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INTRODUCTORY.

The present is the sixth paper in the series based upon the collec-

tion of the U. S. National Museum and finishes the family Caligidse.

For many reasons a large amount of careful and painstaking collating

has been rendered necessary before this paper could be published.

And in consequence, as its title indicates, it lias taken the nature of a

thorough revision of the two subfamilies which it includes. Such a

revision was found to be absolutely demanded for any intelligent

discussion of the group, and especially for its accurate systematization.

In the first place, up to the present time we have been acquainted

with both sexes of but one or two species in the entire subfamily

Pandarina3. Of all tlie other forms either the male or the female

have been described alone.

This has been due not to any scarcity of the missing sex, as might be

supposed, but to the fact that when found it was located elsewhere on

account of the great morphological dissimilarity between the sexes.

So that we find repeatedly the anomaly of a female classified under
one genus and subfamily, while the male is located under an entirely

dift'erent genus, and often in another subfamily.

Furthermore, all previous attempts to bring together the sexually

separated species have been confined to individual cases or to closely

related forms. And there has been in these attempts such an utter

disregard of morphological and developmental data that they have
only served to render the confusion worse confounded. To the best

of the author's knowledge the present paper is the first to systematize
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the group upon a morphological basis. As will be seen the structure

in a few instances supports the suggestions that have been made
regarding the identity of sexes, while in the great majority of cases it

is directly opposed to them. It is obvious, however, that any sugges-

tion of species identity which is not supported, or which may even be

contradicted by the anatomy of the two sexes, is worthy of very little

consideration.

And it is really surprising how much similarity a careful examination

reveals when we remember that the two sexes have been considered

generically distinct. The differences are found to be much more

apparent than real, and this is particularly true of the appendages

which afford a ready clew for the determination of the genera, as can

be seen from the key which follows (p. 345).

There is of course no expectation of being able, in this initiatory

effort, to reach a final conclusion respecting all the Nogaus species.

Considerable additional information will be needed before that

becomes even possible. But at least a good beginning can be made,

and the treatment of the species can be placed upon a rational and

scientific basis, which will yield good results in the future.

Each male has been included in the genus to which it belongs, so far

as this is positively known, and its characteristics have been given

under the genus diagnosis.

There are here described twenty species, of which one is new to

science, namely, EcJdhrdgaleus tor'pedinis , while two others, Echthro-

galeus denticulatus Smith and Nesipp^is alatus Wilson, are figured for

the first time, the latter including both sexes.

In addition the males of eight of the other species have been

definitely located, described, and figured, four of them being new to

science, while the other four have been boarding around among the

various genera as w^as formerly the custom with the teachers in our

old-fashioned country schools.

The males of the three species belonging to the Cecropinse, of

Gangliopus pyrnformis, and of Pandarus hicolor were already known

so that we now have the males of 14 of the 20 species, including at

least one for every genus.

And lastly, much the hardest task of all, in the discussion of the

genus Nogaus, which is made up entirely of males, 34 species,

described by half as many authors and in seven different languages,

have l^een carefully contrasted with one another and with the types

here established, so far as the data given made this possible.

It has been found necessary to change the names of two genera on

account of preoccupation. The name Lepidopus, proposed by Dana in

1852, had been used by Gouan for a fish genus in 1770. In its place is

suggested the name Pliolidopus which has the same meaning, namely,

scale-footed.
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The name Stasiotes, proposed by Wright in 1877, had been used by
Jan for a snake genus in 1862. In its place is suggested the name
Prosaetes, from Ttpoaalrr/g, a beggar, who torments one by his

persistence.

A complete life liistory is also presented by using different stages

of development from different genera, but as none of the developmental

stages have ever been described even tliis is a consideral)le advance.

Part 3.—THE PANDARINvE.
ECOLOGY.

The Pandarinas are peculiarly shark parasites, the genera and

even the species, almost without exception, infesting some one of

the numerous selachians along our coasts. In general the females

remain throughout life fixed in the same position on their host, and

even the males are rarely found swimming about freely. And yet

upon occasion, as will be seen later, these males can swim as well

as any of the Caliginse. Hence it is not a case of necessity but one

of choice that keeps them in close proximity to the fixed females.

In this connection Hesse writes:''

Les poissons sur lesquels on les trouve n'etant pas, comme ceiix des autres especes,

enduits d'une secretion mucilagineuse qui, en lubrifiant la peau, la rend j^lus souple

et plus penetrable et facilite ainsi les fonctions des organes destines a la perforer.

Prives de ces avantages et insuffisamment fixes sur une enveloppe ej^aisse et coriace,

ils ne tardent pas, lorsqu'ils sent sortis de I'eau, a s'en detacher et a tomber a terre,

ou dans le fond des bateaux, et alors, a raison de leur extreme petitesse, il est bien

difficile de les retrouver.

This statement might give the impression that the Pandarinse

are outcasts among the parasites, unable to find anything better

in the way of hosts, and so compelled to put up with these thick-

skinned sharks. But such does not seem to be the case; the shark's

skin is tough, but is not particularly thick for so large a fish, and
it is certainly covered with mucus the same as that of other fishes.

It is therefore as easy to penetrate as the skin of a fish covered with

heavy scales.

Furthermore, as Hesse himself says, immediately after the passage

quoted, these Pandarinse seek out those places on the shark's body
where the skin is the thinnest, such as the fins, the inside of the

operculum, the border of the anal and genital orifices, and even

the eyes. In fact this same preference is shown by all the Caligidse,

and is just as pronounced on a scaly fish as on these selachians,

for the skin in the localities mentioned is always soft and tender

enough, even on a shark, to be easily penetrated, especially by such

large parasites as the Pandarinse. Hence the reason implied by

«Annales des Sciences Naturelles (6), XV, Article 3, p. 39.
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Hesse, and stated clearly in a footnote at tlie bottom of the page

just referred to, can not be the only one. He says in the footnote:

C'est sans doute a raison de la plus grande epaisscur de leur pcau que je n'ai jamais

rencontre ccs parasites sur les Scyllium canicula, catulus et annulatus, qui cependant

sont des Squales que Ton trouve plus frequemment que les autres dans notre

localite.

It is very doubtful if the skin of these sharks he mentions is any
thicker than that of the dusky shark, Oarcharhinus obscurus, and
other large sharks of our own coasts which are commonly infested

with these parasites. And even if

it were thick and tough enough else-

where, it would still be thin and
soft at the localities mentioned, and
easily penetrated by the sharp pro-

bosces of these large Pandarids.

Some other reason must be found

to account for the lack of parasites

on the sharks mentioned.

Again Hesse writes :

"

Fig. 1.—Photograph of dorsal fin of sand
SHARK, SHOWING DOTH SEXES OF PaNDARUS
SINUATUS. In the LOWER BUNCH THE PARA-
SITES ARE ENTIRELY COVERED WITH ALG^.

J'ai, en effet, visite, avec le plus grand

soin et depuis un assez grand nombre
d'annees, lespoissons de toiltesles espfeces

qui frequentent nos cotes et je suis parvenu

a trouver vingt Caliges differentes, ainsi

que dix Trebles; et toutes, sans aucune

exception, ont ete recueillies sur le corps

ou sur les brancliies de poissons a peau

molle, consequemment autres que les

Squales.

The sharks along ovir Atlantic

coast must be very different from

those on the coast of France, since the author has found two of the

Argulida?, Argulus laticauda and A. 7negaIops, two of the Caliginae,

Caligus rapax and Lepeoplitheirus edwardsi, and two of the Eury-

phorinse, Alehion gracilis and A. glaher, very commonly upon them.

The two last mentioned species are ])ractically confined to the Dog-

fish and Sand Shark, and are found all over the outside surface of

these fishes, apparently never hunting for any thin places in the skin.

Furthermore the Caliginse are common also upon Skates and

Rays, whose skin is as tough and leathery as that of the sharks,, at

least six species being found on these fish.

We may reasonably conclude, therefore, that the sharks are

selected by these parasites as their chosen hosts. And there is no

reason for believing that they do not prove as satisfactory as any
bony fish (fig. 1).

" Sain(> article, j). 30.
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We have already stated that the females remain throughout life

fixed ill one position upon their host. This is true of all the genera

belonging to the subfamily a".:<:l constitutes a fourth step in degener-

ation as well marked as the three which have preceded it."

The last three of these steps, however, and a part of the first one,

have been confined to the female, while the male has escaped their

influence.

As a result we find in the present subfamily the greatest sexual

dissimilarity in the entire family of the Caligidi©.

Indeed, the two sexes of every genus in the PandarinjB are so unlike

that the males have been considered a separate genus from the

females. And not only so, but the males of all the genera have been

made congeneric, and grouped together under the single genus '' No-

gagus.'^ Furthermore, this male "genus" has been ]:)laced by the

great majority of writers in the subfamily Caligin?e rather than in

the Pandarina?, where the females all belong. This will be more fidly

discussed under the genus name Nogaus (see p. 439). It serves here

simply to emphasize the sexual difi^erences, and to make it evident

that in considering their ecology as well as their morphology most
if not all of the statements must be understood as confined to a single

sex. The first step in degeneration, as already noted under the Cali-

ginse, was the mechanical hindrance afl'orded by the egg strings, and
the strong incentives for remaining on the body of the host. Of
course the latter was the only one operating upon the male, and it

did not exert much influence so long as the female retained the power
of free swimming.

As, however, this power gradually weakened in the Caligiiiie and
still more in the Euryphorinse, the incentive for the male to remain
upon the host with the female became stronger.

And here in the Pandarina?, where the female has become a fixed

form and correspondingly degenerate, the incentive operates with
its full power on the male, and we find him in the same condition as

were the females of Lepeoj^htheirus and other Caligids, that is, capable

of swimming freely but under ordinary conditions remaining upon
the same fish, along with the female, during his entire life. Wliile

the male has thus resisted the degenerative influences so much
longer than the female, yet when he once yields the transition is

more rapid, and in the very next subfamily, the Cecropinae (see p 465),

we find the male degenerated into a fixed form exactly like that

of the female.

a The three previous steps are: (1) The mechanical hindrance afforded by the egg
strings and the lack of incentive to free swimming; (2) the loss of the lunules on
the frontal plates, and the consequent restriction of the free scuttling motion; (3) the

development of dorsal plates on the thorax segments, thereby diminishing the freedom
of bodily movement.
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LOCOMOTION.

The female has entirely lost the power of free swnnining, and

almost entirely that of moving about on her host. She can and does

change her position, but only for the most strenuous reasons and

during the earlier stages of development. Such motion is of neces-

sity very slow, since it involves the loosening and refastening of the

hold maintained by the different prehensile organs. Some of them
must remain fastened all the time, and the only progress made is the

distance that can be covered by the stretching of the body between

the alternate fastenings. When removed from the fish and placed

in an aquarium these females simply lie upon their backs, moving
the swimming legs spasmodically, but producing no change of position

at all. The males, on the contrary, can swim as freely as aligns,

and when placed in an aquarium with the latter they resemble them
so closely in form and movements as to be distinguished only by
carefid scrutiny. Accordingly we should expect to find some of the

males swimming about freely at the breeding season, like those of

Caligus, and there are in the U. S National Museum collection

several specimens so recorded.

None of either sex, so far as known, have lunules on the frontal

plates, and hence they do not exhibit the scuttling movements
characteristic of Argulus and Caligus. And yet they can move about

easily and rapidly over the outside of the shark's body and are by
no means confined to tne immediate vicinity of the females. This

motion is accomplished b}^ means of the adhesion pads, maxillipeds,

and swimming legs. The former hold the copepod to the skin of its

host, while the latter push the body forward. Instead of a scutthng

movement, therefore, each side of the body being advanced alter-

nately, there is a forward gliding motion of the entire body, similar

to that shown in swimming. All four pairs of swimming legs in

these males are biramose, and the rami are wide flattened laminae

which propel the animal swiftly through the water.

There is no broad basal apron coimecting the third legs across the

mid line, which was characteristic of the Caliginge, but this is largely

compensated by the fact that the fourth legs are as broad and pow-
erful as the third pair, while in the Caliginse they were of no actual

service for swimming.

PREHENSION.

The organs of prehension include adhesion pads, claws, and mod-
ified chelae. The adhesion pads are common to all the genera and
to both sexes; they arise as accessory organs in connection with the

various appendages, and are usually of different shapes in the different

genera and even in the different species, thereby affording good
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supplementary means of differentiation. In the genus Pandarus,

which may be taken as the type of the subfamily, there are four pairs

of these pads (fig. 2).

The first pair are connected with the bases of the first antemia?,

are elliptical or oval in outline, and stand close to the lateral margins

of the carapace, sometimes even projecting beyond the margin.

The second pair are connected similarly with the bases of the second

antennge, are usually circular or oval in outline, and stand inside of

and posterior to the first pair. The long diameters of both pairs

are parallel with the body axis, as a rule. The third pair are con-

nected with the bases of the second maxillipeds, are sometimes cir-

cular and sometimes elliptical in outline,

and stand on either side of and close to the

mid line about in the center of the ventral

surface of the carapace. The fourth pair

arise as prominences on the bases of the

first pair of dorsal plates in the female, or

the lateral processes of the first free seg-

ment in the male. The exterior margin of

each of these plates reaches forward under

the carapace to a point opposite the bases

of the first legs, and here at its antero-lateral

corner the pad is developed. These pads

are elongate-elliptical in outline, their long-

diameters parallel with or slightly inclined

to the body axis. There are also in some
genera pads on the basal joints of the

swimming legs; these are usually elliptical,

with their long diameters at right angles

to the body axis (fig. 3).

The first two pairs of pads are the most
important, and the necks or stems by which
they are united to the ventral surface of the

carapace are so arranged that the pads can be lowered and pressed

against the skin of the host's bodj^ The adhesive surface of the

pad is formed of a thick cushion of skin whose outer layer is raised

into ridges similar to those in the epidermis on the palms of our

hands. These ridges are usually transverse, but are sometimes
arranged concentrically, as on the tips of our fingers. They seem to

serve the same purpose on these pads that they do on our hands—the

development of friction and the prevention of slipping.

The claws or chelae are found on the tips of the second maxillipeds,

which are the chief organs of prehension. In the males of all the

genera and in the females of some of them the second maxillipeds

end in curved claws similar to those found in the Caliginse and
Euryphorinas.

Fig. 2.—Ventr.vl surface of

FEMALE Pandarus sinuatus,

SHOWING ADHESION PADS.
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But in the females of Pandarus, Nessipus, and allied genera the

claw disappears in the fully developed adult and in its place appears

a pair of knob-like protuberances, armed with minute papilla^ or

scales which operate like a chela and obtain a hold by pinching a

fold of skin between their inner surfaces.

Sometimes the males are also found with knobs instead of claws;

the two occurring interchangeably, even in the same species.

Either of them give the copepod a firm grasp upon its host and,

assisted by the adhesion pads, fasten it securely in place.

Indeed, it has been the author's experience that living specimens

have to be removed with great care in order to avoid breaking their

prehensile appendages. On the other hand, Hesse speaks of them

in the quotation just given as "insecurely fastened to a skin which is

tough and leathery." And he then adds: "They are not slow,

when taken from the water, to

detach themselves and fall to

the ground or the bottom of the

boat."

In the experience of the pres-

ent author no Pandarid has

ever voluntarily detached itself;

some have fallen or been rubbed

off their host, but only when
dead. Many scores of times,

after pulling the pound-net at

the U. S. Bureau of Fisheries or

the Marine Biological Labora-

tory at Woods Hole, Massa-

chusetts, the sharks obtained, which varied from two or three to

twenty-five or more in number, have been thrown on the bottom of

the boat and towed from 1 to 3 miles behind a small steamer before

being examined. But on reaching the wharf the Pandarid parasites

were found still clinging to them, and after careful trial it was decided

that so far as sharks are concerned, the chief thing to be gained by
going out to the net and removing the parasites on the spot was the

chance of keeping them alive a little longer. And here again the

experience of the author is different from that of Hesse, who says:

"I have been able occasionally to secure them alive, but have not

been able to keep them m that condition for any length of time. In

tliis they are very different from Oaligus and Trehius, and even from

Oecrops and Lsemargus, which I have kept alive for some time."

If he is speaking of the females this is partially true, and yet the

author has repeatedly kept Pandarid females alive for several days.

Fig. 3.

—

Ventral surface of first three fairs

of swimming legs of echthrogaleus denticula-

TUS, showing accessory ADHESION PADS.
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But the males are always as hardy as any of the genera he mentions,

and usually when placed with Caligus or LepeoiMlieirus they outlive

the latter.

Hesse's mistakes have probably originated from another fact which

has an important bearing on the length of life in these parasites. In

the Caligina? the arched carapace acts as a large sucking disk, its

margin being pressed close to the surface, made continuous posteriorly

by the broad lamina connecting the third legs, and the contact sealed

with water and slime.

The space beneath the carapace is filled with water, and this is

often retained for a long time after the surface of the fish has become

dried. Living and active specimens have often been obtained from

fish whose outer surface and fms had been dried for two or three hours.

On the inside of the operculum and in the gill cavity they sometimes

remain alive out of water for twentv-four hours after the death of the

fish.

In the Pandarinse the carapace is not thus arched and there is

nothing to continue its margin posteriorly; consequently it does not

retain the water, l)ut the latter escapes as soon as the skin of the fish

dries, just as it does from l^eneath the cover glass on a microscope

slide. As soon as the fish dries, therefore, all the Pandarids on its

outer surface also quickly die, and they do then drop oft", or can be

brushed oft' very easily. For the same reason, while the sharks are

being brought ashore these parasites usually become exhausted for

want of moisture. And although they may still be alive when
removed from the fish they do not live very long afterwards. But
given a fair chance, the females are as long lived as any of the fixed

parasites, while the males who do retain moisture under their cara-

paces in the same manner as Caligus and Trehius are fidly as long

lived as the latter. '

This sid)family of Pandarina? are thus clearly differentiated from

the Caligina^ Trebina^, and Euryphorinse on the one side and from

the" Cecropin?e on the other by many distinct peculiarities of morph-

ology and lial)its. The most striking differences are to be found

perhaps in the males, although the other sex is by no means deficient

in them.

In the Caliginse we find the sexes similar, the male usually smaller,

but sometimes larger than the female. The young females, and even

the adults when without egg-strings, are as active as the males, and

both sexes have retained fully their power of locomotion in spite of

their parasitic habits. This equality of the sexes is partially explained

by the fact that neither of them carry any dorsal plates on the thorax

or genital segment. The family includes one genus, Echetus, in

which tlie adult female has become fixed in position, but this is due to

the burA-ing of the head and thorax in the flesh of the host.



332 PROCEEDINGS OF THE NATTONAL MVSEVM. vol. xxxrii.

The mouth-tube is short and broad, with a bluntly rounded tip.

First maxillse are present in the form of short claws near the margin

of tlie carapace ; the second maxillse are in tlie form of simple, slender,

and acuminate spines; the furca is biramose; the first and fourth

legs are uniramose, while the rami of the second and third pairs have

peculiar patterns of the joints, easily recognized after a little experi-

ence.

In 'the Euryphorinae the sexes are also similar, the male always

smaller, more slender, and more active than the adult female. The
young females, however, are still as active as the males, since they are

unhindered by either egg strings or dorsal thorax plates. The pres-

ence of the latter in the adults helps to render them sluggish, and yet

there is no genus which actually becomes fixed like Echetus among the

Caliginse.

For the other characters, the mouth tube is like that of the Calig-

inae, but there are no first maxillie nor any furca. The second max-
illae show a transition from simple pointed spines in Caligeria, through

a blunted biramose shape in Gloiopotes, into a flattened lamina in

Alehion. All the legs are usually biramose, the pattern of the rami

of the second and third pairs similar to that in the Caliginae.

In the Pandarinae, on the contrary, the sexes are very dissimilar;

the females, even when young, carry so many dorsal plates on the

thorax and genital segment as to render them practically helpless.

They can swim but little and c{uickly become stationary upon their

host. But the males retain the powers of locomotion and can swim
or scuttle about over their host's body with as inuch freedom as those

of either of the preceding subfamilies. They have no trace of dorsal

plates, either on the thorax or genital segment ; the sex differences in

this subfamily, therefore, are the greatest anywhere shown in the

Caligidae. The mouth tube is long and pointed, and the mouth
parts are transformed into blade-like, smooth laminae, without spines

or setse, or they remain rudimentary. The swimming legs are also

characterized by the equality of the rami on the first pair and by a

general tendency toward degeneration in the females. This usually

affects only the last pair (Dinematura females), or the last two pairs

(Pandarus females), but sometimes affects them all (Demoleusiemales).

But whether degenerate or not their pattern is always totally dif-

ferent from that in the two preceding subfamilies.

Finally in the Cecropinae we find the sexes again similar, but this

time they both carry dorsal plates on the thorax and genital seg-

ments which effectually prevent free swimming. And both sexes

become permanently fixed as soon as they have found lodgment

on their host's body. The mouth tube is not as long as in the

Pandarinae, but is fully as pointed, while the maxillte remain lami-

nate and are much larger proportionally than in any preceding sub-
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family. There is a tendency to degeneration in the swimming legs

similar to that shown in the PandariniB, but wliile it was there con-

fined to the female sex only it here extends to both sexes, and may

even include both the third and fourth pairs of legs in the male

{Orthagoriscicola males)

.

ONTOGENY.

The life histories in tliis subfamily are almost the same as in the

Cahginffi and Euryphorinas. The differentiation between the two

must be sought cliiefly in the habits and sexual characters, as already

stated. The number and size of the eggs and the changes during

their development are similar to those given in the preceding sub-

families. From eight to ten weeks are required for development, and

Fig. 4.—a newly hatched nauplius of Pandarus sinitatus.

all the eggs in the strings of any given female hatch at practically the

same time. The issuing nauplius is almost an exact counterpart of

that seen in the Euryphorinse ; its body has the outline of an elon-

gated ellipse, is well rounded anteriorly, but is somewhat contracted

posteriorly through the bases of the balancers (fig. 4). The eye spot

is far forward and not prominent. The three pairs of appendages are

of the usual pattern and arrangement. The anterior part of the

body is transparent, and inside of it can be plainly seen the muscles

which move the appendages. The balancers are very long, cylindrical,

and narrow acuminate ; they stand out nearly at right angles to the

body axis and are curved slightly forward. The central portion of

the posterior half of the body is filled with opaque yolk granules,

leaving a narrow transparent margin around the edge. These granules

are colored a uniform and very pale brownish-yellow, and there are no
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pigment spots nor any color patterns in the nauplii thus far observed,

a condition very diiferent from that found in the nauphi of the Cahg-

inse and Euryphorina^.

The difficulty of hatching these nauplii and rearing them through

successive molts is fully as great as in the case of the Euryphorina^,

but for a very different reason. In the Euryphorinse the unripe

female moved restlessly about the aquarium all the time, and finally

crawled up out of the water and remained there until dead and dried;

consequently the eggs were dried and killed before they had time to

hatch. Here in the Pandarinse, on the other hand, the female is inca-

pable of motion, and when placed in an aquarium simply falls to the

bottom and lies there inert, usually upon her back. In this way the

eggs fail of proper aeration and die almost as surely as when taken

oat of the water and dried. Fortunately here also, as in the Eury-

phorinse, the hosts are common species of sharks, and a careful exami-

nation of the gills and body of these sharks during the parasites'

breeding season is practically sure to yield development stages. The

eggs for most of the genera hatch about the first of July, so that the

best time to look for development stages is during the middle and

latter part of the month.

Those of Perissopus and Pandarus are found upon the external

surface, the former on the head and especially around the mouth,

the latter in the vicinity of the fins. Those of Nesifims are found

attached to the gills, usually near the ends of the gill arches. When
the nauplius molts into a metanauplius the second pair of antennae

are turned forward side by side, enlarged, and develoi>ed into long

prehensile hooks, whereby the larva fastens itself to its host. At the

same time the second maxillipeds become organs of attachment and

materially assist the second antennae. Both organs retain their

function throughout life, the second maxillipeds usually increasing

in size and efficiency until they become the chief organs of prehen-

sion in the mature adult, while the second antennae diminish some-

what, but never lose their function entirely.

The development, therefore, is very similar to, and in fact almost

identical with, that of the Cahginse. And when the metanauplius

molts into a chalimus the similarity is further increased by the fact

that a frontal filament is formed, very different in length and struc-

ture from that found in the Caliginse, but entirely similar in function.

Hesse claims (1883. p. 4) to have found a larva belonging to the

"Pandaridaa," which he calls " Nogagus sinnacii-acliantias" and which

he says was attached hj a long and slender frontal filament to its

"mother's" carapace. But when his account is examined it is found

that very little can be accepted as authentic until further evidence is

ffiven.
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In the first place the only reason which he can give for regarding

the adult as the mother and the larva as her offspring is the fact

that the latter was attached to the carapace of the former. The
absurdity of dra\\dng such a conclusion from this single premise has

been already sho\vai° and may be briefly restated as follows: When
first hatched the nauplii swim freely at the surface; after two or

three molts they seek out a suitable host and attach themselves to

it. There is not one chance in a million that they will find the

same host again, to which their mother is attached, and still less

chance of finding the mother herself among other parasites of the

same and different kinds. In fact, to find the mother at all neces-

sitates the assumption of the ability on the part of the larva or the

mother, or both, to recognize the other, which one hardly cares to

concede.

Again, the individual to wliich this larva was attached, and which

Hesse calls the ''mother,"' is unfortunately of the male sex, as is

clearly shown by Ms figures and description. It has the typical

Nogaus form ; there are no signs of dorsal plates on thorax or genital

segment, and none of the swdmming legs show any signs of degenera-

tion. This fact renders any close relationship between the two

practically impossible.

Finally, Hesse WTites that tliis larva was 3 millimeters long and 1

millimeter wide, wdth a fully developed frontal filament. But he

describes and figures only a single pair of smmnfing legs, and they

are on the second thorax segment. Every metanauplius which has

thus far been observed possesses at least two pairs of these swim-

ming legs, and a chalimus 3 millimeters in length belonging to any
of the subfamilies of the Caligida^ must possess at least three pairs,

and ought to possess four pairs, of such legs, the first of which would

be attached to the ventral surface of the carapace and not to the

second thorax segment. Again, the first antennae are represented as

attached to either side of the "umbilical button" at the base of the

frontal filament. They are half the length of the carapace, two-

jointed, and free to their very base; in other words, the chalimus

has no frontal plates. The posterior half of the body is cylindrical

and five-jointed, the joints diminisliing in size backward. The first

of these joints carries the single pair of legs and, in addition, on its

ventral surface:

On remarque, a, rextremite. d'un article femoral, assez long, des lames plates,

denticulees sur les bords et garnies de soies, qui sont destinees a favoriser les

mouvements de propulsion et de natation, et, de chaque cote de I'anneau suivant,

deux lames plafes, denticulees, qui sont consacrees aux memes fonctions (p. G).

aProc. U. S. Nat. Mus., XXVIII, p. 548.
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What these ''lames plates" could be would furnish something of a

puzzle to the comparative anatomist.

Hesse then adds, under what he is pleased to call " Physiologic "

:

J'ai d'abord exprime I'opinion que cet embryon pourrait bien etre un male qui,

joint a une femelle adulte, douee consequeminent de moyens de locomotion plus

puissants que les siens, pouvait I'entrainer sur un autre poisson et aller ainsi, avec

lui, fonder une autre colonie et contribuer par la a favoriser la reproduction et la

dissemination do I'espece (p. 31).

That is to say, a male, which is free swimming in all the Nogaus

species, attaches itself to a female, which in every species of the

Pandarinae is fixed and helpless, in order to facilitate its locomotion

from one fish to another.

Since in a description of this sort there is no hint of the family,

to say nothing of the generic position of the larva, we are compelled

to set it aside entirely and to get our knowledge of the development

of the Pandarinae from original sources.

THE NAUPLIUS as seen in the genera Nesippus and Pandarus.

Body an elongate ellipsoid, evenly rounded in front, but some-

what contracted posteriorly through the bases of the balancers.

^^^ The three pairs of ap-

pendages are bunched

rather closely at the

anterior end and are of

the usual pattern. The
balancers are fully one-

third the entire length

of the body, differing

markedly in tliis re-

spect from those found

in the preceding sub-

families. In the Nesip-

pus nauplius they take

the form of simple,

slightly curved, and

p^(j.5._A NEWLY HATCHED NAUPLIUS OF Nesippus ALATUS. aCUmmatC SpineS, in

the Pandarus nauplius

they are slightly S-shaped, with a double curve and contracted at

a point one-fourth of their length from the base, as though jointed.

In Nesippus the color is a uniform grayish brown, with a broad,

transparent, and colorless margin, and without pigment spots or

other markings. (See fig. 5.) In Pandarus the center of the body is

olive green by transmitted light, appearing cinnamon-brown by

reflected light in the egg strings, or even almost black.
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The transparent margin is also very irregular in pattern and \\adth,

especially opposite the bases of the locomotor appendages.

The central mass of pigment reaches forward anteriorly in a long-

median, two-pronged projection and sends out branches also on

either side opposite the second pair of appendages and the balancers.

The anterior half of the body is more or

less transparent and shows the muscles

plainly, while the posterior part is

opaque from the presence of yolk gran- ^\ / A
ules (see fig. 4).

Length, 0.25 mm.; width, 0,12 mm.

THE METANAUPLIUS as seen in the

genus Nesippus.

On molting fi-om the nauplius into

the metanauplius the body becomes

divided into regions consisting of a cara-

pace, two free thorax segments, and a

fusion of the genital segment and the

abdomen (fig. 6). The carapace has an

elongated acorn shape, the length twice

the width, and squarely truncated pos-

teriorly, with the corners produced into

narrow lobes reaching to the center of

the first free segment. The frontal plates

are large and prominent, but folded

under the anterior margin, so that very

little of them can be seen in dorsal view.

They are folded more evenly than in the

Alehion larva and do not leave conical

projections at the anterior corners.

The eyes are situated even farther back

than in Alehion, nearly half the distance

from the anterior margin. They are

quite large and not fused, although in contact on the mid-line.

The first free segment is evidently a fusion of the second and third

thorax segments, as is indicated by the attachment of the legs. As
these two segments are more or less fused in all the adults belonging

to this subfamily, their fusion here in the matanauplius is what
would naturall}^ be expected.

The fused segment is nearly as wdde as the carapace, and is fur-

nished with broad lateral lobes at the sides over the bases of the legs.

Such lateral lobes or plates are also characteristic of all the adults of

both sexes, but in later development they become longer and nar-

Proc. N. M. vol. xxxiii—07 22

-The metanauplius of

sippus alatus.

Ne-
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rower. The second free, which is reall}" the fourth thoracic, segment

is jnst lialf as wide as tlie first, wnth strongly convex sides.

The last segment, wliich

'^^" is a fusion of the genital

segment and abdomen, has

the same width as the

fourth thorax segment, but

is three times as long and

somewhat narrowed pos-

teriorly.

The anal laminae are

relatively larger than in

Alehion, but are tipped

with much shorter setae,

five on each lamina.

The first antennae are

two-jointed, the terminal

joint short and armed with

small spines only, with-

out the plumose setiB found in both the Caliginae and the Eurypho-

rina?. The second antennae are similar to those of Alehion, but with

two stout accessory spines on the inner margin near the base.

Fig. 7.—The mouth tube, maxilla, and mandibles of

THE METANAUPLIUS OF NeSIPPUS ALATUS.

IX--^^
Fig. 8.- -A MANDIBLE OF THE METANAUPLIUS OF

NeSIPPUS ALATUS.

The proboscis is also similar to that

of Alehion, but is longer and of a more

uniform width tlu"oughout (fig. 7). At
its tip can be seen the mandibles, which

are slender, somewhat enlarged, curved

toward the free ends, and coarsely

toothed along the inner concave mar-

gins. At this stage only the tips of the

mandibles touch each other. Later,

when the end of the mouth tube is com-

pressed laterally, the entire toothed

portion is interlocked (fig. 8).

The second maxillae are close to the

base of the mouth tube on either side,

are simple, and consist of a stout conical

base tipped with a short and stragiht

spine. On the outer side of the base is another shorter spine, repre-

senting the rudimentary exopod ; this rudiment is seemingly lost in

later development. The first maxillipeds are slender and two-jointed,

Fig. 9.—The first and second max-
illipeds OF the METANAUPLIUS OF

NeSIPPUS ALATUS.
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the terminal joint narrower and longer than the basal, and tipped

^vith two claws, the shorter ventral one with a few coarse teeth on
the inner side at the base and a narrow-toothed flange along its outer

margin (fig. 9). The dorsal claw is narrower and longer and has a

narrow-toothed flange along either side.

The second maxillipeds are two-jointed, as in the adult, but are

slender, with the terminal claw^ two-thirds the length of the basal

joint, strongly curved, and with a small accessory spine on the inner

margin near the tip.

Fig. 10. The fiest three pairs of .swimming i.kgs of thk metanauplius of Nesippus alatus.

There are three pairs of swimming legs, all biramose; the rami of

the first two paks are indistinctly two-jointed, while those of the

third pair are one-jointed (fig. 10). The basal joint of each ramus
has -a single spine at its distal corner, on the outside in the exopod,
on the inside in the endopod, while the terminal joint is ti])ped with

a row of large and nearly straight setae.

This metanauplius is of a yellowish horn color, quite transparent

except through the center of the body. The pigment is scattering
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and consists of a V-shaped string of small spots starting at the leases

of the first antennje on either side and extending obliquely backward

to meet behind the eyes.

The two free segments hkve a few spots irregularly arranged, and

there are a few more at the posterior end of the abdomen and in the

anal laminse. These spots are all of a reddish purple color; the eyes

are a deep purple with bright red lenses. Total length, including the

second antennae, 2.1 mm. Length of carapace, 1 mm. Width of

same, 0.5 mm. Length of fused genital segment and abdomen,

0.51 mm.
This metanauplius stage was obtained from the gill filaments of

the sharp-nosed shark, Sco-

liodon terrae-novsc, at Beau-

fort, North Carolina, in

company with two adult

females and three males of

the same species. The pe-

culiar stag-horn antennae

give these larvae a more

secure hold upon their host

than in the Euryphorinse.

With such organs of pre-

hension it would also be

more difficult for the larva

to loosen its hold and move
about. There is thus per-

haps in this larval stage an

indication "of the greater

subsequent fixity of the

adult.

THE CHALIMUS as seen in

the genus Perissopus.

Only fully developed

male chahmi were found,

and they are described

under the species Perisso-

pus communis on page 357.

Single specimens of the

female chalimus in three

stages of development were obtained, measuring, respectively, 3, 4,

and 4.5 mm. in length.

(1) In the chalimus 3 mm. long the carapace, includmg the pos-

terior lobes, is semielliptical, longer than wide, and has strongly

convex sides (fig. 11). The posterior lobes are long and wide,

reaching back to the fourth segment, and are bluntly rounded at the

tip. The frontal plates are narrow at the center and widened at the

Fig. U.—A chalimus of Perissopus communis.
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distal ends. There are three large eyes in a transverse row just in

front of the center of the carapace, the central one smaller than
the other two and slightly posterior to them. The frontal gland and
attachment filament secreted hy it are very different from those found
in the Caliginie.

The gland is a huge quadrangular affair, filling the entire center of

the front of the carapace. In place of the two large gland cells seen

in the Caligina\, we find liere four, " arranged in two pairs, one on
either side of the mid line.

Each cell is ellipsoidal in form, the ones nearest tli(^ mid luie l)eing

larger and farther l^ack than tlie outer ones.

In place of the single slen-

der and cylmdrical filament

produced m the Caligin^e, we
fhid here in PerissojMs two
broad and ribbon-lil^e fda-

ments placed side by side.

Each is strongly compressed

dorso - ventrally, and is

barely long enough to reach

the fish's skin and obtain a

firm hold. The chalimus is

thus held with the frontal

margin of the carapace

almost in actual contact

with the fish's skm, and its

condition is very different

from that of the Caligus

chalimus which floats out at

the ti]) of a filament as long

as its own body.

When these double fila-

ments disappear in the adult

they leave a broad and well-

defined sinus at the center of the frontal margin, between the frontal

plates. In all the adult Nogaus males this central sinus and the

remains of the frontal gland can be clearly seen, often with shreds

of the frontal filaments still attached at the base of the sinus, but

in the adult females the glands and sometimes the sinus disappear.

In younger females, however, they can still be distinguished.

In the size, arrangement, and general appearance of the free thorax

segments of this chalimus there is a striking resemblance to the male
form (see p. 357). The latter sex, therefore, must be taken as the

typical form in this subfamily, and from this the female degenerates

on becoming fixed.

Fig. 12.—The foue pairs of swimming legs of the
rhalimus shown in tiik preceding figure.
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On the posterior margin of the carapace just inside the posterior

lobes is a small fold of skin on either side, similar to that found in

the male. The second thorax segment does not fill the entire space

between the posterior lobes of the carapace, but leaves an interval

on either side as in the male.

The first dorsal plates appear as lateral lobes on the sides of this

segment. The third segment a little more than fills the space between

these lateral lobes of the second segment and overlaps them on either

side. At this stage there is no

plates on thetrace of dorsal

third segment.

The fourth thorax segment is

wider than the third and slightly

wider than the genital segment,

and the dorsal plates on it ap-

pear as large circular lobes at its

posterior corners.

The genital segment is sub-

quadrangular, with slight round-

ed projections at the posterior

corners and no median posterior

sinus.

The abdomen is nearly half

the width of the genital segment

and projects for its entire length

behind the latter; the anal

laminae are triangular and armed

with short and weak nonplumose

spines. The swimming legs are

like those of the adult in every

particular except size (fig. 12).

All the other appendages also

are the same save the mouth

tube; this is broader at the tip

and closely resembles the form

seen in the metanauplius.

The flexible lips have not yet rolled in around the mandibles and

given the tube its final stiletto shape.

Total length, 3 mm.; length of carapace on mid-line, 1.35 mm.;

width, 1.72 mm.; length of free segments, 0.72 mm.; length of genital

segment, 0.77 mm.; width of same, 0.78 mm.
(2) The second chalimus, 4 mm. in length, differs from the first

chiefly in the shortening of the posterior lobes of the carapace; in the

development of the dorsal plates on the free thorax segments and

the relative shortening of the segments themselves ; in the enlarging

of the genital segment and the formation of a deep and wide sinus

Fig. 13.—a c;h.4.limus of Perissopus communis,
one-third larger than the one in fir. 11.
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in the center of its posterior border, and in the partial migration of

the abdomen to the ventral surface of the genital segment so that

only a portion of it can be seen in dorsal view (fig. 13). This migra-

tion is apparent and not real; what actually happens is that the

dorsal surface of the genital segment grows back over the abdomen,

so that the latter appears to have moved forward along the ventral

surface of the former.

Total length, 4 mm.; length of carapace on midline, 1.66 mm.;

width, 2.1 mm.; length of free

segments, 0.75 mm.; length

of genital segment, 1.40 mm.;

width, 1.5 mm.
(3) The third chalimus has

practically the adult form;

there has been a still further

shortening of the posterior

lobes of the carapace and a

corresponding widening of the

carapace itself (fig. 14).

The dorsal plates now cover

the entire surface of the free

segments and overlap well

onto the genital segment; the

posterior portion of the first

and third pairs is distinctly

toothed.

There has been a further

shortening of the free seg-

ments and a further enlarging

of the genital segment, while

the median posterior sinus of

the latter has narrowed and

deepened.

The abdomen has been en-

tirely covered by the back-

ward growth of the genital segment, so that the only thing which
can be now seen in dorsal view is the tips of the anal laminte, and
they are seen through the posterior sinus of the genital segment.

The reproductive organs are now well formed in the genital seg-

ment, especially those which have to do with the receiving and
storing of the sperm. It is probable, therefore, that the sexes come
together immediately at the close of this chalimus period, before

the female has become permanently fixed.

Total length, 4.5 mm.; length of carapace on mid line, 2.05 mm.;
width, 2.95 mm.; length of free segments, 0.75 mm.; length of gen-

ital segment, 1.8 mm. ; width of same, 2.6 mm.

Fig. 14.—a chalimus of Perissoi-us communis,

fully developed.
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SUMMARY.

The life history of the genera belonging to this subfamily is similar

to that of the Caliginse and Euryphorinae except in the following

particulars

:

(1) The pigment which develops in the nauplii takes the form of a

large central mass rather than scattered spots, and is often so dense

as to appear almost black.

(2) The balancers are slender and cylindrical, as in the Eury-
phorinse, but they are attached nearer to the posterior end of the

body of the nauplius, and point backward at an angle of about 45°

to the central axis.

(3) In the metanauplii\s the first thorax segment is fused with the

carapace as in the Euryphorinae, but the first antennae are like those

of the adult and not dichotomously branched, nor even armed with

long plumose setge. The rami of the second maxillae are fused and
each consists of a stout basal joint tipped with a single spine. The
swimming legs are laminate, but the separate joints are long and
narrow, and they reach far back on the ventral surface.

(4) The chalimi are attached by frontal filaments, not single and
cylindrical as in the Caliginae, but double, each strand broad and
ribbon-like, the two strands stanchng side by side and only long,

enough to reach the fish's skin, and allow the frontal margin of the

chalimus's carapace to swing clear of it. These filaments have no
enlargements at their bases like those seen in the Caliginae, but are

of uniform width throughout. The frontal glands developing these

filaments are quadruple instead of double.

(5) The body form of the young female chalimus is almost exactly

the same as that of the adult Nogaus male, the carapace having

elongate posterior lobes, the free thorax segments being entirely dis-

tinct and almost uncovered by the dorsal plates, and the abdomen
projecting its entire length behind the genital segment. We thus

have visible and convincing proof of the relationship of the two
sexes, and also of the fact that the female degenerates after becom-
ing fixed.

(6) The appendages of the young chalimus are almost exactly like

those of the adult; the second maxillipeds have not yet attained

their proportionate size, but are small and the terminal joint is folded

over against the basal joint.

(7) In subsequent development the posterior lobes of the carapace

are shortened, the free thorax segments are telescoped together, and
the dorsal plates are developed to cover them; the genital segment
is increased in size, often becoming larger than the carapace, and in

this increase it grows gradually back over the abdomen, so that the

latter comes to lie on the ventral surface of the former, and is com-

pletely concealed in dorsal view.
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SYSTEMATIC DISCUSSION.

The first thorax segment only fused with the head, the others free;

sexes quite dissimilar.

Female.—Carapace short and well rounded; frontal plates distinct.

Eyes three in number, fused on the median line, the lenses arranged

in the form of a triangle. One or more of the free thorax segments

furnished with paired dorsal plates; genital segment enlarged and
often covered with similar dorsal plates. Body stiff in consequence

of these plates and not capable of much motion. Abdomen elongate,

often with lateral processes; anal laminae large and broad, with stout

plumose seta^. Eggs numerous, uniseriate, antl borne in straight

cases, visible for their entire length and usually much longer than

the body. Mouth-tube elongate and tapering to a sharp point; first

maxillas lacking, second pair simple flattened lamina?, tipped with

short claws. Second maxillipeds massive and nodose. All four pairs

of legs biramose; some or all of them lamellar and destitute of

plumose setae.

Male.—A typical Nogaus form. Carapace more elongate than

that of the female and produced posteriorly into better defined lateral

lo])es. Free segments all well separated, of about the same length,

but diminishing regularly in width, and none of them furnished with

dorsal plates. Genital segment also without dorsal plates and en-

larged but little. Abdomen two-jointed; anal laminas large and
foliaceous, furnished with long and stout plumose setae. The adult

males are as free swimmers as any of the Caliginae and move about

with as much ease over their host's body, thus affording a marked
contrast to the fixed females. The young are attached by two broad

and ribbon-like filaments, placed side by side and very short.

