29th. 14 eggs, 1 hatched and died after 1st moult.

29th. 5.15 P.M. mating : continued to mate 4:\ hours.

September
3rd. 14 eggs. All fertilized, but none hatched.

3rd. 2.30 p.m. mating : continued to mate 7^ hours.

4th. 12 eggs : 7 fertilized, but none hatched.

4th. 3.00 P.M. mating : continued to mate G hours.

5th. 6.15 p.m. ditto ditto IJ hours.

8th. 19 eggs, 5 hatched. Later added these to nymphs from eggs deposited Sep-

tember Uth and September 14th.

11th. 11 eggs, 10 hatched, 8 survived first moult. Added these to nymphs from

eggs deposited September 8th and September 14th.

11th. 5.45 P.M. mating : continued to mate 6f hours.

12th. 6.00 p.m. ditto ditto 4 hours.

13th. 6.00 P.M. ditto ditto 2^ hours.

14th. 14 eggs, nearly all fertilized, 3 hatched. Added these to nymphs from eggs
''"

deposited September 8th and September 11th. 8 reared to winged

stage—(5 d & 3 5 ).

17th. 12 eggs; 11 fertilized, but none hatched.

17th. 12.45 P.M. mating : continued to mate 7f hours.

18th. 8'OOp.m. ditto ditto 5^ hours.

19th. 8 eggs : 4 fertilized, none hatched.

19th. Killed the male and preserved in glycerine (tube 49). This male was photo-

graphed, and is shown on Plate 28, photo 13.

21st. Killed the female and preserved in glycerine (tube 49).

Record X. Cage 48.—1912.

Seventh Pair of Fj Hybrids.

(This 2 and the $ of Cage 46 w^ere fertilized by the same c? )

AUGUST
16th. 9.00 P.M. mating : continued to mate 8 hours.

19th. 5.00 a.m. ditto ditto 5 hours.

20th. 21 eggs, 20 hatched : 15 reared to winged stage—(6 d^ & 9 9 ).

'>^nd 15 eo-o-s : 13 survived tirst moult. 10 reared to winged stage— (4 d & 6 $ j.
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August
26th. 5.00 A.M., 28 ego-s (one group of 16 au I one group of 12) : 26 hatched, 14

reared to winged stage—(3 c? & 11 5 ).

2 Ith. 0.30 A.M. mating : co itinued to mate 16| hours.

28th. 14 eggs, 4 hatched. These were caged later with nymphs from eggs deposited

August 31st.

31st. 14 eggs, 14 hatched. Added these to nymphs from eggs deposited August

28th. 12 reared to winged stage—(10 c? & 2 5 )•

31st. 3.30 P.M. mating: continued to mate 9f hour,-.

Septembkr
1st. 9.00 P.M. ditto ditto 8 hours.

2nd. 14 pggti, 13 hatched. 9 reared to winged stage— (fi (^ Sc 3 5)-

2iid. 4.45 P.M. mating : continued to mate 3|- hours.

5th. 10 eggs, all hatched. These were cnged later with nymplis from eggs deposited

September 8th.

7th. 4.30 P.M. mating : continued to mate 3 hours.

8tli. 4 eggs, all hatched. Addud tliese to nymplis from eggs deposited September

5th. 8 reared to winged stage— (5 J & 3 5).

8th. 7.30 P.M. mating: continued to mate 2 hours.

17th. Killed the female, as she had not mated nor deposited eggs for 9 days : pre-

served in glycerine ( tube 46). The male is shown on Plate 28, photo 13.

Record XI. Cage 50.—1912.

One Pair Fi Hyljvid ? x Pure vai'iolarias ^.

August
22nd. 7.30 p.^r. mating : continued to mate 13 hours.

25th. 9 eggs : 7 developed, but failed to hatch.

27th. 11 eggs: all developed, 2 hatched. After .second moult, these were caged

with nymphs trom eggs deposited Septv'mber 2nd and September 3rd.

28th. 15 eggs : 13 developed, but none hatched.

30th. 14 eggs, 10 hatched. '.) vcari'd to winged stiige— (7 c? & 2 $).

Septembrr
2nd. 6 eggs, 5 developed, but only 1 hatched. After first moult, this was caged

with nymphs from ^.'ggf- deposited August 27th and September 3)'d.

3rd. 8 eggs, all developed, 3 hatched. Added these, after first moult, to nymphs
from eggs deposited .Vugust 27th and September 2nd. 4 reared to

winged stage— (3 (5^ & 1 $)•

4th. 13 eggs, 5 hatched. These were caged later with nymphs from eggs deposited

September 16th iind September 18th.

8th. 11 eggs, all hatched : 7 reared to winged stage— (3 cj & 4 $ ).

11th. 14 eggs, 13 developed, but none hatched.

I3th. 4 eggs, all developed, but none hatched.

16th. 10 eggs, 9 developed, 2 hatched. Added these later to nymphs from eggs

dep.isited September 4th and 18th.

18th. 4 eggs, 2 hatched. Added these, after second moult, to nymphs from eggs de-

posited September 4th and September 16th. 6 reared to winged

stage—(5 c? ^^'1 2).

Both parents killed and preserved in glycerine (tube 47). The male was
photographed, and is shown on Phite 34, photo 58.
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EXPLANATION OF THE PLATES.

All the photographs are of male specimens. In all cases only the ventral surface

of the bugs is shown.

The two bugs of photo 1 are dried specimens. Those of photos 2 to 06 are preserved in

glycerine *. The specimens are placed serially in a small test-tube which is tilled with pure

glycerine and hermetically sealed. The genital segment of each bug has been pulled out

and cotton inserted behind the segment to hold it in position to show the entire ventral

surface.

The magnification is about 1| diameters : this varies slightly because the work was done

by two photographers, and they did not give exactly the same enlargement. The repro-

ductions are bromide prints made directly from large negatives of the original plates ; the

individual photographs of which these plates were composed being sunprints from the

eriginal negatives.

PliATE 28.

Photo 1. Male specimens of Euscliistus variolarius and Euschistus servus. On the left is

E. variolarius, showing the ventral surface and the clearly defined black

spot, always present on the genital segment of the males of this species.

On the right is E. servus, showing the ventral surface and the genital segment

without any trace of the black spot typical of variolarius.

Photo 2. Seven male specimens of E. variolarius, showing the typical black spot on the

genital segment. These specimens are from the first generation of 1912. The
parent bugs were of the first generation of 1911, which were kept in captivity

through the winter of 1911-12.

Photo 3. Five male specimens of E. servus received from North Carolina in the fall

of 1912.

Photo 4. The wild E. servus male that fertilized the E. variolarius female.

Photo 5. Three of the five E. servus males that were caged all winter with E. variolarius

females : see page 342.

* We are indebted to Prof. Ealph Tower, of the Museum of Natural History of New
York, for suggesting the use of glycerine as a preservative.

LINN. JOURN.—ZOOLOGY, VOL. XXXII. 31
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Photo 6. One of the two male E. variolarius from the same deposition of eggs from \\'hich

we raised the three females for crossing with E. servus : see page 342.

Photo 7. Two male specimens of the Fi hybrid generation. These bugs were killed

August 11th, 1912, and their testes dissected out and mounted for cytological

study.

Photo 8. Two male specimens of the Fi hybrid generation. Killed August 28th, 1912.

Photo 9. The male of the first pair of Fi hybrids. The Fo males from this pair of

hybrids are shown on Plate 29, photos 17-25. See Record IV. and page 346.

Photo 10. The male of the third pair of Fi hybrids. The F^ males from this pair of

hybrids are shown on Plate 31, photos 33-41. See Record VI. and page 347.

Photo 11. The male of the fifth pair of Fi hybrids. The F^, males from this pair of

hybrids are shown on Plate 28, photos 15 and 16. See Record VIII. and

page 347.

Photo 12. The male of the fourth pair of Fi hybrids. The F- males from this pair of

hybrids are shown on Plate 32, photos 42-48. See Record Vll. and page 347.

Photo 13. The male of the sixth and seA-enth pairs of Fi hybrids. The Fo males from

the sixth pair are shown on Plate 32, photos 49 ifc 50, and the Fo males

from the seventh pair are shown on Plate 33, photos 51-57. See Records

IX. and X. and page 349.

Photo 14. The male of the second pair of Fi Jiybrids. The ¥> males from this pair

are shown on Plate 30, photos 26-32. See Record V. and iiage 346.

Photos 15-16. Four Fo males from the fifth pair of F, hybrids. Sec jilioto 1 1 for the

male of this pair of hybrids, Record VIII. and page 347.

Plate 29.

Photos 17-25. Forty-three Fj males from tlie fir.^t pair of F, hybrids. See photo 0,

Plate 28, for the male of this pair of hybrids, Recoid IV. and page 340.

Plate 30.

Photos 26-32. Thirty Fo males from the second pair of Fi hybrids. aS*'^ photo 14,

Plate 28, for the male of this pair of Fi hybrids, Record V. and page 346.

Plate 31.

Photos 33-41. Forty-eiglit Fo males from the third pair of F, hybrids. See photo 10,

Plate 28, for the male of this pair of hybrids. Record VI. and page 347.

Plate 32.

Photos 42-48. Twenty-seven Fo males from the fourth pair of Fi hyljrids. See

photo 12, Plate 28, for the male of this pair of hybrids, Record VII. and page
347.

Photos 49-50. Six F-, males from the sixth pair of F, hybrids. See photo 13, Plate 28,

for the male of this pair of hj'brids, Record IX. and page 349.

Plate 33.

Photos 51-57. Thirty-two Fo males from the seventh pair of Fi hybrids. See photo 13,

Plate 28, for the male of this pair of hybrids, Record X. and pao-e 349.
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Plate 34.

Photo 58. The pure male variolarius tliat was raised in the laboratorj^ iu 1912, and the
same season fertilized both a pure female variolarius and the Fi hybrid
female of Kecord XI., and pages 345, 353.

Photos 59-61. Ten males from the above mentioned pair of pure variolarius. See
photo 58 for the male of this pair.

Photos 62-66. Eighteen males from the above mentioned Fi hybrid female, fertilized bv
the pure variolarius male of photo 58, Record XI. and pages 345, 352-3.

31^
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On a Collection of La-nd and Fresliwater Gastropoda from Madagascar,

with Descriptions of new Genera and new Species. By Guy C. Robson,

B.A. (Comimniicated by Prof. G. C. Bourne, F.R.S., Sec.L.S.) ,
.

•

(Plate 35, and 6 Text-figures.)

(Published hy periuission of the Trustees of the British Museum.)

[Read 4th June, 1914.]

The collection described here was formed by the Hon. P. A. Methuen and

M. Perrier de la Bathie in Madagascar, and was sent by the first named to

Prof. G. C. Bourne, F.R.S., by whom they were handed over to the British

Museum for examination. The bulk of the material was collected by

Messrs. Methuen and de la Bathie personally during their residence in the

island, while a part was obtained from a field-collector^ M. Herschell Chauvin

Messrs. Methuen and de la Bathie have kindly presented the types of new

forms here described and the major part of the rest of the collection to the

British Museum.

The specimens collected are mainly of conchological interest, and the new
genera and new species have been established upon conchological characters ;

but it is believed that they are sufficiently clearly marked in each case to

warrant such a superficial diagnosis. Examples of some of the animals of

which the shells have been described here are available, and it is hoped that

it will be possible to publish an account of the anatomy. (See Appendix.)

Absence of this sort of information must necessarily prevent any positive

assertions being made upon the relationships of the molluscan fauna of

Madagascar in the light of this collection, conchological resemblances being

very inadequate evidence for basing such generalizations upon. Certain of

the conclusions, provisional in so far as they depend upon conchological

evidence alone, may be however alluded to here.

It has long been known that the land and freshwater Mollusca of Mada-

gascar exhibit closer affinities with those of the Oriental region than with

those of continental Africa. The resemblance may not be very marked.

The molluscan fauna of this island is peculiar and individual. But where its

affinities are obvious they appear to be as indicated above. Moreover, the

converse is true—some very distinctive groups of African mollusca are either

absent or only sparsely represented in Madagascar (Cooke, ' The Concho-

logist,' vol. ii.). Specimens obtained by Messrs. Methuen and de la Bathie

lend support to this view, though only, as has been admitted above, of a

provisional nature. It may be worth while to point out the interesting

forms.

The new genus, for which the name Bathia has been proposed, is un-

doubtedly the most interesting feature of the collection. In the absence of
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anatomical knowledge we have to point out that the characters of the shell

approximate it to the very characteristic genus Taphrosjjira, which is confined

to India, Burma, and the Andaman Islands. If the conchological evidence

is supported by the anatomical (the animal itself was unfortunately not

found), the relationship thus established will be even more satisfactory

than the occurrence in Madagascar of the characteristic Kaliella harrak-

porensis and K. sigurensis of India, for in the latter instances it is impossible

to assert with any certainty that the two species in question were not intro-

duced by human ngency. Again, the genus Kalidos recently proposed by

Gude (Proc. Malac. Soc. vol. ix. p. 269), and now reinforced by another

species here described, appears to constitute a further link with the East.

The affinities of this genus are doubtful. They may be with the A'^sto-forms,

which have a wide distribution in the Malay Archipelago and farther east

as far as the Solomon and Admiralty Islands. But ('ol. Godwin-Austen

informs the author that he suspects its affinities possibly are with the

South Indian AriojJianta.

Finally, we may direct attention to a fact that does not appear to have

been commented on before. It would a^ipear that it is with the South Indian,

Singhalese, and possibly Malaysian forms, rather than with the North Indian

fauna, that the Malagasy fauna has to be compared.

The following is an analysis of the eighteen genera comprised in the

collection of Messrs. Methuen and de la Bathie :

—

A. Peculiar to Madagascar.

3Ielanatria.

Helicophanta (with nearest allied genera in the Oriental Region).

Ampelita.

Clavator.

Kalidos (with nearest allied genera in the Oriental Region).

Batliia (allied to the Oriental Taplirospira).

B. Common to Madagascar and the Oriental Region.

Hemiplecta {y. Appendix).

Rliysota.

C. Common to Madagascar and the Oriental Region and found sparsely

in Africa.

D. Common to Madagascar and Africa.

Cleop)atra.

Urocyclus.

( Tropidopliora)

.

The rest of the enumerated genera are cosmopolitan.
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In the appended details the twenty-five (out o£ thirty-two) peculiar species

are indicated by an asterisk.

Note.—Since writing this introduction the author has received an in-

teresting conniiunication from Colonel H. H. Godwin-Austen, F.R.S., with

reference to the community of species between Madagascar, Mauritius, and

India. He draws attention to the fact that an Assamese species of Macro-

clilamys has been introduced into Mauritius with dhan, or unhusked rice,

exported from Assam, and goes on to say :
" I feel quite convinced that

India, Madagascar, and the E. coasts of Africa have been in connection with

each other by native craft going back 4000 years or more. The Banana has

played its part in the transmission of species.'^ Such observations show that

caution is necessary in dealing with cases of community of species between

the East and West coasts of the Indian Ocean. For a more extended

survey of this question^ cf. Grodwin-Austen, Proc. Malac. Soc. 1908, p. 146.

The author has to thank Col. Godwin-Austen for valuable assistance and

advice in the determination of some of the forms here enumerated.

List of Species.

STREPTONEURA.

1. Nbritina gagates, Lamk.

Lamarck, An. s. Vert., 1822, p. 185.

Betw^een Tamatave and Marodasatia (Antongil Bay), E. Madagascar.

Representative examples.

So far as can be discovered, this is the first notice of the species from

Madagascar, though it has been previously recorded from Mauritius and the

adjacent islands.

2. Neritina [Olypeolum] pulligera, Lmn., var. Knorri, Recluz.

Linne, Syst. Nat. ed. xii. p. 1253.

Locality. Vide no. 1.

A small discoloured example.

This variety, according to examples in the British Museum, extends as

far east as the Goram Is. (New Guinea), and is also found in Continental

Africa. The species is also found in Australia and C. Polynesia {Pilsbry).

3. ? Cleopatra trabonjiensis, E. A. Smith.

E. A. Smith, P. Z. S. 1882.

Lake Alaotra, N. end.

Cleopatra multilirata and CI. Smithii, Ancey (Nautilus, xx. 1906, p. 45)

are strikingly like this species, and do not appear to differ specifically.
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These two forms are from Vinaninony (Madagascar) and the R. Chozi

(B. Central Africa).

4. *Paludomus Grandidieri, Crosse ^- Fischer.

Crosse & Fischer, Journ. de Concli. 1872, p. 209.

Localitij ? (Krister, Couch.-Cab. F. p. 45, gives " streams of E. Mada-

gascar (Grandidier) ").

5. *Paludomus madagascariensis, Brot.

Brot, in Kiister s Conch.-Cab. 1880, vol. F.

Locality. Cf. no. 4 (Brot only gives " Madagascar ").

This species is represented by a single example slightly differing from the

typical form in that the shoulders of the apical whorls are ornamented

with a rim.

It would appear that these two species are the only representatives of

the genus, which is otherwise restricted to India, and largely to Ceylon.

The allied genera Tanalia, Stomatodoa, and Pliilopotamis are essentially

Singhalese.

6. *MeLANATRTA FLUMINEA (6'm(?/«n).

Gmelin, Syst. 3503, Buccinumjlwnincum.

Torrents between Matilasu and Mangoro (E.)^ and at source of R. Ihovika

(1000 m. alt.).

Lake Alaotra ?

Representative examples.

7. *Melanatria Johnstoni, E. A. Smith.

Smith, P. Z. S. 1882.

Mahavavy, Belolondy (100 m. alt.), and Mahavavy-Ttmdrahn.

Representative examples.

8. ? Melania psorica, Morelet.

Morelet, Journ. de Conch. 1864, p. 287.

Locality ?

Represented by a few weathered nnd incomplete specimens.

Though agreeing in most respects with the figure and description oi psorica,

these examples, however, exhibit an aperture very effuse towards the base.

If more mateiial of good condition were forthcoming, it might lead one to

consider this a new species, though in any case it is very near pson'm.

In general this species appears to be allied to the rvdis group (Ceylon-

Amboina).
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9. Melania amarula {Brug.}.

Bruguiere, Eucycl. Method, t. 458, Bulimus amarula.

Locality. Cf. no. 1.

Ten examples, all juvenile. The spines in all appear to be rather short

when compared with examples of the same age from Mauritius.

According to von Martens, Moll. Manr. 1880, p. 2 1 1, the " Voluta Jiuviutilis
"

o£ Kumphius from Amboina, compared by Rumphius to Linne's Helix

amarula, is the same as this species. This gives an eastern extension of the

species, which is otherwise known from the Comoros, Bourbon, and Mauritius,

and the present locality.

1 0. Melania tuberculata. Mailer.

Miiller, Verm. no. 378, Melania tuberculata.

Locality. Cfo no. 1,

Rather smooth examples with little tuberculation and marked spiral sculp-

ture, the body-whorl rather ventricose.

11. *Tropidophora bicarinata^ Sowerhy.

Sowerby, Thesaurus, vol. i., Cyclostoma, p. 120.

Forest of Folohy.

Tn woods 300 to 600 m. alt. between Matilavu and Mangoro.
.

Vide under 12.

12. *Tropidophora betsiloensis, E. a. Smith.

Smith, P. Z.S. 1882.

In woods 300 to 600 m. alt., between Matilavu and Mangoro, and near

Lake Alaotra.

This species is very near the preceding, and it is possible that further

investigation upon a good supply of material would furnish intervening links.

As it is, the two species appear to be divisible upon the nature of the

umbilicus alone, which is uncovered in betsiloensis.

13. *Tropidophora congenera, LJ. A. Smith.

Smith, 1. c.

Woods, on limestone soil, Ambongo.

A single weathered example.

This species is, as Smith admits, very closely related to another Malagasy

form, C. consanguineum, Sowerby.

14. ? *Tropidophora sp. ?

One example from woods on limestone soil, Nomoroko, Ambongo.
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This example is very weathered, and precise determination is thns pre-

chided. It appears to be near T. ligatum, Miiller, though, as far as can be

made out, sufficiently distinct.

15. *Tropidophora balteatum, Sowerhy.

Sowerby, P. Z. S. 1873, p. 452.

One example from woods on limestone soil, Ambongo.

16. *Ampullaria madagascariensis, E. a. Smith.

Lake Alaotra.

Ambongo.

Ponds and streams in W. Madagascar.

EUTHYNEURA.

PULMONATA.

Suborder Basommatophora.

Fam. L I M N ^ I d ^.

17. *LlMN^A HOVARUM, Iristram.

Tristram, P. Z. S. 1863, p. 61.

Lake Alaotra.

The examples of this species arc all very much eroded, and it is not possible

to be quite sure if the sculpture alluded to l)y Smith (P. Z. S. 1882, p. 385) is

present, though traces appear to remain.

L. specularis, Morelet MS. (B.M.) is a synonym.

Suborder Stylommatophora.

Fam, Limacid^.
18. *Urocyclus pinguis, n. sp. (Plate 35. figs. 6, 7.)

Locality. Vide no. 1 {c. Appendix).

This species and the Veronicella described below have had names proposed

for them in spite of the fact that preservation in alcohol has had the result of

discolouring them. Reliance has been placed in the other superficial characters

for determining them^ with the result that it has been impossible to find any

described species with which it is possible to identify them.

Body swollen and stout, moderately carinate, the posterior part of the body

traversed by longitudinal grooves which occasionally are bifurcated, and the

interspaces between which are marked by smaller grooves set at right angles

to them.
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Shield rather large, rounded posteriorly, wrinkled and granular, with a

small dorsal pore. Tail truncate-

Foot deeply sulcate transversely and its edge thrown into folds f in the

posterior region. Anteriorly smooth and non-plicate. The median third

about equals the lateral areas in width.

Colour (in alcohol) : very pale dirty yellow, with two lateral bands of

faint purplish-brown on the shield.

Length 25'5 mm., breadth 9 mm. Breadth of foot 4=5 mm.
Holoty|)e in the Zoological Department, British Museum.

Fam. ZoNiTiD^.

19. *E.HYSOTA ^QUivocA, n. sp. (Plate 35. figs. 16-18.)

Woods, liassic limestone, Ambongo.

The above generic position has been assigned upon the conchological

characters specified as generic by Pilsbry (Man. Conch. 2nd series, ii. p. 6),

though it is highly probable that more complete anatomical knowledge of the

group will lead to a redistribution of the forms assigned to this and the

related genera.

Shell very depressed ; spire scarcely salient at all, perforate, shouldered at

the beginning of the last whorl ; whorls 5^, gradually increasing in size, the

last increasing rapidly. The sculpture is the same above and below, and

consists of closely-set and slightly undulating lines of growth finely decussated

to give a close granular texture to the surface. Suture impressed. Aperture

irregularly lunate, the inferior edge sloping gently down to an expansion

occupying the extreme inferior angle ; external superior angle rounded off;

columellar lip slightly expanded over the umbilicus. Peristome a little

thickened. Colour very pale dirty yellow, becoming brighter at the peri-

stome and paler in the columellar region.

Dimensions (max.) 35"5 mm. diam. x 16 mm. alt.

Holotype from Ambongo, in the Zoological Department, British Museum.

20. *Kalidos Bournki, n. sp. (Plate 35. figs. 8-10,)

Woods, on limestone soil, " Turingy de Namoroko, Ambongo" (P. de

la B.).

This is clearly to be included in the genus proposed by Gude (Proc. Malac.

Soc. 1911, p. 27o) for Helix ekongoensis, Angas. At first sight it appears to

resemble that species ; but while ekongoensis is obviously juvenile, and this

species is adult, the latter is smaller, while, in addition, it lacks the exquisite

sculpture of Angas's species, is flatter in the spire, and exhibits other

differences.

t It is just possible, but not at all likely, that this plication is due to contraction

in spirit.
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Shell minutely perforated, depressed, thin ; 5j whorls ; suture impressed ;

the part of the body-whorl above tlie periphery about the same size as that

below ; surface smooth, scarcely marked by the lines oi: growth. The peri-

phery rounded. Colour yellowish, becoming lighter underneath ; the body-

whorl traversed by two spiral chestnut bands, one on the peripheiy, the other

above it; the latter is continued on to the upper whorls. Aperture flattened,

lunate, gently curved without any angulation. (.^olumella very slightly

reflected over the umbilicus.

Dimensions: 19 mm. (max. diam.) x ll"25 mm. (max. alt.).

Holotype in the Zoological Department, British Museum.

21. *Hemiplecta oleata, AnceT/ (v. Appendix).

Hemiplecta oleata, Ancey, Nautilus, 16, p. 65.

Forest of Folohy.

The examples representing this s[)ecies agree very closely with the type-

description, except that the upper surface can scarcely be regarded as entirely

" irregulariter grauulata," the granulations being in most parts regular and

formed by the decussation of spiral stria? on the lines of growth.

22. *He]miplecta bathensis, n. sp. (Plate 35. figs. 1-3.)

Woods, liassic limestone, Ambongo.

The author experiences considerable diffidence in })lacing this in the above

genus. It resembles javanica, Lamk., ranked by Pilsbry (Man. Conch,

ser. II. 2, p. 80) along with certain other Indian and Malaysian forms as

"connecting [A^s^a] with. Xestina," and by Gude (Journ. Malacology, x. 1903,

p. 54) as a Hemiplecta. Gude's view appears to be the more correct,

though, from consideration of examples in the British Museum, it would

seem as though javanica is not a true Hemiplecta, but more probably a

form intermediate between the latter and Xesta.

Shell perforate, subconoid, thin ;
whorls 6, periphery rounded. The closely-

set lines of growth decussated by spiral strise that are sometimes closely

gathered and undulating, sometimes scattered and irregular. Aperture

without any angulation, rounded, somewhat effuse. Colour white or yellow,

the body-whorl traversed by two bright chestnut bands,, one at the periphery,

the other above it, the latter continued onto the upper whorls. The columella

reflected as a short, rather broad-based callus.

Dimensions: 36 mm. (max. diam.) x 2'2 mm. (max. alt.).

Holotype in the Zoological Department, British Museum, from Ambongo.

23. *Bathia madagascariensis, n. gen., n. sp. (Plate 35. figs. 11-13.)

It is only after considerable hesitation that the author has decided to assign

a generic position to the single representative specimen.
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It is clearly unlike any species described hitherto either from Madagascar

or the adjacent regions, Ethiopian or Oriental. At first sight the author was

inclined to consider it a Taplirospira, as its generic affinities clearly lie in

that direction ; but inasmuch as conchological evidence is alone available, it

has seemed better to give it generic rank rather than associate it with a genus

of wliich a clearly-defined conception founded upon anatomy has been formed,

and to which its resemblances are at the best only general.

Bathia, n. gen.

Shell in general form resembling that of Taj^hrospira, but with the apical

whorls flattened down to the level of the body-whorl, yielding a perfectly

horizontal apical region, and the body-whorl quadrate in outline ; suture

deeply channelled ; minutely perforate.

Bathia madagascariensis, n. sp.

Shell thin, subpellucid, very pale yellow ; whorls 64, those of the apex

depressed and flattened to the level of the body-whorl^ the suture deeply and

widely channelled ; sculptured with numerous extremely fine spiral strise,

intercepted by lines of growth. Aperture lunate, with a depression above

corresponding to' the channelled suture and forming an acute upper angle
;

columellar lip very slightly reflected over the umbilicus. When viewed in

profile the body-whorl is seen to be very little rounded, horizontal below,

and remarkably wide in comparison to its depth.

Genotype in the British Museum (Zoological Department).

From woods on limestone, Namoroku (Ambongo).

Dimensions : alt. 9"75 mm., diam. 19 mm.
A knowledge of the anatomy of the forms in question can only yield a

satisfactory answer ; but it may eventually be found that Ferussac's Helix

prcetumida (Seychelles and Mauritius) and Morelet's H. cydaria (Mauritius)

fall into the group of this genus and TapArospira.

Fam. Vaginulid^.

24. ^Veronicella hovaruei, n. sp.f (v- Appendix). (Plate 35. figs. 4, 5.)

Locality (see no. 1).
'

Body elongate, oblong, anterior and posterior ends equally rounded off,

rather markedly arched, as much distended below the mantle-edge as above

it ; mantle-edge acute. Foot separated from body by a well-marked groove,

plicate transversely and, in addition, subdivided by numerous thin ridges

which are often themselves subdivided, and the edges of which are frequently

frilled, posteriorly rounded, anteriorly squarely truncate, slightly tapering

t Cf. no. 18.
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towards the extremity. Posterior tentacles dark grey, transversely wrinkled
;

anterior tentacles pale, slightly bifid at the extremity.

Colour (in alcohol) : the skin o£ the dorsal surface, which is covered with

minute irregular papillse and sparsely traversed by meandering seams, is

dark bluish grey, becoming dull purplish yellow anteriorly. The median

line is occupied by a thin yellow stripe, which falls 2 or 3 mm. short of the

end of the body posteriorly nnd is lost anteriorly. The under surface is the

same as the upper near the mantle-edge, but becomes paler near the foot,

which is dull yellow.

Length (in alcohol) 33 mm. ; breadth 14 mm. ; width of sole 5 mm.
Type in the Zoological Department, British Museum.

Fam. HELiciDiE.

25. *Helicophanta souverbiana, Fischer.

rischer, Journ. de Concli. 1860, p. 210.

Woods, 300-600 m. alt., on gneiss rocks, Mangoro and Matitona (E.).

26. *Helicophanta bicingulata, E. a. Smith.

E. A. Smith, P. Z. S. 1882.

N. centre (plateau, about 1000 m. alt.).

27. *Helicophanta Methueni, n. sp. (Plate 35. figs. 14, 15.)

Liassic limestone, Ambongo (W.).

Erect, pyriform, imperforate ; whorls nearly 5, the last very large. Aper-

ture suboblique, rounded below. The columellar lip perpendicular and

forming a flat triangular callus over, but not closing, the umbilicus. Peri-

stome narrow, a little reflexed. The umbilical region markedly effuse.

Grrowth-lines, as in H. phenax, decussated by spiral striae, but even in rather

worn examples not nearly so closely. Colour of the inferior half of the

body-whorl ? pale yellow or ochreous, traversed by a brown band^ the upper

half and apical whorls of a yellowish brown, delimited from the inferior

lighter area on the body-whorl by a second brown band.

Akin to H. phenax, Pilsbry, but distinguished clearly by the character of

the columellar lip and umbilical region, the more acute apex, and probably

by the texture.

Max. alt. 61 mm.
Holotype in the British Museum (Zoological Department)^ from Ambongo.

28. EuLOTA siMiLAEis, Feruss.

F^mssac, Hist. nat. Moll. i. p. 171.

Locality. Cf. no. 1.

This species, as is now well known, has been distributed throughout the

tropics in the soil adhering to cofFee-plants.
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29. *Ampelita sepulchralis, FSruss.

F&ussac, Hist. nat. Moll. i. p. 51.

Anamalagotra and Tamatave-Marodasatia,

30. *Ampelita xystera, Pfeif. (after Valenciennes, n. n.).

Helix novacula, v. Martens, Nov. Goncli. 1879, vol. v. p. 181.

H. lanx, var., Feriissac, Hist. nat. Moll. i. p. .857, pi. 62. figs. 8, 9, 10 (1850).

H. xystera, Pfeiffer, Symbolfe, 1841, p. 41 (after Valenciennes, n. n.).

?Ampelita Slum, E. A. Smith. P. Z. S. 1882.

Tamatave-Marodasatia.

Woods, liassic limestone, Ambongo.

Woods, gneiss, Mangoro-Matitanavu, 300-600 m. alt.

I did not think such a synonymy were possible ; but upon supplementing

Mr. Methuen's material with shells from the British Museum and others

kindly lent by Mr. J. H. Ponsonby, it became obvious that all the forms

indicated grade into each other by imperceptible degrees.

Fam. Stenogyrid^.

31. *Clavator clavator (Petit).

Bulimus clavator, Petit, Revue Zool. 1844, p. 3.

Near R. Mangoky (S.E.). Woods, limestone soil.

32. *Olavator eximius (S/mttleworth)

.

Spiraxts eximia, Shuttleworth, Mittheil. Bern, naturf. Ges. 1852, p. 208.

Between Matitauu and Mangoro (E.) ; woods, 300-600 m.

As Pilsbry (Man. Conchology, ser. ii. vol. xvii. p. 193) remarks, the

relation of Clavator to other genera cannot be intelligently discussed until

the sott parts are investigated. In addition, "the species resemble several

diverse groups in other regions. C. ohtusatus has a Stenogyroid contour,

C. Grandidieri is Placostyloid, and C. Balstoni, eximia, &c. resemble Than-

mastus^'' (Pilsbry, loc. cit.). Mr. T. Iredale, in addition, informs me that

C. eximia has often been taken for Placostyliis Bollonsi (New Z'aland) at

first sight. It is possible that this group is polyphyletic, and that anatomical

knowledge will serve to discriminate the various elements.

Appendix. [June 3rd, 1914.]

Since the foregoing account was drawn up some twelve months ago sundry

delays have hindered its publication. The author therefore avails himself of

the present opportunity to remedy in some small measure the deficiency of
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information respecting the anatomy o£ the forms under discussion. The chief

item of interest in these additions is the fact that dissection of the form

diagnosed on conchological grounds and named Hemiplecta oleata by Ancey

(no. 21.) has resulted in the discovery that it is not referable to Hemiplecta,

but appears to occupy a position near Rhjsota.

Additions to the preceding account are given below, and figures have been

incorporated in the text.

Methvenia, n. gen.

Foot-sole undivided, a large vertically-directed caudal mucous pore. The

penis and epiphallus are long and narrow ; the vas deferens is also very long

and bears an elongate cylindrical flagellum placed at a considerable distance

from the epiphallus ; vagina elongate. Jaw simj)le, with a median projection.

Radula having the marginal toeth long, unicuspidate, almost straight, and

furnished with a deeply excavated base. " Shell large, globose-depressed,

thin, with the surface irregularly granulated above, and having the fine

growth-lines decussated by sinuous spiral lines below " [Ancey).

Methvenia oleata {Ancey) [v. no. 21, antea).

The mantle, on removing the shelly is found to be pale, with numerous

dark brown and white flecks, and a number of elongated dark linos extending

transversely across the mantle from the intestinal area.

The foot is jrrohaUy chestnut-brown in colour. It exhibits a very narrow

and partly evanescent periiiodium^ and a deep, vertically placed, caudal

mucous pore which bears two lateral extensions which impart a cruciform

shape to the pore. The latter character may be due to contraction in spirit.

Burne (Proc. Malae. Soc. ix., 1910) has described a similar appearance of

the mucous pore in Rhysota Foiulloyi. The foot-sole is undivided.

The precise interpretation of the mantle-lohes is uncertain as yet. There

appear to be only a right cervical lobe, which encircles the pneumostome, and

a subdivided left cervical lobe, a condition like that seen in Rhysota (cf. Burne,

loc. cit.).

Fio-. 1.

34 35 65 66

Radula of Methvenia oleata (Ancey). (Reichert, 4 oc. x 6 obj.)

T\\Q jaw (fig. 2) is simple, but remarkably thick. It bears a well-marked

median projection.
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The radula (fig. 1) exhibits a formula as follows :—

?50. ?20. 1. 20? 50? =141.

The transition between the lateral and marginal teeth is, as usual in these

forms, difficult to determine, so that the relative numbers constituting each

series must be left subject to query.

The distinctive feature of the radula is the series of long, acute, and almost

Fiff. 3.

Fig. 2

Fig. 2. Jaw of Ifethvema oleata (Ancey). (Reichert, 2 oc. x S obj.)

Fig. 3. Genitalia of Methvenia oleata (Aucey). p, penis; ep, epipliallus
;

pr, penis

retractor ; vd, vas deferens
; Jl, flagellum ; v, vagina ; spth, spermatheca

;

M, sperm-oviduct; ag, albumen-gland.

straight marginals, which much resemble those figured for Rliysota Fouilloyi

by Burne {v. antea). Such teeth are of course met with in other genera

(e. g. Ariophanta), but never to the author's knowledge in combination with

the precise median and laterals here figured.

The genitalia (fig. 3) are characterized by the long narrow penis and

epiphallus, and also by the cylindrical flagellum borne on the very long and

winding vas deferens at a considerable distance from the epiphallus. In the

female organs the distinctive feature is the length of the vagina.

LINN. JOURN.—ZOOLOGY, VOL. XXXII. 32
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The kidney is characteristic in being long and relatively very broad, and in

having its distal extremity curved.

The association o£ characters above enumerated is not found in any other

Zonitoid genus the author is familiar with, and the vs^orks of Godwin-Austen,

Semper, &c. have been searched in vain. Clearly allied to Rliysota, and

possibly AriopJianta, it nevertheless appears to be generically distinct.

Veronicella hovarum, n. sp. {v. antea, no. 24).

The radula (fig. 4) has the formula :

—

? 17. ?34. 1. ?34. ?17. =105.

The teeth are closely crowded and the base of the central tooth is obscured

by the internal angles of the first laterals. The rows of teeth are disposed in

an undulating pattern, each half-row slanting forward from its central tooth

until about the fortieth tooth, and then commencing a backward slant.

The jaw {cf. fig 5) is remarkably wide. It exhibits four or five broad

overlapping plates at each extremity, while the median plates are more

narrow and fibrous.

AA
-Iv^

Fio-. 4.

36 42 47

Fisr. 6.

_ 17 2 I

50 44 34 2Z

Fig. 4. Veronicella hovarum. Radula. (Reichert, 4 oc. x 6 obj.)

Fig". 5. Veronicella hovarum. Jaw. (Zeiss bin., 2 oc. x F. 55 obj.)

Fig. 6. Urocyclus pinguis. Radula. (Reichert, 4 oc. x 6 obj.)

Urocyclus pinguis, n. sp. (r. antea, no. 18).

The radula (fig. 6) has the formula :

—

?36. ?17. 1. ?17. ?36. =107.

The centi-al tooth has a peculiar tendency towards asymmetry, the lateral

cusps shown in the drawing being frequently disposed at different heights

from the base.



ROBSON. JOURN. LINN. SOC. ZOOL VOL. XXXII. PL. 35.

GASTROPODA FROM MADAGASCAR.
Grout sc. & imp.





FRESHWATER GASTROPODA FROBI MADAGASCAR. 389

EXPLANATION OF PLATE 35.

Hemiplecta bathensis, n. sp.

Vcronieella hovarum, n. sp.

Urocyclus prnguis, n. sp.

Kalidos hourjiei, n. sp.

Figs. 11, 12, 13. Batliia madagascariensis, u. gen., n. sp.

Figs. 14, 15. Helioophanta methueni, n. sp.

Figs. 16, 17, 18. Rhysota atqidvoca, n. sp.

Figs. 1, % 3.

Figs. 4,5.

Figs. 6,7.

Figs. 8, 9, 10.

32'
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W. A. Lamborn's Breeding Experiments upon Acrcea encedon (Linn.),

in the Lagos District o£ West Africa, 1910-1912. By Edward
B. PouLTON, D.Sc, F.R.S., Pres.L.S.

[Read 2nd April, 1914.]

The typical form of Acrcea encedon is a tawny butterfly with a black,

white-barred tip to the fore wing. The pattern thus closely resembles that

of the type form of Davaida clirysippiis, Linn. A. encedon is polymorphic

in both sexes, and the following forms are referred to in the present

memoir :

—

Infuscata, Stand., " the tawny areas of the typical forms are replaced by

smoky brown" (p. 112^). This form is transitional in one direction into

dark-grey butterflies without any tawny tint, and in the other into dark

forms of encedon.

Alcippina, Auriv. " The h.-w. has a white central suffusion of varying

extent" (p. 212), thus reproducing the pattern of the alcippus, Cram., form

of clirysippus and of transitional varieties between alcippus and clirysippus.

Daira, Godm. & Salv., " the black of apical half of f.-w. and the white

subapical band are absent. In some cases the subapical band may be traced

as a slightly paler area on the ground-colour. All the black markings much
reduced" (p. 212).

Commixta, Poulton t • This form is a combination of the two preceding,

having the central white patch on the hind wing of alcippina, and a fore

wing approaching that of daira in the tint of the subapical bar, which is tawny

like the ground-colour. The pattern thus resembles the albinus, Lanz, form

of clirysippus, but the mimetic relationship is not suggested because of the

rarity of the model and its restriction to the parts of Africa where dorippus

is abundant.

Lycia, Fabr. " The ground-colour of both wings is white, the black

markings being as in the typical form'"' (p. 112). '^Examples of the lycia

form may have the ground-colour pale creamy yellow "
(p. 213)^ and are

thus transitional towards the sganzini form.

Sgamini, Boisd. " The tawny areas of the typical form are replaced by

a dusky yellowish colour "
(p. 212).

* This description and those of the other forms except commixta are quoted from

H. Eltringham's great work, " Monograph of the African Species of the Genus Acrcea,^

Trans. Ent. Soc. Lond. 1912, pt. i.

t Trans. Ent. Soc. Lond. 1913, p. 409.



392 PROF. E. B. POULTON ON BREEDING

The Geograpliical Distribution and Mimetic Associations of the forms

o/Acrgea encedon.

The account contained in the following four paragraphs was drawn up by

the present writer in 1907 but has not hitherto been published.

Acrcea encedon,\\\e the female of Hypolimnas misippus (Linn.),'presents three

forms mimicking the three forms of Danaida chrysippus (Linn.), but, being

without the extraordinary powers of flight possessed by the Nymphaline

co-mimic, their geographical coincidence with the forms of the model is

closer. This superiority is particularly interesting in relation to Milllerian

mimicry when we remember that the Acrcdnce are a highly protected group.

In South Africa the predominant form is encedon, resembling the pre-

dominant chrysippus. Dr. Dixey and Dr. LongstafE, from their experience

of it in this part of the Region^ state that encedon was " so successful in its

mimicry of L. chrysippus as at first to make one of us believe it to be that

species^''.* There is also a black and white form, lycia, F., and, even more

commonly, a black and yellowish form (sr/auzini, Boisd.) which occur not

only here but throughout the East Coast range of encedon. Mr. Marshall

has recorded that lycia, when upon the wing, shows a decided resemblance

to the whiter forms of Acrcea esebria, Hew.f
As we pass northwards, forms with white hind wings {alcippina, Auriv.)

and forms in which the black and white tip to the fore wing is evanescent

(daira, Godm. & Salv.), both rare in the South, begin to increase in numbers,

intermixed with the type encedon. Finally, in British East Africa, all three

forms occur commonly, daira and encedon being most abundant^ just as

are the corresponding models—the dorippus, Klug, and type forms of

D. chrysippus.

In the West, all forms except sganzini occur, but the late Mr. Herbert

Druce, F.L.S., received % from a locality in Sierra Leone several specimens

of alcippina, which seem to show that the cdcippus form of D. clirysippiis has

here at least produced some effect as a model. The specimens in Mr. Druce^s

series are not only all alcippina but unusually pronounced examples of this

form, and beautiful mimics of the tropical West African form of D. chrysippus.

H. Eltringham remarks of the distribution of encedon :
" None of the

forms seems to be specially characteristic of any particular locality, though

the alcippina form seems to attain its maximum development in West

Africa" (I. c. p. 213). "The lycia, alcippina, and infuscata forms are more

numerous in West African localities than elsewhere, though they seem

liable to occur elsewhere ''
(p. 211).

« Trans. Ent. Soc. Loud. 1907, p. 318 ; also p. 328. See also p. 321 for the converse

inistake, viz. of model for mimic.

t Trans. Ent. Soc. Lond. 1902, p. 479,

X Trans, Ent. Soc. Lond. 1902, p. 480. The daii'ct form is extremely rare in the West.
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Since the appearance of Eltringham's monograph much evidence has

accumulated proving beyond doubt the strong development of the white-

hind-winged alcippina form in the interior of Sierra Leone, from which

area it is probably continuous into N. Nigeria. The following list of examples

of alcippina and its model alcip>pus, recently received by the British Museum
of Natural History, has been kindly prepared by Mr. N. D. liiley, F.E.S.

The extraordinar}- predominance of the female alcippina over the male

—

50 to 5—strongly suggests the prevalence of all-female families such as

Mr. W, A. Lainborn finds in the Lagos district.

Dated examples of Danaida chrysippus, f. alcippus, and Acrsea encedon,

f. alcippina in the British Museiim, from Sierra Leone and

N. Nigeria.

I.

—

Sierra Leone. Collected by J. J. Simpson.

D. chrysippus, A, encedon,

f. alcip2)us. f. alcippina.

I

^
^

^
^

14J - _ _
5J - _ _

Kambia.

Bassia.

Kokona.

Yana.

Laminaia

Port Lokko.

Batkam.

Kafogo.

Kaballa.

Benikoro.

Falaba.

Tirikoro.

Keneura.

Bumbanya.

Jobanna.

Giema.

Jowati.

Gigbema.

Bo.

Mafwe.

24 iii.1912.

25. iii. „

26. iii. „

30. iii. „

23-25. iv. „
9-11. V. „

15-18. V. „
23. V. „

- 27. V. „

30. V. „

1. vi. „
15-17. vi. „

20. vi. „

22. vi. „
28. vi. „

6, viii.
,,

19. viii. ,,

22. viii. „

1. ix. „

7. X. „

5J

IJ

4c?

19
5$
2?

- 1?

Id
Id

15

Id

1$
4c?

5d

II.—N. Nigeria. Collected by G. T. Fox.

Panyam.

(Banchi Prov.).

Totals

2. vi.l910. —
3. vi. „ —
4. vi. „

—
31. vii. „

—
13. viii. „ Id

32

2?

1?
Id
Id

1?

1?
1?

1?

1$
38?

2?

1?

1?

.... 56d 15$ 5d 50$

In addition to the above, the British Museum Collection contains a single

undated female alcippina from Panguma, N. Nigeria, another undated

female from 70 miles up the river from Freetown, Sierra Leone, and an

undated male from Liberia.
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The predominant development of alcippina in Sierra Leone will be

rendered evident Ly the following list of the other West Africnn forms of

encedon in the British Museum, also prepared by Mr. N. D. Riley, together

with all West African forms, including alcippina, in the Hope Department,

Oxford, and the Trino; Zoolooical Museum :—

Localities and
Museums.

I. Britisli Miiseum.
II. Hope Department.^

III. Tring Museum.
o

so

i
o

1
$5

-5

commixta.

555

Gambia Eiver . .

.

III. Id 2$

Sierra Leone I. Ic^" 26 2$ 4$

n. 153 Id 1$

III. 1$ 3$

Gold Coast I.
1
16

Nigeria, N. & S. . .

.

I. 2c? 20$ Ic?" 3d 1? 56 17$

II^ IJ IS 2$« 16' Id 1$ 7d' 5$

III.
1

2$

Cameroons I. Ic? 1$ 1

III. - 1$

Congo State I. 2$a

II. 2$ 2 c?"' 2d

m. 2cJ 7$ 1$ ' Id 1^

Angola I.
1

1$ 1$

II. 1?

III. 21(^" 6? 7d 3$

Totals 16 3$ 24c5' 16$ 12 c? 23$ Id 42 Ic?

t

66 4$j25d 39$

1 Including a few specimens from the coUeetions of M. Charles Obcrthiir and of the Luxembourg
Museum, which I haye had the opportunity of studying at Oxford.

* Transitional towards lycia.

3 Port Lokkoh : 1912 : Mrs. Addison.
* The type of the form, from Lower Niger.

^ Not including the captured parents of any of the families tabulated on pp. 407, 409-414.
'' The $ $ very dark : one d with a fulvous f.-w. bar.

7 Ibadan, S. Nigeria : May 1910 : Rev. Lake S. Noble.

'^ Included in the 7 d d is an injured specimen of which the sex is not quite certain.

" One $ is the type of ''fulva,'' Doubl,, Westw., and Hew.
10 Very dark specimens 11 One d transitional towards alcippina.
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The relative proportion o£ males and females suggests the prevalence o£

all-female families, especially in Nigeria. The figures from Old Calabar,

included in the Nigerian totals from the British Museum (I.), are remark-

able :— 1<S ? infuscata, 1 ? commixta, 14 $ lycia.

The two lists confirm Eltringham^s conclusions as to the West African

forms quoted on p. 392. The second list also shows the excessive rarity

of daira, the predominance of li/cia, and, next to it, infuscata and infuscata-

encedon, followed by commixta. The t^yo lists together show that alcippina

is rare except in Sierra Leone. ^

The nearest approach to the proportion of the encedon forms on the West
coast, S. of Sierra Leone, is to be found in Madagascar, where the pale form

sganzini is predominant like the still paler lycia, and a dark dull form of

encedon represents infuscata. The Madagascan sganzini are transitional into

a cream-coloured lycia. I have not seen any form from Madagascar except

those above-named and intermediates between them.

Li the Hope Department there are 15 J ^iid 3 $ of sganzini (1 c^ might

be called a cream-coloured lycia), and 6 (^ 1 ? of encedon-infiiscata (1 $
showing transition towards sganzini) ; in the Tring Museum 9 S and 1 ?

of sganzini ; in the British Museum 4 c? and 1 '^ of sganzini ; in the Luxem-

bourg Museum 1 S and 1 $ of sganzini and 1 ^ transitional between

sganzini and infuscata.

On the opposite East coast of the continent the pale forms are chiefly

sganzini, like Madagascar, but their proportion is very different, being much

less than that of encedon. Thus there are 15 encedon and 4 sganzini from

Natal in the Hope Department. The lycia of the West is replaced by the

yellower sganzini, somewhere about the Rift Valley, in British East Africa.

The much larger amount of material now available supports the conclu-

sions, arrived at in 1907 (p. 392), as to the geographical relationship between

certain forms of encedon and those of D. chrysippiis. The form daira is

common where dorippus is common, and becomes rare where dorippus is rare

or wanting : the typical, brightly coloured encedon is predominant where the

type form of clirysippus prevails : the only locality where alcippina is

abundant is part of the area over which alcippus displaces every other form

of B. clirysippus. Mimicry occurs in both sexes, although the female,

at least in the encedon form, is a better mimic than the male, partly on

account of its larger size but also because of the whiter subapical bar to the

fore wing.

Tlie Forms of Acrsea encedon in the Locality of the

Breeding Experiments.

The following specimens, captured by Mr. W. A. Lamborn in i\\Q Oni

district, about 70 miles east of Lagos, are included in the Table on p. 394.

From Oni : 1 c^ 2 ? lycia, 1 ? infuscata ; from Idakun, 4 miles N.W. of Oni:

4 S infuscata, 1 c? 1 ? commixta, 1 c? 1 ? /^««- To these must be added
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tlio captured parents of Families 1, and 3-16, recorded on pp. 407, 409-414,

viz. 2 (J 7 $ lycia, 1 cJ 3 ? infuscata, 1 ? com mi.cta, horn Oni ; 1 cJ 1 ? h/cia,

1 $ infuscata, from Idakun. The totals from the Oni district are therefore

16 li/eia (5 (J 11 $ ), 10 infuscata (5 cJ 5 ? ), and 3 commixta (1 cJ 2 ? ).

The artificial conditions produced no apparent effect, the lycia, infuscata,

and commixta of the breeding experiments being similar to the captured

specimens of the same forms. The families were examined by Eltringham,

who states that " the majority .... consist of two forms, viz. infuscata and

lycia. The latter are somewhat unusual in having broad suffused orange

internervular markinos on the hind maroin of the secondaries on the under

side, also some basal markings of the same colour'^ (I.e. p. 213). It is also

noticeable that the males of these Southern Nigerian lycia are distinctly

yellower than their females, and that the subapical bar of the fore wing in

the infuscata forms is yellow in the male, white in the female. Lamborn

concludes that lycia is certainly three and probably four times as numerous

as infuscata in the neighbourhood of Oni, and his material shows that com-

mixta is much rarer than infuscata. He did not meet with any other form

except these three, nor did any other appear in his long series of breeding

experiments.

Tabular Statement of W. A. Lamhorn's Breeding Experiments (pp. 397-8).

It will be observed that Companies 5 and 7, together with Family 8,

suggest that lycia and not infuscata is dominant, a conclusion rendered

improbable by the rest of the figures. These 3 sets, together with Family 7,

are probably to be explained by comparison with Families 4 and 13. The

lycia ? parents of these two families laid eggs in two batches, which were

kept distinct, and the larvae reared separately. Both families as a whole

yield approximate equality of infuscata and lycia, but the constituent batches'

depart widely from this ratio. The 4 irregular results referred to above are

all manifest in relatively small numbers, and they may be fairly referred to

the causes which produced the constituent batches of Families 4 and 13.

The inferences as to the Meudelian constitution of the parents were sub-

mitted to my friend Mr. L. Doncaster, who has had so wide an experience in

this line of research. He kindly wrote, April 16^ 1913 :

—

"I think lycia must be recessive in spite of the inverted 3 : 1 cases, because

of Family 2. Both parents were from Company 4^ and if lycia were

dominant all the lycia individuals would presumably be heterozygous.

I think all your inferences as to parentage are correct.^'

Mr. Doncaster also remarks :
—" It is a pity there are no known cases of

infuscata $ x lycia S 'i-ud vice versa, which would test whether the infuscata

character is sex-limited in the ? ; but as none of the mixed families have all

the c^ cJ infuscata and ^ $ lycia, it does not seem likely."
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The results of breeding the Wild Larvae, the Companies, and Families 1-3 have been

recorded in Proc. Ent. Soc. Lond. 1911, pp. liv-lvi, before the appearance of

Eltringham's monograph, containing a thorough account of all the forms of ^. encedon.

The darker forms found and bred at Oni, named ejicedon in the 1911 publication, are

now recognised as infuscata, and a few as commixtd.

Source of the Broods, with
the forms of the

parents when known.

IXFirsCATA,

with a few
C03IMIXTA.

LICIA.

Inferred Mendelian constitution of the

Parents. Remarks.

Male. Female. Male. Female.

Wild Larvffi (1) 6 8 5 26 Two r? r^ & 1 2 commixta and 1 transi-

tional (5 a-i'e included among the

infuscata. The 27 latest emergences

were all $

.

„ (2) 17 ; 3 18 One 2 commixta is included among the

infuscata. The ^ S 6 appeared with

2 9 $ hi the 5 latest emergences.

46 32 Both parents recessive (lycia). Two
S S approach commixta.

„ 2 24 23 One parent heterozygote {infuscata), the

other recessive (lycia).

3 35 One parent dominant (infuscata), the

other either dominant, heterozygote

(infuscata), or recessive (lycia).