KEY TO THE GENERA.

a. Females, first thorax legs uniraiuose, the other pairs Itiramose; only two pairs

of dorsal plates Pholidojms, new genus name, p. 347.

a. Females, all four jaairs of legs biramose; one, three, or four, but never two, pairs

of dorsal plates; abdomen one-jointed and wholly concealed in dorsal view, b,

a. Males, all four pairs of legs biramose and armed with long plumose setffi; no

dorsal plates; abdomen one or two jointed, wholly visible g.

b. Rami of all the legs with the same number of joints, and all armed with

long plumose sette c.

b. Rami differing in the number of joints, and some or all of them destitute

of plumose setae, or even spines _ d.

c. Four pairs of dorsal plates; first and third pairs median, second and fourth

pairs lateral; fourth pair on the genital segment, elongate, narrow, partly

fused .Lepimarrus Hesse, 1883, p. 348.

c. A single pair of small dorsal plates on the fourth segment; genital segment
elongate, with a deep posterior incision; al)domen unsegmented.

Demoleus Heller, 18(j5, p. 349.
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d. Rami of second and third legs three-jointed, of first and fourth pairs two-

jointed; no setae on the fourth pair, those on the other pairs rudimen-
tary _ e.

d. Rami of first three pairs of legs two-jointed, with plumose seta-: of

fourth pair one-jointed, setae nonplumose /.

d. Rami of second and third legs two-jointed; of fourth pair one-jointed;

exopods of first pair one-jointed, endopods two-jointed.

Gangliopus Gerstaecker, 1854, p. 350.

d. Rami of first and second legs two-jointed; of third and fourth pairs one-

jointed and very rudimentary; three pairs of dorsal plates.

Perissopus Steenstrup and I.iitken, 1861, p. 352.

(/. Rami of third legs two-jointed, of all the other legs one-jointed, lamellar

and without spines or setse Laminifcra Poche, 1902, p. 361.

e. Dorsal plates on fourth segment large, covering half the genital segment or

more; sixth segment not separated; exopods of second and third legs three-

jointed, all the other rami two-jointed.

Echthrogaleiis Steenstrup and Liitken, 1861, p. 362.

e. Sixth segment distinctly separated as a median lobe or lamina, attached to

the posterior sinus of the genital segment, and armed with a pair of dorsal

plates and a rudimentary pair of swimming legs; both rami of the second and
third legs three-jointed Dinematura Latreille, 1829, p. 374.

/. Sixth segment distinctly separated as a rudimentary plate or lamina,

attached to the posterior sinus of the genital segment; anal laminae

transformed into horny conical processes; four pairs of dorsal plates, the

fourth on the genital segment Pandarus Leach, 1816, p. 387.

/. No sixth segment; anal laminse normal; second and third thorax segments

fused inter se, and carrying a pair of good-sized lateral lol^es; a single pair

of dorsal plates, on the fourth segment, close together, and with their bases

fused Nesippus Heller, 1865, p. 424.

/. No sixth segment; anal laminiie normal; second and third segments dis-

tinct, with small lateral lobes; a single pair of dorsal plates, on the fourth

segment, feebly developed, and widely separated, their margins fringed

with hairs Prosifies, new genus name, p. 439.

g. Rami of all the swimming legs two-jointed h.

g. Rami of fourth legs one-jointed, of all the others two-jointed i.

g. One or Itoth rami of the second and third legs three-jointed, of all the others

two-jointed Ic.

h. An accessory lobe on the posterior margin of the carapace just inside each

posterior lobe; both the fifth and sixth legs visi])le on the genital segment;

abdomen two-jointed, the joints equal Pandanis Leach, 1816, p. 387.

h. Second maxillipeds not swollen, with ordinary terminal claws; anal laminse

very large; no legs visible dorsally on the genital segment.

Demoleus Heller, 1865, p. 349.

h. Second maxillipeds much swollen, with a long terminal claw; anal laminse

medium size; no legs on the genital segment, or but one pair.

Perissopus Steenstrup and Liitken, 1861, p. 352.

i. Free thorax segments two or three times as wide as long; fourth segment the

longest; no legs visible on the genital segment; abdomen one-jointed.

Nesippus Heller, 1865, p. 424.

i. Free thorax segments orbicular, all about the same width, second segment the

longest, with large lateral wings; genital segment with one pair of legs at the

posterior corners; abdomen two-jointed, basal joint the larger.

Gangliopus Gerstaecker, 1854, p. 350.
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i. Free thorax segments -n-ider than long: second segment the longest, with

small lateral wings: alidomen two-jointed, terminal joint the larger.

Pcrissopus Steenstrup and Liitken, 18(il. p. .352.

k. Exopods only three-jointed: fourth segment lunate, fitting down over

the genital segment Echthrogaleus Steenstrup and Liitken, 1861. p. 362.

1-. Both rami three-jointed : fourth segment orbicular, not overlapping the

genital segment Dinemaiiira Latreille. 1829, p. 374.

PHOLIDOPUS, nevs^ genus name.

Lepidopus Dana, 1852, p. 1373. pi. xcv, figs. 5 a—k.

Perissopus Steenstrup and Lutken, 1861, p. 394 ipart i,

—

Bassett-Smith, 1899,

p. 468 (part).

Female.—First thorax segment joined with the head to form the

carapace, which is subquadrangiilar and widest posteriorly. Second

and third thorax segments fused, and furnished with a single pair of

large, rounded dorsal plates. Fourth segment free and armed ^^-ith

a similar pair of dorsal plates. Genital segment wider and longer

than the carapace, its posterior margin bilobed. the two halves evenly

rounded like the two pairs of dorsal plates on the free segments.

Abdomen minute, attached to the ventral surface of the genital seg-

ment some little distance in front of the posterior margin, so as to

be wholly concealed in dorsal view. Anal laminae short, tipped with

small spines. Frontal plates well differentiated and larger than in

the other Pandarina^. Second antenna^ three-jointed and uncinate,

the terminal hook considerably longer than the basal jomts, sickle-

shaped and armed with two rows of teeth along its inner margin.

^h)uth-tube long and slender, as in Pandarus; mandibles with a

straight tip, and the inner margin serrulate. Second maxillie close

to the base of the mouth-tube, composed of tw(^ short, well-rounded

joints terminated by a small and nearly straight spine. Termmal
joint of second maxillipeds widened and flattened into a broad lamina,

covered with scales on its ventral surface, each scale terminating in

a minute spme. First swimmmg legs slender, uniramose, and three-

jointed, the terminal joint armed with five short setae. Second, third,

and fourth sN\'imming legs biramose ; second pair with slender basal

segments and two-jointed rami; tliird and fourth pairs with the basal

segments broadly lamellar, and the rami minute, rudimentary, one-

jointed processes attached to the posterior edges of these lamellag;

setae all very short. Xothmg is kno\\Ti of the egg cases or eggs.

Male.—Unknown

.

(Pholidopus, (l)oXi5, a scale, and rrov;, foot.)

The new name given above is suggested in place of Dana's Lepidopus,

which was preoccupied in 1770 by Gouan for a genus of fishes. That
tliis is a valid genus and not a sjmonym for Perissopus, as suggested

by Steenstrup and Liitken in 1861, by Brady in 1883, and again by
Bassett-Smith in 1899, can be readily seen by the following com-
parison :
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In Perissopus there are three free thorax joints, each carrying a

pair of dorsal plates, of wliich the first pair is lateral, the second

median, while the third extends entirely across the body; the geni-

tal segment is squarely truncated posteriorly, with sharp spines at

the corners; the second antennae are short, with a small terminal

claw; all four pairs of s%vimming legs are biramose, with enlarged and
lamellar basal joints; rami of the third and fourth pairs minute and
rudimentary, the exopod diifering from the endopod, and the third

pair from the fourth pair.

In Pholidopus, on the contrary, the second and third thorax seg-

ments are fused together, and carry but a single pair of dorsal plates,

which are like those on the fourth segment, extending entirely across

the body; the genital segment is incised at the center posteriorly,

each side being evenly rounded in a semicircle, without any spines;

the second antenna? have short basal joints, Math a very long sickle-

shaped terminal claw, set with two rows of teeth; the first pair of

legs is uniramose and three-jointed, the other pairs are biramose; but
the basal joints of the first two pairs are narrow and slender, not

lamellar; the last two pairs have lamellar basal joints, but all of their

rami are just alike and armed ^\'ith spines at their tips.

Genus LEPIMACRUS Hesse.

Lepimacrus jourdaini Hesse, 1883, p. 6, pi. iv, figs. 8-17.

Hesse described, in the above reference, a new genus and species

based upon a single female specimen obtained from LaTnna cornubica.

The species has never been seen by any other writer, so that Hesse's

description is all the knowledge we have of it. And although this

description is faulty and the figures give us few reliable details, yet

enough is shown to determine with reasonable certainty that the speci-

men really represented a new genus. Consequently it is here included

and is differentiated as well as possible from the other genera in

the following diagnosis.

Female.—Carapace elliptical, rather pointed anteriorly, the sides

slightly emarginate; frontal plates prominent; eyes small and close

together. Four pairs of dorsal plates on the thorax 'segments, first

and third pairs median, second and fourth pairs lateral. First two
pairs subquadrangular; first pair fused at the base but separated for

most of their length by a broad sinus ; second pair widely separated,

even at their bases. Last two pairs narrow and elongate; third pair

separated at their bases but meeting at their tips on the midline;

fourth pair on the genital segment, each plate semilunar, the convex

sides toward each other and fused for some distance at the center.

The tips of these plates are divergent; they project far behind the

genital segment and are armed ^\dth stout spines; abdomen small, one-
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jointed, and concealed beneath the genital segment; mouth-tube, ap-

pendages, and adhesion pads similar to those in other Pandarids.

Male.—Unknown.
{Lejnmacrus, XsttIs, a scale, and j.iaKpog, long, referring to the

long and narrow dorsal plates on the genital segment.)

Genus DEMOLEUS Heller.

Caligus paradoxus Otto, 1828, p. 352, pi. xxii, figs. 5, G.

Nofjagiwi grandis Steenstrup and Lutkex, 1861, p. 386, pi. x, fig. It.

Demoletts paradoxus Heller, 1865, p. 199, pi. xix, fig. 3.

In 1828 Otto described the male and female of a new species of

copepod parasite which he named Caligus paradoxus. The male had

the t}'7:)ical Nogaus form, but was much larger than other species,

being 12.5 mm. in length. In 1865 Heller rediscovered the female

of Otto's species and made it the ti^e of a new genus, wliichhe called

Demoleus, and for which he gave the following genus diagnosis:

Cephalothorax emarginate posteriorly, two following segments free, fourth segment

with dor.=!al plates (in the female); frontal plates prominent, first antennae partly con-

cealed by them, two-jointed. All the legs biramose, rami two-jointed, armed with

plumose setae, those of the first and fourth pairs minute, of the second and third pairs

lamellar and enlarged. Genital segment elongate, abdomen very short, not jointed,

covered with a foliaceous dorsal lamina, appendages large. Male of the tj^^ical Noga-

gu3 form.

With this description and the excellent figures published by Otto

and Heller to guide us we can locate in this genus the form Nogagus

grandis, described by Steenstrup and Ltitken in 1861 from two

specimens obtained in the warmer portion of the Atlantic, the definite

locality and host not given. At the conclusion of their description

these authors suggest: ''If Dinematura ferox and Nogagus grandis

could be proved to come from the same localitj^ they might well be

the male and female of the same species" (p. 387).

But in this they are mistaken, because neither the carapace, the

fourth thorax segment, the swimming legs, nor the abdomen corre-

spond with those found in Dinematura males, for the carapace in

Dinematura is wider and its lateral margins are more strongly convex;

the third segment is considerably larger, and the fourth segment car-

ries a pair of rudimentar}* dorsal plates, which are entirely lacking m
this Nogagus. The genital segment is relatively much wider in

Dinematura, and has no posterior lobes; the abdomen is very much
narrower and two-jointed, with the joints equal. But the essential

difference is found in the swunming legs; in Dinematura males the

rami of the second and third pairs are three-jointed like those of the

female, while here in Nogagus grandis all the rami are two-jointed.

Furthermore, a careful comparison of this species \\'ith Otto's tj^e

male of Caligus paradoxus show the two to be identical.
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They differ from all the other Nogaus types here given in their size,

being from 13 to 16.5 mm. in length; in the relative size of the third

thorax segment, which is much the smallest of the three free segments;

in the semilunar shape of the fourth segment; in the segmentation

of the abdomen, each joint of which is considerably wider than long,

and in the huge size of the anal laminse, which, however, are armed

with very small and rudimentary setae. These considerations render

it fairly certain that Nogagus grandis is the male of Demoleus jMra-

doxus, and we may revise the genus diagnosis as follows to include

both sexes:

Female.—Carapace orbicular, about one-third the entire length;

frontal plates narrow and distinct ; eyes close together. Second and

third thorax segments of the same width and just filling the space

between the posterior lobes of the carapace; second segment with

small lateral lobes; fourth segment less than half the width of the

other two, and carrying a pair of small dorsal plates. Genital segment

elongate, more than twice as long as wide, deeply incised posteriorly,

with evenly rounded lobes. Sixth segment separated in the form of

a circular plate concealed between the genital segment and the abdo-

men. Abdomen minute, triangular, and entirely concealed in dorsal

view; anal lamina? very large, projecting beyond the posterior margin

of the genital segment, but armed with small and rudimentary setae.

Second antennae small, with a weak terminal claw; second maxillipeds

with a medium-sized claw. All the swimming legs biramose, the rami

two-jointed and armed with plumose setae; basal joints of the first

and fourth pairs small, of the second and third pairs enlarged and

lamellar. Egg-strings looped once so as to give three strands.

Male.—Carapace similar to that of the female, about half the entire

length; a pair of minute accessory lobes on the posterior border, just

inside the posterior lobes. Lateral lobes on second thorax segment

like those in the female; fourth segment without dorsal plates. Gen-

ital segment elongate, with short and well-rounded posterior lobes,

but with no legs visible in dorsal view. Abdomen two-jointed,

terminal joint the wider; anal laminae huge, but armed as in the

female with small and rudimentary setae. Second maxillipeds not

much swollen and armed with ordinary terminal claws. All the

swimming legs biramose, the rami two-jointed and armed w^ith large

plumose setae.

{DeTnoleus, a Greek slain by ^neas before Troy.)

Genus GANGLIOPUS Gerstaecker.

Gangliopus pyriformis Gerstaecker, 1854, p. 192, pi. vii, figs. 9-16.

Nogagus angustulus Gerstaecker, 1854, p. 193, pi. vii, figs. 17, 18.

Both sexes of this genus were obtained together from the gill

arches of a shark captured on the west coast of Africa, and were

described by Gerstaecker in 1854. He recognized the female as the



NO. 1573. PARASITIC COPEPODS— WILSON. 351

type of a new genus which he named Gangliopus, but he classed the

male with the genus " Nogagus," and gave it the name N. angustulus.

The fact that they were found together did not suggest to Gerstaecker

that they might be male* and female of the same species, but such

seems to be the case as evidenced by the following facts

:

(1) Negative evidence: Each of the two forms is different from the

other types of its own sex which belong to this subfamily. Tliis is a

necessary preliminary for the formation of any new genus, and the

male should differ as well as the female, as we find it actually does

in the present instance.

(2) Positive evidence: The frontal plates and first antennge are very

similar in the two forms; the carapace is relatively longer in the male,

but this is what would naturally be expected. In both sexes the

carapace is narrowed posteriorly.

Each sex shows three free thorax segments, diminisliing in size

backward ; m the female they are armed with dorsal plates, but these

are lackmg in the male, which carries but a single pair of lateral lobes

on the first segment.

The genital segment in each is enlarged and quadrangular; it is

emarginate m the female and carries a pair of posterior lobes m the

male. The four anterior pairs of legs are biramose, the rami of the

first tliree pairs two-jointed, the fourth pa^'r one-jointed. The relative

sizes are what would be expected m the male and female of the same

species, 9 mm. in the female and 7.5 mm. in the male.

In view of these facts ^^ Nogagus angustulus^'' may be regarded

with considerable certainty as the male of Gangliopus jniriformis and

we shall have the following genus diagnosis for both sexes.

Female.—Carapace obovate, strongly narrowed posteriorly; the

lateral areas divided by transverse grooves as in EcTitlirogaleus.

Frontal plates prominent; posterior lobes short and triangular. A
pair of small dorsal plates on each of the three free segments, all

lateral, the first pair with a wide interval between their bases, the other

two pairs meeting on the mid-line. Genital segment somewhat en-

larged, quadrangular, with evenly rounded posterior corners. Sixth

thorax segment well separated and carrying a pair of rudimentary legs

as in Dinematura. Abdomen small and square, attached by one

corner to the sixth segment; anal laminjp minute, attached to the

lateral corners of the abdomen, and destitute of set» or spmes.

Swimming legs all biramose, rami small and laminate, those of the

first three pairs two-jointed, of the fourth pair one-jointed. Rami
of the first two pairs armed with adhesion pads; exopods all carrying

short, nonplumose spines, endopods naked. Egg-tubes narrow and

twice as long as the bod}".

Male.—Carapace obovate-elliptical; frontal plates prominent; pos-

terior lobes long, narrow, and pointed. Free segments transversely
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elliptical and widely separated, the first one carrying a pair of good-

sized lateral lobes. Genital segment subquadrangular, with short

and acute posterior lobes. Abdomen two-jointed, the basal joint the

larger; anal laminae large, each armed with four plumose setse. Ap-

pendages as in the female: all the swimming legs biramose, the first

three pairs of rami two-jointed, the fourth pair one-jointed.

(Gangliopus, yayyXiov, a tumor or swelling, and Trovg, foot,

swollen-footed.)

Neither of these forms has been seen since Gerstaecker first de-

scribed them, and there are several points with reference to their

anatomy which need explanation.

In the female the exopod of the first swimming legs is represented

as one-jointed and the endopod as two-jointed. But the arrange-

ment of the spines on the exopod shows clearl}^ that it is at least a

fusion of two joints. And a more careful examination of fresh mate-

rial would probably show that it is imperfectly segmented; accord-

ingly it has been given here as two-jointed. Again, Gerstaecker says

that the abdomen of the female is two-jointed, and that the basal

joint carries at its posterior corners two oval laminae. Such append-

ages are not found on any Caligid, but their interpretation becomes

easy if we regard them as rudimentary legs like those in Dinematura.

Wliat he calls the basal joint of the abdomen will thus become

the sixth thorax joint, well separated from the genital segment as in

several other species. He does not mention any dorsal plate for this

sixth segment, but such a plate might be easily overlooked when it

was concealed between the genital segment and abdomen. The simi-

lar plate which exists in Echthrogaleus has escaped detection up to

the present time.

For the male nothing is said in the text about the swimming legs

and all information has to be taken from the figure given, which,

however, does not show either the first or second pairs. Accordingly

we have to fall back upon the supposition that these are the same

as in all the Nogaus species or Gerstaecker would have noted the

difference. This method is not very scientific, but it is all we have at

present.

Genus PKRISSOPUS Steenstrup and Liitken.

Perissopus dentatus, Steenstrup and Lutkbn, 1861, p. 393, pi. xii, fig. 25.

Female.—Carapace wider than long, narrowed anteriorly; poste-

rior lobes short, sometimes almost lacking. Frontal plates narrow

but distinct, with a broad and well defined median incision. Eyes

three in number, placed nearly in a row, the middle one the smaller.

Three free thorax segments, each with a pair of dorsal plates, the

first pair lateral and oblique, the second median and nearly hori-

zontal, the third the largest, extending entirely across the body.
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Genital segment considerably larger than the carapace, evenly

rounded anteriorly, but almost squarely truncated posteriorly, with

short and acute spines at the corners and a wide median incision.

Fifth legs some distance from the margin on the ventral surface.

Abdomen small and entirely hidden in dorsal view; anal laminsB

also small, with very short and nonplumose spines. Terminal joints

of the second maxillipeds enlarged and fleshy, reniform, with a rough

scaly surface. Legs all biramose; rami of third and fourth pairs

minute and rudimentary. Egg-strings narrow and nmch longer than

the body.

Male.—Carapace, including the posterior lobes, elliptical, slightly

longer than wide, narrowed anteriorly; posterior lobes long and nar-

row; posterior margin between the lobes nearly straight. Eyes three

in a row, the median one much smaller than the others. Free thorax

segments about the same length, diminishing regidarly in width.

Genital segment small, subquadrangular, with the fifth legs very

prominent at the posterior corners. Abdomen large, one-jointed;

anal laminae large and armed with long plumose setae. Second

antennae larger than in the female, but with the adhesion pad much
reduced in size. Second maxillipeds with a stout, curved, terminal

claw shutting down against a pair of corrugated knobs as in Pandarus.

Swimming legs all biramose, rami of fourth pair indistinctly seg-

mented, of the other pairs two-jointed.

{Perissopus, Trepiffffoc;, more than the regular mimber or size, and

TTovs, foot, alluding to the enlarged second maxillipeds.)

KEY TO THE SPECIES.

a. First pair of dorsal thorax plates bilobed ; second pair not meeting at the mid-

line; third pair fused (Chlamys) incisus Van Beneden, 1892, p. 354.

a. None of the thorax plates bilobed; second and third pairs meeting at the mid-

line, but not fused b.

b. Carapace about half the size of the genital segment; its posterior lobes

narrow, long, and overlapping the first dorsal plates; rami of third legs

fused into a semicircular plate.

dentatus Steenstrup and Lutken,'^1861, p. 353.

b. Carapace more than four-fifths as large as the genital segment, its posterior

lobes very short and wide; rami of third legs distinct and similar to those

of the third pair communis Rathbun, 1887, p. 354.

This genus Perissopus was established by Steenstrup and Liitken

in 1861 for a species which they named P. dentatus, and for which

they gave the following genus diagnosis:

Cephalothorax undivided; abdominal segments free, carrying four or six dorsal

plates; genital segment enlarged and a little widened, covering the short tail and the

caudal stylets; abdominal feet destitute of plumose setse, rami of first and second pairs

(at least in P. dentatus) two-jointed, the other rami not joiiited, very rudimentary.

Male unknown.

Proc. N. M. vol. xxxiii—07 23
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They wished to inchide in the same genus Dana's Lepidopus, and the

above diagnosis was evidently made out with that in view.

And they also gave two species diagnosis, one for their new species

dentatus, and the other for Dana's species armatus.

But in this they were mistaken, for Dana's genus Lepidopus can

not be identified with Perissopus for reasons already mentioned (see

p. 848). This leaves the genus with the original type species dentatus,

the new species, communis, established by Rathbun in 1887, and a

third species, incisus, described in 1892.

In that year Van Beneden published an account of a copepod para-

site belonging to the present subfamily, which he made the type of a

new genus, called Ohlamys. He recognized its resemblance to Dana's

Lepidopus, but was either unacquainted with, or had forgotten

Steenstrup and Liitken's genus Perissopus, which it resembles even

more closely. In fact there is little doubt that it is a species of Peris-

sopus, as Bassett-Smith has suggested (1899, p. 468), and as such it

is here included in the key. The only doubt as to its identity is found

in the utter confusion of details characteristic of Beneden's figures and

descriptions. In his ventral view of the female (Plate II, fig. 3) he

pictures the first swimming legs as uniramose and two-jointed, while

the other three pairs are biramose, with all the rami one-jointed. In

the enlarged figure (fig. 9) of these same legs he shows them all bira-

mose, each endopod one-jointed, and each exopod two-jointed. His

description in the text (pp. 230 and 231) agrees with this last figure,

except for the fourth legs, of which he says: "La quatrieme paire de

pattes n'est pas biramee." In the face of such flat contradictions,

one has to be guided chiefly by the general makeup of the body and

the relation of its regions. These are so similar to those of Perissopus

as to leave no doubt of generic identity.

PERISSOPUS COMMUNIS Rathbun.

Plates XVII and XVIII.

Perissopus communis Rathbun, 1887, p. 560, pis. xxix, xxx.

Perissopus dentahcs (part) Bassett-Smith, 1899, p. 468.

Female.—Carapace semielliptical, narrowed but little anteriorly,

widest at or near the posterior angles ; lateral margins slightly convex,

sometimes nearly straight; posterior lobes short and angular; poste-

rior margin straight or slightly concave, sometimes wdth a small spine

on either side. Frontal plates narrow but distinct, frontal margin

nearly straight, with a broad and shallow median incision. Eyes

usually invisible in the adult, but distinct in the young, three in num-
ber and arranged in a transverse row, the central one slightly behind

and a little smaller than the other two. Visible portion of the dorsal

plates of the second thorax segment standing out at an angle of 45°

to the central axis, and elliptical in outline, the longer diameter nearly
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twice the length of the shorter one. The outer margin of these plates

really extends forward to the reniforni pads of the second niaxillipeds,

so that if removed from the body the plates are found to be spindle

shaped, pointed at either end, about twice as long as wide and

attached nearly at the center of the inner margin, leaving both ends

free. A wide space between the bases of these plates and behind tire

posterior margin of the carapace is left uncovered or with a small cen

tral plate, as in some Pandarus species. Dorsal plates of the third

thorax segment smaller than the first pair, also elliptical, but nearly

horizontal or only slightly oblique, with their tips meeting and often

overlapping a little on the mid-line. Dorsal plates of the third pair

considerably enlarged, circular and extending across the entire width

of the body, their inner margins overlapping on the mid-line, their

posterior margins reaching some distance over the genital segment.

The posterior margins of the first and third pairs of plates are scal-

loped, the points ending in short and sharp teeth; the margins of the

second pair of plates are smooth. Genital segment about the same
size as the carapace, evenly rounded anteriorly, its lateral margins

convex, its posterior margin cut obliquely on either side, with small

and sharp spines at the posterior corners and a wide and deep median
sinus. The margin between the sinus and the corner spine on either

side has a double or S-shaped curve, sweeping backward at the side

of the sinus and forward close to the spine.

Abdomen small and plump, a little longer than wide, barrel-shaped,

one-jointed, and entirely concealed beneath the genital segment.

Anal lamina? short, triangular, and armed with minute and irregular

spines. First antennae small and two-jointed, the basal joint heavily,

the terminal joint lightly, armed with setse. The basal joint is much
wider than the terminal ami twice as long, and its tip reaches well

beyond the margin of the frontal plate. Second antennas also small

and weak, the terminal claw as long as the rest of the appendage, but
slender and not very strongly curved. Adhesion pads much smaller

than in Pandarus, the first pair ovate, their long diameter inclined

outward and forward at an angle of 45° to the body axis, the second

pair much smaller, circular, and at the very base of the second

antennjE, on the ventral surface of the carapace, so that they can not

be lowered against the fish's skin as in Pandarus.

Mouth-tube and mandibles of the usual form for this subfamily;

second maxillge lamellar, each tipped with a long and narrow spine.

In other genera these lamellae are attached along a line at right angles

to the body axis, or one inclined outward and backward, so that the

appendages when at rest against the surface of the carapace are

parallel with the mouth-tube or turn inward and overlap it. But in

the present genus the line of attachment is inclined backward and
inward, parallel with the tapering margin of the mouth-tube, so that
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when turned down against the carapace, the appendage points

directly away from the proboscis nearly at right angles.

First maxillipeds of the usual pattern, the terminal claws rather

stout, the external one considerably longer than the internal. Second
maxillipeds swollen and fleshy, the terminal joint enlarged into a huge
kidney-shaped adhesion pad, destitute of pinchers, knobs, or claws.

This pad has exactly the same structure as those at the bases of the

antennae; the adhesion surface is tough and leathery, is surrounded by
a raised margin, and is minutely corrugated and irregularly furrowed,

but shows no traces of scales or anything of the sort even under a one-

twelfth oil immersion lens. Opposite these large second maxillipeds

the laterarmargin of the carapace on either side is raised into a large

spherical knob on the ventral surface, pointing downward and inward

toward the base of the maxilliped, and even in contact with the latter

in preserved specimens.

Swimming legs all biramose, each ramus of the first two pairs

distinctly two-jointed, of the third pair partially, and of the fourth

pair almost wholly, fused into a single joint. Exopods each armed
with stout spines, of the same number and similarly arranged, one at

the outer distal corner of the proximal joint and four in a row across

the end of the distal joint. Endopods with portions of the surface

covered with minute papillae or spines. Outside of each exopod in

the tlu-ee posterior pairs is a small rounded knob, like a rudimentary

third ramus, bearing on its summit a long and flexible spine.

The basal joints of each pair of legs are subrectangular in outline

and increase rapidly in size from in front backward, those of the

fourth pair being fully eight times the size of the first. In the first

two pairs these basal joints are attached by their anterior margins, in

the tliird pair by the antero-interior corners, and in the fourth pair by
the centers, of the interior margins, the rami in each case being borne

on the posterior margins. In all the exopods the basal joint is con-

siderably larger than the terminal; in the endopods of the first and

second pairs the terminal joint is the larger, whils i i the third and

fourth pairs it is reduced to a mere knob on the side of the basal joint.

The iifth legs consist of a long papilla, broadly triangular at the base

and strongly flattened, attached to the ventral surface of the genital

segment halfway between the lateral margin and the mid-line, and

armed with three slender spines.

Of the reproductive organs each egg tube is coiled once in the

genital segment, and each of the three strands of the coil runs the

entire length of the segment and fills its side out to the lateral margin.

The vulva or oviduct opening is at the tip of a raised rectangular

papilla, situated close to the base of the abdomen on either side.

The spermatophores are club-shaped, narrow and elongate, and

apparently jointed at the center. They are attached just outside the
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vulva papilla, in the angle between it and the ventral surface of the

genital segment on either side, and their duct empties on the same
side without crossing the mid-line, as in Pandarus.

Semen receptacle globular, a little wider than long and just in

front of the base of the abdomen; its anterior margin is evenly

rounded, its posterior one is split at the center, dividing the receptacle

into two conical, widely divergent branches, which run out into the

vulva papilla on either side and there open into the oviduct. Cement
glands almost invisible in preserved material, the only tiling that

could be made out with reference to them being their position on

either side of and close to the mid-line, and their general shape that of

parentheses marks.

External egg-sacs slender, one and a half to two times as long as

the entire body; eggs small, strongly flattened and numerous, with

very little pigment.

Total length 4 mm. Length of carapace 1.5 mm. Width 1.9 mm.
Length of genital segment L6 mm. Width of same l.S mm. Length

of egg-strings 6 to 8 mm.
Color a light yellowish white, without pigment, often turning

brown in alcohol.

{coiriTnunis, common).
Male.—No adult male has everT^een obtained, not merely for this

species, but for the whole genus. Two fidly developed chalimus

males, however, were obtained in company with chalimus females

and young adults on a smooth dog-fish captured September 2, 1904,

at Woods Hole. The following is a description of these males and
would be correct for the adults except in size.

Carapace, including the posterior lobes, forming an ellipse, strongly

narrowed anteriorly, its lateral margins moderately convex. Pos-

terior lobes long and narrow and ]:)luntly rounded at the tip
;
pos-

terior margin between the lobes nearly straight, with the rudiments

of accessory lobes on either side. Eyes large and prominent, a little

in front of the center and close together, but not in actual contact.

Frontal lobes large and prominent, narrow at the center but broad

at the outer ends, where they cover most of the basal joints of the first

antennae. Free thorax segments diminishing regularly in width

backward, the fourth one the same width as the genital segment, the

first one considerably narrower than the distance between the pos-

terior lobes of the carapace, leaving a wide open space on either side.

Lateral processes of this first segment long, large, and curved outward

at the tips.

Genital segment oblong, the anterior margin nearly straiglit, the

lateral margins evenly rounded, the posterior margin concave.

The fifth legs appear as large and prominent papillae at the postero-

lateral corners, about one-fifth of the distance in front of the posterior
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margin. It must be rem.embered that this is still a chalimus, and in

the subsequent development of the genital segment these fifth legs

may become partially or even wholly concealed on the ventral surface.

The large spherical sperm receptacles can be seen in the posterior

portion of the segment, just in front of the fifth legs.

Abdomen half as wide as the genital segment, one-jointed; anal

laminae small, triangular, each tipped with four large setse, three

close together at the inner corner, and one removed a little distance at

the outer corner. Outside of the latter there is also a minute spine.

Appendages similar to those of the female, the second antennae some-

what larger, the terminal claw stouter and carrying an accessory

claw on its ventral surface.

The adhesion pads at the bases of these antennae are reduced still

more in size, and might easily be overlooked unless sought for particu-

larly. The second maxillipeds are radically changed from the pad-

form of the female and are tipped with a stout claw, well curved,

which shuts down against a pair of corrugated cushions as in Panda-

rus. Swimming legs all biramose, the rami of the first three pairs

two-jointed, of the fourth pair one-jointed. But from the arrange-

ment of the spines and the indentation of the margins these fourth

rami are each evidently a fusion of two joints, and possibly become as

fully two-jointed in later development as in Pandarus.

The number and arrangement of the spines and setaa are as follows

:

First exopod 1,0; 4,111: endopodO,0; 0,111: second exopod 1,1; 4,V:

endopod 0, 1; 0, V: third exopod 1, 1; 3, V: endopod 0, 1; 0, V: fourth

exopod 1,0; 3, V: endopod 0, 1; 0, IV.

Total length, 3 mm.; length of carapace, including lobes, 1.7 mm.;

width, 1.55 mm.; length of free thorax segments, 0.92 mm.; length

of genital segment, 0.56 mm.; length of abdomen, 0.4 mm. Color a

light yellowish white without pigment.

Chalimus.—Female chalimi were secured in three different stages of

development, which have already been described under the ontogeny

(see p. 340). It only remains here to emphasize their specific charac-

ters. The smallest of the three is exactly the same length as the male

just described, but is in an earlier stage of development. The simi-

larity between the two is much closer than in the adults, and affords

a striking proof that they are really the two sexes of the same species.

The carapace of this female chalimus is almost exactly like that of the

male, its posterior lobes being long and well rounded, very different

from their shape in the adult. The frontal plates are also much more

prominent than in the adult female, and are like those of the male.

The eyes are visible in both sexes, are of the same size, and similarly

placed.

Again, the second, third, and fourth thorax segments are visibly

free in this young female, and are remarkably like those in the male.
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The lateral plates of the first segment are just starting and correspond

closely to the lateral processes of the same segment in the male. The

second pair of plates have not started, while the third pair appear as

two broad and short lobes on the fourth segment.

The genital segment is comparatively wider in the female, and the

fifth legs are on the ventral surface instead of at the posterior corners.

The abdomen is visible for its entire length behind the genital segment

and is very similar to that of the male, having only a single joint. The
anal lamina? are also similar, and w^hile the spines on them are non-

plumose and very short, they are arranged similarly to those in the

male.

The appendages in this young female, liowever, are like those of the

adult of the same sex. The terminal joints of the second maxillipeds

are in the form of adhesion pads. They have not yet assumed the

reniform shape characteristic of the adult, but are otherwise the same.

The swimming legs are exactly like those in the adult female, as can be

seen from fig. 12, p. 341.

In the second chalimus, 4 mm. in length, we find the carapace

approaching the adult form. The posterior lobes have shortened, and
the carapace has widened. The free thorax segments have become
more compactly joined, and the dorsal plates are all of good size.

Those on the second segment, however, are now circular, and neither

they nor the third pair meet at the center, but leave a wide median
space between them (fig. 13, p. 342).

The genital segment has widened and approached more nearly to the

size of the carapace. It has also grown backward over the abdomen,
so that the posterior margin of the latter is just even with that of the

former. Much of the dorsal surface of the abdomen is still visible,

however, through the median sinus of the genital segment.

In the tliird chalimus, 4.5 mm. long, we find practically the same
structure as in the adult. The carapace has widened and its posterior

lobes have shortened. The eyes have moved nearer the anterior

margin, and the frontal plates have become relatively much less

prominent. On the thorax segments the dorsal plates have increased

in size until they overlap on the mid-line, while the posterior margins
of the first and third pairs are handsomely scalloped (fig. 14, p. 343).

The genital segment has now become a little larger than the cara-

pace, while the abdomen has entirely withdrawn beneath it so that

only the tips of the anal laminse are visible at the base of the median
sinus.

'S^ariety stimpsoni: Carapace wedge-shaped, one and a half times

wider than long, strongly narrowed anteriorly as in dentatus, but
with the sides nearly straight instead of strongly convex, and with
very short posterior lobes. The under surface of the carapace shows
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the same large raised knobs opposite the second maxilUpeds as in the

type species (figs. 20 and 21).

First pair of dorsal plates widely separated, their posterior margins

reaching far l)ehind those of the second pair, and far outside the lateral

margins of the third pair. The posterior margins of the first and

third pairs of plates are not toothed in any of the specimens at hand.

Genital segment nmch larger than the carapace, a little wider than

long, the width greatest near the center and a little more than that

of the carapace. Posterior angles reaching farther back than in the

typical form, making the posterior margin more squarely truncated;

median sinus narrow and shallow^er than in the type form. Appen-

dages exactly like those of the type form except that they are larger.

Egg-strings relatively narrower than in the type forni and much
longer.

Ten females belonging to this variety were obtained from a dusky

shark, Carcliarliinus ohscurus, at Woods Hole. They are excellently

preserved, and are of the same color as the type form, a light yellowish

white. They are all fidly developed females with egg-strings, are

all exactly alike, and differ from the type in the above particulars,

the most noticeable difference being the increase in size and in the

length of the egg-strings.

Rathbun founded his variety on a single specimen which had been

in alcohol many years and was of a dark brown color.

On comparing these fresh specimens with his, they are found to

agree in every particular of structure, but are somewhat larger, and

are of the same color as the type instead of being browTi.

This species was established by Rathbun in 1887 upon six lots of

specimens obtained from four different hosts. Two additional lots

have since been obtained, one of which included the developmental

stages and was obtained from a new host.

The U. S. National Museum collection now includes the following:

From the dusky shark, Carcharhinus ohscurus, Cat. No. 12685 from

Vineyard Sound, Massachusetts; Cat. No. 8181 from Noank, Con-

necticut, and the variety stimpsoni, Cat. No. 4414 and Cat. No. 32775,

both from Woods Hole, Massachusetts.

From the sharp-nosed shark, Scoliodon terrse-novse, Cat. No. 6085,

taken at Pensacola, Florida, and Cat. No. 32776 taken at Beaufort,

North Carolina. From the blue shark, Carcharhinus milherti, Cat.

No. 8180 taken at Woods Hole. From the shovel-head shark,

Reniceps tihuro, Cat. No. 8182 taken at St. Marys River, Florida.

From the smooth dog-fish, Mustelus canis, Gat. No. 32777 taken at

Woods Hole; this lot included the chalimi already described.

That this is a valid species and not a synonym of Perissopus

dentatus, as Bassett-Smith would have us believe, may be seen in the

following comparison

:
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In Perissopus dentatus the carapace is wedge-shaped, the pos-

terior margin twice the width of the anterior, the posterior lobes one-

third as long as the carapace on the mid-line; there are no lobes or

knobs on the ventral surface. The first pair of dorsal plates are

elliptical, not reaching forward to the bases of the first legs. The

basal joints of the first two pairs of legs are attached by their postero-

interior corners, with the rami attached to their exterior margins.

The rami of the third legs are fused into a single semicircular lamella

tipped with two minute spines. Rami of the fourth legs one-jointed

exactly alike, but the exopod tipped with a single spine while the

endopod has none.

In Perissopus communis the carapace is semielliptical, scarcely

narrowed at all; the posterior lobes are less than one-seventh the

length of the carapace on the mid-line, and are often virtually elim-

inated; there is a large hemispherical knob on the ventral surface of

the carapace near the lateral margin on either side, opposite the

reniform pad of the second maxilliped. The first dorsal plates reach

forward to the base of the second maxillipeds. The basal joints of

the first two pairs of legs are attached by their anterior margins, with

the rami on the posterior margins. The exopods have each the same
number of spines similarly arranged, one on the exterior margin and

four in a row at the end; the rami of the third legs are as distinct as

those of the other pairs; the endopods of the third and fourth pairs

of legs are very different from the exopods.

Genus LAMINIFERA Poche.

Phyllophora Milxe Edwards, 1840, p. 471. (Phyllophora cornida Milxe Ed-

WARD.S, 1840, p. 472, pi. XXXVIII, figs. 13, 14.^Bassett-Smith, 1899, p. 465.

Laminifera cornuta Poche, 1902, p. 8.)

Female.—Carapace triangular, narrowed and rounded anteriorly,

the lateral margins only moderately convex; posterior lobes ^^^dely

divergent, as long as the entire carapace on the mid-line, broad and
well rounded; posterior margin between the lobes very narrow. The
three pairs of dorsal plates on the thorax developed into overlapping

foliaceous wings, each pair considerably wider than the carapace.

The first two pairs are ^\^dely divergent, like the posterior lobes of the

carapace, and just meet on the mid-line; the third pair are horizon-

tal, their inner margins overlapping considerably. Genital segment
quadrangular with rounded corners and a squarely truncated poste-

rior margin; sixth segment in the form of a dorsal rounded plate, as

in Pandarus. Abdomen attached to the ventral surface of the geni-

tal segment, one-jointed, \\nth modified anal laminse attached to its

sides at the base, and a ventral plate as in Pandarus. Appendages
similar to those in the other Pandarinae; first antennae three-jointed;

second pair much enlarged, their terminal claws stout and not much
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curved, reaching back to the thorax. Second maxilhpeds swollen but

little and ending in short claws. All the swimming legs biramose;

basal joints of the first and fourth pairs not united across the mid-line;

rami lamellar and destitute of setse or spines, those of the third pair

two-jointed, of the other pairs one-jointed; fifth legs on the ventral

surface close to the base of the abdomen. Egg-strings narrow, a lit-

tle longer than the body. Length, 22.5 mm.
(Laminifera, lamina and fero, to bear.)

Male.—Unknown.
This genus was founded by Milne Edwards in 1840 upon female

specimens obtained near Tongatabu; the host is not given, but was
probably a shark. Milne Edwards named the genus Phyllo'phora, but

this name had been preoccupied three times previously, for a genus of

birds in 1812, a genus of flies in 1838, and again for a genus of mam-
mals in the same year; accordingly Poche suggested the name Lami-

nifera in 1902.

Milne Edwards gives no genus diagnosis, but only a short descrip-

tion, from which and from the two excellent figures he published the

above diagnosis has been deduced. There is some doubt on one point,

and what are here given as the fifth legs may prove, on later invest-

igation, to be the sixth pair, attached to a well difl"erentiated sixth

segment.

Genus ECHTHROGALEUS Steenstrup and Lutken.

Pandarus (part) Milne Edwards, 1833.

—

Johnston, 1835.

Dinematura (part) Burmeister, 1834.

—

Guerin, 1837.

Dinemoura Milne Edwards, 1840.

—

Baird, 1850.

Echthrogaleus Steenstrup and Lutken, 1861, p. 380 (Echthrogaleus coleoptratus

Steenstrup and Lutken, 1861, p. 380, pL viii, fig. 15).

Female.—Carapace large and well rounded; frontal plates distinct

but not prominent; posterior lobes long and blunt; dorsal surface

with a longitudinal groove on either side^ a transverse groove across

the mid-line, and a short groove across the lateral area on either side;

three small eyes, the lenses close together and arranged in the form of

a triangle. Three free segments, each bearing a pair of dorsal plates;

first two pairs rudimentary, first pair lateral, second pair median,

third pair well developed and extending the entire width of the body.