„ 4 6 2 4 1 One parent heterozygote (infuscata), the

other recessive (lycia).

5 6 16 The proportions, suggesting heterozygote

lycia for both parents, are more pro-

bably due to a special batch of ova.

(See Fams. 4 & 13.)

6 3 3 Both parents recessive (lycia).

7 2 1 7 6 Inference as in Co. 5.

Fam. 1. (^ 9 lycid 48 Both parents recessive.

2. c? $ lycia

fr. Company 4 . .

.

19 13 Both parents recessive. One c? ap-

proaches commixta.

„ 3. $ infuscata ... 5 11 6 13 The 9 parent heterozygote, the (5" reces-

sive (lycia).

„ 4. 5 lycia 33 36 The 9 parent recessive, the (^ hetero-

zygote {infuscata). Eggs in 2 batches,

yielding very different proportions.

„ 5. c? $ infuscata .

.

. 28 One parent dominant, the other dominant

or heterozygote. 9 parent with ful-

vous subapical bar inherited by 13 off-

spring, of which 2 approach commixta.
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Source of the Broods, with
the forms of the

parents when known.

IXFUSCATA,

with a few
COMJIIIXTA.

LYCIA.

Inferred Mendelian constitution of the

Parents. Eemarks

Male. Female. Male. Female.
1

Fam. 6. 5 infuscata . .

.

21 21 The 9 parent heterozygote, the c^' reces-

sive (lycia). A single c^ lycia, per-

haps accidentally introdiiced, is not
included.

„ 7. 5 commiida . .

.

3 9 The 3 9 9"^ 2nd column are commixta.
Inference as in Co. 5 : 2 heterozygote

lycia parents are here excluded.

8. $ hjcia ... 7 21 Inference as in Co. 5.

„ 9. $ lycia ... 1 1

1

1 The 9 parent recessive, the c? hetero-

zygote (infuscata). .

„ 10. $ lycia ... 12 Both parents recessive (lycia).

,, 11. 9 iitfuscata ...\ ... 12 ... 14 The 9 parent heterozygote, the c? reces-

sive (lycia).

„ 12. 9 lycia
1

41 Both parents recessive (lycia).

„ 13. 9 lycia 45 42 The 9 parent recessive, the c? hetero-

zygote (infuscata). Eggs in 2 batches,

yielding dilferent proi^ortions.

„ 14. J 9 lycia ... 1 ... ...
1

19 Both parents recessive.

„ 15. c?9 lycia 19 „

„ 16. (5 9 lycia
j j

12 „

„ 17. c? 9 lycici' ...
1

...
j

34 »

„ IS. c?9 lycia j 1 11 .,

„ 19. d~ 9 lycia ... 1 ... i 24 16 „

„ 20. P;u-ents miknov/n 35 ' ... 36

•

One parent heterozygote (infuscata), the

other recessive (lycia).

» 21. 16

35

5
i

294 1

One ijarent dominant (infuscata), the

other dominant, heterozygote (infus-

cata), or recessive (lycia).

Totals •. 129 539

Segregation into infuscata^ commixta, and lycia.

Looking at the 998 bred specimens * as a whole, it is remai'kable how
completely they segregate into infuscata, commixta, and hjcia, and how few

specimens can bo considered as intermediate between these. Those that did

* Including tlie single S "wliich appeared in Family 6.
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appear are transitional between commLxta and infiiscata on the one side, and

rommiMa and li/cia on the other, rather than directly between the two chief

forms. Hence, by selecting the examples, a fair transition from infiiscata to

hjcia may be constructed by way of commixta. This latter form is clearly

hereditary. Thus the female parent of Family 7 is commixta, and all 3 of

her non-lycia offspring are commixta. Particularly interesting in this respect

is Family 5, of which the female parent possesses the fulvous bar but not the

Avhite hind wing of commixta. About half of the offspring, namely 13 out of

28, resemble the mother in this respect *, while 2 of them have also the white

hind wing. Other evidence of the hereditary transmission of this combination

o£ characters will be found under Family 2 (pp. 407-8).

Families of loliicli the female parent only is known.

When the only known parent is a female infnscata (or commixta) the off-

spring show, in all four families, a mixture of infiiscata (or commixta) and

lycia with approximate equality three times. In the single exception,

Family 7j the numbers are small. The inference is that one parent was

recessive and the other heterozygote.

When the only known parent is a female lycia, the offspring are all lycia

twice and mixed li/cia and infiiscata ioiw times, with equality thrice (including

the small Family 9) and irregularity once (Family 8).

In the absence of selective breeding, for which there is insufficient evidence,

the great numerical superiority of lycia would result in the majority of the

pairings being between males and females of this form, or between lycia

and infiiscata, the latter being far more commonly heterozygote than pure

dominant. We can thus, on the hypothesis that lyciais recessive, understand

why the families bred from a female of this form were either all lycia or mixed

lycia and infiiscata, but, owing to the relative rarity of the pure dominant,

never, in the author's experience, entirely made up of heterozygotes bearing

the appearance of the dominant (infuscata). It is unfortunate that the

infiiscata in the families with equal numbers of the two forms never happen

to have been bred from, so that their heterozygote constitution could be

tested.

Families of lohich both parents are known.

Both male and female are of the form lycia in 8 families ; both are of the

form infuscata in only 1, namely Family 5. The 8 former produced only

lycia offspring ; the latter only infuscata.

* The numbers suggest that, as regards this character, the parents were recessive and

heterozygote respectively. If this be so, the female, belonging to the rarer form, was

probably heterozygote, while infuscata, although dominant in relation to It/cia, is recessive

to the form with a fulvous bar.
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The fact that 2 lycia parents should 8 times have produced offspring which

were nothing but lycia strongly supports the view that this form is recessive.

It is unfortunate that there was only a single family with infuscata parents,

and that this one should have failed to afford evidence as to the dominance of

the latter form.

Companies and Families with equality of infuscata and lycia.

The frequency with which there is exact or approximate equality between

the two forms is striking. Omitting very small numbers, we notice con-

spicuous instances in Company 2, Families 3, 4, 6, 11, 13, & 20. It is to

be observed that Family 3 is the only one of these that is not all-female.

The female parents of these groups, so far as they are known, are infuscata

3 times (Families 3, 6, & 11) and lycia twice (Families 4 & 13).

The Proportion of the all-female Companies and Families and of

the Sexes in the mixed groups.

The two series bred from Wild Larvse are omitted from these considerations

because of the uncertainty which naturally attaches to them, although it must

be remembered that there are good reasons for believing that the great

majority of each set belonged to a single all-female family.

Three out of the 7 companies, and 16 out of the 21 families, are made up of

all-female offspring. On the other hand, there are almost precisely 50 per

cent, more males than females in the mixed sets. In 3 out of 4 companies

with mixed sexes, the males are more numerous ; in the 4th (the very small

Company 6) the numbers are equal (3 of each sex). The totals in these mixed

companies are 68 males and 45 females, and in the 5 mixed families 82 males

and 56 females. In this latter series there is also one exception, and a very

marked one, namely, Family 3 with 11 males and 24 females. The totals, in

all mixed companies and families, are 150 males and 101 females.

Relationship betioeen the all-female and the mixed Families.

It is important to notice that the male parents may produce very definite

hereditary effects upon their female offspring in the all-female families. Thus

the Mendelian relationship between the forms of parents and offspring appears

to be the same in all-female families as in those with mixed sexes.

It is quite clear that the all-female families bear no special relation to one

of the local forms of Acrcea encedon rather than another. They may be all

infuscata or they may be all lycia, or approximately half infuscata and half

lycia.

Considering the 19 all-female groups among the companies and families,

2 are all infuscata {fhe known parents of one being S ? infuscata), 7 are all

lycia (the known parents $ lycia twice, 6 $ lycia five times), and 10 are

mixed infuscata or commixta and lycia (the known parents 5 infuscata twice,

$ commixta once, and ? lycia four times).
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Seven out of the 10 mixed groups are exactly or approximfttely half

infuscata and half lycid. The remaining three are Company 5 with 6 iirfiiscata

to 16 lyciaj Family 7 with 3 to 9, Family 8 with 7 to 21. It is rather curious

that the proportions are here—exactly in the 2 families and approximately in

Company 5—the Mendelian expectation if lycia were dominant and 2 hetero-

zygotes had paired : an interpretation untenable for Family 1, of which the

$ parent was not lycia. The probable explanation of these irregularities and

that exhibited by Company 7 has been suggested on p. 396.

Among the 9 groups with mixed sexes, out of . the 28 companies and

families, 1 is all infuscata (parents unknown), 5 are all lycia (known parents

6 $ lycia three times), and 3 are mixed infuscata and lycia (known parent

2 infuscata once). Of thes(^ 3, Company 7 with 3 infuscata to 13 lycia is

considered above, while the other two give approximate equality (Family 3)

and probably rough equality (Company -1). ,

Probable existence of tivo strains offemales, one producing all-female,

and the other male andfemale families.

It will be observed in the Table on pp. 397-8 that Family 2 with mixed

sexes was produced by a male and female Z?/cza from Company 4 also made up

of males and females. These facts favour the conclusion that the pow er of

producing mixed sexes is hereditary. Confirmation is also provided by the

offspring of Family 16, with mixed sexes, bred from a pair of lycia captured

in the wild state. From two of these offspring sprang Family 19, also of

mixed sexes. The relationship between Families 16 & 19 is shown in tlie

following Table.

iV/iD S Lyc//i P

% L Yc/A Q ^ ty/Loit YC/A R ? /. re//I S A mzo $ iyc/a ff

/^/IM /S /9%LyClA

f/ini. IS. Z9- StrciAiie ^trcM.. F/!M./7. 5'^ ^/.rcit fAM.ia. II $ LYCIA.

The existence of a strain producing nothing but females is supported by

stronger evidence ; for the breeding experiments extended over 3 generations,

also set forth in the accompanying Table. In this we see that two males from

the mixed Family 16, paired with females from the all-female Family 14,

produced nothing but females in the resulting Families 17 and 18.

Another male from Family 16, paired with a female from the same family,

produced, as stated above, the mixed Family 19.
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Although further evidence is desirable, the whole of Mr. Lamborn^s

experiments, so far as they bear on this subject, pohit in one direction.

There are no grounds for the belief that parthenogenesis ever takes place in

this species, but the determination whether the family is to be all-female or

mixed rests solely with the female parent.

W. A. Lamborn's Breeding Experiments.

Wild Larv^.—Two sets of wild larvae collected on Comuielina were bred^

and it will be seen that there are indications of an all-female company in the

later emergences of the first set and in all except the very latest emergences

of the second.

Wild Larvce 1.

These larvse were collected in Googa Creek, about five miles north of Oni.

Their whole life-history fell well within the wet season, which lasted from

about April 25 to Nov. 15, 1910. The dates of emergence and some of the

dates of pupation are shown in the following Table :

—

Dates of

Pupation.

1910.

Dates of

Emergence.
1910.

infuscata and commixta. lycia.

Male. Female. xAlale. Female.

June 19. June 26. 1

„ 21. „ 27. 1

„ 20. . 27. 1

99
,, —<. „ 28. 1

— „ 30. 1
,

„ 2H. July 4. 1

— „ o. 1

— „ 6. 1

— „ 7. 4 1 4 1

— „ 8. 2

— „ 9. 1 6

—

„ 10. 3

„ 11. 2 4

„ 12. 7

„ 13. 3

— Totals 6 8 5 26
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Three commixta are included in the series of in/uscata, namely, 2 males
emerging July 7 and 1 female emerging July 9. Commixta possesses a
fulvous fore-wing sabapical bar with a white hind wing, approaching that of
the form alcippiiia. One other male of July 7 has the former of these

characters only, and is thus transitional. Some It/cia of this series also

exhibited a slight suffusion of the fore wing with a fulvous tint.

Wild Larvce 2.

The larvse were collected on the bank of Oni River, about two miles

north-west of Oni. Their whole life-history fell within the dry season,

which lasted from about mid-Nov. 1910 to mid-March 1911. The dates of

emergence are shown in the following table.

Dates of

Emergence.
1910.

infuscata and commixta. lycia.

Male. Female. Male. Female.

Dec. 10 3 4

„ 1] 3

„ 14 4 1

„ 15 8 6

„ 16 1 1

„ 17 1

„ 21 1

„ 23 1 3

,. 24 2

Totals 17 3 18

One female commixta, emerging Dec. 10, is included in the series of

infuscata. The hind wing is whiter than in most other examples—so much

so, indeed, that the specimen might, except for the fulvous fore-wing bar,

be fairly classed under the form alcippina.

Companies :—The following 7 companies of larvse were bred each from

a batch of eggs laid on a single leaf of the food-plant Commelina, by the

Oni River, about two miles north-west of Oni Camp. Great care was taken

LINN. JOURN. ZOOLOGY, VOL. XXXII. 33
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to ensure that the Jarvse of each company should be kept separate. The eggs

themselves formed in each case a clump no larger than a threepenny-bit, and

it may be assumed that each was laid by a single female. The dates at which

some of the batches of ova were found were not preserved, but all of them

fell into Dec. 1910 or Jan. 1911, and therefore well within the dry season,

which extended from about mid-Nov. 1910 to mid-March 1911.

Company 1.

The eggs hatched Dec. 24, 1910. The 2 imagines which emerged on

Jan. 21 pupated on Jan. 16. The other dates of pupation were not preserved.

The eggs produced both males and females, all of the form Z2/cia,"which

emerged on the following dates :

—

Dates of

Emergence.
1911.

lycia.

Male. Female.

Jan. 21 2

„ 22 3

„ 23 17 2

„ 24 1

„ 25 18 8

„ 26 5 18

„ 28 3

„ 29 1

Totals 46 32

The individuals of this company are unusually dark, and in many speci-

mens, principall}" males, the basal half of the fore wing is suffused with a

faint fulvous tint varying in depth of shade. In the most extreme of these

the fore wing may be called intermediate between infuscata and lycia.

The two varieties in which the suffusion is most pronounced are males,

emerging respectively on Jan. 23 and 25. In both of these the subapical

bar of the fore wing is of a deeper shade than usual, so that these specimens

approach the form commixta.
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Company 2.

Eggs were found Dec. 24, and hatched Dec. 27.

The eggs produced 47 females, made up of nearly equal numbers of

infuscata and Lycia, which emerged on the following dates :

—

Dates of

Emergence.
1911.

I

1

Female
; Female

infuscata. lycia.

Jan. 30 4
1

4

„ 31 2
1

1

Feb. 1 2 1 3

„ 2 10 12

„ 3 2 2

4 4 1

Totals

1

24 23

Company 3.

Eggs were found Jan. 1, and hatched Jan 3.

The eggs produced 35 females of the form infuscata, which emerged

on the following dates :

—

Dates of

Emergence.
1911.

Female
i?ifuscata.

Feb. 1 2

Q 11

,. 3 9

,. 4 4

5' 3

6 6

Total 35

33*
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Company 4.

Eggs were found Jan. 1, and hatched Jan. 3.

The eggs produced males and females o£ both infuscata and lycia

Dates of

Emergence.
1911.

infnscd.'ii. lycia.

Male. Female. Male. Female.

Feb. 14 4

1

)

15 '

., 17

1

1 V 1'

18

19 1 1

4Totals G 2 1

1 Parent C, of Family 2 (p. 407).

2 Parent D, of Family 2 (p. 407).

The individuals of this company were typical and uniform, with the single

exception of the male parent, lycia, of Family 2, in which the basal half of

the fore wino- was slightly tinged with fulvous, a variation which appeared

in many of its offspring.

Company 5.

The dates of capture and hatching were not kept.

The eogs produced 22 female offspring, of which 6 were infuscata and

16 lycia :

—

Dates of

Emergence.
1911.

Female
ivfuscata.

Female
lycia.

Feb. 21 1

„ 22 1

^ —4" "
"'"11

"'

j

„ 23

., 24 5

Totals
j

6 16 1

Company 6.

The eggs hatched Jan. 28, 1911.

The eggs produced 3 males of the form lycia, which emerged on March 2

and 3 female lycia which emerged on March 2, 3, and 4, respectively.
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Company 7.

The eggs hatched Feb. 1, 1911.

The eggs produced males and females both of infuscata and lycia:

407

Dates of

Emergence.
1911.

infuscata. lycia.

Male. Female. Male. Female.

March 11 4

„ 13 1 3

„ 16
' 1

„ 18 6

„ 19 1 1

7 6Totals 2 1

Families.—We now come to the series of 21 Families, in 19 of which
either the female parent or both parents are known.

Family 1.

Parents A and B, both of the form lycia, were captured in cop. by the

river at Idakun, 4 miles north-west of Oni, Dec. 1, 1910. The male A died

Dec. 4. Eggs were laid on the back of a leaf^ Dec. 2, and the female

parent fi was killed Dec. 4. The eggs had all hatched by Dec. 9.

The eggs produced 48 female offspring, all of the form lycia, which

emerged at the dates shown in the following table. The dates of pupation

are also included :

—

Dates of

Pupation.

1911.

Dates of

Emergence.
1911.

Female
lycia.

Jan. 1. Jan. 7. 25

9 „ 8. 12

„ 3. „ 9. 8

„ 4. „ 10. 3

Total .... 48

Family 2.

Parents C and D both of the form lycia (but it has already been pointed

out on p. 406 that the male was slightly suffused with fulvous). Both

parents belonged to Company 4, and both emerged and paired on Feb. 17.

Eggs were laid Feb. 18.
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The eggs produced both males and females of the form lycia

Dates of

Emergence.
1911.

lycia.

Male. Female.

March 27 5 1

„ 28 12 11

„ 29 2 1

Totals 19 13

Ihe effect or the male parent was obvious in many specimens, especially
m a male emerging March 27, which exhibits the same tendency in higher
degree, and approaches commixta, like the 2 males of Company 1 (see

p. 404). It must be remembered, however, that these two latter difEer in

other respects, belonging, as they do, to an exceptionally dark series.

Family 3.

Parent E. The female parent, of the form infuscata, was captured on the

river-bank at Idakun. Eggs were laid Feb. 9-10 and hatched Feb. 13-14.
The female parent died Feb. 10.

The eggs produced males and females both of iiifuscata and lycia, which
emerged on the following dates :

—

Dates of

Emergence.
1911.

infuscata. lycia.

Male. Female. Male. Female,

March 18 1

„ 20 2 1

„ 21 1 3 1 1

„ 22 1 1 2

„ 23 1 3 2 1

„ 24 4

„ 25 4

„ 26 1

„ 27 1 2

„ 29 1 1

Totals 5 11 6 13
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Family 4.

Parent F. The female parent, o£ the form lycia, was captured in Oni

clearing near the lagoon. Two batches of eggs were laid with a day's

interval. The first batch began to hatch on Sept. 6, and pupation com-

menced on Oct. 5.

The eggs of the first batch produced 51 all-female offspring, of which

29 were infuseata and 22 lycia. One infuseata emerged Oct. 12 and the

remaining butterflies from this day onwards, but precise dates were not

recorded.

The eggs of the second batch hatched Sept. 7-8, and pupation took place

from Oct. 5. Of the 18 resulting females, 4 were infuseata and 14 lycia.

These emerged on the following dates :

—

Dates of

Emergence.
]911.

Female
infuseata.

Female
lycia.

Oct. 11 2 2

„ 12 1 4

„ 13 1

From „ 11 1 7

Totals 4 14

Family 5.

Parents G and H, both of the form infuseata, were captured in cop. in

Oni Clearing by the lagoon, Sept. 15, 1911. The male G is a typical

West African infuseata, although the subapical fore-wing bar is paler than

usual, perhaps as a result of wear. In the female, however, the same

marking is of a fulvous tint, as in commixta and daira. Eggs were laid

Sept. 18 and hatched Sept. 26, The female parent died Sept. 20. No dates

of emergence were kept, but the whole cycle fell well within the wet season,

which lasted from about mid-March to Dec. 8, 1911.

The eggs produced 28 female offspring, all of the form infuseata—15 with

the white subapical bar of the ordinary female encedon, 13 with the fulvous

bar of the female parent. In two of this latter set, the hind wings are

partially white, so that the specimens closely approach the form commixta.
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It shoulcl*£urthermore be noted that some o£ the 13 specimens were much
worn, but the scales still remaining left no doubt that the bar had been

fulvous and not white.

Family 6.

Parent I. The female parent, of the infuscata form, was captured in Oni

Clearing, April 27, 1912. -Eggs were laid between April 30 and May 1,

and the butterfly died May 2.

The eggs produced 42 female offspring, which emerged on the following-

dates. A single male lycia may have been accidentally introduced :

—

Dates of

Emergence.
1912,

Female
infuscata.

Female
lycia.

May 29 1 2

„ 30 1 1

,, 31 2 5

Unnoted 17 13^

Totals 21 21

^ In addition lo tlie above, a single S lycia was found in this category. It is

3xcluded from the table because it seems probable that its appearance was due to accident.

Family 7.

Parent J. The female parent was captured in Oni Clearing, May 5, 1912.

This female is much worn, but there is no doubt that it is of the form

commiscta. The pale fulvous fore-wing bar is evident in the specimen. Eggs

were laid May 6, and the butterfly died May 8-

The eggs produced J2 female offspring, of which 3 were commiwta and

9 lycia. The date of emergence, June 6, was only noted for a single lycia.

Family 8.

Parent K. The female parent^ of the form lycia, was captured in Oni

Clearing, May 7, 1912. Eggs were laid May 7, and the butterfly died

May 8.

The eggs produced 28 female offspring, of which 7 were infuscata and

21 lycia. The dates of emergence were not noted.
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Family 9.

Parent L. The female parent, of the form lycia, was captured in Oni

Olearino- on May 8, 1912. Eggs were laid May 9, and the butterfly died

May 11.

The eggs produced on June 13, 2 female offspring, of which 1 was

infuscata and 1 lycia. The latter is noticeably darker than its parent.

Family 10.

Parent M. The female parent, a rather dark lycia, was captured in Oni

Clearing on June 1, 1912. Eggs were laid June 2, and the butterfly died

June 4.

The eggs produced 12 female offspring of the form lycia, of which

5 emerged July 14 and 7 July 15.

The offspring are uniformly dark like the female parent.

Family 11.

Parent N. The female })arent, of the form infuscata, was captured in Oni

Clearing, June 1, 1912. Eggs were laid June 2, and the butterfly died

June 5.

The eggs produced 26 female offspring, of which 12 were infuscata and

14 lycia. Emergence took place on ihe following dates :—July 12, infuscata

11, lycia 12 ; July 17, infuscata \, lycia 1 ; July 18, lycia 1.

Family 12.

Parent 0. The female parent, of the form lycia, was captured in Oni

Clearing on June 8, 1912. Eggs were laid on June 8-9, and the butterfly

died June 10.

The eggs produced 41 female offspring, all of the form lycia, which

emerged as follows :—July 13, eighteen ; July 17, six ; July 18, fourteen :

July 19, three.

Family 13.

Parent P. The female parent, of the form lycia, was captured at the

edge of the lagoon near Oni Clearing on April 19, 1912. The larvae

produced by the first batch of ova, laid April 21, were reared separately from

those of the second batch, laid April 22. The parent died April 24.
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The ova of the first batch hatched April 27, and produced 61 female

offspring o£ both forms which emerged on the following dates :

—

Dates of

Emergence.
1912.

Female
infuscata.

Female
lycia.

May 24 2

15

2

„ 25 7

„ 26 3 9

„ '28 12 2

79Q •2

Totals 34 27

The ova of the second batch hatched April 28, and produced 26 female

offspring of both forms which emerged on the following dates :

—

Dates of

Emergence.
1912.

Female
infuscata.

Female
lycia.

May 22 2^

„ 25 1 3

,, 26 4 9

,, 27 2

., 28 4 1

Totals 11 15

^ These 2 lycia females became respectively the female parents S and Q, see p. 413.

Both infuscata and li/cia were typical, but the latter varied in the extent

of the black pigmentation of the fore wing.

Famili/ 14.

Parents R, Q. The male parent R, of the form lycia, captured in Oni

Clearing, May 24, 1912, paired May 24 with the female parent Q, of the
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form lycia, one of the .offspring emerging May 22 of the all-female family

of parent P. (The male parent R subsequently paired with S.) Eggs were

laid May 25 and 2& and the female parent died May 27.

The eggs produced 19 female offspring, all of the form lycia, which

emerged on the following dates :—June 29, one ; June 30, sixteen ; July 1,

two.

Two of the females which emerged on June 30 became respectively the

female parents W and Y (see p. 414). ^

Family 15.

Parents R, S. The male parent R, of the form lycia, captured in Oni

Clearings May 24, 1912, paired May 26 with the female parent S, of the form

lycia, one of the offspring emerging May 22 of the all-female family of

parent P. (The male parent R had previously paired with Q.) Eggs were

laid May 27-29, and the female parent died June 1.

The eggs produced 19 female offspring, all of the form lycia, which

emerged on the following dates :

—

Dates of

Emergence
1912.

Female
lycia.

July 1 3

o 4

„ 4 6

„ 7 2

„ 9 4

Total 19

Family 16.

Parents T, U, both of the form lycia, were captured in cop. in Oni

Clearing, May 24. Eggs were laid in 3 batches May 25-27, and the female

parent U died May 29.

The eggs produced both males and females, all of the form lycia, which

emerged on the following dates :

—
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Dates of

Emergence
1912.

lycia.

Male. Female.

June 28 1
'

„ 29 42 33

„ 30 4

July 1 2

,, 2

„ 3

„ 8 1

12Totals 8 .

^ This male became parent V, see below.

- Two of these males became respectively parents X and Z, see pp. 4:14, 415.

^ One of these females became parent Z', see p. 415.

The series exhibited much variation in the extent of the black pigmenta-

tion of the fore-wing and the hind-wino- border.

Family 17.

Parents V, W. The male parent V, of the form lycia, was one of the

offspring, emerging June 28, of the mixed family of parents T, U. The

female parent VV, of the form lycia, was one of the offspring, emerging

June 30, of the all-female family of parents 11, Q. Pairing took place on

June 30. Eggs were laid June 30 and July 1, and the female parent died

July 4.

The eggs produced 34 female offspring, all of the form lycia. The dates

of emergence were not noted.

The family exhibits variation in pigmentation, but to a less extent than that

of Family 16.

Family 18.

Parents X, Y. The male parent X, of the form lycia, was one of the

offspring, emerging June 29, of the mixed family of parents T, U. The

female parent Y, of the form lycia, was one of the offspring, emerging

June 30, of the all-female family of parents R, Q. Pairing took place on
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June 30. Eggs were laid in 4 snmll batches July 2-4, and the female

parent died July 6.

The eggs produced 11 female offspring, all of the form lycia. The dates

of emergence were not noted.

The variation in pigmentation is about the same as that of Family 17.

Family 19.

Parents Z, Z'. The male parent Z, of the form lycia, was one of the off-

spring, emerging June 29, of the mixed family of parents T, U. The

female parent Z', of the form lycia, wa>; also one of the offspring, emerging-

June 29, of the same parents T, U. Pairing took place on June 30. Eggs

were laid July 1-2, and the female parent died July 5.

The eggs produced both males and females, all of the form lycia, which

emerged on the following dates :

—

Datet^ of

Emergence.
1912.

lycia.

M;i1p. J'"emale.

Auf>', 9 10 2

„ 10 2 2

„ 12 4 1

„ 13 4 7

,. 14 4 4
"

Totals 24 16

The variation in pigmentation is rather greater than in Families 17

and 18.

Family 20.

The parents of this and the next family were not found in Mr. Lamborn's

material, and there is no note as to whether they were infuscata or lycia.

A box of specimens appears to have gone astray, and it is probable that

these two parents were included in it.
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The family, all of whicli bore the same nmnber ("834"), consists

of females of infuscata and lycia in approximately equal numbers, which

emerged on the following dates :

—

Dates of

Emergence,
1912.

Female
infuscata.

Female
lycia.

Julv 4 2 7

5 5 11

„ 6 7 10

„ 8 4

„ 11 2

„ 12 17 6

Totals ...... 35 36

Family 21.

Parent unknown. The family, all of which bore the same number

(" 846"), consists of males and females of infuscata, which emerged on the

following dates :

—

Dates of

Emergence.
1912.

infuscata.

Male. Female.

July 17 5 3

„ 18 9

„ 19 1

„ 20 2 1

Totals 10 6
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Some Terrestrial Tsopoda from New Zealand auJ Tasmania, with Description

of a New Grenus. By Charles Chilton, M.A., D.Sc, LL.D., M.B.,

CM., F.L.S., Professor of Biology, Canterbury College, New Zealand.

(Plates 36 & 37.)

[Read 7tli May, 1914.]

In this paper I establish a new genus for two New Zealand species of

terrestrial Isopoda. Both have been already described and provisionally

placed under the genus Haploplithalmus, to which the new genus seems
closely allied, but additional specimens recently obtained have permitted a

fuller investigation of them than was previously possible.

I also include descriptions of a new species of HaplopUhalmus from
Tasmania, and of a new species of Cuharis from Auckland, New Zealand.

In both cases I have only a single specimen, and I have v/aited for several

years in the hope of obtaining others, but as no further specimens have been

obtained, and as the species seem to be well characterized and likely to be

easily recognized, I now venture to describe them.

Family Trichoniscid^.

In 1901 I described a new terrestrial Isopod from Greymouth, New
Zealand, under the name Haplop)litlialnms lielmsii, though I pointed out at the

time that it differed from that genus as described by Sars (1898, p. 166) in

having the Brst three (instead of two) segments of the pleon small and without

lateral expansions. In 1909 I described from Campbell Island, lying to the

south of New Zealand, another species, H. australis, which also differed in

this respect from the generic characters, and I stated that a new genus

would probably have to be established for these two species, though, as the

material at my disposal was small, I postponed doing so at the time.

I have recently received from Mr. T. Hall several specimens collected at

Mt. Algidus, Rakaia Gorge, Canterbury, of an Isopod which at first appeared

distinct from both of those mentioned above, though agreeing with them in

the character referred to. I had commenced to describe this as a new species

and had drawn uj) a diagnosis for a new genus to include these forms.

Further investigation, however, has shown that these specimens are not

really distinct from Haplophtlialmus lielmsii, and that the characters that

appeared to distinguish them are due to the greater development of the

dorsal tubercles or crests in the larger and older specimens ; H. helmsii was

LINN. JOURN.—ZOOLOGY, VOL. XXXII. 34
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described from a single small immature specimen. I therefore give a fuller

description both of this and of H. australis, and place them under a new

genus Notoniscus. This may be described as follows :

—

NoTONiscus, nov. gen.

Generic characters :—Body oblong, central portion moderately convex,

dorsal surface sculptured and bearing ridges or tubercles. Head with the

front triangularly produced, lateral lobes directed downwards, rather small,

with extremity subacute. Side plates of body lamellarly expanded, projecting

almost horizontally, discontiguous. Pleon not abruptly contracted, epimeral

plates of the three anterior segments very small or absent, those of the

4th and 5th segments well developed, lamellar; last segment with truncate

posterior margin. Eyes small, but with more than one visual element ;

antennules, antennae, and mouth-parts as in Trichoniscus. Legs rather short,

not increasing much in length posteriorly ; dactylar seta as in Triclwmsciis.

Uropoda with rami rather widely separated, subequal.

This o-enus seems near to Haploplithalmns, but differs in the character of

the eyes and in the fact that the first three segments of the pleon have the

epimeral plates very small or absent.

The genus so far as at present known is confined to New Zealand and the

adjacent islands and contains two species which may be distinguished as

follows :

—

1. Body oblong-oval, with well marked ridges or tubercles . N. helmsii.

2. Body oval, with indistinct tubercles iV. australis.

Notoniscus helmsii [Chilton). (PL 36. figs 1-8.)

HaplopMhalmus helmsii, Chilton, 1901, p. 119, pi. 12. fig. 3,

„ „ Chilton, 1910, p. 288.

Specific characters

:

—Body oblong-oval, about half as broad as long,

moderately convex, central portion raised somewhat abruptly above the

epimeral portions, which are well developed, nearly horizontal and widely

separated. Head with the dorsal surface bearing posteriorly two prominent

tubercles or short ridges projecting upwards and a little forwards, anterior

to these are smaller tubercles ; the front triangularly produced and somewhat

rounded ; lateral lobes rather small with extremities subacute, projecting

downwards below the raised central portion of the head. Dorsal surface of

the body sculptured, each segment with a short ridge or tubercle situated

laterally near the outer border of central portion and running obliquely

backwards and outwards; on the three posterior segments the tubercles

gradually become more distinct and pointed, projecting backwards a little
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over the succeeding segments; on the four anterior segments there is a

smaller and usually less-marked ridge or tubercle internal to the one already

described and parallel to it ; on all the segments are slight indications of

other tubercles or sculpturings. Pleon not much narrower than the perteon,

surface smooth; first two segments small and without epimeral plates, third

segment with very small epimeral plates, the fourth and fifth segments with

epimeral plates largely developed, lamellar, the last epimeral plates reaching

more than half way to the end of the terminal segment ; last segment short,

broader than long, truncate at the apex.

Eyes small, situated on a slightly rounded prominence above the lateral

lobes, containing three ocelli. Antennae short, hardly one-fourth the length

of the body; fourth joint of peduncle slightly expanded on outer side^ shorter

than the fifth which is narrowed at the base, all with appressed scales and

short setse, one or two longer setse on the fifth joint ; flagellum as long as

the fourth joint, containing 3 or 4 subequal joints and ending in a pencil of

long setae. Legs all short and rather stout, not visible in dorsal view,

apparently not showing secondary sexual characters in the male. Uropoda

short, base large and broad, its outer margin expanded and strongly convex

;

inner ramus slightly longer and more slender than the outer, arising

anteriorly to it but reaching as far backwards.

Length of largest specimen, 8 mm.
Colour. Greneral surface light brown with markings of darker brown.

Habitat. Greymouth, one specimen [R. Helms) ; Mt. Algidus, Eakaia

Gorge, several specimens (T. Hall).

This species was originally described from a single small specimen found

at Greymouth by Mr. R. Helms. The tubercles or ridges on its surface are

much less marked than in the larger specimens more recently collected b}

Mr. T. Hall at Mt. Algidus. It is difficult to represent accurately the

appearance of the dorsal surface of an animal such as this, and in my
original figure (1901, pi. 12. fig. 3) the ridges are less conspicuous than

they should be even for the' type-specimen which is there represented ; on

the other hand the figure which I now give, drawn for me by Mr. B.

Broadhead from a larger and more adult specimen, perhaps errs in the other

direction of making the ridges or tubercles appear somewhat too prominent.

Smaller specimens from Mt. Algidus closely resemble the type-specimen,

and I have no doubt that we are dealing with one species only, in which the

ridges on the dorsal surfaces become more prominent in the older specimens,

and, particularly in the posterior segments, project from the general surface

as well-marked, somewhat pointed tubercles.

Geveral description :—The antennae (fig. 2) have already been sufficiently

described, the expansion of the fourth segment of the peduncle is less marked

in the older specimens than it was in the type-specimen ; in the type the

34*
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flagellum consists of three joints, in other specimens it seems usually to

contain four.

The mouth-parts show on the whole a pretty close resemblance to those

found in species of TricJwniscus and are almost the same as those of the

next species which are described in greater detail, it will therefore be only

necessary here to mention one point of difference; in the maxillipeds

(figs. 3 & 4) the epipod is widened at the base and narrows distally, and thus

looks somewhat different in shape from that of W. australis.

The legs (fig. 5) are all short and of about equal length ; they are all

somewhat stout, the basal joint is rather broad and has a slight depression

on its outer surface to receive the more distal joints when folded back upon

it ; the carpus is broad and bears few setse, one towards the distal end being

much longer than the others ; the propod is much narrower than the carpus

and tapers towards its distal end, the outer surface is thickly fringed, especially

on the distal half, with fine rather long setse, while the inner margin bears

only one or two stout setee situated about the middle of the margin ; the

dactyl is long and slender and bears numerous strongly curved setae near the

base, from which also arises the long dactylar seta which projects a little

beyond the end of the dactyl itself, and is of the same general character as

in species of Triclwniscus.

The pleopoda are also of the same general type as in Tricltoniscus and the

first and second pairs are specially modified in the male. In the first pleopod

(fio-. 6) the outer branch forms a delicate plate with curved outer margin

and minute crenulations at the distal end, the inner plate forms a narrow stout

process bearing at the end an extremely long, sharp style; the median organ

is broad, expanding towards its distal end, which is deeply emarginate with

a small nodule in the centre of the emargination, the basal part seems

somewhat strongly chitinized but the extremity appears thin and membranous

with a wrinkled appearance. The second pleopoda (fig. 7) have the outer

plate lamellar and of the usual shape, the inner branch being modified into

a strong biarticulate, cylindrical copulatory organ of nearly the same width

throughout its length except towards the end which narrows abruptly
;

alono- its inner side there runs a narrow groove which curves upwards

towards the end.

The 3rd 4th, and 5th pleopoda are similar to those of N. australis and

consist of an outer opercular plate and a smaller inner branchial plate, the

branchial plate apparently becoming smaller in proportion to the opercular

one in the more posterior pleopoda.

The uropoda (fig. 8) have the basal joint expanded outwardly with strongly

convex margin, the two rami are somewhat widely separated, the inner one

being slightly the longer and more slender.

In the female I have not succeeded in finding the first pleopoda, they are
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probiiblj small as in Haplophthalmus. The second pleopod has the inner

branch slender, much Ibng-er than the outer, tapering, and with the distal

portion marked with fine transverse lines apparently due to transverse rows
of very minute setge. The third, fourth, and fifth pleopoda are similar to

those of the male.

NoTONiscus AUSTEALis (CJiUton). (PI. 36. figs. 9-16, and PI. 37. figs. 17-

22.) <-

IIaploj}htliahnns australis, Chilton, 1909, p. 662.

„ „ Chilton, 1910, p. 288.

Specific description :—Body oval, greatest breadth in the 3rd and 4th

segments of pereeon, where it is about half the total length; central portion

of body moderately convex ; epimeral plates large, projecting horizontally,

rather widely separated. Head with two small rounded tubercles about the

centre and an indistinct obliquely longitudinal ridge on each side, the front

triangularly rounded; lateral lobes small, depressed, with extremities sub-

acute. Dorsal surface of pergeon sculptured, each segment with a number

of rounded or irregular tubercles arranged so as to form a fairly well-marked

median ridge and one or two less distinct lateral ridges; the tubercles

becoming more indistinct on the posterior segments. Surface of pleon

smooth, first three segments short, first two quite without epimeral expan-

sion, the third with very small epimera, fourth and fifth with moderately

expanded epimera ; terminal segment broad with straight posterior

margin.

Eyes with three ocelli. Antenna3 rather slender, the 4th joint of peduncle

not expanded, slightly longer than the two preceding combined, and rather

shorter than the 5th; flagellum about as long as the fifth joint, containing

four or five subequal joints, the last tipped with a pencil of long setse
;

whole antenna covered with fine short setse, a stouter seta at the end of each

of segments 2, 3, 4, and 5 of peduncle. Legs short, subequal, not visible in

dorsal view ; no secondary sexual characters observed. Uropoda with the

base not greatly expanded, its outer margin straight or only slightly convex ;

rami subequal, the inner one slightly more slender than the outer, both

covered with fine setae and bearing long setse at the extremities.

Length 6 mm.
Colour. Light brown.

Habitat. Campbell Island, on decaying wood and at roots of plants (C.

Chilton and Messrs. Chambers and Des Barres).

This species, though closely allied to the preceding, appears to be dis-

tinguished from it by the more oval shape of the body, the less marked

ridges or sculpturings of the dorsal surface, the more slender antennae, and



42^ PROF. C, CHILtOit O^r some tERRI^STEllL

less well-marked expansions of the epimera of the third and fourth pleon

segments and of the base of the uropoda.

Campbell Island lies about 400 miles to the south-west of New Zealand,

and the existence on it of this terrestrial Isopod so nearly allied to the species

on the mainland is additional evidence that the island was formerly directly

connected with New Zealand. No species of JS^otoniscus has yet been recorded

from the Auckland Islands which lie between Campbell Island and the main-

land, but probably i\^. australis or a closely allied species will be found to

occur there.

General description :—As the mouth-parts and other organs of this species

have been investigated more fully than those of N. hehnsii, it will be con-

venient to give a more detailed description than was done for that species.

The antennules (Fl. 36. fig. 10) are small, consisting of the usual three

joints, the first of which is much the largest, it is more than twice as long

as the second and a little longer than the third, which is much narrower

than the second and bears at the end one or two minute spinules.

The arUennce (fig. 11) hardly require any description beyond that already

given.

The upper lip (fig. 12) is of the usual shape^ quadrangular, narrowing

somewhat distally and with the free margin convex and fringed in the

centre with very minute setse.

In the mandibles the right and left pairs differ in the character of the

accessory appendage. The right mandible (fig. 14) has the main cutting-

edge divided into three prominent teeth; the accessory appendage is somewhat

cylindrical, curved, and has the apex rounded and bordered with a circular

row of stout seta3 closely set together, at its base arises a single long fringed

seta ; the molar tubercle is of the usual form. In the left mandible (fig. 13)

the main cutting-edge contains three or four strongly chitinized teeth ; the

accessory appendage is similar in appearance to the main cutting-edge and

it is divided into three similar teeth ; at its base and between it and the

molar tubercle arise two long fringed setae.

The lower lip is deeply cleft, each lateral lobe with outer margin strongly

convex and fringed with minute seta3 arranged in small tufts or very short

transverse rows ; the whole of the extremity and the inner margin of each

lobe is fringed with numerous fine, fairly long seta;. There is apparently a

median portion to the lower lip somewhat similar to that described by

Racovitza (1907 and 1908) for some species of Triclioniscus and allied genera,

but it is very delicate and I have not made it out with certainty in the

single specimen that I was able to dissect.

The first maxilla (fig. 17) has the two lobes of the usual form and of about

equal length, the outer being as usual much the broader; nearly the whole of

its outer margin is fringed with short transverse rows of small setae, its
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extremity bears about eight or nine strongly curved teeth o£ (he usual

character and there are a few fine setse on the distal portion o£ «he inner

}nargin ; the inner lobe bears at the end the usual three plumos>e setse of

unequal length, the most distal one being the smallest, a few minute setae are

found near its base at the apex of the lobe.

The second maxilla (fig. 16) has a few long slender setse at the base of the

inner margin ; the apex is indistinctly divided into the usual two lobes, the

outer one being much the smaller, the whole of the inner lobe is thickly

covered with rather stout short curved setse ; more delicate setse are present

on the outer lobe and on the distal part of the outer margin of the naxilla.

The maxillipeds (fig. 18) are of the usual form ; the epipod is about half as

long as the broadly expanded second joint, it is rounded at the extremit}'-,

which bears a few very delicate setse, and it is slightly narrower near the

base where both margins are fringed with fine setse ; the broadly expanded

second joint is about twice as long as broad, the very convex outer margin

is regularly fringed in its distal half by long delicate setse, and the whole of

the inner margin is fringed with slightly stouter setse. The palp portion is

formed of a single piece with setse of different kinds arranged so as to indicate

faintly the separate joints which it represents ; at the apex of the masti-

catory appendix or inner lobe is a small conical portion bearing three or four

circlets of minute setse.

The legs are slightly longer and more slender than those of N. Jielmsii and

of the same general character, they do not increase in length posteriorly,

and I have not observed any secondary sexual characters in connection with

them. Plate 37. fig. 19 represents a leg of the first pair ; the setse on the

merus and carpus are more numerous than those in the corresponding

positions in iV. Jielmsii, and on the inner margin of the propod are three

fairly stout setse placed at regular intervals along its length ; the propod is

slender, narrowing considerably towards the extremity, and on its lateral

surface about the middle there is a small area thickly covered with short

minute setse ; this patch of setse, however, does not appear to be present in

the other legs.

In the pleopoda I have not made out the first pair in the female, they are

probably small as in species of Haplophthalmus ; the second pair has the form

represented in fig. 20, having the inner branch long, narrow, tapering to the

end, which is marked with fine transverse lines which appear to be formed

of minute transverse rows of setse. I had originally described this as the

pleopod of a male specimen ; it corresponds, however, to the second pleopoda

of the females of some species of TricJwniscus and allied genera. I have

only a small number of specimens of this species and have not found a

male among them. The third (fig. 21), fourth, and fifth pleopoda have the

same general character as in N. Jielmsii.
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The uropoda (fig. 22) are rather more slender and elongated than in

N. helmsii and the basal portion is not so expanded as in that species^ its

outer margin being almost straight : the two rami are of about equal length,

the inner one, however, being slightly more slender.

Haplophthalmus tasmanicus, sp. nov. (PI. 37. fig. 23.)

Specific characters:—Body oblong oval^ rather convex; epimera of seg-

ments of perseon not much produced and projecting more or less downwards,

nearly contiguous ; dorsal surface of each segment of the perseon with about

six tubercles or ridges arranged so that they form longitudinal ridges along

the perseon, the middle pair lying near the median line and the others more

laterally ; the outermost ridges less distinct than the others. Surface of

pleon nearly smooth, first two segments short and without lateral expansions;

the third, fourth, and fifth with moderately large expansions.

The head with surface irregularly tuberculate and roughened, produced

in front into a bilobed tubercle. Lateral lobes small and not projecting

far from head.

Eyes with three ocelli.

Antenns? short; flagellnm as long as last joint of peduncle, inlistinctly

3- or 4-jointed.

Legs all short, not seen in dorsal view. Uropoda short, the two branches

subequal.

Length 5 mm. "Width 2 mm.
Colour. Dark brown.

Habitat. Under rotten logs, Fern Tree Gully, Hobart, Tasmania; collected

by Dr. Dendy in 1889. I have only a single specimen.

In the sculpturing of the dorsal surface this species appears to be near

to //. mengii (Zaddach), but in that species there is a pair of prominent-

ridges on the third segment of the pleon and the longitudinal ribs on the

pera3on seem rather better marked.

As I have only the one specimen of this species I have not dissected it to

examine the mouth-parts ; the legs appear to be all of about equal length

and of the usual character.

I has^e placed the species under Haplophthalmus as it seems to come near

to that genus ; it differs, however, from the description given by Sars in

having the eyes not simple but composed of three ocelli, and the segments of

the perseon are not discontiguous laterally.
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Family Oniscid^.

CuBARis suTERi, sp. nov. (PL 37- figs. 24-28.)

Specific description :—Oblong oval, breadth rather more than half the

length; epimeral portions fairly well developed especially in the first segment

of perseon; central portion of each segment very convex, sculptured^ and

produced into transverse crests. Head with the anterior margin turned

upwards into a well-defined ridge which is without a notch in the centre,

behind this is a slight depression followed by an irregular transverse ridge

in front of the hind margin. First segment of pera3on with epimeral portion

large, projecting almost horizontally, produced anteriorly almost as far as the

antero-lateral angle of the head ; each segment of perseon with its posterior

margin produced dorsally upwards into a vertical ridge extending transversely

throughout the whole of the central portion ; this ridge becomes better

marked in the more posterior segments until in the seventh segment it

forms a distinct well-marked flange on the central portion of the segment

with its upper margin depressed in the centre and its lateral angles rounded;

in front of the posterior ridge of each segment there is a number of small

tubercles on each side of the median line ; on the more posterior segments

these are better marked and end more acutely ; on the anterior segments

they are more rounded. The inferior margin of first segment of perseon

(fig. 26) is deeply cleft posteriorly for reception of the succeeding segment,

and the inferior margin of the second segment bears a well-marked tubercle

on its inner surface enclosing a notch for the reception of the succeeding

segment. Pleon (fig. 25) almost smooth, epimeral portions well developed,

projecting almost horizontally ; last segment of usual shape, its posterior

margin slightly concave.

Eyes of moderate size, composed of numerous facets. Antennse (fig. 27)

normal^ minutely setose ; flagellum much shorter than terminal joint of

peduncle, its first joint about one-fourth the length of the second. External

ramus of the uropoda very small, inserted in a small notch on the inner

margin of the expanded base, not visible from below ;
internal ramus very

small and short forming a small knob, hardly projecting from the base (see

fig. 28).

Length. About 8 mm.
Colour. Light brown, nearly the whole of the body being covered with

marblings of a darker brown.

Habitat. Henderson, Auckland, a single specimen (//. Suter).

This species, of which I have only the single specimen, can readily be

distinguished from all other New Zealand species by the sculpturings oh the

dorsal surface. The only other one known with sculpturings at all similar
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is Cuharis hamiltoni (Chilton) (1901, p, 148) *, but in that species the ridges

and flanges are far more numerous and are differently arranged.

The fact that both these specimens are known from single specimens only

shows how incomplete our knowledge of the terrestrial Isopoda of New
Zealand still is. Probably a careful survey, especially in the forests of the

North Island, would bring to light several other interesting species.
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EXPLANATION OF THE PLATES.

Plate 36.

Fig. 1. Notoniscus helmsii (Chilton) ; dorsal view, X about 10.

2. » antenna.

3. j» maxilliped.

4.
}) extremity of maxilliped, more highly magnified.

5. » first leg.

6.
)f first pleopod of male.

7.
}> second pleopod of male.

8.
j>

nropod.

9. Notoniscus australis (Cliilton) ; dorsal view, X about 12.

10.
jj )>

antennule.

11.
if ?>

antenna.

12.
jf })

upper lip.

13.
)} » left mandible.

14.
}> » right mandible.

16.
}> 7)

lower lip.

16. V V second maxilla.

* See also G. M. Thomson (1893, p. 226).
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Plate 37.

Fig. 17. Notoniscus australis (Chilton) ; first luaxilla.

13. „ „ maxilliped.

19. „ „ first leg-.

20.
,, ,. second pleopod of female.

21. „ „ third pleopod of female.

22. „ ,,
iiropod.

23. Ha2)lophthahnus tasmantcus, sp. nov., dorsal view, X about 18.

24. Cubaris suteri, sp. nov. : side view, x about 10.

25. „ „ dorsal view of pleon, more highly magnified.

26. „ ,, segments 1 and 2 of perseon seen from below.

27. „ „ antenna.

28. „ „ uropod and telson.
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The Genns Lermeodiscus (F. Miiller, 1862).

By Geoffrey W. Smith, M.A., F.L.S.

(Plate 38.)

[Read 7tli May, 1914.]

The genus Lernceodiscus was created by F. Mllller in 1862 (1) for a Rhizo-

cephalons parasite found by him on a Porcellana from Brazil. He did not

describe the internal anatomy of the parasite, and nothing more was known
about it until I gave an account of the genus in my Monograph of the

Rhizocephala in 1906 (2), based on some specimens found on Galatliea

dispersa at Naples, on G. intermedia from Norway, and on G. strigosa

from Naples. Since the appearance of this work two French authors have

added to our knowledge of the genus, Dr. Max Kollmann (3 & 4) and

Dr. Guerin-Ganivet (5). These authors have accepted the account I gave

of the anatomy, but Dr. Kollmann disagrees with my interpretation of the

orientation of the parasite and offers a different one.

The re-examination of the question which is here undertaken is due to

Professor W. A. Herdman, who found a specimen of Rhizocephala upon a

Munida hamfica from the Shetlands and sent it to me for identification. I

had previously seen two Rhizocephalous parasites on Munida, and described

them as a new genus Triaiigulns in my monograph (2, p. 115) ; but since

I was only able to study these two specimens (which were not very well

preserved) macroscopically, I was in considerable doubt as to the correctness

of my diagnosis. I was anxious therefore to study Professor Herdman's

specimen by means of serial sections, which he very kindly permitted me to

do, and the result of this examination has been to show that this parasite of

Munida really agrees in all essentials with the Lermeodiscus on Galatliea and

should be included in that genus. The genus Triangulus must therefore be

withdrawn, and the parasites hitherto described as Triangulus munidce should

be named Lernwodiscus munidce.

At the same time a careful examination of Professor Herdman's specimen

and a re- examination of my preparations of Lerna'odiscus galathea;, have

shown that I have made an error in my description and figure published in

my monograph with regard to the position of one of ihe genital openings.

This error certainly led me astray in the interpretation I put upon the

orientation of the parasite, and I have now no doubt that Dr Kollmann's

correction of my interpretation is amply justified, and that his own view is

essentially right.

It is hoped, therefore, that in this paper the anatomy and systematics of

the Rhizocephala hitherto found on the symmetrical Anoninra may be
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put straigbt, and the peculiar orientation of the parasites satisfactorily

cleared up.

The specimen of Lernceodistus munidce (= Triangulus munidce) found by

Professor Herdman is figured from two aspects on PI. 38. figs. 1 & 2.

The surface on which the mantle-opening {op.) is situated (fig. 1) is applied

to the thorax of the Manida when the tail is bent in its natural situation
;

the surface depicted in fig. 2 is applied to the abdomen of the host. The

peduncle (p.) by which attachment is effected is in a deep excavation of the

body, and the mantle is thrown into several pronounced folds. The mantle-

opening is asymmetrically placed on the lower right-hand corner, as shown in

fio-. 1, op. The only other features which can be observed from the outside

are the broad surface of the mesentery (w.r., fig. 1), which passes from the

peduncle to the opening, and the much narrower hinge of the mesentery

(m.l., fig. 2) upon the other side.

In my previous account of Lernceodisciis these two hinges of the mesentery

were called anterior and posterior hinges respectively, as it was my view that

the loner axis of the body passed through the long axis of the mesentery, but

this is Incorrect, as Kollmann has shown, and we should call the longer

mesentery, passing from peduncle to near the opening, the right mesentery,

and the smaller mesentery on the other side the left.

The disposition of the internal organs is shown in the diagrams figs. 3 & 4.

In fio-. 3, which is a transparent diagram of fig. 1, it is seen that the openings

of the testes are situated one on each hinge of the mesentery, the right testis

ir.t.) upon the edge of the large mesentery, the left testis il.t.) upon that of

the small mesentery behind. Both testis-ducts open backwards into the half

of the mantle-cavity turned away from the mantle-opening. The mistake

which was made in my earlier account of Lernceodisciis consisted in figuring

the left testis as opening on that edge of the left mesentery which is turned

towards the mantle-opening, and in the opposite direction to the duct and

opening of the right testis. The position of the testis-openings shows that

the lefr-hand part of fig. 3 is morphologically posterior and the right-hand

part anterior, while the mid-dorsal axis passes through the peduncle at

right angles to the long axis of the mesentery. The nerve-ganglion («.) is

situated on the large right mesentery, and the two oviducal openings are

placed on the visceral mass on either side of the mantle-opening.

Fio-. 4 is a dingrammatic view looking down on the peduncle and on to the

mesenterial or dorsal side of the animal. Here is seen the smaller left

portion of the mesentery and the larger right portion stretching to near the

mantle-opening. The two testes are seen opening posteriorly to right and

left of the peduncle. The nerve-ganglion (n.) and the two oviducal openings

are seen situated on or near the right expansion of the mesentery.

Before ooino- on to explain the peculiar asymmetrical disposition of these

organs, a comparison may be made between this condition in L, munidce and
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the arrangement in L. galathece. Corrected diagrams of the anatomy of the

latter are given in figs. "5 and 6. It will be seen from these diagrams that

the positions of the testis-openings are the same as in L. munidce, and not as

T originally figured them in my monograph (3, PL 7. fig. 33). The nerve-

ganglion is similarly situated on the large right mesentery, though a little

further away from the mantle-opening than in L. munidce. The two oviducal

openings, one on each mesentery, are decidedly further away from the

mantle-opening than in L. munidce, and are also more definitely on the

mesenterial edge and not on the wall of the visceral mass as in L. munidce.

How much importance is to be attached to these differences cannot he

definitely stated, as the greater or less distension of the visceral mass mio-ht

account to some extent for the shifting in position.

Another point of difference between L. munidce and L. galathece is that in

the former all the specimens hitherto obtained have the mantle-openino- very

definitely situated in an asymmetrical position on the right anterior corner of

the body, while in L. galathece this opening is sometimes situated medianly
or elsedeflected to the right anterior corner to a less extent than in L. munidce.

The fact that in L, galathece the position is variable and sometimes practically

the same as in L. munidce, should make one hesitate before afctachino" much
importance to this slight point of difference.

In explaining the peculiar orientation of this parasite it is necessary to

bear in mind the orientation of a more normal member of the Rhizocephala,

and for this purpose Peltogaster may be chosen because its relations of

synnnetry are very simple. Fig. 7 is a diagram of the mesentery of Pelto-

gaster viewed from the peduncular surface, or surface of attachment. This

surface, as I have shown elsewhere (2), is the dorsal surface. The median
axis of the body passes through the line AB, A being anterior and B posterior.

The mantle-opening {op.') is seen at the anterior end of the mesentery, and
the peduncle (p.) is seen piercing the mesentery somewhat toward its

posterior end. The nerve-ganglion {n.) is seen on the anterior portion of

the mesentery, and the genital openings are distributed on each side of the

mesentery, the oviducal openings being in front and the testicular openings

behind. The openings of the left side are a little in advance of those on the

right side.

The way in which Lernceodiscus can be derived from this symmetrical

condition is shown in fig. 8. Here the original long axis passes throuoh AB
and the testes still occupy their original position, but the mesentery has been
expanded laterally, especially on the right side, and the anterior portion of

the mesentery in front of the peduncle has been rotated to the right, so as to

be nearly at right angles to the original long axis AB. The position of the

nerve-ganglion, of the oviducal openings, and of the mantle-opening relatively

to the testes and the peduncle, clearly show that this rotation has tf<.ken

place.
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It will be seen from this account that I fully agree with Dr. Max Koll-

mann's conception as to the correct orientation of the parasite, according to

which the surfaces applied to the host are respectively right and left, and the

two hinges of tlie mesentery are called right and left in correspondence.

But the unfortunate mistake which I made in describing the testicular

openings has obscured from Dr. Kollmann the rotatory movement of the

mesentery which has resulted in bringing some of the anterior organs, viz.,

the nerveganglion/mantle-opening, and one or both oviducts, onto the right

side. Dr. Kollmann believes that it is easier to derive Lernceodiscus from

SaccuVma or Heterosaccus than from Peltogaster. As a matter of fact, this

does not influence the correct orientation of the parasite, since Sacadina is

easilv derived from Peltogaster or vice versa, the organs being disposed

svmmetrically in relation to the mesentery in both these genera. The

peculiar thing about Sacculina is that the symmetry of the parasite does not

correspond to that of the host, the mesenterial or dorsal side of the parasite

beino- always on the morphologically right side of the host's long axis. It

has always seemed to me a curious fact that this should be so, and I am still

further puzzled by the hypothesis that Sacculina on infecting the symmetrical

Anomura should have given rise to a form like Lernoiodiscus, which has

acquired a totally different symmetry both in its own structure and in its

relation to the host. As I originally pointed out, if we derive all these forms

from a PeItogaster-\ike genus parasitic on the Asymmetrical Pagurids, we can

understand that on infecting symmetrical forms of Anomura or Brachyura,

the relation of symmetry to the host might very well undergo mai'ked and

various changes. The argument however is almost purely speculative, and

does not influence our views as to the correct orientation of our parasites.

We may resume our account of the genus and species of Leriucodiscus as

follows :

—

Genus Lern.eodiscus {F. Midler (1)).

Diagnosis. External body of adult yellow.

Roots yellow, widely distributed and ramifying, without lagense.

Mantle highly muscular, and thrown into lappets or folds to a greater or

less extent.

Mnntle-opening situated either in the middle line or more usually deflected

to the right side, relatively to the host.

Mesentery broad, pierced by the peduncle, which separates two hinges;

the morphologically right hinge being applied to the thoracic surface, the

left hinge to the abdominal surface, of the host. The long axis of the

parasite has undergone a peculiar rotation, which has resulted in bringing the

nerve-o-anglion and mantle-opening on to the right hinge of the mesentery

(see figs. 7 & 8).



Smith.
JouRN. Linn. Soc, Zool. Vol. XXXII. Pu. 38.

rovd

G.W. 8. del.

LERNAEODISCUS, F. Muell.





THE GENUS LERN^ODISCUS. 433

Colleteric glands (oviducts) paired and convoluted.

Genital openings asymmetrically distributed owing to rotation of mesentery

(see figs. 3, 4, 5, 6, 7, 8.)

Nauplius with somewhat elongated and curved frontal horns.

Parasitic on Symmetrical Decapoda Anomura.

L. PORCELLAN^, F. MuUer (1). Host: Porcellana sp. from Brazil.

Visceral mass purplish, lappets of mantle very conspienous and indented.

L. GALATHEiE {G. W. Smith {2)). Hosts: Galatliea dispersa at Naples
(Smith (2)), Griilf of Gascony (Guerin-Ganivet (5)).

Galatliea intermedia, Norway (Smith (2)), Saint Vaast-la-Hougue and
Gnlf of Gascony (Guerin-Ganivet (5)), Banyals (Kollmann (3 & 4)).

Visceral mass yellow ; lappets of mantle few and irregular.

L. STRIGOS^. Host: Galatliea strigosa at Naples (Smith (2)).

Distinguished from above only by larger size, and may probably be

included under L. galathece.

L. MUNiP^ [
— Triangidas munidoi (G. W. Smith (2)). Hosts: Munida

hamflca from Norway (Smith (2)), and from the Shetlands (Professor W.
A. Herdman). Gulf of Gascony and Brittany coasts, and African coast,

south of Cape Bojador (Guerin-Ganivet (5)).

Visceral mass yellow. Lappets of mantle few and deeply indented.

Mantle-opening deflected very definitely to right side. Colleteric glands

(= oviducts) advanced well on to visceral mass in neighbourhood of mantle-

opening. Relations of mantle and of openings of testes and of nerve-ganglion

the same as in L. galathece.

Note.—It is clear from the meagre distinctions which it is possible to make
between these various parasites attached to different Galatheids that it is

very doubtful how far they represent good species. It is, indeed, doubtful

what criterion of a good species there can be in animals which reproduce by

a continuous round of self-fertilization, and are only distinguished from one

another by slight differences of shape and sometimes of colour, and which

offer no morphological features of outstanding importance in which they

jdifFer. I have already dealt with this fundamental difficulty in my monograph

(2) pp. 166 & 167.

LINN. JOURN,—ZOOLOGY, VOL. XXXII, 35
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EXPLANATION OF PLATE 38.

Fig 1. Lerneeodiscus viunidce. View from right side whicli is applied to thorax of host,

Munida hamffica. X 2.

2. Ditto. Viewed from left side. X 2.

3. i. munid(s, viewed by transparency from right side.

4. L. munida;, viewed from peduncular or dorsal aspect.

5. L. galathece, viewed by transparency from right side.

6. L. galathecB, viewed from peduncular or dorsal aspect.

7. Diagram of mesentery of Peltogaster from peduncular or dorsal aspect. AB is

median longitudinal axis.

8. Diagram of mesentery of LerncBodiscus from dorsal aspect, showing rotation of

anterior half of mesentery to right side and shifting of axis to C.

Lettering :^3., peduncle of attachment ; oj;., mantle-opening; 72., nerve ; now?., right

oviduct ; l.ovd., left oviduct ; r.t., right testis ;
l.t., left testis ; ?«.c., mantle-cavity

;

v.m., visceral mass ; mr., right mesentery ; m.l.., left mesentery.
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Introductory and Historical.

The genus Deto was established by Guerin in 1836 for a species,

D. ecUnata, which was vaguely described as having been found in the East
by Olivier ; the chief character of the genus was that the antennse were
composed of nine joints, i. e. five in the peduncle and four in the flagellum,

and was thus distinguished from Oniscus, which had three joints in the
flagellum, and from Porcellio, which had only two. The genus was after-

wards mentioned by Milne-Edwards (1840) * and Dana (1853), but no
further addition to our knowledge of it was made for many years. In 1843
Krauss included the species in his list of South African Crustacea as having

been collected on the sea-shore at Table Bay, and later on it was collected at

the Cape by the ' Novara ' Expedition. Besides the type-species, two others

were afterwards described under this genus, namely, D. spinicornis^ Brandt
from the southern shores of the Sea of Okhotsk, and T. lohitei, Kinahan, of

unknown locality ; it appears likely, however, that the latter species is

identical with the type-species. In 1879 Budde-Lund in his 'Prospectus

generum specierumque Crustaceorum Isopodum Terrestrium,' gave the

genus with these three species, and thinking that Deto spinicornis was
rightly referred to the genus, he placed the genus under his second family

Liyice. Later on, however (1885), finding, on an examination of the poorly

preserved specimens in the St. Petersburg Museum, that D. spinicornis

should probably be referred to Triclioniscus, and having had an opportunity

of examining two species really belonging to Deto, he came to the conclusion

that the genus should come near to Oniscus, and that it is perhaps not

* The references are made by the year of publication to the bibliographical list on

pp. 454, 455.

35*
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distinct from that genus. In his ' Crustacea Isopoda Terrestria ' (1885,

p. 233), he gave a diagnosis of the genus and included under it two species,

D. ecliinata, Guerin, and a new species D. acinosa, of both of which he had

examined specimens from South Africa in the St. Petersburg Museum
;

he mentioned also D. whitei, but stated that it is probably the same as

D. ecliinata.

For many years after this no further addition was made to our knowledge

of this genus, but in 1906, Budde-Lund, having had an opportunity of

examining specimens of a Deto collected by the German Polar Expedition

at St. Paul's Island, in the Indian Ocean, gave a revision of the genus,

describing these specimens as a new species, D. armata, and established two

new species, D. magnifica and D. rohusta, on three specimens from the

Auckland Islands, New Zealand, preserved in the Dresden Museum. He

also assigned to the genus Deto a species that had been described in 1879

by Mr. G. M. Thomson under the name Actcecia aucUandice, and which, in

1901, I had provisionally placed under Scyphax ; also another species from

New Zealand described in 1885 by Filhol under the name Oniscus novce-

zealandice, and the species PUlougria marina, described by me in 1884 from

the East Coast of New South Wales. Budde-Lund thus gives eight species

under the genus, but of these, two, D. magnifica and D, rohusta, are, I think,

undoubtedly synonyms of D. auchlandia'. In 1910 I pointed this out and

stilted that two species of Isopoda, described from Chili by Nicolet in 1849,

namely, Oniscus huccidentus and 0. tuherculatus, were male and female

of a species of Deto, and were probably identical with 0. novce-zcalandia,

Filhol.

Before the publication of Budde-Lund's paper in 1906, I had obtained

specimens of the two New Zealand species and had commenced a report on

the genus, describing the mouth-parts and the pleopoda, which, up to that

time, were practically unknown, as the only specimens available to Budde-

Lund in 1885 had been dried or poorly preserved. ]\Iy paper was long

delayed through lack of sufficient specimens of the different species, but

later on the Director of the South African Museum very kindly supplied

me with specimens of the two species found in South Africa, and 1 have

recently received additional specimens of D. novcc-zealandia^, Filhol, from

Stewart Island, New Zealand. I have thus been able to see specimens

of all the species that I consider to be good ones, except D. armata,

Budde-Lund, and in this paper I endeavour to give a fairly full account

of the genus.

The genus is an extremely interesting one on account of the large size

and strikino- appearance of some of the species, the remarkable and varied

sexual differences, the strictly maritime habitat of all the species, and the

geographical distribution.
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I recognise six species—two from South Africa, two from New Zealiind

(one of which is found also in South America) ^ another species from

St. Paul's Island in the Indian Ocean, and the sixth from the East Coast

of Australia.

In his last Hevision of the Terrestrial Isopoda, Budde-Lund (1904) placed

Deto under a subfamily Detonince of the Oniscidse, and Stebbing (1910,

p. 444) has since raised this to the rank of a family. In 1901 I placed the

genera Scyphax, Dana, Actcccia, Dana, and Scf/phoniscus, Chilton, under

Scyphacidee, a family distinct from, though closely allied to, the Oniscidse
;

in this family I had also included Adcecia aucldandioi (G. M. Thomson), of

which I had been able to examine a single female specimen, but whose

affinities to Deto I had not then recognised. An examination of the whole

of the species shows that Deto would readily come under this family as then

defined by me_, and the genera mentioned seem, to be sufficiently closely

allied to justify us in placing them in one family rather than in establishing

three or four separate families or subfamilies for their reception.

I shall now give diagnoses of the genus and of the different species of

Deto, reserving some general remarks on the genus for the conclusion

of the paper.

Family SCYPHACID^.

Scyphacina, Dana, 1853, p. 716.

Scyphacidcs, Chilton, 1901, p. 121.

„ Richardson, 1905, p. 671.

The description of this family given in 1901 was as follows :
—" Mandibles

without molar tubercle, its place being taken b}^ a tuft of long stiff setse or

bristles ; inner lobe of first maxilla with two plumose bristles ; maxillipeds

with the terminal joints fairly well developed, lamellar, longer than the

masticatory lobe ; external male organ single."

The characters of the genus Deto come well within this definition.

Genus Deto, Guerin, 1834.

Deto, Guerin, 1836, notice 21, p. 1.

„ Milne-Edwards, 1840, vol. iii. p. 174.

„ Budde-Lund, 1879, p, 9.

„ Budde-Lund, 1885, p. 233.

„ Budde-Lund, 1906, p. 84.

„ Chilton, 1909, p. 666.

„ Stabbing, 1910, p. 444.

The generic description given by Budde-Lund in 1885 w^as based on the

examination of imperfect specimens of two species only; in 190(3, having

been able to examine additional specimens, including well-preserved specimens
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of the new species Deto armataf he gave an amended diagnosis, the main

characters o£ wliich are included in the following diagnosis which I now
suggest :

—

Generic diagnosis.—General shape o£ body oblong-oval, somewhat de-

pressed; animal not capable o£ rolling itself into a ball; epimera lamellarly

expanded *
; dorsal surface usually with spines or tubercles which are better

developed in the male than in the female
;
pleon not abruptly narrower than

perseon ; epimera of third, fourth, and fifth segments well developed. Head
with lateral processes forming broad lobes.

Eyes of moderate size, with many ocelli.

Antennse with ilagellum four-jointed.

Mandibles with one penicil behind the cutting-edge.

Maxillipeds with palp longer than masticatory lobe, and showing indi-

cations of being formed of three or four joints.

Exopoda of the pleopoda opercular, and containing no special branchial

organ.

Uropoda produced, reaching considerably beyond the terminal segment.

In addition to the points given above, there are several characters common
to these species which may be mentioned here to avoid repetition.

Sexual dimorphism is very marked and affects the surface of the body and

the antennse, but not the perteopoda or uropoda, which are the parts that

usually show sexual differences in Trichoniscus, Poreellio, &c.

The antennae are long and stout, usually stouter in the male than in

the female.

The mouth-parts are on the same general type of those of Onisciis, and are

fairly uniform throughout the genus. I have described them in greater

detail for D. aiicklandice and I), huccideida, but a few points may be given

here.

The mandibles are strong ; the accessory appendage differs on the two

sides, in the left mandible being formed of two or three strongly chitinised

teeth similar to the outer cuttino-edoe, in the right it is shorter and ends

in a crown of small teeth of varying sizes ; at the base of the accessory

appendage in both mandibles is a hairy lappet which may bear one or two

stout setse or " penicils '* similar to the single penicil between the lappet and

the tuft of long bristles representing the molar tubercle.

The lower lip consists of two rounded lobes separated apparently to the

base, but connected proximally by the inner more membranous lobes which

appear capable of being folded together at right angles to the lip, and when

* la the female of Deto aucklandice the epimera of segments 2, 3, and 4 of the perason

are separated from their segments by a slight groove or apparent suture ; in the males of

this species and in both sexes of the other species the epimera are quite continuous with

their segments, the junction not being marked by any gi'oove or suture.



GENUS OF TEKEESTKIAL ISOPODA. 439

spread out of filling the space between the outer lobes when they are

separated laterally.

The first maxilla is o£ normal shape, its narrow inner lobe bearing two

densely hairy bristles.

The second maxilla is somewhat curved near the base, but the outer edge

is not angularly produced as in Onisciis, &c.

The maxillipeds have the epipod large, flanking the basal part, and taper-

ing distally ; the second joint is broad, but not so much expanded as in

Oniscus ; the palp is longer than the masticatory lobe and shows indications

of the separate joints of which it is composed.

The pleopoda are of the same type as those of the Oniscidse ; the inner

ramus of the second pair in the male is particularly long, terminating in a

very long slender lash.

The uropoda vary in the different species and are described below ;
they

are the same in the two sexes.

Budde-Lund (1906) divided the genus into two subgenera with the

following characters :

—

Subgenus Deto i

1. Antennae rather long and slender
;
joints of flagellum fairly long.

2. Palp of maxillipeds a little longer than the masticatory lobe.

3. Endopod of uropod short, scarcely reaching to the middle of the

exopod.

Subgenus Vinneta :

1. Antennae rather short, stout; joints of flagellum very short.

2. Palp of maxillipeds much longer than the masticatory lobe.

3. Endopod of uropod rather long, longer than exopod.

Of these three characters the first two do not appear to me to be reliable

for subgeneric characters. It will be seen from the descriptions given below

that in most of the species the antennae differ considerably in the two sexes,

and that while the male may have the antenna very stout, in the female it

may be fairly slender, with the joints of the flagellum of moderate length.

Again, the palp of the maxillipeds is in all cases longer than the masticatory

lobes, and the differences in its length are not sufficient to be of much

importance.

The third point seems, however, to be a good one and enables the species

at present known to be separated into two groups, one including the species

found in New Zealand and South America, and the other the species in

South Africa, St. Paul's (Indian Ocean), and Australia.

Owing to the great differences between the male and the female, and the

fact that in this, as in many genera of the Isopoda and Amphipoda, the

females of the different species are nearly alike, it is hopeless to try to

distinguish between the species without making use of the characters of
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the fully clevelo[)ed male ; unfortunutelj the male in D. marina is not known.
The others may, however, be distinguished as follows :

—

A. Uropod with exopod reaching mucli beyond the

endopod Subgenus Deto, Budde-Liind.

1. Male with a pair of long spines on each segment of

perseon, pleon witnout spines D. echinata.

2. Male with a pair of spines (or prominent tubercles) on

eacb segment of perseon, and on third and fourth

segments of pleon D. armata.

3. Male with a pair of tubercles (not spines) on each seg-

ment of person D. acinosa.

4. Male unknown ; female with surface granular, or with

low tubercles only D. marina.

B. Uropod with exopod not reaching beyond endopod. Subgenus T7«?ze^«, Budde-Luiid.

1. Male with lateral portions of first segment of perteon

not expanded ; surface of perseon with prominent blunt

spines J), aucklandice.

2. Male with lateral portions of first segment of perajon

forming balloon-like expansions ; surface of pera?on

with irregular pointed tubercles D. buccidentu.

Deto echinata, Guf'nu. (PL 39. figs. 1-3.)

Deto echinata, Guerin, 1836, notice 21, p. 2, pi. 14.

„ „ Milne-Edwards, 1840, vol. iii. p. 174.

,, ,, Krauss, 1843, p. 63.

,, „ Heller, 1868, p. 1.37.

,, ,, Budde-T.uud, 1879, p. 9.

„ „ Budde-Lund, 1885, p. 234.

„ „ Stebbing, 1893, p. 431,

„ „ Budde-Luod, 1906, p. 85.

„ „ Stebbing, 1910, p. 444.

? Deto Whitei, Kiuahan, Dublin Zool. Bot. Assoc, i. p. 199, pi. 19, fig. 6; see also

Ann, & Mag. Nat Hist. ser. 5, vol. xvii. p. 83.

Male.—Oblong-oval, more than twice as long as broad. Head with a

prominent subacute tubercle on each side near the posterior margin and

internal to the eyes, with another smaller tubercle anterior and interior to

the first ; rest o£ surface granular ; lateral lobes moderately large, directed

outwards and forwards, their extremities broadly rounded.

Each segment of pera3on with a pair of long acute spines, straight or

slightly curved, arising near the posterior margin and projecting vertically,

those on the posterior segments directed also a little backwards ; the spines

on the first segment are the shortest, those on the succeedino; seo-ments

longer till the fourth and fifth, which are subequal and much longer than

the segment from which they arise, each of the sixth and seventh a little

shorter than the preceding one. Rest of surface of pergeon finely granular
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or slightly rugose, more especially on tlie anterior segments. Epimera

large, each with a faint ridge running backwards and outwards towards its

posterior angle.

Surface o£ pleon smooth ; epimera of third, fourth, and fifth segments

largely developed, last segment triangular, nearly twice as broad as long,

apex rounded.

Uropoda with basal joint broad, reaching slightly beyond the end of the

last segment^ upper surface raised in middle into a longitudinal keel, lateral

margin somewhat expanded ; outer ramus long, lanceolate, fully twice as

long as b;ise ; inner ramus only about as long as the base, not in contact

with its fellow on the other side.

Female.—Differs from male in having the body more oval, the long

spines represented only by rounded tubercles, the oblique ridges on the

epimera rather better marked, and the antennas more slender.

Length of male (without uropods) 22 mm., breadth 10 mm.
Length of female 20 mm., breadth 9 mm.
Colour. Shity grey, with marbled markings of lighter colour.

Habitat. Table Bay, Cape Colony, collected on sea-shore with Ligia glahrata

by Krauss ; collected at " The Cape " by the ' Novara ' Expedition ;
the

specimens from the South African Museum submitted to me are labelled :

—

" Sea-shore at Hout Bay, Cape Peninsula, W. L. Sclater coll., April 1901,"

and " Sea-shore at Scuilphoek, 2 to 3 miles south of Hermanuspetrusfontein,

Caledon District, Cape Colony, R. M. Lightfoot coll., February 1903."

Of this species I have seen several males, but only one female ; the males

are all of about the same size^ and have the pair of long slender spines on

each segment of the pereeon well developed ; the spines are considerably

longer than those of i>. avmata as figured by Budde-Lund. In the single

female the dorsal surface is granular, more so than in the male, and the

spines are represented only by small, rounded, light-coloured tubercles

projecting only slightly above the general surface.

The species appears to be considerably larger than D. acinosa, but closely

resembles that species in its appendages.

Deto acinosa, Budde-Lund. (PI. 39. figs. 4-18.)

Deto acinosa, Budde-Lund, 1885, p. 235.

„ „ Stebbing, 1893, p. 431.

,,
Budde-Lund, 1906, p. 85.

Male.—Oblong-oval, fairly convex. Head with a rather large rounded

tubercle on each side near the posterior border and internal to the eyes, rest

of surface coarsely granular. Each segment of the person with a large

subacute tubercde on each side near the posterior margin, projecting upwards

and backwards to a distance equal to half the length of the segment from
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which it arises ; on the anterior segments, especially the first, the surface in

front of these tubercles shows a few irregular granulations ; epimera well

developed, not separated from their segments bj a suture, each with a faint

oblique ridge running outwards and backwards to the posterior angle, the

ridge best marked on the posterior segments. Pleon with surface smooth,

epimera of segments 3, 4, and 5 well developed ; last segment triangular,

its extremity rounded.

Female.—Differs from the male in lacking the prominent tubercles on the

segments of the perseon ; surface of head and perseon granular, the position

of the tubercles on the perseon represented bj^ a granule slightly more

prominent than the others. Antennae rather more slender than in the male.

Length 13 mm.j width 6*5 mm.
Colour. Slaty grey, tips of tubercles and lateral portions lighter in colour,

some lighter markings also on the general surface.

Habitat. Cape Peninsula, South Africa, on sea-shore ; two specimens in

the St. Petersburg Museum from " Africa " ; many specimens in South

African Museum from " Sea-shore at Sea Point, Cape Peninsula, H. M.

Lightfoot coll."

Of this species I have seen many specimens of both sexes and of different

sizes. It is a smaller species than D. echinata, and does not present such

marked sexual differences, though the pointed tubercles or teeth on the

perseon are quite prominent in the adult male ; in the figure they are perhaps

made a little too prominent.

The antenna of the male is shown in fig. 6 ; it is similar to that of

D. echinata, but has the joints of the flagelluni slightly longer.

The upper lip (fig. 7) has the margin broadly rounded and fringed with

short set fie.

The mandibles (fig. 8) have only about ten long bristles in the tuft

representing the molar tubercle, and these are almost smooth except

towards the end, but otherwise do not diff"er from those of D. aucMandia\

The lower lip (fig. 9) has the outer lobes with a slight notch near the

apex, inner lobes narrow and delicate.

The first maxillse are normal.

In the second maxilla (fig. 10) the outer lobe is nearly as broad as the

inner, but not so thickly setose.

The raaxillipeds (fig. 11) have the palp not much longer than the masti-

catory lobe, which is oblong, truncate at the end, and bears near the inner

anoie a small hairy appendage like a short, stout, plumose bristle.

The perseopoda (figs. 12 & 13) increase slightly in length posteriorly.

They are rather spiny ; the dactyl bears a long split seta longer than the

others, which appears to represent the dactylar seta, but it is not very

prominent, especially in older specimens.
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In tlie first pleopod of the male (fig. 14) the male organ is about two-thirds

as long as the narrow endopod, which is grooved on its posterior aspect ; the

exopod is short and not produced at its inner side, its extremity being

regularly rounded.

The second pleopod of the male (fig. 15) has the endopod extremely long

and slender ; the exopod is somewhat produced at its inner angle, and has

a few very delicate plumose setae on the outer margin.

In the female the exopod of the first pleopod (fig.. 16) is short and broad

with regularly curved margins, its extremity is slightly produced on the

inner side and is broadly rounded; no endopod was seen.

Tlie second pleopod of the female (fig. 17) has the exopod larger with

inner angle more produced, margins with a few delicate setce ; the endopod

forms a short triangular process.

The uropoda (fig. 18) are practically the same as in D. echinata.

Deto armata, Budde-Lund.

Deto annata, Budde-Lund, 1906, p. 86, pi. 4, figs. 26-36.

Sj)ecific description.—Similar to D. echinata, but smaller and somewhat

narrower. Head, each segment of perseon, and third and fourth segments of

pleon each bearing a pair of spines which are much larger in the male than

in the female
; general surface minutely granular. Terminal segment with

apex triangularly produced, subacute.

Antennae long, slender, fourth joint of flagellum of moderate size.

Maxillipeds with the palp a little longer than the masticatory lobe Legs

supplied with moderately long spines. Pleopoda and uropoda apparently as

in D. echinata.

Length 12 mm.
Habitat. St. Paul's Island, Indian Ocean ; collected by Grerman South-

Polar Expedition in 1903.

I have not seen specimens of this species, and have drawn up the specific

diagnosis from the description and figures given by Budde-Lund.

The species appears to be very similar to D. ecldnata, but differs in having

a pair of spines on the third and fourth segments of the pleon as well as on

the perseon. Budde-Lund says nothing about the length of these spines,

but if the specimen he figures is a male (as it presumably is), they are not

so long as in fully grown specimens of D. echinata; Budde-Lund, however,

gives the length of the animal as 12 mm. only, and the specimen figured may

not be fully grown.

The mouth-parts, perseopoda, and pleopoda of this species have been

figured by Budde-Lund ; they appear to present a close general resemblance

to those of D. echinata and D. acinosa.



444 PEOF. C. CHILTON ON DETO, A SUBANTAECTIC

DeTO MAEINA {Chilton). (PI. 39. figs. 19-23.)

Philougria marina, Chilton, 1884, p. 463, pi. 11.

„ „ Chilton, 1901, p. 328.

„ „ Stebbing, 1900, p. 565.

Deto marina, Budde-Liind, 1906, p. 85, pi. 4, figs. 39-41.

Specijic description.—Body oblong.oval, length rather more tluui twice the

greatest breadth. Head with surface irregularly tuberculate, front projecting

into a triangular lobe ending subacutely, lateral lobes very broad, occupying

nearly all the side-margin ; eyes large, on rounded prominences raised above

the lateral lobes. ^Surface of perseon somewhat scabrous, with a few low

inconspicuous rounded tubercles, most marked on the anterior segments
;

epimera not very greatly expanded, each with a slight oblique ridge running-

outwards and backwards to the posterior angle. Segments 3, 4, and 5

ol' pleon with well-developed epimera which have the posterior angles

acute, terminal segment triangular, sides slightly concave, extremity broadly

rounded.

Autennfe (fig. 20) about one-third the length of the body, slender, fifth

joint slightly longer than the third and fourth together ; flagellum as long-

as the fourth, its first three joints subequal in length, fourth slender, about

half as long as the preceding, and merging almost imperceptibly into a

pencil of very short setaj ; whole surface of antenna covered with minute

short spinules and fine short setae.

Legs (figs. 21 & 22) subequal in length, the posterior ones only slightly

increasing in length ; all rather spiny, the largest spine, which splits

towards the end, being situated near the distal end of the carpus.

Uropoda (fig. 23) with base broad, reaching to the end of the terminal

segment ; outer ramus longer than base, ta})ering to the end, which bears a

few short setse ; inner ramus arising more anteriorly, slender, only slightly

tapering, ending with pencil of long setae.

Length of largest specimen (a female Avith brood-plates developed) 6 mm.
Colour. Yellowish, with marking of a dark brown.

Ilahitat. Coogee Bay, near Port Jackson, New South Wales (Chas. Chilton

coll., January 1884).

This species is known only from Coogee Bay, near Port Jackson, New
South Wales, where I collected it in January 1884; it was found near high-

water mark, and most of the specimens were taken out of the water, which

was nearly high tide at the time. Unfortunately my specimens are all

small; the largest is 6 mm. long, and is a female with brood-pouches

developed ; the others are probably immature. I can find no adult male

among my specimens, and am unable therefore to say whether there are

any secondary sexual characters or not. Several friends, especially Mr. T.

Whitelegge, of the Australian Museum, have since endeavoured to collect

additional specimens for me from the same locality, but without success.
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In its small size, more slender antennce, and in the slender spiny

perseopoda and the uropoda, this species at first shows a general resem-

blance to a Triclioniscus ; the mouth-parts are, however, as was first pointed

out by Stebbing (1900, p. 565), quite different, and the species is a

true Deto.

The mouth-parts are similar to those of D. acinosa, and do not require

special notice ; the maxillipeds have been figured by Budde-Lund (1906,

pi. 4, fig. 40) from a specimen given by me to the Zoological Museum of

Dundee University College.

The legs (figs. 21 & 22) are slender, and in the arrangement of the spines,

particularly of the large split spine towards the distal end of the carpus, are

very similar to those of Triclioniscus and. allied genera ; the dactylar seta is

fairly prominent—it has only two branches, one of which bears a small knob
at the end.

The adult male is not known ; it will be interesting to see in what
characters it differs from the female.

Deto aucklandi^ {G. M. Thomson). (PL 39. figs. 24-30, and

PL 40. figs. 31-44.)

Actcecia aucMandice, G. M. Thomson, 1879, p. 249.

„ „ Budde-Lund, 1885, p. 239.

„ „ Filhol, 1885, p. 443.

Scyphax (?) micklandice, Chilton, 1901, p. 126, pi. 15, fig. 2,

Deto aucklandice, Chilton, 1906, p. 273.

„ „ Budde-Lund, 1906, p. 87.

„ „ Chilton, 1909, p. 666.

„ „ Chilton, 1910, p. 288.

Deto magnifica, Budde-Lund, 1906, p. 86.

Deto robusta, Budde-Lund, 1906, p. 86.

Specific description.—Male. Oblong-oval, moderately convex, head strongly

tuberculated, with a raised oblique ridge running from near the centre

outwards and backwards to the posterior margin; in the centre between

these ridges are four tubercles, the posterior two larger than the two

anterior, other small tubercles near the frontal margin ; lateral lobes large,

directed outwards, roundly tetragonal.

First segment of perseon slightly longer than the others, Avhich are suh-

equal, each segment bearing a transverse row of tubercles or rounded

blunt-ended spines, which are directed upwards and a little backwards, the

lateral ones the largest and longest, the others gradually diminishing in size

towards the median line ; in most cases there are ten tubercles in each row,

but there are usually fewer on the first and last segments of the perseon
;

in the first two segments there are usually some slight tubercles in front

of the transverse row. Pleon with first two segments short and without

epimeral expansions, third, fourth, and fifth with large epimeral expansions
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which end subacutely. a transverse row o£ small rounded tubercles on the

second, third, fourth, and fifth segments; last segment without tubercles,

surface slightly granular, much broader than long, extremity broadly

rounded.

Eyes somewhat small, narrow-oblong.

Antennae extremely thick and stout, second joint of peduncle longer than

the first or third, fourth joint slightly shorter than fifth, which is narrowed

at the base and expanded distally ; flagellum much expanded, of three sub-

equal joints, each much broader than long, the minute fourth joint hardly

visible ; last joint of peduncle and the flagellum densely covered with

short woolly hairs.

Legs subequal with a few short spinules, inner margins with woolly

hairs.

Uropoda with the basal portion very broad, meeting in the median line

and extending slightly beyond the end of the terminal segment ; outer

margin expanded and produced at the outer posterior angle, inner rami

contiguous along the median line, longer than the outer rami, both rami

rounded at the end and covered with minute setse.

Length of largest specimen 24 mm.
;
greatest breadth 11 mm.

Colour. Slaty grey.

Female.—Differing from the male in the following points :—Body broader

and less convex, the tubercles on the head and perseon much smaller and less

prominent, forming only small rounded tubercles ; epimeral expansions,

especially on the posterior segments, showing an oblique ridge running

backwards and outwards ; antennae stout but much more slender than those

of the male, the fifth joint of the peduncle slightly sinuous, and when folded

back fitting into a groove on the outer surface of the fourth joint ; flagellum

about two-thirds as long as the last joint of the peduncle, its joints as long

as broad or longer, the first two subequal, the third as long as these two'

too;ether, fourth minute.

Length 19 mm.
;
greatest breadth 11 mm.

Colour. Slaty grey.

Habitat. Ewing Island, in the Auckland Islands group, New Zealand
;

found on the sea-shore (collected by Dr. L. Cockayne, F.R.S., and Mr. E.

Jennings).

This remarkably large and striking species has been found only in the

Auckland Islands, where its lives under seaweed, etc., on the sea-shore.

Filhol gives the locality as " Nord de la Nouvelle-Zelande, Auckland," but

this has no doubt arisen from the unfortunate confusion of the Auckland

Islands, which lie about 200 miles to the south of New Zealand, with the

Auckland City and Province in the north of New Zealand. I have seen

only about half-a-dozen specimens^ all from Ewing Island, these being all

males except one. The differences between the two sexes are extremely
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marked, especially in the full-grown males ; two o£ my male specimens are

apparently not quite fully grown and have the antennae considerably more
slender than is shown in fig. 27, and more approaching the conditions found

in the female, though much stouter ; the prominence of the tubercles on the

perseon is also less marked in the immature males.

I think there can be no doubt that D. magnifica, Budde-Lund, and

D. rohusta, Budde-Lund, are synonyms of this species. Budde-Lund estab-

lished these two species on three specimens from the Auckland Islands in

the Dresden Museum ; of D. magnifica he had only one imperfect specimen,

and states that it is perhaps the same as D. aucklandice. Of D. rohusta he

had one male and one female, and apparently based the specific distinction

largely on the characters of the male, the difi"erences of which from the

female had not previously been fully pointed out. In his original de-

scription, Mr. Thomson, by an error, interchanged the sexes and described

the female as being provided with the stout obtuse spines.

The specific diagnosis given above may be supplemented by the following

more detailed description of the appendages :

—

Antennules (fig. 26) small but noticeable, first joint as long as the second

but shorter, third about half as long as the second, narrower, and tapering
;

all covered with fine short hairs, two or three minute olfactory setae near the

end of the third.

The antennae in the fully grown males (fig. 27) are particularly broad and

powerful, all the joints being broadened and having the surface uneven, as

shown in the figure ; the fifth joint is about the same length as the fourth

or only slightly longer, and lies nearly at right angles to it, the outer surface

of the fourth being hollowed out towards the extremity to receive it ; the

flagellum is about half as long as the fifth joint and shows three subequal

joints, each broader than long, the very small fourth joint being almost

concealed in the fine downy hairs which cover the flagellum and the terminal

portion of the peduncle.

In the female the antennae (fig. 28) are very much more slender, but show

the same proportions, except that the third joint of the flagellum is longer

than either of the first two, which are subequal and about as broad as long
;

the fourth joint is small, though readily noticeable ; the fine hairs found in

the male are hardly represented.

In immature males the antennae tend to resemble those of the female.

Upper lip with extremity roundly truncate.

The mandibles are large and strongly chitinised, of the same type as in

Oniscus. In the left mandible (fig. 30) the cutting part is composed of two

strong teeth somewhat rounded and dark brown in colour, within it lies the

accessory appendage also composed of two strongly chitinised teeth, brown in

colour, and bearing at its base a membranous, hairy lappet densely fringed

with setae ; this is followed by a single " penicil," and then by the brush-like
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recurved seta9 replacing the molar tubercle ; this contains a large number o£

long, stiff, curving bristles of varying length. In the right mandible

"(fio-. 29) the general structure is the same, but the accessory lobe bears a

number of small sharp teeth instead of ending in two large teeth as in

the left mandible.

The lower lip (fig. 31) is formed of two rounded lobes, the cleft between

them reaching to the base, but they are united in the proximal half by an

inner folded central lobe, the inner margins and the distal half of the outer

margin of the outer lobes being densely fringed with long fine setse.

The first maxilla (fig. 32) has the usual form, the extremity of the outer

lobe bears about ten stoutly chitinised spines of different sizes, its inner

maro-in is fringed near the middle with a number of very fine delicate setse
;

the inner lobe is moderately stout and bears at the end the usual two brush-

like setfe.

The second maxilla (fig. 33) is slightly curved, its outer lobe is much

smaller than the inner, both being supplied with the usual setie ; the distal

portion of the outer margin is fringed with slender setDe, but there are a few

on the inner margin near the base.

The maxillipeds (figs. 34 & 35) have the epipod long, about as long as the

broad second joint, tapering towards the subacute extremity, its margin

fringed with delicate setre ; the enlarged second joint is expanded into a

rounded lobe at the outer distal angle, fringed with long fine seta3; the palp

has a short joint at the base, and the terminal portion, though formed of a

sino-le piece, is lobed on the inner side, indicating that it is formed of four

joints, each lobe bears a large number of short stout setae ; the inner,

masticatory, lobe of the maxilliped is rectnngular, truncate at the extremity,

densely covered with fine setre, at the inner distal angle it bears a minute

appendage covered with very short setse.

The leo-s (figs. 3G & 37) are all of about equal length, the posterior ones

being only slightly longer than the anterior; in all of them the ischium is

long, being about two-thirds the length of the basis, and it expands slightly

distally, the merus is about subequal with the carpus, and the propod is

slightly longer than either of the two preceding joints, but considerably

narrower ; the dactjl is short and stout and has the basal portion thickly

covered with fine short hairs ; there appears to be no special dactylar seta.

On all of the joints, as shown in the figures, there are a few rather short,

stout spines, and the inner margins of most of the joints, particularly the

ischium, merus, carpus, and propod, are thickly covered with fine, very short,

setge. None of the legs is specially modified in the males.

The first pleopod of the male (figs. 38 & 39) has the basal joint produced

laterally into a broad lamellar expansion with its angles rounded; the exopod

is operculiform, broadest near the base and tapering to a subacute apex ; the

endopod is specially modified, it is somewhat broader at the base and then
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narrows, remaining about the same width nearly to the extremity where it

narrows somewhat suddenly and has the apex pointing slightly outwards,

along its posterior margin it bears a groove. The male organ is short,

reaching only about halfway along the endopod, the distal third is narrowed

and it is slightly emarginate at the extremity.

The second pleopod (fig. 40) has the basal portion and the exopod similar

to those of the first, except that the latei'al expansion of the former is

smaller ; the convex inner margin of the exopod is thickly fringed with

fine short setae ; the endopod is greatly narrowed and elongated and appears

to be divided into two joints, the basal one short and oblong, the terminal

one very long, nearly twice the length of the exopod, and ending in an

extremely fine styliform process—along the anterior surface of this joint

is a groove which appears to fit against the corresponding groove of the first

exopodj doubtless thus forming a tube for the passage of the semen.

The third pleopod has the exopod operculiform and similar to those of the

preceding pleopoda, the endopod is branchial, much shorter than the exopod,

and somewhat quadrangular in shape, with rounded angles. The fourth

(fig. 41) and fifth pleopoda are similar in shape and structure to the third.

In the female the first pleopod (fig. 42) has the outer ramus of the same

shape as in the male but considerably smaller ; it has the outer margin

strongly convex proximally and concave distally, but is not distinctly

bilobed as in Oniscus ; the inner ramus was not seen, it appears to be

either absent or very small. The second pleopod of the female (fig. 43)

has the outer ramus larger and of the same shape : arising from the basal

portion near the middle line is a small triangular appendage which appears

to represent the inner ramus ; it is firm and chitinous like the outer ramus

and is not branchial in function.

The uropoda (fig. 44) have already been described; the upper surface

of the base is somewhat keeled in the centre, and has the lateral portion

expanded and slightly concave above ; the uropoda are practically the same

in both sexes.

Deto bucculenta {Nicolet). (PI. 40. figs. 45-59.)

Oniscus bucculentus, Nicolet {S), 1849, p. 267, pi, 3, fig. 9.

„ Budde-Lund, 1885, p. 206.

Oniscus tuberculatus, Nicolet ($ ), 1849, p. 268.

„ „ Budde-Lund, 1885, p. 206.

Oniscus novce-zealandice, Filliol, 1885, p. 441, pi. 54, figs. 7-8.

ScypJiax (?) auckJandicE, Chilton, 1901, p. 126 (in part).

Deto novce-zealandice, Chilton, 1906, p. 273.

„ „ Budde-Lund, 1906, p. 87.

„ Chilton, 1909, p. 667.

„ „ Chilton, 1910, p. 288.

WNN, JOURN,—ZOOLOGY, VOL. XXXII. 3()



450 PEOF. C. CHILTON ON DETO, A SUBANTARCTIC

Specific description.—Male. Body oblong-oval ; cephalon with front not

much produced in centre ; lateral lobes large with outline subquadrangular,

their surface fairly smooth^ rest of dorsal surface of head irregularly tuber-

culate. First segment of perseon much wider than the cephalon, posterior

margin straight with lateral angles broadly rounded, central portion with

two transverse rows of tubercles, lateral portions expanded and swollen

into two balloon-like bodies with outer margin convex and surface very

finely spinulose. Second, third, and fourth segments with posterior margins

straight or only slightly sinuous at the sides, lateral angles slightly pro-

duced ; fifth, sixth, and seventh with posterior margins concave, and lateral

angles more or less acutely produced. All the segments with the central

parts bearing two transverse rows of irregular tubercles, some of them,

especially the lateral ones, pointed at apex ; on the epimera is a single row of

tubercles or a raised ridge running obliquely outwards and backwards to the

postero-lateral angle.

Third, fourth_, and fifth segments of pleon with large epimera, and a single

row of tubercles on central portion. Telson short, much broader than long,

triangular, apex broadly rounded, sides a little concave.

Antennae stout, nearly half as long as body ; first three joints short,

subequal, fourth nearly twice as long as third and about twice as long as

broad, fifth considerably longer than fourth, narrowed at base ; fiagellum

as long as fourth joint, first three segments subequal, fourth smaller but of

moderate size ; whole antenna densely hirsute, especially towards the end.

Uropoda with base broad, flattened, the two meeting in median line,

dorsal surface with a slight longitudinal ridge down the centre, outer

margin thin, produced, postero-lateral angle acute, produced ; inner ramus
inserted much anterior to outer, outer arising from a concavity at end of base,

both reaching to same point ; endopod with a few fairly long setae at end,

short setae on other parts and on the exopod.

Female.—Difi'ers from male in lacking the large balloon-like expansions

of the first segment of the perseon, and in having the tubercles on the

dorsal surface of the body much less developed and the antenna3 more
slender.

Length of male specimen 11 mm.; breadth 5 mm. ; female rather smaller.

Colour. Slaty grey.

Bahitat. Chatham Islands (Miss S. D. SJiand) and Stewart Island

(Mr. Walter Traill S)- Prof. Benliam), New Zealand ; Valparaiso Bay,

South America (Nicolet\

I first recognised this species from specimens, unfortunately poorly

preserved, sent to me from the Chatham Islands by Miss S. D. Shand
;

one female was taken at Port Pegasus, Stewart Island, during the Philo-

sophical Institute of Canterbury's Expedition to the Subantarctic Islands of
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New Zealand in 1907 ; subsequently Prof. Benham sent me a male and a

female from the same locality, and quite recently Mr. Walter Traill has sent

me two males and one female from the island of Ulva in Paterson Inlet,

Stewart Island.

Filhol states that he collected the species near Wellington, but, though I

have made many collections there, both personally and by the help of friends,

I have not succeeded in finding it in that locality.

I feel confident that the species described by Nicolet from Chili are the

same as the New Zealand one ; his figures * and description agree throughout,

the large expansions of the first perseon segment in the male are quite

characteristic, and his figure of the antenna of Oniscus hucculentus agrees

closely with the one I now give (fig. 48), which was drawn before I had

seen the plates of Nicolet's work. The form Nicolet described as 0. tuber-

culatus is evidently the female, and, though he described it as a different

species, he recognised that it resembled 0. bucculentus except for the secondary

sexual characters peculiar to the male.

A comparison of this species with D. aucJclandice gives us a good example

of the apparent capriciousness in the secondary sexual characters of these

Crustacea. In D. aucklandice the differences are confined to the antennae

and the tuberculation of the body ; in I), lucculentus we have similar sexual

differences, though to a loss degree, but in addition we have in the male the

extraordinary balloon-like expansions on the first perseon segment, for which

I know of no parallel among the Crustacea. What the function of these

can be it is difficult to imagine ; they appear, however, only to be developed

to the full extent in the adult male; I have one specimen, a male, showing

the usual male structure of the first and second pleopods, but the expansions,

though large, are not so large as shown in fig. 45, taken from an older male,

and their outline is slightly angular, indicating the normal shape of the

segment; Filhol's figure shows a male in about the same stage of develop-

ment ; his figure, however, is poor, and shows the legs much too long

—

when in their normal position they are not visible in dorsal view.

Fig. 45 of the male is taken from a Chatham Islands specimen ; in it the

balloon-like expansions are somewhat flattened below, but very convex above,

and the surface is thickly covered with minute spinules just as is shown in

Nicolet's figure. In a specimen subsequently received from Paterson's

Inlet, Stewart Island, the expansions are still larger and somewhat more

separated from the segment itself ; they are almost globular and strongly

convex below as well as above, and the surface is almost smooth, showing

only a slight wrinkled appearance, but apparently no minute spinules. The

expansions are surrounded by a fairly thick chitinous integument, quite firm

* I am indebted to Dr. W. T. Caiman, of the British Museum, for obtaining photographs

of Nicolet's plates for me.
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and hard and rather difficult to cut through. On opening one I found it to

be loosely filled with a soft white substance of a granular nature, showing
no definite structure, but containing numerous globules of fat. In this

Paterson's Inlet specimen the tubercles on the segments of the perseon are

rather more developed and more acutely pointed, especially those near the

sides, than in the Chatham Islands specimen.

The antennules (fig. 47) have the first joint about as long as the second

and third together, the third being only about half the size of the second.

The antennse are large and strong in the male (fig. 48), but not so greatly

expanded as in D. aucklandice ; the whole antenna is scabrous, with minute

spinules, and bears also some fine setse, especially towards the distal part.

In the female (fig. 49) the antenna is much more slender and does not differ

very much from that of the female of D. aucMandia\

The mouth-parts are, on the whole, similar to those of D. aucklandice. In

the right mandible (fig. 50) the accessory appendage ends in a crown of

small pointed teeth of irregular size, and the hairy lappet at its base bears a

haired bristle similar to the '' penicil " situated between the lappet and the

tuft of bristles representing the molar tubercle ; this tuft contains a large

number of bristles varying in length, those towards the cutting-edge being

the shortest. The left mandible (fig. 51) has four teeth in the outer cutting-

edge and three in the accessory appendage, the other parts being the same
as in the right. The lower lip (fig. 52) and the first maxilla (fig. 53) are

similar to those of D. aucklandice ; in the second maxilla (fig. 54) the outer

lobe is much narrower than the inner one. The terminal portion of the

maxilliped is shown in fig. 55, and does not differ in any essential detail

from that of D. aucklanduc.

The legs (fig. 56) are similar to those of I), aucklandice, though slightly

more slender
; they are all of about the same length, the posterior ones being

only slightly longer than the anterior ; in all, the inner surface of the joints,

especially of the ischium, merus, carpus, and propod, is thicldy covered with

a dense fringe of short fine setse; a few stout spinules are found on the

different joints, as shown in the figures.

The pleopoda are, on the whole, similar to those of D. aucklandia;, except

that the exopod of the first pleopod (fig. 57) is not so much produced at its

inner distal angle ; the endopod is fairly stout, more than twice as long as

the exopod, and is channelled on the posterior surface. The male organ
reaches as far as the exopod. In the second pleopod (fig. 58) the terminal

portion of the endopod forms an extremely long styliform process, about
three times as long as the exopod, and a groove extends along its anterior

surface throughout about two-thirds of its length.

The uropod (fig. 59) is, on the whole, similar to that of D. aucklandice, and
has been sufficiently described in the specific diagnosis.
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The animals descriBed above present many points of interest, some

of which have been already briefly mentioned. Considering the large size of

most of them and their striking appearance, it is rather remarkable that they

have not been more fully des3ribed before this, but some of them occur in

localities not very accessible, and, as has been mentioned under V. marina,

even when the locality is accessible enough it is not always possible to find

the specimens.

One of the most striking features is the great sexual dimorphism exhibited

apparently by all the species, and the varied forms that this takes ;
thus in

T). hucculenta the male differs from the female in the possession of the

extraordinary balloon-like expansions of the first segment of the perseon ;

in D. aucMandice by the much longer and more prominent blunt spines on

the dorsal surface ; in D. echinata and in JD. armata by the longer spines

arising from the segments of the perseon ; these are extremely long in

B. echinata, and the capriciousness of the differences is shown in the fact

that, although these two species appear to be closely similar in most respects,

D. armata has spines on the perseon and also on the third and fourth seg-

ments of the pleon, while B. echinata has them only on the perseon. In

J?, acinosa the sexual differences are of a similar nature, but not so well

marked ; in D. marina the male is unknown.

All the species are strictly sea-shore inhabitants, probably not extending

much above high-water mark or beyond the reach of the spray from the sea
;

in accordance with this they are all branchial breathers, and show no sign of

the adaptation for aerial respiration exhibited by most of the other terrestrial

Isopoda. In this respect, as well as in many points of structure, they agree

with the genera Scyphox and Scyphoniscus, and it is probable that their

nearest affinities will be found to be with these two genera. Scyphax differs

from Deto in the very large and well-developed eye with its rows of

numerous ocelli, and Scyphoniscus in the peculiar structure of the end of the

outer lobe of the first maxilla
;
probably in both cases, however, these are

characters of comparatively recent origin, and do not indicate a difference

sufficient to counterbalance the many points of similarity.

The most interesting point connected with the species of Deto, however,

is their geographical distribution, and they add a good example to the cases

already known of closely allied forms being found on widely separated shores

in subantarctic regions. D. hucculenta, from South America, which seems to

be quite identical with the species described as Oniscus novce-sealandice, from

New Zealand, emphasises the close relationship between the fauna of New

Zealand and that of the southern part of South America, and is paralleled

by the existence of the freshwater Isopod Idotea lacvstris in New Zealand

and its Subantarctic Islands, and also in South America at the Straits of

Magellan, and by the occurrence of Trichoniscus magellanicus and species



^5^ tROP*. C. CHILTON ON DETO, A SUfeANTARCTlC

closely allied, if not identical, in the Subantarctic Islands of New Zealand,
in Tierra del Fuego, the Falkland Islands, and Marion Island. Numerous
other examples of similar distribution among the Crustacea and in other
groups will be found in mj concluding article (1909 a) on the " Subantarctic
Islands of New Zealand." The close connection of Australia, St. PauPs
Island, and South Africa with one another, and with the other subantarctic

lands is shown bv the occurrence in these places of species of Deto closely

allied to one another, and not differing very much from those in New
Zealand and South America. Another striking example of the same kind
of distribution has recently been afforded in the discovery by Mr. Keppel H.
Barnard f in freshwater streams of Cape Colony of a species of Phreatoicus,

a genus hitherto known only from the surface and subterranean freshwaters
of Australia and New Zealand. Probably further exploration will result in

the discovery of species of Beto and of Phreatoicus on other subantarctic

lands from which they have not yet been recorded.
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EXPJ.ANATION OF THE PLATES.

Plate 39.

Fig. ] . Deto echinata, male, dorsal view, x 2|.

2. ,, ,, male, antennae of same, x 8.

3. „ „ male, uropod of same, x 8.