Genital segments enlarged, sometimes wider than the carapace,

with a deep posterior sinus and long rounded lobes. A small median
lobe at the base of the sinus represents the sixth thorax segment, and
corresponds to the similar lobes found in Pandarus, Dinematura, etc.

It is on the ventral surface and entirely concealed between the geni-

tal segment and abdomen (coleoptratus), or on a level with the dorsal

surface and visible (denticulatus and torpedinis) . Abdomen small,

one-jointed, concealed beneath the genital segment or partially visi-
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ble in the base of the sinus; anal laminae large but armed with non-

plumose setae.

Second maxillipeds tipped with stout claws; all the swimming legs

biramose; rami of first pair two-jointed; exopods of second and third

pairs three-jointed, endopods two-jointed, all with rudimentary plu-

mose setas; fourth pair transformed into imperfectly jointed lamellae,

destitute of setae. Egg-tubes very slender and several times the

length of the body.

Male.—Carapace like that of the female but proportionally larger,

frontal plates more prominent. Lateral lobes of the second thorax

segment corresponding to the first pair of dorsal plates in the female;

no lobes on the third segment; a rudimentary pair on the fourth seg-

ment, which are closely appressed to the anterior margin of the genital

segment. The latter smaller than in the female, with one pair of legs

at or just in front of the posterior corners. Abdomen small and two-

jointed; anal laminae large and armed with plumose setae. Append-
ages as in the female.

{Echthrogaleus, ^xOpog, an enemy, and yaXsog^ a shark.)

KEY TO THE SPECIES.

a. Females, tliird dorsal plates much enlarged, covering half the genital segment

or more; genital segment also enlarged, sometimes to the size of the carapace;

abdomen small, one-jointed , hidden h.

a. Males, no dorsal plates or only the rudiments of them; genital segment scarcely

enlarged ; abdomen entirely free and two-jointed i.

h. Body more than twice as long as wide; third dorsal plates with rounded

anterior corners, without spines c.

h. Body short and wide, length to width as 5 to 3; third dorsal plates with

sharp spines at the anterior corners /.

c. Carapace definitely wider than long; posterior lobes of genital segment paral-

lel and not touching along the mid-line d.

c. Carapace as long as, or longer than, wide; posterior lolies of genital segment

convergent and overlapping on the mid-line e.

d. Carapace larger than the genital segment; fourth segment plates without

transparent dots and covering more than half the genital segment.

braccatus Dana, 1852, p. 366.

d. Carapace much smaller than the genital segment; fourth segment plates

covered with transparent dots and overlapping less than half the genital

segment coleoptratus Guerin, 1837, p. 367.

e. Carapace definitely longer than wide; al:)domen small and entirely concealed,

not even the anal lamina; visible in dorsal view.

affinis Milne Edwards, 1840, p. .364.

e. Carapace the same length and width; abdomen half as large as the genital seg-

ment and partly visible in dorsal view indistinctus Kroyer, 1863, p. 364.

/. Posterior carapace lobes not touching the third dorsal plates; genital seg-

ment decidedly smaller than the carapace g.

f. Posterior lobes of the carapace overlapping the third dorsal plates; genital

segment as large as or larger than the carapace h.

g. Third dorsal plates covering more than half the genital segment and toothed on

their posterior and inner margins; fifth legs projecting beyond the lobes of the

genital segment; abdomen invisible denticulatus Smith, 1874, p. 369.
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g. Third dorsal plates covering less than half the genital segment, their margins

smooth; fifth legs invisible; abdomen partly visible.

perspicax Olsson, 1869, p. 364.

h. Third dorsal plates covering nearly the whole genital segment; no spines at

their anterior corners; posterior lobes of the genital segment turned

strongly inward and almost touching each other; fifth legs invisible.

torpedinis, new species, p. 371.

h. Third dorsal plates covering about two-thirds of the genital segment, spines

at their anterior corners; posterior lobes of tlie genital segment parallel and

separated by a wide sinus; fifth legs visible beyond the tips of the lobe.

neozcalanicus Thomson, 1889, p. 365.

i. Carapace three times the width of the genital segment; frontal plates broad and
prominent; third thorax segment as wide as the fourth.

perspicax Olsson, 1869, p. 364.

i. Carapace two and a half times the width of the genital segment; frontal plates

very small and narrow; fourth thorax segment short, wider than the genital

segment and semilunar neozcalnnicus Thomson, 1889, p. 365.

i. Carapace twice the width of the genital segment; frontal plates wide and promi-

nent; fourth thorax segment long and narrower than the genital segment.

braccatus Dana, 1852, p. 366.

This genus was established by Steenstrup and Llitken in 1861

to inchide, as they said, four species which had up to that time

been classed with the genus Dinematura, namely D. alata Milne

Edwards, D. affinis Milne Edwards, D. coleoptrata Guerin, and
D. hraccata Dana. These agree with each other and differ from

the true Dinematura species in the following: (1) The first two free

thorax segments are fused together; (2) the genital segment is

broad and flat, not long and narrow; (3) the dorsal plates are larger

and cover half the genital segment or more; (4) the abdomen is not

jointed, it carries only a single dorsal plate, and it is often con-

cealed beneath the genital segment; (5) the fourth swimming legs

are small and their basal joints are not wing-like when developed;

(6) the first three pairs of legs do not deserve the name of swimming
legs, and their plumose setse are poorly developed.

The authors might have added a seventh difference which would

have been at least as valuable as any of the others. In Dinematura

the sixth thoracic segment is well separated from the genital seg-

ment, and it bears a pair of dorsal plates and also a rudimentary

pair of swimming legs. In EcJithrogaleus , on the other hand, this

sixth segment is reduced to a mere lobe attached to the base of the

posterior sinus of the genital segment, and there is not even a trace

of any dorsal plates or swimming legs. To this genus EcJithrogaleus

belong also the following five species, which have appeared since 1861

:

^^ Dinematura^ ^ indistincta, described by Kroyer in 1863 (p. 183),

but of which no figures have ever been published; rightly referred

to the present genus by Bassett-Smith in 1899.

Echthrogaleus perspicax, described by Olsson in 1869; includes

both sexes and is well illustrated.
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Eclithrogaleus denticulatus , described by S. I. Smith in 1874, but

of which no figures have hitherto been pubhshed.

" Dinematura'' neozealanica, described and figured by Thomson in

1S89, and rightly referred to the present genus ]\v Bassett-Smith in

1899.

Echthrogaleus torpedinis, new species (p. 371).

Dana's Dinemahira hraccata is possibly a young female of Ech-

throgaleus coleoptratus rather than of E. affinis, as Bassett-Smith

would have us believe ; eight valid species appear in the above key.

In 1833 Milne Edwards described a new species of parasitic cope-

pod, to which he gave the name Pandarus alatus. Two years later

Johnston published a description of what he claimed to be the same

species, giving it Milne Edwards's name. On founding the present

genus Steenstrup and Liitken decided that Johnston's species was the

same as Guerin's " Dinematura coleoptrata," and that it was not

identical with Milne Edwards's species. This latter decision is con-

fu-med by the following differences: Milne Edwaids's species shows:

1. No division of the lateral areas of the carapace. 2. No trans-

parent spots on the dorsal plates of the fourth thorax segment.

3. Second maxillipeds armed with slender terminal claws and without

accessory claws or spines. 4. Marked differences in the shape of the

second antennge, first maxillipeds, and maxillae. 5. Both rami of

the second and third pairs of legs tliree-jointed. 6. Rudimentary

legs just in front of the abdomen.

Johnston's species, on the contrary, shows: 1. Distinct divisions of

the lateral areas. 2. Transparent spots on the fourth segment plates.

3. Tliick and stout terminal claws on the second maxillipeds, fur-

nished with large accessory claws. 4. The rami of all the legs two-

jointed. 5. No rudimentary legs in front of the abdomen. Such
differences are rather too numerous and important to allow any
assumption of the identity of the two species. Johnston's descrip-

tion does agree with that of Guerin and Steenstrup and Liitken in

every particular, and his species may therefore be taken as a synonym
of Guerin's E. coleoptratus.

As to the location of Milne Edwards's original "Pandarus alatus,"

it is difficult to decide. In the stRicture of the mouth-tube, maxillae,

and second maxillipeds, in the three-jointed endopods of the second

and third legs and in the presence of rudimentary legs just in front

of the abdomen it conforms to the genus Dinematura rather than

Echthrogaleus. But in the fusion of the second and third thorax

segments, in the broad shape of the genital- segment, in the absence

of any dorsal plates for the sixth segment, and in the small size of

the fourth legs it conforms to Echthrogaleus and is unlike Dinematura.

Hence it can not be located with certainty according to available

data; Milne Edwards's statements seem to favor its inclusion under
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the present genus. But if so, it is a distinct species and is not a

synonym of any of the known species.

Milne Edwards claimed to have both sexes, but the specimen he

has figured as a male (PI. VIII, figs. 2 and 3) was certainly a

female without egg-strings. He says nothing about its size. If it

were not fully developed some of the discrepancies, and possibly all,

might be explained, for no development stage of any species of this

genus has ever been seen.

In view of these facts, we are warranted in omitting the species for

the present and awaiting further evidence.

ECHTHROGALEUS BRACCATUS Dana.

Dinematura braccata Dana, 1852, p. 1370, pi. xcv, fig. 4.

Echthrogalcus {Nogagus) braccatus Heller, 1865, p. 197, pi. xx, fig. 3.

Nogagus braccatus Bassett-Smith, 1899, pp. 460, 464.

Dana, who first described this species in 1852, referred it to the

genus Dinematura, but Steenstrup and Liitken in 1861 created anew
genus Echthrogaleus out of several of the Dinematura species,

including this one of Dana. Heller in 1865 described a Nogaus

form as the male of this species, and Thomson recorded in 1889 the

capture of the species at Auckland, New Zealand. Finally Bassett-

Smith in 1899 made the species a synonym of Echthrogaleus affi.nis.

After a careful examination of the evidence the present author can

not agree with Bassett-Smith. Dana plainly states as his reasons

for distinguishing the species from affinis the difference in the shape

of the lateral plates on the second thorax segment, the size and posi-

tion of the anal laminae, the relative size of the carapace and genital

segment, and the size and shape of the third thorax segment. In

Dana's species also the posterior sinus of the genital segment is

very deep and the rudimentary sixth segment plate is not visible,

while in affinis the sinus is much shallower and the sixth segment

plate is visible at its enlarged base.

These reasons are sufficient to separate the two species when sup-

ported by such authorities as Steenstrup and Liitken and Heller.

Wlien we come to compare Dana's species with coleoptratus, how-

ever, the evidence is not as conclusive; still there are enough differ-

ences to prevent us from declaring the two species synonymous on

present evidence. These differences are found in the shape of each

of the three pairs of dorsal plates on the thorax segments, in the

fact that the third pair of plates have no transparent dots in Dana's

species, while these are very prominent in coleoiJtratus , and in the

relative size of the carapace and genital segment. Dana's species

was without egg-strings; 'and if it was a young female, not fully

matured, some, if not all, of these differences could be readily

explained. But Dana gives the length as half an inch, which is

larger than an adult coleoptratus.
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In 1865 Heller described a male which he referred to this species,

giving the following diagnosis:

Cephalothorax half the length of the animal, of about the same length and width,

posterior lobes elongate, with a border around the inner margin.

Frontal plates wide, with a sinus at the center of the frontal margin. Second
abdominal segment winged on either side, wings truncated posteriorly, with a thin'

border on the inner side.

All the abdominal feet biramose, rami of the first and fourth pairs two-jointed,

exopod of the second and third pairs three-jointed, endopod two-jointed. Genital

segment almost quadrate, with rounded angles. Tail one-half shorter than the

genital segment, two-jointed, second joint the longer, appendages elongate. Length

of body 7 mm.

This shows plainly that the coi:>epod is a male of the genus

Echthrogaleus , and as it was found, according to Heller, in company
with females of Dana's species, and as its anatomy agrees with that

species, there is no reason to doubt its identity.

We are thus warranted in leaving the species as Dana and Heller

published it, awaiting further evidence.

ECHTHROGALEUS COLEOPTRATUS Guerin.

Plate XIX.

Dinematura coleoptrata Guerin, 1837, pi. xxxv, fig. 6.

Dinematura alata Guerin, 1837, pi. xxxv, fig. 7.

Pandarus alatus (Milne Edwards) Johnston, 1835, p. 202, two text figures.

Echthrogaleus coleoptratits Steenstrup and Lutken, 1861, p. 380, pi. viii, fig. 15.

Female.—Body elongate, length more than twice the width; cara-

pace orbicular, as wide as long, including the posterior lol^es; lateral

and frontal margins strongly convex, posterior margin slightly con-

vex; posterior lobes long and narrow and curved inward at the tips,

not reaching the anterior margin of the dorsal plates on the fourth

segment by quite a distance. Lateral areas very narrow, the trans-

verse suture at about their center; the transverse suture of the median
area far forward and not straight, but zigzag.

Second thorax segment distinctly separated from the third with

lateral plates like the lateral lobes in the male extending outward and
backward, but not concealed by the carapace.

Second dorsal plates median and rudimentary, relatively wider

than in denticulatus; the broad apron of the third legs visible at the

sides of these plates in the space between the posterior lobes of the

carapace and the fourth segment. Third dorsal plates much enlarged,

trapezoidal in shape and covering a little less than half the genital

segment. They fit very snugly to the genital segment and project

only their own thickness beyond the lateral margins of the latter.

They just meet on the mid line without overlapping, and their entire

marghi is free from teeth or spines. Their chief characteristic, and
one which will distinguish the present species from all others, is the
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tracery of transparent dots or points which are scattered over their

dorsal surface. These dots are circular in outline, sharply defined, of a

light yellowish color, and transparent, thus showing prominently

against the dark-brown background of the general surface. They
are not arranged in any definite pattern, differing in different indi-

riduals, but they are approximately symmetrical in the two plates

of any specimen.

Genital segment much larger than the carapace, elliptical or

spindle shaped, tapering considerably toward either end; posterior

sinus two-fifths of the entire length, narrow and slit-like, and enlarged

but little at the base; posterior lobes closely appressed but not over-

lapping ; sixth segment lobe small and entirely concealed between the

genital segment and abdomen, but plainly visible on the ventral sur-

face after removing the abdomen.

Abdomen transversely elliptical, one-half wider than long, with

evenly curved margins. On either side of the anterior margin is a

small rounded knob which projects forward beneath the genital

segment. Anal laminae large, each one as long as the abdomen and

half as wide, tipped with three rudimentary setaa at the center of the

terminal margin, two small spines near the outer corner and one near

the inner one.

First antennae slender and not prominent; second pair stout with a

long terminal claw which is strongly curved. First pair of adhesion

pads ovate and small; second pair angular and still smaller; on each

half of the apron of the third legs two of the pads are in close contact

near the lateral margin, while the third one is removed some little

distance from them toward the median line. Mouth tube relatively

short and slender; second maxillaj boot-shaped and relatively large,

their bases far forward in front of the base of the mouth tube. First

maxillipeds slender, terminal joint longer than the basal, both claws

with a fringe of setae. Second maxillipeds with a strongly swollen

basal joint and a stout terminal claw, which shuts dowTi against two

large corrugated knobs.

The spines on the rami of the swimming legs are short and stout

with toothed margins, while the setae are all rudimentary, except

those at the tip of the endopod of the second legs. The arrangement

is as follows: First exopod 0, I; 4, III: endopod 0, 0; 5, III: second

exopod 0, 0; 1, I; 7, III: endopod 0, I; 5, III: third exopod 1,1;

1, I; 5, II: endopod 1, 0; 3, II: fourth exopod 3, VII: endopod

0, IV.

In the fourth leg joints the rami are fused indistinguishably, but

the spines are scattered along the margin in such a way as to indicate

that the ramus is a fusion and not a single joint, a fact still further

attested in the endopod by indentations on the margin. Of the

genital organs the oviducts are coiled once in each half of the genital
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segment, passing back to the end of the posterior lobe, then forward

to the anterior margin, and then back to the vulva, which opens

between the abdomen and the genital segment. The vaginal open-

ings are on the ventral surface, clos.e together, one on either side of

the mid line just in front of the base of the abdomen. From these

may often be seen protruding the ends of the ducts of discharged

spermatophores. The cement glands are very large, as would be

expected when we remember that the egg strings are several times

the length of the body. They occupy a large share of the ventral

surface of the genital segment in front of the abdomen; each is in

the shape of a figure 7 inverted.

Total length, 13 mm.; length of carapace on mid-line, 4 mm.;
length of fourth segment plates, 4 mm. ; length of abdomen, 6.5 mm.

;

width of cax'apace, 5 mm. ; width of fourth segment plates, 6 mm.
Color, a dull grayish yellow, uniform and lighter on the ventral

surface, darker on the dorsal surface, with the center of the carapace

between the lateral grooves and the entire surface of the fourth seg-

ment plates a dark chestnut brown. The internal coils of the oviduct

also show through the dorsal surface of the abdomen as light brown
in color.

(coleoptratus , koXsos, sheath and Ttrepov^ ^ving, the dorsal plates of

the fourth thorax segment resembling the elytra of beetles.)

This is the type species upon which Steenstrup and Liitken foinided

the present genus and was identified by them from Guerin's figures

and description. They gave as one of its synonyms " Pandarus

alatus," described by Johnston in 1835; the latter believed his species

to be identical with the " Pandarus alatus '' published two years

earlier by Milne Edwards.

Steenstrup and Ltitken doubted this identity of the two species,

and careful examination confirms their doubt. (See p. 365.) Hence the

specific name used by Johnston can not stand, although it was pub-

lished two years prior to that of Guerin.

There are three lots of specimens belonging to this species in the

U. S. National Museum collection. Cat. No. 6185, from the back fin of

Tsurus dekayi at Woods Hole, Cat. No. 8179, from Cornwall, Eng-

land, in exchange with A. M. Norman, no host given, and Cat. No.

12056, from a shark captured near Unalaska, Alaska.

ECHTHROGALEUS DENTICULATUS Smith.

Plate XX.

Echthrogaleus dentiadatus Smith, 1874, p. 576.

—

Rathbun, 1884, p. 488.

Female.—Carapace orbicular, a little wider than long; lateral and
anterior margins strongly convex, posterior margin nearly straight.

Dorsal surface divided by two longitudinal grooves into a very wide

median and narrow lateral areas similar to those in Pandarus males.

Proc, N. M. vol. xxxiii—07 24
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Median area with a transverse groove a little in front of its center; the

three eyes close together and arranged in the form of a triangle, two

in front of this groove and one behind it. Transverse grooves divid-

ing the lateral areas placed far back, only a little in front of the poste-

rior margin of the carapace and curved forward. Frontal plates

narrow and showing but little in dorsal view.

Free segments short and telescoped together so that the posterior

lobes of the carapace touch or overlap the third pair of dorsal plates.

First dorsal plates lateral and nearly concealed beneath the carapace

and its posterior lobes; but they extend forward under the carapace

and each bears an adhesion pad on its anterior margin as in Pandarus.

Second dorsal plates median and rudimentary, like those just starting

in young females of Pandarus and Perissopus. Third dorsal plates

enormous, as wide as the carapace, and covering two-thirds of the

genital segment. Each is armed at its anterior corner with a short

but stout spine ; the plates do not quite meet at the mid-line and are

armed along their entire median and posterior borders with sharp

spines, thickly set. Genital segment elliptical, one-third narrower

than the carapace, with wide and conical posterior lobes. From the

tips of these lobes extend the modified fifth legs in the form of narrow

pointed processes whose bases reach forward on the ventral surface to

the base of the abdomen. Although every species thus far examined

shows these fifth legs on the ventral surface, the present species and

neozealanicus are the only ones in which they extend beyond the tips

of the posterior lobes so as to become visible in dorsal view. The

rudimentary sixth segment lobe is about half the width and length of

the posterior lobes of the genital segment, and is evenly rounded.

It is on a level with the dorsal surface of the carapace and is entirely

visible from above.

Abdomen wedge-shaped, relatively large, but placed so far forward

on the ventral surface of the genital segment that only the anal laminse

are visible from above. These lamina? are twice as long as wide and

are each tipped with two or three rudimentary setae, short and non-

plumose.

First antennae of the usual pattern, terminal joint slender and club-

shaped. Second antennae stout and placed far back of the anterior

margin, opposite the base of the mouth-tube; terminal claw short,

strong, and well curved. First adhesion pads obovate, of medium
size, and close to the lateral margin; second pair very small and nearly

circular; third pair ellipticaland larger than the second; fourth pair

on the outer margins of the first dorsal plates as in Pandarus, elliptical

and the same size as the third pair. In addition to these four pairs

there are also adhesion pads on the basal joints of the first and third

pairs of swimming legs. One pair on the first legs close together on
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either side of the median Hne, three pairs on the third legs circular in

form and arranged in a triangle at some distance from the median line

on either side. There is also a median impaired pad on the anterior

margin of these legs, transversely elliptical in form.

Mouth-tube long and slender; second maxillfe laminate, rather

narroW; and tapering to a rounded point. First maxillipeds stout, the

anterior terminal claw more than twice the length of the posterior,

both claws fringed with hairs. Second maxillipeds not much swollen,

the terminal claw semicylindrical, the flat side shutting down against

a pair of spherical knobs on the basal joint. All the swimming legs

biramose; rami of the first pair two-jointed; basal joint of the exopod

as long as both joints of the endopod; terminal joint circular in out-

line, half as long as the basal; endopod joints the same length.

Exopods of second, third, and fourth legs three-jointed, endopods

two-jointed, the joints thoroughly fused in the fourth pair.

Endopod joints subequal in the three pairs; basal exopod joint of

the second pair longer than the two (equal) terininal joints; basal

joint in the third pair a little longer than either of the others; the

three joints in the fourth pair subecpial.

Setae and spines arranged as follows: First exopod, 0, 1 ; 4, III:

endopod, 0, 0; 4, 0: second exopod, 1, I; 1, I; 4, III: endopod,

0, 0; 3, 0: third exopod, 1, I; 1, I; 6, II: endopod, 0, 0; 3, IV:

fourth exopod, 0, I; 0, I; 0, I: endopod, 0, 0; 0, 0.

Total length, 9 mm.; length of carapace on mid-line, 3.25 mm.;
width, 4.57 nnn.; length of free segments, 1.5 mm.; length of third

dorsal plates, 2.85 mm.; length of genital segment, 4.3 mm.; width

of third plates, 4.5 mm.
Color of preserved specimens a yellowish brown, probably discolored

by the alcohol.

(denticulatus, armed with minute teeth, referring to the margins of

the third dorsal plates.)

The U. S. National Museum collection contains a single specimen,

the original type described by Smith in 1874. It was taken from
Atwood's shark, Carcharodon carcharias captured in Vineyard Sound,

Woods Hole and is numbered 6169. Smith gave a brief description

of the species without any figiu"es, and it has remained um-ecognized.

The full description and figures here given should establish its

validit}^ It can be readil}^ recognized by the spines or teeth on the

third dorsal plates and by the projecting fifth legs.

ECHTHROGALEUS TORPEDINIS, new species.

Plate XXI.

Type.—Cat. No. 11350, U.S.N.M.
Female.—Body short and wide; length to width as 5 to 3. Cara-

pace orbicular, considerably wider than long, even including the pos-
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terior lobes; lateral areas of medium width, the transverse grooves

crossing them nearly at the center; posterior lobes long and narrow,

their tips extending under the third dorsal plates for some distance;

posterior margin concave. Frontal plates not well defined nor promi-

nent; eyes small and situated about two-fifths of the distance fi-om

the frontal margin.

The fused second and third thorax segments rather short; first

dorsal plates large and extending out beneath the posterior lobes

nearly to the lateral margins of the carapace. These plates are semi-

circular and end in blunt spines at their anterior corners. Second

dorsal plates rudimentary and narrow, leaving a space on either side

between their lateral margin and the posterior lobe of the carapace.

Third dorsal plates enormous, covering the entire genital segment

except the very tips of the posterior lobes; each plate is one-half

longer than the carapace on the mid-line, and together they are con-

siderably wider than either the carapace or the genital segment, pro-

jecting far beyond the lateral margins of the latter. Their outer

margins are strongly curved, their posterior margins nearly squarely

truncated, and there is a wider space between their inner margins

than in most species. They are smooth and without any trace of

spines. Genital segment broadly elliptical, a little wider than the

carapace, but longer than wide, its posterior lobes wide and bluntly

rounded, and turned in toward each other but not overlapping. Pos-

terior sinus one-third the entire length, much enlarged at the base,

and showing plainly there the dorsal surface of the sixth segment

lobe. This latter is much longer than in coleoptratus or denticulatus,

with parallel sides and an evenly rounded posterior margin, and it

extends backward about half the length of the sinus.

Abdomen relatively as large as in denticulatus, but much wider pos-

teriorly, being subquadrangular; anal laminae large and broad, each

tipped with a few coarse spines. The base of the abdomen reaches

forward to the center of the genital segment and is about one-third

the width of the latter, while the ends of the anal laminae just reach

the tips of the posterior lobes.

First antennae slender and small; second pair large and stout, with

a long and strongly curved terminal claw; the basal joint carries a

stout spine behind the adhesion pad.

First two pairs of adhesion pads small, those on the base of the

second antennae reduced to mere points. Two small circular pads

on the basal joint of the first legs; the three pairs on the apron of the

third legs arranged as in coleopiratus , two side by side on each half of

the leg and one at a little distance, nearer the mid-line. Mouth tube

exceptionally long and slender; second maxillae also long and rela-

tively larger and wider than in the other species here described. The

terminal joints of these maxillge are boot-shaped, and are folded over
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inward toward each other, so that the}^ He across the mouth tube

hke a pair of folded hands. Further back on either side, opposite the

base of the first niaxilhpeds, is a flattened spine, larger than the max-

illa and pointing backward.

Second maxillipeds with a stout but rather short terminal claw,

and two large corrugated knobs on the basal joint against which the

claw shuts. Swimming legs biramose and of the usual pattern, but

with the plumose setfe on the terminal joints better developed than

in coleoptratus. The arrangement of the spines and set» is as fol-

lows: First exopod, 0, 1; 6, 0: endopod, 0, 0; 3, 0: second exopod,

1, I; 1, 1; 5, II: endopod, 0, 0; 4, III: third exopod, 0, I; 1, I; 6, III:

endopod, 0, 0; 4, 0: fourth exopod, 0, I; 0, I; 0, VII: endopod, 0, 0;

0, 0.

Outside of the base of the exopod of the fom-th legs and inside of

the base of the endopod of the third legs is a small papilla armed with

a long and flexible spine, similar to those found in Perissopus. The

fifth legs are larger than in coleoptratus, but not as large as in denti-

culatus, and their tips just reach the margins of the posterior lobes.

The oviduct is coiled once in the usual fashion, the vulva; opening

just beneath the base of the abdomen. The cement glands are large

and are arranged like parentheses marks on either side of the mid-line;

their posterior ends are enlarged and bent inward nearly at right

angles. The semen receptacle is just in fi'ont of the base of the

abdomen, with the vagina? opening side by side at the mid-line. The

spermatophores are fastened on either side of the genital segment,

outside and in front of the vulva, and the duct from each crosses the

mid-line and empties into the vagina on the opposite side of the body.

Total length, 1:3 mm.; length of carapace on mid-line, 4 mm.;

width of same, 6.5 mm.; length of fi'ee segments, 2 mm.; length of

third dorsal plates, 5.65 mm.; width of same, 8 mm.; length of

genital segment, 7.38 mm.; width of same, 7 mm.; length of abdo-

men, without anal laminae, 2.5 mm.; length of egg-strings, 40 mm.
Color a dark cinnamon brown, uniform over the entire body.

{torpedinis, the name of the host.)

The U. S. National Museum collection includes two lots, both ob-

tained fTom the Torpedo, common along our Atlantic coast, Torpedo

occidentalis. The fii-st is Cat. No. 6187, U.S.N.M., and includes two

females taken from one of the pectoral fms of a Torpedo captured at

Woods Hole in 1875. The other lot is Cat. No. 11350, U.S.N.M., and

includes seven females taken from the ventral fins of a Torpedo cap-

tured at Provincetown, Massachusetts, October 20, 1885.
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Genus DINEMATURA Latreille.

Caligus (C. productus) Muller, 1785, p. 132.

Dinemoura {D. producta) Latreille, 1829, p. 197.

Pandarus (P. lamnx) Johnston, 1835, p. 203.

Dinematura {D. producta) Burmeister, 1833, p. 284.

Female.—General body form elongate, the length more than twice

the width. Carapace .transversely elliptical, its lateral margins

strongly arched, with narrow frontal plates and long well rounded

posterior lobes; grooving similar to that in the Caliginge; eyes invisi-

ble in the adult. Second thorax segment with large lateral wings;

third segment narrow, with rudimentary dorsal plates, or entirely

without them; fourth segment with plates of medium size, separated

by a deep median fissure, and covering the anterior portion of the

genital segment ; fifth or genital segment oblong, with broad and well-

rounded posterior lobes; sixth segment distinct, separated from the

genital segment, furnished with a pair of dorsal plates, and carrying

ventrally a pair of rudimentary swimming legs. Abdomen small,

one-jointed, projecting but little behind the genital segment, with

large anal laminae, carrying non-plumose setae.

Two adhesion pads instead of one behind each first antenna, the

posterior one the larger. Mouth-tube long and very slender; second

maxilloe slender, three-jointed; first maxillipeds with a tuft of setae, or

a small setiferous third claw, between the usual two at its tip; second

maxillipeds with a stout terminal claw which shuts down between two

knobs on the basal joint.

All the swimming legs biramose; rami of fu'st pair two-jointed, of

second and third pairs tlu-ee-jointed, of fourth pair enlarged, laminate,

and one-jointed. First tln-ee pairs with plumose setae, fourth pair

without setae or even spines. Egg-strings straight and several times

the length of the body.

Hale.—Carapace like that of the female but considerably wider than

long; eyes visible and situated far forward. Lateral wings on second

thorax segment small; third segment without any traces of dorsal

plates; fourth segment with a rudimentary pair overlapping the

genital segment a little. Genital segment oblong wedge shaped,

widest posteriorly; sixth segment not distinctly separated as in the

female, but indicated by an abrupt narrowing of the genital segment,

and by notches in its lateral margins. Abdomen very narrow, two-

jointed, the joints equal; anal laminjB large and armed with long and

stout plumose setae. Appendages like those of the female; first max-
illipeds with a tuft of hairs between the two terminal claws, corre-

sponding to the middle claw in the female. All the swimming legs

biramose; rami of first and foiu^th pairs two-jointed, of second and

third pairs three-jointed; first three pairs with long plumose setae,

fourth pair with spines only.
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(Dinematura, S15, two, vijjux, tlii-ead, and ovpa, tail, that is a tail

made up of two threads, the egg-strings.)

KEY TO THE SPECIES.

a. Females, carapace only one-third the entire length and not much wider than the

genital segment; rami of the fourth legs and anal larainte long and prominent;

egg-strings four or five times the length of the body b.

a. Females, carapace half the entire length or more and much wider than the

genital segment; rami of fourth legs and anal laminie short and partly con-

cealed ;
egg-strings only twice the length of the body or less c.

a. Males, carapace several times the size of the genital segment; dorsal plates

reduced to mere stumps or entirely lacking; rami of fourth legs two-jointed

and well armed with spines d.

b. Lobe of sixth segment not projecting beyond the posterior lobes of the geni-

tal segment; sixth legs reduced to mere papillje; length 30 mm. or more. .

.

fcrox Kroyer, 1863, p. 377.

b. Lobe of sixth segment projecting half its length behind the posterior

lobes of the genital segment; sixth legs as well developed as the fourth;

length 18 to 20 mm producta Miiller, 1785, p. 380.

c. Carapace half the entire length or less, not quite twice the width of the genital

segment; anal laminse l:)roadly foliaceous

lalifolia Steenstrup and Liitken, 1861, p. 383.

c. Carapace two-thirds the entire length and four times as wide as the genital seg-

ment; anal laminae narrow oblong hamiltoni Thomson, 1889.

d. Fourth thorax segment three times as long as wide; abdomen nearly square,

one-jointed; anal laminae narrow-oblong hamiltoni Thomson, 1889.

d. Fourth thorax segment considerably wider than long; abdomen oblong and

two-jointed ; anal laminje as broad as long

latifolia Steenstrup and Liitken, 1861, p. 383.

Tliis genus was estabHshed by Latreille in 1829 for the species

which Miiller had described as Caligus productus in 1785. Latreille

called his new genus Dinemoura, and fortunately gave the etymology

of the new word, as so many of his associates have failed to do (see

above). Acting upon this, Biu-meister in 1833 changed the spelling

of the name to Dinematura which certainly corresponds more correctly

to the etymology and was at once adopted universally.

There was a great amount of confusion in the early descriptions,

both in regard to the species and to their hosts, even among such care-

ful investigators as Gerstaecker and Steenstrup and Liitken. As late

as 1889 Thomson described four species which he referred to this

genus; ^hree of them really belong here, but the fourth is as unmistak-

ably an Echthrogaleus species.

The simplest way to rectify this and other similar mistakes is to pre-

sent a list of the 18 species which have been ascribed to this genus

by the various investigators, with a proper identification for each, so

far as this has been rendered possible

:

Dinemoura affinis Milne Edwards, 1840, aliown by Steenstrup and Liitken to belong to

their new genus Echthrogaleus, and accordingly becomes Echthrogaleus affinis.

Dinemoura alata Milne Edwards, 1840, also shown by Steenstrup and Liitken to be a

probable species of the genus Echthrogaleus.
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Dinematura braccata Dana, 1852, shown on page 366 of the present paper to be still

another species of Echlhrogaleus

.

Dinematura carcharodonti Thomson, 1889, one of the four species to which reference

is made above, a genuine Dinemahira, but apparently a synonym of D.ferox as

suggested by Bassett-Smith.

Dinemoura coleoptraia Gu^rin, 1837, taken by Steenstrup and Liitken in 1861 as the

type species of their new genus Echlhrogaleus.

Dinemoura elongata Van Beneden, 1857, shown l)y Steenstrup and Liitken to be a

synonym of D. producta (see also p. 382).

Dinemourafcrox Kroyer, 1838, valid (see p. 377).

Dinematura hamiltoni Thomson, 1889, valid (see p. 375).

Dinematura gracilis Burmeister, 1833, shown on page 452 of the present paper to be

probably a young male of Dinematura producta.

Dinematura indistincta Kroyer, 1863, probably belongs to the genus Echlhrogaleus, as

suggested by Bassett-Smith, but only a brief description without figures has ever

been published.

Dinematura lamnse Kroyer, 1863, first described by Johnston in 1835 as Panadarus

lamnx, but really a synonym for Dinematura producta, as shown by Steenstrup

and Liitken in 1861.

Dinematura Za/i/oKa Steenstrup and Liitken, 1861, valid (see p. 383).

Dinemiira musteli-lxvis Hesse, 1880, shown on page 386 of the present paper to l)e

probably a Demoleus species.

Dinematura neozealanica Thomson, 1889, another of the four species to which reference

is made above, and one which certainly belongs to the genus Echlhrogaleus, as

suggested by Bassett-Smith.

Dinemoura producta Latreille, 1829, the species first described by Miiller as Caligus

productus in 1785, and taken by Latreille as the type species of his new genus

Dinemoura (see p. 381).

Dinematura scrrata Kroyer, 1863, shown l)y Horst in 1897 to he a new genus and named
by him Philorthragoriscus (see p. 479).

Dinematura sexsetacea Burmeister, 1833, established to include the two species de-

scribed by Otto, Caligus heptapus in 1821 and Caligus paradoxus in 1828. But

the latter was used by Heller as the type of his new genus Demoleus in 1865, and

hence Burmeister's species becomes a synonym of that genus.

Dinematura thynni Kollar, a name given by Kollar on the labels of certain specimens

in the Vienna Museum. These specimens were made the types of a new genus,

called Arneiis thynni by Kroyer in 1863. They have since l)een identified with

Gerstaecker's Elytrophora brachyptera, which was described in 1853.

We thus see that out of the eighteen species which have been

ascribed to this genus only four prove vahd, and they have been

included in the key given above. Of the other fourteen, seven belong

to the two new genera established by Steenstrup and Liitken and

Horst, while the remaining seven are synonyms of other species.

The confusion in this genus has apparently arisen from a singular

inability on the part of the different investigators to appreciate the

significance of the structures found just behind the genital segment.

It is easy to understand how Miiller, Latreille, and Burmeister failed

in this regard; they were pioneers in the work and accomplished

wonders in the face of the greatest difficulties. Moreover, we must
never forget that they dealt almost wholly with isolated material,

and were thus deprived of those suggestions and explanations which
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come from a broad survey and comparison of all the known genera

and species. »

But even with these advantages the recent writers have still

failed to recognize the structures behind the genital segment as a

sixth thorax segment with its dorsal plates and rudimentary swim-

ming legs. These structures are plainly marked here in Dinematura,

but are rudimentary or even lacking in the other genera. They are,

of course, morphologically the same in all the genera, however

rudimentary they may be, but have been very differently regarded

by different investigators.

For instance, the dorsal process has been considered a process of

the genital segment in the present genus, as the first segment of the

abdomen in Pandarus and GangliopuSj as a foliaceous dorsal lamina

of the abdomen in Demoleus, while it has been wholly overlooked in

Laminifera and EcJdhrogaleus , in both of which, however, it exists

and can be easily found.

One of the most recent investigators, Bassett-Smith, in his Enu-

meration of the Known Species of Parasitic Copepods (1S99), describes

this sixth segment as " a small median process (of the genital segment)

partially covered by two narrow plates" (p. 463), while he regards

the rudimentary swimming legs upon its ventral surface as lateral

processes of the abdomen. But as soon as we realize that this is really

a sixth segment we have recognized the most important characteristic

of the genus Dinematura. and one which will certainly distinguish it

from all its relatives. This has been indicated in the diagnosis given

above by the use of italics.

DINEMATURA FEROX Kroyer.

Plate XXII.

Dinematura fcrox Kroyer, 1838, p. 40, pi. i, fig. 5.—Milne Edwards, 1840,

p. 465.—Steenstrup and Lutken, 1861, pp. 376, 379, pi. vii, fig. 14.

Dinematura carcharodonti Thomson, 1889, p. 360, pi. xxvi, fig. 2.

Female.—Body three times as long as wide, both the carapace and

genital segment thick and strongly arched. Carapace, including the

posterior lobes, nearly orbicular; lateral areas narrow, their trans-

verse suture just in front of the posterior margin of the carapace, and

forming a well-defined notch on each lateral margin; posterior lobes

long, conical, and curved inward at their tips. Frontal plates very

narrow and insignificant; median incision scarcely visible; eyes

small and about one-third the distance from the anterior margin.

The three free thorax segments about the same length, but dimin-

ishing regularly in width backward. Lateral plates on the second

segment reaching back to and overlapping the plates on the fourth

segment. No dorsal plates on the third segment; those on the fourth

segment short and narrow, the same width as the genital segment and
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two-fifths as long, the median sinus two-thirds the entire length,

narrow and enlarged a little at the base.

Each plate is rounded in the form of a semicircle at its posterior

end and at the anterior corner, the latter projecting prominently.

Genital segment five-sevenths the width of the carapace, a little less

than twice as long as wide, with parallel sides and wide, evenly

rounded, but very short posterior lobes. The dorsal plates on this

segment are a little narrower and shorter than the segment itself,

their posterior ends cut off obliquely and separated by a short sinus.

Dorsal process of the sixth segment filling little more than half the

entire space between the posterior lobes of the genital segment, but

not reaching quite to their tips. Dorsal plates of this segment shorter

and wider than the process, the median sinus less than one-third their

length and enlarged a little at its base. Abdomen one-jointed, sub-

triangular, the anterior corners rounded, the posterior margin pro-

jecting slightly beyond the genital segment. Anal laminae huge, as

long and two-thirds as wide as the dorsal plates on the fourth seg-

ment, and armed with short, nonplumose spines. Egg strings

narrow and about four times the length of the body; eggs small and

very numerous.

First antennae small, two-jointed, armed with but few setie, both

joints visible in dorsal view. Mouth tube very long and narrow;

maxillae curved in toward the base of the mouth tube and then out

again, so as to assume the shape of a half moon. Each maxilla three-

jointed, the two basal joints subequal, the terminal joint much
shorter. First maxillipeds rather large, the two joints approxi-

mately the same length; the accessory claw on the posterior margin

of the distal joint is removed some distance from the terminal claw.

Both claws are flat and laminate and fringed along both margins with

cilia; between them and nearer to the base of the terminal one is a

rounded knob carrying a heavy tuft of setae.

Second maxillipeds not swollen as much as in some of the other

species, and armed with an ordinary terminal claw which shuts down
against two corrugated knobs on the basal joint.

All the swimming legs biramose and of the usual pattern; the

proximal joint of the exopod of the first pair is enlarged more than

in any other species, being more than five times the size of the distal

joint. The arrangement of the spines and setae on the different legs

is as follows: First exopod, 1, 0; 3,111: endopod, 0, 0; 0,111: second

exopod, 1,1; 1, I; 3, IV: endopod, 1, I; 0, II; 0, VII: third exopod,

1, I; 1, I; 3, IV: endopod, 0, I; 0, II; 0, IV: fourth rami without

spines or setae.

The legs on the sixth segment are reduced to mere stumps, attached

to either side of the segment and projecting outward at right angles

to the body axis. They are bluntly rounded at the tips which just
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reach a level with the lateral margins of the abdomen. Of the repro-

ductive organs, the cement glands are large and of the usual shape;

they reach from the base of the sixth segment nearly to the anterior

margin of the genital segment; the anterior ends are bluntly rounded,

while the posterior ones are enlarged and somewhat angular. The

semen receptacle is in the form of a semicircle, its ends enlarged and

resting against the base of the sixth segment, while the curve is

directed forward. The oviducts are each coiled once m the genital

segment, the coil passing backward into the posterior lobe, then

forward to the anterior margin, and then backward to the vulva

which opens just in front of the base of the sixth segment on either

side.

Total length, 32 mm. ; length of carapace on mid-line, 7 mm.

;

width of same, 10 mm.; length of tliird dorsal ])lates, 6 mm.; length

of genital segment, 13 mm.; width of same, 7 mm.; length of anal

laminae, 5 mm.; length of egg strings, 120 mm.
Color (preserved material) a dark yellow tinged with brown, but

without pigment markings.

{ferox, ferocious.)

Steenstrup and Liitken state that if it can be fairly proved that the

present species and Nogagus grandis live in the same region, then it

will be reasonably certain that they are the male and female of the

same species (1861, p. 387).

After careful examination this does not seem probable for the

following reasons: First, Nogagus grmidis is not like the Dinematura

males already determined in that its second and third legs are two-

jointed instead of three-jointed, and its second maxillipeds are of the

ordinary form instead of swollen.

In the second place, it is like the male form named Caligus para-

doxus by Otto in 1828, and corresponds, in the structure of its append-

ages, with the female form presented at the same time and afterwards

(1865) used by Heller as the type of his new genus Demoleus. For
these reasons Nogagus grandis has been placed with the genus Demo-
leus (see p. 349).

The collection of the U. S. National Museum includes two lots of

this species; one numbered 12036 and containing more than tliirty

females excellently preserved was obtained from the shark fishermen

of Iceland; the other. Cat. No. 32783, contains six well-preserved

females whose origin and host are unknown.
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DINEMATURA PRODUCTA Miiller.

Plate XXIII.

Caligus productus Muller, 1785, p. 132, pi. xxi, figs. 3 and 4.

Dinemoura producta Latreille, 1829, p. 197.