4. Deto acinosa, male, dorsal view. X 4.

5. „ ,, female, dorsal view, x 4.

6. ,, „ antenna of male. X 12.

7. „ „ upper lip. x 12.

8. „ „ left mandible, x 60.

9. „ „ lower lip. X 30.

10. „ ,, second maxilla, x 30.

11. „ „ maxilliped. X 30.
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Fig. 12. Deto acinosa, first leg of male, X 20.

13. ,, ,, seventh leg of male, x 20.

14. „ ,,
first pleopod of male, x 20.

15. „ ,, second pleopod of male, x 20.

16. „ „ first pleopod of female. X 30.

17. „ „ second pleopod of female, x 30.

18. „ „ uropod of male. X 20.

19. Deto marina^ female, dorsal view. X 12.

20. „ ,, antenna of same. X 25.

21. „ „ first leg of same. X 40.

22. ,, „ seventh leg of same, x 40.

23. „ „ uropod. x 40.

24. Deto auehlandice, male, dorsal view, x 3.

25. „ „ female, dorsal view, x 3.

26. „ ,, antennule of male, x 30.

27. ,, ,,
antenna of male. X 8.

28. „ „ antenna of female. X 8.

29. „ „ right mandible of male, X 20.

30. „ „ end of left mandible of male. X 30.

Plate 40.

Fig. 31. Deto aucTclandics, lower lip of male, x 12.

32. ,, „ first maxilla of male, x 12.

33. ,, „ second maxilla. X 12.

34. „ „ maxilliped. x 12.

35. „ ,, maxilliped, extremity of same, more highly magnified.

36.
,, ,, first leg of male. X 8.

37. „ „ seventh leg of male, x 8.

38. „ ,, first pleopod of male, seen from anterior side, x 12.

39.
,, „ the same, from posterior side. X 12.

40.
,, ,, second pleopod of male. X 12.

41. „ „ fourth pleopod of male, x 12.

42.
,, ,,

first pleopod of female. X 12.

43. „ ,,
second pleopod of female. X 12.

44. ,, ,,
nropod of female, from below. X 8.

45. Deto bucculenta, male, dorsal view. X 7.

46. „ „ female, x about 5.

47. „ „ antennule of male. X 30.

48. „ ,,
antenna of male, x 12.

49. „ „ antenna of female. X 12.

60. „ „ right mandible of male, x 60.

51. „ ,,
left mandible of male. X 60.

52. „ „ lower lip. X 30.

53. „ ,, first maxilla, x 30.

54. „ „ second maxilla, x 30.

55.
,, „ end of maxilliped. x 30.

56. „ ,, seventh leg of male, x 20.

57. „ ,, first pleopod of male. X 20.

58.
,, „ second pleopod of male, x 20.

59. „ „ uropod of male, from below, X 12.
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Results of Crossing two Heiuipterous Species, with reference to the

Inheritance of two Exclusively Male Characters. By Kathaeine
Foot and E. C. Steobell. (Communicated by Prof. E. B. Poulton,.

F.R.S., Pres.L.S.)

(Plates 41-47.)

[Read 3rd June, 1915.]

The results given in this paper are due to the interesting discovery made by

Dr. Eltringham of Oxford, that there is a marked difference in the length of

the intromittent organ of the two hemipterous species Euscliistus variolarius

and Kuscliistus servus.

We feel greatl}^ indebted to Professor Poulton for kindly suggesting

Dr. Eltringham to us, in response to our expressed wish to find an

experienced entomologist in England who would be willing to study

E. variolarius and E. servus with a view of discovering some marked character

distinctive of each species that could be profitably studied in the hybrids.

The result of Dr. Eltringham's investigations is of special satisfaction to

us, because the discovery of a difference in the length of the intromittent

organ of the two species offers a valuable control for the results obtained

and the conclusions we were able to draw from our study of the transmission

of the genital spot *, enabling us to compare the inheritance of these two

exclusively male characters in the same insect.

During our experimental work on the genital spot (Foot and Strobell,

'13 & '14) we carefully isolated and preserved each insect, in the hope

that future investigation by an experienced entomologist might reveal some

other marked character in these insects that would enable us to determine

what relation, if any, might exist between the inheritance of a second definite

character and the inheritance of the genital spot in each hybrid.

Having our material preserved in this way has made it possible for us to

demonstrate both the exact appearance of the genital spot and the exact

length of the intromittent organ in one and the same individual of the Fi and

Fg hybrids, and also of the offspring from the backcross. We have made

this comparison very simple by placing the photographs of the intromittent

organs demonstrated in this paper in exactly the same order in which the

photographs of the insects themselves were placed in our paper on the

* This is a distinct blade spot which is present on the genital segment of the males of

Huschistus variolarius, and is a distinguishing feature of this species, while it is absent in

JE. servus. It is the presence of this exclusively male character which led us to cross

these two species, with the hope of putting to an experimental test the chromosome-theory

of sex-determination (Foot and Strobell, '13 & '14).

LINN. JOURN.—ZOOLOGY, VOL. XXXII. 37
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inheritance o£ the genital spot, which is published in this same volume

(Plates 28-34). It is only necessary to compare the two sets of photo-

,«-raphs in order to determine whether any definite relation exists in the

inheritance o£ these two exclusively male characters. Such a comparison

proves conclusively that the two are not linked in inheritance (see Linkage,

p. 475).

The study of the genital spot in these hybrids (Foot and Strobell,

'13 & "14) forced certain conclusions as to its bearing on recent chromosome-

theories of heredity, and also its bearing on MendePs law of heredity. We
shall demonstrate in the following paper that the results obtained from the

study of the genital spot are in fact duplicated in the case of the intromittent

o^gan—the study of this second exclusively male character supporting in

every detail the conclusions forced by the facts of inheritance of the genital

spot.

Results and Discussion.

We have dissected the intromittent organs from the genital segment of

many of the parent species and from all the hybrids both of the Fi and Fa

oenerations, and also from the offspring of the backcross. After mounting,

the intromittent organs were photographed at a magnification of 20 dia-

meters, and all the measurements were carefully made from these photo-

graphs ; therefore all the recorded lengths of the intromittent organs must

be reduced to one-twentieth to obtain the actual lengths.

The intromittent organ of Euscliistus variolarius (at a magnification of

20 diameters) vnries in length between 85*5 mm. and 106 mm., while that of

Euschistvs servus varies between 146 mm. and 182 mm. These measurements

were made from 62 pure variolarius specimens, and from 62 pure servus

specimens.

The followino- tables give the measurements of the photographs of the

intromittent organs (arranged in order of length) of the parent species, of

hybrids, and of the backcross.

Table 1 oives the lengths of the intromittent organs from 62 specimens of

Euscliistus variolarius, and shows those cases in which 2 or more specimens

liave the same length.

Table 2 o-ives the lengths of the 62 intromittent organs from Euscliistus

servus.

Tables 3 to 11 show the lengths of the intromittent organs from all

the Fa hybrids and from the offspring of the backcross. These tables also

show to what degree the genital spot is inherited by each hybrid, and they

therefore demonstrate what relation, if any, exists in the inheritance of these

two exclusively male characters. Tables 3 to 9 inclusive give the lengths of

the intromittent organs for each family of the 7 pairs of Fi hybrids ; and

the mean leno-th of the intromittent organ is computed for each separate

family as well as for the total number of Fg hybrids.
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Table 1.-

Lengths of intromittent organs

from 62 specimens of Euschistus

variolarius. X 20 diams.

855 Ji^'^' 1

87 mm 1

88 mm, , 1

89 mm 1

90 mm 1

91 mm 1

92 mm 2

93 mm 4

93i mm 1

94 mm 6

94i mm 2

95 mm 1

95| mm 2

96 mm 7

901 mm 1

97 mm. 1

97^ mm 1

98 mm 6

98| mm 1

99 mm 2

100 mm 7

1004 mm 1

101 mm 4

102 mm 3

104 mm 1

1044 mm. . , 2

106 mm 1

5,996 62

Mean length - 96-70 mm.

Table 2.

Lengths of intromittent organs
from 62 specimens of Euschistus

servus. X 20 diams

146 mm
152 mm
154 mm
158 mm
1584 mm, ........

160 mm
1601 mm
161 mm
162 mm .

1624 mm
1634 mm. ........

164 mm
1644 mm
165 mm
1654 mm.
166 mm.
1664 mm. ... = ...,

167 mm
1674 mm
168 mm
169 mm
1694 mm
170 mm
170| mm.
171 mm. ........

172 mm
1724 mm.
173 mm
174 mm. ........

1744 mm
175 mm
1754 mm
176 mm. ........

1764 mm
177 mm
1794 mm
182 mm

10,318

1

1

1

2

1

1

2

1

4

3

2

4

2

1

1

8

1

3

1

1

1

1

4

1

1

1

1

2

1

1

1

1

1

1

1

1

1

62

Mean length = 166*41 mm.

37^
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Tables 3 to 10.

Lengths o£ the intromittent organs in the Fg hybrids, showing the influence

o£ the two original parent species, and a comparison of these lengths with

the inheritance of the E. variolarius genital spot. This comparison demon-

strates that these two exclusively male characters are not linked in

inheritance.

Table 3.—Fg males from the 1st pair of Fi hybrids. Plate 42. 43 specimens.

X 20 diams.

mm.
Photos.

17

18

19

20

21

22

23

Genital spot.*

1st (upper) bug intermediate.

2ud „ ditto.

3rd „ ditto.

4th „ J^. servtis.

5th „ intermediate.

1st (upper) bug intermediate.

2nd „ ditto.

3rd „ ditto.

4tli „ ditto.

5th „ E. servtis.

Ist (upper) bug intermediate.

2nd „ ditto,

3rd „ -E". servus.

4th „ ditto.

1st (upper) bug H, servus.

2ud „ ditto.

3rd „ ditto.

1st (upper) bug intermediate,

2nd JE servus.

3rd ditto.

4th ditto.

6th „ ditto.

6th „ ditto.

1st (upper) bug E servus.

2nd „ ditto.

3rd ditto.

4th ditto.

6th „ ditto.

1st (upper) bug E. vaiiolarius.

2nd „ E . servus.

3rd ditto.

4th ditto.

Intromittent organ.

E. variolarius 96

E. servus 146
,,

Intermediate 130 „

ditto 136 „

E. servus 150 „

Intermediate 112i mm.
ditto 128^

„

ditto 122 „

ditto 137 „

E. servus 148 „

Intermediate 114 mm.
ditto 129 „

ditto 139^ „

ditto 144 „

Intermediate 130 mm.
ditto 120 „

E. variolarius 98 „

Intermediate 124 mm.
E. servus 152 „

Intermediate 133 „

ditto 122 „

ditto 136 „

E. variolarius 97 „

Intermediate 136 mm.
E. servus 146 „

Intermediate 124 „

ditto 128i „

ditto 130 ,,

E. variolarius 98

Intermediate 120

E. variolarius .

,

104

Intermediate 122

mm.

* The genital segment of these insects is demonstrated in Plates 28-34 of this volume, the

number of the photographs being the same for the two papers, thus admitting an accurate

comparison of the inheritance of the genital spot and the type of intromittent organ. In

classifying the photographs of these hybrids we included under the servus type not only

those specimens with no spot whatever, but also those with merely a faint indication of a

spot, for the latter was not visible in the living specimens nor in those freshly killed. Such

a faint indication of a spot will probably not show in all the prints.
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Photos. Genital spot. Intromittent organ. X 20 diams.
24 .. . 1st (upper) bug intermediate. E. variolarius

. 100 mm
2nd

}}
E. servus. Intermediate

• 114 „
3rd V ditto. ditto

.
132i „

26 .. . 1st (upper) bug intermediate. Intermediate
.

114i mm.
2nd ditto. ditto

• 123 „
3rd ditto. E. variolarius

. 100 „
4th ditto. Intermediate

. 108 „
6tli ditto. E. variolarius 93 „
6tli E. servus. Intermediate

• 132 „
7th ditto. E. variolarius

.
85i „

8th ditto. Intermediate
, . 140 „

Mean length of intromittent organ, 123*14mm.

Table 4.—Fg males from the second pair of F^ hybrids.

30 specimens.

Plate 43.

Photos.

26 .

27

28

29

30

31

32

Genital spot.

1st (upper) bug E. variolarius.

2nd „ intermediate.

3rd „ ditto.

4th „ ditto.

5th „ ditto.

1st (upper) bug intermediate.

2nd „ E. servus.

3rd „ ditto.

4th „ ditto.

1st (upper) bug E. variolarius.

2nd „ intermediate.

3rd „ E. servus.

4th „ ditto.

5th „ intermediate.

6th „ E. servus.

1st (upper) bug E. servus.

2nd „ ditto.

3rd „ ditto.

4th „ intermediate.

6th „ E. servus.

1st (upper) bug E. servus.

2nd „ ditto.

Srd „ , ditto.

4th „ ditto.

1st (upper) bug intermediate,

2nd „ ditto.

Srd „ ditto.

1st (upper) bug E. variolarius.

2nd „ intermediate.

3rd „ E. servus.

Intromittent organ. X 20 diams.

Intermediate II51 mm.
E. variolarius 100
Intermediate 116

ditto 118 /,

ditto 118 ,,

E. variolarius 99 mm.
Intermediate 130

ditto 130 „

ditto 130 „

E. variolarius 90 mm.
Intermediate 149

ditto 124

ditto 131 „

ditto 121

ditto .
127i

Intermediate 124 mm.
ditto •

. . 123

ditto 125

ditto 126 „
ditto 126 „

Intermediate 130 mm.
ditto .... 134i „

ditto . . .

.

•.. 115i
„

ditto . . . . .... 133 ,

Intermediate .... . . . . 114 mm
ditto . . .

.

....114 „

E. variolarius . .. . .... 99^ „

Intermediate . . . . . . . . l]4i- mm
ditto .... 122 „

ditto .... 127 „

Mean length of intromittent organ, 120' 6 7 mm.



462 MISSES K. FOOT AND B. C. STROBELL

Table 5.—Fg males from the third pair of Fi hybrids.

48 specimens.

Plate 44.

hotos. Genital spot.

33 .. . , 1st (upper) bug intermediate.

2nd „ ditto.

3rd „ ditto.

4t]x „ ditto.

5tli „ JE. servus.

6th „ intermediate.

34 .. .. ]st (upper) bug -E". variolarius.

2nd „ intermediate.

3rd ,, ditto.

4th ,, JE. servus.

5th „ E. variolarius.

6th „ ditto.

7th „ intermediate.

8th „ ditto.

35

36

37

38

39

40

41

1st (upper) bug E. variolarius.

2nd „ ditto.

3rd „ intermediate.

4th „ ditto.

5th „ E. servus.

1st (upper) bug E. variolarius.

2nd „ intermediate.

3rd
4th
5th
6th
7th

ditto.

E. servus.

ditto,

ditto.

ditto.

1st (upper) bug E. servus.

2nd „ intermediate.

3rd „ E. servus.

1st (upper) bug intermediate.

2nd „ ditto.

3rd „ ditto.

4th „ E. servus.

5th „ ditto.

1st (upper) bug intermediate.

2nd „ ditto.

3rd „ E. servus.

4th „ ditto.

1st (upper) bug E. variolarius

2nd
3rd
4th
6th
6th
7th

intermediate,

ditto,

ditto,

ditto,

ditto,

ditto.

1st (upper) bug E. variolarius.

2nd „ intermediate.

3rd „ ditto.

Intromittent organ. X 20 diams.

Intermediate 117| mm.
ditto 124 „

ditto 116| „
ditto 144 „

ditto 123i „
ditto 130 „

Intermediate 128 mm.
ditto

ditto

ditto

ditto

ditto

ditto

E. servus

E. variolarius

Intermediate
ditto

ditto

ditto

Intermediate
ditto

ditto

ditto

ditto

ditto

ditto

Intermediate
ditto

ditto

Intermediate
ditto

ditto

ditto

ditto

Intermediate
ditto

ditto

ditto

Intermediate
ditto

ditto

ditto

ditto

ditto

ditto

Intermediate
ditto

ditto

131 „
140 „
130 „
140 „
121 „
123 „
147 „

104 mm.
115 „
126 „
134 „

134i „

114 mm.
127i

„
1274 „
124 „
142 „
120 „
127^

122^ mm.
1221 „
126 „

112 mm.
120 „
126 „
139i

„
140 „

137 mm.
134i „
140 „

124 „

114| mm.
117 „
122 „
136i

„
126 „
1264 „
120 „

116| mm.

126 „

Mean length o£ intromittent organ, 126-92 mm.
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Table 6.—Fg males from the fourth pair of Fj hybrids.

27 specimens.

Plate 45.

Photos. Genital spot. \ Intromittent organ. X 20 diams.

42 ... . 1st (upper) \)ug intermediate. Intermediate . . 142 mm.
2nd „ ditto. ditto . . 130 .,

3rd ,, ditto. ditto . .
130i „

4th „ P!. sei-vus. ditto . . 136 „

43 .. 1st (upper) )ug intermediate. Intermediate . .
118i mm.

2nd „ ditto. 1 ditto .. 132 „

3rd ., ditto. ditto .. 140 „

4tli „ E. servus. ditto .. 133 „

5th „ ditto. ditto .. 127 „
6th „ ditto. ditto ... 138 „

7th „ ditto. ditto ... 141i „

44 .. 1st (upper) bug- intermediate. Intermediate 115 mm.
2ad „ ditto. ditto ... 127 „

45 .. 1st (upper) bug intermediate. Intermediate . . . 128 mm.
2nd „ ditto. ditto ... 136 „

3rd ,, ditto. ditto . . . 137 „

46 .. . i 1st (upper) bug E. variolarius. Intermediate . . .
116i mm.

2nd „ intermediate. ditto ... 128 „

3rd ,, E. variolarius. ditto ... 122 „

4th „ ditto. ditto ... 120 „

5th „ intermediate. ditto ... 136 ,,

6th „ ditto. !
ditto ... 127 „

47 . 1st (upper^ bug intermediate. Intermediate . . . 119^ mm.

2nd „ ditto. ditto ... 110 „

3rd „ ditto. ditto . . . .

.

... 142 „

4th „ ditto. ditto .... ... 121 „

48 . E. variolarius.
i

Intermediate .... ... 110 mm

Mean leno-th of intromittent oro-an, 128*27 mm.

Table 7.—Fg males from the fifth pair of Fi hybrids. (4 specimens.)

Photos 15-16, Plate 41.

Photos.

15 ..

Genital spot.

1st (upper) bug E. variolarius.

2nd „ intermediate.

3rd „ ditto.

E. servus.

Intromittent

Intermediate

ditto

E. servus

Intermediate

organ. X 20 diams.

. . 108 mm.
. . 107^ „

. . 147 „

16 .. . . 135 mm.

Mean lenoth of intromittent organ, 124-37 mm.



464 MISSES K. FOOT AND E. C. STROBELL

Table 8.—F2 males from the sixth pair o£ Fi hybrids. (6 specimens.)

Photos.

49

50

Photos 49-50, Plate 45.

Genital spot.

1st (upper) bug intermediate.

2nd ,, E, servus.

1st (upper) bug intermediate.

2nd
,,

ditto.

3rd „ ditto.

4tli „ ditto.

Intromittent organ, x20 diams.
Intermediate 113^ mm.

ditto 129| „

Intermediate 128 mm.
ditto 128 .,

ditto 125 „

ditto 134 ..

Mean length of intromittent oroan, 126*33 mm.

Table 9.—Fg males from the seventh pair of Fi hybrids.

(32 specimens.)

Photos.

51 .

S2

53

64

65 .

66 ..

Genital spot.

1st (upper) bug intermediate.

2nd
3rd
4th
5tli

6tb
7th
8th
9th

E. servus.

ditto.

intermediate.

E. servus.

ditto.

ditto.

ditto.

intermediate.

57

1st (upper) bug E. semis.
2ud ,, intermediate.

3rd „ ditto.

4th „ E. servus.

5th
,,

ditto.

6th „ ditto.

1st (upper) bug intermediate.

2nd „ ditto.

3rd „ ditto.

4th „ E. servtis.

1st (upper) bug intermediate.

2nd „ ditto.

3rd ,, E. servus.

4th „ intermediate.

1st (upper) bug E. variolarius.

2nd ,, intermediate.

3rd
,,

ditto.

4th „ E. servus.

1st (upper) bug E. variolarius.

2nd „ intermediate.

Srd „ E. servus.

1st (upper) bug intermediate.

2nd „
'

ditto.

Intromittent organ.

Intermediate -

ditto

ditto

ditto

ditto

ditto

ditto

ditto

ditto

Plate 46.

20 diams.

110 mm.
120 „
131 „
119 „
1361 „

121i „
138 „
115 „
122

Intermediate 127
ditto

ditto

ditto

ditto

ditto

123J

112'

128
120
136

Intermediate 115^ mm.
ditto 112^ „

ditto 115 „

ditto 1431" „

Intermediate 130 mm.
ditto 120 „
ditto 135 „
ditto 112 „

Intermediate 116^ mm.
ditto 118 „
ditto 1]8 „
ditto 131 „

Intermediate 112^ mm.
ditto 119 „

ditto 129i „

Intermediate 106^ mm.
ditto 120

Mean length of intromittent organ, 122*29 mm.
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Table 10,—Summary o£ the above detailed results.

No.

of

specimens

with

E.

variolarms

genital

spot.

No.

of

specimens

witli

E.

variolarius

length

of

intromittent

organ.

(Between

85^

mm.

and

106

mm.)

No.

of

specimens

with-

out

genital

spot

(like

E.

servus).

No.

of

specimens

with

E.

servus

length

of

intromittent

organ.

(Between

146

mm.

and

182

mm.)

No.

of

specimens

with

genital

spot

interme-

diate

between

E.

vario-

larius

and

E.

servus.

No.

of

specimens

with

length

of

intromitteht

organ

intermediate

be-

tween

E.

variolarius

and

E.

servus.

F2 males trom 1st

pair of Fi hybrids

(43 specimens).

Photos 17-25.

1 9 25 5 17 29

F2 males from 2nd
pair of Fi hybrids

(30 specimens).

Photos 26-32.

3 4 15 12 26

F2 males from 3rd
pair of Fi hybrids

(48 specimens).

Photos 33-41.

8 ] 13 1 27 46

F2 males from 4th

pair of Fi hybrids

(27 specimens).

Photos 42-48.

4 5 18 27

F2 males from oth
pair of Fi hybrids

(4 specimens).

Photos 15-16.

1 1 1 2 3

F2 males from 6th

pair of Fi hybrids

(6 specimens).

Photos 49-50.

1 5 6

F2 males from 7th

pair of Fi hybrids

(32 specimens).

Photos 51-57.

2 14 16 32

Totals 19 14 74 7 97 169

Mean leno-th of intromittent organ of the 190 Fs hybrids, 124-42 mm.
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Table 11.—Lengths of the introraittent organs in the 18 males from the-

Backcross (i.e. Fi $ X pure variolarius <$), side by side with the

inheritance of the E. variolarius genital spot. A comparison demon-
strates again that these two exclusively male characters are not linked

in inheritance. Photos 62-66. Plate 47.

Photos.

62

63

64

65

66

Genital spot.

1st (upper) bug JE. variolarnis.

2nd „ ditto.

3rd „ intermediate.

Ath. „ ditto.

1st (upper) bug E. variolarius.

2iid „ ditto.

3rd „ ditto.

4th „ ditto.

1st (upper) bug E. variolarius.

2nd

3rd

4th

5th

6th

ditto,

intermediate.

E. variolarius.

intermediate.

E. variolarius.

E. variolarius.

1st (upper) bug E. variolai-ius.

2nd ;, intermediate.

3rd ,, ditto.

Intromittent organ. X 20 diams.

Intermediate 112| mm.
E. variolarius 105 „

Intermediate 128| ,,

ditto 117 „

Intermediate

.

110^ mm..

ditto 116 „

E. variolarius 106 „

Intermediate 107 „

Intermediate 115 mm..

ditto 112^ „

ditto 122i „
E. variolarius 102 ,^

Intermediate 119 „
ditto 118 „

Intermediate 113J mm..

Intermediate

ditto

ditto

1141 mm.

116i „

106^ „

Mean length of intromittent organ , 113'47 mm.

It is an interesting fact that Mendel's Law of Heredity owed its inception^

in part to an analytical study of a size-character—the character which has-

proved on further investigation to be the greatest stumbling-block to an,

unqualified acceptance of the law as a wholly satisfactory explanation of the

problems of heredity. In his original work on tall and dwarf peas, Mendel

found that two lengths so far apart as 6 ft. and Ig ft. acted as unit characters,,

and these characters showed dominance and segregation.

More recent work on size-relations has led to an accumulation of facts-

showing that in the majority of cases dominance and segregation in the

Mendelian ratios of 1-2-1 are not present ; and many Mendelians have-

made ingenious efforts to reconcile these facts with their conception of

Mendelism by adding a superstructure to Mendel's original law, which has-

called forth an earnest protest from certain investigators.

elastic was the first Mendelian to demonstrate a case in which dominance-

and segregation were found to be absent where a length-character was

carefully studied. He crossed the long-eared lop rabbit with the ordinary

short-eared type, and found the Fi generation with ears intermediate ia
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length, and no Mendelian segregation in the F2 generation. These facts,

together with further- studies on size-relations, followed by his striking

results in selection (Castle, '12 & '14), have led him to question certain

hypotheses which he believes are quite unnecessary adjuncts to Mendelisra.

As Castle believes that both small and large variations are inherited, he

questions the mutation theory which claims " that only variations of some

size are inherited '\

As he believes in quantitative variations of unit characters, he questions

the multiple factor hypothesis.

As he has demonstrated that quantitative variations can be increased by

selection, he questions the hypothesis which denies this possibility (genotype

theory).

Of unit characters he says :
" In my experience every unit character is

subject to quantitative variation, that is, its expression in the body varies,

and it is clear that these variations have a germinal basis because they are

inherited.^'

" It is the substantial integrity of a quantitative variation from cell-

generation to cell-generation that constitutes the basis of Mendelism. All

else is imaginary."" (Castle, ^12 a.)

Castle has arrived at his present conception of Mendelism through his

extended and thoroughly scientific experiments on quantitative variations ;

and the results of his experimental studies of size-differences appear to be so

completely in harmony with the results of our cross-breeding experiments

with Suschistus, that we shall give a brief summary of his observations before

we present the facts which seem to us to support them.

His wide experience in experimental breeding in relation to size-characters

entitles him to speak with authority on this subject.

His observations may be briefly stated as follows :

—

First. Dominance is absent in the Fi hybrid generation.

Second. The Fi hybrids are intermediate in size.

Third. Mendelian segregation is absent in the F2 hybrid generation.

Fourth. There is increased variability in the Fo generation as compared

with the Fi generation.

Fifth. The F3 generation, like the Fi, is intermediate in size.

Sixth. Both extremes in size of the original parents may be found in

the F2 generation, but not in the Fi generation.

Seventh. Size-characters, in common with all characters (even those that

Mendelize), show quantitative variation.

We shall compare these observations with our own results, and when

making this comparison we shall consider first the intromittent organ, and

then the genital spot, in order to point out that the results from these two

exclusively male characters are identical.
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" First. Dominance is absent in the Fi hyhrid generation.^^—This is

supported by our measurements o£ the intromittent organ ; for not one

of the ten * Fi hybrids has a length of intromittent organ that comes within

the range characteristic of either variolarius or of servus. They are all

intermediate : one measures 109 mm.^ one 122 mm., two 124 mm., four

126 mm,, one 132 mm., and one 134 mm.f
Absence of dominance is equally evident in the case of the genital spot

;

for nine of the eleven Fj hybrids are variable intermediates, while only two

are like one of the parent species

—

i. e., like servus in having no spot.

" Second. Tlie F-^ hybrids are intermediate in size."—This is quite true for

both the intromittent organ and the genital spot, though it can be more
clearly demonstrated in the former.

The mean length of the intromitt(mt organ of Fuschistus variolarius is

96-70 mm. (Table 1), and that of F. servus is 166-41 mm. (Table 2). A
precise intermediate between these two means would be 131*55 mm. (^. e.,

34-85 mm. above the mean of F. variolarius or below the mean of E. servus).

The mean length of the organ in the Fj hybrids computed from the ten

specimens is 124-9 mm., which is slightly below the precise intermediate

(131-55 mm.), and shows therefore a stronger inheritance from E. variolarius

than from E. servus. The exact length of each specimen, as stated above,

shows the Fi intromittent organs to be very variable intermediates, ranging

between 109 mm. and 134 mm. in length.

In the case of the genital spot the slightly stronger inheritance is from

E. servus instead of from E. variolarius, for two of the eleven hybrids are

like servus in having no spot. The remaining nine specimens are variable

intermediates (photos 8 to 14, Plate 28 of this volume), and therefore the

genital spot as well as the intromittent organ may be said to be approximately

intermediate in size between the two parent species.

" Third. Mendelian segregation is absent in the F^ hybrid generation."—
In our study of the transmission of the genital spot of variolarius (Foot and

Strobell, '14 a) we divided the hybrids into three groups—those having

a genital spot like those of pure variolarius, those without a spot like servus,

and those with a spot intermediate between these two extremes. In the case

of the intromittent organ we have grouped the hybrids into three similar

classes—those having a length of intromittent organ within the range of that

of variolarius, those with a length of organ within the range of that of

servus, and those with a length intermediate between the longest found

in variolarius and the shortest found in servus.

If we are looking for a simple Mendelian segregation of 1-2-1 and assume

that the heterozygotes are represented by the intermediates, we should

* The iutromittent organ of the eleventh F^ hybrid was destroyed in dissection,

t These lengths are given in connection with each photograph (7 to 14), and can therefore

be compared with the inheritance of the genital spot.
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expect to find these two exclusively male characters in the Fg hybrids in

the following ratio :^25 % like variolarius, 25 7o like servus, and 50 7o
intermediates. We ought to find 47 o£ the 190 Fg hybrids like variolarius,

47 like servus, and 94 intermediates ; whereas we find in the case of the

intromittent organ 14 like variolarius, 7 like servus, and 169 intermediates

(see Table 10), and in the case of the genital spot 19 like variolarius, 74 like

servus, and 97 intermediates (Table 10). Both characters—the intromittent

organ and the genital spot—are therefore like other size- characters in

their failure to show Mendelian segregation in the Fg generation.

'^Fourth.— There is increased variability in the F^ generation as compared
with the Fi generation."—This appears at first sight to be true both for the

intromittent organ and for the genital spot, but the evidence is unsatisfactorv

in that the number of individuals is so very different for the two generations,

and, as variation is present in both generations, we must expect the larger

number to give the larger number of variations. We have the exact length

of the intromittent organ for 190 specimens of the F2 generation, but have

it for only 10 of the Fi generation. There are 69 variations of length in the

190 F2 hybrids (Tables 3 to 9), and only six variations in the ten Fi hybrids.

The latter, however, represents more variations in relation to the number of

specimens than the 69 variations in the 190 F2 hybrids.

These relations hold true also in the case of the genital spot, though

the evidence here is not so exact, as the differences cannot be accurately

measured as in the case of the intromittent organ.

On the whole we are not justified in claiming that the evidence is in

accord with the observations on those size-characters which show that

" there is increased variability in the F2 generation as compared to the

Fi generation ".

" Fifth. The F^ generatioji, like the F-^, is intermediate in size."—This

point can again be most satisfactorily demonstrated in the c;ise of the intro-

mittent organ, for we know the mean length of the organ for both parent

species, for the Fj generation, the F2 generation, and for the seven separate

families of these F2 hybrids.

As stated above, the theoretically precise intermediate between thejmean

lengths of the two parent species would be 131*55 mm.
The following are the mean lengths of intromittent organ of the F2 males,

from the seven pairs of Fi hybrids :

—

1st pair of Fj hybi'ids 123*14 mm. (table^S).

2nd pair of Fi hybrids ...... 120-67 mm. (table^l).

3rd pair of Fi hybrids 126-92 mm. (table 5).

4th pair of Fi hybrids 128-27 mm. (table 6).

5th pair of Fi hybrids 124-37 mm. (table 7).

6th pair of Fi hybrids 126*33 mm. (table 8).

7th pair of Fi hybrids 122-29 mm. (table 9}

.
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The meau length of the intromittent organ computed from the total

number of F2 males (190 specimens) is 124*42 mm. A comparison of this

with the mean length of the organ of the F^ hybrids (124'9 mm.) shows that

the mean length is almost the same for both the first and second generations,

differing only by a few hundredths of a millimetre. It is clear therefore

that the F2 generation, like the Fi, is intermediate in size, and both agree

further in showing a stronger inheritance from variolarhis than from servus.

This is true not only when the total number of Fg hybrids is considered, but

holds for each individual family of the F2 generation—each of the seven

families has a mean length of intromittent organ which is below the

theoretical intermediate between the parent species (131*55 mm.).

" Sixth. Both extremes in size of the original j^^ii'^nts may he found in the

F<2 generation, hit not in the F^ generation.^'—As the two characters we are

testing are exclusively male^ we can compare our results with the above

observation only in the case of the original male parent. The length of the

intromittent organ of the original F. servvs male parent of the first cross is

1G6 mm., a length which has not been reached in any of the 190 specimens

of the F2 generation, the longest intromittent organ of all these F2 hybrids

measuring only 152 mm. (Table 3), and in only one specimen of the 190 was

this length attained. We therefore cannot say that the length of the intro-

mittent organ of this grandparent is found in our F2 generation. If we
disregard this length and take into consideration the mean length of the

organ both in servus and in variolarius, we then find that a length of intro-

mittent organ characteristic of both species is represented in the F2 generation,

and we find a still larger number like the two species, if we consider all

the F2 hybrids which have a length of organ within the limits of length

cliaracteristic of variolarius and servus. For example, 14 F2 hybrids are like

variolarius in having the length of intromittent organ 106 mm. or less, and

7 are like serous in having the length of intromittent organ 146 mm. or

more (Tables 3 to 10).

Among the ten Fi hybrids we find none with a length of organ like

E. variolarius (106 mm. or less) nor any like E. servus (146 mm. or more),

but we are inclined to believe that this is due to the relatively small number

of specimens. As stated above, the relative number of variations in length of

the intromittent organ of the ten Fi hybrids is greater than that of the Fg

generation, and therefore we should expect a larger number of specimens

to give us a larger range of variation. Even among these ten specimens we

have one with the intromittent organ only 109 mm. long, and this is within

3 mm. of the variolarius type.

The results in the case of the genital spot are very similar. Nine of the

eleven Fi hybrids have a spot variably intermediate between that of the two

parent species, but two are like servus in having no spot.
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In the F2 generation the extremes o£ the genital spot {i. e., its full size and
its complete absence) are represented, 19 of the F3 hybrids having a genital

spot almost if not quite as pronounced as the pure variolarhts species, and
74 having no spot like ]^. sei^vus.

"Seventh. Size-characters, in common loith all characters {even those that

Mendelize), show quantitative variation^—Quantitative variation is of course
more accuratel}^ demonstrated in the case of the intromittent organ than in

the genital spot, though it is present in both these characters. Table 1 shows
that in 62 specimens of E. variolarius the length of the organ varied between
85^ mm, and 106 mm., the range of the variation between the shortest and
the longest being 20-5 mm. The table gives the number of specimens havino-

the various lengths, and it demonstrates that there is no definite ascending or

descending scale of variation in relation to the number of specimens havino-

a given length of the organ, though the extremes are represented by only
one specimen, and lengths near the mean are more frequently represented.

This is true also for E. servus as demonstrated in Table 2. This table gives

the lengths of the intromittent organs for &2 specimens, and shows that this

length varies between 146 mm. and 182 mm., the range of the variation

between the shortest and the longest being therefore 36 mm.
Variations in the length of the intromittent organ may be quite independent

of the relative size of the insects, not only in the hybrid generations, but also

in the pure species : for example, the photographs of the two intromittent

organs shown in photo 6 measure 104 mm. and 94 mm. The two insects

from which these organs were taken are brothers of the E. variolarius female

of the original cross. The one having the longer intromittent organ (101 mm.)
is decidedly the smaller insect, the actual width of the pronotum (between
the humeri) being 8^ mm., while the pronotum of the insect with the shorter

organ measured ^^ mm.
Quantitative variation in the genital spot, though more diflScult to

demonstrate than in the intromittent organ, can be appreciated by comparino-

the male offspring from the same parents.

It is clear that all the points taken up tmder the above seven headings

apply to the genital spot with quite as much force as to the intromittent

organ—the size of the genital spot, like the length of intromittent oro-an

showing a type of inheritance that is nearly in full accord with Castle's

observations on size-characters. In earlier papers these facts were clearlv

stated in the case of the genital spot (Foot and Strobell, '13 & '14 a), but it

is interesting to note that Morgan ('14) interprets such evidence quite

differently from Castle, for he says, " the authors'" evidence shows that it

(the genital spot) is inherited as are Mendelian characters'"' (pao-e 481).

We do not feel justified, in view of the narrow limits of our experiments
in genetics, in attempting to draw conclusions as to the possible beai'ino- of
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our results on Mendelism, or on the many ingenious hypotheses designed to-

adapt Mendel's law fo some later experimental results. As, however, we are

in entire sympathy with Castle's interpretation o£ size-characters, and believe

his thorough knowledge of the subject entitles him to speak^with authority,

we would quote some of his recent conclusions that appear to us as sustained

by the facts of our experimental work on both the intromittent organ and

the genital spot of Eiiscliistns.

Castle says :

—" It is evident that size is not a simple unit character,

for there is no dominance and no evidence of segregation other than the

increased variability of the second hybrid generation

" Dominance is clearly absent and the only fact suggesting segregation

is the increased variability of the second as compared with the first hybrid

generation. This fact, however, maybe accounted for on other grounds than

the existence of multiple units of varying power.

" If size-differences are due to quantitative variations in special materials

within the cell, it is not necessary to suppose that these materials are localized

in chunks of uniform and unvarying size, or that they occur in any particular

number of chunks, yet the genotype hypothesis involves one or both of these

assumptions. Both are unnecessary." (Castle^ '12 «.)

" The results of all observers, as regards the inheritance of ordinary

differences in size, are closely in accord. When two races differing in size

are crossed the immediate offspring are intermediate in size. The next

generation of offspring is likewise intermediate, but more variable as a rule^

and it has been found possible in some cases to select from them forms as

extreme in size as the original parents. To interpret such cases as Mendelian,

requires the assumption that no single unit or factor is concerned in the size-

difference, but many wholly independent units. For a single Mendelizing

unit would produce a wholly different result. But suppose we allow the

assumption that many independent Mendelizing units or factors are concerned

in the inheritance of size. The pure line hypothesis is not benefited by this

assumption unless we suppose further that these hypothetical factors do not

vary. But this is an assumption wholly without warrant." (Castle, '14 /^)

" The increased variabilit// of the Fg generation is the only evidence of

Mendelism in size crosses." ....

" On any hypothesis size-differences must depend on many mutually

independent factors or causes ... It would be rash to assume that all the

factors concerned are Mendelizing factors, in the total absence of the two

usual accompaniments and criteria of Mendelism, dominance and segregation

in recognisable Mendelian ratios." (Page 2.)

He says the facts observed for body-size in rabbits and other quantitati-v e

characters in animals and plants are, Fi intermediate and Fg also intermediate,,

but more variable than Fi, and he adds, '^ If we call this Mendelism, we shall

need to explain that it is not the Mendelism of Mendel himself, but original.
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Mendelism,j9i^i«s (1) the assumption of gametic purity, p/ws (2) the assumption

o£ factorial constancy," plus (3) the assumption of factorial multiplicity "

(Castle, '14 a).

Results from backcross. Fi hybrid female (from E. variolarius ?
X E. servus c?) by pure E. variolarius male. 18 males, photos &2-&Q.

This backcross was undertaken to obtain evidence as to whether the so-

called male- and female-producing spermatozoa differ in their function in the

transmission of the exclusively male character—the genital spot (Foot and
Strobell, '13 & '14). We shall briefly re-state this evidence here in order

to show that the original results are duplicated by the facts demonstrated in

this paper as to the method of transmission of a second exclusively male

character—the intromittent organ.

First, the so-called male-producing spermatozoon can transmit the o-enital

spot. This was proved by the fact that the genital spot in the 18 males from

this backcross is inherited much more strongly from the pure variolarius male

than from the Fi hybrid males, and therefore this variolarius character was
transmitted directly from the male to its male offspring, and must, accordino-

to the hypothesis, have been transmitted by the male-producing spermatozoa *.

This evidence is repeated in the case of the intromittent organ, for the mean
length of the intromittent organ of these 18 males is 113"47mm., while the

mean length of the organ of the Fg generation is 124-42 mm.—the measure

therefore of the influence of the pure variolarius male in reducing the lenoth

of the intromittent organ ma}- be expressed as 10'95 mm.
Second, this backcross demonstrated in the case of the genital spot that the

servus character—the absence of spot—was transmitted by the so-called

female-producing spermatozoon ; and this evidence of the transmission of an

exclusively male character by the female-producing spermatozoon is repeated

in the case of the intromittent organ, for the length of the intromittent organ

in these 18 males has been increased by the inheritance from servus. This is

demonstrated by the fact that the mean length of the intromittent organ of

the 18 males from this backcross is 113"47 mm., while that of the organ

of the Q2 pure variolarius males is 96"70 mm. The two servus characters

—

absence of spot, and increased length of intromittent organ—must have been

transmitted (according to the hypothesis) by the so-called female-producing

spermatozoon of servus to the pure variolarius ? of the first cross, throuolj

which it was transmitted to her daughter, the F^ ? of this backcross.

The demonstration that the so-called sex-determining spermatozoa do not

differ functionally in the transmission of such an exclusively male character

* In making these deductions it is of course necessary to accept, for the sake of the

argument, the assumption of male- and female-producing spermatozoa, an assumption

which we belieA^e is still far from proved.
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as the genital spot would seem to justify a good deal of scepticism of the-

sex-determination theory which is based on the assumption of male- and

female-producing spermatozoa. This scepticism is greatly strengthened by

the further evidence that these so-called male- and female-producing sperma-

tozoa do not differ functionally in the transmission of such an exclusively

male sexual character as the intromitfcent organ itself. Further, it seems only

logical to believe, if exclusively male sexual chai'acters are transmitted by

both male- and female-producing spermatozoa, the same must be true also

for the exclusively female sexual characters, for it is difficult to believe that

the two sexes can have such fundamentally different modes of transmission.

If we measure the amount of the variolarius inheritance in this backcross,,

we find an astonishing agreement between the theoretical expectation and

the actual result. The relative amount of variolarius to servus in the

offspring of tliis backcross is 3 to 1, and we should expect, therefore,,

the mean length of the intromittent organ of servus to be reduced by

75 per cent, of the difference between the mean lengths in variolarius

and servus. This difference is 69*71 mm., 75 per cent, of this being

52"28 mm. Deducting this from the mean length of the organ of servus

(166'41 mm.) would leave 114'13 mm. as the mean length of the organ of

the offspring from this backcross. The mean length is in fact 113"47 mm.,

this being only 0"66 mm. less than the calculated expectation.

These results lose much of their significance in view of the fact that only

eighteen males were secured from this backcross, but the results are almost

exactly repeated by a backcross with E. ictericus, in which 70 instead of

18 males were raised *.

The above method of computing the mean length of organ to be expected

in the offspring from the two species, by a simple measure of the relative

part each species has contributed in the crossings, is of interest only because

the calculated results seem to fit the facts, but it certainly can have no

bearing on cases that show the Mendelian type of inheritance, nor where

simple unit characters are involved. Neither does it apply to the Fg genera-

tion, for in each of the seven families the mean length is below an exact

intermediate.

Table 11 demonstrates that the intromittent organs from the offspring of

this backcross fail to show a typical Mendelian ratio, and as this is true also

in the case of the genital spot, it is a further proof of the complete agreement

in the results obtained from these two exclusively male characters.

* The mean length of the intromittent organ of the offspring from the vnriolarius-ictericus

cross is also only a fraction of a millimetre less than the theoretical expectation, bnt in this

cross the slightly stronger inheritance is from the original male parent, while in tlie

variolarius-servus cross it is from the original female parent. In both crosses, however, the

stronger inheritance is slightly on the side of the shorter type of intromittent organ. Our

results from the variolarius-ictericus cross will be published shortly.
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Ijinhage.

To the cytologist, linkage of characters in inheritance is of special interest

because it is claimed that it affords ih.Q most trustworthy evidence that the

factors determining linked characters are located in the same chromosome,
and further it is claimed that this chromosome can be identified. Wilson has

recently expressed this view clearly in bis Croonian Lecture (^14). After
giving a brief summary of the work of Morgan and his pupils on linked

characters in Drosopliila, he adds :

—

"This at once suggests that the units of each group (or corresponding

things on which they depend) are borne by a particular chromosome which
constitutes their common vehicle of transmission, and that to this fact is due
their cohesion or linkage in heredity. Conversely, the several groups are

independent of one another, because of the independence of the chromosomes
which bear them." (-Pfige 34-4.)

If, as Wilson says, independence in the transmission of characters is

due to independence of the chromosomes which bear them, the evidence

obtained from our cross-breeding experiments would indicate that the factors

determining the transmission of the intromittent organ are not only not

carried by a single pair of chromosomes ; but on the above hypothesis

it would seem difficult to confine them to the 14 chromosomes, for among
the 190 F2 hybrids there ai'e 69 different lengths of the intromittent

organ, and if size-variations are due to multiple unit factors which are-

transmitted MS independent units, these 69 variations would seem to demand
an explanation from those who believe that ''unit factors^' are located in the

chromosomes. Further, none of these Q*i!i variations in the F2 hybrids is

consistently linked with any of the variations of the genital spot. We
might reduce the number of independent variations of the intromittent

organ and the genital spot by consigning most of them to the convenient

class called " non-inheritable fluctuations ", but this rather arbitrary process

must be carried far, if the remaining " unit factors " are to be consigned

to a single pair of chromosomes.

The " cross-over hypothesis " , which was offered to explain unexpected

results in the transmission of characters assumed to be carried by special

chromosomes, might be used to excuse non-linkage in these extreme cases ;:

but we cannot believe that it wonld be adequate to convince the unprejudiced

investigator that the factors decei'mining quantitative variations in the

intromittent organ and genital spot are carried and distributed by the

chromosomes. Even if we arbitrarily consign the determining factors to

special positions in the chromosomes and dictate their subsequent method
of division, it does not seem possible to adjust the facts with the view that

linkage and non-linkage may have their explanation in chromosome-

distribution of the factors.

38*
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In our preliminary report of this work (Foot and Strobell, '14 c) we

discussed the non-linkage of the genital spot and intromittent organ as

follows :

—

^' If fjictors which stand for a given character are carried by a definite

'chromosome or pair of chromosomes, and the inheritance of the character is

due to a special distribution of the factors at mitosis, it would seem logical

to expect that the factors of two characters showing a very special mode of

distribution (i. e., exclusively male characters) would be contained in the

same chromosome, and that this would be indicated by their being linked in

the hybrids. We would expect the absence or presence of the genital spot,

distinctive of one species, to be associated in inheritance with the type of

intromittent organ characteristic of the same species. Even if the extent

to which a character appears is dependent upon hypothetical factors outside

the chromosomes, v^e would expect these hypothetical factors to act equally

on two characters which are so closely associated as to be contained in the same

chromosome. We should expect the two characters never to be so entirely

dissociated that we find, in the same individual, the absence of spot charac-

teristic of one species, associated with the type of intromittent organ

distinctive of the other species. Instances of such complete dissociation

do. however, occur There are instances of association in the inheritance

of the two characters, the intromittent organ and genital spot, typical of one

of the species occurring in the same Fo individual ; but exact classification of

the full results shows that the two characters are transmitted quite in-

dependently of each other. The intermediates, having a large range of

variation, make it possible for many of them to appear to show the two

characters in the association that would be in harmony with the chromo-

some-hypothesis, but an exact comparison shows two plus and two minus

intermediates are quite as frequently associated as are a plus and a

minus intermediate."

These facts are demonstrated in the foregoing tables (3-9), in which the

tvpe of inheritance of the genital spot and the length of intromittent organ

in each particular insect of the F2 generation are placed side by side. If we

examine this evidence in detail, we find that 19 of these 190 F2 males have a

oenital spot quite as strong as that of the pure £j\ var'wlarius male, while

only 3 of these 19 males have the E. variolarius length of intromittent organ

(?'. e., between 85|^ mm. and 106 mm.).

This evidence of non-linkage is even more clearly shown in those insects

which have inherited the servus character (absence of the genital spot).

There are 74 of these insects, and oiilt/ 3 have a length of intromittent organ

which can be classed with servus, while on the other hand ^ have a length of

intromittent organ characteristic of variolarius. The remaining 67, which

have the absence of genital spot characteristic of servus, have a mean length

ot intromittent organ which shows a stronger influence from variolarius.

Tables 3 to 10 further demonstrate that while the influence of variolarius
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is stronger than servus as regards the length of the intromittent organ, these

relations are reversed in the case of the genital spot, and this is further

demonstrated by those that are classed as intermediates, for of these more are

minus than pins intermediates. It is therefore clear beyond question that these

two exclusively male characters, the genital spot and the intromittent organ,,

are not linked in inheritance. These results are certainly out of harmony
not only with the chromosome-hypothesis of sex-determination, but with the

recent hypotheses of chromosome-distribution of unit factors.

The evidence from the Fi generation is of less value, as we have only

11 specimens showing the inheritance of the genital spot, and we were not

able to measure the length of intromittent organ of all the eleven, as one was

destroyed in dissection.

The results from the F^ generation are as follows :

—

2 of the eleven^

Fi hybrids are like servus in having no genital spot, and the remaining 9 are-

variable intermediates. The two that have the servus inheritance (without a

genital spot) have the following lengths of intromittent organ—126 mm. and

121 mm. ; these lengths showing a stronger inheritance from variolarius as

to the intromittent organ, while both insects show tin exclusively servus

inheritance in the absence of the genital spot.

The Fi hybrid that has the longest intromittent organ—134 mm. (photo 11)

—has the strongest genital spot of all the eleven Fi hybrids, this again

demonstrating a significant absence of linkage in these two exclusively male

characters.

The mean length of the intromittent organs of the 10 Fj hybrids is

124" 9 mm., this demonstrating a stronger inheritance from variolarius than

from servus. The difference between the mean length of variolarius

(96"70 mm.) and of servus (166"41 mm.) is 69*71 mm., and therefore an

exact intermediate between these two means would be 131'55 mm.—the

measure therefore of the stronger variolarius inheritance in these Fi hybrids

may be expressed by 7*46 mm.
It is an interesting fact that the intromittent organ not only of this

Fj generation, but also of the Fg generation, shows a stronger inheritance

from variolaoius than from servus, the measure of the greater variolarius

influence being almost the same for the two generations, i. e., 7*46 mm. in

the case of the F| hybrids, and 7*13 mm. in the case of the Fg hybrids.

While the intromittent organ of these 190 males shows a stronger inheri-

tance from the female original parent {variolarius) , the reverse is true of the

genital spot, for only 19 of these 190 males have a spot as strong as vario-

larius, while 74 are like the male original part (servus) in having no spot.

It is not possible to make an accurate estimate of the influence of the

two species on the type of genital spot classed as intermediate, but there

are certainly more minus than plus intermediates, this further demonstrating

that the genital spot shows a stronger inheritance from servus than from

variolariics.
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The results from the backcross demonstrate again tliat the genital spot and

the introinittent organ are not linked in inheritance (Table 11). Twelve o£

these eighteen speciiiiens have the E. va7iolarius spot on the genital segment,

while only three have a length o£ intromittent organ characteristic of

varlolarius. Six have a spot on the genital segment which is more or less

reduced by the inheritance from E. servus, which has no genital spot. These

six are therefore intermediate as to the genital spot, while there are fifteen

intermediate in the leno-th of the intromittent organ.

C/ii'omosomes.

Our experiments with these hemiptera w^ere undertaken with the aim of

testing some recent chromosome-theories of sex-determination by the

trustworthy method of exj)erimental cross-breeding. For this purpose we

selected an exclusively male character—the distinct dark spot which is present

on the genital segment of Eu.9chistus variolarius and absent in Eucldstus

sermis, for this character appeared to us well adapted to test the function of

the so-called sex-chromosomes in the transmission of an exclusively male

<;haracter.

The results of these cross-breeding experiments and their bearing on the

chromosome-theories of sex-determination have been discussed in earlier

papers, Foot and Strobell, '13 and ^14 a & h. In the present paper we
will sumuiarize the evidence in order to demonstrate that the results gained

by the study of the transmission of the genital spot are in fact duplicated

in the case o£ the intromittent organ, and that therefore not only is the

evidence gained through the study of the first greatly strengthened, but

the conclusions bearing on chromosome-theories are fully sustained on

every point.

In the preliminary report o£ our results from the study of this second

exclusively male character we gave what appear to us very cogent i-easons

for claiming that this character should be classed as a primary sexual

character. Both Morgan ('13) and Doncaster ('14rtr, & 'll/'O? iii the case of the

genital spot summarily dispose of our results and our claim that they have

a valid beai'ing on the chromosome sex-determination hypothesis, by simply

classing the genital spot with secondary sexual characters. Although there

might be some ground for classing the genital spot with these characters,

they ai'e quite unlike in a most important feature, for a marked characteristic

•of the secondary sexual characters of authors is the fact that they can,

almost without exception, be bred into the opposite sex. We do not believe

that even these critics can thus dismiss the evidence obtained from a

study of the transmission of the intromittent organ, although this evidence

confirms in everv detail the results demonstrated in the transmission of
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the genital spot. For convenience we repeat the argument £rorn our

preliminary report. '

Both Morgan and Doncaster class the genital spot o£ variolarms with

the secondary sexual characters of authors, and they therefore interpret our

results as not having the bearing on the theories o£ sex-determination which

we claim for them. Now our claim has been that the genital spot of vario-

larius is an integral part of the male genital segment—the structure of the

female genital segment being such that the spot could not be present in this

segment without changing the form of the segment itself—and we have

claimed that therefore a study of the transmission of the genital spot should

give a trustworthy indication of the method of transmission of the entire

genital segment.

This claim, that the method of transmission of the genital spot should be

an index of the method of transmission of the genital organs of the male,

has been completely justified by further work on these hybrids. . . The

genetic results from our study of the genital spot of variolarms may be open

to the criticism that as the spot is " not directly connected with the act of

reproduction " it should be classed with the secondary sexual characters

;

but the intromittent organ is certainly free from such criticism and can be

justly classed as a primary sexual character. In view of the fact that our

results from the study of the transmission of the variolarms spot have been

set aside on the ground that the spot is a secondary sexual character, and

therefore has no bearing on the problem of the determination of sex, it is

necessary first to "establish the claim that the intromittent organ can be

-classed with the primary and not the secondary sexual characters. This

apparently ought not to be difficult, but a difficulty does arise owing to the

fact that recent authors who have discussed secondary sexual characters have

avoided defining them, and have neglected to state wherein they are to be

distinguished from the primary sexual characters.

According to Darwin ('59) Hunter defines secondary sexual characters as

follows :

—

"The term, secondary sexual characters, used by Hanter, applies to

characters which are attached to one sex ; but are not directly connected

with the act of reproduction.^'

Darwin ('86) adopts Hunter's classification of primary and secondary

sexual characters, but shows that even such an apparently clear-cut defini-

tion encounters difficulties. He says* :

—" With animals which have their

sexes separated, the males necessarily differ from the females in their organs

of reproduction ; and these afford the primary sexual characters. But the

sexes often differ in what Hunter has called secondary sexual characters,

which are not directly connected xoith the act of reproduction ; for instance, in

* The italics are ours.
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the male possessing certain organs of sense or locomotion, of wliicli the

female is quite destitute, or in having them more highly developed, in order

that he may readily find or reach her; or again, in the male having special

organs of prehension so as to hold her securely. These latter organs of

infinitely diversified kinds graduate into, and in some cases can hardly be

distinguished from^ those which are commonly ranked as primary, such as

the complex appendages at the apex o£ the abdomen in male insects. Unless

indeed we confine the term ' primary "" to the reproductive glands, it is

scarcely possible to decide, as far as the organs of prehension are concerned,

which ought to be called primary and which secondary '"
(p. 253).

Morgan (M3) also appears to accept Hunter's classification, for in his

rather full list of secondary sexual characters he includes none that are

" directly connected with the act of reproduction.'^ He opens his discussion

of secondary sexual characters as follows :

—

" The Secondary Sexual Characters.

" In the most highly evolved stages in the evolution of sex a new kind of

character makes its appearance. This is the secondary sexual character. In

most cases such characters are more elaborate in the male, but occasionally

in the female. They are the most astonishing thing that nature has done :

brilliant colours, plumes, combs, wattles, and spurs^ scent-glands (pleasant

and unpleasant) ; red spots, yellow spots, green spots, topknots and tails,

horns, lanterns for the dark, songs, bowlings, dances and tourneys—a medley

of odds and ends" (p. 2^).

If we are to discard Hunter's classification, because it is found dilficult to

determine to which class some of the characters rightly belong, we should

have to be dissatisfied with many classifications that are thoroughly well

established.

If we limit the term " primary sexual characters " to the reproductive

glands, it offers an escape from the difficulties in classifying the prehensile

organs, as Darwin has pointed out; but it would seem that greater difficulties

are met by refusing to ])lace the intromittent organ in the same group with

the reproductive glands, and placing it in the group with characters so far

removed from " direct connection with the act of reproduction ", as, lor

example, Morgan's list of secondary sexual characters. The intromittent

organ is not only " directly connected with the act of reproduction ", bat it

is as much a part of the sex of the individual as the reproductive glands

themselves. Any one of the characters in Morgan^s entire list of male

secondary sexual characters could appear in the female without changing

her sex; but the intromittent organ is as clearly indicative of the sex as are

the reproductive glands themselves.

If a definite chromosome carries the factors for determining sex, and it

therefore carries the factors for the reproductive glands, it would seem

logical to suppose that the chromosome carrying the factors necessary for
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the development of the male reproductive glands would also carry the

factors necessary for the development of the intromittent organ w^hich, when
present, is functionally a necessary adjunct of the glands, and as indicative

of the sex as the reproductive glands themselves. If we cannot accept the

mode of transmission of the intromittent organ as an index of the mode of

transmission of the reproductive glands, it would seem necessary to discard

all structural features or other characters which are distinctive of the gonads

of a given species, such as their distinction in size, form, colour, etc., and

assume that these characters, associated with the gland, have a different

mode of transmission from the gland itself.

This would prevent any experimental test being applied to the chromosome-

theories of sex-determination and leave free scope for the wildest cytological

speculations. If we should place the intromittent organ in the group of

secondary sexual characters, because it has certain features in common with

these characters, we ought logically to place the reproductive glands them-

selves in the same group. For example, both these organs, in common with

most of the secondary sexual characters, can be transmitted to the opposite

sex—hermaphrodites appearing in forms that are normally sexually distinct

A case in point is Goodrich's ('12) interesting and important discovery of a

male amphioxus in which 49 of the gonads were testes containing ripe

spermatozoa and one was an ovary containing ripe ova. It may be urged

that the intromittent organ is a secondary sexual character on the evidence

that in the development of the embryo it appears much later than do the

gonads—this indicating that the gonads are more fundamental and stable

morphological entities. But there are facts opposed to this interpretation

—

Smith ('10) found that when the spider crab is infected by the parasite

sacculina, the testes can become so greatly metamorphosed that some of the

cells may develop into ova and the same testis contain both ripe ova and

spermatozoa.

It would seem that the division between primary and secondary sexual

characters, in common with almost all attempts at classification, has the

objection that the line of demarcation is not, at all points, perfectly clear
;

but we believe, in spite of this, that we are justified in classing the intro-

mittent organ as a primary sexual character, and that the results from the

study of the transmission of this organ may justly be claimed as an index of

the method of transmission of the reproductive glands themselves.-

In the case of the genital spot the bearing of our results on recent

chromosome-theorios has been fully discussed in our earlier papers. We believe

we clearly demonstrated that the facts are entirely out of harmony with all

those hypotheses which claim to offer an explanation of the transmission of

characters by the assumption that factors essential to their transmission are

carried and distributed by definite chromosomes.
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We have briefly summarized these results in a recent paper (Foot and

Strobell, '14 a), and this summary will serve equally well for the second

exclusively male character—the intromittent organ . This can be demonstrated

by quoting the summary and changing it only enough to include the intro-

mittent organ with the genital spot, as follows :
—

First. Both the genital spot and the type of intromittent organ charac-

teristic of each species can be inherited without the aid of the Y chromosome.

This is proved by the fact that both are transmitted through the female, and

the female does not possess the Y chromosome, as this chromosome is an

exclusively male character.

Second. Both the genital spot and the type of intromittent organ can be

inherited without the aid of the X chromosome. This is proved by the fact

(demonstrated by the backcross) that they are transmitted through the

male and ex Jiypothesi the male-producing spermatozoon does not have an

X chromosome*.

We add, " In making these deductions it is, of course, necessary to accept,

for the sake of the argument, the assumption of male- and female-producing

spermatozoa, an assumption which, we believe, is far from proved.^^ (See

backcross p. 473.)

xldvd. The results show that if we assume that the factors necessary for

the production of the genital spot and the intromittent organ are located in

any of the ordinary chromosomes, they must be in at least both members of

a pair of ordinary chromosomes, for the sj/ot is directly transmitted through

both the male and the female.

Fourth. The results show that, if we assume that the factors necessary

for the production of the genital spot and the intromittent organ are carried

by both members of a pair of chromosomes, we must assume that the female

carries an inhibitor for the spot as well as for the intromittent organ, for

neither is present in any of the females, though both are transmitted by the

female, and therefore the factors for both are present, though not expressed.

Fifth. The results show that, although it is necessary to assume an

inhibitor only in the females of the pure species, in the hybrids it becomes

necessary to assume an inhibitor in the mcdes also.

In his recent criticism of our work, Morgan ('14) overlooks the fact that

the Fi hybrid males have the spot more or less suppressed. In these males

it is partly or wholly absent, and yet (like the females) they can directly

* Morgan ('14) seems to think that this point could have been made solely from the evi-

dence of the Fo ratio. He says :
" It is unnecessary to repeat their argument ; for if the

factors were carried by the X chromosome only half the grandsons should show it, while,

iu fact, many more than half of them show it." We do not feel that this evidence would be

conclusive, for it could be attacked by the assumption of an unequal death-rate—a con-

venient assumption which has been used more than once to excuse contradictory evidence.
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transmit, the spot to theii* male offspring. It seems only logical to believe

that the causes, whatever they are, which inhibit the spot in the females are

also responsible for its total or partial suppression in the Fi hybrid males,

but the causes suggested by our critics to account for its suppression in the

females obviously cannot apply to the male hybrids. Morgan ('14), after

admitting that the spot factors cannot be carried by the X or the Y chromo-

some, adds ;
—" We are concerned then only with a third possibility, viz.

that there is something in the female condition itself that is inimical to the

development of the spot.'"* This something, he later explains, is the two

X chromosomes. He says:—"The chemical interaction between two X's

and the rest of the cell is of such kind that it produces a female, and the

-female complex, as such, is inimical to the development of a spot."

To the defenders of the chromosome-hypotheses, this may seem a plausible

ex[)lanation of the suppression of the spot in the females which have these

two X chromosomes, but it leaves unexplained the fact that the spot in

the Fi males is either wholly or partly suppressed, and these males have

only one X chromosome, while two X chromosomes are held responsible

for the suppression of the spot in the females.

The facts forced us to assume some sort of hypothetical inhibiting factors

for the spot, not only for the females but for the Fj male hybrids as well,

and this is equally necessary for the case of the intromittent organ, since it

is not only wholly inhibited in the females, but the length of organ strictly

-<;haracteristic of either of the pure species is more or less inhibited in the

Fj hybrids. Further, the intromittent organ is like the spot in reappearing

in the next generation in the length typical of the two parent species,

proving this to have been latent in both the females and the F^ males—its

full expression being inhibited by unknown factors.

Sixth. The facts show, in the case of the genital spot, and we may now

add in the case of the intromittent organ as well, that if we attempt to place

this inhibitor in definite chromosomes, we meet with as serious difficulties as

those involved in assuming that the factors essential for the production of

the genital spot are carried by special chromosomes. In our preliminary

report of these experiments ('13), we discussed in full the evident results of

placing this inhibitor in various chromosomes—in the X chromosomes, in

one of the ordinary chromosomes, or in a pair of chromosomes
;
and we

found that none of these assumptions would accord with the facts. " The

facts force us to regard these inhibitors as hypothetical forces which cannot

logically be confined to the chromosomes, and are located we know not

where—these hypothetical inhibitors practically doing work that has been

assigned to definite chromosomes."

If the chromosome-hypotheses have a foundation in fact, it would seem

only logical to expect that in these insects the Y chromosome should carry

the factors for exclusivelv male characters, for it is the only one of the
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14 chromosomes that is never present in the female, and is present in a/£

the so-called male-producing spermatozoa, while each o£ the 13 autosomes-

(according to their accepted mode of division) can be present in half tlie

male-producing and half the female-producing spermatozoa, and therefore in

both half the males and half the females.

Even the defenders of the chromosome sex-determination hypothesis reject

this Y chromosome as the carrier of factors essential for the determination

of sex, for the very cogent reason that in so many forms no Y chromosome

is present. Morgan ('11) concludes that " the factors for producing the-

male must be located in some other chromosome."

As the Y chromosome is thus rejected as a sex-determiner, it would seem

that those who hold that factors essential for the development of definite-

characters are carried by definite chromosomes are forced to assign to the

Y chromosome (in forms in which it is present) the function of cari-yiug

fiictors essential for the development of characters exclusively male, since^.

as stated above, it is the only chromosme that is always present in the male-

and absent in the female. We have shown, however, that such exclusively

male characters as the genital spot and the intromitteut organ can be-

inherited without the Y chromosome, and this certainly challenges such an

interpretation, and leads us to respectfully ask the advocates of the chromo-

some-hypotheses what characters they would assign to it.

An ingenious apology for the obvious shortcomings of the sex-chromosome

hypothesis has been recently made by C. B. Bridges, '13 (one of Morgan's-

pupils). It is offered as an explanation of occasional slips in linkage.

Bridges found in Drosopldla ampelopliila that two sex-linked characters

(red eye and white eye) failed to show linkage in 5 per cent, of the cases

(Wilson, '14, states that these exceptions are " about 10 per cent.").

To the class of cytologists to which Bridges belongs, ''sex-linked

characters" are in reality X-Unked, and therefore, for example, it is'

theoretically impossible for a male to transmit directly to his male offspring

a character that is assumed to be carried by the X chromosome—the-

chromosome that is absent from the male-producing spermatozoon. lu'

order then to explain away these embarrassing slips in linkage, Bridges has-

subniitted the following ingenious explanation, which is based on the-

admission that the X chromsomes do not move during maturation with that

military precision heretofore demanded by the theories. He now suggests

each may show an equal amount of erratic movement—the one destined for-

the polar body may remain in the egg, and the one destined to remain in

the egg, may go with its mate to the polar body ; and thus three kinds of.

ripe eggs are possible —the first with the usual one X, the second with no X.

at all, and the third with two X's. This erratic behaviour of the X chromo-

somes can be made to account for many disappointments in expected results,.
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and incidentally it relieves the so-called male- and female-producing

spermatozoa as such from the responsibility of deciding the sex, and places it

squarely with the egg, for from a so-called male-producing spermatozoon

a female can develop if this spermatozoon fertilizes an egg in which both

X chromosomes have remained, and again from a so-called female-producino-

spermatozoon a male can develop if this spermatozoon fertilizes an eo-o-

which has no X chromosome.*

It is naturally incumbent upon the cytologist who makes assumptions so

necessary for the defence of a theory to find some cytological proof of them,

and Wilson ('14) has made the interesting announcement that "very recently

Bridges has tested his assumption cytologically ". And he adds, " The

cytological examination has demonstrated that certain females of this race

actually possess three of these chromosomes."

Wilson seems to regard this evidence as quite conclusive proof of Bridges'

assumptions and deductions. Those of us, however, who have no such

sublime faith in the causal nature of the chromosomes are inclined to suspect

that if Bridges had searched with equal ardour for an extra X chromosome

in the male cells, he might have found these cells also equipped with an extra

X chromosome, as in fact we found to be the case in the spermatogonia of

Anasa tristis (Foot and Strobell, '07). In spite of our demonstrating this

second X chromosome by photomicrographs, the reality of its presence has

been questioned by advocates of the chromosome-theories, for it is obviously

an embarrassing factor to the sex-determination hypothesis.

Further study of the chromosomes of the Hemiptera led us to make the

following statement which seems to us to have some bearing on Bridges'

recent discovery :
—" A careful examination of our preparations makes it

possible to select chromosome-groups which exactly fit a given theory, but

many groups can also be found that are a serious menace to these theories,

while, on the other hand, they present no difficulties to the conception of

those who regard the number, size, and form of the chromosomes as inherited

characters—the expression of cell-activities rather than the cause."

In our preliminary report (Foot and Strobell, '14 c, pp. 228-31) we showed

by an analysis of the chromosomes, based on the hypotheses as to their

method of division, that the testis itself can have no closer relation to the

so-called sex-deteruiining chromosomes than we have shown to be the case

* Bridges' assumptious, wlien applied to those forms which have a Y chromosome

would seem to relieve this chromosome of any sex-limited function, although in these

species it is just as distinctive of the male cells as are the two X chromosomes of the female

cells. According to Bridges' hypothesis, some males may be without the Y chromosome
while some females have it. The admission that such marked structural changes in the

male and female chromosome groups can occur in individuals is in harmony with the belief

that the chromosomes, like other structures in the cell, are the expression rather than the

cause of cell activities.
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for the other two exclusively male characters—the genital spot and the-

intromittent organ. These three exclusively male characters—the genital

spot, the intromittent organ, and the testis—can therefore, according to the

hypothesis, be transmitted by the female-producing spermatozoon as well as

by the male-producing spermatozoon.

The defenders of the chromosome-hypothesis of sex-determination would

have us ignore these facts. Morgan ('14) says :
—" To assume that all the-

factors for characters that are shown by the male or by the female must be

carried by a sex-chromosome of some kind, if carried at all by chromosomes,,

is a travesty of the point of view of those who hold to the chromosome-

hypothesis as a reasonable working hypothesis to account for Mendelian

inheritance." This sounds like an effort to evade the force of the real facts.

It should be added that two of these " characters "" (the intromittent organ

and the testis) are so exclusively male that without them the insect would

not be a male, and to present these facts and the conclusions which they

logically involve can scarcely be called "a travesty" of the hypothesis.

that asserts that factors determining sex are carried and distributed by
" sex-chromosomes ." Rather it is a serious and perfectly logical challenge

of some recent extreme views as to the function of the chromosomes in.

heredity.

Oxford, March 1915.

References.

Bridges, Calvin B.

'13. Non-disjunction of the Sex Chromosomes of Drosophila. Journ..

Exper. Zool. vol. xv. No. 4.

Castle, W. E.

'11. Heredity in Relation to Evolution and Animal Breeding.'

D. Appleton & Company. 1911.

'12a. The The Inconstancy of Unit-characters. Amer. Nat. vol. xlvi.

'12 h. Some Biological Principles of Animal Breeding. Amer. Breeders'

Magazine, vol. iii. No. 4.

'14 a. Multiple Factors in Heredity. Science, n. s. vol. xxxix.

""14 6. Pure Lines and Selection. Journ. of Heredity (Organ of the

Amer. Genetic Assoc), Washington, D.C., vol. v. No. 3.

Castle, W. E., and John C. Phillips,

'lie. Piebald Rats and Selection. An experimental test of the effect-

iveness of selection and of the theory of gametic purity in

Mendelian crosses. Carnegie Institution of Washington, 1914.

Darwin, Charles Robert.

'59. The Origin of Species. 1859.

'86. The Descent of Man. 1886.



RESULTS OF CEOSSING TWO HEMIPTEROUS SPECIES. 487

DoNCASTER, Leonard.
'14 a. Heredity and Sex—A Review of the Present State of Evidence

v^rith regard to the material basis of Heredity, Transmission^ and

Sex-determination. Q. J. M. Sci. vol. liv.

'14 &. The Determination of Sex. Cambridge University Press.

Foot, Katharine, and E. G. Strobell.

""07. A Study of Chromosomes in the Spermatogenesis of Anasa triHis^

Amer. Journ. Anat. vol. vii. No. 2.

'09. The Nucleoli in the Spermatocytes and Germinal Vesicles of

Euschistus variolarius. Biol. Bull. vol. xvi. No. 5.

'13. Preliminary Note on the Results of crossing two Hemipterous

Species, with Reference to the Inheritance of an Exclusively

Male Character and its bearing on Modern Chromosome Theories.

Biol. Bull. vol. xxiv. No. 3.

^14 a. Results of crossing Euschistus variolarius and Euschistus servus

with Reference to the Inheritance of an Exclusively Male

Character. Journ. Linn. Soc. London, Zool. vol. xxxii.

'14 b. The Chromosomes of Euschistus variolarius, Euschistus servus, and

the Hybrids of the Fi and F2 Generations. Arch, ftir Zellf.,,

Bd. 12.

'14 c. Preliminary Report of crossing two Hemipterous Species with

Reference to the Inheritance of a Second Exclusively Male

Character. Biol. Bull. vol. xxvii. No. 4.

Goodrich, Edwin Stephen.

'12. A Case of Hermaphroditism in Amphioxus. Anat. Anz., Bd. 42.

Morgan, Thomas Hunt.
'11. An Attempt to Analyse the Constitution of the Chromosomes on

the Basis of Sex-limited Inheritance in Drosophila. Journ..

Exp. Zool. vol. xi. No. 4.

'13. Heredity and Sex. Columbia University Press. 1913.

'14. Sex -limited and Sex-linked Inheritance. Amer. Nat. vol. xlviii.

Smith, Geoffrey Watkin.
'10. Studies in the Experimental Analysis of Sex. Q. J. M. Sci.

vol. Iv. pt. 2.

Wilson, Edmund Beecher.

'14. Croonian Lecture. Proc. Royal Soc, ser. B, vol. Ixxxviii.

No. B 603.



488 MISSES K. TOOT AND E. C. STKOBELL

EXPLANATION OF THE PLATES.

All the preparations were photographed at exactly the same magnification (20 dia-

meters), and the photograph of each intromittent organ was carefully measured with

a small pair of architect's dividers, fitted with number nine needle-points, and set at

2 mm. The dividers were frequently tested by measuring a line of a definite length.

The measurements were made on matte prints, so that each division of 20 mm. could be

identified by a pencil-mark and numbered. Measurement of the longer and more closely

coiled organs was facilitated by dotting the first coil with red ink, the second coil with blue

ink, and leaving the third coil black. In this way tbe longest coil could then be measured

with as much accuracy as the shortest. The measurements were made from the distal end

of the intromittent organ to the point where the thick part of the coil enters the gland. At

this point the coil is easily dissected ofiE (e. </., photos 12 & 13), bat even in those cases

where part of the canal within the gland has been preserved {e. g., photo 1) the point from

which the measurement was taken is easily determined, for the part within the gland is

transparent and quickly tapers to a very fine canal.

The intromittent organs of photos 1 to 66 are from the same insects which were

photographed in an earlier paper and published in this same volume of the Journ. Linn.

Soc, Zool. (see Plates 28 to 34).

In order to demonstrate whether these two exclusively male characters—the genital

spot and the intromittent organ—are linked in inheritance, we have placed the intromittent

organs of photos 1 to 66 in exactly the same order in which the photographs of the bugs

themselves were placed on the plates of the above-mentioned paper—each photograph in the

two sets of illustrations exactly corresponding, and thus admitting an accurate comparison

of the genital spot and the intromittent organ of each individual bug of the entire series.

The photographs are reproduced by the half-tone method. Frequently it does not

accurately reproduce the distal end of the intromittent organs, which always terminate in a

clean-cut oblique angle: this is sometimes obscured by the dotted effect of the half-tone

method, giving the appearance of a broken, jagged end. In some cases the reproducers

have attempted to correct this by retouching ; but this has not always been successful.

Plate 41.

( Cf. Plate 28 of this volume.)

Photo 1. Intromittent organs from the two bugs of photo 1, plate 28. On the left

E. variolarius, and on the right E. servus. Length of intromittent orgau of

JE. variolarius 95 mm., of .E". servus 167 mm.

Photo 2. Intromittent organs from the seven E. variolarius of photo 2, plate 28. These

insects were raised in our laboratory during the summer of 1912. The parent

bugs were raised in our laboi'atory during the summer of 1911, and were

kept in captivity during the winter of 1911-12. Lengths of the intromittent

oro-ans of the seven bugs are as follows :—1st (upper), 96 mm. 2nd, 101 mm.

3rd, 96 mm. 4th, 93 mm. 5th, 90 mm. 6th, 96 mm. 7th, 92 mm.

Photo 3. Intromittent organs from the five E. servus of photo 3, plate 28. The bugs

were collected in North Carolina in the fall of 1912. Lengths of the intro-

mittent organs :—1st (upper), 1641 mm. 2nd, 164^ mm. 3rd, 175^ mm.

4th, 166 mm. 5th, 170 mm.

Photo 4. Intromittent organ of the wild E. servus of photo 4, plate 28. This male

fertilized the E. va?-iolariiis female used for our cross-breeding experiments.

Length of intromittent organ, 166 mm.
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Photo 5. Intromittent organs of the five E. servus that were caged daring the winter of

1911-12 with three E. variolarius females, one of which was used for our

cross-breeding experiments. (The last three of these five males are shown
in photo 5, plate 28.) Lengths of the intromittent organs : —1st (upper),

161 mm. 2nd, 162 mm. 3rd, 166 mm. 4th, 146 mm. 5th, 169 mm.
Photo 6. Intromittent organs from two E. variolarius. These males were raised from the

same deposition of eggs from which we raised the females for our cross-

breeding experiments. Only one Of these males (the 2nd) is shown in photo 5,

plate 28. Lengths of the intromittent organs:—1st (upper), 104 mm. 2nd,

94 mm.
Photo 7. Intromittent organs from the two F, hybrids of photo 7, plate 28. Lengths of

the intromittent organs :—1st (upper), 126 mm. 2nd, 124 mm.
Photo 8. Intromittent organs from the two Fi hybrids of photo 8, plate 28. Lengths of

the intromittent organs:— 1st (upper), 126 mm. 2nd, 124 mm.
Photo 9. Intromittent organ from the one Fi hybrid that was preserved as a pinned

specimen. This is the only intromittent organ that cannot be compared with

a photograph of the insect from which it was dissected. The intromittent

organ of the insect of photo 9, plate 28, was broken in dissection, and we
therefore replaced it witli this organ from tlie dried specimen. Length,

126 mm.
Photo 10. Intromittent organ oftheFi hybrid of photo 10, plate 28. Length of intro-

mittent organ, 109 mm. (This includes 3 mm. for the extreme distal end that

was broken off in dissection and not preserved.) This hybrid is the male

parent of the r2 hybrids of plate 31.

Photo 11. Intromittent organ of the Fi hybrid of photo 11, plate 28. Length of

intromittent organ, 134 mm.
This hybrid is the male parent of the F^ hybrids of photos 15 and 16,

plate 28.

Photo 12. Intromittent organ of the Fi hybrid of photo 12, plate 28. Length of intro-

mittent organ, 132 mm.
This hybrid is the male parent of the F2 hybrids of photos 42 to 48,

plate 32.

Photo 13. Intromittent organ of the Fi hybrid of photo 13, plate 28. Length of

intromittent organ, 122 mm.
This male fertilized the two F^ females of the 6th and 7th pairs of F^

hybrids, and is therefore the male parent of the F2 hybrids of photos 49

to 57, plates 32 & 33.

Photo 14. Intromittent organ of the Fi hybrid of photo 14, plate 28. Length of

intromittent organ, 126 mm.

This hybrid is the male parent of the Fo hybrids of photos 26 to 32,

plate 30.

Photos 15 & 16. Intromittent organs from the four Fo males from the fifth pair of Fi

hybrids.

Photo 15. Intromittent organs of the three F2 hybrids of photo 15, plate 28.

Length of intromittent organs :—1st (upper), 108 mm. 2nd, 107| mm.

3rd, 147 mm.
Photo 16. Intromittent organ of the Fo hybrid of photo 16, plate 28. Length

of intromittent organ, 135 mm. (See photo 11 for the intromittent organ

of the male parent of the four F2 hybrids of photos 15 and 16.)
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Plate 42.

{Cf. Plate 29 of this volume.)

The intromittent organs from 43 Fa males from the first pair of Fi hybrids.

The male parent of these hybrids is shown in photo 9, plate 28, hut we did

not succeed in preserving its intromittent organ (see photo 9).

Photo 17. Intromittent organs from the five F. hybrids of photo 17, plate 29. Lengths

of intromittent organs:—1st (upper), 96 mm. 2nd, 146 mm. 3rd, 130 mm.
4th, 136 mm. 5th, 150 mm.

Photo 18. Intromittent organs from the five ¥•, hybrids of photo 18, plate 29. Lengths of

intromittent organs:—1st (upper), 112i mm. 2nd, 128 mm. 3rd, 122 mm.

4th, 137 mm. 5th, 148 mm.
Pf[Oto 19. Intromittent organs of the four Fo hybrids of photo 19, plate 29. Lengths of

intromittent organs:—1st (upper), 114 mm. 2ud, 129 mm. 3rd, 139i mm.

4th, 144 mm.
Photo 20. Intromittent organs of the three F2 hybrids of photo 20, plate 29. Lengths of

intromittent organs :—1st (upper), 130 mm. 2nd, 120 mm. Srd, 98 mm.

Photo 21. Intromittent organs of the six F^ hybrids of photo 21, plate 29. Lengths

of intromittent organs :—1st (upper), 124 mm. 2nd, 152 mm. 3rd, 133 mm.

4th, 122 mm. 5th, 136 mm. 0th, 97 mm.

Photo 22. Intromittent organs of the five F2 hybrids of photo 22, plate 29. Lengths of

intromittent organs:— 1st (upper), 136 ram. 2nd, 146 mm. Srd, 124 mm.

4th, 128A mm. 5th, 130 mm.

Photo 23. Intromittent organs of the four Fg hybrids of photo 23, plate 29. Lengths of

intromittent organs :—1st (upper), 98 mm. 2nd, 120 mm. Srd, 104 mm.

4th, 122 mm.
Photo 24. lutromitteiit organs of the three F.^ hybrids of photo 24, plate 29. Lengths

of intromittent organs : —1st (upper), 100 mm. 2nd, 114 mm. Srd, 132^ mm.

Photo 25. Intromittent organs of the eight F^ hybrids of photo 25, plate 29. Lengths of

intromittent organs:—1st (upper), 114| mm. 2nd, 123 mm. 3rd, 100 mm.

4th. 108 mm. 5th, 93 mm. 6th, 132 mm. 7th, 85^ mm. 8th, 140 mm.

Platk 43.

( Cf. Plate 30 of this volume.)

Intromittent organs from 30 F, males, from the second pair of Fj hybrids.

The male parent of these hybrids is shown in photo 14, plate 28, and its intro-

mittent organ in photo 14, Plate 41.

Photo 26. Intromittent organs from the five bugs of photo 26, plate 30. Lengths of

intromittent organs:—1st (upper), 115^ mm. 2nd, 100 mm. Srd, 116 mm,

4th, 118 mm. 5th, 118 mm.

Photo 27. Intromittent organs from the four bugs of photo 27, plate 30. Lengths of

intromittent organs :—1st (upper), 99 mm. (this includes 3 mm. for the

extreme distal end that was broken off in dissection and not preserved). 2nd,

130 mm. Srd, 130 mm. 4th, iSO mm.

Ppioto 28. Intromittent organs from the six bugs of photo 28, plate 30. Lengths of

intromittent organs :—1st (upper), 90 mm. 2nd, 142 mm. Srd, 124 mm.

4th, 131 mm. 5th, 121 mm. 6th, 127^ mm.

Photo 29. Intromittent organs from the five bugs of photo 29, plate SO. Lengths of

intromittent organs :—1st (upper), 124 mm. 2nd, 123 mm. Srd, 125 mm.

4th, 126 mm. 5th, 126 mm.
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Photo 30.

Photo 31.

Photo 32.

Intromittent organs from the four bugs of photo 30, plate 30. Lengths of

iutromittent organs :—1st (upper), 130 mm. 2ud, 134^ mm. 3rd, 115^ mm.
4th, 133 mm. (this includes 3 mm. for the extreme distal end that Avas brolien

off in dissection and not preserved).

Intromittent organs from the three bugs of photo 31, plate 30. Lengths
of intromittent organs :—1st (upper), 114 mm. 2nd, 114 mm. 3rd, 99^ mm.

Litromittent organs from the three bugs of photo 32, plate 30. Lengths
of intromittent organs :—Isl (upper), 114i mm. 2ud, 122 mm. . 3rd, 127 mm.

Plate 44.

(Cf. Plate 31 of this volume.) "

"

Intromittent organs from 48 F^ males from the third pair of F^ hybrids.

The male parent of these hybrids is shown in photo 10, plate 23, and its intro-

mittent organ in photo 10, Plate 41.

Photo 33. Intromittent organs from the six bugs of photo 33, plate 31. Lengths of

intromittent organs :—1st (upper), 117^ mm. 2nd, 124 mm. 3rd, 116^ mm.
4th, 144 mm. 5th, 123i mm. 6th, 130 mm.

Photo 34. Intromittent organs from the eight bugs of photo 34, plate 31. Lengths of

intromittent organs :—1st (upper), 128 mm. 2nd, 131 mm. 3rd, 140 mm.
4th, 130 mm. 5th, 140 mm. 6th, 121 mm. 7th, 123 mm. 8th, 147 mm.

Photo 35. Intromittent organs from the five bugs of photo 85, plate 31. Lengths

of intromittent organs :—1st (upper), 104 mm. 2nd, 115 mm. 3rd, 126 mm.
4th, 134 mm. 5th, 134^ mm.

Photo 36. Intromittent organs from the seven bugs of photo 36, plate 31. Lengths of

intromittent organs :— 1st (upper), 114 mm. 2nd, 127| mm. 3rd, 127^ mm.
4th, 124 mm. 5th, 142 mm. 6th, 120 mm. 7th, 127| mm.

Photo 37. Intromittent organs from the three bugs of photo 37, plate 31. Lengths of

intromittent organs :—1st (upper), 122| mm. 2nd, 122^ mm. 3rd, 126 mm.
Photo 38. Intromittent organs from the five bugs of photo 38, plate 31. Lengths of

intromittent organs :— 1st (upper), 112 mm. 2nd, 120 mm. 3rd, 126 mm.
4th, 139^ mm. 5th, 140 mm.

Photo 39. Intromittent organs from the four bugs of photo 39, plate 31. Lengths of

intromittent organs:—1st (upper), 137 mm. 2nd, 134^ mm. 3rd, 140 mm.
4th, 124 mm.

Photo 40. Intromittent organs from the seven bugs of pholo 40, plate 31. Lengths of

intromittent organs:— 1st (upper), 114^ mm. 2nd, 117 mm. 3rd, 122 mm.
4th, 1361 mm. 5th, 126 mn;. 6th, 126| mm. 7th, 120 mm.

Photo 41. Intromittent organs from the three bugs of photo 41, plate 31. Lengths of

intromittent organs :—1st (upper), 116^ mm. 2nd, 132 mm. 3rd, 120 mm.

. ; Plate 45.

( Cf. Plate 32 of this volume.)

Photos 42-48. Intromittent organs from the 27 F^ males from the fourtii pair of F^

hybrids. The male parent of these hybrids is shown in photo 12, plate 28,

and its intromittent organ in photo 12, Plate 41.

Photo 42i Intromittent organs from the four bugs of photo 42, plate 32. Lengths

of intromittent organs :—1st (upper), 142 mm. 2nd, 130 mm. 3rd, 130| mm.
4thj 136 mm.

39*
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Photo 43. Intromittent organs from the seven bugs of photo 48, plate 32. Lengths

of intromittent organs : —1st (upper), 1 1 85 mm. 2nd, 132 mm. 3rd, 140 mm.
4th, 133 mm. .'5th, 127 mm. 6th, 138 mm. 7th, 141^ mm.

Photo 44. Intromittent organs from the two bugs of photo 44, plate 32. Lengths

of intromittent organs :—1st (upper), 115 mm. 2nd, 127 mm.
Photo 45. Intromittent organs fn.m the three bugs of photo 45, plate 32.

Lengths of intromittent organs :— 1st (upper), 128 mm. 2nd, 136 mm. 3rd,

137 mm.
Photo 46. Intromittent organs from the six bugs of photo 46, plate 32, Lengths

of intromittent organs :—1st (upper), 116^ mm. 2ud, 128 mm. 3rd, 122 mm.
4th, 120 mm. 5th, 136 mm. 6th, 127 mm.

Photo 47. Intromittent organs from the four bugs of photo 47, plate 32. Lengths

of intromittent organs :— 1st (upper), 1 19i mm. 2nd, 110 mm. 3rd, 142 mm.
4th, 121 mui.

Photo 48. Intromittent organ from the male of photo 48, plate 32, Length of

intromittent organ, 110 mm.
Photos 49 & 50. Intromittent organs from the six F^ males from the sixth pair of Fj

hybrids. The male parent of these hybrids is shown in photo 13, plate 28,

and its intromittent organ in photo 13, Plate 41.

Photo 49, Intromittent organs from the two bugs of photo 49, plate 32.

Lengths of intromittent organs:—1st (upper), 113^ mm. 2nd, 129| mm.
Photo 50. Intromittent organs from the four bugs of photo 50, plate 32.

Lengths of introniiitent organs:—1st (upper), 128 mm. 2ud, 128 mm. 3rd,

125 mm. 4th, 134 mm.

Plate 46.

{Cf. Plate 33 of this volume.)

Intromittent organs from 32 Fo males from the seventh pair of Fi hybrids.

The male parent of these hybrids is shown in photo 13, plate 28, and its intro-

mittent organ in photo 13, Plate 41.

Photo 51, Intromittent organs from the nine bugs of photo 51, plate 33, Lengths of

intromittent organs:— 1st (upper), 110 mm. 2nd, 120 mm, 3rd, 131 mm.
4th, 119 mm. 5th, 13Gi mm. 6th, 12U mm. 7th, 138 mm. 8th, 115 mm,
9th, ] 22 mm.

Photo 52. Intromittent organs from the six bugs of photo 52, plate 33. Lengths of

intromittent organs :—1st (upper), 127 mm. 2nd, 123^ mm, 3rd, 112 mm.
4th, 128 mm. 5th, 120 mm. 6th, 136 mm.

Photo 53. Intromittent organs from the four bugs of photo 53, plate 33. Lengths of

intromittent organs:—1st (upper), 115^ mm. 2nd, 112 mm. 3rd, 115 mm.
4th, 143A mm.

Photo 54. Intromittent organs from the four bugs of photo 54, plate 33. Lengths of

intromittent organs:—1st (upper), 130 mm. 2nd, 120 mm. 3rd, 135 mm,
4th, 112 mm.

Photo 55. Intromittent organs from the four bugs of photo 55, plate 33. Lengths of

intromittent organs;—1st (upper), 116^ mm, 2nd, 118 mm. 3rd, 118 mm.
4th, 131 mm.

Photo 56. Intromittent organs from the three bugs of photo 56, plate 33. Lengths of

intromittent org.ins :—1st (upper), 1121 mm. 2nd; 119 mm. 3rd, 129^ mm.
Photo 57. Intromittent organs from the two bugs of photo 57, plate 33, Lengths of

intr, mittent organs — 1st (upper), 106i mm. 2nd, 120 mm.
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INTROMITTENT ORGANS from E. VARIOLARIUS MALES & MALES

from Fi ? X E. VARIOLARIUS 3'
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Plate 47.

{Cf. Plate 34 of this volume.)

Photo 58. The intromitteiit organ from the pure variolarius of photo 58, plate 34.

Length of intromittent organ, 94 ram. This pure variolarias male was raised

in the laboratory in 1912, and the same season fertilized both a pure female

variolarius and an Fi hybrid female.

Photos 69-61. Intromittent organs of 10 males from the above-mentioned pair of pure

variolarius.

Photo 59. Intromittent organ of the male of photo 59, plate 34. Length of

intromittent organ, 94 mm.
Photo 60. Intromittent organs of the three males of photo 60, plate 34.

Lengths of intromittent organs :—1st (upper), 98 mm. 2nd, 100 mm.
3rd, 94 mm.

Photo 61. Intromittent organs of the six males of photo 61, plate 34. Lengths of

intromittent organs :—1st (upper), 100 mm. 2nd, 100 mm. 3rd, 100 mm.
4th, 9oi- mm. 5th, 102 mm. Gth, 98 mm.

Photos 62-66. Intromittent organs of 18 males from the above-mentioned backcross

(Fi hybrid 2 X pure variolarius S)-

Photo 62. Intromittent organs from the four males of Photo 62, plate 34.

Lengths of intromittent organs :^lst (upper), 112| mm. 2nd, 105 mm.
3rd, 12.^J mm. 4th, 117 mm.

Photo 63. Intromittent organs from the four males of photo 63, plate 34.

Lengths of intromittent organs :—1st (upper), 110^ mm. 2nd, 116 mm.

3rd, 106 mm. 4th, 107 mm.
Photo 64. Intromittent organs from the six males of photo 64, plate 34.

Lengths of intromittent organs:—1st (upper), 115 mm. 2nd, 112| mm.
3rd, 122i ram. 4th, 102 mm. 5th, 119 mm. 6th, 118 mm.

Photo 65. Intromittent organ from the male of photo 65, plate 34, Length of

intromittent organ, 113| mm.
Photo 66. Intromittent organs from the three males of photo 66, plate 34.

Lengths of intromittent organs:—1st (upper), 11 4| mm. 2nd, II65 mm.

3rd, 106* mm.
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On a Collection of Thjsanoptera from the West Indies, with Descriptions

of new Genera and Species. By Richard S. Bagnall, F.L.S.

(Plates 48 & 49 ; and 2 Text-fig-ures.)

[Read 19th November, 1914.]

Some recent small collections of Thysanoptera from the "West Indies have
proved highly interesting, producing snch, noteworthy forms as Corynoihnps,
Williams, and jDinurothrips, Hood, the former described from St. Vincent
and the latter from Porto Rico.

This present paper deals with a collection made by the Government
Entomologist, Mr. Urich, in Trinidad, and though the species are few, yet
they are of very considerable interest. Out of eleven species but six

represent previously known forms, and of these FranUinieUa nwlanommata
has but recently been described (Dec. 1913) by Willinms, whilst the Neo-
tropical forms Dicaiothrips hrricollis, Bagn., Z>. brevicornis, Bao-n., and
Eupatliitlirips s'llve.strii (Buffa) are not well known. All the new forms

are striking species, and I have found it necessary to erect three new
genera

—

Sedulothrips (to which we must also refer Hood\s Polyommatotlmps

vigilans), Craniothrips, and Ckirothnpoides. The latter is erected for an

anomalous and peculiar form, the type of a new division of the Tubulifera
;

and, having now studied five species of Eupatliitlirips and the allied genus

Sedulothrips, I have considered it expedient to form a division for their

reception. The compressed and subcarinate dorsum of the head, the laroe

finely-facetted eyes, almost contiguous in front, the subventrally or ventralh-

seated antennas, and the long mouth-cone are typical of this group ; whilst

the form of antennse and the long sense-cones are also peculiar, the latter

originally suggesting the generic name Eupatlnthrips. In describing

Polyommatothrips vigilans I'rom Panama, Hood * has pointed out that

the strongly emarginate fore-margin of the ])rothorax enables the head

to be moved back to an angle of about 45 degrees. The antenna' are

inserted on the ventral surface and must be carried in life at almost

right angles to the head—hence the necessity of the abnormal moving back

of the head. Mr. J. D. Hood has very generously forwarded me his unique

$ and ? fypes of this interesting insect for examination and comparison

with my Trinidad example,, which is a very closely allied species. I have

thus had an opportunity of studying all the known species of this gi'oup,

and append a few further remarks upon Evpathitltrips deiitipes, v, hich

still rests upon the type-specimen collected by Mr. Ohampion. I should

* ' Psyche; xx., August 1913, p. 123.
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mention that tbe Bromeliaceous species^ Eupatldtlirips affinis, was collected

by Mr. Hugh iScott, to whom I am indebted for the single specimen, and

I trust that renewed search in its apparently specialised habitat will result in

the discovery of more examples.

In raising the Eupathithrips group and Chirothripoldes each to family rank,

I do so reluctantly and provisionally ; that they are sharply separated from

the heterogeneous Fldoeothipidcv (s. 1.) is evident, but it will only be after the

examination of a great deal moi e material and a close analysis of our known
Ibrms that we can hope to put the Tubilifera upon a sound working basis.

Meantime, by recognizing and setting aside these well-defined groups,

we, by elimination, make work upon the residue a little more easy.

As a mark of gratitude and esteem, I have pleasure in naming Craniotlirips

uricld in Mr. Urich's honour.

Suborder TEREBRANTIA.

Family ^ o l o t H R i P i D ^.

Subfamily ^olothripinj^.

Genus MiTOTHRiPS, Tryhom, 1912.

Near ^Eolothrips and allies, and readily distinguished by the extra-

ordinarily long and slender antenna3 caused by the elongation of joints 3

and 4, which are apparently without sensoria or sense-areas of any kind.

Fore-wings without cross-veins, broadened distally.

Eyes larger, ocelli normal. Anteimte at least times as long as tlie head,

joints 2-4 light; 4 longer than 3, and 5-9 together only 0'2 the length

of 3 and 4 together Mitothrips mec/alops, Trybom.-

Eyes smaller, front ocellus smaller than others. Antennae abont 3*5 times as long

as head, joints 1-4 light; 4 shorter than 3, and 5-9 together more than one-

half (0'57) the length of 3 and 4 together Mitothrips petulans, sp. n.

Mitothrips petulans, sp. n. (PI. 48. figs. 1-5 ; PI. 49. figs. 1 & 2.)

? . Length a little more than 2"0 mm., breadth of pterothorax 0"31 mm.
General colour dark brown, mesothorax lighter, and abdominal segments

1 to 3 white or yellowish-white, excepting where joined to each other,

and there tinged with reddish-brown ; segment 10 light yellow. Antennal

joints 1-4 light lemon-yellow, tip of 4 lightly tinged with brown, 5-7 dark

brown, and 8 and 9 lighter greyish-brown. All femora lighter or darker

brown, inclined to a yellovvish light patch near a2:)ices within ; fore-tibise

yellowish to greyish-brown, margins dark brown, hind and intermediate

tibise uniformly dark brov/n ; all tarsi whitish. Fore-wings rich brown,

a cleai- ill-defined patcli occupying third filth, or thereabouts, and a similar
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but shorter white area just before the distal twelfth ; hind wings clear, with

a faint trace of grey corresponding with the dark areas of the fore-wing.

Head and thorax difficult to describe from the single preparation owing

to the extreme difficulty in obtaining an exact dorsal view. Head more or

less subglobular in form, cheeks roundly constricted to base, with a few-

small setse. Eyes irregularly and somewhat coarsely facetted, some of the

facets beneath being extraordinarily large ; facets not touching ; minutely

pilose ; upper portion occupying about 0*5 the length of head. Posterior

ocelli somewhat large, placed above a line drawn across the posterior fourth

of eyes ; anterior one much smaller, protected by two long bristles placed

rather closely together on a line across the front of posterior pair. A pair

of short dorsal setse on a line behind eyes, approximately behind the posterior

ocelli. Antennas very long and slender, about 3*5 times as long as the head^

pilose ; basal joints subapproximate ; 2 cylindrical, twice as long as

broad ; 3 with short stem, about 15 times as long as broad ; 4 also long and

slender, a shade broader than 3 and about 9 times as long as broad ; 5 to 7

slightly broader ; 8 rapidly narrowing from about middle, distally and

broadly united to 9, which is almost styliform. R-elative lengths of joints

—

12:17:80:55:25:18:16:14:5-5. Palpi 3/2.jointed. Head ventrally

arcuate below insertion of antennae and furnished with numerous hairs,

the inmost pair the longest.

Prothorax apparently not broader than the head and converging basally,

about as long as the head and 0*8 as long as broad across fore-angles; no

prominent bristles and surface irregularly, sparsely, and minutely setose.

Pterothorax long and narrow, 1"25 times as long as wide^ broadest across

base of mesothorax, where it is twice as broad as at juncture with prothorax ;

sides roundly widened, and sides of metathorax narrowed to base, 0*65 as

wide across posterior coxse as across mesothorax. Legs long, setose, the

setoe arranged in more or less regular rows, femora thickening distally
;

structure of fore-tarsus typically JEolothripid. Wings reaching to about

the 7th abdominal segment ; fore- wing broadened distally, rounded at tip,

longitudinal veins indistinct but clearly defined by setse ; cross-veins absent.

Costal bristles slender, 35, ending at extreme apex ; whole length of upper

vein with 22 and hind vein with 16 short setse—more widely spaced on

central clear patch, none on distal clear patch, and 2 + 2 on distal dark

area. Cilia on fore-margin of hind-wing sparse, only a little longer than

the breadth of the wing; those forming lower fringes of both fore- and

hind-wings long.

Abdomen subpetiolate, very narrow at juncture with thorax, broadening

evenly to 6th segment, where it is 1"5 times as broad as the pterothorax and

more than 2'5 times as broad as the posterior margin ol 1. 9 abruptly

narrowed to base of 8, and 8 and 9 roughly obconical ; 9 with one long

lateral bristle near middle and two pairs of similar bristles on posterior
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margin o£ tergite, which are longer than segments 9 and 10 together

and dark brown in colour. Tergite 10 with four long colourless bristles,

about 0*75 tbe length of those on 9 ; two shorter ones at extreme tip

(vestigial segment 11).

Type. In Hope Collections, University Museum, Oxford.

Habitat. Teinidad, Sangre Grande, July 1913. Associated with Heliothri^s

Tuhrocinctiis on cacao-leaves.

In many respects, especially in the form of body, this species reminds one

of Franklinothrips vespiformis, C^rawf., from which it may be distinguished

by the form of antenna? and head, coloration of abdomen, the first three and

10th segments of which are light in this species.

Family T H R I r I D iE.

Genus Heliothrips, Bal.

Heliothrips h^^biorrhoidalis {Bouche) and var. abdobiinalis, Rent.

44 ? 's and larva? on Liberian Coffee ; Esparanza Estate, California,

Trinidad, Oct. 1912 ; on under sides of leaves, also on upper side when

well shaded (99-4).

4 $ 's £. typica only and larva? on coconut-leaves, Cocal, East Coast,

Trinidad, July 1913 (99-G).

Fio-. 1.

—

Frankliniella insularis (Franklin). X 20.

2.—The same ; underside of abdomen in cJ . X c. 20.

Genus Frankliniella, Kamy.

Frankliniella insularis {Franklbi), cf. Proc. U.S. Nat. Mas. xxxiii.

(1908) 715.

Both sexes of this species, described by Franklin from Barbados, are well

represented in two tubes, one from flowers of Erytlirina (7 ? 's, 1 (J, and
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larvse), Saugre Grande, Feb. 1913 (99-7), and the other from cultivated

roses, suckmg petals, La Tosca, Sangre Grande, April (99-5) and November
1913. In the latter case the species appeared in numbers and was
accompanied by FranMiniella mekmommata, Williams.

It is also known from Guadalajara and Monterey, Mexico ; Brownsville,

Texas ; and Miraflores, Canal Zone, Panama *.

Frankliniella melanommata, Williams, Jovrn. Econ. Biol. vol. viii.,

December 1913, pp. 213-215, fig. 2.

This little species has only recently been described by Williams from
St. Vincent. It is somewhat closely allied to tritici (Fitch) and ceplialicns,

Crawford, and it causes one to think that the tritici recorded by Franklin
from Barbados may be referable to this form.

Both sexes from cultivated roses, La Tosca, Sangre Grande, April and
November 1913.

Suborder TUBULIFERA.

Family I D L T H R I p I D ^.

DiCAIOTHRIPS L/EVICOLLIS, Bagn.

Two ?s with D. brevicoriiis recorded below, and 'd S^ and 1 $ from
Verdant Vale, Trinidad, April 1912. These agree perfectly with description

of the original examples from Venezuela, except in the length of the bristles

of the 9th abdominal segment in the S , v\hich in these examples are seven-

eighths the length of tube. It should be noted that these are shown much
too short in the original figure (pi. 52. fig. 5 t). The relative lengths of the

antennal joints are approximately :—20 : 26 : 102 : 63 : 57 : 45 : 28 : 25. Tube
in ($ about 4 times as long as broad at base.

DiCAIOTHRIPS BREVicoRNis, Bagn. (PI. 48. fig. 9.)

Examples of both sexes found amongst leaves of a dead coconut-palm and
some on and under the bark of the stem. Mr. Urich states that examples

were observed to deposit eggs on the leaves and to sit over them. The fore-

femur within has a low tubercle at distal third, somewhat as in Idolothrips

tuberculatus, Hood, though not so pronounced.

(^. The male was previously unknown. The head is a little longer than

in the 2 , nearly 2' 5 times as long as broad, postocular bristles absent, and
genal spines a little more plentiful. Fore-femora not strongly incrassate

;

spines on outer side near base stronger than in the ? ; tihise. and tarsus as

in cT distindics, Bagn. Relative lengths of antennal segments approxi-

mately :—18 : 2.0 : 6i5 : 51 : 45 : 35 : 24 : 22.

* See Hood, 'Psyche/ xx. No. 4, August 1913.

t Journ. Linn. Sec, ZooL xxx, 1909, pp. 369-387, pis. 51-53.
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Abdominal segments 7 and 8 practically subequaL Tube stout, 0"7 as long

as head, twice as long as 9tli segment, and but slightly longer than either

7 and 8 ; about 3 times as long as broad at base and twice as broad at base

as at apex. Terminal hairs about as long as tube, those on 9 a little longer.

This species fits well into Section II.ii.B o£ my table on Neotropical

Dicaiothrips, wherein these two species were described, but is readily

separated from both kevicoUis and foveicollis by the short third antennal

joint and stout tube.

Family E u P a t h i T H R i p i d ^, mihi.

Head at least twice as long as wide ; dorsum compressed and subcarinate.

Eyes finely and closely facetted, prominent, contiguous, or nearly touching

anteriorly, almost completely surrounding ocelli ; ventrally well separated.

Cheeks with or without prominent spiniferous tubercles. Mouth-cone long

and pointed, reaching to beyond the base of the presternum. Antenna3 set

below vertex, on ventral surface : intermediate joints long and slender,

segments 3 to 5 (or 6) clavate, distally abruptly narrowed ; sense-cones very

long and slender.

Cheeks •with prominent spiniferous tubercles. Anteuuge set higher on the ventral

surface, sense-cones longer, third joint shorter than or at most hue little

longer than 4. Fore-feunir in both sexes with a tooth uear apex within.

Genus Eupathithrips, Bagn.

Cheeks Avithout tubercles. Antennae set lower on the ventral surface ; sense-

cones shorter; third joint much longer than 4; anterior margin of pro-

thorax strongly emarginate. Fore-femur simple. . . . Genus Sedulothrips, nov.

Genus Eupathithrips, Bagnall.

1908. Eupathithrijys, Bagnall, Trans. N. H. Soc. Northumberland, Durham, and New-
castle-upon-Tyne, n. s., iii. p. 23.

1908. Heterothrips, Bulla (not Hood), " Eedia," iv. 1908, p. 124.

1909. Polyomviatothrips, Buffa, op. c. v. 1909, p. 164.

[Eupathithrips dentipes, Bagn. 1908. (PI. 48. fig. 10 ; PI. 49. fig. 5.)

This species is easily separated from silvestrii and affinis by its larger head,

the larger fore-legs, the distinctive shape of fore-femora (as in MJicehothrips,

Karny) which are without the minute spiniferous tubercles on the inner

margin, and the strong double series of teetii-like protuberances along the

inside margin of tibia. The abdomen is broader, and the segments 4-7 at

least have a white patch at each anterior angle.

The prothorax is not so triangular in shape as shown in my original

figure, but I find it difficult to describe from the single dried specimen.]
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EUPATHITHRIPS AFFINIS, sp. n. (PI. 48. fig. 11 ; PI. 49. figs. 6 & 8.)

(^ . Length about 4*5 mm.
Colour as in E. silvestrii, but with the apical tivo-thirds of intermediate

tibife and apical half of hind tibise yellow. Abdominal segments 3 to G each

with a pair o£ antero-lateral white patches.