Pandarus lamnse Johnston, 1835, p. 203, fig. 22 (text).

Dinemoura lamx Baird, 1850, p. 286, pi. xxxiii, fig. 8.

Nogagus productus, Gerstaecker, 1853, p. 63, pi. iv, figs. 1 to 10.

Dinematura elongata Van Beneden, 1857, p. 226; 1860, p. 149, pi. xxiv.

Dinematura producta Steenstrup and Lutken, 1861, pp. 371, 374, pi. vii, fig. 13.

Female.—Carapace orbicular, a little wider than long; frontal

plates wider and more prominent than in. ferox, their anterior margin
nearly straight, with a deep and well-defined central sinus.

Lateral areas wide, their transverse grooves far in front of the pos-

terior margin of the carapace and making only small indentations

on the lateral margins; posterior lobes short and wide, and curved

inward strongly at the tips. Eyes not visible in any of the specimens

examined. Free thorax segments very short but wide, filling the

entire space between the posterior lobes of the carapace. Lateral

plates on the second segment short and oblique; no plates on the

third segment; those on the fourth segment narrow and nearly as

long as the carapace on the mid-line, being more than twice as long

as wide. Together, these plates are no wider than the genital seg-

ment, and are evenly rounded at their anterior corners, not projecting

as in ferox; the posterior ends are also evenly rounded, wliile the

median sinus extends about three-fourths the entire length and is

somewhat enlarged at its base.

Genital segment oblong, a little more than half the width of the

carapace, with short and rather narrow posterior lobes; dorsal plates

covering this segment a little narrower and shorter than the segment
itself, as in ferox. Their posterior ends are cut off obliquely but in

a direction opposite to that of ferox, leaving a sharp corner at the

imier, instead of the outer, angle; median sinus wide, fairly deep,

and wedge-shaped, with a squarely cut base. Dorsal process of the

sixth segment narrow and elongate, reaching far behind the genital

segment and abdomen; dorsal plates covering the process also narrow
and elongate, not quite as long as the process itself, divergent, and
separated by a triangular sinus two-tliirds of their entire length.

The base of this sinus is opposite the tips of the dorsal plates on
the genital segment. Body of the sixth segment short and about

the same width as the abdomen; sixth legs large and somewhat boot-

shaped, with the heels turned outward. They reach back to the

tip of the dorsal process, are armed with rudimentary spines like the

fourth legs, and are plainly visible in dorsal view. Abdomen small

and subquadrangular, projecting beliind the genital segment, but
entirely concealed in dorsal view by the process, legs, and dorsal
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plates of the sixth segment. Anal laminae large and elliptical,

articulated by their outer corners only to the outer corners of the

abdomen; each armed with three terminal spines, and one on the

outer margin. Egg-strings narrow and about twice the length of

the body.

First antennae of medium size, their basal joints entirely concealed

beneath the frontal plates; second pair enlarged with a short, sickle-

sliAped terminal claw. Mouth-tul)e as long as in ferox and a little

^vider; maxilla^ large and three-jointed, the basal joint nuich the

largest and carrying on its outer margin two small processes, in con-

tact with each other, and each tipped with a small spine. These

are evidently the rudiments of the exopod; the endopod is made up

of two cylindrical joints, the terminal one considerably the smaller.

First maxillipeds similar to those in ferox: second pair with the

basal joint more swollen and armed with larger corrugated knobs;

the terminal claw rather slender but of the usual pattern. Swimming
legs similar to those in ferox, the basal joint of the first exopod not

enlarged as much and more pointed.

The spines and seta? are arranged as follows: First exopod, 1,0;

3,111: endopod, 0,0; 0,111: second exopod, 1, 0; 1,0; 2,V: endopod,

0,1; 0, 1;0,AT: tliird exopod, 1,1; 1,1; 3, VI: endopod, 0,0; 0,11;

0, VI. Fourth rami each with four rudimentary spines near their tips.

Total length, 17 mm.; length of carapace on mid-line, 5 mm.;
width of same, 7 mm. ; length of second and third thorax segments,

1 mm. ; of genital segment, 8 mm. ; of dorsal process of sixth segment,

3.5 mm.; of egg-strings, 40 mm.; width of genital segment, 4 mm.
Color of preserved material a light brown without pigment spots.

(producta, elongated, drawn out.)

The present is the species described by Mliller in 1785 as Callgus

produdus, and afterwards taken by Latreille as the type of the new
genus Dinemoura wliich he established in 1829.

Neither Midler's nor Latreille' s description was very satisfactory,

but fortunately the specimens upon wliich these descriptions were

founded were preserved in the museum in Copenhagen, and Steen-

strup and Ltitken were enabled to recognize Midler's species and to

correct some of the errors in regard to it and to its hosts. Accord-

ingly they have given us a history of this species up to 1861, wliich

clears up many of the difficult puzzles and mistakes in identity and

nomenclature. They declare in substance that the present species

was described and figured first by Herbst in an article entitled

" Beschreibung eiiier sehr sonderbaren Seelaus vom Hemorfische,"

published in Schriften der Berlinischen Gesellschaft naturforschenden

Freunde for 1780, pp. 56 to 67. Herbst obtained his specimens from

Pastor Chemnitz, of Copenhagen, who in turn had them from the

Faroe Islands with the information that they had been fastened to
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the tail of a "Hemorfische," which was in all probability Lamna
cornuhica.

The Zoological Museum of the university at Copenhagen possesses

severalspecimens of this speciesfrom the Faroe Islands which were taken

from Lamna cornuhica. The Physiological Museum of the same univer-

sity possesses another particularly fine lot of females of D. producta

fastened tightly to a piece of shark's skin. This piece of skin looks

as if it came from Scymnus glacialis, and it has been so recorded by
one or two investigators, but the scales on it show that it really

belonged to a Lamna cornuhica. Such a shark was captured and

kept on exhibition for some time, and then purchased by the Univer-

sity Museum. It bore numerous marks of fish lice and the specimens

fastened to it while on exhibition were all D. producta.

Mliller was the next to describe the species in 1785; lie does not

state whence he obtained liis specimens, but Steenstrup and Liitken

think it probable that they came from the same Faroe Island col-

lection. Mliller' s figures and description are less satisfactory than

Herbst's, and he makes the serious blunder of including Fabricius's

Binoculus salmoneus, which belongs to the genus Lepeophtheirus

,

with liis " Caligus productus."

In 1829 Latreille, recognizing that this was not a Caligus, made
of it a new genus which he called Dinemoura. He was content,

however, to accept the descriptions already given and added almost

nothing in the way of further information. Consequently his contri-

bution consisted of little more than a change of name.

In 1835 Johnston described a British species wliich he called Pan-

darus lamnx, and wliich was taken from a Beaumaris shark, Lamna
monensis. Baird incorporated this in his Natural History of the

British Entomostraca in 1850 under the name of Dinemoura lamnse.

He recognized that it was the same that Herbst had described, but

singularly enough did not identify it with Miiller's Caligus productus;

the name he gave it therefore becomes another synonym of that

given by Latreille.

P. J. Van Beneden in 1857 described and figured this species under

the name Dinemoura elongata, still another synonym.

It might have been difficult to decide whether Beneden really had

a new species or not, but Steenstrup and Liitken found that his speci-

mens came from Copenhagen and that they were taken from the

same piece of shark's skin already mentioned.

Their host, therefore, was Lamna cornuhica and not Scymnus gla-

cialis, as Beneden states, and the species is identical with those

described before. Thirty-five years later, in 1892, Beneden pre-

sented what he claimed was the male of his D. elongata, still retain-

ing his former name for it, although he acknowledges in so many
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words that both Steenstrup and Liitken and Olsson had shown that

it was a synon3an of D. producta.

This male is figured very poorly; no frontal plates are shown;

there are no dorsal grooves or markings of any kind upon the car-

apace, and the second and third thorax segments are hopelessly con-

fused. But the general outline, the relative proportion of the vari-

ous parts, and such of the details as can be made out correspond

closely with those of the male of latifolia here for the first time shown

(see p. 386). The rami of the second legs are three-jointed, as they

should be, but he describes the basal joints of the third legs as fused

across the mid-line into a broad apron wholly covering the fourth

pair. The rami of these third legs are attached to the sides of the

apron and appear to have only two joints in the figure given; noth-

ing is said of the number of joints in the text.

In the latifolia male the basal joints of these legs are greatly

enlarged and nearly meet on the mid-line, but the rami are attached

to the posterior margins and are distinctly tlu-ee-jointetl. The first

maxillipeds also in Beneden's specimen show no tuft of seta? between

the two terminal claws, while the first swinmiing legs as he has repre-

sented them are unlike anything known amongst the parasitic cope-

pods. They are cylindrical, uniramose, and one-jointed, with three

plumose seta? attached to the anterior margin near the end and
curved over the ventral surface; the end of one is split and armed
with small spines; the other is entire and bluntly rounded. In the

text these appendages are said to be the same as those of the female.

In the presence of such inconsistencies it is of course impossible

to locate the species with accuracy, but the resemblance between

this male and the one of latifolia about to be described seem to over-

balance the differences, and the form Beneden has presented may be

a Dinematura male as he claims.

The Museum collection contains three lots of this species; one,

Cat. No. 12678 U.S.N.M., contains two females obtained from a large

shark in Casco Bay, Maine. The second is Cat. No. 12679 U.S.N.M.
and contains six females taken from a large shark captured at the

surface in latitude 38° 07' N. and longitude 74° 21' W. on May 10,

1887, by the Bureau of Fisheries schooner Grampus. The third is

Cat. No. 8106 U.S.N.M. and consists of a single female taken from
a shark near Shetland; it was obtained by exchange.

DINEMATURA LATIFOLIA Steenstrup and Lutken. ^ •

Plates XXIV and XXV.

Dinematura latifolia Steenstrup and Lutken, 1861, p. 378, pi. viii, fig. 16.

—

Brian, 1898, p. 14, pi. ii, fig. 10. — Bassett-Smith, 1899, p. 463.

Female.—Carapace transversely elliptical, the width twice the

length on the median line: frontal plates narrow but distinct, their
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combined length not more than one-third the width of the carapace.

Posterior margin almost straight and with a triangular flap on either

side projecting backward over the lateral plates of the second thorax

joint. Lateral areas wider than in ferox and -producta and without

any visible transverse grooves; posterior lobes wide, broadly rounded,

and extending backward toward and somewhat overlapping the dor-

sal plates of the fourth segment. Thoracic area almost rectangular,

more than half the entire width of the carapace and about half the

length on the mid-line; cephalic area small and elliptical.

Second thorax joint much shorter than the third, but wider, and

furnished with a pair of good-sized lateral plates, which fill the entire

space between the posterior lobes of the carapace. Third joint wedge-

shaped and without dorsal plates; fourth joint with a pair of large

ones which extend out laterally nearly to the margin of the carapace

and posteriorly over the basal third of the genital segment. These

two plates are fused anteriorly, the narrow median sinus not reaching

quite to their base; each is somewhat triangular in shape, the anterior,

lateral, and inner margins being convex, while the posterior margin

is slightly concave. Each plate has the same width and length, thus

difi^ering radically from those of the other two species already described.

The fourth segment is much narrower than the third, and the base of

the dorsal plates is contracted to about half the width of the third

segment.

Genital segment elongate, nearly twice the length of the carapace

on the midline, with wide and evenly rounded lobes at its posterior

corners. Its dorsal plates are considerably narrower and shorter than

the segment itself; their posterior ends are broadly rounded and sepa-

rated by a triangular sinus whose sides are much more divergent

than m ferox or producta.

Dorsal process of the sixth segment club-shaped or spatulate, and

prolonged backward over the abdomen and the base of the anal lami-

nae. Its two small dorsal plates are separated by a narrow median

sinus; they do not reach the tip of the process and do not extend

beyond its lateral margins, except at the base. Abdomen broad,

heart or kidney shaped, about twice as wide as long, and entirely

concealed in dorsal view. Its lateral margins are somewhat flattened,

while to its postero-lateral margins are attached the huge anal lami-

nae, each fully as large as the whole abdomen and tipped with four

long plumose set«. Egg strings slender and about twice as long as the

body of the copepod.

On the ventral surface of the carapace there are four adhesion pads

on either side of the body and a single median one just behind the

bases of the first swimming legs. These are similar to the pads found

in Pandarus, and characterize the present genus as one of the Panda-

rinse, The first two pairs of these pads lie posterior to the bases of
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the first antennae and outside the second antenna. They are arranged

on either side one behind the other, the posterior one being three or

four times as large as the anterior and both being oUiptical in shape.

The third pair are nearly circular and lie on either side of the mouth
tube at about its center; the fourth or posterior pair are formed on

the edges of the lateral plates of the second thorax segment. They
are elongated, irregular in outline, and inclined toward the central

axis.

Of the appendages the first antennae are very small and two-jointed,

the joints not very well supplied with setae; the second antennae are

large, three-jointed, and terminate in the usual claw, which has a

double curve like the letter S. The mouth tube is very slender and

pointed, and is fully twice the length of the second maxillfS". The
latter consist of a thick conical basal joint terminating in a spherical

knob, from which extend the two slender, cylindrical terminal joints,

which are inclined outward at an angle of about 45°. The mandibles

are slender, the two joints about the same length, and they end in a

terminal claw strongly curved toward its tip and fidly as long as the

joints. On the outer margin of the terminal joint, near the base of

this claw, is a shorter accessory claw, and between the two claws the

usual tuft of long cilia; both these claws are also densely covered with

short hairs.

The second maxillipeds are massive and nodose, exactly like those

in Pandarus, and different from what we have seen mferox and fro-

duda. The swimming legs are all biramose, the rami of the first pair

two-jointed, of the second and third pairs three-jointed, of the fourth

pair two-lobed and foliaceous.

There is a row of three large adhesion pads along the inner margin

of each of the first legs, two of the pads being on the basal joint and

the other on the first joint of the endopod.

The arrangement of the spines and setae on the swimming legs is as

follows: First exopod, 1, 0; 2, III: endopod, 0,0; 0, III: second exo-

pod, 1, I; 1,1; 3, V: endopod, 0, I; 0, II; 0, VI: third exopod, 1,1;

1, I; 4, III: endopod, 0, 0; 1, II; 0, IV. Both rami of the fourth

legs have smooth edges without spines or setae.

The sixth legs are well developed and are situated close to the mid-

line just in front of the base of the abdomen, on the ventral surface of

the genital segment. Each consists of a two-lobed foliaceous lamina,

similar to those of the fourth legs, but considerably smaller.

Total length, 15 mm.; length of carapace on mid-line, 4 mm.;
width of same, 7.9 mm.; length of genital segment, 7 mm.; width of

same, 4.65 mm.; length of egg-strings, 30 mm.
Color a yellowish green, considerably darker in the thicker parts of

the body, the dorsal plates and thin margins a clear yellow.

(latifolia, latus, wide, Sind folia, plates or wings.)

Proc. N. M. vol. sxxiii-.07 25
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Male.—Carapace proportionally much enlarged and very evenly

rounded, the width one and three-quarters times the length on the

mid-line. All the thorax joints except the first free as in the female,

and diminishing in size backward.

Dorsal plates on the fourth joint nuich smaller than in the female,

scarcely overlapping the base of the genital segment, and bordered

with fine hairs. Genital segment oblong, suddenly and considerably

enlarged just back of the center, and then contracted abruptly to the

base of the abdomen, with a deeply concave posterior margin. At
its widest point it is only one-third the width of the carapace, and is

about one-fourth longer than wide. Abdomen two-jointed, the ter-

minal joint a little larger than the basal and wedge-shaped, the large

anal laminse being attached to the inclined posterior margins. Each

of them is fully as large as the joint itself, and carries three large

and one small plumose setse.

The appendages are exactly like those in the female, with the excep-

tion of the fourth legs; here the rami have not been transformed into

laminae, but are each two-jointed and armed with short plumose setae

and spines, like the other legs.

Total length, 8.3 mm.; length of carapace on mid-line, 3 mm.;

width of same, 5.2 mm.; length of gential segment, 2 mm.; width of

same, 1.65 mm.; length of abdomen, 1.7 mm.
Color as in the female.

This species appears fairly common upon the large sharks along

our Atlantic coast, and the U. S. National Museum collection includes

five lots, all from the mackerel shark, Lamna cornubica. Cat. No.

32782 U.S.N.M., six females from a station 120 miles off Woods
Hole; Cat. No. 32784, U.S.N.M., three males taken with the females

of the preceding lot; Cat. No. 12676, U.S.N.M., six females, locality

unknown; Cat. No. 12677, U. S. N. M., six females from Cox's Ledge,

Massachusetts; Cat. No. 8107, U. S. N. M., a single female taken on

the coast of England.

DINEMATURA MUSTELI-L^VIS Hesse.

Dinemoura musleli-lsevis Hesse, 1880, p. 5, pi. i, figs. 1 to 16.

The description of both sexes as given by Hesse, and the figures,

make this an anomalous and entirely original form, unlike anything

found in the entire group of parasitic copepods.

It is stated in the text that the female is 15 mm. long and 8 wide;

both full-length figures of the female are a little more than three times

as long as wide. The text further states that this sex has three free

thorax segments in front of the genital segment, the third one bearing

a pair of dorsal plates. The first antennae are four-jointed, the second

pair six-jointed; the maxillae are also six-jointed and ^nd in along

curved claw. The swimming legs are all biramose, but each ramus
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contains only a single joint; the abdomen is entirely concealed beneath

the genital segment, and there is not even a trace of any sixth seg-

ment. The egg-tubes come out of the posterior lobes of the genital

segment, behind the tips of the anal laminae.

The male is even more wondei-fidly made; he possesses five free

thorax segments in front of the genital segment, but there are only

two pairs of swimming legs for the entire five segments.

The first antenniP are three-jointed, the second pair four-jointed;

the maxillie are five-jointed and terminate in a stout claw. The
mouth-tube is jointed twice, and the three

parts are of different diameters; the eyes

are triangular. The swimming legs are all

biramose and the rami are one-jointed, as

in the female, while each anal lamina is

furnished with a large sucker on its base,

close to the anus.

Of course such a description takes away
all possibility of locating the species accu-

rately; the only thing we can afhrm with

certainty is that the species does not be-

long to the genus Dinematura, where Hesse

has placed it. The size and shape of the

female's body, especially when seen in dor-

sal view, suggests strongly the genus Demo-
leus. But the male is a perfect enigma, in

view of which we are obliged to leave the

species unlocated and await further infor-

mation.

Fig. 15.—Dorsal view of a fe-

male Pandarus sinuatus, show-
ing THE PARTS OF THE BODY.

Genus PANDARUS Leach.

Pandarus (P. bicolor) Leach, 1816, p. 405.

Female.—Body an elongated oval or

elli])se; cephalothorax semielliptical, usu-

ally narrowed anteriorly, and covered with

a smooth carapace destitute of grooves;

posterior lobes short, the margin between them armed with teeth or

spines, or sometimes sinuate (fig. 15.) Eyes usually invisible in the

adult, but visible in the young. Free thorax segments each furnished

with a pair of dorsal plates, which are stiff and rigid, elytra-form; those

on the second segment are lateral, the others median, the third pair

overlapping to a greater or less extent the genital segment. This lat-

ter is considerably enlarged, elliptical, or sometimes narrowed posteri-

orly and prolonged backward into lobes at the posterior corners. The
dorsal surface of this segment is hardened like the carapace, and in

most species gives evidence of being a fusion of two plates, like those
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on the other thorax segments. Sixth segment represented by a median

lobe or process attached to the base of the posterior sinus of the geni-

tal segment, and without dorsal plates or rudimentary legs. Abdomen
short and broad, two-jointed, usually narrowed anteriorly and at-

tached to the ventral surface of the genital segment. Abdomen
covered dorsally by the rudimentary sixth segment lobe, ventrally

by a plate, short and wide, and not reaching the posterior margin of

the dorsal lobe.

Attached to either side of the ventral plate at its base, and to the

side of the abdomen, is a peculiarly modified anal lamina; the two

are usually divergent, with a thickened conical outer margin and two

membranous wings, dorsal and ventral, on the inner margin. Four

pairs of adhesion pads on the ventral sur-

face of the carapace, one pair at the base of

the first antennae, one at the base of the

second antenna, a third between the bases

of the first maxillipeds, and the fourth on

the lateral margins of the first pair of thorax

plates, opposite the first legs.

Second maxillipeds much swollen and

enlarged, armed with a pair of roughened,

forceps-like knobs instead of a terminal claw.

Four pairs of biramose swimming legs, the

rami all laminate, indistinctly jointed, and

usually armed with spines only. Egg tubes

straight, uniseriate, close together, and usu-

ally much longer than the body.

Male.—The original type of the genus

Nogaus (fig. 16). Carapace broad and well

rounded; posterior lobes prominent, triangu-

lar, and usually turned inward; posterior

margin straight and armed with a pair of

secondary lobes, one on either side, close to

the base of the posterior lobe; lateral grooves

distinct, turned sharph^ outward near the anterior end and extending

to the margin of the carapace just behind the first antennte. Frontal

plates wide and prominent, anterior margin fairly straight and not

deeply cut at the center; eyes often visible in the adults. Free thorax

^segments without dorsal plates, diminishing in width from in front

backward, the first one (really the second segment) with a pair of

lateral lobes extending diagonall}^ backward and outward, the others

without lobes.

Genital and sixth segments fused, considerably enlarged, and fur-

nished with two pairs of rudimentary legs, one, the sixth, at the pos-

terior corners, and the other, the fifth, on the lateral margins; both

Fig. 16.-- Dorsal view of a male
or Pandarus cranchii: this

IS THE "NOGAUS LATREILLII

"

UPON WHICH Leach founded
HIS GENUS Nogaus. Drawn
BY EMERTON.
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pairs prominent. Abdomen two-jointed, joints the same size; anal

laminae large, well flattened, and armed with four large setae, of which

the inner one is separated from the other three.

Ventral surface of the carapace with the same adhesion pads as m
the female. Second maxillipeds enlarged, sometimes with a terminal

claw and sometimes with pincher knobs, both varieties occurring in

the same species. The four pairs of swimming legs biramose, all the

rami two-jointed and armed with large plumose setse.

(Pandarus, the leader of the Lycians in the Trojan war.)

The distinguishing characters of a female Pandarus are the ])aired

dorsal plates on the free thorax segments, the rudimentary sixth seg-

ment, and the peculiarly modified anal laminae (fig. 15). Of the dor-

sal thorax plates, the first pair extend diagonally backward over the

lateral margins of the third pair and may even reach beyond the lat-

ter (satyrus).

In some species (sinuatus) they are short and plum]i, with well-

rounded outlines; in others (satyrus) they are long and narrow, with

their lateral margins comparatively

straight.

Between their bases lies an un])aired

median plate,which covers the remain-

der of this second segment and pro j ects

but a comparatively short distance

behind the posterior margin of the

carapace, either terminating in a fig. i7.-section of the genital seg-

straight line (sinuatus, satyrus, cran- ^^^"^ o^ pandarus sinuatus, with the
-,..,, ,, /I • 7 \

SIXTH SEGMENT AND ABDOMEN STILL AT-
c/m) , broadly concave (bicoior) or tacked, end view, showing the dis-

convex (smitJiii) , both the latter over- ^ance between the dorsal plate and

lapping the third segment. The bases

of this first pair of plates are furthermore separated by so wide an
interval as to leave nearly the whole of the small second pair uncov-

ered between them. These latter are much the smallest j)air in every

species, and are more or less fused at the median line, the sinus

separating them being sometimes a mere notch at the center of the

posterior edge of the fused plates (cranchii) , or even entirely lacking,

so that the plates seem like one (brevicaudis)

.

Anteriorly their articulation is usually concealed beneath the pos-

terior border of the central plate of the second segment.

The tliird pair of plates are the largest of the three and they overlap

the genital segment for a greater or less distance, sometimes nearly

covering it (armatus, smithii, satyrus).

The rounded posterior extremity of the body is a second charac-

teristic of the genus ; this extremity is formed dorsally by a rudimen-
tary lobe or process representing the sixth thorax segment, which is

elliptical or oval in young females and does not completely fill the

sinus of the genital segment, but in mature females it fits tliis sinus
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exactly, leaving no space around its margin. That this is really the

rudiment of a sixth thoracic lobe and not a part of the abdomen, as it

has been hitherto regarded, is proven in several ways. First, by anal-

ogy, it corresponds exactly to the similar lobe found in Dinematura (see

p. 374) and Echthrogaleus (see p. 362). Again, it is not connected with

the abdomen, but is raised some distance above the dorsal surface of

the latter (fig. 17). Furthermore, it is not a fusion of two plates, but

is unpaired and median from the very beginning (see fig. 182) . In the

matured female it is always above the egg strings, while the abdomen
is below them. If it is to be regarded as a dorsal abdominal plate,

therefore, we have the anomaly of the egg strings passing through the

abdomen, or at least beneath its dorsal plate. Some writers have

claimed this very thing, but it is entirely without precedent, and

would constitute an anatomical freak of the most capricious sort.

On the other hand, if this be the rudimentary sixth segment, every-

thing is exactly as in the other genera; the egg strings come out from

the ventral surface of the genital segment, beneath the sixth segment

and above the abdomen exactly as they do in Dinematura and

Echthrogaleus.

Finally, we have the testimony of the male, in every species of

which, so far as known, a sixth pair of legs is prominent on the genital

segment as well as a fifth pair.

Such cumulative evidence is convincing and fairly proves that

the dorsal plate can not belong to the abdomen, but must represent

the sixth segment.

The ventral plate, on the other hand, does remain in contact with

the ventral surface of the abdomen to the very tip of the latter. As
a consequence the terminal half of the abdomen is drawn down to

the plate tightly and lies along its dorsal surface. As the two lobes

at the tip of the abdomen on either side of the anus fuse with the

ventral plate, the tips of the lobes themselves also fuse with each

other and the anus ceases to be any longer terminal, but opens up.

dorsally from the surface of the ventral plate. When the genital seg-

ment is thickened by the maturing of the eggs and the coiling of the

distended oviduct, the dorsal plate of the sixth segment and the ven-

tral plate of the abdomen are separated some distance from each

other, while the body of the abdomen lies between them (fig. 17).

Wlien the eggs finally emerge into the egg strings, the latter are

pushed through the spaces between the posterior lobes of the genital

segment and the body of the abdomen, above the ventral plate of

the latter. They do not, therefore, pass through the abdomen at all,

but are entirely outside of it. In this way, although the openings

of the oviduct are some distance apart, the egg strings are brought

together on the mid line and carried backward side by side so close

together as to be often in actual contact.
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The anal laminae next demand attention. They are modified so

peculiarly as to have deceived many of the investigators who have

examined only adult specimens. Leach, who founded the genus in

1816 upon two species, Pandarus hicolor and P. hoscii (really two

variations of the same species), described them as the notched apex

of the "abdomen." But this term ''abdomen" as he used it included

the genital segment and the sixth segment, as well as the true abdo-

men, which latter he seems to have entirely overlooked, since no

mention is matle of it.

Many of the long list of observers since his day have likewise over-

looked the anal lamintr altogether or have designated them as a part

of the genital segment. Desmarest (1825), in his brief diagnosis of

this genus, twice mentions the "deux soies" at the posterior end of

the body. But since under the species diagnoses he states that these

"soies" are from one and a half to two times as long as the body, he

is evidently speaking of the egg strings, and no mention is made of

the anal laminae.

Milne Edwards (1840) says:

L'abdomen est court, et presente une structure tres singuliero- il se compose de

deux scgmens, dont le premier porte de chaque cote uu appendice, et se trouve recou-

vert au dessus par le second cpii nait pres de son bord anterieur, et a la forme d'une

lame caudale (p. 466).

He is thus the first to definitely recognize any appendages in this

part of the body, but he evidently found considerable difficidty in

the arrangement of the "two segments" of the abdomen, since what
he calls the "second" arises from the anterior border of the "first"

and lies directly over the latter. This would be a mistake, however

we may regard the "appendages," since it would assign them to the

"first" or basal segment, when they are plainly borne on the terminal

segment in the young female (Plate XXXII, fig. 182).

Dana (1852) seems to be the first to recognize these appendages as

actually anal laminae. In his diagnosis of this genus he saj^s

:

Abdomen two to three jointed, second segment posteriorly rounded, and having

on the sides the caudal stylets, last segment concealed below the second. * * *

Caudal stylets styliform, acute, nearly naked (p. 1364).

In all his descriptions Dana regards the genital segment as the

first segment of the abdomen, hence his "second segment" would be

this dorsal plate or lobe, while his "last segment" would be the true

abdomen.

He thus reverses the arrangement given by Milne Edwards and
presents the segments in their true sequence, but the "caudal sty-

lets" are not attached to the sides of the dorsal lobe, nor are they

connected with it in any way; they arise from the sides of the true

abdomen, his "last segment."

Heller (1865) gives as the conclusion of his genus diagnosis:

Annuhls genitalis su1>quadratus, jjostice angustior, angulis jjosterioribus acutis

Cauda ovalis, stylis duplo longioribus.
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In the text he speaks of these appendages as "die seitlichen

Anliange" (p. 204) and "die seithchen Schwanzanhange " (p. 206),

but makes no attempt to explain them or their position. This, taken
in connection with the fact that he is so particular to designate them
as "seitlichen," would indicate that he did not recognize them as

anal laminae.

Brady (1883), in his genus diagnosis, says clearly:

Abdomen two or three jointed, rounded behind; caudal stylets borne on the side

of the abdomen, acute, styliform, nonsetiforous (p. 133).

This, together with Dana's clear statement, ought to have estab-

lished the nature of these appendages, and yet we find Bassett-

Smith as late as 1899 giving a genus diagnosis in which he says:

"Genital segment terminating in two minute points, and at the base of

the abdomen are two lateral, sharp,

dentate appendages" (p. 466).

Nothing further is said in ref-

erence to them, and we are left to

interpret them as we please.

That they are really anal lam-

inae is abundanth'' proven b}^ an
examination of the young of any
species. In some of these the

lamiufB are similar to those in

other genera belonging to this sub-

family, with the' single exception

that they are armed with nonplu-

mose spines instead of plumose
setae (see sinuatus, Plate XXXII,
fig. 182).

As development proceeds the

laminge change their position from
Fig. 18.—The genital segment and abdomen the posterior margin to the base

of the abdomen, at the same time
OF Pandarus ceanchii, showing anal lam-
ina WITH TWO WINGS, DORSAL AND VENTRAL.

becoming modified in form until

they finally reach the adult condition. In other species (bicolor,

cranchii, etc.) the laminae are changed considerably, even in very

young specimens, by a thickening of the outer margin and the addi-

tion of two wings, a dorsal and a ventral, on the inner margin
(fig. 18).

_

As to the function of these specially modified anal laminae they

may perhaps serve as a guide to the egg-strings while the latter are

issuing from the genital segment. The openings of the oviducts are

widely separated and relatively close to the lateral margins of the

genital segment. Instead of passing directly back from their respec-

tive openings, and thus remaining some distance apart, the egg-
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strings are bent inward as soon as they emerge from the genital seg-

ment and are brought together on the mid-line. They then turn

backward side by side and so close together that they are usually in

contact.

In those species whose anal laminae have well-developed wings on

the inner margin the egg-strings pass backward between the two

wings. This brings the thickened conical outer margin of the lam-

inae outside the egg-strings and thus holds them in together.

The distinguishing characters of a male Pandarus are the large

secondary lobes arising from the posterior border of the carapace

inside the regular posterior lobes, the two pairs of rudimentary swim-

ming legs on the genital segment, the two-jointed abdomen with the

joints of equal length, and the fact that all the rami of the swimming

legs are two-jointed.

Secondary lobes are found on the posterior margm of the carapace

in some of the other genera also (Perissopus, Nesippus, etc.), but

they are much smaller than m Pandarus, and are easily overlooked,

while here they are prominent in all the species examined and one

of the first characters that would be noticed.

In most of the other Nogaus males there are no rudimentary legs

visible on the genital segment; here in each of the known species

there are two pairs, well defined and promment.

Their presence is indicative that the so-called genital segment is

really a fusion of two segments, the fifth and sLxth thoracic seg-

ments, each wdth its pair of legs. This idea has been already advanced

by the author,*^ and it receives particular confirmation here, where

evidences of fusion are shown also in the genital segment of the

female. Scattered testimony was furnished by the two pairs of legs

on the genital segment of some Caligus species (for mstance, isonyx,

pelamydis, stromatei, etc.) and of many LepeopJitheirus species (for

instance, nordmannii, Mppoglossi, edwardsi, d.issiniulatus , etc.) and

in the structure of the genital segment in the male of the genus

Homoiotes. Here among the Pandarinse the segment itself is plamly

differentiated in Dinematura, and is indicated by the rudimentary

plate in Pandarus and EcMlirogaleus.

With this accumulation of evidence we can no longer doubt that

there are really six segments in the thorax of all the Caligidae, two of

which, the fifth and the sixth, are ordinarily so thorougiih^ fused as

to be indistinguishable. Wlien only one pair of legs is visible on the

genital segment it is usually the sixth pau' at the posterior corners,

instead of the fifth pair, as we have been calling them.

In 1861 Steenstrup and Liitken suggested that the genus Pandarus

ought to be separated into two subdivisions—one to include the true

genus Pandarus, made up of Pandarus crancliii as a type, together

oProc. U. S. Nat. Mus., XXVIII, p. 662.
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with Dana's hrevicaudis, concinnus, and satyrus, and Milne Edwards's

dentatus, pallidus, and vulgaris.

The other subdivision which was to constitute a new genus, differ-

ing from Pandarus as Eclithrogaleus differs from Dinematura, was to

have Pandarus hicolor for its type, and to differ from the true Pan-
darus, first, in the fact that the two anterior thorax segments are so

far fused as to have a common four-parted dorsal plate ; secondly, in

the somewhat different, more elongated form of the thorax segments,

and, lastly, in the fact that the anal laminae are not spine-like, but

laminate.

Under any conditions the authors would have to change their

recommendation and leave P. hicolor the type of the true genus,

because this is the species upon which Leach originally founded the

genus Pandarus. But differences of the sort they mention would
have to be far more pronounced than we actually find them in order

to become of generic value, and also more constant.

Different specimens of hicolor show very different degrees of fusion

in the first two thoracic plates, and different degrees of elongation in

the thoracic segments; and in every species so far as known the

anal laminae are flattened and plate-like in the young, and tend to

become spine-like on further development.

It is much preferable, therefore, with our present knowledge of the

species, to keep them all in one genus.

KEY TO THE SPECIES.

a. Females, free thorax and genital segments covered by paired dorsal plates;

sixth segment as a rudimentary plate attached to the posterior sinus of genital

segment; abdomen wide and very short, one-jointed; anal laminae modified

into dentate appendages on the sides of the abdomen near the base b.

a. Males, carapace with accessory lobes on the posterior margin inside the poste-

rior lobes; no dorsal plates; genital segment with two pairs of rudimentary

legs; abdomen elongate, two-jointed, joints about the same length h.

b. Lateral plates of second segment more or less fused with median ones of

third segment, which lie between them and reach beyond their tips c.

b. Lateral plates of second segment reaching far behind the tips of the median

plates of third segment, which lie between them, but are entirely dis-

tinct c.

b. Plates of second segment fused across the mid-line in front of those on third

segment ; the latter fused inter se, but distinct from the former

brevicaudis Dana, 1852, p. 397.

c. Fused plates of second and third segments about the same size as those on the

fourth and genital segments; sixth segment plate circular in outline d.

c. Fused plates of second and third segments much shorter than those on the

fourth and genital segments; the latter apparently fused; sixth segment

plate elliptical in outline and nearly as large as the genital segment

affinis Beneden, 1892, p. 431.

c. Fused plates of second and third segments the same size as those on the fourth

segment, but much smaller, than those on the genital segment; sixth segment

plate wide, but nearly concealed spinacii-achantias Hesse, 1883, p. 458.
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d. Frontal plates projecting as a semicircular rostrum between the antennoe;

sinuses between the dorsal plates very deep and slit-like; sixth segment

plate half the width of the genital segment xmicolor Hesse, 1883, p. 31)0.

d. Frontal plates projecting as a semicircular rostrum between the antenna';

lateral plates of second segment linear; sixth segment plate only one-fourth

the width of the genital segment carcharii-glaucus Hesse, 1883.

d. Frontal plates scarcely projecting; frontal margin straight; plates on sec-

ond segment as wide as those on third; sixth segment plate three-fifths the

width of the genital segment Mcolor Leach, 1816, p. 400.

€. Dorsal plates on the free and genital segments approximately the same size;

carapace wedge-shaped, not much narrowed anteriorly /
e. Dorsal plates quite unequal, at least one pair much enlarged or diminished;

carapace much narrowed anteriorly, with strongly convex sides g.

f. Frontal plates very narrow, especially on the mid line; dorsal plates <m

third and fourth segments more than twice as wide as long

cranchii Leach, 1819, p. 403.

/. Frontal plates wide, and widest at the center; dorsal plates on third and

fourth segments al)out the same width and length, each armed with a

stout spine on the dorsal surface armahts Helkr, 1865.

g. Plates of third segment much diminished and completely separated on the

mid line; the other median sinuses deep and acute; plates on fourth and

genital segments equal lugubris Heller, 1865.

g. Plates of fourth segment much enlarged, nearly covering the genital segment;

sinus between plates of third segment deep, often separating them entirely;

other sinuses shallow; sixth segment plate strongly narrowed at its base

smUhii Rathlnin, 1886, p. 410.

g. Plates of genital segment enlarged, the others nearly e(iual; all the median

sinuses very shallow; sixth segment plate as long as genital segment, nar-

rowed but slightly at its base satyrus Dana, 1852, p. 415.

g. Plates of fourth and genital segments enlarged, with broad and shallow sinuses;

sinus between plates of third segment narrow and much deeper; sixth segment

plate strongly narrowed at its base sinudtus Say, 1817, p. 417.

h. Carapace longer than wid^; free segments all as wide or wider than the

genital segment; abdomen wider than long i-

h. Carapace wider than long, the lateral margins strongly curved; fourth

segment narrower than genital segment; aV)domen decidedly longer than

wide *^-

i. Carapace elliptical, strongly narrowed anteriorly and posteriorly; eyes dis-

tinctly visible; exopod of first legs twice the size of the endopod

brcvicaudis Dana, 1852, p. 397.

i. Carapace orbicular, not visibly narrowed; eyes invisible; rami of first legs

about equal; only one pair of adhesion pads, at base of first antennae

smithii Rathbun, 1886, p. 410.

k. Length of carapace on mid line only one-third the entire length; Iwth

fifth and sixth legs large and prominent, triangular, and acuminate

cranchii Leach, 1819, p. 403.

k. Length of carapace on mid line two-fifths the entire length; fifth and

sixth legs both small, inconspicuous, and V)luntly rounded

simiatus Say, 1817, p. 417.

h. Length of carapace on mid line three-eighths the entire length; sixth

legs much smaller than the fifth and hardly visible

bicolor Leach, 1819, p. 400.
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All the species considered valid have been included in this key;

the following have been omitted for the reasons stated: P. alaius

described by Johnston in 1836 has been proved a synonym for Ech-

throgaleus coleoptratus. P. hoscii Leach, 1816, becomes a synonym

of P. hicolor of the same author and date. Dana's P. concinnus

can not be distinguished, in the description he has given of it, from

P. cranchii, and may therefore be left as a synonym of the latter until

further described. The same may also be said of Milne Edwards'

P. dentatus, which becomes another synon3rm of P. cranchii. The

P.Jissifrons of this latter author is probably a synonym of P. hicolor.

P. lamnse, Johnston, 1835, is a synonym of Dinematura producta.

No figures of P. lividus Frey and Leuckart, 1847, have ever been

published, and it is impossible to distinguish it from P. hicolor by the

author's description. Of Hesse's P. musteli-lxvis, 1883, neither the

description nor the figures given will warrant its inclusion in the

genus Pandarus. The description says nothing whatever about the

thoracic legs except that they are made up of a large femur, termi-

nated by flat laminae, armed with rigid plumose setae. In the three

figures given, two of which are the dorsal and ventral surface of the

same specimen, there are so many discrepancies in essential details,

even between the right and left sides of the same figure, that no

definite information can be obtained. As figured and described, not

one of the specimens can belong to the genus Pandarus.

P. pallidus Milne Edwards, 1840, is a synonym of P. crancJiii, and

P. vulgaris of the same author is probably a synonym of this species

also. Hesse's unicolor has been left in the key, but it may be noted

that he has made many wretched errors in describing it. He had
what he called an adult female, a young female, and a young male;

Plate VI on which the figures of this species are given evidently suf-

fered a bad mixup in the arrangement of the numbers assigned to

the several figures. The present author secured a reprint of the

original paper, bearing Hesse's autograph, in which there has been

a thorough correction (in ink) of the references and a rearrangement

of the numbers. It is impossible to tell whether this was done by
Hesse himself or by another, but the new numbers fit the description

much better than those originally published.

And yet there are still so many discrepancies between text and

figures that the species must be left on the doubtful list until further

substantiated. And finally Brady presented in 1883 what he clairjied

as a new species, calling it P. zygsense since it was found on Zyg^na
malleus near the Cape Verde Islands. After careful examination

this proves to be a synonym of P. satyrus Dana (see p. 416).
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PANDARUS BREVICAUDIS Dana.

Plate XXXVI.

Pandarus brevicaudis Dana, 1852, p. 1368, pi. xcv, figs. 3 a-h.

Pandariis brcvicaudatus Bassett-Smith, 1899, p. 467.

Nogagtis validus Dana, 1852, p. 1363, pi. xciv, figs. 9 a-h.

This species includes the two sexes obtained from a shark taken

in the Pacific Ocean, northeast of New Zealand, in the 3^ear 1840.

The female Dana described under the name Pandarus brevicaudis,

and the male under the name Nogagus validus.

No subsequent mention is made of the species until 1889, when
Thomson includes it in his list of the parasitic copepods of New
Zealand, on Dana's authority. He did not see any specimens him-

self, and he adds that Dana's description ''is brief and unsatisfactory."

In his Entomostraca from the Gulf of Guinea, published in 1894,

Scott mentions a single specimen of Nogagus validus which was taken

in a tow net gathering from a depth of 30 fathoms. And finally

Bassett-Smith in his Enumeration of KnoA\Ti Species in 1899 men-
tions both Nogagus validus and Dana's three species of Pandarus.

He calls the latter, however, ^^ Pandarus hrevicaudatus, satyrus, and
cocinnatus," and says of them . , . ''From Sharks in the Pacific

Ocean: imperfectly described" (p. 467). His criticism would have
had more weight if he had shown enough familiarity with Dana's

descriptions to spell correctly the specific names which the latter

used.

The descriptions Dana has given are brief, but they are also very

accurate, and, taken with the excellent figures he published, they

do not seem to deserve bping called either unsatisfactory or imper-

fect. The following includes practically all that was given hj Dana,
with the addition of many new facts, especially with reference to

the male.

Female.—Carapace, including the posterior lobes, slightly longer

than wide, suboval, narrowed anteriorh^. Frontal plates narrow and
appressed closely to the carapace; scarcely enlarged at their outer

ends, where they overlap two-tliirds of the basal joints of the first

antennae. Posterior lobes remarkably long, half the length of the

carapace on the nud-line and reaching back to the posterior margin
of the third segment; triangular in shape wath obtuse ends. Poste-

rior margin of the carapace between the lobes smooth, with no trace

of teeth or spines, and slightly concave. Eyes close together and
about two-fifths of the length of the carapace from its anterior

margin.

Dorsal plates on the second thorax segment fused across the mid-Hne
by a band which is longer than the second or third pair of plates, and
wliich causes the segment to resemble very closely the corresponding one

in the male, the slightly oblique wings on the lateral margins answ^er-
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ing to the lateral processes in the male. The second pair of dorsal

plates are much shorter and fit inside the wings of the first pair;

there is only a shallow emargination (no sinus at all) on their poste-

rior border to indicate their dual origin.. The third pair are more

deeply incised, a trifle wider, and considerably longer; the sinus

between them is broad and evenly rounded.

Genital segment subquadrate, narrowed a little posteriorly and

armed with a minute spine on either side just in front of the poste-

rior corners, which are obliquely truncated. The posterior margin

of this segment, instead of having a single deeply rounded sinus at

the center, as in most species, has two shallow sinuses, one on either

side, meeting at the center in a point which projects backward over

the abdomen. The anal laminae project from beneath the center of

these sinuses and are about three times the length of the dorsal plate

of the sixth segment.

They are only slightly divergent, with the outer margins straight,

while the inner ones are armed Avith the usual wings, dentate near

their posterior ends. Sixth segment plate \vider than long, with an

evenly rounded margin; abdomen very small, its ventral plate

scarcely projecting beliind its posterior border.

The two joints of the first antennae about equal; no setae on the

basal joint and only a few on the terminal; second antennae stout,

the terminal claw with a swollen base and a sharp curve close to the

tip; no accessory spines. The adhesion pads relatively small, the

first two pairs about the same size and shape, circular, the fourth

pair narrow elliptical, twice as long as wide. Second maxillae trian-

gular, short and very blunt; first maxillipeds stout and fleshy, the

two joints of nearly the same length, as are also the two claws at the

tip of the terminal joint. Second pair large and much swollen, with

the distal knob of the pincher jaws several times the size of the

proximal one. Basal joint of the first swimming legs subquadrate,

exopod nearly twice the length of the endopod; basal joint of the

exopod longer than the terminal; the two joints of the endopod the

same length. Second and third legs with two-jointed rami, which

are smaller than usual; spines confined to the tips of the terminal

joints; rami of the fourth legs apparently one-jointed, exopod only

with spines, endopod naked.

Total length, 6.2 mm.; length of carapace on mid-line, 3 nmi.;

width of same, 3.7 mm.; combined length of dorsal plates on the

three thorax segments, 2 mm.; length of genital segment, 1.6 mm.
Male.—Carapace a little longer than wide, including the posterior

lobes, ovate, the anterior portion considerably narrowed.

Frontal plates narrow, closely compressed to the carapace, not

enlarged at the outer ends, but overlapping nearly the whole of the

basal joints of the first antennae as in the female.
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Posterior lobes broad, bluntly rounded, and exceptionally long,

reaching back neariy to the fourth thorax segment; posterior margin

between the lobes nearly straight; accessory lobes small, semi-

elliptical, wider than long. Eyes close together and in approximately

the same position as in the female. Three free thorax segments of

about the same length, but the first one-half as wide again as the

other two, which are nearly equal.

Lateral appendages of the second segment wide, divergent, bluntly

rounded at the tip and reaching beyond the posterior margin of the

third segment. Each is reenforced on its inner margin with a wide,

transparent, membranous flap. Tliird and fourth segments the same
width as the genital segment, with evenly rounded sides, and without

lateral appendages.

Genital segment subquadrate, the sides slightly convex, the poste-

rior angles prolonged a little into small rounded lobes, with a second

pair ot small lobes just in front of them on the lateral margins; both

pairs of lobes are armed on their ventral surface with small spines.

Abdomen two-jointed, joints the same width, but the basal one

not more than half the length of the terminal; the latter has its

posterior angles obliquely truncated and the anal incision is deep

and triangular. Anal laminae large, a trifle longer than wide, the

posterior margins nearly straight and armed with four large plumose
setae, evenly graded in length, the outer ones the longest. Joints of

the first antennae the same length, setae longer than in the female;

terminal claw of the second antennae also much longer and more
slender, but the claw is bent similarly at a sharp angle near the tip.

First maxillipeds the counterpart of those of the female, except

that the outer terminal claw is one-third shorter than the inner;

second pair ver}^ large and swollen, the movable finger of the forceps

jaws developed into a long curved claw, the stationary one a rounded
knob. All the swimixdng legs biramose, the rami two-jointed, with

the spines and setae arranged as follows: First exopod, 1, 0; 4, III:

endopod, 0, 0; 0, III: second exopod, 1, I; 3, VI: endopod, 0, I;

0, VI: tlurd exopod, 0, I; 3, VI: endopod, 0, I; 0, VI: fourth exo-

pod, 1,1; 0, VI: endopod, 1,1; 0, IV.

Total length, 7.5 mm.; length of carapace on mid-line, 3 mm.;
width of same, 3.85 mm.; length of three free segments, 2.13 mm,;
length of genital segment, 1.66 mm.

Color of both sexes (preserved material) a yellowish brown, darker
along the nud-line, ^^dthout pigment markings.

(brevicaudis, hrevis, short, and cauda, tail.)

The U. S. National Museum Collection contains a male of this

species with the following label: '' Nogagus validus (Dana), No. 6822,

on Carcharias between Papua and Japan, G. S. Brady, England,

Ace. No. 14181, Exchange.'' This therefore is not one of Dana's
original specimens, but was taken on the Challenger expedition and
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identified by Brady with Dana's species, which came from exactly

the same locahty. It is now made the type male of Pandarus hrevi-

caudis, the perfect agreement in anatomy being sufficient to identify

the two specimens as male and female of the same species. Further-

more, Dana's original specimens of Nogagus validus and Pandarus

hrevicaudis were found together on the same fish.

PANDARUS BICOLOR Leach.

Plate XXVII.

Pandarus bicolor Leach, 1816, p. 405, pi. xx, 2 figs.

P. boscii Leach, 1816, p. 406, pi. xx, 10 figs.

Caligits bicolor Lamarck, 1818, p. 142.

Pandarus fissifrons Milne Edwards, 1840, p. 470.

Female.—Body elongate, length more than twice the width;

carapace semielliptical, one-third the entire length, widest across the

posterior margin. Frontal plates wide and prominent, the groove

between each frontal plate and the margin of the carapace S-shaped,

the center of the carapace projecting as a knob on either side of the

central incision between the frontal plates.

Posterior lobes short and broad; posterior margin a nearly uniform

curve, the center of which is sinuate, but not toothed.

Dorsal plates of second thorax segment short and narrow, not

reaching the tips of the plates on the third segment and fused across

the mid-line, their posterior margins forming an evenly rounded

semicircle, without any break that can be detected.

Second pair of plates nearly circular, with a deep and broad

median incision, which is somewhat enlarged at its base. These

plates reach back a little beyond the first pair. Third pair much
enlarged, elliptical, as wide as the carapace, and overlapping the

genital segment for about half its length. The central sinus is deep,

broadly triangular, and rounded at its base.

Genital segment elliptical, one-fifth narrower than the carapace,

with broadly rounded posterior lobes and a shallow sinus.

Sixth segment plate half the width of the genital segment, its

posterior two-thirds the evenly rounded arc of a circle, its anterior

third fitting into the sinus in the genital segment.

Abdomen medium size, its ventral plate quadrangular, with tlie

free portion broadly rounded and the posterior margin slightly

concave. Anal laminfe triangular, as wide at the base as they are

long, extending out at right angles to the median axis and so short

that they scarcely reach the lateral margin of the genital segment?

They are not toothed, but have smooth edges.

First antennae small, the whole basal and part of the terminal

joint concealed beneath the frontal plates, neither joint heavily

armed with setae. Second pair small, the basal joints not much
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swollen, the terminal claw slender, with an accessory spine on the

inner margin. The four pairs of adhesion pads all have their long

diameters parallel with the body axis. The fost two pairs are close

together, those at the base of the first antennae being elliptical and

half as long again as the second pair, which are broadly obovate, the

width and length being the same. The fourth pair are also elliptical,

twice as long as wide, and considerably larger than the first pair.

Mandibles and mouth tube of the form usual in tliis genus; max-

illae biramose, the endopod more than twice the length of the exopod,

each ramus armed with a short terminal spine.

First maxillipeds slender, the two joints about the same length, the

longer terminal claw strongly curved, the shorter one nearly straight.

Second pair much swollen, armed with a corrugated ridge having a

spherical knob at either end, the knobs roughened on their inner

surfaces and shutting together like forceps. The rami of all the

swimming legs are indistinctly jointed; first pair small and weak, the

exopod considerably longer than the endopod and bearing five spines,

four on the outer end and one on the inner margin ; no spines on the

endopod. In the exopod the basal joint is much larger than the

terminal, in the endopod it is much smaller; both rami are enlarged

at their tips. The second, third, and fourth legs increase regularly

in size, and particularly in the length of the rami.

In the second pair the two joints of the exopod are equal, the basal

joint witli a single spine at its outer distal corner, the terminal with

a row of ten curved spines around its terminal and inner margins.

The terminal joint of the endopod is four times the size of the basal

and is armed with three spines, two in the position of a toe nail on

the inner margin and one on the outer. In the third legs the terminal

joints of both rami are much longer than the basal. The terminal

joint of the endopod has two claw spines at the inner distal corner,

while the entire tip of the exopod is covered with a row of spines.

In the fourth legs the endopod is apparently one-jointed, with a

single spine at its inner distal corner, but in all probability it is really

a fusion of two joints in conformity with the other species of the

genus. The exopod carries a spine at the outer distal corner of the

basal joint and two at the inner distal corner of the terminal joint.

Of the reproductive organs, the semen receptacle is V-shaped, the

point of the V being anterior, with the two sides almost entirely

separated from each other. Each side is short, straight, and slightly

enlarged at the end. The oviduct is so densely coiled in the genital

segment, especially in its posterior portion, as to effectually conceal

the cement glands. These oviduct coils are wider than those in

cranchii and more tightly packed.

Total length, 9 mm.; length of carapace on mid-line, 3 mm.;
width of same, 3.65 mm.; length of first plates, 1 mm.; of second

Proc. N. M. vol. xxxiii—07 26
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plates, 1.375 mm.; of third plates, 1.65 mm.; width of third plates,

3.4 mm.; length of sixth segment plate, 1.65 mm.; length of egg-

strings, 13 mm.
Color a rich creamy yellow, the dorsal surface of the carapace and

of the second and third pairs of thoracic plates a deep chocolate

brown, a light and transparent spot being left around the eyes, much
the same as in crancMi.

{hicolor, hi, or his, two, and color, colored.)

Male.—Carapace orbicular, a little more than one-third the entire

length on the mid-line, wider than long. Frontal plates wide and

prominent, with a broad and shallow central sinus; posterior lobes

wide and bluntly rounded. Second thorax segment about filling the

space between the posterior lobes; third and fourth segments nar-

rowing regularly, the fourth segment of peculiar form, like an inverted

flask, the anterior half twice the width of the posterior. Genital

segment elliptical with two pairs of rudimentary legs, one at the

posterior corners and the other some little distance in front of them
on the lateral margins; the two pairs about the same size and simi-

larly armed. Abdomen two-jointed, joints equal; anal laminae large

and broad, armed with four setae, all about the same length. Ter-

minal claws on the second antennae longer and more powerfid than

in the female, with two accessory spines. Second maxillipeds with a

distinct claw in place of the knob-like forceps. All the legs biramose,

the rami two-jointed and armed with stout plumose setae.

Total length, 6 mm. ; length of carapace on mid-line, 2.1 mm.; width

of same, 2.6 mm.; length of free thorax, 1.65 mm.; length of genital

segment, 1.2 mm.
Color, yellow slightly tinged with brown.

This species possesses peculiar interest, because it is the one on

which Leach founded the genus Pandarus in 1816. But he gave

practically no distinctive characters for the two species which he

presented, the only differences cited being a black pigment in the

''shell and the middle of the abdominal lamellae" of hicolor, the first

and therefore the type species, while hoscii, the second species, had

a pale body devoid of pigment. There was also a trifling difference

in the length of the egg-tubes. From the figures given by Leach of

these two species on Plate XX of his 1816 article it is evident that

they are identical and that the species named hoscii is simply a young
female hicolor in which the pigment has not yet been formed.

This is shown by an identity of structure so great that Leach pre-

sents but a single set of figures to illustrate the appendages of the

two species, and by a little difference in size, hicolor being larger and

having longer egg-strings, as would naturally be expected. This

same condition is often noticed in sinuatus, and, in fact, in all the

pigmented species ; the younger and immature forms usually have no
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pigment, while the mature adults may be densely colored with it.

Every lot of specimens containing more than a few individuals shows

these variations. The U. S. National Museum Collection contains but

a single lot of this species, Cat. No. 8120, U.S.N.M., obtained from

a dogfish off the coast of Shetland.

Evidently this is a European species, since nearly every European

author mentions it, while it has not yet been found on tliis side of

the Atlantic.

PANDARUS CRANCHII Leach.

Tlate XXVIII.

Pandarus cranchii Leach, 1819, p. 535.

Pandarus carcJiarisc (?) Leach, 1819, p. 535.

Pandarus pallidus Milne Edwards, 1840, p. 468.

Pandarus nilgaris Milne Edwards, 1840, p. 468.

Pandarus dentatus Milne Edwards, 1840, p. 469, pL xxxvm, fig. 19.

Nogaus latreillii Leach, 1819, p. 536 (male).

Pandarus cranchii Milne Edwards, Atlas du Regno animal, pi. lxxviii, figs. 2 a

to d.

Female.—Body obovate, strongly narrowed posteriorly; carapace

somewhat wedge-shaped, widest posteriorly, with the lateral mar-

gins only slightly rounded. Frontal plates wide and prominent at

their outer ends, thin and linear toward the mid-line. Eyes situated

far forward, visible in those specimens which have no pigment or in

wliich there are large clear spaces at the center of the carapace;

concealed in the heavily pigmented specimens.

Posterior margin of carapace a shallow reentrant curve, armed with

seven to ten large spines or teeth along the center.

The posterior corners are short and wide and stand out j^rominently

beyond the first pair of dorsal thoracic plates.

The teeth are separated a greater distance from one another than

their own length and reach backward nearly to the posterior margin

of the central plate of the second thorax segment.

Dorsal plates of second segment much enlarged, more than twice

the length of those on the third segment, and reaching beyond the

center of those on the fourth segment. They are slightly enlarged at

the base, but the tip is also broad and evenly roimded.

Plates on the third segment nearly as long as the free portion of

the following pair, with a broad and deep central sinus.

Plates on the fourth segment overlapping almost the whole of the

genital segment, broad and evenly rounded with a shallow central

sinus. In young females these plates do not reach much beyond the

center of the genital segment; in mature adults they often reach its

posterior margin.

Genital segment obovate, strongly narrowed posteriorly and j^ro-

duced into a long triangular point on either side of the sixth segment
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plate. The latter is ovate, one-third longer than wide, and the

posterior lobes of the genital segment reach about to its center. Its

broad posterior end is evenly rounded with a smooth margin, while

the narrowed anterior end is slightly reentrant on either side. The

ventral plate of the abdomen is short and broad, its posterior margin

straight or a little concave, and reaching nearly to the tip of the

sixth segment plate (fig. 131).

The anal laminae point diagonally outward and backward at an

angle of 45° with the central axis; their thickened outer margin is

nearly straight and slightly enlarged where it joins the abdomen. In

young females it is furnished with two wings, the ventral one tri-

angular in shape and extending from the base to about the center

of the lamina, the dorsal one of uniform width and extending the

whole length of the appendage. This dorsal wing is cut diagonally

at the distal end and furnished with one or two small teeth. In

mature females the wings are more or less absorbed and the thick-

ened margin becomes cylindrical, with two prominent teeth on its

inner side.

The basal joint of the first antennae is large, heavily armed on its

ventral surface with setae, and nearly covered by the frontal plate.

The terminal joint is peculiar in that it is strongly flattened dorso-

ventrally, and each edge is rolled over ventrally toward the center;

this joint is also destitute of setae. The second antennae are com-

paratively very large; the basal joint is considerably larger than the

pad connected with it; the terminal claw is also stout and armed

with two accessory spines. The adhesion pads of the first pair are

obovate, nearly twice as long as wide, with the outer margins straight.

Those of the second pair are circular, their diameter the same as the

width of the first pair; they are separated by a greater distance than

is common in this genus. The third pair are club-shaped, three

times as long as wide, and narrowed anteriorly to a long blunt point.

The fourth pair are elliptical, twice as long as wide, and inclined at

an angle of 30° to the body axis. The mouth-tube and mandibles

show nothing peculiar; the second maxillae have a short and circular

exopod and a long, tapering endopod, which reaches beyond the

center of the tube; each ramus is tipped with a spine.

First maxillipeds of the usual pattern; second pair enlarged, but

relativeh" smaller than in hicolor, the forceps knobs close together

and standing prominently above the surface.

First swimming legs very small and rudimentary, the exopod boot

or foot shaped, the leg and heel being thick and swollen, while the

toe is long and slender. There is one spine at the heel, another on

the bottom of the foot in the instep, and two on the joint of the great

toe. The endopod is two-thirds as long as the exopod, with a well-

defined incision on the inner margin, representing the groove between
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the joints, and a single spine at the outer distal corner. The ter-

minal joint of the endopod of the second legs is three times as long

as the basal joint and slightly enlarged at the end; both joints without

spines.

The exopod joints on these legs are the same length, but the ter-

minal one is much the wider and is armed \vith a row of eight or

nine large curved spines around its margin. The terminal endopod
joint of the third legs is two and a half times the length of the basal

joint and somewhat barrel-shaped, neither joint with spines. The
exopod joints are the same size, the terminal one with a cluster of

four or five spines at its tip.

The rami of the fourth legs are broad and laminate, the exopod
twice the size of the endopod; the jointing is indistinct and the only

spines are on the exopod, one on the outer margin and a cluster of

three at the tip.

Of the reproductive organs the semen receptacle is horseshoe-

shaped, the opening being posterior, and the two ends of the shoe

being enlarged into spheres; in preserved specimens it is usually

white and opaque. The cement glands can be seen on either side of

the intestine near the ventral surface of the genital segment. They
are shaped like parentheses marks, and in alcoholic material are dark
brown and opaque, with no traces of cells or divisions. The sperma-
tophores are large and are attached one on either side of the abdomen
at its base; the long thread-like ducts cross each other on the mid-
line and each empties the contents of its spermatophore into the geni-

tal opening on the opposite side of the body. The oviduct is usually

coiled once in each half of the genital segment, the last section pass-

ing down alongside of, and close to, the intestine and then turnina:

abruptly outward to the external opening (vulva) wdiich is in the

posterior lobe and just in front of the base of the anal laminae.

Total length, 7.8 mm.; length of carapace on mid-line, 3.4 mm.;
width of same, 4.5 mm.; length of first thorax plates, 2 mm.; of

second pair, 1 mm.; of third pair, 1.2 mm.; of sixth segment plate,

1.6 mm.; of anal laminae, 1.8 mm.; of egg strings, 8.5 mm.
Color, a light brownish yellow, more or less covered with dark

brown-black pigment; the amount of this pigment is very various,

but in the mature adult it usually covers the whole dorsal surface of

the thoracic plates except a narrow border around their margins,
and the whole center of the carapace, leaving a single large or two
separate small spots near the eyes, and the whole of the posterior

lobes free.

Male.—General shape broad and flat, not strongly arched, with a
weak keel on the dorsal surface of the free and genital segments.

Carapace a little wider than long, even including the posterior

lobes, one-half wider than long measured on the mid-line, trans-
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versely elliptical, the sides and frontal margin forming a very even
curve. Frontal plates considerably enlarged at the outer ends and
nearly covering the basal joints of the first antennae. Posterior

lobes wide, triangular, quite sharply pointed, and curved strongly

inward toward the free throax; their tips reach a little beyond the

center of the third thorax segment, and if straight would probably

reach its posterior margin.

Grooves separating the cephalic and lateral areas extending for-

ward visibly to the anterior margin just behind the base of the first

antennae. Posterior margin between the lobes nearly straight, with

no traces of spines or teeth; secondary lobes elliptical, considerably

longer than wide. Eyes visible in the younger specimens close to

the mid-line, one-third the distance from the anterior margin of the

carapace; invisible in mature adults. The three free segments
together one-fourth shorter than the carapace, the second segment
one-thn'd wider than the other two, which are about equal. The
lateral appendages of tliis segment are very oblique and are partially

covered by the accessory posterior lobes of the carapace.

The sides of the third and fourth thorax segments project a dis-

tance equal to half their length and are evenly rounded, giving the

segments an elliptical form, transversely elongated.

Genital segment flat and somewhat elongate, narrowed into a neck

anteriorly where it joins the fourth segment, and carrying two pairs

of lobes posteriorly. The larger pair are triangular and situated at

the posterior corners; the smaller pair are just in front of them, on
the sides of the segment.

The latter are armed on their ventral and inner margins with

small spines and setae and are evidently the rudimentary fifth legs.

The sixth legs, however, are not on the posterior lobes, but inside

of them on the posterior margin of the segment, between the lobes

and the abdomen. They are well shown in this position by both
Steenstrup and Liitken and Kroyer.

Abdomen two-jointed, joints the same length, but the basal one is

somewhat the wider, with strongly convex sides and a slight notch

at the center of the posterior margin. Terminal joint with an anal

incision which reaches nearly to its base, and with its posterior margin
straight or only slightly oblique.

Anal lamina? large, four-fifths as long as the entire abdomen and
three-fifths as wide, each armed with four setae, of which the inner one

is considerably the smaller, is removed a little from the other three,

and is abruptly curved inward near its base.

First antennte minute and not heavily armed with setae; the

terminal claw of the second pair abruptly bent near its tip and
armed with two accessory claws on its inner surface.
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Adhesion pads similar to tliose in the female, but smaller, the pair

on the margins of the lateral lobes of the second thorax segment

especially well developed.

Second maxill?e peculiar in being bent outward away from the

base of the mouth tube nearly in a half circle. Kjoyer, in speaking

of these appendages, says that they are small and indistinct, so that

he could not make them out with certainty. He therefore refrains

from describing them, but Steenstrup and Liitken show them in

their figure of the ventral surface of this species. This figure, how-

ever, is very small and can not show details, and all they say of these

appendages in the text is simply that they are of the usual form.

Fig. 133 gives the details of their structure, and it can be seen that

they consist of an enlarged basal joint, and a slender terminal spine

pointed away from the mouth tube. First maxillipeds rather small

and slender; terminal claw on the second pair also slender but long,

the interval between the base of the claw and the immovable knobs

being very wide.

The spines and setae on the swimming legs are arranged as follows

:

First exopod, 1, 0; 4, III: endopod, 0, 0; 0, III: second endopod,

1, I; 4, VI: endopod, 0, I; 0, YIII: third exopod, 1, I; 3, IV:

endopod, 0, I; 0, VI: fourth exopod, 3, I; 4,V: endopod, 0,1; 0,V.

Total length, 9.6 mm. Length of carapace on mid-line, 3.2 mm.
Width of same, 4.8 mm. Length of three free segments, 2.4 mm.; of

genital segment, 2.2 mm.; of abdomen, L6 mm.
Steenstrup and Ltitken give their largest specimen as 11 mm. long;

Kroyer states that of the four specimens examined by hmi the largest

was over four lines (9 mm.), the two next in size a little over three

lines (6.75 mm.), while the fourth was smaller. Color a uniform j^el-

lowish horn color, transparent in living specimens, and often nearly

so in preserved material.

{crancMi, a proper name, see below.)

In 1892 Van Beneden published a description with figures of a

Nogaus which he claimed to be the male of the present species. For a

discussion of tliis form, see page 450.

Again, in 1899 Bassett-Smith suggested that Heller's Nogagus

elongatus was the male of Pandarus dentatus, the latter being one of

the synonyms of the present species. This Nogaus will be found

discussed on page 451.

The true male described above was the type on which Leach
founded in 1819 his new genus Nogaus. The genus itself is discussed

elsewhere (p. 439). We msh to note here only the description which
he gave of this type species:

Nogaus latreillii. Couleur pale, sans tache. Decouverte par Cranch, latitude sud, 1

;

longitude, est, 4; meridien de Londres (p. 535).
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This Cranch is evidently the same person who found the females

of the present species, and for whom it was named; in all probability

the two were discovered together on the same fish although there is

no definite testimony to that effect. Of course such a description

as this of Leach's is absolutely worthless for purposes of identifica-

tion, but fortunately Milne Edwards had an opportunity to examine
Leach's original specimen in the British Museum, and he published

a much better account of it in his History of the Crustacea in 1840

(p. 459). The description is not very long, but it contains two details

wliich practically identify the species. The first is as follows:

Carapace tres large et offrant de chaque cote sur le bord posterieur, tout pres de
son angle latero-posterieur, un lobule arrondi qui semble appartenir au premier an-

neau thoracique.

This secondary lobe is one of the principal characters of Pandarus
males, and would suggest that the species belongs to that genus.

The second detail is italicized by Milne Edwards as constituting

the principal character for identification. He says:

Le dernier anneau du thorax (the genital segment) grand est arme de chaque cote

de deux grands prolongements coniques diriges obliquement en arriere.

This, with the added information "abdomen tres-court, compose
de deux articles, et termine par des lames natatoires assez grandes,"

is sufficient to identify the species beyond question. But the figure

which Milne-Edwards published « was lacking in many particulars.

It was therefore fitting for Steenstrup and Ltitken in 1861, and for

Kroyer in 1863, to supply the missing details and supplement the

description.

Their combined accoimt is the same as that here given, and has

been freely used for suggestions and comparisons. The only thing

they lacked was the definite location of the species as the male of

Pandarus cranchii. Steenstup and Ltitken record their specimens as

taken on the African coast along with females of the present species.

Kroyer obtained his specimens from a large Carcharias taken in

the open Atlantic, and found what he took to be females along with

the males.

It is shown elsewhere (p. 441 ) that these females were realh" the young
of the genus' Nesippus, and not related in any way to the males.

The true females of the present species have a complex history.

Leach described in 1819 (p. 535) two new species of the genus Pan-
darus which he had founded three years before.

And he repeated the same mistake then made, for just as his two

original species, hicolor and hoscii, prove to be identical, so are these

other two, carcharise. and cranchii, in all probability one and the same,

as was recognized by Steenstrup and Ltitken in 1861 and by all sub-

a Atlas du Regno animal de Cuvier, Crustaces, pi. lxxviii, fig. 1.
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sequent authors. In Leach's paper the species carcliarise is given

first and by the law of priority ought to be taken for tlie name of the

species, while cranchii became a synonym. But unfortunately the

type of carcharisR has never been seen by any other investigator, and

hence the species can not be identified with certainty. On the other

hand, the original type of cranchii has been examined and figured <^ by

Milne Edwards and others and can be identified accurately. There-

fore preference in the present instance is given to that name which

is open to the least doubt.

In 1840 Milne Edwards published three species, pallidus, vulgaris,

and dentatus, which so far as can be made out from the descriptions

he gave, and also from his figures of the last-named species, are iden-

tical with cranchii. At all events they do not deserve to be made
anything more than varieties.

In 1852 Dana published the species concinnus, which like Milne

Edwards's pallidus appears to be the young of the present species

before they have acquired the dark pigment which colors the cara-

pace and dorsal plates so conspicuously in more mature specimens.

Dana says nothing of the color of his species, but he does say

"bod}' translucent or subtransparent," which certainly could not

be the case if the pigment were present. Neither author gives the

details of the appendages, and judgment must be based upon the

general make-up of the body and the relative shape and proportion

of its various parts. As these are practicalh' identical, concinnus

must be placed as a synonym of the present species until proven to

be distinct.

The U. S. National Museum Collection has a fine set of specimens

illustrating this species. We may refer again to the fact that Cranch,

for whom the species is named, found both males and females prob-

ably on the same fish. Steenstrup and Liitken record two similar

instances in wliich Captain Hygom obtained the sexes together.

And here in the National Museum Collection there are three addi-

tional lots in which both sexes came from the same fish.

Of the female specimens we find Cat. Nos. 6019 and 6020, U.S.N.M.,

from Oarcharhinus ohscurus, taken at Station 1142 off Marthas Vine-

yard, and containing one and two females respectively. A single

male was obtained at the same time and is Cat. No. 6031, U.S.N.M.

A second lot, consisting of six males, Cat. No. 8640, U.S.N.M., and

five females, Cat. No. 8641, U.S.N.M., was obtained from a large

shark at the surface at Station 2237 by the Albatross in 1884.

The third lot contains ten females, Cat. No. 10746, U.S.N.M., two
young females. Cat. No. 32741, U.S.N.M., and a smgle male, Cat. No.

32752, U.S.N.M., obtamed from a 10-foot shark at Station 2422

by the Albatross in 1884.

a Atlas du Kfegne animal de Cuvier, Crustaces, pi. lxxviii, figs. 2, 2 a.
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There is also a single female, Cat. No. 8118, U.S.N.M., collected

by Francis Day from Lamna cornuhica, and another female, Cat. No.

6831, U.S.N.M., from a species of Carcharhinus between Papua and

Japan, obtained by exchange from G. S. Brady, and collected during

the CJiallenger Expedition.

PANDARUS SMITHII Rathbun.

Plates XXIX and XXX.

Pandarus smithii Rathbun, 1886, p. 315, pi. v, fig. 3; pi. vii, fig. 9.

Female.—Carapace ovate, a little wider than long, the anterior mar-

gin evenly rounded, the lateral margins convex; posterior lobes short,

wide, and bluntly rounded; posterior margin between the lobes sin-

uate and wrinkled, each wrinkle ending in a sharp, spine-like tooth.

Frontal plates broad and prominent, much wider at the outer ends

than near the median line, and covering nearly the whole of the basal

joints of the first antennae. Eyes nearly always concealed by the dark

pigment of the carapace, but sometimes visible two-fifths of the length

of the carapace from the frontal margin.

Three distinct dorsal plates on the second thorax segment, the lat-

eral pair elongate, elliptical, or ovate, about twice as long as wide, and

strongly divergent. The odd plate median semielliptical or subtri-

angular, and about half the length of the lateral plates. Dorsal plates

of the third segment almost circular in outline, less than half the length

of the first pair, and completely separated to their base, often leaving

a wide, open space between their inner margins. Dorsal plates of the

fourth segment much enlarged, broadly rounded, and separated by a

triangular posterior sinus of medium depth. These plates overlap

the genital segment at least beyond its center, and often nearly to its

posterior margin.

Genital segment obovate to elliptical, narrower than the plate on

the fourth segment, and ending posteriorly in a short, rounded knob at

either corner. Sixth segment plate ovate, strongly narrowed ante-

riorly, projecting for two-thirds of its length back of the genital seg-

ment, with an evenly rounded margin.

Abdomen small, its ventral plate of the usual shape, but not reach-

ing beyond the center of the sixth segment plate; anal laminae the

same length as the sixth segment plate, diverging at an angle of 45°

to the body axis, so that almost the entire lamina is visible from

above. Of the two wings on the inner margin, the dorsal runs the

entire length of the lamina and is of the same width throughout; it is

cut off obliquely at the tip, and the cut edge is more or less lacerated

and armed with two or three small spines. The ventral wing is semi-

circular in shape and occupies only the basal half of the lamina; its

margin is smooth and without spines. The combined width of the
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two egg-strings is three-fifths that of the sixth segment plate, while

they are two-thirds as long again as the body.

First antennae short, the basal joint as wide as long, and heavily

armed with setae, the terminal joint club-shaped, with a cluster of

setae at the tip. Second antennas small and rather weak, the terminal

claw of medium size and bent abruptly near the center. Its basal

half is flattened and laminate, while the terminal portion beyond the

angle is slender and cylindrical. The second joint has a mde laminate

ear or flap projecting from its ventral surface toward the fleshy adhe-

sion pad.

The first pair of these adhesion pads are large and broadly elliptical,

one-fifth longer than the second pair; the latter are obovate, their

widest (anterior) diameter equaling their length.

The fourth pair are especially long and narrow, their length fully

two and a half times their width, and half as long again as the first

pair. Mouth-tube of the usual pattern, inclosing the mandililes,

wlfich are very slender and armed with eight teeth at their tips on the

inner margin. Second maxillae with a tlfick and swollen base, a fleshy

second joint, and a short terminal spine, wlfich is stout and curved

like a claw.

First maxillipeds slender and weak, the two joints about the same

length, the dorsal terminal claw twice as long as the ventral, the latter

with a short accessory spine at its base. Second maxillipeds much
swollen, the terminal joint fully as wide and thick as it is long, and

furnished with a movable claw, which shuts down against a raised,

tabular knob. The claw is wdde and thick, especially at the base,

where it is armed with a large spherical knob at the posterior corner

and a long slender accessory spine on the ventral surface. The raised

knob, against wlfich the claw shuts, has a flat, semicircular top, which

is roughly corrugated, to afl'ord a better hold against the skin of the

host.

First swimnfing legs small and weak, the basal joint scarcely as

wide as the exopod; both rami two-jointed, the joints in the exopod

not as distinct as in the endopod. Second legs stouter, especially

the basal joint, but still rather weak; third and fourth pairs with

basal joints increasing regularly in size, their rami flat, laminate,

and boot-shaped; those of the second and tlfird legs distinctly two-

jointed, those of the fourth legs with the jointing indicated only by
marginal notches. The ranfi of these fourth legs are, as Rathbun
writes, considerably longer than those of cranchii, and are also some-

what longer than even the longest of those found in sinuatus. There

are no setae, and the spines are arranged as follows: First exopod, 1,5;

endopod, 0,3; second exopod, 0,10; endopod, 0,3; tlfird exopod, 1,4;

endopod, 0,2; fourth exopod, 1,5; endopod, 0,0.
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The oviducts are coiled once in the genital segment, the three

strands of the coil running the entire length of the segment. The
semen receptacles are very similar to those of JicoZor, horseshoe-shaped,

with the ends somewhat enlarged.

The cement glands can not be seen in mature females on account of

the pigment on the dorsal surface of the segment and in the eggs that

fill the coiled oviduct, but they can be distinguished in young females.

They are narrow and rod-like, close to the intestine on either side,

and more or less sinuate; the component cells are very short and
flattened like the eggs in the egg-strings.

Total length, 9 mm. ; length of carapace on mid-line, 3.5 mm. ; width

across posterior margin, 4.5 mm. ; length of first dorsal plates, 2 mm.

;

of second plates, 0.85 mm.; of third plates, 2 mm.; of sixth segment
plate, 1.5 mm.; of egg-strings, 15 mm.

Color a rich brownish black, the margins of the carapace and of the

dorsal plates, and a semicircular spot through the eyes much lighter

and yellowish or reddish. The anal laminae are also without pigment.

{smithii. Named for Prof. S. I. Smith, of Yale University.)

Youngfemales.—In a young female only 3 mm. long the carapace is

strongly wedge-shaped, the posterior margin twice the width at the

frontal plates, the teeth along its central portion comparatively larger

and blunter than in the adult. The lateral margins are nearly straight

atid show a well-defined notch, armed with two minute teeth, about

three-fifths of the distance from the frontal plates. This notch evi-

dently indicates the point of junction of the cephalic and thoracic

portions of the carapace. The eyes are also plainly visible close to the

mid-line, in the anterior third of the carapace.

The dorsal plates of the thorax are in a rudimentary condition ; the

first two pairs are about the same size and the third pair a trifle larger;

the first pair does not quite touch the anterior margin of the tliird

pair, and only the extreme tips of the second pair overlap the tliird.

The genital segment is thus left almost entirely free dorsally; on

its ventral surface just in front of the openings of the oviducts may
be seen the rudiments of a pair of swimming legs, in the form of two
spines on either side, close together, the inner one broadly triangular,

the outer one minute and very slender.

These afterwards disappear, or at least they can not be distinguished

in the adult.

The sixth segment plate is circular and one-third the width of the

genital segment; the anal laminae are much longer than this plate,

comparatively slender, and the wings are not yet fully formed along

their inner margins, which are armed at this stage with three small

spines. The ventral plate of the abdomen reaches nearly to the pos-

terior margin of the sixth segment plate and is much broader than the

latter, more than half the width of the genital segment. The append-
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ages and the legs are very similar to those in the adult, the segmen-

tation and the spines being much cleaner and more distinct; they

verify in every particular what has already been given for the adult.

In another developmental stage, 4.5 millimeters long, we find the

same general shape and proportion of the various body regions as

in the adult. The dorsal plates are now well formed and overlap, so

that there are no spaces between them; the third pair are much
enlarged and reach to the center of the genital segment ; the sixth

segment plate has increased to its normal proportions. But as no

pigment has yet appeared the internal anatomy can be seen quite

distinctly; in particular the ovaries and oviducts are manifest, and

the beginning of the coils in the latter may be distinguished at the

posterior end of the genital segment. This absence of pigment,

together with the differences in the details of the appendages and

dorsal plates make these young females appear like distinct species.

And it is probably similar differences which led to the differentiation

of hoscii from hicolor by Leach in his original description of the genus,

and also to the separation of pallidus from cmnchii by Milne-Edwards

in 1840.

Male.—Carapace elliptical, a little longer than wide, with the lat-

eral margins only slightly curved; posterior lobes wdde and bluntly

rounded at the tips, extending straight backward; accessory lobes

small, much wider than long and attached close to the base of the

posterior lobes. Lateral grooves somewhat S-shaped, the curve at

the anterior end being much more pronounced than at the posterior

end. Eyes prominent and situated far forward. Carapace nar-

rowed but little anteriorly; frontal plates wide and prominent, cov-

ering nearly the whole of the basal joints of the first antenna^. Free

segments diminishing a little in width, but increasing in length from

in front backward, their sides plumply rounded ; the second seg-

ment filling the entire space between the carapace lobes, the fourth

segment wider than the genital segment. Lateral lobes on the sec-

ond segment broad and bluntly rounded, reaching back to the poste-

rior margin of the third segment. Genital segment subquadrangular,

a little wider than long, its sides only slightly rounded; the papillae

of the fifth legs small, blunt, and situated far back close to the pos-

terior corners, those of the sixth pair larger and more pointed. Abdo-

men half as wide as the genital segment, much wider than long, some-

what the shape of an hourglass, the sides being reentrant at the

groove between the two joints. The terminal joint twice the length

of the basal and protruding somewhat at the anus between the bases

of the anal lamellae; the latter of about the same length and width,

tipped with four large setae, the inner one of wliich is separated a

short distance from the others. The first antennge have a long basal

joint which is almost entirely concealed beneath the distal end of the
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frontal plates. In the second pair the middle joint is considerably

swollen, while the terminal claw is rather slender and weak. There

is only one pair of adhesion pads, situated just behind the bases of

the first antennae and close to the edge of the carapace. The pair

that usually accompanies the second antennae have degenerated into

minute disks, too small to be of any service for prehension.

The mouth-tube and second maxillae are similar to those in the

male of sinuatus; the first maxillipeds are stout, both joints consid-

erably swollen, the terminal claw straight and more than twice the

length of the secondary one. The second pair are also much swollen,

and are armed with a strong forceps made of two stout knobs whose
inner surfaces are flattened where they come together. The arrange-

ment of the spines and setae on the swimming legs is as follows : First

exopod, 1,0; 4, III: endopod, 0, 0; 0, III: second exopod, 1, I; 4, IV:

endopod, 0, I; 0, VIII: third exopod, 1, I; 4, V: endopod, 0, I; 0, V:
fourth exopod, 1, 0; 4, V: endopod, 0, I; 0, IV.

Total length, 7.57 mm.; length of carapace to tips of lateral lobes,

4.43 mm. ; width of same, 4.23 mm. ; length of free segment, 2 mm.

;

length of genital segment, 1.4 mm.
Color (preserved material) a uniform yellowish brown without pig-

ment markings.

This species was established by Rathbun in 1886 upon two speci-

mens taken from a dusky shark, CarcJiarhinus ohscurus, Cat. No.

6198, U.S.N.M. Another specimen. Cat. No. 8119, U.S.N.M., was
found upon an undetermined shark, taken in Vineyard Sound, and

four specimens, Cat. No. 6022, U.S.N.M., upon a sand shark, Car-

charias littoralis, from the same locality. Since the publication of

the species five other lots have been secured; two of these, were

obtained from sand sharks at Woods Hole; one, Cat. No. 32734,

U.S.N.M., includes five young females in different stages of devel-

opment; the other, Cat. No. 32732, U.S.N.M., includes a single

male which is made the type of the species. Another lot. Cat.

No. 6195, U.S.N.M., containing two females was found on Atwood's

shark, Carcharodon carcharias; a second lot of three females, Cat.

No. 11614, U.S.N.M., was found on a "Gray" shark in Vineyard

Sound; a tliird lot of four females, Cat. No. 32754, U.S.N.M., from

the back of a small shark (species not given) taken in the Gulf of

Mexico.

The chief variation in these specimens is in the amount of pigment

on the carapace and dorsal plates and in the relative size of the third

pair of plates; similar variations are found in all pigmented species.
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PANDARUS SATYRUS Dana.

Plate XXXI.

Pandarus satyrus Dana, 1852, p. 1368, pi. xcv, figs. 2 a-c.

Pandarns zygxnx Brady, 1883, p. 134, pi. lv, fig. 3.

Female.—General body outline short and wide; carapace widening

posteriorly until it becomes broader than long, the posterior lobes

short and blunt; posterior margin nearly straight and armed with

eight or ten small spines or teeth. Frontal plates narrow at the cen-

ter, wider at the ends, covering most of the basal joints of the first

antennae. Eyes concealed in mature specimens by the dark pigment

of the carapace.

Thorax plates of the second segment elliptical, strongly divergent,

wide and long, reaching beyond the center of those on the fourth

segment; central plate between their bases narrow. Plates of the

tliird segment small, nearly circular in outline, with a shallow median

sinus; those of the fourth segment also circular, with a wide but not

very deep median sinus; they overlap the genital segment beyond

its center.

Genital segment ovate, two-thirds as wide as the carapace, and

produced posteriorly into a slender conical process on either side of

the sixth segment plate and directly over the bases of the anal laminae.

Abdomen short and wide, the dorsal or body portion the same length

as the ventral plate and reaching about to the center of the sixth

segment plate. Anal laminge wide and longer than the sixth seg-

ment plate, their outer margins considerably thickened, the inner

wings strongly divergent and irregularly toothed. Sixth segment

plate ovate or elliptical, from one-half to two-thirds as long as the

genital segment.

First antennae long and slender, the terminal joint club-shaped, as

long as the basal joint, and bluntly rounded, both joints well armed

with short setae. Second pair small with a weak terminal claw and

one accessory spine. First adhesion pads semielliptical, their outer

margins nearly straight, their anterior ends projecting beyond the

margin of the carapace; second pair nearly circular, their diameter

one-third less than the length ot the first pair; third pair small and

elliptical; fourth pair also elliptical and a little longer than wide.

First maxillipeds of the usual pattern but stout, the two joints of

the same length, the terminal claws corrugated; second pair swollen

and armed with a single pair of forceps knobs, close together at the

center of the ventral surface.

First swimming legs small and weak, very similar to those of

cranchii, the base of the terminal joint in the exopod and its tip in

the endopod being covered with a large spiny pad or cushion. Second

legs also weak, the rami the same size and their joints the same
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length, the terminal joint of the exopod tipped with five, that of the

endopod with three, curved spines or claws.

Third pair with a large basal joint, carrying at its outer distal

corner a spiny pad and two boot-shaped rami, indistinctly two-

jointed, the exopod armed with a single spine on the basal joint and a

group of five or six large curved spines or claws at the tip of the

terminal joint. Fourth legs also with a swollen basal joint and two
boot-shaped rami, the endopod without spines, the exopod with one

spine on the basal joint, and a group of four on the tip of the terminal

joint larger than those on the third legs and curved. No legs visible

on the genital segment.