Relative lengths o£ antennal joints 3-8 as follows:—163: 168 : 174: 110 :

73 : 36. Sense-cones protected by long pointed sette as in E. dentipes.

This species differs from E. silvestrii in its smaller size, the relative lengths

of antennal joints 3 and 4 (which in this species are practically subequal),

and in the coloration of the intermediate and hind tibiae. The genal spine

just behind eyes is more minute than in silvestrii, whilst the genal spiniferous

tubercles and those along the inner margin of each fore-femur are noticeably

larger than in the ^ of that species. The two series of tubercles along inner

margins of fore-tibife, so strong in dentipes, and in silvestrii vestigial, are in

affinis distinctly denoted.

Though a smaller species, the prothoracic setre (at least the mid-lateral

and anterior pairs) are distinctly longer than in silvestrii, the shortest being

at least 0"4 the length of the prothorax.

The bristles of the 9ih abdominal segment are longer than in silvestrii, the

outer being about as long as the tube and the inner distinctly longer, whilst

the lateral abdominal bristles are comparatively longer also.

Type. In Hope Collections, University Museum, Oxford.

Habitat. Trinidad, 1 $ , taken by Mr. Hugh Scott from between the

leaf-bases of an epiphytic Bromeliaceous plant, from the virgin forest of

Trinidad's highest mountain, Tucuche, 3100 feet, March 20th, 1912.

EUPATHITHKIPS SILVESTRII (Bufa). (PL 48. fig. 12 ; PI. 49. figs. 7 & 9.)

HeterothriiJS silvestrii, Buffa, ' Itedia,' iv. 1908, pp. 124-125, fig. 2.

Polyommatothrips silvestrii, Buffa, op. c. v. 1909, p. 164.

? . Length 5*0 to 5'5 mm., breadth of mesothorax about 0*7 mm.
Colour dark chestnut-brown ; fore-tibise yellowish shaded lightly with

brown near base, intermediate and hind tibise with the distal half and fifth

respectively yellow ; all tarsi yellow. Antennal joint 3 yellow, lightly

touched with brown near apex ; stems of 4 and 5 and basal third of 6

similarly yellow.

Head 2*2 times as long as broad, and 2 5 times as long as prothorax through

middle ; cheeks with a few prominent spiniferous tubercles and a short stout

spine near eyes. Eyes practically touching anteriorly, very finely facetted,

occupying about one-third the length of head. Ocelli rather large, and

almost completely surrounded by the eyes ; anterior ocellus forwardly

directed. Postocular bristles short and blunt, placed far back^ about one-
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third the lengtli o£ the eye. Antennpe nearly twice as long as the head, set

ventrally below the anterior part of the eyes, and between the ventral parts
;

relative length of joints :—54 : 50 : 134 : 165 : 165 ; 96 : 64 : 32 ;
3-6 produced

distally into a shorter or longer stem beyond the broadest part, the produced

part being longer and more slender in 5 and 6 ; 7 and 8 broadly and obliquely

united, together fusiform. Sense-cones exceptionally long and slender,

protected immediately behind by short, slender, knobbed setfe, instead of

long bristles as in the known allied forms. Mouth-cone long and sharp,

reaching beyond pronotum.

Prothorax 2'25 times as long as broad across hind angles, anterior margin

rather strongly emarginate; setse rather short, parallel-sided and faintly

expanded at tips; the longest (at posterior angles) from 0-35 to 0*4, and the

others about 0*32 the length of prothorax.

Pterothorax as broad as long, surface, especially the metanotum medially,

more or "less plainly reticulated. Wings reaching to about the 6th abdominal

seo-ment, tinged with smoky yellow, darker near base, and median thickenings

and cilia brown. Median vein in fore- and hind-wings reaching to the distal

fourth ; cilia on both margins long and closely set, at least 32 duplicated at

posterior margin of fore-wing near apex.

Fore-femur very slightly incrassate, with tooth near apex within and a few

minute spiniferous tubercles on inner margin ; fore-tibire with a double row

of short bristles their basal tubercles being vestigial ; fore-tarsus with a

minute tooth in both sexes.

Abdomen long and slender, slightly narrower than pterothorax at b;ise, and

narrow^ed evenly to base of tube, all segments, excepting 9, distinctly trans-

verse. Tube O'O the length of tube, about 0"4 as broad at base as long and

0*45 as broad at apex as at base ; terminal hairs slender, about 0"7 the length

of tube. Bristles on 9th segment about as long as tube, the outermost pair

sliohtly shorter and more slender ; 7 and 8 with two pairs of blunt dorso-

lateral bristles, the outer being the longer, colourless ; 2-6 with similar but

shorter bristles, which are dark brown at base and colourless distally. In

addition, there is a shorter sharp spine at extreme posterior angles of 3-8.

Wino"-retaining spines on 2-6, and one vestigial pair at hind margin of 7.

(^ . A little smaller and more slender
;
genal spines not so noticeable.

Ninth tergite with a pair of spines placed above the posterior margin and

between the inner and outer bristles; outer pair of bristles slender, about

0*7 the length of tube, inner ones about as long as the tube.

There can be little doubt that this is the species described by Buffa, the

short third antennal joint and the minute protecting hairs of the sense-cones

being distinctive features shown in BufFa's figure.

\ Habitat. Trinidad, on and in cracks of a dead cacao-tree (Urich).
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Genus Sedulothkips, nov.

Cheeks without ' tubercles. Antennse set low on the ventral surface of

head, between the eyes; joint 3 longer than 4; sense- cones moderately

long, shorter than in Eupat/iithrips. Anterior margin of prothorax strongly

omarginate. Fore-femur without tooth near apex within.

Otherwise as in Eupatlntlinps.

Sedulothkips insolens, sp. n. (PI. 48. figs. 13-15
; PL 49. fig. 10.)

? . This species so closely approaches S. vigilans, Hood *, that a detailed

description is unnecessary. The fore-tibise are unicolorous with the femora
;

the antennse are of a darker shade, yellowish-brown, and the stems of joints 4

to 6 are not so markedly yellowish as in vigilans, these joints being practically

unicolorous ; and the 6th joint is more fusiform and longer than the apical

and penultimate joints together. The prothorax is broader, at least 2*5 times

as broad as its median length ; all bristles present, blunt, and longer than in

vigilans, those at posterior angles at least 0*5 the median length of the pro-

thorax, and those at anterior angles and the mid-lateral pairs not shortened

as in vigilans.

The fore-wings are of a uniform brown with slight yellowish tinge and,

if anything, richer in colour basally ; median thickening (which almost

attains apex in hind-wing) darker brown. Fore-wings darker in colour

than in vigilans, not strikingly lighter distally, and without the clear patch

near base ; surface distally curiously sculptured, giving the appearance of

being set with scales ; 27 cilia duplicated.

Abdominal segment 8 longer than the tube (in ? vigilans not so long).

Distal half of tube not noticeably lighter ; hairs on segment 9 2*6 (in ?

vigilans 2*0) times the length of tube, and outer terminal hairs just twice the

length, the innermost pair shorter.

Through Mr. Hood's kindness, I have had the satisfaction of examining the

c? and ? types of his Polyommatotlirips vigilans. I was at first tempted to

regard my solitary example as referable to vigilans, but it differs in so many
little points (of which the chsetotaxy of the prothorax and the 9th abdominal

segment and tube, the coloration, and curious sculpturing of the fore-wings

seem to be the most important) that it seems necessary to regard it as

belonging to a second species.

I hope that further examples will be met with, so as to make a closer

examination of these points possible, and more especially of the curious

surface-structure of the fore-wings.

Type. In the Hope Collections, University Museum, Oxford. '

Habitat. Trinidad. One ? with JiJupathitJtrips silvestrii, Buffa, from on

and in cracks of a dead cacao-tree.

*' Psyclie,' XX., August 1913; p. 123.
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Family Phlceothripid^ (s. L).

Genus Craniothrips, nov.

Size small. Head twice as long as broad, arched dorsally. Mouth-cone

not reaching across prosternum, blunt, rounded at tip ; maxillary palpi long

and stout. Prothoracic setse stout, blunt ; the single long bristle on each

fore-coxa pointed. Fore-wings slightly constricted at about middle.

Belongs to the Haplotlirips-Hindsiana group, but distinguished at once by

the shape o£ the head, which reminds one in a modest w^ay of the arched head

of that curious genus DocessissopJiothrips, Bagn.

Type. C. uriclii, mihi.

Craniothrips urichi, sp. n.

Length 1*8-1"9 mm.
General colour lemon-yellow to a richer yellow ; antennal joints 5-8 grey-

brown, and distal half of 4 lightly tinged with grey ; lower median margin

of mesonotum and corresponding upper portion of metanotum and the whole

of the tube grey-brown. Wings clear, wdth a grey-brown patch at bnse;

fore-wing with the second third (i. e. middle portion) grey-brown, and hind-

wing with corresponding portion slightly tinged with grey ; cilia dark. Tip

of mouth-cone and a spot at tip of each tarsus brown.

Head twice as long as broad across eyes and 1"5 times as long as the

prothorax, dorsal surface arched and sides somewhat constricted near base.

Eyes coarsely facetted, occupying approximately 0*25 the length of head,

pigmentation deep black. Vertex raised in form of a hump ; ocelli large,

posterior pair on sides of raised part, almost contiguous with eyes and above

a line drawn across their centre ; the anterior one facing forwards
;
pigmen-

tation crimson. Interocular bristles absent. Postocular bristles present,

placed well back and about the length of an eye, stout, practically parallel-

sided and broadened at tip. Mouth-cone reaching about 0-7 across pro-

sternum, blunt; tip rounded. Maxillary palpi long and stout, basal joint

very short; one sensory filament at tip longer than the others and than the

palp, an additional filament on the inner margin near apex. Antennse at

least 1*6 times the length of the head, approximate at base and seated

below the vertex ; relative length of joints:—12 : 19 : 21 : 21 : 20 : 29 : 18 : 14.

Sense-cones normal ; last joint with an apical sense-bristle as long as

the joint.

Prothorax about 1*25 times as broad across hind-angles as long, diverging

from base of head to about middle and thence practically parallel. Bristles

at anterior and posterior angles and postero-marginal and mid-lateral pairs

present, each of the latter pair being set just behind and close to the ones

at anterior angles ; those at posterior margin about 0"5 as long as the
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prothorax, all stout and broadened at apex. Fore-coxse projecting, with one

long, slender, and pointed bristle ; fore-femur 0-8 the length of the head and

about twice as long as broad ; tibia about as long as femur ; tarsus unarmed.

Prothorax a little longer than broad and only slightly broader than the

breadth across fore-coxse. Fore-wing very slightly constricted about middle,

with three stout setse, similar to those on the prothorax, at base ; cilia on

fore- and hind-margins somewhat long and widely spaced.

Abdomen only slightly broader than pterothorax, about 3'5 times as long

as broad, practically parallel-sided, thence gently rounded to base of tube.

Tube about 0"6 the length of head, 0*4 as broad at base as at apex ; sides

evenly and gently narrowed. Terminal hairs greyish-brown basally, colour-

less distally ; longer than tube, but very slender and difficult to see. Bristles

on 9th segment slender and about as long as the tube. Lateral bristles long,

tapering, an inner pair stouter and knobbed.

T^/pe. In the Hope Collections, University Museum, Oxford.

Habitat. Trinidad, Oapara, August onwards, 1913. On leaves of Inga sp.

Family Ohirothripoidiid^, mihi.

Genus Chirothripoides, nov.

Size small. Form very slender and linear.

Head longer than broad, produced beyond eyes ; ocelli on or above a line

across the fore-margin of eyes. Mouth-cone short, rounded. Maxillary

palpi 2-iointed, apical sensory filaments very long. Antennae with joints

3 to 5 at least as broad as long.

Prothorax weakly chitinised, longer than head and longer than broad.

Fore-coxse very elongate, all legs short and stout ; fore-tarsus armed.

Pterothorax elongated ; wings long, very slender, and practically parallel-

sided from base to apex ; long cilia on both margins of fore- and hind-wings.

Abdomen linear
;
posterior margin of 8th sternite armed with a pair of

long lateral spines and a series of four shorter pairs between them, the

inmost being longest.

Type. C typicus, mihi.

The form of the antennae, head, prothorax, wings, and, in particular, the

curious armature of the 8th sternite make it difficult to place the species in

any of the recognized Tubuliferous groups, and for the present I regard it as

standing alone.

Chirothripoides typicus, sp. n. (PI. 48. figs. 6-8 ; PL 49. figs. 3, 4.)

? . Length 1*4 mm., breadth of mesothorax 0*175 mm.

Colour light yellowish- or greyish-brown. Ninth abdominal segment
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yellowish. Head and antennse rather darker, with 2nd joint faintly lighter.

Fore-£einur yellowish, all tibise yellow, lightly tinged with grey. AVings

light grey-brown, lightest basally.

Head very narrow, about 1*6 times as long as broad and only 0'75 the

total length of the prothorax
;
produced beyond eyes. Eyes long, occupying

about 0"55 the length of the head, and somewhat close together at their inner

margins near middle. Ocelli large, especially the posterior pair, which are

widely separated and situated close to the anterior margins of the eyes ;

£ore-ocellus placed near insertion of antennfe. Cheeks practically parallel,

short, occupying only 0'27 the length of the head
;
produced part about 0'7

the width across eyes, the whole of the front being occupied by the insertion

of the antennse. Antenuse almost touching at base, about twice as long as

the head
;

joints 3 and 4 broader than long ; relative lengths of joints

approximately 10 : 13 : 11 : 10 : 11 : 12 : 12 : 13, formed as in PL 48. fig. 6.

Sense-cones on segments 3 to 6, short and rather stout, only 1 on 6. Mouth-

cone short and rounded, reaching only about one-third way across prosternum

;

maxillary palpi short, with one of the sensory filaments at apex longer than

the palpus.

Prothorax apparently not strongly chitinous, almost as long as broad,

broadest at posterior third, where it is about 2 5 times as broad as the head
;

narrowed evenly from anterior third to juncture with the head. Only one

pair of noticeable bristles at a position indicative of the posterior angles.

Prosternum with a long median impression or line. Pterothorax about

1'75 times as long as broad. Posterior coxse closer together than the other

pairs. Fore-femur rather long and broad, intermediate and hind femora

and all tibise short and stout ; fore-tarsus with a stout tooth. Wings reaching

to about the 7th abdominal segment, both pairs curiously narrow and

parallel-sided ; fore-wing about twenty times as long as broad near middle
;

hind pair with a median vein running well down towards apex. Cilia long,

rather widely spaced, with 4 duplicated near apex of posterior margin in

the fore-wing.

Abdomen long and linear, about 0*6 the total length of the insect, and five

times as long as broad across the 8th segment. Eighth segment produced

at each hind angle of the sternite in the form of a long sharp spine, inwardly

directed and curved and reaching to the base of the tube
;
posterior margin

of sternite armed with 4 shorter pairs in addition to the lateral teeth, the

innermost pair being the longest and stoutest. Posterior margin of 8th tergite

simple. Tube short and stout, about 0*8 the length of the head and about 0'6

as broad at base as long ; apical hairs not as long as tube, very weak distally.

Type. In the Hope Collections, University Museum, Oxford.

Habitat. Trinidad, Arima, Verdant Vale. Taken on a window, to which

they were blown by strong wind.
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' EXPLANATION OF THE PLATES.

Plate 48.

Fig. 1. Mitothrips petulans, sp. u., 5. Abdominal segments 1-4, x 80.

2. „ „ „ „ „ 8-10, X 80.

3. „ „ „ Outline of frons, X 80.

4. „ „ „ Ocelli, X 80.

5.
,, „ „ Maxillary palpus, X 120.

6 Chirothripoides typicus, gen. et sp. n., $ . Prothorax, fore-legs, head, and

antennae, X 60.

7. „ „ „ End of abdomen, x 60.

8. „ „ ,, Posterior margin of the 8th ab-

dominal segment (ventral), X80.
9. Dicaiotlirips hrevicorniH, Bagnall. Eight fore-femur, X 45.

10. Eupathithrips dentipes, Bagnall. Right side of head, X 45.

11. „ affinis, s,^. xi., S „ „ X 45.

12. „ silvestrii (Buifa), 5

.

„ „ x 45.

13. Sedtdothrips insolens, sp. u., ^

.

„ „ x 45.

14. ,, „ „ End of abdomen, x 45.

15- „ „ „ Sculpturing of right wiog near apex, X c. 120.

Plate 49.

Fig. 1. Mitothrips petidans, s]). -n., J. Right antenna, x 80.

2. „ „ ,,
Right fore-wing, X c. 40.

3. Chirothnpoides typicus, sp. ]i., '^ . Right fore-wing, X 40.

4. „ - „ „ Right lower wing, x 40.

5. Euimthithrips dentipes, Bagnall. Left fore-leg, X 45.

6. „ affinis, sp. n., J

.

„ ., x 45.

7. „ silvestrii (Buffa), $ . „ ,, X 45.

8. „ affinis, sp. n., S- Joints 3-5 of left antenna, x 80.

9. „ silvestrii (Buffa), $ , „ „ „ X 80.

10. Sedidothrips insolens, sp, n., S Left fore-leg, X 45.
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Description of a new Genus and Species of Terrestrial Isopoda from British

Guiana. By Walter E. Collinge, M.Sc, F.L.S., F.E.S., Research

Fellow of the University of St. Andrews.

(Plate 50.)

[Read 4th March, 1915.]

The Terrestrial Isopoda of the South American continent have as yet received

very little attention, although one cannot help thinking that there is a large

and interesting fauna awaiting investigation. From different parts, species

have been described by Miers (1), Budde-Lund (3), Dollfus (3, 4, 5, 6), and

Richardson (7), but in all probability these constitute only a very small part

of the actual indigenous fauna.

Some few months ago Mr. G. E. Bodkin, the Government Economic

Biologist at Georgetown, Demerara, British Guiana, very kindly forwarded

to me for identification a number of specimens collected beneath the bark of

trees in the Botanic Gardens, Georgetown. Two of the specimens (both

imperfect) are referable to the cosmopolitan species Porcellionides pruinosus

(Brandt), whilst the remaining ones, in various stages of growth, belong to

a new genus and species here described under the name of Calycuoniscus

bodkini.

Calycuoniscus, gen. nov.

Body oblong-oval, flattened ; metasome a little narrower than the mesosome,

the cephalon and segments covered with peculiar cup-shaped or calyx-like

organs, and the appendages marked with lattice-work and scale-like ornamen-

tation. Cephalon with well-developed median and lateral lobes, the former

being prolonged forwards and slightly downwards ; epistoma raised in the

median line, at each side of which is a deep concavity. Antennae of medium

length with 3-jointed flagellum, divisions subequal. Uropoda extending

beyond telson, globose, basal plate with raised anterior margin ; exopodite

short and thick, outer border almost straight ; endopodite same length as

exopodite, both setaceous with terminal hair-like setse. Telson triangular

with posterior margin bluntly rounded.

Affinity doubtful.

Calycuoniscus bodkini, sp. nov.

Body (fig. 1) oblong-oval, flattened ; metasome a little narrower than the

mesosome, the segments of both, and also the cephalon, covered with peculiar
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cup-shaped organs (fig. 2). Appendages marked with lattice-work-like orna-

mentation (fig. 9). Cephalon (figs. 3 & 4) convex above and with numerous

cup-shaped organs, median and lateral lobes conspicuous ; epistoma raised in

the median line with two lateral concavities. Eyes prominent, situated dorso-

laterally almost above the cup-shaped lateral lobes o£ the cephalon. Anten-

nulse 3-jointed. Antennae (fig. 5) of medium length, the 5th joint being the

longest ; flagellum 3-jointed, with subequal divisions and terminal style.

1st maxillae (fig. 6), outer lobe terminating in four large curved spines and

four small ones with bifid terminations. The segments of the mesosome are

somewhat flattened, the lateral plates of the 1st partly surround the cephalon,

all have their posterior angles slightly produced and overlaj) one tinother,

fringed with numerous cup-shaped organs. Maxillipedes (fig. 7) with the

outer palp terminating in a large multispinous process and t\\ o smaller inner

spines with broad bases ; the inner palp has two marginal tooth-like spines.

Thoracic appendages (fig. 8) comparatively short, ornamentation strongly

marked, densely covered with setse and spines, and terminating in strong

claw. Uropoda (figs. 10 & 11) somewhat globose, basal plate with anteriorly

raised margin, external antero-lateral margin produced inwards slightly
;

exopodite short and thick, outer border almost straight ; endo{)odite same

length as exopodite, articulating beneath the anterior raised margin of the

basal plate, both setaceous and with terminal hair-like setoe. Telson (fig. 12)

triangular with posterior margin bluntly rounded. Length 2'8 mm. Colour

(in alcohol) horny-brown with darker lateral portions or with dark median

line.

.Habitat. Beneath the bark of trees, Botanic Gardens, Georgetown,

Demerara, British Guiana.

Type. In collection of W. E. C.

This species is of special interest, in that it possesses a very peculiar series

of chitinous organs on the body-segments and cephalon. In the spirit-'

preserved examples they do not exhibit any structure beyond that shown in

figure 2, viz., a cup-shaped organ with a tube-like body in the centre.

Dollfus (4) has figured some similar bodies on the telson of Platyarth-us

(?) simoni, Dollfus, from Venezuela, and Budde-Lund (8) describes and

figures very similar ones on the telson and metasome of another Venezuelan

species, Trichorhina quisquiliarum (B.-L.). His brief description is as

follows :
—" margo posterior omnium segmeutorum serie papillarum

minutissimarum ornatus.^^

The form of the cephalon is unlike that in any other genus I am ac-

quainted with, the eyes being being very prominent and situated almost

above the cup-shaped lateral lobes, whilst the median lobe is prolonged

forwards and slightly downwards. The two lateral concavities on the

epistoma are also characteristic.
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In addition to the above-mentioned cup-shaped organs, the whole of the

body and the appendages are marked with a scale-like or lattice-work orna-

mentation. This is particularly prominent on the ischiopodite of the thoracic

appendages (fig. 9).
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EXPLANATION OF PLATE 50.

Calycuoniscus hodkini, gen. et sp. n.

Fig, 1. Dorsal view, x24.

2. Clip-shaped bodies on the cephalon and body-segments.

3. Dorsal view of the cephalon, tilted upwards anteriorly to show the median and

lateral lobes. Colour-markings not shown,

4. Anterior view of the cephalon,

5. Antenna.

6. Terminal portion of the outer lobe of the 1st maxilla,

7. Terminal portion of the right maxillipede.

8. Second thoracic appendage.

9. Pattern of ornamentation on the ischiopodite of the 2nd thoracic appendage.

10. Eight iiropod, ventral surface.

11. „ „ dorsal surface.

12. Telson and last metasomatic seg-ment.
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A Description of Five new Species of JEdioardsia, Quatr., from New
Guinea, with an Account of the Order of Succession of the Micro-

mesenteries and Tentacles in the Edwardsidse. By GILBERT C. Bourne^
M.A., D.Sc, F.R.S., F.L.S.

(Plate 51, and 2 Text-figures.)

[Read 6th April, 1916.]

For some time past I have been working out the anatomy of a collection of

Anthozoa made some years ago by Dr. A. Willey in New Guinea. My
apologies are due and are hereby tendered to him for not having undertaken

this work sooner. For one reason or another it was put aside ; but, when
I began to give serious attention to it some eighteen months ago, I found

that the collection included several forms of great interest, one of which

I have already described. Among the specimens were five species of the

genus Edwardsia, which form the subject of the present short memoir, and

a number of other forms v>'hich appear to be related to, but can hardly

be included in, the subfamily Phelliinpe. It was my intention to give a

full and detailed description of the anatomy and histology of these forms,

and I had expected to bring my work to a conclusion by the end of

last summer. But my time has been taken up since the beginning of

August by numerous interests arising from the European war, and, at

the time of writing, I am about to leave Oxford for service in the Arm3^
As my investigations on the Edwardsise were nearly complete, and the

results partly written out in full, it has seemed desirable to put together,

in however hurried a manner, such parts of my projected memoir as seem

worth publishing as a preliminary notice. I have not been able, in the

short time at my disposal, to give an account of my observations on the

anatomy and histology of the species I have studied, and this must be

deferred to a future publication. The present paper is confined to a

description of the five species collected by Dr. AVilley in New Guinea,

and to an account of the sequence of the development of the tentacles

and micromesenteries in the Edvvardsia3.

The genus Edivardsia, de Quatrefages, has been the subject of much
discussion among actinologists in recent years, and has successively been

raised to the rank of an ancestral type and degraded to the position of

a degenerate offshoot of the dodecamerous Actinians. It was originally

described by de Quatrefages (23), 0. & R. Hertvvig (15), and Andres (1) as

having eight, and only eight, mesenteries, of which the muscle-banners are

arranged on a plan exactly resembling that of the first four couples of

protocnemes of Actinians and Corals. This feature attracted the special

LINN. JOURN. ZOOLOGY, VOL. XSXIL 41
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notice of Boveri (5) and McMurrich (18, 19, 20) ; and these two authors, by

ingenious and convincing arguments, showed that the various plans of

mesenterial sequence exhibited by the Cerianthidse, Zoanthidpe^ Antipatharia,

Madreporaria, and Actiniidea could be derived from tlie Edwardsian type,

and claimed that the existing Edwardsidpe are to be regarded as the ancestral

type from which all the groups enumerated have been evolved. But in 1895

Faurot (10) showed that, in addition to the large macromesenteries with

conspicuous muscle-banners, a variable number of microniesenteries, confined

to the upper region of the capitulum. and so small as to have escaped previous

notice, exist in the two species E. heautempsii and E. adenensls. In the

former species the positions of the micromesenteries could be compared with

the arrangement seen in Ilalcampa, and it was therefore no longer possible

to regard Edxcardsia as an ancestral type. The late Prof. Ed. van Beneden

discussed the relationships of the Edwardsida? in his splendid memoir on

the Antho/oa of the Plankton Expedition (3)j and argued that they are

Hexactinarians simplified by progressive regression of the mesenteries of

the second cycle and of the fifth and sixth mesenterial couples of the first

cycle. He added :
" Au surplus il faut renoncer a voir dans les Edwardsies

le tvpe anceslral d'ou seraicnt issus les Hexactiniaires." Van Beneden's

view of the relationship of the Edwardsidae has been generally adopted, and

for the last eighteen years they have l)een classified among the Actiniaria,

and as early as 1898 ("arlgren (8) classified them together with the

Halcampoinor[)hidre in his subtribe Athenaria, which corresponds very

nearly to the family Ilyanthidfe of (losse.

It is not possible for me, at the present juncture, to enter into a discussion

of the verv debateal)le questions of the classification of the Anthozoa. It is

sufficient for me to state that I accejit the principle of Carlgren's (9) division

of the Anthozoa into the three subclasses Hexacorallia, Octocorallia, and

Dodecacoi-allia, but cannot reconcile myself to the use of the names

proposed. (.'arlgren's Hexacorallia includes the ( "erianthidse and the

Antipatharia, and is equivalent to van Beneden's group ('eriantipatharia.

The classification seems a natural one, but as the Actinians and (Jorals

have lono- been known as Hexaetinire and it is now desired to insist on

the separation ot' the (VM-ianthidre from these forms, (!arlgi-en's choice

of a luinie seems to me unfortunate and liable to cause confusion. The

C^eriautipatharia of van BeneJen are a subdivision of the " Scyphactiniaria,"

a subclass including the Scypbomedusre and Rugosa. In my opinion there

are valid reasons for excluding the Scyphomedusre from the Anthozoa, and

the position of the so-called "Rugose" Corals is still uncertain. I am

inclined to use van Beneden's name of an order, Ceriantipatharia, for the

name of a subclass, identical with (Jalgren's Hexacorallia and equivalent

in rank to the Octactiniaria and Zoanthactiniaria. The last name is

van Beneden's, and is equivalent to Carlgren's Dodecacorallia. The sub-
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class includes the orders Zoantharia, Carlgren (= Zoantliinaria^ van

Beneden), and Hexa'ctiniaria, van Beneden, the last-named comprising the

Actiniaria and Madreporaria. As it is the purpose of this paper to show
that the Edwardsidpe have not the character of six pairs of first-cycle

mesenteries indicated hj the names " Hexactiniaria '' and " Dodecacorallia,"

I cannot accept either Carlgren's name for the subclass or van Beneden's

name for the order which is to include the Edwardsid^. I think that

van Beneden's name, Zoanthactiniaria, may well stand for the sub-

class named Dodecacorallia by Carlgren. This subclass, according to

my opinion, comprises three orders—the Edwardsiaria, the Zoanthinaria

(= Zoantharia, Carlgren), and the Dodecactiniaria, the last-named com-
prising the suborders Actiniaria and Madreporarin, or, as I have called them
in another place (4), and still prefer to call them, the Malacactinige and

Scleractinise.

It is the object of the latter part of this paper to justify my opinion that

the Edwardsiaria form a group distinct from, and of equal rank with, the

Zoanthinaria and the Dodecactiniaria.

I. Descrijytion of new Species,

Subclass ZOANTHACTINIARIA, van Bened.

Order Edwardsiaria, mihi.

Family Edwardrid^, Andres.

Genus Edwakdsia, de Quatrefages.

Bdwardsia mammillata, n. sp. (Plate 51. fig. 1.)

Body clearly divided into capitulum, scapus, and physa. Scapus about

four-fifths of the entire length of the animal, covered by a thick olive-o'reen

epidermis, transversely wrinkled, studded Avith eight longitudinal rows of

elevated semi-transparent tubercles of various sizes ; the largest tubercles

mammilliform and situated at about a quarter of the whole lenoth of the

scapus from the capitular end, thence diminishing in size towards the phvsa;

the tubercles intermesenterial in position. Capitulum when contracted

about one-twentieth the length of the scapus, colourless in spirit, its surface

divided into eight intermesenterial areas by shallow grooves corresponding

to the insertions of the macromesenteries ; its upper border thickened and
raised into ten more or less triangular elevations which, in a contracted

specimen, overhang the edge of the infolded oral disc and alternate wilh the

bases of the tentacles. Physa about as long as the ca{)itulum, acorn-shaped,

tapering posteriorly, colourless, transversely wrinkled, without epidermis or

tubercles, with a terminal depression resembling a terminal pore. Tentacles

ten in number, short, conical, in contraction infolded over the oral disc.

41^
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Macroraesenteries eight, with well-developed parietal muscles and moderately

well-developed longitudinal retractor muscles ; the mesogloeal folds forming

the muscle-banners 10-13 in number, slightly branched. Micromesenteries

two, one in each lateral macromesenterial interspace, small, without retractor

muscles, confined to the capitulum.

Length of contracted specimen, 13-14 mm. ; diameter, 1 mm.

Hah. He du Phare, Noumea, New Caledonia.

Edwardsia rugosa, n. sp. (Plate 51. fig. 2.)

Body divisible into capitulum, scapus, and physa. The capitulum not

distinctly marked off, finely wrinkled transversely, with eight longitudinal

shallow furrows corresponding to the insertions of the macromesenteries,

covered with a very thin epidermis. The scapus coarsely wM-inkled trans-

versely and covered with warty tubercles somewhat irregularly arranged in

eioht lonoitudinal rows, the tubercles in the upper part of the scapus tending

to form double rows, and some scattered in the intervening areas between the

rows. The whole scapus invested by a thin bright ochreous-brown epidermis.

The physa globose, colourless, without epidermis, with a very distinct terminal

depression resembling a terminal pore.

Length, 35 mm.; greatest diameter, 3 mm.

Huh. Sariba, China Straits, British New Guinea.

The sinc^le specimen on which this species is founded had apparently

underoone a considerable amount of decomposition before being placed

in spirit. The external characters were fairly well preserved, but the

internal oroans, the tentacles, oral disc, and actinopharynx were so much

macerated that T was unable to count the tentacles, to recognize any micro-

mesenteries, or determine the extent and characters of the actinopharynx.

The macromesenteries were so far recognizable in sections that I could

determine the existence of the eight " Edwardsian " mesenteries with well-

developed parietal muscles, and large muscle-banners with the characteristic

orientation. In the debris of the tissues I could distinguish a few ova. The

animal was therefore sexually mature, and there can be no doubt that it is a

member of the genus Edwardsia. The colour and consistency of the thin

friable epidermis, the nature of the transverse rugae of the scapus, and the

arranoement of the tubercles in irregular longitudinal rows ©O'er sufficiently

distinct characters to justify my describing this specimen as a separate

species. The globose physa is also a marked feature, and, as is shown in

fio-. 2 it presents a circular and rather deep terminal depression ; but

I could not find any evidence in longitudinal sections of a porejeading into

the coelenteron.

I think I am correct in describing the finely-wrinkled slightly-swollen

upper end of the specimen as a capitulum ; it is fairly distinctly marked off

from the rest of the scapus, but it may be only a somewhat modified upper



NEW SPECIES OF EDWARDSIA FROM NEW GUINEA. 517

part of the scapus. -There was no other structure at the oral end that

I could identifj as a capituluin ; but the tissues within the involuted oral

end were so much macerated that it was impossible to come to a definite

conclusion on the matter.

Edwardsia vermiformis, n. sp. (Plate 51- fig. 3.)

The animal vermiform, tapering towards the oral extremity, thickest in

the middle and tapering again towards the posterior extremity, where it

expands rather abruptly to form the large, ovoid, thin-walled physa. No
distinguishable capitulum. The two tapering ends of the scapus marked
with eight longitudinal shallow grooves corresponding to the insertions

of the macromesenteries, and furrowed at intervals by transverse wrinkles

so regularly disposed as to give an appearance of segmentation ; the thicker

middle portion of the scapus devoid of longitudinal furrows and transverse

wrinkles. The whole scapus covered by a thin, very minutely wrinkled,

yellowish-brown epidermis, easily rubbed off and showing a slaty-grey

mesogloea below. The physa thin-walled, saccular, compressed^ without

longitudinal and transverse grooves. Colour in spirit : scapus a dirty olive-

grey, physa a dull orange.

Length, 36 mm.
;
greatest diameter, 5 mm.

Locality. Uvea, Loyalty Islands.

The single specimen on which the above description is founded was in an

even worse state of preservation than E. rugosa. I could find no trace of

tentacles, oral disc, or actinopharynx in sections. The eight macro-

mesenteries were partially preserved, and I was able to identify the

muscle-banners, which were evidently large, with complicated much-

branched mesogloeal folds. The swollen condition of the middle third of

the body is due to the presence of the large muscle-banners. The physa

was flattened and surrounded by a deep fold, which was probably due

to compression in packing. When dilated, the phjsa must have been

of unusually large size in proportion to the rest of the animal. There are

no verrucse visible to the naked eye on the scapus ; but examination with a

lens and sections showed that many of these highly characteristic Edwardsian

structures are scattered over the areas between the longitudinal grooves of

the scapus. There is no doubt that this specimen is an Edivardsia, very

different from the other species in Dr. Willey's collection, and I cannot

refer it with certainty to any described species, so I describe it pro-

visionally as a new species. It is somewhat similar to Klunzinger^s (16)

figure of E. pudica, Klg., but the physa of the latter is much narrower and

tapers towards the posterior extremity. This difference may be due to the

different states of contraction of the animals from which his figure and mine

were drawn, and it is possible that the two species may eventually prove to

be identical.
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Edwardsia rakaiy^, n. sp. (Plate 51. fig. 4.)

Scapiis sepia-brown in colour, divided into eight longitudinal areas by as

many well-marked grooves, corresponding to the insertions of the eight

macromesenteries. The whole scnpns irregularly rugose or papillate, the

rugfe and papillae rorming indefinite transverse rows; the papillae smaller in

the grooves, larger in the longitudinal areas between, where they have

a warty appearance and are minutely studded with greenish-white vesicles.

The distal fifth of the scapus introversible. Capitulum very short, colourless in

spirit, with twenty faint longitudinal grooves corresponding to the insertions

of the macro- and micromesenteries. Physa oviform, colourless, without

longitudinal grooves and raised intervening areas, separated by a well-

marked constriction from the scapus. Tentacles twenty in number, colourless

in !spirit, 6-7 mm. long in contracted condition, tapering, in contracted

specimens usually infolded and crowded together in the bottom of the

invaginated part of the scapus, but some may be wholly or partially

invaginated. The tentacles in two circlets—the inner comprising eight,

the outer twelve tentacles.

The eight macromesenteries extend from the oral disc to the physa;

their longitudinal retractor muscles are enormously developed in the region

of, and immediately below, the actinopluirynx, where they form eight pro-

minent muscular rolls, but tapering rapidly aborally and ending in thin

strands in the physa. Micromesenteries minute, confined to the capitulum,

incomplete, with parietal but without longitudinal retractor muscle-fibres,

twelve in number, two in each sulco-lateral, lateral, or sulculo-lateral inter-

mesenterial interspace. The actinopharynx short, without a differentiated

sulcus or sulculiis. A distinct band-shaped endodermic s})hincter muscle at

the junction of the capitulum and physa.

Length of contiacted s})ecimen, IG mm. ; length of the physa, 5 mm.
;

greatest diameter, 10 mm.
Hah. Straits of liakaiya. New Britain.

The three specimens of this species were fairly well preserved, and I was

able to study the anatomy in some detail, both by dissection and in sections.

But, owing to the contraction of the very powerful retractor muscles, all the

specimens were burst and their shape more or less altered and distorted. In all

of them a longer or shorter section of the scapus was introverted, in addition

to the capitulum, this being a normal occurrence in Edwardsia and described

by Gosse for K. heautempsii (caJlinwrpha, 11, p. 257). In the specimen selected

for illustration (PI, 51. fig. 4) tlie scapus has fgiven [way a short distance

below the point of introversion, and the lower ])ortion has shrunk back,

leaving a portion of the inner wall of the introverted portion exposed. In

the two other specimens the scapus had given way below the actinopharynx,

and the large retractor muscles projected from the gap thus torn in the

body-wall.
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Edavardsia willeyana, u. sp. (Plate 51. fig. 5.)

Scapus not divided into areas by longitudinal grooves corresponding to

the insertions of the macromesenteries, but invested by a bright chestnut-

brown epidermis marked by numerous, fine, transverse rugse and studded

with numerous, colourless, more or less elevated, rounded vesicles or papillae

arranged in numerous, irregular, longitudinal rows. No distinct physa, but

the body tapers towards the posterior extremity and forms a blunt cone on

which the epidermis is very thin and the papillaj more closely crowded

together. The capitulum very short, its surface marked by eight deep

grooves corresponding to the insertions of the macromesenteries, the areas

between the grooves tumid and raised at the edge of the oral disc into eight

more or less pointed, marginal tubercles alternating with the bases of the

outer circlet of tentacles. Tentacles sixteen in number, arranged in two

circlets of eight each ; the tentacles subulate^ very extensile ; in a retracted

specimen some are simply infolded over the oral disc, others are partially or

wholly invaginated. Eight macromesenteries extending from the oral disc

to the posterior extremity^ their retratitor muscles highly developed in the

region of and below the actinopharynx, but tapering abruptly to form mere

strands of muscular fibres posteriorly. Micromesenteries very minute, with

well-developed parietal muscles but no retractors, eight in number, two in

each sulculo-lateral, one in each lateral and sulco-lateral macromesenterial

interspace. Actinopharynx short, sacculated, with a distinct sulcus and

sulculus. No definite sphincter muscle.

Length of contracted specimen, 40 mm.
;
greatest diameter, 6 mm.

Hah. Straits of Rakaiya, New Britain.

In this single specimen of E. wiUeyana seven macromesenteries extend to

the aboral end, one of the eight being shorter than the others. The aboral

end is perforated by seven distinct pores leading into the seven aboral inter-

mesenterial spaces. These pores are not visible externally in the spirit-

preserved specimen, but can easily be demonstrated in sections. The

detailed account of the situation and structure of these pores must, however,

be deferred to a future paper.

II. The Order of Succession of the Tentacles and Micromesenteries

in the Edwardsidce.

I have been able to study the positions of the mesenteries and the

relations of the tentacles to the intermesenterial chambers in six species

of Edwardsla with some degree of exactitude. In these species the number

of tentacles varies from ten in E. mammillata to thirty-two in E. carnea. In

every case the number of mesenteries is the same as the number of tentacles

—

in other words, each tentacle corresponds to an intei mesenterial chamber.
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Other observers have given more or less detailed accounts and figures o£ the

relations of the tentacles to the mesenteries in various species of Edicardsia ;

and, comparing their work with mj own, it seems that the mesenteries and

tentacles are formed in a regular and, on the whole, consistent sequence, which

I shall attempt to describe in the following pages. Unfortunately, very little

is known of the development of the Edwardsife, and in no case has the order

of appearance of the micromesenteries and tentacles been determined. The

youngest larvse described have the eight primaiy macromesenteries fully

developed.

Probably the youngest larva that has been studied is the one described as

no. iv, of the larvae with eight mesenteries by E. van Beneden (3). This

larva was not identified as an Edicardsia^ but it has all the appearance of

belonging to that genus. It was ovoid in shape, without tentacles or buccal

cone, and had the eight characteristic " Edwardsian '* mesenteries, each

provided with a large and prominent reniform muscle-banner. Boveri (5)

obtained larvoe of similar character ; in the youngest stage they were

spheroid;il and apparently without tentacles, but one of them was reared in

an aquarium for three months and at the end of that time was 1 cm. long

and showed Edvvardsian characters, agreeing in colour and form with

E. clajMredii, but had only eight tentacles.

Meyer and Mobius (17) in 1863 obtained many specimens of E. duodeciui-

cirrata {= E. lutkeni) with from eight to eleven tentacles, but only figure

one with nine tentacles. From this figure it appears that the insertions of

the mesenteries on the peristomial disc were marked by radiating lines of

colour, as is usual in Edwardsise, and it is evident that the eight Edwardsian

mesenteries are present and that an additional mesentery has been formed,

probably in one of the lateral chambers. A single tentacle corresponds to

each mesenterial chamber. With these may be compared the parasitic

larva of Halcampa cliri/santhellum, fully described and carefully figured

by Haddon (13). This larva has six pairs of Hexactiuian mesenteries,

but only eight tentacles, and it is noteworthy that, with the exception

of the two corresponding to the directive endocoeles, all the tentacles are

exocoelic ; no tentacles are as yet formed in the dorso-lateral and ventro-

lateral endocoeles.

Putting this information together, it is evident that in the larval

Edwards'ia and also in the larval Halcampa tiie first tentacles to appear

—

which I shall henceforth call the primary tentacles—are formed as pro-

longations of the eight primary chambers into which the coelenteron is

divided by the eight so-called Edwardsian mesenteries. For convenience

of description, these eight chambers may be called megacoeles. It should

be noted that in Hexactinians two of these tentacles—namely, those of the

directive megacoeles—become endocoelic, six become exocoelic, and, as

Faurot (10) has shown in the case of Ilyanthus parthenopceus^ these six are
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the only exocoelic tentacles until three cycles of endocoelic tentacles are

completed, when fresh tentacles are formed in the remaining exocoeles,

making, with the six primary tentacles, the full complement of twenty-

four.

The next step is shown by my specimen of E. mammillata. This specimen

is probably adolescent, and the secondary tentacles are just beginning

to be formed. Herej as is shown in text-fig. 1, a micromesentery has

been formed in each lateral megacoele. These micromesenteries correspond

in position with the fifth couple formed in Hexactinian development,

and might be considered homologous with them ; but in none of the

specimens I have examined do they bear any trace of longitudinal muscle-

banners, and, as I shall show in the sequel, there is no evidence to

warrant our attempting to make an exact homology between the micro-

mesenteries of Edwardsidse and the last two couples of the first cycle

and the succeeding pairs of mesenteries in Hexactinise. As regards

the tentacles in E. mammillata, it is obvious from text-fig. 1 that the

two directives, and the tentacles on each side of them, are primary ten-

tacles and prolong the two directive and the two dorso-lateral and

ventro-lateral megacoelic chambers. In each lateral chamber there are two

tentacles separated by the micromesentery. I was not able to determine

the point with certainty, but, so far as I could judge, the more dorsal of the

two tentacles in each of these chambers was the smaller and situated nearer

the edge of the disc than the rest. If this be indeed the case, the ventral

tentacle in each chamber is the primary, the more dorsal a newly-formed

secondary tentacle. As a rule, the primary tentacle is dorsal, the secondary

tentacle ventral in the lateral chambers ; l3ut in this matter E. mg,mmillata

agrees with JE. clapared'u.

Specimens of species of Edioardsia with 11-15 tentacles have been men-

tioned by various authors, but none of them has been studied in detail.

Therefore, we must pass on to forms with sixteen tentacles, of which

four species are known

—

HI. claparedii, E. heautempsii, E. loilleyana, and

E. adenensits. The first of these differs in some respects from the next two,

and, as I shall show, E. adenensis is evidently an adolescent form of a

species which has a larger number of tentacles when adult. E. claparedii

has been thoroughly described by Andres (1). Of the sixteen tentacles,

two are directives, two belong to each dorso-lateral megacoele, two to each

lateral megacoele, and three to each ventro-lateral megacoele (text-fig. 1).

They are alternately long and short, and Andres' figure shows clearly that

the more ventral tentacle in the dorso-lateral and lateral megacceles is the

primary, but the middle tentacle of the group of three in the ventro-lateral

megacoele is the primary. Andreses figure also shows the eight micro-

mesenteries, but he failed to realize their character and makes no mention

of them.
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E. beautemjysii, described in detail by Faurot (10), and JE. iciUeyana have

the same number and arrangement of micromesenteries and tentacles, but

differ from E. claparedii in the following respect : there are three tentacles

in each of the dorso-lateral megacoeles, the middle one of the group of three

being the largest and obviously the primary tentacle. There are two

tentacles in each of the lateral and ventro-lateral megacceles, and in each

case the larger and more centrally placed primary tentacle is on the ventral

side of the chamber, not on the dorsal as in E. claparedii. Evidently the

precise order of the appearance of the micromesenteries and tentacles in

the megacoeles is liable to some variation within the limits of the genus ; and

it is just this variation that negatives any attempt to homologize the micro-

mesenteries that first arise in the lateral and ventro-lateral megacceles of the

Edwardsise with the fifth and sixth couples of the first cycle of Hexactinian

mesenteries. Were the order of appearance always the same as it is in

E. claparedii (and possibly in E. mamiuillata) the homology would be

justified ; for in this species the primary tentacle remains in what in a

Hexactinian w^ould be an exocoele, and the new secondary tentacle is

formed in what in a Hexactinian would be an endocoele, and thus far

the order of succession would be exactly analogous to what has been

recorded by Faurot (10) for lli/anthus partlieiwpaus and by Haddon (13)

for Halcampa clirysantliellam. But the different order of succession in

E. xoilleyana forbids our extending this homology to the whole genus. In

this species (and also in E. tiinida, as I shall show further on), in both

the lateral and ventro-lateral megacoeles, the primary tentacle remains in

what in a Hexactinian would be the endocoele, and the newly-formed

secondary tentacle is in the exocoele. Further, when new micromesenteries

and tentacles are added, as is the case in E. timida, they arrive on the

dorsal side of the primary tentacles (text-fig. 1), and therefore in what in a-

Hexactinian would be the endocoeles. Thus a fundamental rule of the suc-

cession of mesenteries in Hexactinians would be violated. The conclusion is

that the mesenteries in question in the Edwardsife are not homologous with,

and certainly not homogeneous in the sense of being derived by descent from,

the fifth and sixth couples of the first cycle of Hexactinian mesenteries.

In E. rakaiyce there are twenty mesenteries (eight niacromesenteries and

twelve micromesenteries) and twenty tentacles, disposed in a very regular

manner, as is shown in text-fig. 1. In this species it is sufficiently obvious

that the eight larger primary tentacles form the inner cycle, and that it is

the primary tentacle that occupies the central position in the group of three

occupying each of the dorso-lateral, lateral, and ventro-lateral megacoeles.

It follow^s from this arranoement that the tentacles do not alternate as ino
E. claparedii and E. iciUeyana, but that there are four pairs of contiguous

outer cycle tentacles—one member of each pair on either side of the dorso-

lateral and ventro-lateral macromesenteries. In this species there is no
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evidence available to show whether the secondary tentacles appear on the

dorsal or ventral side of the ])rimary tentacles in the lateral and ventro-

lateral megacoeles. I am inclined to the opinion that they appear, as in

E. willeyana, on the ventral side, but chiefly because, if they do^ the case o£

E. adenensis meets with a ready explanation. For i£, after sixteen tentacles

Text-iigure 1.

E lutkeni Faurots Actinian
1 J

2 ^/

=/ E. mammillala

E. -willeyana 9^

E beautempsii

^ E. rakaiyce.

E. timida, Dixon E tiTnida, GCB

have been established in this species, tertiary mesenteries arise forming the

microcoeles marked .t-, x in text-fig. 1, but the tentacles corresponding to

these microcoeles are retarded in development, we get precisely the condition

described by Faurot for E. adenensis, a species which has hitherto been

regarded as an exception, because it has a greater number of mesenteries
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than tentacles. I think there can be no doubt that Faurot's specimen

had not attained its full growth and full complement of tentacles. In the

two living specimens of E. tiniida kept under careful observation by

G. Y. Dixon (6) there were respectively 20 and 22 tentacles. In bbth

specimens of this species that I studied by means of sections there were

twenty-four tentacles and twenty-four mesenteries. Dixon^s specimen with

twenty tentacles, referred to by him as yS^, was abnormal ; but Jiis specimen

with twenty-two tentacles exhibits an arrangement perfectly consistent

with what I have observed. Jn Dixon's aa. specimen the arrangement

of the tentacles is the same as in E. rakaiyw, but a quaternary tentacle has

made its appearance on the dorsal side of the primary tentacle in each of

the dorso-lateral megacoeles. At least, this is what I surmise has taken

place, because in both njy specimens of E. timida the largest number of

tentacles and mesenteries is in this megacoele—so I have taken the liberty

to reverse Dixon's figure. He only studied the li\ing animal, and could not

tell, except by sections, which was the dorsal and which the ventral aspect

of the animal.

In my two specimens of E. timida the tentacles are twenty-four in number,

and there are the usual eight macromesenteries and sixteen micromesenteries.

As studied in sections, the tentacles are obviously of different lengths, and,

though the relative lengths are not always a safe guide to the age of tentacles

in Actinians, I do not think I am wrong in assuming that the conspicuously

longer and larger tentacles in these specimens were formed earlier than the

shorter and smaller, especially as both specimens give the same results in this

respect. Each of the directive megacoeles is prolonged, as usual, into a

single primary tentacle. The dorso-lateral megacoele gives off five tentacles,

of which the two outermost, respectively nearest the dorsal and dorso-lateral

macromesenteries, are conspicuously longer than the others. Within them

are two very short tentacles and in the centre a long tentacle, which is clearly

the primary. The probable order of appearance of these tentacles is indicated

by the numerals in text-fig. 1. In each lateral megacoele there is only a

single micromesentery separating two unequally-sized tentacles. Of the

latter the dorsal is decidedly the longer, and must be identified with the

primary tentacle. My specimens have therefore a smaller number of

mesenteries and tentacles in the lateral megacoeles than Dixon's, though

more advanced in other respects. In the ventro-lateral megacceles there

are three mesenteries dividing the peripheral part of the megaccele into

tour microcoelic chambers, from each of which issues a single tentacle.

That nearest the ventral directive is large ; the next one to it is small; then

follows a large tentacle ; then a small one, next to the ventro-lateral macro-

mesentery. In this chamber it is obvious that a quaternary tentacle has

been formed on the ventral side of the primar}^
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Since writing the above, I have had the opportunity of studying a single

example of Edwardsia beantempsii, de Q., and five examples of E. carnea,

Grosse, sent to me from Plymouth by the Director of the Marine Biological

Station. I kept these animals alive in an aquarium for some time, in

the hope that I might obtain larvse ; but, failing to observe any signs

of reproduction, I killed and made sections of them. As regards E. hcau-

tempsii, I have nothing to add to Faurot's account of the anatomy. The

five examples of E. carnea were often ensconced in holes bored by Saxicava

in a small piece of limestone. It was impossible to extract them from their

holes without injury ; so all five had to be killed at one operation^ and only

three were sufficiently well preserved in an expanded condition to admit of

microscopical examination. I will refer to these three as specimens A, B,

and C.

A had 24 tentacles—one in each of the dorsal and ventral directive

megacoeles, three in the dorso-lateral, three in the ventro-lateral, and four in

the lateral chambers on each side of the body.

In specimen B there were thirty tentacles, disposed as follows :—One in

each of the dorsal and ventral directive megacoeles ; four in each of the

lateral and ventro-lateral megacoeles ; on the right side of the body (left in

the drawing) five in the dorso-lateral megacoele, and seven in the corre-

sponding megacoele on the left side of the body. In this specimen, therefore,

growth had proceeded more rapidly in the left dorso-lateral megacoele than

in the right.

In specimen C there were thirty-two tentacles : five in each dorso-

lateral megacoele, six in each lateral megacoele, four in each ventro-lateral

raesacoele, and the two dorsal and ventral directive tentacles.

It is a good example of the irregularity of growth in Edwardsias that

in A and C the largest number of tentacles and mesenteries is in the lateral

megacoeles, but in B in the dorso-lateral megacoeles. In the living animals,

when fully expanded, no appreciable difference in the length of the

tentacles could be detected ; but in all the five specimenSj when expanded

and in repose, every alternate tentacle was held straight out in radial

fashion and the intervening tentacles were curled inwards towards the oral

disc. So far as I could determine, the dorsal and ventral tentacles were

always curled inwards.

It was impossible to judge of the age of the tentacles by their lengths in

E. carnea ; but in specimen B, which was killed in a fully expanded

condition, I was able to observe that the micromesenteries were of different

lengths, and as the number of tentacles and micromesenteries in the dorso-

lateral megacoeles of this specimen was different, it afforded an excellent

opportunity of forming a judgment as to the order in which the micro-

mesenteries and tentacles were developed. Text-fig. 2, which is founded

on a combination of a series of transverse sections, shows that in the right
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(left iu the figure) dorso-lateral megaccele the two micromesenteries adjacenh

to macromesenteries extend neavlj across the peristome to the actinopharyiix,

the two micromesenteries in the middle o£ the chamber are shorter, but that

on the dorsal side is markedly the shorter o£ the two. In the corresponding

megaccele on the left side of the body (right in the figure) there are six

micromesenteries, of which the two adjacent to the macromesenteries are the

lonoest, the two in the middle of the chamber are very short, and the two

others are of intermediate length. In each of the lateral and ventro-lateral

Text-fisure 2.

u 5

1. Oral disc of a specimen of Editardsia carnea, Gosse, uith 30 tentacles, eight macro-

mesenteries, and twenty-two micromesenteries.