Total length, 8.5 mm.; length of carapace on mid-line, 3 mm.;
width of same, 4.2 mm.; length of dorsal plates of second segment,

2.1 mm.; of third segment, 0.8 mm.; of fourth segment, 1.2 mm.; of

sixth segment plate, 1.4 to 1.8 mm. ; egg-strings unknown.

Color a dark reddish yellow marked with a chocolate-brown blotch

covering the center of the carapace, having a light spot on either side

of the mid-line in the region of the eyes. There are similar chocolate-

brown blotches on each of the dorsal plates, including the sixth seg-

ment plate, leaving the margins and angles reddish yellow. In some
specimens the pigment is so dense and covers so much of the body

that the copepod seems nearly black. The "opaque, dirty white or

yellowish white" specimens spoken of by Dana were evidently

immature, and their pigment had not yet been formed.

(satyrus, a satyr.)

The U. S. National Museum collection includes a single lot of fifteen

females of this species. Cat. No. 32753, U.S.N.M., taken from the

sides and pectoral fins of a blue shark, Prionace glauca, by the Fish-

eries steamer J.Z6a^ross during the Hawaiian explorations in 1902.

These agree in every particular with the figures and description

given by Dana, except that the third pair of dorsal thorax plates in

his specimens were relatively shorter. But this is a difference that is

likely to occur in any species, and is not therefore of any value.

Pandarus zygsense has been given above as a synonym of the present

species after a careful examination and comparison of the two.

There are two females of P. zygsense in the National Museum collection

which were obtained by exchange from G. S. Brady, the author of

the species. They are Cat. No. 6857, U.S.N.M., and were taken on

Sphyrna zygxna at St. Vincent, Cape Verde Islands. Brady's descrip-

tion of tliis species in the Challenger Expedition Report" is very

short and says nothing whatever of the appendages. Nor is any

hint of the latter given in the single figure he published, which he

labeled "An adult male, seen from above." He certainly mistook

the sex, for his figure and description are those of a female without

a Vol. VIII, p. 134, pi. LV, fig. 3.
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egg-strings and not of a male. Furthermore, the deep cracks in the

posterior portion of the genital segment on either side in his figure

are more likely to be cracks due to the brittleness of preservation

than they are to indicate a normal structure. The species has not

been noted by other investigators, the only mention of it being in

the list ptiblished by Bassett-Smith in 1899. The two specimens

mentioned above were evidently covered with fish slime when pre-

served, and this has become so incrusted around the appendages

as to conceal niau}^ of the details. Enough can be made out, how-

ever, to show the identity of Brady's species with that of Dana,

which had been described thirty years before, and hence it must

stand as a synonym of the latter. Brady's specimens were a little

shorter than Dana's, and were lighter in color, the plates on the third

segment and the genital segment being without pigment. This would

indicate that they were not fully mature, which is further evidenced

by the fact that they had no egg-strings.

PANDARUS SINUATUS Say.

Plates XXXII and XXXIII.

Pnndarus sinnatKi^ Say, 1817, p. 43(5.—Milne Edwards, 1840, p. 471.—Smith,

1874, p. 570, pi. VII, fig. 31.—Rathbun, 1886, p. 310, pis. v-vii.

Female.—Carapace semielliptical to ovate, broader beliind than in

front, and a little more than one-third the entire length; width to

length as 6 to 5; posterior lobes short, more or less acute, and turned

inward at the tips; posterior margin when perfect with a rounded

median projection bordered on either side by three or four short and

sharp teeth. Usually, however, all the projections are bluntly

rounded and irregular, making the margin jagged and sinuate, as in

figure 172. Frontal plates narrow and but little prominent, not

covering more than half the basal joints of the first antennse. Eyes

invisible in the adults, visible in the young, one-third the distance

from the anterior margin, and close together on either side of the mid-

line.

Paired dorsal plates of second segment broadly elliptical to oval,

one-half longer than wide, diverging at an angle of about .30°

from the central axis; their inner margins are sometimes nearly

straight or may even be concave; they are widely separated and

scarcely touch the second pair, but reach back to the center of the

lateral margins of the third pair. The unpaired median plate of this

second segment is very wide, comparatively short, with a straight

posterior margin without teeth or spines.

Dorsal plates of the third segment small, nearly circular and sepa-

rated by a deep sinus, wdiich is slightly enlarged at its base ;
owing to

the wide separation of the first plates this second piair are entirely

Proc. N. M. vol. xxxiii—07 27
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visible in dorsal view. Dorsal plates of the fourth segment consider-

ably enlarged, wider than the genital segment and covering its anterior

third or two-fifths, thoroughly fused with only a broad and very

shallow posterior sinus.

Genital segment elliptical, one-fifth longer than wide; posterior

lobes broad and evenly rounded, with a shallow median siaus.

Sixth segment plate small, its margin forming four-fifths of a per-

fect circle, the remaining fifth narrowed into an anterior stem or neck

where it joins the genital segment. It projects behind the lobes of

the genital segment for a half or two-thirds of its length. Anal

laminse rather narrow and slender, as long as the sixth segment plate,

acute at the tips and armed with two or three small spines irregu-

larly placed on the inner margin; wings entirely lacking in the adult.

Ventral plate of the abdomen much wider than the sixth segment

plate, its posterior margin usually evenly rounded.

First antennae slender, the basal joint three times the length of the

terminal, its distal end enlarged, the anterior margin and corner

evenl}^ rounded and well armed with setae; terminal joint club-

shaped, with a tuft of setae at the tip.

Second antennae slender, the second joint with a small fleshy lamina

on its ventral surface, the terminal claw short and weak.

First adhesion pads elliptical, three-fourths longer than wide;

second pair obovate, one-half longer than wide, but much shorter

than the first pair; fourth pair elliptical, a little more than twice as

long as wide, and longer than the first pair.

Mouth-tube of the usual shape, narrower and longer than in

hicolor; mandibles like those of smitJiii; second maxillae short and

broad, the basal joint twice as wide as long, the second joint as wide

as long and ending in a slender and sharp spine which is nearly

straight. First maxillipeds slender, the basal joint half as long again

as the terminal ; the latter armed with a terminal curved claw, nearly

as long as the joint itself, a shorter and straighter accessory claw,

toothed along both margins, on its ventral surface, and a short and

straight, spine on the inner margin, both the latter being inserted at

the base of the terminal claw.

Second maxillipeds much swollen, armed with a pair of knobs

acting like forceps; knobs oblong, the ends where they come together

being flattened and corrugated.

Basal joints of the swimming legs increasing in size from in front

backwards, all biramose and the rami two-jointed, but the joints on

the fourth pair are thoroughly fused, and the jointing is only indi-

cated by marginal notches. The arrangement of the spines (there

are no true setae) on the different legs is as follows: First exopod, 1,5;

endopod, 0, 3; second exopod, 1, 9; endopod, 0, 5; third exopod, 1, 4

to 8; endopod, 0, 3; fourth exopod, 1, 3 to 5; endopod, 0, 0. The
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relative size and shape of the four pairs of legs and their joints are

shown in Plate XXXII, figs. 177 to ISO, the magnification being the

same for each.

Of the reproductive organs the (widucts are usually coiled once in

the genital segment, each strand of the coil reaching the entire length

of the segment. But sometimes there is a short extra coil in the

extreme anterior portion of the segment. The cement glands are

exceptionally large and broad and arranged like parenthesis marks
on either side of the intestine; the basal third of each is enlarged to

twice the width of the oviduct, is more or less rounded, and extends

outward and forward at an angle of 45° to the central axis. The re-

maining portion, or body of the gland, is once and a half the width of

the oviduct, curves around inward towanl the intestine, and extends

almost to the anterior border of the segment; the compound cells

are short and flattened like the eggs. The semen receptacle has the

shape of a spear or lance head, with a narrow tapering central sinus.

The two halves are joined anteriorly at the point of the spear, and
each has on its outer margin a rounded point or knob, corresponding

to the barb.

Total length, 7 to 8 mm. ; length of carapace on mid-line, 2.75 nun.

;

width at posterior margin, 3.3 mm,; length of first dorsal plates, 1.5

mm.; of second pair, 0.75 mm.; of third pair, 1.25 mm.; of sixth

segment plate, 1 mm.; of abdomen, 2.25 mm.
Color dull yellow or yellowish white, with a spot on either side

near the frontal margin of the carapace, or with the spots fused

across the mid-line into a horseshoe-shaped l)lotch opening ]>oste-

riorly. There is also a central irregular blotch on the third pair of

dorsal plates. In mature females the pigment of the eggs in the

coiled oviducts give the genital segment a grayish or brownish tinge.

From this mean the color varies in both directions. In specimens

from the Smooth Dogfish the brown or black markings often cover

most of the carapace, all of the fourth segment plates, and a part of

those oruthe second and third segments. On the other hand, speci-

mens taken from Atwood's Shark and immature specimens from
whatever source show no pigment at all, or only the faintest traces

of it.

{sinuaius, sinuate, alluding to the posterior margin of the carapace.)

Male.—Carapace orbicular, wider than long, with the lateral mar-
gin evenly rounded

;
posterior lobes broadly triangular and curved

a little inward toward the mid-line; supplementary lobes very short,

at least three times as wide as long and close to the bases of the

posterior lobes. In preserved material these secondary lobes often

turn white or whitish and become opaque. Lateral grooves bent

sharply outward at the anterior ends, nearly at right angles to the

longitudinal axis, and terminating just behind the sucking disks.
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Frontal plates nearly as wide as the carapace, projecting over the

bases of the first antennae and thus very prominent.

Free thorax segments about the same length but diminishing

rapidly in width from in front backwards. The second segment does

not entirely fill the space between the posterior lobes of the carapace

and only slightly overlaps the inner margins of the secondary lobes;

its lateral plates are broad and enlarged at the tip into a spathulate

form, the posterior margin being nearly straight. Fourth segment

one-fifth narrower than the genital segment, its lateral margins with

a narrow, sharp curve at the center. Genital segment elliptical, much

longer than wide, with evenly rounded corners. Fifth legs small and

blunt, slightly enlarged at the tips and carried forward some distance

in front of the sixth pair; the latter are a little longer, are situated

at the posterior corners, and nearly always curve inward toward the

mid-line. Inside of each and close to its base, on the posterior margin

of the genital segment, is a single large spine. Abdomen elongate,

longer than wide, the two joints of the same length; the basal one

spindle-shaped, the terminal one wedge-shaped, with no protuber-

ance between the bases of the anal lamina^; the latter are nearly

twice as long as wide, with the ends rounded diagonalh^ the outer

margin being the longer. Each is armed with four seta3, the iimer of

which is removed some distance from the others.

The first antennae are the normal size and shape, the basal joints

being almost wholly covered by the projecting ends of the frontal

plates. The first adhesion pads are ovate, with their longitudinal

diameters inclined at an angle of 45° to the body axis. They are

placed so near the edge of the carapace behind the first antennne that

nearly half the pad projects beyond the carapace and is visible in

dorsal Yiew, affording a good secondary means of identification of the

species. The second pair is just outside the bases of the second

antenna?, elliptical in form, with their long diameters parallel to the

body axis.

The third pair are egg-shaped and in the usual position between

the first maxillipeds; the fourth pair are elongate-elliptical, on the

lateral margins of the second segment lobes, and parallel with the

body axis. The first and second pairs are nuich smaller in the male

than in the female, which would show that they do not function as

clasping organs.

The second antenna^ are larger than in the female; the two basal

joints are considerably swollen besides sharing in the formation of the

adhesion pad. The terminal claw is large and stout and is armed on

its outer margin with two large accessory spines, one near the base

and the other at the center.

The first maxiUipeds have a stout basal joint and a short and

slender terminal joint, with two accessory claws on its inner margin
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close to the base of the terminal claw. The ventral of these two

claws is more than twice the size of the dorsal. The second maxilli-

peds are much enlargt^l, relatively more so than in the female, and

evidently they, with the second antennae, form the cliief clasping

organs. They are armed with a stout and well-developed terminal

claw, which shuts down against a group of three tuberculated knobs

placed side by side on the basal joint. This combination of claw and

forceps pinchers gives these copepods a very hrm hold upon their host.

The arrangement of the spines and set* on the swimming legs is

as follows : Fh-st exopod, 1, 0; 4, III: endopod, 0, 0; 0, III: second exo-

pod, 1,1; 4,YI: endopod, 0, 1; 0,VIII: third exopod, 1,1; 4, V: endopod

0,1 ; 0,V : fourth exopod, 1 , 1 ; 4,V : endopod, 1 , 1 ; 0, V. The sperm duct

is coiled into a large bunch near the center of the genital segment on

either side, and its posterior end then opens into a boot-shaped

spermatophore receptacle which lies })etween the bunch and the

posterior end of the genital segment, and whose long diameter is

inclined at an angle of 45° to the central axis. The anterior end of

this receptacle is narrowed into a sort of pointed appendix which

curves around forward and inward. The posterior end is bhmtly

rounded and from it a short tube leads to the genital opening, which

is near the jjosterior corner of the genital segment.

Total length, 7.23 mm.; length of carapace on the mid line, .3 mm.;

width of same, 4 mm.; length of free segments, 1.63 mm.; of genital

segment, 1.72 mm.; of abdomen, 1 mm.

Color the same as that of the female except that there are no pig-

ment spots or blotches and the body is quite transparent.

Young femalc^.^The smallest female thus far obtained is a little

less than '5 mm. in length (fig. 182). In this the carapace is nearly

half the entire length, as long on the mid-line as it is wide, with nar-

row lateral areas and short triangular posterior lobes. The posterior

margin between these lobes is very wide and irregularly sinuate, the

geneml direction being nearly straight. Eyes plainly visible one-

third the distance behind the frontal margin, three in number,

arranged in a triangle, the middle one posterior. Frontal plates wide

and prominent and covering the whole of the basal joints of the fost

antennae. Lateral areas divided considerably behind their center

by a transverse groove representing the boundary line between the

head and the first thorax segment. Second segment filling the entire

space between the posterior lobes of the carapace, its lateral plates

short, broad, and well rounded at their tips. The median plate of

this segment has not yet been differentiated, but the two lateral plates

are fused in a wide band across the mid-line. The dorsal plates of

the third and fourth segments have just started and overhip the seg-

ments following them sc^arcely at all. The genital segment is elliptical,

much smaller than in the adult female (less than half the width and
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length of the carapace) ; its posterior sinus is vevj broad, with a

squarely truncated base, while the posterior lobes are narrow and

short. The abdomen projects nearly its whole length beliind the

sinus of the genital segment, and is plainly visible in dorsal view.

The sixth segment plate has only just started, and covers less than

half the dorsal surface of the abdomen. Anal laminae of the same
pattern as in other genera of this subfamily, narrow and long, each

tipped with four plumose setae. Appendages like those of the adult

with the exception of the foiu'th swimming legs, in which the rami are

much smaller, less laminate, and the exopod is armed with claws

similar to those on the third legs, and is indistinctly jointed. The
fourth endopod, however, even at this early stage is wholly devoid

of spines or- setae, and shows no signs of segmentation.

The Naupliushas already been described on page 336; owing to the

inability of the female to move about when placed in an aquarium,

the eggs always die unless they were just on the verge of hatching when
obtained. This makes it difficult to secure the nauplii, and explains

how it happens in a genus as common as Pandarus that they have not

been seen and described oftener.

This species was first described by Say in 1817, froin specimens

taken from the dog-fish, Squalus canis Mitchill, and preserved in

the cabinet of the Academy of Natural Sciences in Philadelphia.

The original description was brief and lacked many details, but

enough was presented to identify the species, and the missing details

were supplied in an excellent description given l)y Rathbun in 1884.

But neither author found the male, and that sex is here presented for

the fii'st time, together with additional information upon the anatomy
of the female. The abundance of the species upon the sharks common
along our Atlantic coast is proven by the following list of the specimens

in the U. S. National Museum. Most of these were found upon the

fuis of the sharks, attached in such a way that the egg-cases would

float free from the margin of the fin in the clear water (fig. 1).

Hence the Pandarus always has its head toward the head of the

shark; when more than one are found on the same fin they are attached

side by side and strictly parallel, often as many as eight being found

on one side of a single fin, and as many on the other side. Usually

these females have algae and protozoa of various kinds growing upon
their carapace and dorsal plates; these are fastened to the margins

and angles of the plates and float back in the water around the egg-

strings.

Often the female will be so completely covered that none of the

dorsal surface can be seen (fig. 1 ) . The fins most commonly chosen

are the dorsal, the anal, and the ventral. Specimens are less often

found on the pectorals or the tail.
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All the following specimens were taken at Woods Hole or in the

immediate vicinity, unless otherwise stated

:

From Atwood's shark, Oarcharodou carcharias, Cat. No. 6172

U.S.N.M. (20 females); Cat. No. 6195, U.S.N.M. (2 males); Cat. No.

32756, U.S.N.M. (1 adult and 5 young females).

From sand shark, Carcharias littoralu-, Cat. No. 6021, U.S.N.M. (25

females); Cat. No. 6023, U.S.N.M. (1 male); Cat. No. 6028. U.S.N.M.

(8 females) ; Cat. No. 6029,U.S.N.]\r. (5 males) ; Cat. No. 6030, U.S.N.M.

(3 young females) ; Cat. No. 6034, U.S.N.M. (15 females); Cat. No.

6041, U.S.N.M. (1 female); Cat. No. 6042, U.S.N.M. (2 males taken

with Cat. No. 6041, U.S.N.M.); Cat. No. 6075, U.S.N.M. (2 males and

2 females, 1 pair in coition); Cat. No. 6202, U.S.N.M. (3 females);

Cat. No. 6206, U.S.N.M. (2 males); Cat. No. 6208, U.S.N.M. (1

female) ; Cat. No. 8121 U.S.N.M. (6 females) ; Cat. No. 8128, U.S.N.M.

(2 males); Cat. No. 10744, U.S.N.M. (20 females); Cat. No. 12227,

U.S.N.M. (2 females); Cat. No. 12674, U.S.N.M. (5 females); Cat.

No. 12675, U.S.N.M. (10 females); Cat. No. 32730, U.S.N.M. (5 young
females) ; Cat. No. 32745, U.S.N.M. (2 males) ; Cat. No. 32746,ir.S.N.AI.

(a young female) ; Cat. No. 32748, U.S.N.M. (20 females very pale in

color without pigment) ; Cat. No. 32749, U.S.N.M. (a male and female

in coition); Cat. No. 32750, U.S.N.M. (a male); Cat. No. 32751,

U.S.N.M. (4 young females and 2 males); Cat. No. 32755, U.S.N.M. (5

females); Cat. No. 32759, U.S.N.M. (10 females and 2 males, 1 pair in

coition); Cat. No. 32762, U.S.N.M. (5 females); Cat. No. 32763,

U.S.N.M. (10 females and 5 males); Cat. No. 32764, U.S.N.M. (5

females); Cat. No. 32766, U.S.N.M. (25 females): Cat. No. 32767,

U.S.N.M. (25 females) ; Cat. No. 32768, U.S.N.M. (5 females) ; Cat. No.

32769, U.S.N.M. (5 females); Cat. No. 32770, U.S.N.M. (20 females);

Cat. No. 32774, U.S.N.M. (30 females and 3 males); Cat. No. 32755,

U.S.N.]^[. (5 females).

From smooth dogfish, Mustelus canis, Cat. No. 6046, U.S.N.M. (5

females) ; Cat. No. 6199, U.S.N.M. (5 females) ; Cat. No. 6203,U.S.N.M.

(3 females) ; Cat. No. 6207, U.S.N.M. (1 female) ; Cat. No. 8124,U.S.N.M.

(1 female) ; Cat. No. 8125, U.S.N.M. (1 male taken with Cat. No. 8124,

U.S.N.M.); Cat. 8126, U.S.N.M. (2 young females) ; Cat. No. 10745,

U.S.N.M. (3 females); Cat. No. 16090, U.S.N.M. (3 females and 1

male, taken off Avon, N. J.); Cat. No. 32733, U.S.N.M. (2 young
females and 1 male); Cat. No. 32758, U.S.N.M. (2 females); Cat
No.[32760,U.S.N.M. (8 females) ; Cat. No. 32761, U.S.N.M. (3 females).

From dusky shark. Carcharhinus ohscurus, Cat. No. 6031, U.S.N.M.

(1 male) ; Cat. No. 6032, U.S.N.M. (1 male) ; Cat. No. 32747, U.S.N.M.

(3 females and 1 male) ; Cat. No. 32773, U. S.N. M. (3 females).

From mackerel shark, Lamna cornuhica, Cat. No. 32765, U.S.N.M.

(75 females).



424 PROCEEDINGS OF THE NATIONAL MUSEUM. ' vol. xxxiii.

From sharp-nosed shark, Scoliodon terrx novse, Cat. No. 32771

U.S.N.M. (2 females, taken at Beaufort, North Carolina).

From the outside of a menhaden. Cat. No. 32734, U.S.N.M. (1 male).

From "Shark," no species given. Cat. No. 8640, U.S.N.M. (6 males

taken at station 2237,steamer^Z6aiross,1884); Cat. No. 12670,U.S.N.M.

(35 females); Cat. No. 32757, U.S.N.M. (1 male).

No locahty or host given, Cat. No. 6028, U.S.N.M. (1 female).

Genus NESIPPUS Heller.

Nesippus (N. orientalis) Heller, 1865, p. 193.

Nogagus {N. augustatus) van Beneden, 1892, p. 246.

Female.'-—Carapace transversely elliptical, much wider than long,

with broad lateral areas and posterior lobes. Frontal plates distinct,

prominent, covering the basal joints of the first antenna\ Eyes
small, three in number, in a triangle near the anterior margin. Sec-

ond and third thorax segments fused together, and carrying a single

pair of more or less rectangular plates or lobes on their sides. Fourth

segment free, with no dorsal plates, or with a very small pair scarcely

overlapping the genital segment. The latter elliptical, mucli longer

than wide, with an evenly rounded outline; no posterior lobes.

Abdomen small, attached to the ventral surface of the genital seg-

ment, and nearly liidden in dorsal view; anal laminae of medium size,

wholly visible, each armed with four large setaj.

First antenna? like those of Pandarus; second pair uncinate; first

adhesion pads much larger than the second, the two quite a distance

apart. Mouth tube similar to that of Pandarus; second maxilhTp three-

jointed, with swollen bases and small terminal claws.

Second maxillipeds much swollen, witli a flattened termhial claw.

All the swimming legs biramose; rami of the first three pairs two-

jointed, of the fourth pair one-jointed, all armed with plumose setae.

Egg tubes slender, straight, much longer than the body.

Male.—Body a typical Nogaus form; carapace elongate with nar-

row lateral areas and posterior lobes; no accessory lobes, as in the

Pandarus males, but sometimes a large spine on the posterior margin,

at the base of the posterior lobe on either side. Frontal plates narrow
and not very prominent; eyes three in number, in about the same
position as in the female; in front of the eyes there is often a pair of

rounded knobs (Dana's conspicilla) rising above the surface of the

carapace. Free thorax segments the same length but diminishing

rapidly in width from in front backward, the fourth as wide as

the genital segment; the second segment only with lateral lobes.

Genital segment elongate, more or less angular, without lobes or

rudimentary swimming legs, or with the latter reduced to small

spines. Abdomen small, one-jointed, wider than long, more or less

triangular, anal laminas small, but armed with large plumose setae.
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Appendages like those of the female ; second maxillipeds much swollen,

with forceps knobs or a flattened terminal claw. All the legs bira-

mose, rami like those of the female.

(Nesippus, etymology unknown.)

KEY TO THE SPECIES.

a. Females, carapace much wider than long; second and third thorax segments

fused inter se; fourth segment with small dorsal plates; genital segment longer

than the carapace; abdomen hidden - - - ''•

a. Males, carapace as long as wide; second and third thorax segments distinct;

fourth segment without dorsal plates; genital segment mucli smaller than cara-

pace; abdomen wholly visible (f-

h. Fourth segment plates not reaching the genital segment; lateral lobes of

the fused second and third segments narrow and well rounded c.

h. Fourth segment plates overlapping the genital segment a little; lateral

lobes on the fused second and third segments large, wid(\ and angular.

alatus Wilson, 1905, p. 420.

c. Genital segment medium size, quadrangular, with rounded corners and no

posterior lobes; abdomen largely visible from aljove.

angustatus Beneden, 1892, p. 431.

c. Genital segment somewhat enlarged, elliptical, with long and broad posterior

lol)es, separated by a narrow median sinus; abdomen wholly concealed.

cryphirus Heller, 1805.

c. Genital segment much enlarged, ovate, with an evenly curved margin; no

posterior lobes; abdomen entirely concealed orimtalis Heller, 1805.

(1. Carapace wider than long; genital segment also wider than long, barrel-

shaped '

(•/. Carapace and genital segment decidedly longer than wide; genital seg-

ment oblong with parallel sides J-

e. Carapace without conspicilla, posterior lobes short; fourth segment with

strongly protruding sides; genital segment without rudirnentary legs.

alatus Wilson, 1905, p. 420.

(\ Conspicilla present; posterior carapace lobes narrow and elongate; sides of

fourth segment protruding but little; fifth legs showing on sides of genital

segment cvrticaudis Dana, 1852, p. 434.

/. Less than 6 mm. in length; genital segment nearly as wide as long; fourth

segment biscuit-shaped, twice as wide as long.

angustatus Beneden, 1892, p. 431.

/. From 8 to 11 mm. in length; fourth segment spindle-shaped, as long as

wide; genital segment one-third or one-half longer than wide.

borealis Steenstrup and Fiitken. 1801, p. 437.

This genus wasfoimded by Heller in 1865 upon two species obtained

on the Novara expedition at the island of Java.

They were both obtained from the gills of sharks, and although

Heller does not make the statement, it is probable that they were

found in the shark's tlu'oat rather than in the gill cavity.

Of one species which he called orientalis Heller claimed to have

both sexes, but a careful study of the figures and description of his

"male" show it to be really a young female before the egg strings

have developed. It is not a Nogaus form at all, but exactly like the

adult except that the genital segment is smaller and the abdomen not
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concealed. If it be compared with the figure here given (Plate

XXXIV, fig. 205) of a young female alatus, its identity is manifest

at once.

Beneden made the same mistake in 1892 with his Nogagus angus-

tatus, which is shown on page 431 to be a Nesippus. He described

a young female as a male of the species. Ki'oyer in 1863 erred in

another direction. He found a young female Nesippus and a Nogagus
latreillii upon the same fish and described the two as the male and
female of Nogagus latreillii (see p. 441).

The true male of the genus has never before been described. This

is probably due to the fact that the male staj^s on the outside sur-

face of the shark's body, in company, usually, with one or both sexes

of some of the other genera. The young female stays in the same
place, or in the gill cavity close to the surface, until after union with

the male, which takes place very early in development, as in all

the parasitic copepods, and then she crawls down into the shark's

thi-oat out of sight and remains there fastened to the inside of the

gill arches. In the examination of several scores of sharks by the

present author, a male has never yet been found in company with

one of these mature females in the shark's throat, but many have been

taken on the fms and in the gill cavity, some of which were in union

with young females.

It was difficult, therefore, to locate the two sexes at first and re-

quired long continued search before they were definitely determined.

This leaves Heller's two species, orientalis and cnjpturus, composed
of females alone with the male unknown, while Dana's curticaudis and
Steenstrup and Liitken's horealis are known only in the male sex.

Dana's species was taken "from the body of a shark, northeast of

New Zealand," while both of Heller's species came from Java. These

localities are near enough together, especially when we remember that

the hosts are large sharks, for it to be at least possible that future

investigation will find two of the species more closely related.

NESIPPUS ALATUS Wilson.

Plates XXXIV and XXXV.

Nesippus alatus Wilson, 1905, p. 130.

Nogagus tenax{'^) Steenstrup and Lutken, 1861, p. 388, pi. x, fig. 20.

Female.—Carapace transversely elliptical, the width once and three-

quarters the length; frontal plates distinct, and, together with a por-

tion of the cephalic area, projecting in a half circle from the anterior

margin; deeply incised at the center. Posterior lobes short, scarcely

overlapping the lateral lobes of the second and third segments;

thoracic area quadrilateral, arched a little above the surrounding sur-

face; lateral areas ver}^ wide; cephalic area small. Eye distinctly

tripartite, appearing as tliree separate circular lenses arranged in a tri-
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angle at the center of the carapace, about one-third the distance from
the anterior margin. Second and third thorax segments fused to-

gether and canying a single rectangular lol)e or plate on either side,

which extends obliquely backward nearly to the tips of the posterior

lobes of the carapace. Fourth segment free, considerably narrower

than the second and third segments and covered with a pair of fused

dorsal jilates. Each of these is nearly a perfect circle in outline, in

strong contrast to the angidar j)air on the second and third segments.

They do not extend out as far as the latter, but are about the same
width as the genital segment, over whose anterior margin they extend

for a little distance. Genital segment elliptical, or slightly ovate,

with an evenly I'ounded margin, the length to the breadth in the pro-

portion of 8 to 5. Abdomen invisible in dorsal view, but the two
large anal lamime project nearly their entire length behind the pos-

terior margin of the genital segment. Each of them is as wide as

long, and as large as the entire abdomen, and is armed with four slen-

der j)lumose seta^. Seen ventrally, the abdomen is small, triangular

in shape, and attached about its own length in front of the pos-

terior margin of the genital segment. The apex of the triangle is

represented by the narrt)w neck where the abdomen joins the genital

segment while the broad base is at the posterior margin where the

anal lamime are attached.

The first antenna^ are short and stout, the basal joint nearly twice

the diameter of the terminal and thickly studded with seta\ the ter-

minal joint furnished with setw along its posterior marign as well as

at the tip; second antennjie large, with a long and stout terminal

claw. First adhesion pads elliptical, close to the margin of the cara-

j)ace, and more tnan twice the size of the second pair; the latter

nearly circular and removed some distance from the first ones. In

the young female these pads appear as short and slightly curved

claws, and are then like the corresponding fu"st maxillae in the Caliginae.

In the adults they are transformed into large pads, fastened for

their entire length to the ventral surface of the carapace. Similarly

the pads at the l)ases of the first maxillipeds are straight spines in the

young.

The second maxilhe are close beside the base of the mouth-tube
and are apparently two-jointed; the basal joint is large and swollen,

twice as long as w4de; the terminal joint is a short curved claw.

The mouth-tube is long and pointed; the framework consists of a

slender rib along either side extending from the base to the tip and
almost perfectly straight, with the ends somewhat enlarged; the ends

at the tip are joined by their inner margins, while those at the base

are joined by a chain of three circular plates, the central one being

considerably larger than the other tw^o.
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From the two side plates a pair of secondary ribs extend forward

and inward, each pointing toward the tip of the maxilla on the oppo-

site side. The mouth opening is terminal and heavil}^ fringed with

hairs. First maxillipeds of the usual form, the secondary terminal

claw very short and conical; second pair large and swollen, the basal

joint almost twice as wide as long and considerably flattened dorso-

ventrally. The terminal joint is shaped like a flexible finger or thumb,
and is attached transversely along the outer end of the basal joint.

The four pairs of swimming legs are all biramose, rami of the first

three pairs two-jointed, of the fourth pair one-jointed.

The exopods of the first and fourth pairs are longer than the endo-

pods; in the second and third pairs the rami are about equal; the

basal joints of the first and fourth pairs are widened, but not more
than half as much as those of the second and third pairs. None
of these basal joints carry spines or setae except the third pair,

in which a very large seta projects diagonally backward from
the inner corner. The fifth legs are entirely lacking; the arrange-

ment of the spines and setae on the other four pairs is as follows

First exopod, 1,0; 4, III: endopod, 0, 0; 0, IV: second exopod, 2, I

4, V: endopod, 0, I; 0, VI: third exopod, 1,1; 4, IV: endopod, 0, I;

0, IV: fourth exopod, 5, IV: endopod, 0, IV.

The ovaries are large and elliptical in form; they can be seen just

above the digestive tract near the anterior margin of the thoracic

area of the carapace. The oviduct leads back in the usual way to

the genital segment, where it is coiled in three parallel strands run-

ning lengthwise along either sitle of the segment. It finally opens

to the exterior on the ventral surface just in front of the abdomen.
The cement glands are long and narrow, the cells in each being nearly

as long as wide; they lie just beneath the inner coils of the oviduct

and are slightl}^ curved, the concave sides toward each other. The
semen receptacle is large and crescent shaped; it consists essentially

of three spherical pockets or sacs, one on either side below the opening

of the oviduct, and the third at the center connecting the two. The
duct leading from these lateral sacs is carried past the point where it

opens into the oviduct, and is coiled into a blind pointed sac, which
turns forward alongside the outer margin of the sperm receptacle

(fig. 204).

Total length, 7 mm.; length of carapace, 2.8 mm.; width of same,

3.8 mm. ; length of genital segment, 2.7 mm. ; width of same, 1.7 mm.

;

length of egg strings, 13.5 mm.
Color a light yellowish white, fairly transparent and not showing

very distinctly against the white background of the shark's throat.

The coils of the oviduct in the genital segment are a darker yellow

and opacjue; the egg-strings are almost pure white.
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Male.—Carapace semielliptical, a trifle wider than long, squarely

truncated posteriorly, with a long and narrow lobe at each of the

posterior corners. Second and third thorax segments not fused, but

distinct, of the same length as the fourth segment, the three dimin-

ishing regularly in width, and none of them bearing dorsal plates.

Genital segment small, a little narrower than the fourth segment, of

about the same length and wadth, with reentrant corners. Abdomen
very short, the basal joint hardly visible beneath the posterior border

of the genital segment. The anal lamini3e are no larger than in the

female, but the plumose setge are considerably longer.

The appendages are like those of the female, with the usual sexual

mochfications in the second antennae and the second maxillipeds.

There is a greater difference in size between the adhesion pads of the

first two pairs than in the female, the first pair being enlarged. The
mouth tube is the same, but the second maxillcse are three-jointed,

counting the terminal claw; this makes it practically certain that

these appendages in the female are also three-jointed, although the

two basal joints are usually fused, and they are so designated in the

genus diagnosis.

The arrangement of the spines and setae on the swimming legs is as

follows: First exopod, 1, 0; 4, III: endopod, 0, 0; 0, III: second

exopod, 1, I; 4, V: endopod, 0, I; 0, VIII: third exopod, 1, I; 3,

IV: endopod, 0, I; 0, IV: fourth exopod, 4, III: endopod, 0, IV.

The basal joints of the second and third pairs carry a medium spine

on their outer corner.

Total length, 4.55 mm.; length of carapace, 2 nnu.; width of

same, 2.3 mm.; length of genital segment, 0.88 nun.

The male is darker in color than the female and usually becomes a

deep brown in alcohol; this color is uniforndy distributed without

pigment spots.

(alatus, furnished with wings. None of the other species have

dorsal plates of any size.)

Young female.—General body form similar to that of the adult;

the carapace is proportionally as wide, with broad and well-rounded

posterior lobes and prominent frontal plates. The second and third

thorax segments fused, with their single pair of lateral plates even

more angular than in the adult, for the external margin of these

plates is concave, thereby making the corners acute. No plates on

the fourth segment as yet; the genital segment very small and ellip-

tical, the same width as the fourth segment, and one-half longer than

wide. Abdomen entirely visible, one-jointed, with reentrant sides

and a convex posterior margin; anal laminas larger and the plumose

setae longer than in the adult.

The only differences in the appendages are such as are common to

young forms; the joints are relatively smaller, while the spines and
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setsB are longer; this causes these young females to look much like

males, and it deceived even so good an observer as Kroyer. But a

careful examination of the genital segment reveals the presence of

cement glands and sperm receptacles, and thus precludes any idea

that these are males.

This species is found upon the gill arches of the common sand
shark, Carchanas littoralis, rarely upon the floor or roof of the mouth.
In nearly every instance it is solitary, a single female being fastened

to either the fifth or the fourth arch on the posterior side, so that all

one can see of it on looking down the shark's throat is the white or

brownish egg-strings.

They are fastened rather more securely than Pandarus, by means of

their second maxillipeds, and it requires considerable effort to dislodge

them. On being removed to an aquarium it is found that the females

can not swim, but are fully as helpless as the other genera in this sub-

family, lying upon their backs and keeping their swimming legs in

constant motion. They can be kept alive for a longer period than

Pandarus, however, and seem much more hardy. The anterior por-

tion of the body, including the carapace and free thorax segments, is

very transparent and colorless. Hence it would be diflicult to (Hstin-

guish the animal against the white background of the shark's throat

were it not for the fact that the digestive tube is dark colored, the

coiled oviduct in the genital segment is brown, and the egg-tubes are also

brown. The latter arc long and slender and appear fragile, looking as

if they would pull apart on slight provocation; but the very reverse

is ft)un(l to be true. Indeed they are so tough that the body of the

female will pull apart at the fourth segment before the egg-strings will

break.

In the living copepod these egg-strings are always encased in a

heavy layer of mucus obtained from the shark's gills, and they often

have in addition a growth of algse or other foreign matter mixed with

the mucus. When these substances extend up onto the genital seg-

ment of course they help to hold the egg-strings in place. But it not

unfrequently happens that they fail to reach the genital segment, and
in that case the egg-strings have to hold the entire mass in place. As
the copepod is almost always found on the insitle of the gill arches,

or at least with the posterior part of the body and egg-strings on the

inside, it must be subjected to more or less friction from the convul-

sive movements of the living fish upon which the shark feeds.

The utility, therefore, both of the heavy coating of mucus over the

egg-strings, and of their secure attachment to the genital segment,

becomes very apparent. The males are good swimmers and very

active, like other Nogaus species, and in the aquarium they move
about restlessly.
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This can not be regarded as an abundant species, since in only one

or two instances has more than a single adult female been found on

the same fish. But it may be saitl to be common, since nearly every

shark so far examined has yielded its specimen.

The IT. S. National Museum collection includes the following, all

from Woods Hole and vicinity unless otherwise stated

:

From the sand shark, Carcharias littoralis, Cat. No. 6029, U.S.N.M.

(5 males) ; C^at. No. 8127, U.S.N.M. (5 males) ; Cat. No. 32744, U.S.N.M.

(1 male) ; Cat.No.32788,U.S.N.M. (2 females) ; Cat. No. 32793,U.S.N.M.,

(2 females) ; Cat. No. 32795, U.S.N.M. (young female) ; C^at. No. 32834,

U.S.N.M. (5 males).

From gray shark, ('at. No. 8183, U.S.N.M. (2 females).

From dusky shark, Carcharhinus ohsn/rus, C^at. No. 6033, I^.S.N.M.

(7 males).

From flounder. Cat. No. 32740, U.S.N.M. (1 male).

From caudal peduncle of Fuiidulus ryiajalis, Cat. No. 32743, U.S.N.M.

(L male).

From man-eater shark. Cat. No. 32786, U. S.N.:M. (2 females).

From smooth dog-fish. Cat. No. 32787, U.S.N.M. (1 male).

From sharp-nosed shark, Scoliodon terrse.-nov8c , Cat. No. 32790,

U.S.N.M. (1 female;) Cat. No. 32792, U.S.N.M. (7 females).

From Sphyrna tihuro, at Beaufort, North Carolina, Cat. No. 32791,

U.S.N.M. (1 female).

From Sphyrna zygsena , also at Beaufort, North Carolina, Cat. No.

32794, U.S.N.M. (10 females).

NESIPPUS ANGUSTATUS Van Beneden.

Nogagus angustatus Van Beneden, 1892, (6), p. 245. pi. i, ligs. 5-10.

FandariLS affinis Van Beneden, 1892, (/;) p. 22(), pi. i, figs. 5 and 7-11 (th(! male

form only).

In 1892 Van Beneden described The Male of Certain Caligids and a

new Genus of the Family." The second male described was given

the name Pandarus affinis. Beneden says that this new species was

obtained " sur des Squales non determines de la bale de Dakar:

nous en possedons les deux sexes; une femelle et deux males. I^e

corps de la femelle a une longeur de 6 millimetres; les ovisacs, 10

millimetres; les appendices, en general, sont completement les memes
dans les deux sexes, aussi bien ceux de la tete cjue ceux du thorax."

Then follows a description of the two sexes which is sadly lacking

in just those particulars most essential for the determination of the

species, namely in the details of the appendages.

The only appendages described for the female are the first antenna^?

;

of the male, nearly all the appendages are mentioned, but no definite

data are given for any of them. In the figure showing a dorsal view

aBulletins de I'Academie royale de Belgique (3), XXIII, No. 3, pp, 220-235.
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of the male the rami of the third legs are two-jointed on one side and

one-jointed on the other, while those of the fourth legs are both

one-jointed. In the ventral view both rami of the fourth legs, and

the endopods of the third legs are one-jointed; all the other rami are

two-jointed.

Such data are hardly sufficient to decide whether the two specimens

are the male and female of the same species or not, nor even that they

certainly belong to the genus Pandarus.

None of the genera here considered have one-jointed endopods in

the third pair of swimming legs. But this is manifestly an error on
Beneden's part, and the ramus should have two joints like the exopod.

With this one correction, assuming that all the details are accurately

stated, the appendages, the general body form, the relative size, and

shape of the different segments, and particularly the narrow and

elongated posterior lobes of the carapace, correspond exactly with

those found in Nesvppus males.

And at the same time they are radically different from those* of

Pandarus males ; in particular the present species lacks the accessory

lobes on the posterior margin of the carapace, there are no legs visible

on the genital segment, and the abdomen has but a single joint.

Furthermore Nesipj)us males are usually found in company with both

sexes of other genera on the outside of the host, while the adult

females are confined to the gill arches in the throat. "We may reason-

ably conclude, therefore, that while the female undoubtedly belongs

to the genus Pandarus, the male is not a Pandarus at all, but a

Nesipjms.

Later in the same year Beneden published another paper, entitled

Some new Caligids from the Coast of Africa and the Azores Archi-

pelago, in the same periodical."

The second of the new forms described he calls Nogagus angustatus,

of which he claims to have found both sexes.

But his mistakes here are even worse than those of the former

paper; in the first place his species is not identical with Gerstaecker's

Nogagus angustulus, as he claims. The difference in spelling is

accounted for by the fact that in Gerstaecker's paper (1854) the

specific name is spelled ^'angustulus" in the text, and "angustatus"

in the explanation of the plates. The former was evidently' the one

intended by Gerstaecker, and it is quoted by Steenstrup and Lutken,

and by Bassett-Smith. If any reliance can be placed upon Beneden's

figures, there are enough differences, even in a dorsal view, to distin-

guish the two species at a glance. (See N. angustulus, p. 351.)

Again, supposing the male had been the same as Gerstaecker's

species, it was long ago proved that the entire genus Nogaus is made

a Pages 241 to 262.
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up of the males of other genera, and must wholly disappear as our

knowledge of these parasites becomes more complete.

The thing to do, therefore, is not to refer the female to the genus

of the male, for the male has no genus, but to do exactly the reverse,

take the male out of this heterogeneous collection known as ^^Noga-

gus'' and place him in a valid genus to which the female belongs.

Hence, the question to determine is, to what genus does the female

described by Beneden belong ?

Bassett-Smith suggests (1899, p. 459) that it is a species of Dysga-

mus, but unfortiuiately no female of this genus has ever been described,

so that we have no type with which to compare it.

The Dysgamus male, as described by Steenstrup and Liitken, the

founders of the genus, is not a Nogaus form at all, but one in which

the first three segments of the thorax are all united with the head to

form the carapace, the fourth segment only being free.

A furca is present, and the details of the appendages, especially

the swimming legs, are very difi'erent from what we find here.

The female, when found, must belong to the Euryphorinse, while

this female described by Beneden is evidently one of the Pandarinse.

Moreover it presents exactly the characters here given to the genus

Nesippus; the carapace is wider than long; the second and third

thorax segments are fused together and furnished with a single pair

of lateral lobes; the frontal plates are conspicuous; the genital seg-

ment is- elongated; the abdomen is short and one-jointed; the anal

laminee are relatively small, but armed with large setie; the swim-

ming legs are all l)iramose, the first three pairs are two-jointed, the

fourth pair one-jointed.

This '' Nogagus," therefore, is really a female Nesippufi, and the

species must be called Nessipus angustatus A an Beneden, since it is

different from those heretofore described.

Beneden made his third mistake in supposing that he had two

sexes; what he describes as a male is really not a Nogaus form, but a

young female, with the egg-strings as yet undeveloped (see p. 444).

The true male of this species is probably the form mentioned above,

which Beneden described as the male of Paridarus ajfinis. We have

alreatly shown that this was not a Paridarus but a Nesippus male; it

came from exactly the same locality, the Bay of Dakar, was collected

by the same man, M. Chevreux, and was sent to Beneden in the same
lot with the female specimens.

Moreover it corresponds exactl}^ in bod}' form and in so much of

the anatomy as can be made out from Beneden's data. We may
conclude, therefore, 1, that the female of Beneden's Pandarus

affinis was a true Pandarus, and as such it has been included in the

key on page 394; 2, that what he described as the male of the same
Proc. N. M. vol. xxxiii—07 28
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species was really the male of Nesippus angustatus; 3, that his Noga-

gus angustatus was not the same as Gerstaecker's iV. angustulus; 4,

that it was not a Nogaus at all, nor did it even include the male sex,

but was made up of two females, an adult with egg strings which he

recognized as a female, and an immature female without egg strings,

which he called a male. Both sexes of this new Nesippus species

have been included in the key on page 425.

NESIPPUS CURTICAUDIS Dana.

Plate XXXVI.

Specilligus curticaudis Dana, 1852, p. 1375, pi. xcv, figs. 6 a-h.—Olaus, 1875,

p. 352, pi. XXIV, fig. 32.—Thomson, 1889, p. 365.

Nogagus curticaudis Steenstrup and Lutken, 1861, pp. 383 and 390.

Male.—Carapace elliptical, a trifle wider than long, excluding the

posterior lobes, with an evenly rounded anterior margin and a slightly

concave posterior margin between the lobes.

Frontal plates narrow-linear and following closely the contour of

the frontal margin of the carapace, not appreciably enlarged at the

ends as in horealis. Posterior lobes very narrow, reaching nearly to

the posterior margin of the third thorax segment, and turned out-

ward a little. Eyes visible with difficulty, on the median line in the

usual position; just in front of them and separated a little are the

large prominent conspicilla noted by Dana (see below), one on eithei

side of the body axis.

The three free thorax segments are about the same length, but

decrease regularly in width, the fourth being five-eighths as wide as

the second. The lateral lobes of the second segment are narrow and

extend diagonally backward as far as. the posterior border of the third

segment.

Genital segment the same width as the fourth segment, elliptical,

a little wider than long, and squarely truncated both anteriorly and

posteriorly. Its sides are evenly rounded and each shows just in

front of the posterior corner a small papilla armed with a single

spine. There is a well-defined furrow on either side of the dorsal

surface, about one-fourth the width from the lateral margin. The
surface between these grooves in the center of the segment is more
strongly arched than that of the margins. The abdomen is trian-

gular, considerably wider than long, with the apex projecting between

the anal laminae and deeply incised. Anal laminae also triangular,

reaching a little beyond the tip of the abdomen, and each armed
with three large setse. First antennas rather slender, but both joints

armed with long and bushy plumose setse; second pair stout, the

basal joint armed with a large roughened knob on its posterior mar-

gin, the terminal claw rather short, but stout and strongly curved.

Mouth-tube long and slender, with the mandibles protruding at the
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tip; mandibles of the shape usual in the Pandarinse, the interlocking

teeth along- the inner margins being minute and triangular. wSecond

maxillae with the basal joint not enlarged as much as in alatus, the

terminal spine long, pointed inward toward the mouth-tube, and
somewhat enlarged at its base on the outer side. First maxillipeds

with a terminal claw fully as long as the joint which bears it, and
strongly curved. The accessory claw arises from the posterior border

close to the base of the terminal claw, and is about half the size of the

latter. Second maxillipeds much swollen, the very broad basal joint

with a pair of knobs on its ventral margins, while the knoblike

pinchers of the terminal joint cover the whole of that portion of the

surface.

The spines and setas on the swimming legs are arranged as follows

:

First exopod, 1, 0; 3,111: endopod, 0,0; 0, III: second exopod, 0, I;

4, VI: endopod, 0, I; 0, VII: third exopod, 1, 0; 3, V: endopod, 0,

I; 0, IV: fourth exopod, 4, IV: endopod, 0, IV.

Total length, 6.53 mm.; length of carapace on mid-line, 2.5 mm:;
width of same, 2.7 mm.; length of free segments, 2.1 mm.; length of

genital segment, 1.33 mm.
Color (preserved material) a uniform l)rownish yellow w^ithout pig-

ment spots; the pigment of the paired eyes a deep blue, of the un-

paired eye a bright red.

(curticaudis: curtus, short, and cauda, tail.)

This species was originally described by Dana, in 1852 and made
the type of a new genus called ^' SpeciUigus" from the lenticular

bodies or conspicilla situated in front of the eyes. In his genus

diagnosis Dana says: "The essential point of difference between this

genus and Nngagus is the existence of two large transparent corneas

(conspicilla) exactly like those of the Sapphiringe. These conspicilla

are attached to the exterior shell, but with some difficulty may be

separated. On pressure they proved to be brittle, though rather

hard
. '

'

We now know that similar conspicilla are present in other Nesipjms

and Perissopus males, and occasionally in those belonging to some of

the other genera. Being common to several genera, therefore, they

would have no generic value ; furthermore, they are not found at all

in the females of any genus.

These two facts entirely destroy Dana's distinctions and leave us

simply the problem of locating this male among the genera belonging

to the Pandarinjp.

Steenstrup and Liitken in 1861 call attention to the fact that this

species was taken in company with Dana's Nogagus validus and Pan-
darus hrevicaudis, on the same day and spot, and presmnably from
the same fish. They also call the species Nogagus instead of Specil-

ligus, but offer no explanation for the change.
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We have already shown that Nogagus validus and Pandarus Irrevi-

caudis are probably the male and female of the same species, and

hence the fact that the present species was found with them would

not be specially si2;nificant.

Claus in 1875 mentions a similar form found in the Mediterranean,

and concludes that Dana's Specilligus is really a Nogaus male of

some genus belonging to the Pandarinse. He only mentions the

genera Dinemaiura, EcJithrogaleus , and Pandarus, but if we interpret

his meaning aright these are given rather as samples than as com-

prising the onl}^ genera to which Specilligus could belong.

Gerstaecker in Brohn's Thierreich considered that this genus of

Dana's was very closely related to if not indentical with Nogaus.

Thomson mentions the species in his Parasitic Copepoda of New Zea-

land (1889), but adds nothing new in the way of description or

identification.

Bassett-Smith in 1899 makes " Nogagus curticaudatus'" a synonym
of Gangliopus injriforinis, referring to Steenstrup and Liitken for his

authority. But he made a bad mistake both in his spelling of the

specific name and in his reading of the Danish paper referred to.

Steenstrup and Liitken declare that Gerstaecker' s Nogagus angustulus,

and not the present species, was taken on the same fish with Pandarus

dentatus Edwards and Gangliopus pyriformis Gerstaecker. The state-

ment they make in reference to Dana's species has already been given.

It is therefore practically certain that the present species is a

Nogaus form, that it does not belong to any of the genera just men-
tioned, and that it does conform in all its details with the male of the

genus Nesippus. Dana's description, though brief, is ver}^ accurate

and his figures are excellent, but as the Museum collection contains

several fine specimens of the species a more complete description has

been given to accompany this definite location in the genus Nesippus.

There are two lots of specimens, one, Cat. No. 6917, U.S.N.M., taken

from a Carcharias between Papua and Japan on the Challenger Expe-

dition, and obtained through exchange with G. S. Brady, of England;

the other. Cat. No. 32742, U.S.N.M., contains five males taken from a

10-foot shark at Station 2422 by the Fisheries steamer Albatross in

1885. With reference to the conspicilla they show plainly in some
specimens, while in others from the same bottle they can be seen only

under strong light, transmitted through the body of the specimen.

They evidently belong to the internal anatomy and bid fair, on further

examination, to be closely related to the frontal attachment gland.
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NESIPPUS BOREALIS Steenstrup and Lutken.

Plate XXXVII.

Nogagus borealis Steenstrup and Lutken, ISfil, p. 387, pi. xi, fig. 21.

—

Bas-

sett-Smith, 1899, p. 4()0.

Male.—Carapace strongly arched dorsally, about the same length

and width, exclusive of the posterior lobes; narrowed anteriorly to a

broad and rounded knob which projects over and some distance in

front of the proximal ends of the frontal plates. Eyes large, placed

far forward on either side of the median line, in contact with each

other, but not fused. The frontal plates are enlarged at their distal

ends and evenly rounded, and they cover the l)asal joints of the first

antenna?. Posterior lobes narrow and reaching a little beyond the

center of the second thorax segment; posterior margin between the

lobes slightly concave and perfectly smooth. The projection of the

carapace forward and the comparative shortness of these lobes is

probaldy due to shrinkage in the alcohol, and is not the normal con-

dition. The entire body of the copepod is perceptibly curled over

ventrally, bringing the large conspicilla in front of the eyes on the

very margin in a dorsal view.

Free thorax segments, chiefly noticeable for their great length and

contracted width, the two combining to produce an excepti(nially

elongated appearance. Some of tliis is no doubt due to the same
shrinkage just mentioned, for the segments are all strongly arched

and the lateral processes on the first one are turned over toward the

ventral surface so as to be nearly invisible tlorsally. But the shrink-

age can have practically nothing to do with the length of the segments,

so that the species is an elongate one under any conditions. In the

figure given l)y Steenstrup and Lutken there has evidently not l)een

as much shrinkage as in the present specimen.

The first free segment is seen to be considerably wider than the

two following ones, with nearly straight sides and very small, tri-

angular lateral lobes. The free segments together are the same length

as the carapace on the mid-line, and the fourth one is three-fifths the

width of the second and the same width as the genital segment.

The latter is longer than wide, with rather sharp corners and slightly

convex sides. There are no traces of rudimentary legs either on the

lateral margins or the posterior corners.

Posteriorly where it joins the abdomen the segment is narrowed

into a sort of neck, and is traversed, on both the dorsal and ventral

surfaces, by a pair of longitudinal furrows, one on either side, a short

distance from the lateral margin. The ventral surface is flat through-

out, while the dorsal surface between the furrows is strongly arched.

Abdomen one-jointed and triangular, with well-rounded angles, one

of which, slightly incised, points backward between the anal laminge.
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These latter are broad but short and occupy nearly the whole of the'

free sides of the abdomen; each is armed with four large setse, one

near the anterior margin and the other three bunched together on

the posterior margin.

Both joints of the first antennae are well armed with seine, some of

which are much longer than usual; neither joint has such bushy setae

as portrayed by Steenstrup and Liitken, but they are much better

supplied than usual. There is a circular adhesion pad behind each

antenna close to the margin of the carapace.

The second antennae arise near the base of the mouth-tube, are of

the usual shape, and end in a powerful claw, strongly curved. The
second maxillae have a stout basal joint, while the terminal spine is

long and slender; the same is also true of the hrst maxillipeds, whose

slender claw is nearly as long as the terminal joint. Close to the base

of the claw can be seen the spindle-shaped fuiger mentioned by Steen-

strup and Ltitken as going out at right angles to the posterior border

of the terminal joint, and a group of spines between the finger and the

terminal claw and around the base of the latter. The long terminal

claw is also fringed with fine spines as in their specimens.

The second mixillipeds have a single knob on the ventral surface

of the swollen basal joint, and a pair of pincher-like knobs on the

terminal joint. wSteenstrup and Liitken give this appendage armed

with a long claw instead of the pincher-like jaws, but this is no more
of a variation than is commonly found in other species of this genus.

As noted on page 330 the second maxillipeds of the males of alatus are

sometimes furnished with claws and sometimes with pincher-like

knobs.

The arrangement of the spines and setae on the swimming legs is

as follows: First basipod, 2 spines: exopod, 1, 0; 3, IV: endopod,

0, 0; 0, III: second l)asipod, 1 seta: exopod, 1, I; 3, A ; endopod,

0, I; 0, VII: third basipod, 1 seta: exopod, 1, 0;1, V: endopod,

0, I; 0, IV: fourth })asip()d, naked: exopod, 2, IV: endopod, 0, IV.

Total length, S.2 mm. ; length of carapace, including posterior

lobes, 3.8 mm.; width of same, 3.2 mm.; length of free thorax,

2.8 mm.; length of genital segment, 2.1 mm.
Color (preserved material) a uniform yellowish brown, much

darker on the genital segment and abdomen, but without pigment.

{borealis, northern, all the specimens having come from the far

north.)

The U. S. National Museum Collection contains a single specimen

of this species Cat. No. 32789, U.S.N.M., which came from an

Alaska collection made by Dr. W. H. Dall. The size of this male

and of those recorded by Steenstrup and Liitken, which were 11

mm. long, indicates that the female must also be larger than the

ones already described.
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Genus PROS^^-TES, new genus name.

Stasiotoi rhinodontis Wkight, ]874, p. 588, pi. xxxv, ligs. 1 to 4.

In the above year E. P. Wright published an account of a new
genus belonging- to the Pandarintie, whicli he named Stasiotes.

As this name had been emplo3"ed by Jan for a snake genus in LS62,

the name Prossetes is suggested in its place.

The parasites, to the number of 40 or 50, all females, were

obtained from the gills of a huge shark, Rliinodon typicus Smitli, at

the Seychelles Islands. This is one of the largest and least known
of the sharks, thus ex])laining the fact that this parasite has not been

seen l)y any other investigator.

Female.—Carapace as broad as long; frontal plates distinct, but

not ])r()minent; lateral areas wide and divided by transverse grooves

as in Echtlirogaleus; posterior lobes wide and evenly rounded.

Second tliorax segment short, with^ broad lateral lobes; third

segment longer, but without dorsal plates or IoIjcs; fourth segment

very small, with a rudimentary pair of dorsal plates fringed with

bristles. Genital segment orbicular, wider than hmg, with a shallow

posterior sinus; a pair of legs visible at the posterior corners. Abdo-
men wedge-shaped, one-jointed, and wholly concealed beneath the

genital segment; anal lamina? long, narrow, and projecting beyond
the posterior margin of the genital segment.

Appendages like those of Nesippus; second maxillipeds not

swollen, armed with a long terminal claw, both the claw and the joint

which carries it furnished with a large spine.

All the swinuning legs biramose, rami of the first three pairs two-

jointed, with plumose seta^, of the fourth pair with fused joints and
non plumose seta?. Egg-strings unknown.

(Prossetes, 7rpoaaiTi/g, a beggar who is very persistent.)

Genus NOGAUS Leach.

This genus furnishes one of the best examples of a ])otpourri that

has ever appeared on the pages of science.

Originally founded l)y Leach in 1819 upon a single male specimen

which he called Nogaus latreillii, it t[uickly grew into a group of a

dozen or more species. Nor did these additions cease when it became
known that the genus as such could not stand, but new species have

appeared at intervals up to the very beginning of the present century.

In consequence there are now about twent v of these forms heterogene-

ously grouped about an imaginary type known as " Nogagus." °'

« Milne Edwards substitutes this spelling for that originally given by Leach, Des-

marost, and Burmeister witliout a word of explanation or justification. Subsequent

writers ha\-e followed him rather than the founder of the genus.
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The genus was very poorly described by its author and by the others

who immediately followed him, and to this defect, no doubt, is partly

due the confusion which has ensued ever since.

Leach's description is as follows:

Deux courtes soies a le queue, portant plusieurs styles a leur extremite: les trois

premieres pieces de rabdomen ont les cotes arrondis, tandis que le quatrieme et le

cinquieme les ont termines en pointe: tet en forme de fer a cheval (1819, p. 535).

Desmarest in 1825 copied Leach's description, but made a curious

blunder in endeavoring to explain the ''deux courtes soies."

For he wrote in his genus diagnosis of Nogaus:

Deux courtes soies ou tubes oviferes a la queue, portant plusiem-s styles a leur

extremite (p. 340).

Egg-tubes carrying styles at their tip would be an anomaly indeed.

Burmeister repeated this blunder in 1833 by declaring:

Ausserdem gehoren noch die beiden von Desmarest erwahnten Gattungen

Nogaus Leach, und Riscvlus Leach, heigher (Caligina), welche sich durch Anhange
am Ende der Eierhalter von alien unterscheiden (p. 331).

These mistakes become doubly ridiculous when we remember that

Leach's original specimen, which as yet remained the only one de-

scribed, was a male.

Only a few details were added by other writers and even so good a

systematist as ]\Iilne Edwards was content to say when defining

this genus in his great work on the Crustacea published in 1840:

II est carecterise principalement par la structure des pates posterieures, lesquelles,

au lieu d'etre simples et subambulatoires comme chez les Caliges, sont l)iramees et

natatoires comme celles des paires precedentes (p. 459).

As though this were not common, also, to every genus of tlie Pan-

daring. Indeed Milne Edwards himself, in describing the genera

of the Pandarinaa, states under nearly every one, "Les pates sont

conformees comme chez les Nogagues."

He then adds under Nogagus:

Le thorax se compose de quatre grands articles Ijien distincts; et le premier de

ces articles (correspondant au second anneau thoracique, le premier anneau etant

toujours confondu avec la tete) presente de chaque c6te un petit prolongement lamel-

leux. Enfin, les deux petites lames natatoires qui terminent I'abdomen sont un peu

plus developpees que chez la plupart des Caligiens (p. 459).

In making this last statement he substituted one error for another;

the anal laminf? are most certainly not "tubes oviferes," as he

recognized, but neither can they be regarded as "lames natatoires."

With regard to their size he evidently failed to consider the fact

that he was speaking exclusively of males. The anal laminae in this

sex are always larger than in the females, and those possessed by

Nogaus species are no larger than would naturally be expected.
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With reference to his first statement, in spite of the fact that the

tliorax segments are separate and free, only the first one being joined

witli the head, nevertheless he places the genus under the "Caligidce,"

and not under the "Pandaridas," where it would legitimate!}^ belong.

To judge from his tabular key to the various genera this location of

Nogaus was based upon the fact that none of the species (which he

now increases to three) possesses any tlorsal plates upon the free

thorax.

But again he forgets that these three species are made up exclu-

sively of males, upon whose free thorax there would naturally be no

dorsal plates, while the genera which he placed under the Pandaridee

are made up just as exclusively of females, who are the usual plate-

bearers. A little reflection also would show that this absence of dorsal

plates is more than overbalanced by the freedom of the thorax seg-

ments, and particularly by the structure and position of the mouth-

parts.

These latter Milne Edwards entirely ignores, when even a cursory

examination would have shown that they are like those found in

Pandarus and allied genera, and considerably dift'erent from those of

Caligus and its near relatives.

The genus being thus founded exclusively upon the characters of

the male sex, there has been a constant eft'ort to discover, if possible,

a female of some of the species, in order that the genus diagnosis might

be completed.

Gerstaecker published in 1853 the first account of a Nogaus female,

which he called Nogagus productus. In discussing the synonymy he

makes Miiller's Oaligus productus, Otto's Caligus paradoxus, antl

Nordmann's Binoculus sexsetaceus synonyms of his Nogagus, and claims

that the latter name must stand by priority.

jNliiller's Caligus produclus has been proved to l)e a Dinemalura, the

genus established for it in 1829 by Latreille, while Otto's Caligus

paradoxus was made the type of the genus Demoleus by Heller in 1S65.

Nordmann's Binoculus becomes a synonym of this latter genus.

Gerstaecker thus made two mistakes, fifst in supposing that Miiller's

female and Otto's male were the two sexes of the same species, and,

second, in assuming that Otto's male belonged to the same genus as

Nogaus latreillii, Leach's original t^'pe. These mistakes render his

paper of no value so far as the present genus is concerned, for the

female which he presents is not a Nogaus at all, but a Dinematura.

The second attempt at finding a Nogaus female was made by Krover
in 1803. lie described (p. 168) several specimens of two kinds of

these ])arasites which had been secured from the outside surface of a

large Carcharias taken in the open Atlantic.
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The larger of the two forms he found to be males, identical with

I^each's Nogaus latreillii; the smaller ones were females, and he con-

sidered them as the females of the same species.

The only reasons actually given for this opinion were that the two
forms were found on the same fish and were of the same color.

The statement was also made that a detailed examination con-

firmed this view, but no details were given.

This assumption of the identity of the two sexes led Kroyer to the

further declaration (p. 173) that Dana's Nogagus validus and Specil-

ligus curticaudis, which were taken together upon one fish, are prob-

ably the two sexes of the same species.

Nogagus tenax (Steenstrup and Liitken, 1861) and Nogagus gracilis

(Burmeister, 1832) he also regarded as females of the same genus.

In fact, Kroyer regarded the two groups into which Steenstrup and
Liitken had divided their Nogagus species as made up, the one group

of males and the other of females.

A careful examination of Kroyer's description, and especially of his

excellent figures, makes it reasonably certain that the smaller forms

which he called the females of Nogagus latreillii, and.which were stated

to be immature, are really young females of the genus Nesippus. If

his figures be compared with figure 205 of the present paper, which is

certainly an immature Nesippus, it will be found that they are so

similar as to leave little doubt that they belong to the same genus.

Furthermore, there are in the collection of the U. S. National

Museum several lots of specimens obtained by the steamer Albatross

of the Bureau of Fisheries. Each lot includes the species obtained

from a single fish, and in three instances these embrace specimens of

Nogaus latreillii and Nesippus alatus.

The two have been obtained together on the same fish by the

author also on several occasions.

As to Dana's two species, Nogagus validus and Specilligus curti-

caudis, whicli have been personally examined and are described on

pages 397 and 434, they are both certainly males, and therefore could

not very well be the two sexes'of the same species. This is also true

of all the Nogaus species described by Steenstrup and Liitken which

have come under the author's observation. They are all males and

are clearly so described by those authors.

As the search for a Nogaus female progressed it became more and

more evident that t^lie forms grouped under the genus name '

' Nogagus "

were in reality the males of several different genera.

As early as 1861 Steenstrup and Liitken, in speaking of the Panda-
rinae, after deploring the fact that both sexes were known of but a

single species in the entire subfamily, ask the question, "May not the

forms included in the genus Nogagus be the true males of those females

belonging to the genera Dinemura, Phyllophorus, Pandarus, Ganglio-



NO. 1573. PARASirW COPEPODS—WILSOX. 443

2^us, and Lepido^msV Not being able to answer the question defi-

nitely, they concluded to classify all male forms as ^^ Nogagus^^ species,

while the females were placed in the other genera. They then divided

the '^ Nogagus'^ forms into two groups and the same division was
subsequently adopted by Gerstaecker in Broun 's Thierreich. In the

latter publication Gerstaecker even names his second subfamily after

this genus, calling it the Nogagina. The two groups as given by
Steenstrup and Tiitken are: A, those having the fourth legs biramose,

the rami two-jointed, and the "tail" (abdomen) two-jointed; B, those

having the fourth legs biramose, the rami one-jointed, and the "tail"

also one-jointed.

A comparison of the data given on the following pages will show
that tJiis was really the first step toward a separation of the different

genera included in tins imaginary genus, lender the first group (A)

would come the males of Pamlarus, Echthrogalfus, and Dinematura,

while in the second group (B) would be included the males of Nesipjms

and Perissopus. But there are two genera which were not included

in either group, Demoleus, which belongs in the first group and is the

largest of all the Nogaus forms, and Gangliopus, in the males of which
the abdomen is two-jointed, but the rami of t!ie fourth legs have only

a single joint.

Gerstaecker reverses the order of the two groups and says nothing

about the joints of the abdomen.

Steenstrup and Liitken and Heller place the ^' Nogagus'' species

under the Pandarinae; Gerstaecker niakes of them a third subfamily,

distinct from both the Caliginae and Pandarinae, calls it, as noted

above, the Nogagina, and includes in it along with '' Nogagus'' the

genera Nesippus, Demoleus, Dysgainus, Euryphonis, Trehius, Elytro-

pliora, Alehion, Dinematura, and Echthrogaleus.

Most other writers place the Nogaus forms under the Caligina^, even

so recent a writer as Bassett-Smith (1899) putting them there. That
they really belong with the Pandarinae was well argued by Hesse in

1883, who gave the following reasons for such a classification: (1) The
grooves separating the areas on the dorsal surface of the carapace are

not like those in the Caliginse. This is due to the fact that (2) only

one thorax segment is fused with the head, all the others being free,

while in the Caliginae three of the segments are fused with the head

and only one is free. (3) The anal laminae are larger and flatter than

those in the Caligim^, and are similar to those m the Pandarinae.

(4) The eyes are not fused on the mid-line, but are separated after the

manner of the Pandarinae, and there is a third eye similar to that in

many of the latter. (5) There are no lunules, furca, nor first maxillae.

(6) The mouth-tube is elongated and narrow-conical, terminating in a

lanceolate point exactly like that of Pandarus, but very different from

the short and wide tube of the Caliginae, which is blunth^ rounded at
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the tip. (7) The structure of the third legs is radically different from

that of the Caliginse and similar to that of the Pandarinae (p. 29).

These reasons are well stated and convincing, but unfortunately

Hesse made such serious blunders, both morphological and physio-

logical, in this same paper that they have virtually annulled the force

of his systematic argument. Some of these errors have already been

discussed elsewhere.'^ It is sufficient to state here that Hesse describes

his " Nogagus spinacii-achantias'' as a female, with the male unknown.

His attempt, therefore, to establish a female Nogaus is the third in

chronological order. His only apparent reason for considering his

specimen a female is the fact that he found a chalimus embryo

attached to its carapace.

He accordingly assumes that the adult is the mother and the chali-

mus is her offspring.

Both the description and the figures which Hesse gives show that

the adult is a male and not a female, and in all probability it is the

male of ''Pandarus spinacii-acliantias,'' which Hesse obtained from

the same fish and in company with the " Nogagus'' (see p. 458).

The fourth attempt to find a Nogaus female was the publication by

Beneden in 1892 of the two sexes of " Nogagus angustatus.'' Beneden

states that he considei's this the same as Gerstaecker's " Nogagus

angustulus,'' the male of which was published in 1854. The difference

in the spelling of the two species names is accounted for by a printer's

error in Gerstaecker's paper. In the text the name appears as arigus-

tulus, but in the explanation of the plates it is changed to angustatus.

But Beneden also made two mistakes here; in the first place the male

of his species is quite different from that described by Gerstaeker,

(ft) in the relative size of the carapace, {b) in the fusion of the second

and third thorax segments, which are entirely distinct in Gerstaecker's

male, (r) in the size and more especially the shape of the genital seg-

ment, (.d) in the abdomen, one-jointed and very short in Beneden's

specimen, but two-jointed and two-thirds as long as the genital seg-

ment in Gerstaecker's species (see pp. 351 and 431).

The second error was in naming the female from the male ; if Bene-

den's figure of the female is at all accurate, it belongs to the genus

Nesippus. And hence his male becomes a male Nesippus instead of

the female becoming a female Nogaus.

This latter genus is therefore left as it was at the beginning, without

a single female representative of any of the species. Indeed, the only

female which could possibly bear the genus name Nogaus would be

the female of Leach's original type Nogaus latreillii. But this female

is now found to be the form described by Leach in the same paper on

the preceding page under the name Pandarus cranchii. This genus

"Proc. U. S. Nat. Mus., XXVIII, pp. 547-548.
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Pandarus was established three years previously by the same author,

and hence the genus name Nogaiis becomes a synonym of Pandarus

and must l)e dropped.

Such being the condition, it becomes necessary to assort the various

Nogaus species and connect them as the male sex with the proper

females described in other genera. Several efforts have already been

made in this direction, but there has been such an utter abandon of

even the simplest rules of systematization that it would be deplorable

if it were not so ridiculous.

With one or two exceptions, the only reason which an author has

offered for considering a Nogaus form as the male of any species has

been the simple fact that it was found with the female of that species

upon the same lish. And some have not even taken the trouble to

go thus far, but have considered a similarity of geographical distri-

bution sufficient evidence of probable identit}^ in the two sexes.

Geographical distribution certainly counts for something, and the

fijiding of the two sexes upon the same fish counts for more, but

neither of them has any weight at all when compared with morpho-

logical details, except in confirmation of the latter.

And yet these morphological details are the very things which

have been most neglected. In the preparation of the ])resent paper

the author has had occasion to examine in minute detail the various

genera which compose the subfamily Pandarina;.

And along with the others came an extended study of this group

known as the genus " Nogagus." An earnest endeavor has been

made to separate these forms upon a morphological basis, and to

connect each of the types with the genus which is its morphological

counterpart. In tliiseft'ort the author has* been greatly assisted by
the fact that he has himself taken three of the types in actual copu-

lation with females of as many different genera. And about the

same number have been recorded l)y other writers who have dealt

with the Pandarinas.

The parts of special importance in comparing the various s])ecies

are the second maxillae, the second maxillipeds, the rami of the

swimming legs, the relative size and shape of the genital segment

and abdomen, and the ])resence or absence of the fifth .and sixth

pairs of legs and of the lens-like protrusions called by Dana (1852)

''conspicilla" on the dorsal surface of the carapace.

Using these morphological details as a basis of comparison, we may
separate the Nogaus forms into the following genus types:

Genus Pandarus.—Carapace broad and well rounded, without con-

spicilla, but w^ith accessory posterior lobes; genital segment enlarged,

showing both the fifth and sixth legs; abdomen two-jointed, joints

about the same size; legs all biramose, rami two-jointed; second
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maxillBB flattened and laminate; second maxillipeds much enlarged

and armed with both claws and knobs. Here belong

—

Certainly: Pandarus bicolor Scott, 1900.

Nogaus latreillii Leach, 1819.

Nogagus validus Dana, 1852.

Pandarus sinuatus, new male tyj^e.

Pandarus smithii, new male type.

Probably: Nogagus spinacii-achantias Hesse, 1883.

Genus Demoleus.—Carapace large, orbicular, without conspicilla or

accessory lobes; genital segment elongate, no legs visible dorsally;

abdomen two-jointed, joints unequal; anal lamiuie very large; legs

all biramose, rami, two-jointed; second niaxilh^ narrow and spine-

like; second maxillipeds not swollen, with a normal terminal claw

and no knobs. Here belong

—

Certainly: Caligus paradoxus Otto, 1828.

Nogagus grandis Steenstrup and Liitken, 1861.

Probably: Dinematura musteli-lsevis Hesse, 1880.

Genus Perissopus.—Carapace elongate-elliptical, with conspicilla

and with minute accessory lobes; genital segment not enlarged, one

pair of legs visible in young specimens; abdomen one-jointed; anal

laminjie small; legs all biramose, rami of flrst three pairs two-jointed,

of fourth pair one-jointed; second maxillae short, slender, spine-like;

second maxillipeds much swollen, with a short, curved claw and

corrugated knobs. Here belong

—

Certainly: Perissopus communis, new male type.

Probably: Nogagus cselehs Heller, 1865.

Pandarus crancliii Beneden, 1892 «.

Nogagus elcmgatus Heller, 1865.

Nogagus lunatus Steenstrup and Liitken, 1861.

Nogagus socialis Olsson, 1869.

Genus Nesippus.—Carapace acorn-shaped, short and wide, with

conspicilla, without accessory lobes; genital segment slightly enlarged,

efliptical, no legs visible dorsally; abdomen one-jointed; legs all bira-

mose, rami of first three pairs two-jointed, of fourth pair one-jointed;

second maxillae with enlarged and flattened basal joint and slender

terminal joint; second maxillipeds much enlarged, the terminal claw

flattened and laminate ; or with knobs onl}^ Here belong

—

Certainly: Nogagus angustatus Beneden, 1892 h.

Nesippus alatus Wilson, 1905.

Nogagus horealis Steenstrup and Liitken, 1861.

Specilligus curticaudis Dana, 1852.

Nesippus orientalis Heller, 1865.

Probably: Pandarus affinis Beneden, 1892 a.

Nogagus tenax Steenstrup and Liitken, 1861.

Nogagus hrevicaudatus Milne Edwards^ 1840.
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Genus Gangliopus.—Carapace elongate-elliptical, without coiispi-

cilla; genital segment enlarged, quadrangular, showing one pair of

legs; abdomen two-jointed, joints equal; anal laminjc small; legs all

biramose, rami of the first three pairs two-jointed, of the fourth pair

one-jointed; second maxilhi3 narrow and spine-like; second maxilli-

peds swollen, but whether with knobs or claws is not known. Here

belongs j^robably Gerstaecker's Nogagus angustulus found with females

of Gangliopus pyriformis.

Genus Echthrogaleus.—Carapace wide elliptical, without conspicilla

or accessory lobes; second and fourth thorax segments lunate, the

fourth fitting down over the rounded anterior end of the genital seg-

ment; the latter oblong, enlarged, showing one pair of legs; abdomen

two-jointed, basal joint much the smaller; anal lamimv medium sized;

legs all biramose, exopods of the second and third pairs three-jointed,

other rami two-jointed; second maxillae narrow and spine-like; second

maxillipeds not much swollen, with terminal claw only. Here

belong

—

Certainly: Echthrogaleus hraccatus (male) Heller, 1865.

Echthrogaleus perspicax (male) Thomson, 1889.

Dinematura neozealanica (male) Thomson, 1889.

Probably: Pandarus armatus (male) Thomson, 1889.

Genus Dinematura.—Carapace wide orbicular, without conspicilla or

accessory lobes; genital segment enlarged, oblong, no legs visible;

abdomen two-jointed, joints equal; anal laminae large; all the legs

biramose, rami of the first and fourth pairs two-jointed, of the second

and third pairs three-jointed; second maxilla slender, elongate, spine-

like; second maxillipeds moderately swollen, with a terminal claw

only, no knobs. Here belong

—

Certainly: Nogagus productus Gerstaecker.

Dinematura latifolia, new male type.

Dinematura hamiltoni (male) Thomson.

Probably: Dinematura elongata Beneden.

Nogagus gracilis Burmeister.

Indeterminate.—Nogagus luetlxeMi Norman; Pandarus musteli-

Isevis (male) Hesse; Pandarus unicolor (male) Hesse; Pandarus

spinacii-achantias (male) Hesse.

Belonging to the Eurypltoi^nse.— Nogagus erra/ns Kroyer; Nogagus

tnurrayi Brady.

In order to complete this review of the Nogaus species so far as

present data will allow, each of the thirty-four forms just located

is taken up alphabetically in the following pages, and all available

information with reference to it is given. The five new male types

have, of course, never been referred to the genus Nogaus.
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PANDARUS AFFINIS (Nogaus male) Beneden.

Pandarus ajjlnis Beneden, 1892 a, p. 224, pi. i, figs. 5 to ]1.

The male of Nesipjms amjustatus Beneden (see p. 431).

NOGAGUS ANGUSTATUS Beneden.

Nogagus angustal.us Beneden, 1892 b, p. 245, pi. i, iigs. 5 to JO.

Two females, adult and yomig, the latter Beneden's "male,"

both belonging tothe genus Nesipims, species angustaius (see p. 432).

NOGAGUS AUGUSTULUS Gerstaecker.

Nogugiis angasluU(s Gerstaecker, 1854, ]). 193, jtl. vii, iigs. 17 to 18.

The male of Cianglioinis pyriforrnis described in the same paper

(see p. 350).

PANDARUS ARMATUS (Nogaus male) Thomson.

Pcmdanis uniuUus (male) THOMSt)N, 1889, p. 363, pi. xxvii, figs. 1 a to/.

In describing this species among the parasitic copepods of New
Zealand in 1889, Thomson gives the figure and description of a speci-

men taken along with the females, which he assumed must be the

male of the species. But, on comparing this figure and description

with the one given in the same paper for the male of his new species,

Dinematura (EchtJirogaleus) 7ieo2eal(mica, it is at once evident that

they are identical. Both were obtained, to quote his own language,

which is the same in the two cases, "by the captain of the whaling

barque Splendid, presumably off a shark." They agree exactly in

size, in the proportions and shape of the various body parts, and

in the details of the appendages. This agreement is most noticeable

in the fourth legs, which in both forms have a two-jointed endopod

and a three-jointed exopod, unlike all the other Nogaus species.

With this single exception they both conform exactly to the type

here established for Echthrogaleus males, and may be referred to

that genus.

PANDARUS BICOLOR (Nogaus male) T. Scott.

Pandarus bicolor T. Scott, 1900, p. 157, pi. vi, figs. 33 to 38.

This author, who has done a large amount of excellent work

upon fish parasites, particularly in Scottish waters, and who has

published many valuable papers, described in the Eighteenth Annual

Report of the fisher}' board of Scotland, a J\fog(ius -like copepod

which he considered as the male of Pandarus hicolor.

On examination of his description and the figures whicli accom-

pany it, this Nogaus is found to conform in every detail with the

other Pandarus males, and it may therefore be accepted as the male

of the species to which Scott refers it.
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The carapace has broad posterior lobes; the genital segment is

enlarged and shows a pair of sixth legs at its posterior corners, and

a pair of fifth legs just in front of the corners on the lateral margins;

the abdomen is two-jointed, the joints equal; the antenme and

mouth parts are like those of the female hicolor, and the rami of

the swimming legs are all two-jointed.

NOGAGUS BOREALIS Steenstrup and Liitken.

Nogagus borealis .STEENSTRur and Lutren, 18(il, p. .387, pi. xi, lig. 21.

This species was first described by the above authors from five

specimens, three of which had been taken on a voyage to the West

Indies and the other two on a voyage to Greenland, the exact locali-

ties being given for the latter only. They show the following char-

acteristics: Carapace oval, considerably less than half the entire

length, with short and narrow posterior lobes; three free segments

diminishing regularly in width, but about the same length; genital

segment rectangular, twice as long as wide, with two longitudinal

furrows on both dorsal and ventral surfaces.

Abdomen one-jointed, anal laminae short and very wide. First

antennjs with long and bushy setse; first maxillipeds with stout

terminal claw and small accessory claw, both armed with short hairs,

and with a small bunch of hairs between their bases. Rami of the

first three pairs of legs two-jointed, of the fourth pair one-jointed.

These characters are the same as those of the single specimen de-

scribed on page 437 and warrant the placing of this species under the

genus Nesippus.

ECHTHROGALEUS BRACCATUS (Nogaus male) Heller.

Echthrogakits braccains Heller, 1865, p. 197, pi. xx, lig. 3.

A male Echthrogaleus (see p. 366).

NOGAGUS BREVICAUDATUS Milne Edwards.

Nogagus brevicaudatus Milne Edwards, 1840, p. 460.

Milne Edwards has given us the only description ever published

of this species, a short and very incomplete one, as follows: "Espece

tres voisine du Nogague grele (A^. gracilis), mais ayant I'abdomen

plus court et compose d'une seule piece subtriangulaire. Trouve aux

environs de Teneriffe."

There are no figures with this description, and thus wliile it is

probable that the species is identical with Steenstrup and Liitken's

Nogagus tenax, as those authors suggest, there is no possible way

to prove this, and we must wait for further data before becoming

able to locate it definitely.

Proc. N. M. vol. xxxiii—07 29
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NOGAGUS CALEBS Heller.

Nogagus axlchs Heller, 1865, p. 208, pi. xx, lig. 4.

like the preceding, only a single description of this species has

ever been published, but that was so accurate, and the figures accom-

panying it so clear, that we have little difficult}^ in locating the species

in the genus Perissopus.

It shows distinctly the narrow lateral lobes of the carapace, sep-

arated from the central portion by well-defined grooves; the char-

acteristic conspicilla almost touching each other on the mid-line

near the frontal plates; the short and very wide second thorax

segment, with its lateral lobes directed backward; the third and

fourth segments diminishing in width but increasing in length, the

wide and short, one-jointed abdomen with large anal lamina\

The mouth-parts and maxillipeds are very similar to those in the

female Perissopus, while the details of the swimming legs are almost

identical with those of the latter species.

The only dift'erence is found in the genital segment, which is trape-

zoidal, widened posteriorly with rounded angles, each armed with a

large spine and a seta. But this may well be a specific difference

and only serve to emphasize the resemblances.

The species is rather small (4 mm. long) for either Pandarus or

Nesvppus, but is just right for the genus Perissopus, where it undoubt-

edly belongs.

PANDARUS CRANCHII (Nogaus male) Beneden.

Pandaras cranchii Beneden, 1802 a, p. 221, pi. i, figs. 1-5.

In the same paper in which he descrihed Pandarus ajfinis (see p. 444)

Beneden also presented a Nogaus form which he claimed to be the

male of Pandarus cranchii. Although the description in the text is

no better than for affinis, yet the author has given for this species a

view of the ventral surface, showing all the appendages. From this

we can gather enough data to show clearly, in connection with the

general body form, that the copepod is not a Pandarus at all, but

belongs either to the genus Nesippus or Perissopus. The carapace is

narrow and elongated, with narrow posterior lobes, and without

accessory lobes ; the three free segments and the genital segment are

all about the same width; the latter is very small and shows no traces

of legs on its sides or posterior corners; the abdomen is one-jointed,

very small and triangular, and is armed with small and triangular

anal laminae; the second maxillipeds are armed with forceps knobs

and not with claws; the rami of the fourth legs have but a single

joint.

Further along in the same paper Beneden describes what he calls a

new genus, and to which he gives the name OMamys incisus; Bassett-
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Smith, in 1899, recognized this as a Perissopus and relocated it cor-

rectly under that genus.

Beneden gives us absohitely no data as to the size of either the No-

gaus male or the female CMamys, nor as to the hosts upon which they

were found. We learn incidentally that they both came from the

Ai'chipelago of the Azores, and the CMamys is further located from

the Bay of Dakar. Since this CMamys proves to be a Perissopus

female, and since the Nogaus male conforms in its anatomy to the

type of Perissopus males, it is possible that it will ])rove to be the

male of this Perissopus (Chlamys) incisus.

At all events it is not a Pandarus male, and least of all that of the

species cranchii, the true male of which is described on page 405.

SPECILLIGUS CURTICAUDIS Dana.

SpeciUlfiiis cKiiicnudis Dana, 1852, p. 1375, pi. xcv, figs. a to h.

A male NesippHS (see p. 434).

DINEMATURA ELONGATA (Nogaus male) Beneden.

Dincinoum dongata Benedent, 1892 a, p. 2.S1, pi. ii, ligs. 11 to 13.

Probably a Dineriiatura male' (see p. 382).

NOGAGUS ELONGATUS Heller.

Nogngus elongaius Heller, 1865, p. 206, pi. xx, fig. 5.

This was described as a new species by Heller, but he added the

statement that it was found in company with Pandarus dentatus and

was probably the male of this latter species.

Bassett-Smith, in 1899, accepted this statement and gave the name
as a synonym of Pandar^us dentatus, but with a question mark after

it. A careful examination of the description and figures given by
Heller render it probable that this species is not a Pandarus male,

but that it belongs to the genus Perissopus for the following reasons:

The carapace is much longer than wide with very long and narrow

posterior lobes; well-defined conspicilla are present near the anterior

border and there are no accessory lobes.