2-5. Diaorams of one of the dorso-lateral megaccele?, showing the probable order of

development of the micromesenteries and tentacles, a-d, micromesenteries lettered

according to their probable order of development ; 1-5, tentacles.

megacoeles there are three micromesenteries, of which the two adjacent to the

macromesenteries are the longest, the middle one being distinctly shorter.

It can hardly be doubted that the longer micromesenteries are the older,

the shorter the more recently formed. This rule holds good for all other

Actinians, and there are no grounds for supposing that the Edwardsiaj form

an exception to it. On the assumption that the rule is applicable to this

case, my interpretation of the facts is given in the series of diagrams of a

single megaccele (text-fig. 2, 2 to 5).
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In 2 the megacoele has been divided peripherally into two microcoeles by

the formation of the micromesentery a. The primary tentacle of the original

undivided megacoele is marked /, and the new tentacle i has grown out from

the more dorsal microccele. In 3 the megacoele has been subdivi<led into

throe microcoeles by the formation of the micromesentery h ; the primary

tentacle remains in the middle, and the new tentacle 3 has sprouted from the

ventral microccele. This is the condition found in all the dorso-lateral,

lateral, and ventro-lateral megacoeles in E. rakaiya'.

In 4 a new micromesentery c has been formed on the dorsal side of the

primary tentacle, and in connection with it the new tentacle ^ has been

formed. In the next stage (text-fig. 2, 5) a new micromesentery d has

been formed on the ventral side of the primary tentacle, and the new
tentacle 5 has been formed in connection with it. This is the condition

of the right dorso-lateral megacoele of specimen B and of both dorso-lateral

megacoeles of specimen C'. The formation of two new micromesenteries,

with their corresponding tentacles, one on the dorsal side and one on the

ventral side of the ])rimary tentacles, will produce the arrangement found in

the left dorso-lateral megacoele of specimen B.

My examples A and C of E. carnea were not so fully expanded as

example B, and their peristomes being crumpled it was not possible to

determine the lengths of Ihe micromesenteries with the same accuracy

in sections ; but, so far as I was able to observe, they showed the same

arrangement as has been described above.

In the ventro-lateral megacoeles the order of appearance of the micro-

mesenteries and tentacles is the reverse of that described for the dorso-

lateral megacoeles, and in the lateral chambers it appears that the first

micromesentery may appear on the dorsal side of the primary tentacle,

as in E. claparedii, or on the ventral side, as in E. n-iUeycwa and heaii-

tempsii.

It will be observed that the inferences drawn from the study of the

length of the micromesenteries in a single species confirm in every respect

the inferences drawn from the relative lengths and insertions of the tentacles

in a number of other species of the genus Edivardsia.

Summing up the preceding argument, the lav/ of the succession of the

mesenteries and tentacles in the Edward sia? may be stated as follows :

—

After the establishment of eight macromesenteries dividing the coelenteron

into eight megacoeles, each of the latter is produced in the peristomial reoion

into a single primary tentacle.

The two directive megacoeles are never subdivided, and never prolonged

into more than one tentacle.

In the capitulum the peripheral portions of the remaining megacoeles

are subdivided into microcoeles by the successive formation of micro-

mesenteries.
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The micromesenteries appear singly, and usually in the following order

on each side o£ the actinopharynx. First, a single micromesentery in the

lateral meoacoele ; then a single micromesentery successively in the dorso-

lateral and the ventro-lateral megacoele. In some cases, however (E.

claparedif), the micromesentery of the ventro-lateral megacoele is formed

before that of the dorso-lateral.

Usuallv in the lateral and ventro-lateral megacoeles the more dorsal of the

two microcoeles formed by the first micromesentery bears the primary

tentacle, the more ventral the secondary tentacle ;
but the opposite is the

case in E. claparedii and probably in E. maminillata. In the dorso-lateral

megacoele the primary tentacle is always in the ventral of the first two

microcoeles, the secondary tentacle in the dorsal.

Succeedino- micromesenteries are formed singly and always on the side of

the primary tentacle furthest from the last-formed secondary tentacle. As

the microcoeles and the tentacles into which they are prolonged are always

formed first on one side, then on the other side of the primary tentacle, the

latter always occupies a central or subcentral position in the megacoele.

The rate of growth is usually greatest in the dorso-lateral, next greatest in

the ventro-lateral, and least in the lateral megacoele ;
but in E. claparedii

the rate of o-rowth in the ventro-lateral megacoele seems to outstrip that

in the dorso-lateral, and in some examples of E. carnea growth is most rapid

in the lateral megacoeles.

It is clear that, after the stage with eight mesenteries is reached, the

sequence of mesenterial development in the Edwardsia? difPers altogether

from that of the ITexactinians, and, indeed, from that of any known

Actinian. The characteristic feature is that any two micromesenteries

of the same aoe in any given megacoele constitute a conpJe—that is to say,

they arise as singles on opposite sides of the actinopharynx, and not in

vairs in the exocoeles as in Hexactinians and Zoanthids. Edwardsia

therefore retains the bilateral mode of growth throughout its existence,

and exhibits no trace of the biradiality characteristic of the second stage

of growth of the Hexactinians. In this respect it shows some analogy

with the Cerianthidfe, but differs altogether from the latter in the fact

that both the ventral and dorsal directive megacoeles remain undivided

throughout life, and increase of growth takes place on either side of the

two directive chambers, and not in one of them. On the other hand,

the persistence of the two directive chambers in an undivided state is a

feature which the Edwardsise share in common with the Hexactinise and

the Zoanthese, and points to a fairly close alliance between the three groups.

There is, further, some analogy in the mode of growth of Edwardsise

and Zoanthe^, in that in both the addition of mesenteries after a certain

stao-e proceeds more rapidly in certain megacoeles ;
but the Zoanthe^ are
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much more specialised in this respect than the Edwardsise. The out-

standing feature, however, in the growth of the Edwardsise is that, after

the eight-rayed stage is reached, the mesenteries continue to be formed
in couples of singles and not in couples of jMirs, as in the Dodecactiniaria

and Zoanthinaria. In short, the mode of development characteristic of

the first four couples formed in the larvae of Zoanthese, Actinians, and
Madreporaria is continued to the end in Edwardsidae. This mode of deve-

lopment is universally regarded as primitive. The Edwardsidse, then, retain

the primitive mode of development and growth throughout their existence

and for this reason must be regarded as a separate branch of a primitive

stock in which only four couples * of mesenteries were present. From
this stock the Edwardsiaria, the Zoanthinaria, and the Dodecactiniaria have

been derived.

List of the Worl's referred to in the Text.

1. Andres, A. Intoi-no all' Edioardsia claparedii, Pane. Mitth. aus d.

Zool. Stat, zu Neapel, ii. 1880, p. 123.

2. • Fauna u. Flora des Golfes von Neapel. IX. Actinien. 1884.

Pp. 89.

3. Beneden, Ed. van. Die Anthozoen der Plankton-Expedition, Ergebn.

der Plankton-Expedition der Humboldt-Stiftung, ii. K. e, 1897.

4. Bourne, G. G. Lankester's Treatise on Zoology. Pt. II. Anthozoa.

1900.

5. BovERi, Th. Ueber Entwickelung und Verwandtschaftsbeziehungen

der Aktinien. Zeitschr. f. Wiss. Zool. xhx. 1890, p. 461.

6. Dixon, G.Y. Notes on Two Irish Specimens of Edyardsia timida, Quatr.

Proc. Roy. Dublin Soc. n. s., v. 1886, p. 100.

7. Carlgrbn, 0. Studien liber nordische Actinien. KongL Svenska

Vetensk.-Akad. Handlingar, xxv. 1893.

8. Hamburger MagalhaensischeSammelreise: Zoantharien. Hamburg,
1898.

9. Bronn's Thierreich. Anthozoa. 4, 5, & 6 Lief. 1908.

10. Faurot, L. Etudes sur les Actinies. Arch, de Zool. Exp. et Gen. (3)

iii. 1895.

11. GossE, p. H. Actinologia Britannica, 1860, p. 254.

* Throughout this paper I have used the terms " couple " and " pair " in the sense

indicated hy Faurot. In my article on the Anthozoa in Lanliester's ' Treatise on Zoolog-y

'

I use the same terms, but in exactly the opposite sense to Faurot. My article, though

published in 1900, was written in 1895, the same year in which Faurot's paper appeared.

His use of the terms has priority over mine and should be adopted.

LINN. JOURN. ZOOLOGY, VOL. XXXII. 42



530 ON NEW SPECIES OF EDWARDSIA FROM NEW GUINEA.

12. Haddon, a. C. Note on Halcampa chrysanthellum, Peach. Proc. Hoy.

Dublin Soc. n. s., v. 1886, p. 1.

13. Note on the Arrangement o£ the Mesenteries in the Parasitic

Larva of Halcampa chrysanthellum. Proc. Roy. Dublin Soc. n. s.,

V. 1887, p. 473.

14. A Revision o£ the British Actiniae. Trans. Roy. Dublin Soc. (2)

iv. 1889, p. 326.

15. Hertwig, 0. & R. Die Actinien. Jenaische Zeitschrift f. Wissensch.

xiii. 1879, p. 582.

16. Klunzinger, C. B. Die Korallthiere des Rothen Meeres. Berlin,

1877. 1. Theil, p. 79, TaL 6. fig. 3.

17. Mayer, A., and K. Mobius. Beschreibung der Edwardsia duodecim-

cirrata, Sars, aus der Kieler Bucht. Arch. f. Naturgesch. xxix. 1863,

p. 70.

18. McMuRRiCH, J. p. On the Occurrence of an Edwardsia-si?LgQ in the

freo-swimming Embryos of a Hexactinian. Johns Hopkins University

Circulars, No. 70, 1889, p. 31.

19, (;ontributions to the Morphology of the Actinozoa. Journ.

Morph. V. 1891, p. 303.

20. Phylogeny of the Actinozoa. Journ. Morph. v. 1891, p. 125.

21. Milne-Edwards, A., and J. Haime. Hist. Nat. de Coralliaires, vol. i.

1857, p. 285.

22. Panceri, p. Intorno a due nuovi Polipi. Atti d. R. Accademia d.

Scienze fisiche e matematiche, iv. 1869, no. 11.

.23. QuATREFAGES, A. DE. Mem. sur les Edwardsies ; nouvelle genre de la

famille des Actinies. Ann. des Sci. Nat., Zool. (2) xviii. 1842, p. 65.

EXPLANATION OF PLATE 51.

cap., capitulum
;
ph., physa ; mes., mesenteries.

Tig. 1. Edivardsia mammillata, n. sp. The specimen has burst below the capitulum, and

the mesenterial filaments are extruded.

2. Edivardsia rugosa, n. sp.

3. Edivardsia vermiformis, n. sp.

4. Edivardsia rakaiyce, n. sp. The animal has burst owing to excessive contraction in

spirit, and the inner wall of the introverted part of the scapus is exposed in the

upper part of the figure.

5. Edivardsia wiUeyana, n. sp. The retracted animal has been cut in half longi-

tudinally, and the figure shows the tentacles t., t., the actinopharynx a.p., the

longitudinal retractor muscles r.m., and the mesenterial filaments m.f. Owing

to excessive contraction in spirit, the capitulum has been torn away from the

scapus and has been pulled down to the inside of the lower half of the body.
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[Synonyms and native names are printed in italics. A star * denotes the

first publication of a name.]

Acanthocystis, Carter,12Q, 128.

chcBtopora, Leidy, mentioned, 128.

turfacea, Archer, mentioned, 128.

turfacea, Carter, mentioned, 126.

Acartia elausi, Oiesbr., mentioned, 35.

Acetes indicus, M.-Ediv., mentioned,

ftnote 220.

A-chatina [Limicolaria) heuglini. Martens,

248.

Acraea encedon {Linn.), R. Trimeriy 391,

392.

f. alcippina, Auriv., 391, 392, 393.

f. commixta, PowZi^., 391, 394-404,

408-410.

f. daira, Godm. S^ Sale, 391, 392.

f . infuscata, Stand,, 391, 392,

394-412.

f. lycia, Fahr., 391, 392, 394-416.

f. sganziui, Boisd., 391, 392, 395.

esebria. Sew., mentioned, 392.

Acrididae, mentioned, 2, 8, 119.

Acridiidse, mentioned, 108.

Act<Ecia axicklandi(B, G. M. Thomson, 436,

445.

Actsecia, Dana, 437.

Actinia, Gmel., mentioned, 45,

cylindrica, Reid, 45.

Actinophryidas, 126, 210,

Actinophrys sol, Ehrenb., mentioned, 128,

153.

Actinosphferium Eichhornii {Ehrenb.),

Stein, mentioned, 128, 153, 210.

.^olosoma, Ehrenb., mentioned, 96.

beadleyi, Beddard, 97.

iEolosoma hemprichii, Ehrenb., 97.

^olosomatida3, 96, 99.

^olothripidaj, 496,

^olothripinse, 496.

^olothrips, Haliday, mentioned, 496.

^theria, Laur., 251 ; mentioned, 234.

elliptica, Laur., 251.

var. tubifera, Soioerb., mentioned,

251.

^theriidfe, 251.

Ameira, Boeck, mentioned, 90-92.

Amiba, Cockerell, mentioned, 129.

Ammodiscus charoides, Jonen 8f Parker,

mentioned, 273.

Amoeba, Ehrenb., mentioned, 77, 129

;

capture of Stentor by, 154.

diffluens, Maggi, mentioned, 154.

fluida, Gritber, mentioned, 123.

guttula, Duj., mentioned, 123.

Umax, Duj., mentioned, 123,

nobilis, Penard, mentioned, 128.

jKipyracea, Penard, 214.

pilosa, Cash, 202.

proteus, Leidy, mentioned, 123, 153,

154.

pars, Leidy, 202.

var, granulosa, Cash, 202.

radiosa, Ehrenb., mentioned, 128.

striata, Penard, 127 ; mentioned,

123.

terricola, Greeif, 155, 214 ; mentioned,

212.

villosa, G. Wallich, 202 ; mentioned,

154.

42*
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Amoeba verrucosa, Elirenb., 155, 214

;

mentioned, 123.

vespertilio, Penard^ mentioned, 123.

Amcebina, 123, 129, 155, 212, 214.

.
Ampelisca spinipes, Boeck, mentioned,

172.

tenuicornis, Lillj., mentioned, 172.

Ampelita sepulchralis. Feruss., 385.

Stravi, E. A. Smith, 385.

xystera, Pfeiff,, 385.

Amphidinium, Clap. 8f Lachm., mentioned,

74, 75.

aculeatum, Daday, mentioned, 79.

crassum, Lohm., mentioned, 71.

lacustre, Stein, mentioned, 72.

longum, Lohm., mentioned, 71.

operciilatum, Clap. Sf Lachm., On the

Occurrence of, in vast Quantity, at

Port Erin (Isle of Man), by Prof.

W. A. Herdman, 71-75.

rotundatum, Lohm., mentioned, 71.

sulcatum, Kofoid, mentioned, 72.

AmpMlocbus manudens, Spence Bate,

mentioned, 172.

Ampbipoda etc. collected from the ' Runa,'

by A. 0. Walker, 171, 172.

Amphistomiua, 126, 209.

Amphitrema, A)-cher, 153.

flavum, Penard, 153 ; mentioned,

126.

stenostoma, Nussli?}, 153 ; mentioned,

84, 126.

Wrightianum, Archer, 153 ; men-
tioned, 84, 126.

Amphiura Chiajii, P'orhes, mentioned,

172.

Ainphizonellaflava, Greeff, 214.

violacea, Greeff, mentioned, 128.

Ampullaria, Lam., mentioned, 234.

kordofana, Philippi, 239 ; mentioned,

240.

var, elongata, Pocheh. 8f Germ.,

mentioned, 239.

madagascariensis, E. A. /Smith, 380.

purpurea, Jonas, mentioned, 241.

V7eruei, Philippi, 240 ; mentioned,

234.

Ampullariida3, 239.

Anaplecta, Burm., mentioned, 65, 68.

cincta, Gerst., mentioned, 66
inclusa ( Walker), mentioned, 66.

Anaplecta sp., 65 ; mentioned, 68.

Anasa tristis, Stdl, mentioned, 19, 485.

Annelids of the Thames Valley, by Rev.
Hilderic Friend, 95-106.

Anodonta rubens, Lam., 259.

Antedon bifida (Penn.), mentioned, 172,

270.

milleri (Wyv. Thom.), mentioned,

172.

phalangium (J. Millie}-), mentioned,

172, 270.

tenella {Retzius), mentioned, 270.

Antero-dorsal parts of head of Schizoneura,

314.

Antero-ventral parts of head of Schizo-

neura, 314.

Anthozoa, their position, 514.

Apatura clytie (Linn.), mentioned, 180.

ilia, Schiff., 190; mentioned, 193.

iris, auct., 190.

iris, Linn., 180 ; mentioned, ISl, 190,

193.

pseudoiris, Verity^, 190; mentioned,

181.

Aphanthopus hyperanthus (Linn.), men-

tioned, 186.

Aphareocaris, nom. nov. (Aphareus, Paul-

son), a Genus of the Crustacean Family

SergestidfE, by Dr. W. T. Caiman, 219-

223.

Aphareocaris, Caiman *, 219.

elegans, Caiman *, 219 ; mentioned,

222, 223.

Aphareus, Paulson, 219.

inermis, Paulson, 219 ; mentioned,

222.

Aphids, salivary pump, 310.

Aphis rumicis, Linn., mentioned, 317 ; on

Cheuopodium, 325.

Aphrothoraca, 126.

Aporia cratsegi [Linn.), 176.

Araschnia levana (Linn.), Hiibn., 182.

prorsa (Linii.), Hiibn., 182.

Arcelia, Ehrenb., 129, 155; mentioned,

154, 204.

angulosa, Perty, 129 ; mentioned,

123.

arenaria, Greeff, 129, 155 ; mentioned,

123, 212.

artocrea, Leidy, 129 ;
mentioned, 123,

131,161.
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Aroella aureola, Maggi, 129,

caudicola, Ehrenb., mentioned, 211,
costata (Ehrenb.), Penard, 129.

curvata, Wailes*, 203; mentioned,
204, 205, 218.

dentata, Ehrenh., 129 ; mentioned,
123.

discoides, Ehvenh., 180; mentioned,

123, 128, 205, 212.

discoides, Ehrenb., pars, Leidy, 203,
204.

hemisphffirica, Perty, 130 ; mentioned,
123, 127.

megastoma, Penard*, 204 ; mentioned,
205, 211, 212, 218.

viicrostoma, Penard, 128.

niitrata, Leidij, 130 ; mentioned, 123,

129, 131,

pileus, Ehrenb., mentioned, 210.

polypora, Penard, ISO; mentioned,

123, 127, 204, 205.

pars, Penard 207.

pars, Wailes, 204.

stellaris, Perty, 128.

vulgaris, Ehrenb., 130; mentioned,
123, 128, 205, 212, 218.

var. compressa, Cash, 131 ; men-
tioned, 123, 127.

var. gibbosa (Penard), West,

131 ; mentioned, 123, 128, 212.

pars, Cash, 130.

pars, Leidy, 131.

vulgaris, var. angulosa, Leidy, 128.

Arcellida, 123, 155, 203, 212.

Argynnis adippe, auet., 190.

adippe {Linn.), 182; mentioned, 194.

aglaja {Linn), 183.

berecynthia {Poda), mentioned, 183.

cydippe {Linn.), 182, 190 ; mentioned,

183, 194.

eris {Linn), mentioned, 182.

esperi. Verity *, 190 ; mentioned, 183.

lathonia {Linn.), 183.

niobe {Linn.), 182.

cydippe {Linn.), 190.

eris, Mieg., 190.

niobe {Linn.), 190.

aiict., 190.

paphia {Linn.), 183.

syrinx {Borhhausen), mentioned, 183.

Aristias neglectus, Hansen, mentioned, 172.

Armadillidium vulgare (La/Jr.), Milne-Edxo.,

292 ; mentioned, 287, 288, 293.

Arphia tenebrosa, Sauss., mentioned, 8,

10.

Ascidia mentula, O. F. Miill, mentioned,

281, 282, 283, 284, 285 ; variation

in, 281, 283.

venoaa, O. F. Miill., mentioned, 281,

282, 283, 285.

Assam species introd. into Madagascar,

377.

Astacilla longicornis {Sotoerby), mentioned,

172.

Asterias muelleri {Sars), mentioned, 172,

270.

murrayi. Bell, mentioned, 172.

rubens, Linn., mentioned, 172, 270.

Asterionella Blealreleyi, W. 8m., men-
tioned, 35.

Asteronyx Loveni, Muell. S,- Trosch., men-
tioned, 172,

Assulina, Ehrenb., 150, 169.

minor, Penard, 150,

muscorum, Oreef, 126, 127, 150, 208,

213.

scandinavica, Penard, 208.

seminulum, Leidy, mentioned, 126,

128, 150.

pars, Leidy, 150.

var. scandinavica, Penard, 208.

Awerinzewia, Schout., 143, 156,

cyclostoma {Penard), Schout., 143-156

;

mentioned, 125, 211, 213.

Backcross results, 473.

Bagnall, R. S., On the Classification of the

Order Symphyla, 195-199,

Banana, species introd. with, 377,

Basommatophora, 241 ; from Madagascar,

380.

Bathia, Rohson *, 383,

madagascariensis, Robson *, 382, 383,

389,

Baylis, H. A., Some Observations on the

Tentacles of Bknnius gattorugine, 295-
306.

Bdellura. Nitocrameira bdellurce, nov.

gen, et sp., a Copepod of the Family
Canthocamptidfe, parasitic in the Egg-
cases of, by J. A. Liddell, 87-94.
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Bdellura Candida, Girard, mentioned, 87,

93.

propinqua, Wheeler, mentioned, 87,

93.

Bdelluridae, mentioned, 87.

Benthesicymus investigatoris, Ale. ^•

Anders., mentioned, ftnote 220.

Bicliseta, Bretscher, mentioned, 99.

Biddulphia mobiliensia, Bail., mentioned,

85.

Biomyxa vagans, Leidy, mentioned, 128.

Bithynia boissieri {Hdgg), Charp., men-

tioned, ftnote 286.

Blatta haltica, Germar & Berendt, 61.

gedanensis, Germar & Berendt, 60.

pacijica, Ooquebert, 66.

Blattidse enclosed in Amber, the British

Museum Collection by R. SheJford, 59-

70.

Blattinse, 68.

Bleunius gattorugine, Bloeh, Some Obser-

vations on the Tentacles of, by

H. A. Baylis, 2P5-306 ; fig., 296
;

mentioned, 304, 305, 306.

ocellaris, Linn., mentioned, 296, 298,

304, 306.

Bothrioneuron (Stole) = Bothrioneurum,

Miehaelsen, mentioned, 102.

Brachystola, Scudd., mentioned, 2.

magna {Gir.), Scudd., mentioned, 2, 9,

10 ; chromosomes in, 11, 18.

Branchiura Sowerbyi, Beddard, 101.

Brissopsis lyrifera, Forb., mentioned, 172.

British Rhizopods, J. M. Brown on,

77-85.

Brown, Jas. Meikle, Observations on some

New and Little-known British Rhizo-

pods, 77-85.

Buccal folds of Schizoneura, 313.

Buceinumjiumineum, Gmel., 378.

Bulimina aculeata, d'Orb., mentioned, 273.

elegans, d'Orb., mentioned, 273.

marginata, d'Orb., mentioned, 274.

pupoides, d'Orb., mentioned, 273.

subteres, Brady, mentioned, 273.

Buliminse, mentioned, 273.

Bulimus amarula, Brug., 379.

clavaior, Petit, 385.

kambeul, Brug., 248.

niloticus, Pfeiffer, 250.

Bullinula, Penm-d, 131.

Bullinula indica, Penard, 131, 214 ; men-

tioned, 123, 211, 212.

Bullinus dybotvskii, Fischer, 244.

Bunodes thallia, Dixon, mentioned, 5.

Burtoa, Bourg., 250.

nilotica, Pfeiffer, 260 ; mentioned, 234.

Caelatura, Conrad, 252.

segyptiaca, Caill., 253 ; mentioned,

268.

var. shambiensis, Longstaff*,

253; mentioned, 268.

nilotica, Caill., 252.

parreyssi, Philij)pi, 254; mentioned,

268.

var. elongata, Longstaff*, 255

;

mentioned, 268.

var. obliqua, Longstaf *, 255

;

mentioned, 268.

sobaensis, Preston *, 256 ; mentioned,

268.

Calanus, Leach, mentioned, 27, 28, 30, 34.

helgolandicus, Sars, mentioned, 27,

28, 35.

Calliactis parasitica, Verrill, mentioned,

63.

Callisetis, p. 53 err.=pr(ec.

Callophrys borealis, Krul., 191 ; mentioned,

187.

fervida, Staudinger, mentioned, 187.

immaculata, Fuchs, mentioned, 187.

polaris, Mbschler, 191 ; mentioned,

187.

punctata, Tutt, mentioned, 187.

rubi (Linn.), 187.

borealis, Krul, 187, 191.

polaris, Moschl., 187, 191.

rubi {Linn.), 191.

virgatus, Verity *, 191.

virgatus, Verity, mentioned, 187.

Oallosune (misprint T.) omphale, men-

tioned, 179.

Caiman, Dr. W. T., On Aphareocaris, nom.

nov. (Aphareus, Paulson), a Genus of

the Crustacean Family Sergestidse, 219-

223.

Caloptenus femur-rubrum {De Gee?-) Burm.,

mentioned, 9, 18, 19.

Calycuoniscus, Collinge*, 509^ 611.

bodkini, Collinge *, 509, 611.
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Campascus, Leidy, 151.

minutus, Fenard, 151 ; mentioned,

126, 128.

Oampylaspis glabra, G. O. Sars, mentioned,

271.

Canthocamptidae, 93.

Capsellina bryorum, Penard, mentioned,

80,81.

timida, Brown *, 80 ; mentioned, 85.

Caryophyllia smitlii, Stokes, mentioned,

270.

Oentropages hamatus, Sms, mentioned, 35.

typica, Krby., mentioned, 35.

Centropyxis, Stein, 156 ; mentioned, 153.

aculeata {Ehi-enh.), Stein, 156 ; men-

tioned, 123, 128, 212.

Yar. discoidea {Ehrenh.), men-

tioned, 123, 128, 202, 212.

var. ecornis (Ehrenb.), Leidy,

mentioned, 123, 212.

var. bemispherica {Barnard),

Wailes, mentioned, 212.

var. spinosa, Cash, mentioned,

123.

arcelloides, Pejiard, 156 ; mentioned,

212.

laevigata, Penard, 156 ; mentioned,

123, 127.

Ceratinoptera, Brunn, mentioned, 62, 64.

miocenica. Shelford *, 64 ; mentioned,

68.

Oeratium, Schrank, mentioned, 31.

i\\xG?i{Ehrenb.), Clap. Sf Lachm., men-

tioned, 35.

fusus [Ehrenh.), Dvjard., mentioned,

35.

tripos, Nitzsch, mentioned, 28, 35.

Oercus spinosus, Hertwig, mentioned, 53.

Chadwick, H. C, List of tbe Ecbino-

dermata collected by tbe ' Runa,' 171,

172.

Cbsetoceros, Kiltz., mentioned, 29, 30, 31.

borealis, Bail., mentioned, 29, 35.

contortum, Schiltt, mentioned, 29, 34,

85.

debile, Cleve, mentioned, 35.

decipiens, Cleve, mentioned, 29, 34, 35.

densum, Cleve, mentioned, 35.

subtile, Cleve, mentioned, 35.

teres, Cleve, mentioned, 35.

Cbsetogaster crystallinus, Vejdovsky, 98.

Cbsetogaster diapbanus, Gruith., 98.

diastrophus, Gruith., 98.

Cbai-axes jasius (Linn.), 180, 190.

septentrionalis *, Verity, 190 ;:

mentioned, 180.

Jason (Linn.)=jasius, 180.

Cbauvin, Herschell, Gastropods coll. by^

376.

Cbenopodium album attacked by Apbis,

325.

Chirotbripoides, Bagnall *, 505.

typicus, Bagnall *, 505, 507.

Cbirothripoidiidse, Bagnall *, 505.

Cbondractinia, Liitken, mentioned, 53, 54.

Cborthippus curtipennis, Bolivar, men-

tioned, 117.

parallelus, Bolivar, mentioned, 117.

Cbortopbaga viridifasciata {De Geei-),

Sauss., mentioned, 8, 10.

Cbromatin Eod-Lengtbs, being a Fm'tber

Study of Cbromosome Dimensions, by

C. F. U. Meek, 107-119.

Cbromosome Dimensions, 107-119,

Cbromosomes of Euscliistus, 353, 478-486.

Cbrysopbanus confluens, Gerhard, men-

tioned, 188.

dispar (Haw.), mentioned, 188.

eurybia, Ochs., mentioned, 187, 188.

bippothoe {Linn.), 187 ; mentioned,

188.

bippotboe {Linn.), 191.

mirus. Verity *, 191.

stieberi, Gerhard, 191.

oranula. Fryer, mentioned, 187.

plilaeas (Linn.), 188.

virgaureee inalpinus. Verity *, 191
;

mentioned, 187.

Cicada, Linn., mentioned, 309, 310.

septemdecim, Linn., 309.

tibicen, Linn., mentioned, 18,

Cimex lectularius, Linn., mentioned, 310.

Clatbrulina Cienkowskii {Meresch.),

Penard, mentioned, 126.

elegans, Cienkoioski, mentioned, 126.

Clatbrulinidse, 126.

Olavator Balstoni, Pilsbry, 385.

clavator {Petit), Rohson *, 385.

eximius, Pilsbry, 385.

eximius {Shuttl.), Rohson *, 385.

Grandidieri, Pilsbry, 385.

obtusatus, Pilsbry, 385.
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Clavelina, Sav., mentioned, 165.

Cleopatra, Troschel, 238.

bulimoides, Olivier, 238; mentioned,

234.

multilira, Anoey, 377.

Smithii, Ancey, 377.

trabonjiensis, E, A. Smith, 377.

verreauxiana, Boiirg. (Hiigg), men-
tioned, ftnote 236.

Clitellio arenarius (0. F. Milll), Sav., 101.

Clypeal folds of Schizoneura, 312 ;
—

sclerites of Schizoneura, 313.

Clypeo-labrum of Schizoneura, 312.

Clypeus of Schizoneura, 312.

Cobitis, Linn., mentioned, 301.

Coccids, salivary pump, 310.

Cochliopodiuni bilimbosum {Auerb.), Leidxj,

mentioned, 213.

bilimbosum {Greeff), Calkins, men-
tioned, 125.

echinatum, Korotneff, 207.

granulatum, Fenard, 77 ; mentioned,

85.

vestitum, Archer, mentioned, 128.

pars, Leidy, 207.

Cochlogena fiammata, Caill, 245.

Codonella laciistris, Entz., mentioned, 133.

Ccenonympha arcanius {Linn.), 186.

hero (Limi.), 186.

pamphilus {Linn.), 186.

Colias alexandra, Edtv., mentioned, 179.

hyale {Limi.), 179.

palagno {Linn.), 179.

Collinge, W. E., On the Eange of Varia-

tions of the Oral Appendages in some
Terrestrial Isopods, 287-294.

Colomastix pusilla, Grube, mentioned, 172.

Conchulina, 123, 129, 155, 203, 212, 214.

Conilera cylindracea {Mont.), mentioned,

271.

Conostoma consanguineum, Sozc, 379.

Copepod, juv., mentioned, 35.

nauplius, mentioned, 35.

Copepoda, mentioned, 30.

Corbicula, Megerle v. Milhlf., 262 ; men-
tioned, 235.

artini, Pallary, 262.

consobrina, Caill., 262.

lavigeriana (Bourg.), Germ., 262.

pusilla. Parr., mentioned, ftnote 236.

radiata. Parr., mentioned, ftnote 236.

Corixa, Geoffr., mentioned, 309.

OorophiumbonelliijiVii'/ndi-^cZw.,mentioned,

271.

Correlation of Somatic Characters and

Chromatin Rod-Lengths, being a Further

Study of Chromosome Dimensions, by

C. ¥. U. Meek, 107-119.

Corycia, Dujard., 131.

aculeata {Greeff), Aiverinzew, 214;

mentioned, 211, 212.

coronata, Penard, 214.

var. simplex, Penard, 214.

flava {Greeff), Penard, 123, 131, 214
;

mentioned, 212, 215.

var. coronata {Penard), 214

;

mentioned, 211, 212.

penardi, Awerinzew, 214.

Corydiinte, 68.

Corynothrips, Williams, 496.

Corythion, Tardnek, 152.

dubium, Tardnek, mentioned, 126, 127,

152, 211.

pulchellum, Penard, mentioned, 126,

128.

Coscinodiscus concinnus, W. Sm., men-

tioned, 31, 35.

radiatus, Ehrenh., mentioned, 35.

Couple, term defined, 529.

Crab zoea, mentioned, 35.

'

Craniothrips, Bagnall*, 504.

urichi, Bagnall*, 504.

Cressa dubia, Spence Bate, mentioned^

172.

Crithionina mamilla, (roes, mentioned, 273.

Crossing of two species of Euschistus, 337.

CryptodifHugia, Penard, 133.

compressa, Penard, 133; mentioned,

124.

eboracensis, TFazYes, 133; mentioned,

124, 201.

oviformis, Peiiard, 133 ; mentioned,

124.

Cubaris, Brandt, mentioned, 417.

suteri, Chilton *, 425, 427.

Cucurbitella, Penard, 133.

mespiliformis, Penard, 133; men-
tioned, 124.

Cyaniris argiolus {Linn.), 190.

Cyclostoma bulimoides, Olivier, 238.

carinata, Olivier, 240.

unicolor, Olivier, 237.
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Cylisticus convexus(De Gee?-), mentioned,

288.

Cynthia, Sav., mentioned, 280, 281.

Stuhenrauchii, Michaelsen, 280,

tessellata, Forbes, mentioned, 279.

Cyntliiinae, mentioned, 279.

Cyphoderia, Schlumb., 151 ; mentioned,

130.

ampulla {Ehrenb.), Schlumb., 151
;

mentioned, 126, 128, 131, 213.

var. major, Penard, mentioned,

151.

var. papillata, Wailefi, men-

tioned, 127, 151.

trochus, Penard, mentioned, 151.

var. amplioralis, Wailes, 151
;

mentioned, 126, 128,201.

Cyrena consobrina, Caill., 262.

Cyrenid^, 262.

Dactylosphserium radiosum, Biltschli, men-

tioned, 123, 128.

Danaida chrysippus {Linn.), Godt., 392,

• 395.

f. alcippus {Cram.), 393, 394,

395, 403.

f. dorippus, Klug, 392, 405.

Dero, Ohen, mentioned, 98.

olearia. Friend*, 98.

stuhlmanni, Stieren, mentioned, 99.

Desmothoraca, 126.

Deto, Guirin, 435-456, cf. 437 ; as sub-

gen., 439, 440.

acinosa, Budde-Lund, 436, 441, 443,

455, 456.

armata, Budde-Lund, 436, 441, 443,

453.

aucklandise, Chilton, 438, 442, 445, 451,

452, 453, 456.

bucculenta, Chilton*, 438, 449, 451,

453, 456.

echinata, Guerin, 435, 436, 442, 453,

455.

magnifica, Budde-Lund, 436, 445,

447.

marina, Budde-Lund, 444, 453, 456.

novce-zealandice, Chilton, 449.

, robusta, Budde-Lund, 436, 445, 447.

spinicornis, Brandt, 435.

whitei, Kinahan, 435, 436, 440.

Dhan, species introd. with, 377.

Diaphoropodon mobile, Archer, 209.

Diatom, golden-yellow Naviculoid, men-

tioned, 74.

Diazona, Sav., mentioned, 165, 166-170,

276, 277, 278.

hebridica. Alder, mentioned, 166.

hebridica-violacea, var., Forbes, men-

tioned, 168.

intacta-violacea, \aj:.,Latr., mentioned,

168.

violacea, Sav., 165, 276 ; mentioned,

163, 166, 167, 168, 169, 171, 269,

285.

var. hebridica, Forbes 6J- Goodsir,

mentioned, 168, 169.

Dicaiothrips brevicornis, Bagnall, 499,

507.

distinctis, Bagnall, 499.

foveicollis, Bagnall, 499.

Isevicollis, Bagnall, 499, 600.

Dictyocylindrus stuposus (Mont.), Boxo.,

mentioned, 271.

Difflugia, Leclerc, 132, 156 ; mentioned,

159, 211.

acuminata, Ehrenb., mentioned, 123,

128.

pars, Leidy, 132, 205.

var. inflata, Penard, mentioned,

123, 127.

amphora, Leidy, mentioned, 127.

amphora, Penard, mentioned, 206.

amphoralis, Hopkinson, mentioned,

123, 127, 206.

antarctica, Ehrenb., mentioned, 211.

arcula, Leidy, mentioned, 123, 132,

156, 159.

bacillariarum, Perty, 132 ; mentioned,

123, 161.

var. elegans(Pewar(^), Cash, 132;

mentioned, 123, 127, 161.

var. teres [Penard), Cash, men-

tioned, 123.

bacillifera, Penard, mentioned, 124.

bicornis, Penard, 205 ; mentioned,

218.

bicuspidatu, Rhumbler, 205.

brevicoUa, Cash, mentioned, 124.

compressa, Carter, mentioned, 128.

constricta [Ehrenb.), Leidy, 156 ; men-

tioned, 124, 128, 131, 159, 212.
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Difflugia cornuta, Leidy, mentioned, 128.

corona, G. Wallich, mentioned, 124,

206.

cratera, Leidy, mentioned, 133.

elegans, Penard, mentioned, 128.

pars, Penard, 205.

equicalceus, pars, Leidy, 206.

fragosa, Hempel, mentioned, 154.

globularis, Leidy, mentioned, 128.

c/lobtdosa, Leidy, mentioned, 128.

globulus (Ekre?ib.), JRojykinson, men-

tioned, 124, 128.

gramen, Penard, mentioned, 124, 127,

128, 212.

hermitana, JShrenb., mentioned, 211.

hydrostatica, Zach., mentioned, 127.

lanceolata, Penard, 206 ; mentioned,

127.

Leidyi, Wailes*. 132; mentioned,

124, 127, 161.

limnetica, Levander, mentioned, 124.

lobostoma, Leidy, mentioned, 124.

pars, Leidy, 133.

lucida, Penard, mentioned, 124, 212.

nodosa, Leidy, mentioned, 128.

oblonga, Ehrenb., 156; mentioned,

124, 128, 212.

var. atricolor, Penard, mentioned,

127.

var. claviformis, Penard, men-

tioned, 127.

var. cornuta, Leidy, 132 ; men-

tioned, 124, 128, 201.

var. lacustris {Penard), Cash,

mentioned, 124.

var. nodosa, Leidy, mentioned,

124, 128.

var. venusta (Penard) Cash, men-

tioned, 124, 212.

olliformis, Layerheim, 206 ; mentioned,

218.

oviformis, Cash, 133 ; mentioned, 124,

201, 202.

Penardi, Hojikinson, mentioned, 124,

127.

pbiala, Ehrenb., mentioned, 211.

pristis, Tenard, 156 ; mentioned, 124.

pulex, Penard, mentioned, 124.

pyriformis, Perty, 156 ; mentioned,

128.

pars, Leidy, 206.

Difflugia rubescens, Penard, mentioned,

124, 127, 201.

sphagni, Leidy, 142.

spiralis, Ehrenb., mentioned, 128.

subsequalis, Petiard, mentioned, 206.

tuberculata (G. Wallich), Archer,

mentioned, 124, 127, 202.

var. minor, Penard, mentioned,

124, 202, 212.

tuberculosa, Hempel, mentioned, 154.

urceolata. Carter, mentioned, 124, 201,

206.

var. amphora, I,eidy, 206.

vas, Leidy, mentioned, 128.

vescidula, Penard, mentioned, 127.

Difflugife, mentioned, 211.

Difflugina, 123, 205, 212.

Dinamceba mirabilis, ZeiWi/, mentioned, 128.

Diuoiiagellates, mentioned, 73, 74.

Dinurothrips, Hood, 495.

Diplophrys Archeri, Barker, 209 ; men-

tioned, 128, 210.

Dissosteira Carolina, Sauss., mentioned, 8.

Ditremajiavum, Archer, 153.

Ditylium Brightwellii, Grun., mentioued,

35.

Divaricator muscles of Schizoueura, 316.

Dodecacorallia, 514, 515.

Dominance, 467, 468.

Drosera rotundifolia, Linn., meutionedj

201.

Drosophila, Fall., mentioned, 475.

Dytiscus marginalis, Linn., mentioned, 19.

Echinodermata, List of, collected by the

' Runa,' by H. C. Ohadwick, 171, 172.

Echinoderms, Plutei of, mentioned, 35.

Echinus aciitus. Lam., mentioned, 270.

esculeutus [Linn.), mentioned, 172.

Ectobiinse, 68.

Ectobius, iJ'estw., mentioned, 62.

balticus, Germar Sj- Berendt, 61 ; men-

tioned, 68.

Edwardsia, Quatr., 5 new spp., 513-530.

adenensis. Faurot, 514 ; tentacles,

523.

beautempsia, Quatr., 514, 518, 525

;

micromesenteries, 522.

calliinorpha, Gosse, 518.

carnea, Gosse, 519, 525 ; fig., 526, 527.
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Edwardsia claparedii, Pane, 521 ; ten-

tacles, 522 ; niega'coeles, 527.

duodecimcirrhata, Sars, 520.

liitkeni, Andres, 520.

mammiJlata, Bourne *, 515 ; men-

tioned, 519.

pudica, Khmz., 517.

rakanjae, Bourne *, 518 ; mesenteries,

522 ; megacoeles, 527.

I'tigosa, Bourne*, 516.

timida, Quatr., 522 ; tentacles, 524.

vermiformis, Bourne*, 517.

willeyana. Bourne *, 519 ; tentacles,

522, 623 ; megacoeles, 527.

Edwardsiaria, Bourne *, 515.

Edwardsidfe, Andres, 515.

Efferent canal of Schizoneura, 319.

Ejector canal of Schizoneura, 319.

Elffiorlianis cincta, Greeff, mentioned, 128,

210.

Enchytrseidae, mentioned, 95, 96, 106.

Endoskeleton of Scliizoneura, 314..

Epimeria cornigera (Fabr.), Bate t^- Westto.,

mentioned, 172.

Epinephile fortunata, Ali^h., 191 ; men-

tioned, 184.

janira {Li7in.), 191 ; mentioned, 184,

185.

jurtina {Limi.), 184; mentioned, 185.

jurtina {Lmn.), 191.

var. fortunata, Aljih., 191.

Yar. janira {Linn.), 191.

tithonus {Linn.), 185.

Epipharynx of Schizoneura, 312, 316, 317.

Epizoanthus couchii {Johnst.), mentioned,

270.

incrustaus {Dilb. 4'- Kor.), mentioned,

270.

Erebia ligea {Linn.), 183.

Erichthonius brasiliensis (Dana), men-

tioned, 172.

Esperella lingua {Boio.), Vosm., mentioned,

271.

Eucampia zodiacus, Ehrenh., mentioned,

35.

Eucliaeta norvegica, Boeck, mentioned, 27.

EucUoe helia, Cramer, 190.

belia {Linn.), 178, 190; mentioned,

178, 179.

cardamines {LAnn.), 178.

crameri, Butler, 190; mentioned, 178.

Euchloe eupheno (Linn.), 178, 190 ; men-

tioned, 178, 179.

euphenoides {Linn.), mentioned, 178.

Eudorella emarginata (^roj/.), mentioned,

271.

Euglypha, Dujard., 144, 159 ; mentioned,

81-83, 122, 145, 149, 153, 211.

alveolata, Dujard., 145, 159 ; men-

tioned, 82, 125, 128, 144, 149,

213.

pars, Leidy, 145, 147.

var. cirrata, Wailes *, 145 ; men-

tioned, 125, 127, 144, 161, 201, 202.

var. minor, Tardnek, 146 ; men-

tioned, 144,

armatii, Wailes, mentioned, 125, 127,

144, 147, 148, 202, 213.

var. brevispina, Fenard, men-

tioned, 125.

var. flexuosa, Peyiard, mentioned,,

125.

aspera, Penard, mentioned, 144, 147.

brachiata, Leidy, 146 ; mentioned,

125, 144, 161.

pars, Leidy, 146.

var. librata, Wailes *, 146 ; men-

tioned, 125, 127, 144, 161.

bryophila, Brow7i*, 82; mentioned,

83, 85.

ciliata, Ehrenh., 160; mentioned, 125,

128, 144, 213.

f. glabra, Wailes, mentioned, 126,

144.

f . lieterospina, Wailes, mentioned,

125, 144.

pars, Leidy, 148, 150, 208.

var. strigosa pars, Leidy, 149.

compressa, Carter, 160 ; mentioned,

125, 127, 144, 213.

f. glabra, Wailes, mentioned, 1 25,

127, 144.

crenulata, Wailes *, 147 ;
mentioned,

125, 127, 138, 144, 161, 201, 202.

var. minor, Wailes*, 148; men-

tioned, 125, 138, 144, 161.

cristata, Leidy, 146; mentioned, 82,

125, 160, 213.

var. acicularis, Wailes *, 147
;

mentioned, 122, 144, 161.

var. major, Wailes *,\'iQ; men-

tioned, 125, 144, 161.
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Euglypha denticulata, Broion, 207; men-
tioned, 213.

var. minor, Wailes, mentioned,

134.

filifera, Penard, 148, 160 ; men-
tioned, 125, 127, 144, 161, 208, 213.

/llifera, form " C," Wailes, 208.

filifera var. pyriformis, Wailes *, 208.

Yar. spinosa, Wailes *, 149 ; men-
tioned, 125, 127, 144, 148, 161.

laevis, Pert)/, 160 ; mentioned, 82, 125,

144, 213,

mucronata, Leidy, 149 ; mentioned,

125, 144.

rotunda, Wailes, \QQ; mentioned, 125,

144, 201, 202.

scandinamca, Penard, 208.

scutigera, Penard, mentioned, 147.

strigosa {Ehrenh.), Leidy, 149, 160;

mentioned, 125, 144, 213.

f. glabra, Wailes, mentioned, 125,

144, 213.

f. heterospina, Wailes ^- Penard,

208
; mentioned, 125, 144, 213.

var. museorum, Wailes, 150, 160,

208 ; mentioned, 125, 127, 144, 213.

Englyphina, 125, 126, 159, 207, 213.

Eulamellibranchiata, 251.

Eulota similavis, Feruss., 384.

Eupathitbripidse, 500.

Eupatbithrips, Bagnall, 500; mentioned, 503.

aibnis, Bagnall *, 501, 507 ; mentioned,

500.

dentipes, Bagnall, 500, 507.

silvestrii, Bagtiull*, 501, 507; men-
tioned, 500, 503.

Eupera, Bourg., 263.

jickeli, Bourg., 263.

letourneuxi, Bourg., 263 ; mentioned,

236.

parasitica, Desh., 263.

Eurystbeus maculatus (Johnst.), men-
tioned, 172.

Euscbistus, Dallas, crossing of 2 species

(Foot& Strobell), 337-373, pis. 28-34.

crassus, Dallas, mentioned, 350.

ictericus, Dallas, mentioned, 343, 350.

servus {Say), crossed, 337-373 ; male
organ, 457-493.

variolarius (Pal. Beauv.), crossed, 337-

273 ; male organ, 457-493.

Entbyneura from Madagascar, 380.

Eutbyrrbapba, Burm., mentioned, 62.

pacifica ( Coquebert), 65 ; mentioned, 59,

68.

Evadne nordmauni, Lovin; mentioned, 35.

Ficulina ficus, Gray, mentioned, 271.

Follicles of tbe Testis of Stenobotbrus,

6-8.

Forbesella, Herdm., mentioned, 280, 281.

stubenraucbi {Michaelsen), Herdin.*,

281.

tessellata (Forbes), Herdm., 279; its

systematic position, 279, 280, 281,

285 ; mentioned, 269.

Forbesia, Lac.-Dutb. & Delage, mentioned,

280.

Fo]'e-bead, defined (Davidson), 310, 311

note.

Forficula, Linn., mentioned, 112.

Frankliniella, Karny, 498.

cepbalicus, Crawford, 499.

iusularis, Bagnall?, 498.

melanommata, Williams, 499 ; men-

tioned, 495.

tritici (Fitch), Bagnall, 499.

Franklinotbrips vespiformis, Crawfurd,498.

Fredericia, Michaelsen, mentioned, 95.

Friend, Rev. Plilderic, Some Annelids of

tbe Tbames Valley, 95-106.

Froudicularia spatbulata, Brady, men-

tioned, 273.

Frons= Fore-bead (Davidson), 311 note.

Funiculina, Lam., mentioned, 274, 275.

quadrangularis (Pallas), Lam., 163,

273 ; mentioned, 164, 269, 274, 285.

Galatbea dispersa, Sp. Bate, 429.

intermedia, Lillj., 429.

strigosa, Fabr., 429.

Gammarus duebeni, Lillj., mentioned, 271.

Garbia, Tryon, 237.

seunaarica, Kuster, 237.

Gastropoda, 237 ; from Madagascar, 375.

Gastropods, larval, mentioned, 35.

Genital spot of Euscbistus, 342, 460-466.

Gilcbrist, J. D. F., A Free-swimming Nau-

plioid Stage in Palinurus, 225-231.

Glenodinium, Ehrenb., mentioned, 72

;

a plague of, mentioned, 74.
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Glenodinium rubrum, Whitelegye, men-

tioned^ 72.

Godwin-Ansten, H. H., introduced species,

377.

Goneptervx cleopatra {Linn.), 189; men-

tioned, 180.

• cleopatra {Linn.), 190.

var. europaeus, Verity *, 190.

mauritanica, Rober, 190.

europseus, Verity, mentioned, 180.

fariuosa, Hober, mentioned, 180.

italica, Gerh., mentioned, 180.

mauritanica, Rober, mentioned, 180.

rhamni
(
Linn.), 179, 190.

var. transieus, Verity *, 180, 190.

Gonyaulax, Dies, mentioned, 72.

Graphosoma lineatum. {Linn), Germ., men-

tioned, 309.

Grapta c-album, {Linn.), 181.

Gromia fluviatilis, Dujard., mentioned,

128.

Gromiina, 126, 209, 213.

Gryllotalpa, Latr., mentioned, 2.

Gryllus, Linn., mentioned, 3.

assimilis {Thunb.), mentioned, 10, 17
;

chromosomes in, mentioned, 14.

domesticus, Linn., mentioned, 10.

Guernea, Chevreu.v, 332.

coalita, Stebb., 331.

Gymnodinium, Jos., mentioned, 72.

spirale, Bergh, mentioned, 72.

Gypsina vesicularis, Parlcer 4* Jones, men-

tioned, 273.

Halcampa, Gosse, mentioned, 44, 45, 46,

514 ; tentacles, 520.

crysanthellum, JELaddon, 522 ; men-

tioned, 45, 65.

duodecimcirrata, Carlgren, mentioned,

44.

Halcampinfe, 39.

Hanseniella, Bagnall *, 198 ; mentioned,

196, 197.

'

angulosa {Hansen), Bagnall^, 198.

caldaria {Hansen), Bagnall^, 198.

capensis {Hansen), Bagnall^, 198.

chilensis {Hansen), Bagnall *, 198.

crassicornis (Hansen), Bagnall*, 198.

indica {Gravely), Bagnall *, mentioned,

ftnote 198.

Hanseniella nivea {Sco}).), Bagnall*, 198.

orientalis {Hansen), Bagnall*, 198.

pauperata {Hansen), Bagnall*, 198.

plebeia {Hansen), Bagnall*, 198.

ruwenzorii {Silvestri), Bagnalt *, 198.

subunguiculata {Lmms), Bagnall*,

198.

nnguiculata (Hansen), Bagnall*, 198.

Haploops tubicola, Lillj., mentioned, 172.

Haplophthalmns, Sars, mentioned, 417,

421,423.

australis, Chilton, 417, 421.

helmsii, Chilton, 418 ; mentioned.

417.

mengii (Zaddach), 424.

tasmanicus, Chilton *, 424, 427.

Harpacticoidea, 93.

Head-muscles of Schizoneura, 323.

Head of Schizoneura, 311.

Heleopera, Leidy, 142, 156.

cyclostoma, Penard, 156.

nodosa, Wailes*, 142; mentioned, 125,

127, 161.

petricola, Leidy, 143 ; mentioned,

125.

pars, Leidy, 142.

var. amethystea, Renard, 143

;

mentioned, 125, 143, 156.

var. major. Cash, 143 ; men-
tioned, 125.

picta, Leidy, 142.

rosea, Penard, 143 ; mentioned, 125.

sordida, Penard, 143, 156 ; mentioned,

125, 213,

sphagni {Leidtj), HopMnson, 142
;

mentioned, 125, 143.

var. Isevis, Wailes *, 143 ; men-
tioned, 125.

sylvatica, Penard, 157; mentioned,

125, 213.

Helicarion, Feruss., sp. ?, 245.

Helicid^ from Madagascar, 384.

Helicoj)hanta bicingulata, JS. A. Smith,

384.

Methueni, Robson *, 384, 389.

phenax, Pilsbry, 384.

soiiverbiana, Fischer, 384.

Heliothrips, Haliday, 498.

hemorrhoidalis (Bovche), Bagnall, 498.

var. abdominalis {Rent.), 498.

rubrocinctus; Bagnall, 498.
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Heliozoa, 126, 128, 153, 210 ; and Fresh-

water Rliizopodafrom tlie States of New-

York, New Jersey, and Georgia, U.S.A.
;

with Supplemental Note on Seychelles

Species, by G. H. Wailes, 121-161.

Helix amarula, Liuu., 379.

cyclaria, Morelet, 383.

desertorum, Forsh., mentioned, 234.

ekonffoensis, Angas, 381.

lanx; var., Feruss., 385.

novacula, Martens, 385.

pr^twnida, Feriiss., 383.

xysfem, Pfeiff., 385.

Hemiplecta bathensis, Rohson *, 382, 389.

javanica, Gude, 382.

oleata, Ancey, 382, 386.

Hemiptera, salivary pump, 310.

Hemitubifex ater, Beuham, 101.

benedeni (Udek), 101.

Herdiuan, Prof. W. A., F.R.S., A Com-

parison of the Summer Plankton on the

West Coast of Scotland with that in

the Irish Sea, 23-38.

On the Occui-rence of Amphidiniuni

operculatuin. Clap. Sr Lachm., in vast

Quantity, at Port Erin (Isle of Man),

71-75.

Spolia Runiaua. — I. Funiculina

quadrangularis (Pallas), and the He-

bridean Diazona violacea, Savujny,

163-172; II. Funiculina quadrangu-

laris (Pallas), Diazona violacea, Sav.,

Forbesella tessellata (Forbes), variation

in Ascidia, and Records of various rare

Invertebrata, 269-285.

Hesperia malvse (Linn.), 190.

malvoides, Ehc. ^ Edw., mentioned,

190.

Heterochjeta, Westtc, mentioned, 100.

costata. Clap., 100.

Heterophrys myriapoda, Archer, men-

tioned, 128.

Heterosaccus, G. W. Smith, mentioned,

432.

Meterothrijys, Bufifa, 500.

silvesfrii, Buffa, 501.

Hexacorallia, 514.

Hexactinise from New South Wales, by

Leonora J. Wilsmore, 39-56.

Sexactiniaria, Van Bened., 515.

Hippiscus, Sauss., mentioned, 2.

Hippiscus tuberculatus, Sauss., mentioned,

8, 10.

Hippomedon denticulatus (Sp. Bate), men-

tioned, 271.

Holocompsa, Burm., mentioned, 62.

Holothuria tremula, Gunner, mentioned,

172,

Hyalodiscus rubicundus, Hertw. Sc Less.,

mentioned, 128.

Hyalolampe fenestrata. Greet!, mentioned,

128.

Hyalosphenia, Stein, 157.

cockayni, Penard, 215 ; mentioned,

211.

elegans, Leidy, 157; mentioned, 124.

papilio, I^eidy, mentioned, 124, 213.

subflava, Ca^ih. 157 ; mentioned, 124,

213

tincta, Leidy, 140 ; mentioned, 128.

pars, Leidy, 1.39.

Hybrids of Euschistus, 337-373, 460-466.

Hydrobia schweinfurthi (Hdyy), Jickeli,

mentioned, ftnote 236.

Hydrobiidpe, 237.

Hydrocores. L4on, mentioned, 310.

Hypolimnas mi.sippus (Linn.), Godt., 392.

Hypopharyux of Schizoneura, 313, 316.

Lip, 313.

Idmonea atlantica, Forbes, mentioned,

272.

Idolotbripidae, 499.

Idolothrips tuberculatus. Hood, 499.

Idotea lacustris, G. M. Thorns., mentioned,

453.

Ilyanthidpe, 39.

Ilyantluis panthenopaeus, 520.

Ilyodrilus, Eisen, mentioned, 105, 106.

Inhibitor in crossing Euschistus, 355.

Intromittent origan of Euschistus, 457-

493.

Iridina angustata, Sow., 257 ; mentioned,

258.

nilotica, Audouin, 257 ; mentioned,

258.

nilotica, CailL, 257.

nilotica, Sav., 257.

nilotica, Sow., 257.

rostrata, Raug, 258.

^ toahlbergi, Krauss, 260.
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.Ischnoptera, Burm., mentioned, 62, 65,

66.

bimaculata, Gerst., mentioned, 66.

gedanensis, Germar 8f Berendt, 60

;

mentioned, 68.

provisionalis, Shelford *, 66 ; men-

tioned, 68.

sp., 61 : mentioned, 68.

Isidora, Ehrenb., 243.

broccliii, Ehrenb., 243 j mentioned,

244.

contorta, Mich., 244.

dybowskii, Fisclier, -var., 244; men-
tioned, 2o6.

forskali, Ehrenb., 245.

sericina (Hdgg), Jickeli, mentioned,

ftnote 236.

truncata (Feruss.), Bourg., 244 ; men-

tioned, 243.

Isochseta, Pointner, mentioned, ftnote 104.

Isodictya infundibiilit'ormis [Johnst.), Bow.,

mentioned, 271.

Isopods, Terrestrial, On the Range of

Variation of their Oral Appendages, by

W. E. Collin^e, 287-294.

Janira maculosa, Leach, mentioned, 172.

Jassa pusilla (G. O. Sars), mentioned,

172, 271.

Jasus lalandii (Milne-Edw.), mentioned,

225, 226, 230.

Jordan, Dr. Karl, Observations on certain

Names proposed in Dr. Verity's paper

on the Rhopalocera Palasarctica in the

Collection of Linnaeus, 193.

Kalidos Bournei, Bobson *, 391 , 389.

La Bathie, P. de, Gastropods coll. by,

375.

Labium of Schizoneara, 313.

Labrum of Schizoneura, 312, 315.

Lachnus, Burin., mentioned, 315 note.

Lagena, Walker S^ Boys, mentioned, 272.

marginata. Walker 8f Boys, men-
tioned, 273.

ornata, Williamson, mentioned, 273.

spumosa, Millett, mentioned, 273.

Lagenidse, mentioned, 273.

Lamellibranchs, larval, mentioned, 35.

Lampides boeticus {Linn.), 188.

Lanceolaria, Conrad, 256.

teretiuscula, Philippi, 256.

var. pallaryi, io;z^si!rtj^*, 256;

mentioned, 268.

Lanistes, Montfort, 241.

carinatus, Olivier, 240.

innesi, Pallary, mentioned, 241.

ovum {Boettger), Peters, mentioned,

ftnote 236.

purpureus {Jonas), mentioned, 241.

Larval Polychseta, mentioned, 35.

Lauderia, Cleve, 34.

borealis. Gran., mentioned, 34, 35.

Lepralia polita, Normaji, mentioned, 272.

Leptidea diniensis, Boisd., mentioned,

179.

lathyri, Kubn., mentioned, 179.

sinapis (Linn.), 179.

Leptocheirus pectinatus {Norman), men-
tioned, 172.

pilosus, Zacld., mentioned, 172.

Leptocyliudrus danicus, Cleve, mentioned,

35.

sp,, mentioned, 35.

Lerngeodiscus, F. Mtiell, 429-434, men-
tioned, ftnote 272.

galatheas, G. W. Smith*, 433; 429,

430, 434.

munidfe, G W. Smith *, 433 ; 430,

434.

porcellanae, F. Muell, 433.

strigosEe, G. W. Smith *, 433.

Lesquerusia, Schlumb., 157.

modesta, Bhumbl., mentioned, 124,

127, 157.

spiralis {Ehrenb.), Biitschli, mentioned,

124, 128, 212.

Leuciscus, Bond., mentioned, 301.

Leucothoe spinicarpa {Abildg.), mentioned,

172.

Liddell, J. A., Nitocrameira bdellurse, nov.

gen. et sp., a Copepod of the Family
Canthocamptidge, parasitic in the Egg-
cases of Bdellura, 87-94.

Ligia glabrata, Brandt, mentioned, 44.

oceanica {Linn.), Fabr., 289; men-
tioned, 287, 288, 293.

Limacidae, 245 ; from Madagascar, 380.

Limenitis populi {Linn.), 181.

sibilla {Linn.), 181.
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Limicolaria, Schum., 245 ; mentioned, 235.

adansoni, Jickeli, 248.

cailliaudi, Pfeijfer, mentioned, 246.

candidissima, Shuttl., mentioned, 246.

eonnectens {Boettger). Martens, men-

tioned, ftnote 236.

crassior var., Hdgg, mentioned, 247.

flammata, Caill., 245 ; mentioned,

235, 246, 248.

var. gracilis, Martens, mentioned,

246, 248.

gracilis var.. Martens, mentioned, 246,

248.

heuglini, Martens, 248.

kambeul, Brug., 248.

var. tiirris (Pfeifer), 248.

koeuigi, Boettger, mentioned, 236,

248.

kordofana {Pall.), Shuttl., mentioned,

ftnote. 236.

long-a, Pilsbrg, mentioned, 248.

nilotica, Pfeiffer, 250.

prestoni, Boettger, 249,

rohlfsi, Kobelt, 249.

sennaarieusis, Shuttl., mentioned, 235,

246, 247.

smitlii, Preston, 249 ; mentioned,

236.

var., Pilsbrg, mentioned, 246,

247.

turriformis, Martens, 249 ; mentioned,

236.

tiirris, Pfeifer, mentioned, 248.

Limnsea, Lam., 241.

cailliaudi, Buurg., 241 ; mentioned,

236, 242.

hovarum, Tristra7n,.280.

specularis, Morelet^ 380.

Limnteidae, 24] ; from Madagascar, 380.

Limnodrilus, Clap., mentioned, 102.

aurantiacus. Friend, 105 ; mentioned,

103.

claparedianus, Ratzel, 102.

galeritiis. Friend*, 104; mentioned,

103.

hoffmeisteri, Clnj:)., 102; mentioned,

105.

var. tenellulus, Friend, men-

tioned, 102.

longus, Bretscher, 102 ; mentioned,

103, 105.

Limnodrilus nervosus, Friend, mentioned,

105.

papillosus, Friend*, 104; mentioned,

103.

trisetosus, Friend*, 105.

udekemianus, Clap., 102 ; mentioned,

104.

Limosina ferruginea, Jickeli, 263.

Limulus, O. F. Miill., mentioned, 87.

Linkage, 475.

Linnteus, Observations on certain Names
proposed in Dr. Verity's paper on the

Rhopalocera Palaearctica in the Collec-

tion of, by I3r. Karl Jordan, 193.

Linnean Types, Revision of Palsearctic

Rhopalocera, by Roger Verity, 173-

191.

liobosa, 123, 155, 202, 212.

Locusta, Linn., mentioned, 2.

viridissima ( Walk. ?), mentioned, 2,

18.

Locustidse, mentioned, 2, 8, 119.

Long-staff, Jane, On a Collection of Non-

Marine Mollusca from the Southern

Sudan, with Descriptions ofNew Species

by H. B. Preston, 233-268.

Loricata, mentioned, 225, 229.

Luidia ciliaris [Phil.), mentioned, 172.

Sarsi, Diib. Sf Kor., mentioned, 172.

Lumbricidse, mentioned, 95, 96, 106.

Lumbriculus variegatus, O. F. Midi.,

99.

Lumbriculidse, 99.

Lycaena arion {Linn.), 189.

argus {Linn.), 188 ; mentioned, 189.

argyrognomon, Bergstr., 191 ; men-

tioned, 189.

callarga, Staudinger, mentioned, 189.

idas {Linn.), 189, 191.

Ramb., 191.

ramburi, Verity*, 191; mentioned,

189.

Lygus pabulinus {Linn.), mentioned, 307.

Lyaianassa ceratina, A. O. Walker, men-

tioned, 271.

Macrochlamys, Bens., introd. from Assam,

377.

Macromesenteries of Edwardsidse, 522-

529.
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Madagascar, Gastropoda from, 375.

Maera Othonis {Milne-Edw.), mentioned,

172.

tenuimana {Sp. Bate), mentioned. 271.

Mandibles, defined (Davidson), 311.

of Schizoneura, 320, 322.

Mandibular levers, 322.

Martensia sp., 245.

Maturation mitosis, 110, 111.

Maxillary folds of Scbizoneura, 314.

sclerites of Scbizoneura, 313.

stylets, 320.

MedusEB, mentioned, 31.

Medusoid gonopbores, mentioned, 35.

Meek, C. F. U., Tbe Correlation of Soma-

tic Cbaracters and Chromatin Ilod-

Lengtbs, being a Fiirtber Study of

Chromosome Dimensions, 107-119.

The Spermatogenesis of Stenobothrus

viridulus, with Special Reference to the

Heterotropic Chromosome as a Sex-

Determinant in Grasshoppei's, 1-21.

Megacoeles of Edwardsidte, 520-529.

Melanargia galathea (Linn.), 183.

Melanatria fluminea, liobson *, 378.

Johnstoni, E. A. Smith, 378.

Melania, La7n., 241.

amarula, Robson *, 379.

psorica, Morelet, 378,

rudis. Lea, mentioned, 378.

tuberculata (O. F. Milll.), 241, 378.

Melauiidse, 241.

Melanoplus bivittatus, Scudd., mentioned,

2, 3, 10, 18.

femoratus, Scudd., mentioned, S, 10.

Melita obtusata [Montarju), mentioned,

172.

Melitaea cinxia {Limi.), 182.

maturna {Linn.), 182.

Melosira Borreri, Grew, mentioned, 35.

Mendelian size characters, 466-469.

Metaphoxus fultoni (Scott), mentioned,

271.

Methuen, Hon. P. A., Gastropoda coll. b}-,

375.

Methvenia, liobson *, 380.

oleata, Eobson *, 386.

Metridium dianthus, Oken, mentioned, 53.

marginatum. Earlier, mentioned, 55.

Microcoeles of Edwardsidfe, 523-529.

Microchlamyp, Cockerell, mentioned, 131.

LINN. JOUKN.—ZOOLOGY, VOL, XXXII.

Microcoryia, Cocherell, mentioned, 131.

Micromesenteries of Edwardsidse, 519-

529.

Mitosis, maturation, 110, 111.

Mitothrips, Tnjbom, 496.

megalops, Trybom, 496.

petulans, Bagnall*, 496, 607.

Mitraria, Eaf., mentioned, 35.

Mollusca from Madagascar, 375.

Non-Marine, On a Collection, from

the Southern Sudan, by Jane Longstaff,

Avith Description of New Species by

Hugh B. Preston, 233-268.

Monopylephorus, Ditlevsen, mentioned,

101, 102.

parvus, Ditlevsen, 101.

Monotocardia, 237.

Mucronella abyssicola (Norman), Hincks,

mentioned, 272.

Munida baniffica (Eemiant), 429 ; men-
tioned, 271.

infested by a Rhizocephalan parasite

(Trianf/ulus munidce, Geoffrey Smith
j,

272.

Murex brandaris, Zm/z., mentioned, 278.

Mutela, Scop., 257 ; mentioned, 235.

nilotica, Soio., 257 ; mentioned, 258.

-—- var. angustata, Soiv., sp., 257
;

mentioned, 258.

Mutelina, Bonrg., 258.

plicata. Martens, 259.

rostrata, Eang, 258 ; mentioned,

259.

Mycetopus plicatus, Soiv., mentioned,

259.

Naididfe, 98; mentioned, 95, 96, 99.

Nauplioid Stage, a Free-swimming, in

Falimirus, by J. D. F. Gilchrist, 225-

231.

Naupliosoma larva of Ealinurus {Jasus)

lalandii, fig., 226.

Navicula, Bory, mentioned, 74.

Naviculoid Diatom, Golden-yellow, men-
tioned, 74.

Nebehi, Zez6?y, 133; mentioned, 134,135,
141,211.

americana, Cash & Hopk., 134.

americana, Tardnek, 134 ; mentioned,

78, 124, 127, 135, 136, 138, 157.

43
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Nelaela americana, var. falcata, Wailes *,

135; mentioned, ] 24.

ansata, Leidy^ 135 ; mentioned, 124,

134.

barbata, Leidy, 78, 135 : mentioned,

79, 85, 124," 134, 138, 201

.

bigibbosa, Pejiavd, 80 ; mentioned,

134, 216.

bipes {Carter), Murray, mentioned,

154.

hohemica, Taranek, 140.

hursella, Taranek, 140.

carinata {Archer), Lcidy, ]36: men-

tioned, 124, 134.

pars, Leidy, 139

caudata, Leidy, 135, 215 ; mentioned,

124, 134,201,211,213, 217.

certesi ( Cerfes), Penard, mentioned,

211 21G.

cockayni (Penard), 215; mentioned,

211,213.

collaris {Ehrenb.), I.eidy, 136, 157;

mentioned, 80, 128, 140, 148, 161,

213.

pars, Leidy, 134, 137, 138,

139.

var. etortn, Leidy, 13(5; men-

tioned, 124, 134, 161.

cratera. If'ai/es*, 136; mentioned,

124, 134, 338, 161.

dentistoma, Penard, 137; mentioned,

80, 124, 127, 161, 213, 215, 217,

218.

var. hesperia, Wailes*, 215;

mentioned, 213, 218.

var. lacustris, Wailes'*, 137;

mentioned, 125, 127, 161, 201, 216.

equicalcens, Leidy, 137 ; mentioned,

125, 134, 148.

pars, r^eidy, 206.

e([uicalceus, Wailes, 206.

flabellulum, Leidy, mentit)ned, 125,

1:'.7, 140.

iraleata, Penard, mentioned, 125, 127.

pars, Penard, 138.

gracilis, Penard, 157 ; mentioned,

125, 127, 138, 213.

var. stomata, Wailes*, 157:

menlioned, 155, 161.

giiseola, Penard, 138: mentioned,

125, 134, 137, 139.

Nebela hi23pocrepis, Leidy, 137.

pars, Leidy, 206.

lageniformis, Penard, 157 ; mentioned,

134,213,217.

var. minor, Wailes *, 157 ; men-

tioned, 155.

long-icollis, Penard, 138 ; mentioned,

125, 134.

marginata, Penard, 139 ; mentioned,

1 25, 127.

martiali, Certes, mentioned, 216.

militaris, Penard, 139; mentioned,

79, 125, 127,158,213.

militaris var. tubiiluta, Brown, 79.

minor, Penard, mentioned, 125, 127,

139.

Murrayi, Wailes*, 216; mentioned,

211,213,218.

parvula, Cash, 139; mentioned, 125,

213.

saecifera, Wailes *, 206 ; mentioned,

218.

scotiea, liroini*, 79; mentioned, 85,

137.

scutellata, Wailes*, 139, 217; men-

tioned, 125, 127, 134, 141, 158, 161,

201,211, 213.

sphayni, Leidy, 142.

spicata, Wailes*, 216; mentioned,

211, 21.3; from Peru, 21.3, 215,

218.

tenella, Penard, 139; mentioned, 125,

134,137,138.201.

tincta (L.eidy), Awer., 140, 158; men-

tioned, 125, 128, 158, 213.

tropica, Wailes *, 140, 158, 217 ; men-

tioned, 122, 139, 141, 159, 161,

211, 213.

tuberosa, 157; s])Iialm. = tnbulosa.

tnbiilata, Bnncn, 79, 140, 159; men-

tioned, 78, 125, 127, 134, 135, 158.

tubnlosa, Penard, 141, 159; men-

tioned, 125, 135,138.

vas, Certes, 217; mentioned, 134, 211,

213.

vitrpea, Ptiiard, 141 ; mentioned, 80,

125, 134, 1.37, 139, 213.

var. minor, Wailes*, mentioned,

141.

var. spliagni, If'ailes *, men-

tioned, 125, 141.
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Nebelpe, mentioned, 211.

Nebelina, 124, 125, 206, 213.

Ncineobius liiciaa {Linn.), 186.

Neopleustes assiniilis {G. O. Sars), men-

tioned, 271.

bicnspis (Krdi/.), mentioned, 172.

Neoscutigerella, Bagnall*, 198; men-

tioned, 196, 197.

Hanseni, Bapiall*, 198.

Nepa, Linn., mentioned, 309.

Nephrops norvegicua {Linn.), mentioned,

271.

Nerita tuberculcda, 0. F. Miill., 241.

Neritina gagates, Lam., 377.

puUigera, Linn., var. knorri, Recluz,

377.

Nitocra, Sars, mentioned, 90, 91, 92, 93.

Nitocrauieira, Liddell*, 93; mentioned, 88,

90, 91.

bdellurse *, nov. gen. et sp., a Copepod

of tbe Family Cantliocamptidae,

parasitic in the Egg-cases of Bdel-

lura, by J. A. Liddeli, 87-94.

Nodosaria filiformis, (VOrb., mentioned,

273.

roemeri [Netigehoren), Brady, men-

tioned, 273.

scalaris, Batsch, mentioned, 273.

vertebralis, Batsch, mentioned, 273.

Nodulavia, Conrad, 252 ; mentioned, 235,

236.

segyptiaca, Caill., 253; mentioned,

252, 268.

var. sbambiensis, LongsfMff*,

253.

gaillardoti, Bourg., mentioned, 252.

nilotica, CailL, 252 ; mentioned, 235,

253, 254.

parreyssi, Philipin, 254 ; mentioned,

252, 253, 268.

var. elongata, Longstaff*, 255.

var. obliqua, Longstaff*, 255.

rugifer, Kilster, mentioned, 254.

sobaensis, Preston *, 256 : mentioned,

268.

teretiuscula, Philippi, 256.

var. pallaryi, Longstaff*, 256;

mentioned, 268.

var. lithophaga, Ziegler, 256.

Nonionina umbilicatula [Montagu], men-

tioned, 273.

Non-Marine Molluaca from tlie Southern

Sudan by Jane Longstaff, 233-268.

Notonecta, Linn., mentioned, 309.

Notoniscus, Chilton *, 418.

australis, Chilton'^-, 421, 426, 427;

mentioned, 422.

helmsii, Chilton *, 418, 426 ; men-

tioned, 423.

Nyctibora, Burin., mentioned, 62,

succinica, iShelford, 61 ; mentioned,

68.

Nyctiborinae, 68.

Nyctiphanes norvegicus iM. Sars), men-

tioned, 27; young oP, mentioned, 30.

Octocorallia, 514.

Octolasium platyuruiu, Fitz., mentioned,

95.

rubiduui, Oerley, mentioned, 95.

Oiliopleura, Mart., mentioned, 29, 31.

sp., mentioned, 35.

Oithona, Aid. 4" Hatic, mentioned, 29.

similis. Aid. Sf Hanc, mentioned, 27,

29, 35.

Oniscus, Linn., mentioned, 436, 438.

asellus, Linn., 289; mentioned, 287,

288, 293.

bucculentus, Nicolet, 436, 449,

451.

nov(B-zealandi(B, Filhol, 436, 449.

ttiberculatns, Nicolet, 436, 449.

Ophiocnida brachiata {Mont.), mentioned,

270.

Ophiopholis aculeata {Linn.), mentioned,

172.

Ophiura albida, Forbes, mentioned,

172.

ciliaris {Linn.), mentioned, 172.

Ornocestus viridulus, Boliv., mentioned,

117.

Ouramoeba butulicauda, Leidy, 128.

nobilis, Penard, mentioned, 128.

vorax, Leidy, 128.

Pair, term defined, 529.

Palsearctic Ehopalocera, llevision of the

Linnean Types, by Koger Verity, 173-

191.

Palinuridse, mentioned, 230.



548 INDEX.

Paliuurus, a Free-Swimmiug Nauplioid

Stage in, by J, D. F. Gilchrist, 225-

231.

lalaudei, Milne-Edw., mentioned, 225,

230 ; fig., 226.

quadricornis, Fabr., mentioned,

230.

Palmipes placenta (Perm.), mentioned,

172.

Faludina senaarica, Kiister, 287.

Paludomus Grandidieri, Crosse i^'- Fischer,

878.

madagascai'iensis, Brof, 378.

Eamphagus, TJiunb., mentioned, 77.

avidus, Leidy, mentioned, 128.

curvus, Leidy, mentioned, \'l9>.

granulatus, F. E. Schake, mentioned,

128.

liyalinus, Ehrenb., mentioned, 126.

mutabilis, Bailey, 209 ; mentioned,

128, 213.

Pamphilus comma {Linn?), 190.

Pauoplcea Eblanje (Spence Bate), taken

from bi'ancliial cavities of Rhizostoma,

mentioned, 172.

Vsi^Wio feistlnnneli, Dup., 190; mentioned,

i74.

lotteri lotteri, Aust., 190.

maura lotteri, Aust., 190.

Jlammceus, Fourcroy, mentioned,

175.

lotteri, Aust., mentioned, 174.

lotteri lotteri, Aust., 190.

macliaon [Linn.), 170.

mnemosyne {Linn.), mentioned, 179.

podalirius {Linn.), 174 ; mentioned,

175, 190.

feisthameli, Diq)., 190 ; men-

tioned, 175.

maura. Verity, 190.

miegi, Thierry-M., feisthameli,

Dup., 190 ;
mentioned, 190.

podalirius podalirius {Linn.),

190.

protesilans {Linn.), mentioned, 175.

sinon, Fabr., mentioned, 175, 176

;

mentioned ftnote 175.

sinon, Poda, 190.

vernns, Verity*, 176, 190.

zanclmus. Zeller, 190.

Paracalanus parvus, Bars, mentioned, 35.

Paracyathus taxilianus, Gosse, mentioned,

270.

Paradexamine, St.ebb., 332.

fissicauda, Chilton, 331, 332,

flindersi, Chilton, 331.

pacifica, Stebb., 331.

Paranais, Czern., mentioned, 97.

litoralis (0. F. 3IilU.), Czern., 98.

naidina, Bretscher, 97.

Pararge achine (Scop.), mentioned, 185.

adrasta {Linn.), mentioned, 186.

segeria {Linn.), 185.

dejanira {Linn.), 185.

hiera {Fabr.), mentioned, 185.

maera {Linn.), 185 ; mentioned, 185.

maera {Linn.), 191.

monotonia, Schilde, 191.

• Aulgaris, Vei-ity *, 191

.

megera [Linn.), 185.

monotonia, Schilde, 191 ; mentioned,

186.

philippus {Linn.), mentioned, 185.

vulgaris, Verity, mentioned, 186.

Parmulina In-ucei, Penard, mentioned,

214.

Parnassius, Latr., mentioned, 187.

apollo {Linn.), Godt., 176.

Peachia, Gosse, mentioned, 40, 45, 46, 54.

antarctica, Pfeffer, 46.

carnea, Hutton, mentioned, 39, 46.

hastata, Gosse, mentioned, 39, 41, 45,

46, 54.

hilli, Wilsmore *, 39 ; mentioned, 39^

41, 43, 46, 56; oesophageal region

of, mentioned, 43.

koreni, McMiirr., mentioned, 46.

Pelecj'poda, 251.

Pelomyxa caroliuensis, LI. C. Wilson, men-

tioned, 154.

villosa, Leidy, mentioned, 128.

Pellomyxa, 128; sphalm. = prsec.

Peltogaster, Rathke, 431, 432, 434.

Penseidee, mentioned, 222.

Penoeas, Fabr., mentioned, ftnote 220.

Pennatula, Linn., mentioned, 274, 275.

phosphorea, Linn., mentioned, 274.

Pentatoma, Lam., mentioned, 309.

Peridinians, mentioned, 30, 31,

Peridinium, Ehrenb., sp., mentioned, 35.

Periplaneta, Burm., mentioned, 2, 65

;

larva, 69.
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Periplaneta austrn,lasia3 (Fabr.), Burm.,

mentioned, 67.

sp., 64, 67 ; mentioned, 68.

Perrierella AudoLiiniana {Spence Bate),

mentioned, 172.

Perrier de la Batliie, Gastropods coll. by,

375.

Peti'omyzon, Linn., mentioned, 301, 302.

flnviatilis, Linn., mentioned, 301.

Phakellia infundibuliformis (Jo/mst.),

Boio., mentioned, 271.

ventilabruni (Jo/mst.), Boiv., men-

tioned, 271.

Pharyngeal duct of Schizoueura, 313,

316.

Pharyngeal struts of Schizoueura, 313.

Pharynx of Schizoueura, 315, 318.

Phasmidae, mentioned, 2,

Phellia aniboniensis, Kwietnieivski, men-

tioned, 54.

browni, Wilsmore*, 46; mentioned,

39, 51-54, 56.

capitata, Wilsmore*, 50; mentioned,

39, 51, 53, 54.

panameusis, Verrill, mentioned, 51.

soUasi, Saddon, 55 ; mentioned, 52,

54.

ternatana, Kwietniewski, mentioned,

54.

vermiformis, Haddon, mentioued, 49.

Philocheras sculptus {Bell), mentioued,

271.

Philopotamis, Lay, mentioned, 378.

Philoscia muscorum (Scop.), mentioned,

288.

Philougyia marina, Chilton, 444.

Phloeothripidte, 504.

Photis Reinhardi, Krby., mentioned, 172.

Phreatoicus, Chilton, mentioned, 454.

Phryganella hemispherica, Penard, men-

tioned, 124, 127, 128, 212.

nidulus, Benard, mentioned, 124, 127,

212.

Phyllodromia, 8erv., mentioned, 62, 65.

furcifera, Shelford, 60 ; mentioned,

68.

inclusa, Shelford*, 67; mentioned,

68, 69.

preecursor, Shelford*, 63; mentioned,

68, 69.

sp., 67 ; m.entioned, 68.

Phyllodromia Woodwardi, Shelford *, 62
;

mentioned, 68, 69.

Phyllodromiinee, ^S.

Phyllophorus Urummondi {Thomps.), men-

tioned, 172, 210.

pellucidus {D'uh. ^ Kor.), mentioned,

270.

Phylloxera, Fo7isec, mentioned, 315, 317.

Physa brocchii, Bourg., 243.

contorta, Mich., 244.

subopaca [Pall.], Lam., mentioned,

ftnote 236.

truncata, Bourg., 244.

Feruss., 244.

Physopsis sp. ?, mentioned, 236.

Pieris, SchranJc, mentioned, 177.

Eestivns, Verity, 190 ; mentioned,

178.

arctica, Verity, ]90; mentioned, 177.

brassicae {Linn.), 178.

brassicae brassicse {Limi.), 190,

chariclea, Steph., 190.

lepidii, Rober, var. brassicae

{Linn.), 190.

bryoniae, Ochs., mentioned, 177.

daplidice {Linn.), 176.

frigida, Scudd., mentioned, 177.

immaculata, Fologne, mentioued, 177.

lepidii, Rober, 190; mentioned, 178.

metra, Steph., 190 ; mentioned, 177.

napsea, Esp., -var. vulgaris, 190.

napi {Linn.),\77. 190.

napi napi, auct., 190; {Linn.),

190.

arctica, Verity, 190.

vulgaris vulgaris, nom. nov.,

Verity *, 190.

uitida, Verity, mentioned, 176.

Ochsenheimeri {Godt.), mentioned,

177.

rapas {Limi.), 177 ; mentioned, 178.

aestivus, nom. nov.. Verity*.

190.

metra, Steph., var. rajjce, 190.

rapte rapae {Linn.), 190.

vulgaris ( Verity *), 177, 190.

Pisidium sp. ?, 263.

Pisum parasiticuin, Parreyss, 263.

Placocysta, Leidy, 150.

jurassica, Penard, 83 ;
mentioned,

ftnote 83, 85, 150.
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Placocysta spinosa [Carter), Leidy, 150;

mentioned, 83, 126.

var. setigera, Wailes *, 150

;

mentioned, 126, 161.

riaoostylus BoUousi, Stiter, 385.

Plagiopyxis, Penard, 131, 159.

callida, Penard, 131 ; mentioned, 123,

212.

labiata, Penard, 159 ;
mentioned,

212.

riaukton. Summer, A Comparison of tliat

on the West Coast of Scotland with that

in the Irish Sea, 23-38.

Planorbis, Guettard, 242; mentioned, 243.

boissyi, Pot. et Mich., 242.

cornu, Ehrenb., mentioned, 242.

cosmius, Innes, mentioned, 243.

ecarinata, var., Jeffr., mentioned, 243.

ehrenbergi, Beck, mentioned, 242,

mareoticus (Lctourn.), Lines, 242.

p;Bteli {Pallari/), Jickeli, mentioned,

ftnote 236.

spirorbis, O. F. Miill., mentioned, 243.

Phityavthrus simoni, Dollfas, mentioned,

610.

Plectoptera, Sauss., mentioned, 65.

antiqua, Slielford *, 68 ; mentioned,

68, 69.

Plectopterinae, 68.

Pleriplaneta, 69 ; err. cf. Periplaneta.

Pleurosigma, W, Sm., sp., mentioned, 35.

Plutei of Echinoderms, mentioned, 35.

Podon intermedium, Lillj., mentioned, 35.

Polychset larvae, mentioned, 30, 35.

Polycheria antarctica, Delia Valle, 331.

Polymastia, Boio., mentioned, 271.

brevis, Bow., mentioned, 271.

mammillaris (O. F. Miill.), Bote, men-

tioned, 271.

Polymorphina gibba, d''Orb., mentioned,

273.

sororia, Reuss, mentioned, 273.

Polyommatotlirips, Buffa, 500.

silvestrii, Buffa, 501.

vigilans, Hood, 503.

Polyphaga, Bridle, mentioned, 62.

fossilis, Shelford, 62, 68.

Pompholyxopluys punicea, Archer, men-

tioned, 128.

Pontigulasia compressa {Carter), Cash,

mentioned, 124, 212.

Pontigulasia vas [Leidy), Schout., men-

tioned, 124, 127, 128.

Porania pulvilliis (O. F. MilU.), luen-

tioned, 172.

Porcellio, Latr., mentioned, 435, 438.

Ipevis, Latr., 291 ; mentioned, 287,

288, 293.

scaber, Latr., 290 ; mentioned, 287,

288, 293.

Porcellionides pruinosus {Brandt), Steb-

biny, 291 ; mentioned, 287, 288, 293,

509.

Preston, H. B., Description of new Species

of Non-Marine MoUusca from the South-

ern Sudan, 265.

Prionotus, Lacep., fin rays of, mentioned,

299.

Pristhesancus papuensis, Stdl, mentioned,

309,311.

Pristina eqaiseta. Bourne, 99.

Proboscis of Scbizoneura, 313, 315.

Prosobrancliiata, 237.

Protopedata {O.F. Miill.), mentioned, 172.

Protozoan nuclei, mentioned, 153.

Psammoryctes barbatus {Grube), Vejdovsky,

100 ; mentioned, 95.

Pseudocalanus, Boeck, mentioned, 29.

elongatus, Boeck, mentioned, 27, 29,

35.

Pseudochlamys, Clap. <S" Lachm., 131.

acideata, Greeff, 214.

patella. Clap. S^- Lachm., mentioned,

123, 212.

Pseudoderopeltis, Krauss, mentioned, 67.

Pseudodifflugia Archeri, Penard, men-

tioned, 126, 201.

fascicularis, Penard, 209 ; mentioned,

213.

fulva, Archer, mentioned, 126, 201.

gracilis, Schlumb., mentioned, 126, 201,

202, 209, 213.

Pseudomutela, Simpson, 259.

plicata. Martens, 269 ;
mentioned,

235.

Pseudophyllodromia, Brunn, mentioned,

62-64.

succinica, Shelford*, 62; mentioned,

68, 69.

Pteraster militaris (0. F. Miill.), men-

tioned, 269.

Pulmonata, 241 ; from Madagascar, 380.



INDEX. 551

Piilvinulina repanda, Fichtel ^- Moll,

mentioned, 273.

Pump chamber of Schizoneura, 318.

cylinder of Schizoneura, 318.

muscle of Schizoneura, 320.

salivar}', of Heiuiptera, 310, 313,

318.

stem of Schizoneura, 319.

Pyrameis atalanta {Linn.), 181.

cardui {Linn.), 181.

Pyrgophysa forsLaH, Ehrenb., 24f).

Pyrrhocoris apterns, Mayer, 809 ; men-

tioned, 310.

Pyura, Hartmeyer, mentioned, 280, 281.

stuhenrauchi, Michaelsen, mentioned,

Quadrula, F. E. Schuke, 141, 159; men-

tioned, 142.

irregularis, Penard, mentioned, 141.

symmetrica {G. Wallich), F. E, Sc/mlze,

141, 159; mentioned, 125, 161, 213.

curvata, Wailes *, 142 ; men-

tioned, 125, 161.

irregularis, renard, 142 ; men-

tioned, 125, 161.

pars, Leidy, 139 ; mentioned,

134, 136, 140.

Quadrulella, Cockerell, 142.

Quasillina brevis, Nurmcm, mentioned, 271.

Eaphidiophrys (see Phaphidiophrys).

elegans, Hertw. 4" Less., mentioned,

128.

pallida, F. E. Sc/iulze, mentioned,

154.

viridis. Archer, mentioned, 128.

Reophax findens, Parker, mentioned, 273.

moniliforme, Siddall, mentioned, 273.

Rliizopoda, 155, 202,212.

Distribution of, in South America,

mentioned, 210, 212.

Freshwater, and ITeliozoa from the

States of New York, New Jersey, and

Georgia, U.S.A., with Supplemental

Note on Seychelles Species, by G. H.

Wailes, 121-161.

Freshwater, from North and Soatli

America, by G. H. Wailes, 201-218.

Rhizopods, British, Observations on some

New and Little-known, by Jas. Meikle

Brown, 77-85.

Rhizosolenia, 7i^Are?ii., mentioned, 28, 29.

alata, Bric/htiv., mentioned, 35.

semispina, Hensen, mentioned, 28, 29,

34-36.

setigera, Brightio., mentioned, 35.

Shrubsolei, Cleve, mentioned, 35.

Stolterfothii, Perag., mentioned, 35.

Rhizostoma from Dublin Bay, Panoploea

eblanas (Spence Bate), taken from

branchial cavities of, mentioned, 172.

Rhopalocera Palsearctica, Observations on

certain Names proposed by Dr. Verity on

the Collection of Linnfeus, by Dr. Karl

Jordan, 193.

Revision of the Linnean Types,

by Roger Verity, 173-191.

Rhynohelmis, Hoffm., mentioned, 99.

Rhysota sequivoca, liobson*, 381, 389.

Rice, unhusked, species iutrod. with, 377.

Robson, G. C, The Dentition, Ikc, of

Veronicella nilotica, Cockei'ell, 266.

Rossia macrosoma, d''Orh., mentioned, 271.

Rotalia, Lam., mentioned, 272.

beccarii {Linn.), Brady, mentioned,

272.

Sacculina, Thomi)s., mentioned, 432.

Saenuris tubifex, Juhnst., mentioned, 100.

Sagartia undata {O. L\ Miill.), Carlgren,

mentioned, 53.

viduata (O. F. Miill.), Gosse, men-
tioned, 53.

Sagitta, Quoy 4' Gaim., mentioned, 30, 31.

bipunctata, Quoy 4'- Gaim., men-

tioned, 35.

Sagrina nodosa, Parker Si' Jones, mentioned,

273.

Salivary duct of Schizoneura, 319.

glands of Schizoneuia, 319.

pump of riemiptera, 310, 313, 318.

Sarcodictyon agglomerata, Forbes ^ Good-

sir, mentioned, 271.

catenata, Forbes, mentioned, 270,

271.

Sarcodiua, 123, 155, 212.

Sargartiidfe, 39.

Satyrus, Lair., mentioned, 184,
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Satyrus alcyone, Schiff., 191 ;
mentioned,

183, 184.

circe {Fabr.), Godt., mentioned, 183.

faffi (Scop.), 184.

fidia (Linn.), Godt., 184 ; mentioned,

183.

hermione, auct., 191.

hermione {Linn.), Godt., 191 ; men-

tioned, 183, 184._

major {Esp.), mentioned, 184.

minor (Esp.), mentioned, 184.

ma,] or {Esp.), 191.

phaedra {Linn.), Godt., 184.

seinele {Linn.), Godt,, 184.

saxicava, Fleur., 525.

Schizonenra lanig'era, Hausmann, mouth-

parts, 307-330.

Sclerites of Schizoueura, 313.

Scolopendrella, Gevvais, 198, 199 ; men-

tioned, 195, 196.

immaculata, Newport, mentioned, 195.

notacantlia, Gervais, 199 ;
mentioned,

195, 197.

pygmsea, Silvestri, mentioned, 195.

subnuda, Hansen, mentioned, 195.

Scolopendrellidae, 197; mentioned, 195.

Scolopendrellina3, 198, 199 ; mentioned,

196, 197.

Scolopendrelloides, Bagmdl *, 197, 198
;

mentioned, 196.

crassicornis (Hansen), Bagnall*, 198.

paupevata {Hansen), Baynnll*, 198.

Scolopendrellopsis, Bafpiall*, 198; men-

tioned, 196.

microcolpa \^Muhr), Bagnall *, 199.

pygmasa (Siloestri), Bagnall*, 199.

silvestrii {Hanseji), Bagnall*, 199.

subnuda {Hansen), Bagnall *, 199

;

mentioned, 196.

Scutigerella, Bydev, 197, 198; mentioned,

195, 196.

arniata, Hansen, 198; mentioned,

196.

biscutata, Bagnall, 198 ; mentioned,

196.

Hanseni, Bagnall, mentioned, 196.

immaculata {Ntrwp.), Byder, 198;

mentioned, 196.

indecisa, Attems, mentioned, 199.

nivea {Scop.), H. J. Hansen, men-

tioned, 196.

Scutigerellinse, 191, 198; mentioned, 196.

Scyllarus, Fabr., mentioned, 225, 229,

230.

Scypliacidse, Chilton, 437.

Scyphacince, Dana, 437.

Scypliax, Dana, 437, 453.

aucldandicB, Chilton, 436, 445.

partim, 449.

Scyphoniscus, Chilton, 437, 453.

Scytophorus, Hertwig, mentioned, 46.

antarcticus, Carlgren, mentioned, 46.

Sea-pen, Giant (Funiculina quadrau-

gularis), mentioned, 163.

Sedulothrips, Bagnall*, 503.

insolens, Bagnall*, 503, 507.

Yigilans,^r^///;a//*, 503.

Segmentina, Fleming, 243 ; mentioned,

226.

angusta, Jickeli, 243 ; mentioned,

265.

kanisaensis, Preston *, 243, 265 ; men-

tioned, 268.

Segregation, 467, 468.

Sergestes, Milne-Edtu., mentioned, 220.

japouicus, Spence Bate, mentioned,

222.

mollis, Smith, mentioned, 222.

robustus, Smith, mentioned, ftnote

220.

Sergestidiie, Milne-Edw., mentioned, 222.

Sergestidae, On Aphareocaris, nom. nov.

(Aphaveus, Paul.con), a Genus of the

Crustacean Family, by W. T. Caiman,

219-223.

Shelford, E., The British Museum Col-

lection of Blattidre enclosed in Amber,

59-70.

Sicyonia, Milne-Edic, mentioned, 220.

carinata, Milne-Edw., mentioned,

ftnote, 220.

Silurus, Linn., mentioned, 301.

Siphanta, SitaX, mentioned, 309, 311.

Size characters, 466, 467, 471.

Socarnes erythrophthalmus, Robertson,

mentioned, 271.

Solaster endeca {Linn.), mentioned, 172.

papposus {Fabr.), mentioned, 172.

Somatic Characters and Chromatin Rod-
Lengths, being a Further Study of

Chromosome Dimensions, by C. F. U,

Meek; 107-119.
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Spatangus piirpureus, O. F. Mull., meu-

tioued, 172.

Spatha, Lea, 259.

arcuaia, Caill., mentioned, 260.

cailliaudi. Martens, 259.

Candida, Boiirg., mentioned, 260.

fourtaui [Pallary), 261 ; mentioned,

262.

hartmanni, Martens, 260.

innesi, Pallary, 260.

lepsii, Jickeli, mentioned, 260.

letourneuxi, Bourg., mentioned, 260.

marnoi, Jickeli, 261.

rubens {Lam.), 259; mentioned, 234,

260.

wahlbergi, Krauss, 260 ; mentioned,

234, 261.

wissmanni, Martens, mentioned, 260.

Spathella fourta%d. Pallary, 261.

Spermatocytes, Primary, 11-13 ; Secon-

dary, 13, 14.

Spermatogenesis of Stenobothrus curti-

pennis, 109-111.

of Stenobothrus viridis, with Special

Reference to the Heterotropic Chromo-

some as a Sex Determinant in Grass-

hoppers, by Capt. C. F. U. Meek,

1-25.

Spermatogonia of Stenobothrus, 8-11.

Spermatogonial metaphase, 109.

Sphaeriuni, Scop., 263 ; mentioned, 235.

teilhardi, Pallai'y, 263 ; mentioned,

236.

Sphenoderia, Schlumh., 152.

dentata, Penai-d, 152, 160 ; mentioned,

126.

fissirostris, Penard, mentioned, 152.

lenta, Schlumh., 152 ; mentioned, 84,

126.

pars, Leidy, 152.

macrolepis, Leidy, 83, 152 ; men-

tioned, 85, 126.

Spivaxis cvimia, Shuttl., 385.

Spirosperma ferox, Eisen, 101.

Spolia Runiana.^I. Funiculina quadran-

gularis (Pallas) and the Hebrideau

Diazona violacea, Savigny, by W. A.

Herdu)an, 163-172.

. II. Funiculina quadrangularis

(Pallas), Diazona violacea, Sav., Forbe-

sella tesselJata (Forbes), Variation in

LINN. JOURN. ZOOLOGY, VOL. XXXII.

Ascidia, and Records of various rare

Invertebrata, by W. A. Herdman, 269-

285.

Stauroderus bicolor {Charp.), mentioned,

117.

Steiroxys triliueatus, Herm., mentioned,

10.

Stenobothrus, Fisch., mentioned, 108, 112,

115, 117.

bicolor {Charp.), Bris., 116; com-

plexes of, 112-115, 117, 118.

biguttulus {Linn.), Eversm., men-

tioned, 2, 3, 9, 10 ; chromosomes in,

11, 18.

curtipennis, Scudd., 116; mentioned,

8, 108 ; chromosome measurement

of, 112-114; complexes of, 112-

115, 117, 118.

parallelus, Brunn, 115 ; complexes

of, 112-118.

viridulus, Fisch., 115 ;
mentioned,

109, 112; complexes of, 112, 11 4--

119; spermatogenesis of, by Capt.

C. F. U. Meek, 1-25.

Stenogyridse, 245 ; from Madagascar, 385.

Stenopidea, mentioned, 222.

Stenothoe marina {Spence Bate), men-

tioned, 172.

Stentor, Oken, capture of, by Amoeba, men-

tioned, 154.

Stomatodon, Seeley, mentioned, 378.

Streptaxis, Oray, mentioned, 236.

sp., 245.

sudanica, Preston *, 245, 265 ; men-
tioned, 268.

Streptoneura from Madagascar, 377.

Streptostele, Dohrn, sp. ?, 245.

Styela [= Stycla, Sav.'], mentioned, 281.

Styeliuee, mentioned, 279.

Stylaria lacustris {Linn.), Jolinst., 99.

Stylets of Schizoneura, 320, 322.

Stylodrilus, Clap., mentioned, 99.

vejdovskyi, Benham, 100.

Stylommataphora, 245 ; from Mada-
gascar, 380.

Stylopyga, Fisch., mentioned, 67.

Suberites carnosus. Gray, mentioned, 271.

Submytilacea, 251.

Succinea, Drap., 250.

csgyptiaca, Ehrenb., 250.

cleopatrte, Pallary, 250.

44
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Succinea indica, Jickeli, 250.

rugulosa {Hdgy), Morelet, mentioned,

ftnote 236.

Succineidse, 250.

Suction by Schizoneura, 324 ; — canal of

Schizoneura, 320.

Symphyla, On the Classification of the

Order, by R. S. Bagnall, 195-199.

Sympbylella, Silvestri, 198, 199; men-

tioned, 195, 196.

antennata (Hansen), 199.

brevipes (Hansen), 199.

delicatula (Bagnall), 199.

dunelmensis, Bagnall, 199.

horrida (Bagnall), 199.

isabellae (Grassi), 199 ; mentioned,

195.

jacksoni (Bagnall), 199.

minutissima (Bagnall), 199.

neotropica (Hansen), 199.

pusilla (Hansen), 199.

simplex (Hansen), 199.

texana (Hansen), 199.

vulgaris (Hansen), 199.

Sympleustes latipes (M. Sars), mentioned,

172.

Synccelidum, Wheeler, mentioned, 87.

Syndexamine, Chilton*, 332.

carinata, Chilton*, 332-335, pi. 26.

Syntethys, Forbes, mentioned, 165, 166,

ftnote 276.

hebridicus, Forbes 8f Goodsir, men-

tioned, 163, 165, 167, 171, 276.

Syrbula, Stdl, mentioned, 2, 9.

acuticornis, Brun., mentioned, 4, 9.

admirabilis, Uhl., mentioned, 2, 3, 4,

18.

Tagnioglossa, 237.

Tanalia, Lag, mentioned, 378.

Taphrospira, Blandford, mentioned, 376,

383.

Temnopteryx klebsi, Shelford, 61 ; men-

tioned, 62, 68, 69.

Temora longicornis, G. Sa7-s, mentioned,

35.

Tentacles of Edwardsidse, 519-529.

Terebrantia, West Indian, 496.

Terrestrial Isopods, On the Range of

Variation of their Oral Appendages,

by W. E. Collinge, 287-294.

Testacellidse, 245.

Testis of Stenobothrus, follicles of, 6-8.

Tethya lyncuriuni (Linn.), Schmidt, men-

tioned, 271.

Textularidse, mentioned, 272.

Thais rumina (Liim), Godt., 176.

Thalassiosira, Cleve, mentioned, 29, 31, 34.

gravida, C/eoe, mentioned, 29, 34, 35.

Nordenskioldii, Cleve, mentioned, 29,

34, 35.

Thames Valley, Some Annelids of the, by

Rev. Hilderic Friend, 95-106.

Thanaos tages (Linn.), Boisd., 190.

Thecla ilicis (Esp.), mentioned, 186.

pruni (Linn.), 186.

Thripidffi, 498.

Thysanoptera from West Indies, 495-507.

Tinea, Cuv., mentioned, 301.

Tintinnidse, mentioned, 30, 31.

Tintinnus, Schrank, mentioned, 133.

Triangulus nmnidcB, G. W. Smith, 430

;

mentioned, 272.

Trichoniscus, Brandt, mentioned, 418, 420,

435, 438, 445.

magellanicus, [Dana), Stebb., men-

tioned, 453.

roseus (Koch), Budde-Lund, 289 ; men-

tioned, 287, 288, 293.

Trichorhina quisquiliarum, Budde-Lund,

510.

Trigonopyxis, Penard, 159; mentioned,

132.

arcula (Leidy), Penard, 156, 159

;

mentioned, 124, 132, 212.

arcula, Penard, 159.

Trinema, Dujard., 152, 160.

complanatum, Penard, 152, 160 ; men-

tioned, 126, 127, 208,213.

constricta, Certes, mentioned, 211.

enchelys (Ehretib.), Leidy, 152, 160:

mentioned, 126, 211, 213.

pars, Leidy, 152, 160.

, var. galeata, Penard, 208 ; men-

tioned, 213.

lineare, Penard, 152, 160 ; mentioned,

126, 127, 128, 213.

sauvineti, Certes, mentioned, 211.

Trinidad Thysanoptera, 495-507.

Trochiscia sp., mentioned, 35.

Tropidophora betsiloensia, E. A. Smith,

379.
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Tropidophora balteata {Sowerhy), 880.

bicarinata {Sowerby)', 379.

congenera, E. A. Smith, 379.

ligata (O. J^. Milll.), Hobson*, 380.

sp. ?, 379.

Tryphosa Hovingii, Boeck, mentioned, 271.

Sarsii (Bonnie)-), mentioned, 172.

Tryxalidse, mentioned, 108.

Tubifex, Lam., mentioned, 96, 106.

umbellifer, Lankestei-, 100.

Tubilicidse, 100 ; mentioned, 95, 96.

Tubulifera, 499.

Uncinais, Beddard, 98.

Unio (Bgyptiacus, Caill., 253.

cailliaudi, F6russ., 256.

emeritus, Bourg., mentioned, 252.

euryssellinus, Bourg., mentioned, 252,

253.

euryssellinus, Letourn., mentioned, 235.

lithophagus, Parreyss in MS., 256.

Ziegler in MS., 256.

mysticus, Bourg., mentioned, 235.

niloticus, Caill., 252.

parreyssi, Kiister, 254.

parreyssi, v. d. Buscb, 254.

var. schweinfurthi, I\Iartens,

mentioned, 255.

phibsicus, Bourg., mentioned, 252.

sennaariensis, Kiister, 252 ; mentioned,

253, 254.

var. schweinfurthi. Martens,

mentioned, 255.

teretiusculus, Pbilippi, 256.

Unionidse, 252,

Urocyclus pinguis, Rohson *, 380, 388, 389.

Vaginulidee, 251; from Madagascar, 383.

Vaginulina legumen {Li7in.), dOrb., men-

tioned, 273.

Vampyrella, Cienk., mentioned, 153, 203.

lateritia (Fresen.), Leidy, 203 ; men-

tioned, 128.

spirogyra, Cienk., 203.

Vampyrellida, 203.

Vanessa antiopa {Linn.), Godt., 181.

io (Linn.), Godt., 181.

polycbloros {Linn.), Godt., 181.

Vanessa urticae {Linn.), Godt, 181.

Verity, Roger, Revision of the Linnean

Types of Palaearctic Rhopalocera, 173-

191.

Vermiculus, Goodrich, mentioned, 102.

Veronicella, Blainv., 261.

hovarum, Rohson * 383, 388, 389.

nilotica, Cockerell, 251 ; mentioned,

235, 286 ; its Dentition etc., by G. C.

Robson, 266.

Vinneta, Budde-Ltmd, subgen., 439, 440.

Virgularia, Lam., mentioned, 274.

mirabilis, Lam., mentioned, 274.

Vivipara, Lam., 237.

capillata, Frauenfeld, mentioned, 238.

unicolor, Olivier, 237 ; mentioned, 238.

, var. biangulata, Kiister, men-

tioned, 238.

Viviparidae, 237.

ValutaJluviatilis, Rumph., 379.

Vorderkop/=¥oreh.tia.d, 310, 311 note.

Wailes, G. H., Freshwater Rhizopoda and

Heliozoa from the States of New York,

New Jersey, and Georgia, U.S.A., with

Supplemental Note on SeychellesSpecies,

121-161.

Freshwater Rhizopoda from North

and South America, 201-218.

Walker, Alfred 0., On the Amphipoda, etc.

collected from the ' Ruiia,' 171-172.

Wanze7ispritze, 310; mentioned, 309.

West Indian Thysanoptera, 495-507.

Wilsmore, Leonora J., On some Hex-

actiniae from New South Wales, 39-56.

Xesta, Alb., mentioned, 382.

Xestina, Pfeiff., mentioned, 382.

Xiphidiuni, Burm., its germ-cells, men-

tioned, 2, 3.

fasciatum [De Geer), Burm., men-

tioned, 10.

Zephyrus betulae {Linn.), Godt., 187.

quercus {Linn.'), 186.

Zoanthactiniaria, 515.

Zoantharia, Carlgren, 515.

Zoanthinaria, 515.

Zonitidse from Madagascar, 381.
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