The swimming legs have long and slender rami instead of short

and stocky ones; the pattern of the legs and the number and arrange-

ment of the setse conforms more closely to the type seen in Perissopus

than to that seen in Pandarus; the fourth legs have but a single joint

in each ramus. The genital segment is not enlarged, but is short and

small, and shows no traces of either the fifth or sixth legs. The abdo-

men is small and contains but a single joint, instead of the two found

in Pandarus males.

It has therefore been placed under the genus Perissopus awaiting

further evidence.
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NOGAGUS ERRANS Kroyer.

Noijagus errans Kroyer, 18G3, p. 173, pi. x, fig. 3 a to /?.

This species is based upon a single specimen captured in a tow-net

wliile swimming freely at the surface in the Atlantic Ocean near Porto

Santo. At the close of his description Kroyer states: "It is clear

that this animal, in spite of its four free thorax segments, differs sig-

nificantly from Nogagus forms in the shape of the rostrum, the pres-

ence of a furca, the rudimentary condition of the endopod of the first

legs, and the absence of this ramus in the fourth legs. Conse(|uently

it forms a connecting link with the Caliginge, but does not belong to

any of the established genera in that group, as far as I can see.

It would therefore be justifiable to make of it a new genus, but I

am not so inclined on account of the scarcity of material (only one speci-

men), and so will leave it for the present under Nogagus." This

species evidently belongs to the Euryphorinx instead of the Pan-

darinse, and is closely related to Dysgamus, Euryphorus, and especially

to the new genus, Dissonus, recently established by the present

author upon material obtained from Ceylon.'^ It certainly does not

belong to any of the Nognus types here established, and consec|uently

should not, even temporarily, find shelter in the much-abused genus
" Nogagus."

DINEMATURA GRACILIS (Nogaus male) Burmeister.

Dincvintura gracilis Burmeister, 1833, p. 284, pi. xxiii, fig. 1.

Nogagus gracilis Milne Edwards, 1840, p. 400.

This species was first described b}" Burmeister under the name
Dinematura, in the belief that it was a male of that genus. Milne

Edwards changed the name to Nogagus, but without giving any

reasons for so doing, and without adding anything in the way of

description. Frey and Leuckart, m their large work on the Wir-

belloser Thiere, published in 1847, examined other specimens of this

species and say of them (p. 166), that they could only find two seg-

ments in the abdomen instead of three as reported by Burmeister.

The terminal segment show^ed a median posterior incision, and ap-

peared to be made up, through the contraction of the basal joints of a

pair of legs metamorphosed into swimming lappets; each of the

latter was armed with four seise instead of three. The posterior

lobes of the carapace were longer and narrower than in Burmeis-ter's

specimen, and overlapped the follow^ing segment, whose lateral lobes

were only feebly developed. At the close of his description Bur-

meister declares that he has but a single specimen, taken from a

Squalus acanthias. And he can not, therefore, affirm with certainty

aHeport to the Government of Ceylon on the Pearl-Oyster Fisheries, Supplementary

Report, XXXIV, p. 198, pi. iii.



NO. 1573. PARASITIC COPEPODS—WILSON. 453

that it is a new species, since the female is unknown. In his descrip-

tion he has mistaken the large glands connected with the double

frontal filament for eyes; he also speaks of two "braune Knopfchen"
situated farther back on the dorsal surface of the carapace. He
gives but a single figure for the last three pairs of swimming legs,

which he declares are just alike, even to the number of spines and

setiP borne on the different joints of the rami. If this be true, the

species can not possildy be a Dinematura, since in that genus the

male, like the female, has the rami of the second and third legs

three-jointed. In Echthrogaleus also the exopods of these legs are

three-jointed, while the endopods are two-jointed.

On the other hand, Burmeister's species can not be a Nesippus or

Perissopus male, because the rami of the fourth legs and the abdomen
in those genera have each but a single joint.

Furthermore the statement of Beneden (1892 a, p. 220) that Bur-

meister's Dinematura gracilis and Leach's Pandarus carcliarix are the

male and female of the same species is obviously wrong.

For Dinematura gracilis lacks the accessory lobes on the posterior

margin of the carapace, there are no legs visible on the genital seg-

ment, and while the abdomen is two-jointed the joints are very

une({ual. In Gangliopus the rami of the fourth legs are one-jointed,

and the abdomen is like that of Pandarus, two-jointed with the joints

equal. This leaves us the single genus Demoleus amongst those

whose males are known, and to this we find the present species corre-

sponding in every particular except size.

But here the discrepancy is a serious one, for Burmeister's species is

only half the size of the other males of the genus.

There is also the possibility that Burmeister did not examine the

second and third legs very closely; indeed his statement that they are

just like the fourth pair, even in the number of spines and set*, would
imply as much, for no Nogaus male has yet been discovered of which
this would be true.

If he did not examine them closely, or if his specimen was immature
and the segmentation not fully com])leted, then there is an agreement
in every particular, even size, with the males of the genus Dinematura,

and Burmeister located his species correctly.

His specimen was a little over 6 mm. in length; the adult males of

Dinem,atura are 8 or mm. long.

It is, of course, impossilde to decide definitely in such a case, since

the very data essential to a decision are lacking, but the presumj^tion

seems to be in favor of the latter proposition.

NOGAGUS GRANDIS Steenstrup and Liitken.

Nogagiis grandis Steenstrup and Lutken, 18(J1, p. :1S(), pi. x, fig. 19.

Probably a male Demoleus (see p. 349).
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DINEMATURA HAMILTONI (Nogaus male) Thomson.

Dinematura hainiltoni Thomson, 1889, p. 357, pi. xxv, figs. 1 a to j.

This species described by Thomson in 1889 incKided both sexes, and

their anatomy conforms so closely as to leave no doubt of their iden-

tity. The male also corresponds in every detail given with the t3^pe

here established for the genus Dinematura, and it may therefore be

accepted as originally published.

NOGAUS LATREILLII Leach.

N'ogajis lalrciUU Leach, 1819, p. 53(5.

The male of Pandarus cranchii (see p. 405). For the form which

Kroyer claims to be the female of this species see page 442.

NOGAGUS LUETKENI Norman.

Nogagus luetkeni Norman, 1869, p. 300.

This species was described briefly in the Shetland Final Dredging

Report, in 1869, by the Rev. Canon A. M. Norman, and was appar-

ently based upon a single specimen obtained from a skate.

Its carapace was orbicular with large and incurved posterior lobes;

the genital segment enlarged, longer than broad, and without rudi-

mentar^r legs; abdomen two-jointed, the joints unequal; anal laminae

large and armed with large setae. But as absolutely nothing is said

with reference to the size of the creature, or to the structure of the

swimming legs, it is impossible to locate it definitely.

NOGAGUS LUNATUS Steenstrup and Liitken.

Nogagus liinatus Steenstrup and Lutken, 1861, p. 389, pi. ix, fig. 17.

The above-named authors give the following for this species:

"Two specimens were taken by Captain Hygom on the same voyage

and in the same latitade and longitude as Eclithrogaleus coleoptratus,

and so probably together with them. Whether they are possibly the

males of that species we do not venture even a conjecture." In this

respect they are wiser than Claus, who, in describing his new genus

Luetkenia in 1864, says there is the same difference between the sexes

in the posterior part of the body as there is between Echthrogaleus

coleoptratus, Guerin and Nogagus lunatus, Steenstrup and Lutken, and

ventures the conjecture that these latter are the two sexes of the same
species.

Two things are very evident here, first, that the host of this Nogagus

lunatus is not known, and it is therefore conjectural whether it came
from the same fish as the Echthrogaleus or from a different one. In

the second place there was evidently not enough agreement in the

anatomy of the two forms to warrant even a conjecture on the part of

the original describers as to their relationship. This indicates that
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they are not likely to be the two sexes of the same species, and we find

that their anatomy confirms such a conclusion.

The shape of the grooving of the carapace in the Nogaus form is

radically different from that in the female of Echthrogaleus coleoptratus,

and also from that of such of the males of this genus as are known.

Tlie fourth and genital segments are also very dift'erent from those in

Echthrogaleus males in their relative size and shape. The second and

third legs have only two joints in the exopods, while the rami of the

fourth legs are one-jointed. The second maxillipeds are much
swollen and are armed wdth short curved claws and corrugated 'knobs.

In all these particulars and in its size the species corresponds closely

with Nogagus cselehs and Nogagus elongatus, and may therefore be tem-

porarily assigned a j)lace in the genus Perissopus instead of Echthro-

galeus.

NOGAGUS MURRAYI Brady.

Nogagus murrnyi Brady, 1883, p. 136, pi. lv, fig. 1.

Brady's description in the Report on the Copepoda of the Challenger

Expedition is as follows:

Length, 4 mm. Cephalolliorax ovate, much longer than broad and nearly twice as

long as tlie abdomen; frontal margin rounded, lateral margins somewhat sinuous, pos-

terior angles moderately produced backward and rounded off. First abdominal (gen-

ital) segment about as long as broad, margins round; angles not at all produced nor

acute. Two posterior abdominal segments much broader than long, the last pentagonal

.

in shape, and produced backwards between the caudal lamellte into two obtuse points;

caudal lamellse about as broad as long, sulxjuadrate, each bearing four finely plumose

setse.

Taken in the open sea off Rio de Janeiro, and in the North Atlantic (about lat. 25° N.),

April 28, 29, 187(5. Very similar to Nogagus errans Kroyer, which, however, differs

decidedly in the shape of the last abdominal and two posterior thoracic segments.

In the figure which accompanies this description and which is

labeled "Adult female (?) seen from below," only two pairs of legs

are shown, the third and fourth pairs, in both of which the rami are

represented as one-jointed. No adhesion pads are shown at the

bases of either pair of antennse, nor anywhere else on the ventral

surface. The mouth-tube is short, broad, and well rounded at the

tip, and there is a very well-defined furca on the mid-line between

the bases of the second maxillipeds.

These last details, if reliable, prove that the copepod is not a

Nogaus at all, hut one of the Euryphorina^, resembling, perhaps, the

genus Dysgatnus more tlian any of the others.
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PANDARUS MUSTELI-LiEVIS (Nogaus male) Hesse.

Pandarus musteli-lsevis Hesse, 1883, p. 23, pi. vi, figs. 6-8, 14, 18, and 21-23.

o

This Nogaus form is another of Hesse's fabrications, his new species

being founded on a single male and a young female.

Enough data can not be obtained from Plesse's text and figures to

determine where this species belongs; the figures he presents are

wretched, badly confused, and highly contradictory, while the text

gives none of those data which are essential in accurate systematiza-

tion. In fig. 6, which is a dorsal view of the male, the second legs

are each uniramose and one-jointed; in fig. 7, which is a ventral

view of the same specimen, the second legs are each biramose, the

rami of the left one being one-jointed, while the right one has a two-

jointed exopod and a three-jointed endopod. The first legs are

similar to those described for his Nogagus spinacii-achantias (see p.

458), and are radically different from anything ever seen. The rami

of the fourth legs as seen in dorsal view are one-jointed, while in

ventral view they are two-jointed. The abdomen in dorsal view is

two-jointed, the terminal joint extending out over the bases of the

anal lamina? in two broad, rounded lobes; in ventral view it is three-

jointed, the terminal joint triangular and contracted nearly to a point

between the anal lamintTB. The species as it stands, therefore, can

not be located anywhere with even reasonable probability.

DINEMATURA MUSTELI-L^VIS (Nogaus male) Hesse.

Dinemoura musteli-lsevis Hesse, 1880, p. 5, pi. i, figs. 1-16.

Probably belongs to the genus Demoleus (see p. 386).

DINEMATURA NEOZEALANICA (Nogaus male) Thomson.

Dinematura neozealaniea Thomson, 1889, p. 359, pi. xxv, fig. 2.

Thomson here described both sexes of a new species which he

placed in the genus Dinematura; they agree so fully in their ana-

tomical details as to leave no doubt of their identity.

But as Bassett-Smith pointed out in 1899 they belong to the

genus EcMhrogaleus rather than Dinematura. The male (and inci-

dentally the female also) corresponds in every essential detail with

the types established for the genus EcMhrogaleus, and thus the

species will stand as the New Zealand representative of that genus,,

o The figures as published by Hesse were numbered incorrectly (see p. 396); figs. 4

and 6 should be interchanged, as also figs. 17 and 23.
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NESIPPUS ORIENTALIS iNogaus male) Heller.

Nesippus orientalis Heller, 1865, p. 194, jil. xviii, figs. 2, 3.

After establishing his new genus Nesippus in 1865, Heller describes

two species, orientalis and crypturus.

For the first of these, which would become the type of the new
genus, he presents the female and a form which he claims to be the

male, and gives admirable descriptions and figures of each.

But the "male" difl'ers from the female only in being smaller, in

having a sharp terminal claw on the second maxillipeds, longer

plumose setae on the swimming legs, and in the abdomen being

visible in dorsal view. If the figure of the young female of the

species alatus given in the present paper (Plate XXXIV, fig. 205) be

compared with that of the adidt female (fig. 194), exactly the same
differences will be fomid, wliile the true male (fig. 206) has a very dif-

ferent carapace, and the second and third thorax segments are free in-

stead of being fused as in the young female (see p. 429). This "male"
of Heller's therefore was almost certainly a yoiing female similar to

those repeatedly found by the present author in company with the

adults of alatus.

CALIGUS PARADOXUS (Nogaus male) Otto,

Caligus paradoxus Otto, 1828, p. 352, pi. xxir, ligs. 5, 6.

The male of Demoleus paradoxus (see p. 349).

ECHTHROGALEUS PERSPICAX (Nogaus male) Olsson.

Echthrogaleus perspicax Olsson, 1869, p. 18, pi. i, figs. 6, 7.

The description and figures of this species are found to correspond

in every particular with those of the other males of the genus, and
the species will therefore stand as originally described.

NOGAGUS PRODUCTUS Gerstaecker-

Nogagus productus Gerstaecker, 1853, p. 63, pi. iv, figs. 1-10.

This proves to be a female Dinematura, Gerstaecker wrongly sub-

stituting the name Nogagus on the ground of priority (see p. 441).

NOGAGUS SOCIALIS Olsson,

Nogagus socialis Olsson, 1869, p. 16, pi. i, fig. 5.

Found on the body of Acanthias vulgaris in the Sea of Skagerrack,

together with both sexes of Echthrogaleus perspicax.

From the excellent description and figures given by Olsson we find

that the carapace is elliptical with narrow posterior lobes ; the genital

segment is not enlarged; one pair of legs are visible at its posterior

corners; the abdomen is one-jointed, with small anal lanfinge; the
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second maxillipeds have a short, curved claw and corrugated knobs;

the rami of the first three pairs of legs are two-jointed, of the fourth

pair one-jointed.

This locates the species in the genus Perissopus, and on comparing

it with Heller's Nogagus cselehs and Nogagus elongatus, the three are

seen to be so nearly alike that it even seems prol)able they are but

variations of the same species. At all events they are very closely

related forms of the same genus.

NOGAGUS SPINACII-ACHANTIAS Hesse.

Nogagus spinacii-achantias Hesse, 1883, p. 1, pi. iv, figs. 1-7.

Pandarvs spinacii-achantias Hesse, 1883, p. 10, pi. vi, fig. 9.

This species was described as a female by Ilesse, and was based

upon several specimens obtained from the head of a Spinax achantias;

the male was said to be unknown. We have already given Hesse's

reason for considering these specimens females (see p. 335). There

can be no doubt that they are really males, but almost no dependence

can be placed upon the figures and description given by Hesse.

For example, in the dorsal view the second legs have a three-jointed

exopod, while the endopod is not visible; in an enlarged figure of

the same legs they are represented with a three-jointed endopod and

a two-jointed exopod, while in the ventral view both rami are dis-

tinctly two-jointed. The text says nothing whatever about these

legs.

In the face of these and many other similar discrepancies it would

seem almost hopeless to attempt to locate the species.

But Hesse is at least consistent, and after a time we can learn

what to expect and can make rational allowances.

A comparison of the figures and description he has given of the

present species and of a new Pandarus, found upon the same fish,

and named similarly Pandarus spinacii achantias, leaves not much
doubt that they are the male and female of the same species.

First the relative sizes are correct, 5 or 6 mm. for the Nogaus and

6 or 7 mm. for the Pandaihis.

In the second place, the new Pandarus is evidentl}" located cor-

rectly, as is sliown by the number and arrangement of the dorsal

plates and by the appendages. Hesse, however, gives it but three

pairs of swimming legs, describing in place of the first pair what
he calls

—

Appareil de fixation, qui est place transversalement a la base du bouclier cephalique

et represente par un tige qui emet, de chaque cote, des appendices recourbes ainsi

que de petits crocs, destines a sasir et accrocher les objets et est termine par une
longue griffe qui contourne une ventouse cupuliforme placee a I'extremite externe

du bouclier cephalothoracique.
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None of the known species of Pandarus has any sucli a prehensile

apparatus as this, nor is there any genus of Crustacea in which the

fu'st legs have disappeared, leaving the other tlu'ee present and

fully developed. If this structure be as Hesse has represented it,

his specimens will have to be made the t}^es of a new geims. But

again he is consistent, for, in speaking of the new Nogaus, after

describing the second maxillipeds which he calls the "third thoracic

feet," he says:

Au-dessous de celles-ci on apercoit, placee horizontaleinent, line patte tres etroile

fixee par son centre au bouclier cephalique et terminee a son extremite par deux

petits articles, dont le dernier est recourbe en forme de griffe.

This evidently corresponds to the fixation apparatus of the female

and makes the analogy between the appendages just what woidd

be expected in the two sexes of a species.

Finally the general make-up of the body in this Nogaus is similar

to that in the Pandarus males. There is the same broad carapace

with what are evidently accessory posterior lobes, partially con-

cealing the second segment; a considerably enlarged genital segment

with large posterior processes, and a two-jointed abdomen with good

sized anal laminne. There is thus considerable probability that we
have here the two sexes of a species of Pandarus: whether it is a

new species can not be determined without further data.

Hesse begins his description of the Pandarus species with the

words "Male inconnu" (p. 10), but further along (p. 15), and in

^his figures (Plate VI, fig. 9) he has presented what he calls a "jeune

male ( ?)." If this were really a young male of the species in question,

it ought to correspond with other Pandarus males. But no details

9,re given in the text, and those to be deduced from the figure are

decidedly against the probability that the creature belongs to the

genus Pandarus.

NOGAGUS TENAX, Steenstrup and Liitken.

Nogagus tenax Steenstrup and LDtken, 1861, p. 388, pi. x, fig. 20.

This species was described by the above authors as follows: It

outwardly resembles Nogagus horealis, but is smaller (6 nun. long),

and less elongate; eyes distinct and near the anterior border. First

free thorax segment broadly quadrangular with wide lateral lobes;

the second one smaller and somewhat six-sided; the third the

smallest and broadly eight-sided.

Genital segment not much longer than wide, the posterior corners

projecting slightly and armed with spines. Abdomen triangular

and bearing triangular anal laminae. Second maxillipeds some-

times showing an end claw and sometimes a forceps structure like
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that in Pandarus. Rami of fourth legs one-jointed, of all the others

two-jointed.

They give Nogagus hrevicaudatus , IMilne Edwards, as a synonym
of this species and say that it is probable when it becomes better

known it will be found identical with tenax. They then add in

closing

:

Since N. tenax is smaller than N. borealis, and is found fartli(>r south in the Atlantic,

it would seem probable that it is the male of the smaller and more southern Dinematura

described by us, D. latifolia. Still this is nothing more than a conjecture.

It has already been shown in the present ])aper (see p. 449) that

the morphologA^ of Nogagus horealis renders it probable that it is a

Nesipjms male rather than one of the genus Dinematura.

Moreover, there will be found described on page 386 the true male

of Dinematura latifolia which is very different from the two species

here mentioned. Nogagus tenax therefore is probably a Nesippus

male, and so far as can be seen is identical with the one described

on page 429 as the male of Nesippus alatus. There are slight differ-

ences in the angularity of the thoracic segments of tenax and the

rounded outlines of alatus, but Steenstrup and Ltitken's material had
been in alcohol a long time, while the drawings in the present paper

were made from living males.

Furthermore, this same species (tenax) has been reported by S. I.

Smith upon Atwood's shark (Carcharias atiroodi) in Vine^^ard Sound.

It was found in company with " Nogagus latreillii," a species of Pan-
darus, and Echthrogaleus denticulatus . Smith recognized that it was
very different from N. latreillii and probably belonged to a different^

genus. He suggested Echthrogaleus, but the structure of the second

and third legs prohibits this. No specimens of Nesippus alatus

females have yet been obtained from Atwood's shark, but they are

so common in Vineyard Sound on other sharks that the presence of

a free swimming male on this particular species can be readilj^

understood.

Again tenax is represented with small sharp spines near the pos-

terior corners of the genital segment; similar specimens have been

found among the males of alatus, but the outlines given in fig. 206 are

more common. In all other particulars the two are practically

identical, and accordingly Nogagus tenax has been given as a synonym
under Nesippus alatus (see p. 426).

PANDARUS UNICOLOR (Nogaus male) Hesse.

Pandarus unicolor Hesse, 1883, p. 20, pi. vi, fig. 5.

This species was described in the same paper with Pandarus
musteli-lsevis and Nogagus spinacii-achantias and in a similar manner.

The discrepancies in the appendages of the male are similar to those

enumerated for the other species, but here the swimming legs are
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all represented with rami having but a single joint. This species,

therefore, like the others, can not be located with any reasonable

probability.

NOGAGUS VALIDUS Dana.

Nogagus validus Dana, 1852, p. 1863, i>l. xciv, figs. 9a to h.

The male of Pandarus hrevicaudis (see p. 398).

Part 4.^THE CECROPIN^E.
ECOLOGY.

This new subfamily is made to include at the present time four

genera which closely agree with each other in habits and morphol-

ogy, and which differ very markedly from the genera included in

the PandariiiiB. As the latter were shark parasites, so the present

genera may be said to belong to the family of Head-fishes or Sunfish

(Molida>), although they are occasionally found on other fish. Two
of the genera are so closely confined to the common Sunfish (Orthra-

goriscus, or Mola, mola) that they have been given generic names
derived from that of their host, Orthagoriscicola and Philorthragoriscus

,

respectively.

A third genus, Cecroys, makes the sunfish its chief host, but has

been found also on species of Diodon, Tliynnus, and Pleuronectes

,

while the fourth genus, Luetkenia, lives upon Asterodermus , Luvarus

and several shark species.

These pasasites are more gregarious than the Pandarinte and are

found in bunches of fifteen to thirty or more, attached to the outside

skin and gills of the fish. The combined laceration of their claws

often produces a large pit or sore, in the bottom of which they cling

tightly. This peculiarity has been noted by A. Scott (1892, p. 266),

who describes Ortliagoriscicola as burrow^ing in pits formed in the

flesh of the fish behind the anal fin. Nothing of this sort is found

among the Pandarinse for two reasons—first, they do not collect in

such numbers, and then they cling partly- if not chiefly by means of

their adhesion pads. Hence when several of them do get together,

as often happens on a shark's fin, there is very little laceration and

no bunch or sore is formed.

Not only the females of the present subfamily, but the males as

well remain fixed in one position upon their host, and both sexes are

incapable of swimming. As already noted (see p. 327), this constitutes

the last step in degeneration as exhibited in the Caligidge. The
female became a fixed form in one of the Caliginne (Echetus), in sev-

eral of the Euryphorinse, and in all the Pandarinse, but the progress

of degeneration was very slow, and the swimming legs were retained

in their normal form and armed with plumose setae through all the
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Caliginse and Euryphorinas. But in the Pancfarinse the fourth legs

become transformed into lamellae and lose their swimming setae, the

abdomen at the same time being transferred to the ventral surface

of the genital segment. While the female has been thus gradually

yielding to degenerative influences, the male has successfully resisted

them, and even in the Nogaus form characteristic of the Pandarinse

there has been no loss in morphological details or functional activity.

Wlien the male at last yields, however, the change is not only abrupt,

but is also far reaching; the intervening stages are passed over

entirely and it changes directly from a condition as active and agile

as that of Caligus into one more degenerate than that of any female

among the Pandarinte. The fourth legs are enlarged into enormous
lamelhie, the third legs are as degenerate as the fourth pair in the

Pandarinse, and there is not a plumose seta to be seen on any one of

the four pairs in Orthagoriscicola. The abdomen also has been par-

tially transferred to the ventral surface of the genital segment, and

there has been a fusion of the frontal plates with the carapace. In

short, although the male retains to the full its structure and functions

until the female has become thoroughly degenerate, yet the first

change in the male makes it as degenerate as the female with which

it is associated, and there are no intermediate stages.

This abrupt transition and the consequent degenerate character

of the male forms one of the chief characteristics of the subfamily,

and of itself is sufficient to distinguish the members of this subfamily

from all the other Caligidse.

The only locomotion possible to either sex is such as can be accom-

plished by loosening one set of prehensile organs and obtaining a

new hold by stretching the body, while still keeping a second set

securely fastened. When once placed, with the second antennse

buried in the flesh of the host, it is probable that the female does not

subsequenth'^ change her position. The male is usually found

attached to the female, the front margin of its carapace burrowed

beneath the apron of her third swimming legs, and its second antennse

clasped around her fourth thorax segment. And when he has once

gained this position the male probably does not change it during life.

The organs of prehension are similar to those in the Pandarinse.

The chief hold is maintained by the second antennse, which are buried

for their entire length in the skin and underlying flesh of their host.

During life the body of the copepod frequently trails ofi" in the water,-

with no attachment to the host except these antennae, which gives it

the appearance of being fastened by a frontal filament.

Usually, however, the antennae are reenforced by the second max-
illipeds and the adhesion pads. The latter are similar to those in the

Pandarinae, but there are two of them behind each first antenna,

while there is none on the base of the second pair.
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Neither these nor the ones on the bases of the swimniini!; k'<;s seem

as well formed and efficient as those of the preceding subfamily,

and they are evidently not of much service in prehension.

The attachment of the parasite to its host being thus accomplished

entirely by means of stout claws buried in the fish's flesh, it follows

that there can be no loosening of the hold after the death of the lish.

These parasites certainly never drop ofi' into the boat or anywhere

else, as was claimed for the genera in the preceding subfamily. Both

the antennae and the maxillipeds are set so firmly in position that

they can not be loosened without breaking them. And even after

the death of the parasite it is usually necessary to cut around these

appendages if one would remove the animal entire.

On being placed in an acpiarium they are more helpless than the

Pandarina?, and l)oth sexes can only lie in the place where they are

put, with an occasional weak and spasmodic movement of the swim-

ming legs. Hence they can be kept alive only a very short time,

shorter even than in the case of the Pandarina^.

Although they resemble the preceding subfannly in that the cara-

pace is not arched and converted into a disk to retain moisture after

the skin of the host may have dried, yet they are kept alive by
another means for quite a period. It has already been noted that

they are gregarious and gather together in colonies, whose combined

lacerations form a deep pit extending through the skin and into the

flesh of the host. Such a pit does not dry as quickly as other por-

tions of the surface of the host's body, and the parasites, being fas-

tened in its very bottom, are not only protected from abrasion, but

are also kept moist long after the fish's skin has become dry and

parched.

In this way they may sometimes be fountl alive on sunfish brought

in by the fishermen.

MORPHOLOGY.

The chief dift'erences in the morphological details of the present

subfamily are such as result from a further degeneration in conse-

quence of the fixed position of both sexes, and they are clearly brought

out in the diagnosis which follows.

ONTOGENY.

The development of this subfamily has never been observed, but

it must be similar to that of the Pandarina"., if we may judge from

the size, shape, and coloration of the eggs and from the chalimus of

OrtJiagoriscicola, described on page 476.

We find in the latter a pair of broad and ribbon-like frontal fila-

ments exactly like those on the chalimus of Perissopus. In this case,

also, it was the male which was thus found, indicating that the two

sexes mature at different periods.
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Hesse, in the thirty-seventh article of his series entitled Crustaces

rares ou nouveaiix des Cotes de France'* makes the following state-

ments in regard to the issuing nauplius of Cecrops:

The latter, on issuing from the egg, are furnished with three pairs of legs, of which
the first is simple and the two others biramose (p. 348).

Further along he says, while comparing Cecrops with ^' Lsemargus:"

In Cecrops the two sexes, and even the young, are very remarkable for the two
prolongations, lamellar and rounded, which precede the frontal margin of the cara-

pace. Also for the lack of eyes in the adult and esi^ecially in the embryos. (P. 356).

He adds in a footnote at the bottom of the page:

This exception, which, I believe, is unique in its kind, is, moreover, the more inex-

plicable because if these organs are indispensable in the adults, they are of still greater

use to the young, which have to search for a position in which they can be sheltered

from dangers, and where they can jjrocure the food necessary to their existence.

Whether it be true, as Hesse states, that these nauplii have no
eyes remains to be proved by other investigators. In view of the

serious mistakes which he has made in the same paper, it can not

be accepted on his authority alone. It is unfortunate that he is

apparently the only one who has ever seen these nauplii.

SiabfaiTiily CE:CR.0PIN"JE.

The first thorax segment fused with the head, the second and third

segments more or less fused inter se ; the fourth segment with a pair

of dorsal plates in both sexes, overlapping the genital segment. Sexes

very similar.

Female.—-Carapace orbicular and strongly arched ; frontal plates

more or less completely fused with the carapace and not distinct;

grooving similar to that in the Pandarinse. Three free thorax seg-

ments, the first two of which are usually fused and furnished with a
single pair each of dorsal plates and lateral lobes; the third segment
carries a pair of enlarged dorsal plates, which cover the anterior

jDortion of the genital segment.

The latter is as large as or considerably larger than the carapace

and furnished with a pair of dorsal plates which entirely cover this

segment, as well as the abdomen.
Abdomen one-jointed, with large anal laminae armed with spines

instead of setse; abdomen sometimes with broad wings extending to

the lateral margins of the genital segment, in which case the egg-

strings are concealed between these wings and the ventral surface

of the genital segment {Orthagoriscicola and Cecrops) ; sometimes
without wings, in which case the egg-strings are long, straight, and
visible like those of the Pandarinae {Philorthragoriscus and LuetJcenia)

.

First antennae usually two-jointed, rarely three-jointed {Orthagorisci-

cola); second maxillipeds with terminal claws. All the legs bira-

mose, rami of first three pairs two-jointed, of fourth pair one-jointed

and usually enlarged into broad lamellae, armed only with spines.

"Ann. des. Sci. Nat. (7), V.



NO. 1573. PARASITIC COFEPODS— WILSON. 465

Male.—A fixed form like that of .tlie female and incapable of loco-

motion; carapace and thorax segments similar to those of the female,

the dorsal plates of the fourth segment being reduced in size. Gen-
ital segment also much smaller, with the abdomen partially visible

beyond its posterior margin; abdomen without wings in all the

genera. Second antenmie and second maxillipeds with stout prehen-

sile claws; all the feet biramose, rami as in the female, except that

those of the fourth pair are not much enlarged in any genus but

Orthagoriscicola; rami of first three pairs with plumose setae in Phi-

lorthragoriscus and Luetkenia, the fourth pair and all the rami in

other genera without them.

Chalimus attached by two broad , ribbon-like frontal iilaments very

short and parallel.
KEY TO THE GENERA.

a, Females, third dorsal plates of medium size, covering quite a portion of the gen-

ital segment; the latter as large as the carapace or much larger h.

a, Males, third dorsal plates small, overlapping the genital segment Init little; the

latter much smaller than the carapace e.

b, Abdomen with broad wings between which and the genital segment the long

egg-strings are entirely concealed; genital segment much larger than the

carapace c

b, Abdomen without wings; egg-strings long and entirely visible; genital seg-

ment a little smaller than the carapace d.

c, First antennae two-jointed, not prominent; second antennae hidden; posterior

border of carapace deeply concave; margin of carapace and dorsal plates

smooth Cecrops Leach, 1816, p. 466.

c. First antennae three-jointed, prominent; second pair projecting beyond the

carapace margin; posterior border of carapace slightly concave; margin of car-

apace and dorsal plates coarsely toothed ... Orf/^agfomaVo/a Poche, 1902, p. 472.

d, Margins of the carapace and dorsal plates finely toothed; third dorsal plates

covering three-fifths of the genital segment; rami of first swimming legs

normally developed Philorlhragoriscus Horst, 1897, p. 478.

d, Margins of carapace and dorsal plates smooth; third plates scarcely over-

lapping the genital segment; endopod of first legs very rudimentary (male)

or entirely lacking (female) Luetkenia Claus, 1864, p. 464.

e. Third dorsal plates relatively as large as in the female; grooving of the carapace

nearly invisilile; abdomen almost or c^uite concealed /.

e, Third dorsal plates very much reduced
;
groovingof the carapace distinct; abdo-

men largely visible (j-

f, First antennae two-jointed; second and third thorax segments fused inter

se and furnished with a pair of broad lateral plates, concealed beneath the

carapace; abdomen also entirely concealed . . . Cecrops Leach, 1816, p. 466.

/, First antennae three-jointed; second and third thorax segments distinct

and entirely visible, without plates; abdomen partly visilile; margins of

plates on fourth and genital segments coarsely toothed.

Orthagoriscicola Poche, 1902, p. 472.

g, Second antennae much enlarged and projecting beyond the carapace; first dor-

sal plates large; genital segment with large spines at the posterior corners; first

swimming legs normally developed Philorthragoriscus Horst, 1897, p. 478.

g, Second antennae smaller and concealed; all the dorsal plates very small; geni-

tal segment with smoothly rounded posterior corners; endopod of first swim-

ming legs scarcely visible Luetkenia Claus, 1864, p. 464.

Proc. N. M. vol. xxxiii—07 30
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SYSTEMATIC DISCUSSION.

.
Genus CECROPS Leach.

Cecrops (C. latreillii) Leach, 181(5, j). 405, pi. xx, 8 figures.

Female.—Carapace oval, stout, strongly arched, and deeply notched

posteriorly; frontal plates fused with the carapace; cephalic and tho-

racic portions of the lateral areas separated by a transverse groove.

Second thorax segment with large lateral lobes; third segment with

a pair of small dorsal plates; fourth segment with a pair of larger

plates; genital segment small, but carrying a pair of dorsal plates

larger than the carapace, and extending back beyond the tips of the

anal laminje, forming the dorsal half of the bag in which the eggs are

carried. Abdomen ventral and as large as the genital segment in

front of its base, strongly flattened dorso-ventrally ; its ventral sur-

face produced laterally and anteriorly into large lobes, forming the

ventral surface of the egg bag.

Egg-strings very narrow, twenty or thirty times the length of the

body, irregularly convoluted and entirely hidden in the above-men-

tioned bag. First antenna^ two-jointed; second pair and second max-
illipeds stout and furnished with strong curved claws for prehension.

Maxillae huge, club-shaped, two-jointed, the terminal joint covered

with small spines. Legs all biramose, rami of first three pairs two-

jointed, of fourth pair one-jointed and enlarged into flattened laminae

with a large fold of skin on the ventral surface.

Male.—A fixed and degenerate form, similar in all respects to the

female, except as follows: Genital segment without dorsal plates, but

covered by those of the fourth segment, which also reach nearly to

the end of the abdomen. The latter is phmip, not flattened, twice

as wide as long, and without lateral lobes; anal laminae close to-

gether, armed with good-sized setae.

Fourth legs but little enlarged, rami one-jointed, but without the

ventral fold of skin; plumose setae on the first three pairs of legs

less rudimentary than in the female.

{Cecrops, the fabulous first king of Athens.)

This genus was established by Leach in 1816, who gave a fairly

good description of the female with figures of both sexes. The figures

are good for their time, but are too small to give details. In the

ninety years since the above date the genus with its single species

has been noted by nearly every investigator who has dealt with the

parasitic copepods. But only in a very few instances have any figures

been given. Guerin published a single figure, the dorsal view of a

female, in 1817; Desmarest in 1825 published a set of figures almost

exactly like those of Leach, but in which the details are more clearly

shown. Latreille gave similar figures in 1835, and Baird a single
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dorsal view of the female in 1850. Hoeven in 1857 published a paper

on Cecrops and '^Lxrnargus/' which contains the only reall}" .^ood

figures that have ever appeared; but even these show many mistakes

and imperfections.

In 1883 Ilesse presented what he claimed was a new species of

Cecrops, and which he named C. achantii-vulgaris. The name is cer-

tainly wrong for the shark genus on which Hesse's specimens were

found is AcantJiias (from aKavdiag) and not Achantius, and even if

Latinized the genitive would not be spelled as Hesse has given it.

Furthermore, this so-called species is based upon a single female speci-

men, which, from Hesse's description and the little that can be learned

with certainty from his figures, can not possibly belong to the genus

Cecrops.

He has represented the first three thorax segments fused with the

carapace; neither the genital segment nor the abdomen are men-
tioned in the text, nor can they be made out in the figures.

The swimming legs also are not mentioned in the text, and even

a chirographic expert could not decipher them in tile figures.

And finally, the second maxillipeds with their "thumb" in the

form of a peduncled ball, shutting down into a cavity, are entirely

unlike those of Cecrops. The size of Hesse's specimen, 6 mm. in

length, the fact that it had no egg-strmgs, and the general appearance

of the body, suggest that it is probably a very young female. But its

true location must be left fjr future investigation; all we can decide

at present is that the species, as Hesse has described and figured it,

does not belong in the genus Cecrops.

Five years later, in 1SS8, Hesse published his thirty-seventh paper

on New antl Rare Crustacea of the Coast of France, which is entirely

concerned with these two genera, Cecrops and " Lsemargus."

The paper is profusely illustrated, but not a single one of the 25

figures representing Cecrops latreUlii is correct, and all of them
which show the entire animal are wretchedly confused. If compared
with similar views given by the other authors mentioned, it would

never be guessed that they were intended to represent the same ani-

mal. The third legs of the female, visible for the entire width of the

body m dorsal view, the "plaque" (really the dorsal plates of the

fourth segment) with its wonderful design of the cross and crown, and
the two large lobes of the genital segment, "whose margins are rolled

up in the form of a volute," are especially bizarre.

In the following year, 1889, Thomson gave several figures of Cecrops

in his Parasitic Copepods of New Zealand, the most valuable of them
being enlarged views of the four pairs of swimming legs. There are

thus three sets of figures, those originally given by Leach, the excel-

lent ones by Hoeven, and these by Thomson, which rej^resent all

that IS known of the genus up to date. It is hoped that the figures
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here shown may supply many of the missing details, particularly with

reference to the structure of the abdomen, the formation of the case

or bag in which the eggs are carried, and the details of the antennae,

mouth tube, mouth parts, and maxillipeds.

CECROPS LATREILLII Leach.

Plates XXXVIII and XXXIX.

Cecrops .latreillii Leach, 1816, p. 405, pi. xx, figs. 1 to 5.—Hceven, 1857, p. 67,

pis. Ill, IV.

—

Thomson, 1889, p. 362, pi. xxvi, figs. 3 a to/.

Female.—Carapace oval, as wide as long, witli a prominent frontal

margin and a deep triangular posterior sinus. Frontal plates almost

entirely fused with the carapace, separated by a wide and deep median

sinus. On the lateral margins just behind the frontal plates is a well-

defined notch on either side, in the base of which the first antennae

are attached. Another notch a little farther back on the lateral

margins is caused by the transverse groove which separates the cepha-

lic from the thoracic portion of -the lateral areas. This groove is

situated far forward, and in consequence the cephalic portion in front

of it is small and triangular, while the thoracic portion behind it is

nearly four times as large and trapezoidal in form. The second and

third thorax segments are fused together and furnished with a single

pair of lobes and a single pair of dorsal plates. The broad lateral lobes

apparently belong to the second segment, and reach well out beneath

the posterior lobes of the carapace.

The small dorsal plates belong to the third segment and overlap the

following segment a little; the fourth segment has a pair of medium-

sized plates which reach about to the center of those on the genital seg-

ment; each of them is triangular in shape with well-rounded corners.

The genital segment with its dorsal plates is enlarged to nearly twice

the length of the carapace and is elliptical in form, about one-fourth

longer than wide, with the sides very evenly curved. It is covered

by a pair of dorsal plates, whose edges are softened and project far

beyond the lateral and posterior margins of the segment. These soft

edges are rolled over ventrally mto large scrolls which completely

cover the sides and posterior end of the segment and lap quite a dis-

tance onto the ventral surface, completely concealing the abdomen,

anal laminae, and egg-strings in dorsal view. The posterior sinus

between these plates is sharply triangular and about one-fourth the

entire length of the plates.

Abdomen semielliptical and fully as large as or often larger than

that portion of the genital segment which precedes it. Its ventral

surface is produced into a large lobe or lamina on either side, which

extends outward laterally beneath the turned-over edge of the dorsal

plates of the genital segment (Plate XXXIX, fig. 253).

«
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When the female is without egg-strings, the lateral and anterior mar-
gins of these laminae are turned upward into scrolls, similar to those

formed by the dorsal plates of the genital segment, and inside of them.

The lateral margin is also caught inward in a large fold on either side

about one-fourth the distance from its anterior end. This gives the

ventral aspect of the abdomen a peculiar T shape, the upright portion

being more than twice the width of the arms. When the egg-strings

are extruded, these folds and the scrolls along the lateral margins. are

straightened out and each lamina rests flatly upon the ventral surface

of the coiled egg-strings, completely concealing them in ventral view
(fig. 254) . The scrolls along the anterior margin are never entirely

straightened, but the lamina on either side curls up over the eggs at

that point and holds them securely in place. The anal laminae are

small, orbicular, and attached close to the anus on either side; they
are armed with short and stout spines and have no plumose setiie.

The first antennae are two-jointed, the basal joint much the longer,

each joint armed with a few short spines. Second })air large and
powerfid, the principal organs of prehension, three-jointed, the ter-

minal joint a strong sickle-shaped claw, which is buried in the flesh

of the host. The terminal joint of the fu-st maxillipeds is nmch
shorter and more slender than the basal; the terminal claw is nearly

as long as the joint itself and only slightly curved; the accessory

claw is much shorter, while both claws have serrate edges. The
second maxillipeds are stout, but not swollen, as in the Pandarince,

the curved terminal claw nearly as long as the basal joint and shut-

ting down between two large corrugated laiobs on the ventral sur-

face of the latter.

Mouth tube and maxillae peculiar, the former conical with a wide
and swollen base, tapering rapidly to a fairly sharp tip, from which
protrude the ends of the mandibles. These latter are straight and
coarsely toothed along their inner margins, the teetli being more or

less rectangular. Maxilla^ enormous and clul)-shaped, each one as

large as the whole mouth tube and two-jointed, its hemispherical
terminal joint covered with small curved spines. On the ventral
surface of each maxilla, at the base of the terminal joint, is a small

knob representing the rudiments of the exopod.

Swimming legs biramose, rami two-jointed, except those of the
fourth pair, which are modified into large laminae with indistinguish-

able joints. The basal joints of the exopods of the first two pairs

are much larger than the terminal joints and are armed with a stout

spine at their outer distal corners, the one on the second legs being
exceptionally large. The segments of the third legs are all the same
size, while in the fourth legs the rudimentary endopod is several

times larger than the exopod. In these latter legs there is also a
large fold of skin caught up on the ventral surface of each basal joint.
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When the legs are in place, this fold fits into the groove between the

abdomen and genital segment, and doubtless assists materially in

holding the egg masses in place.

The arrangement of the spines and setae is as follows: First exo-

pod, 1,0; 4, II: endopod, 0, 0; 0, III: second exopod, 1,0; 4, V:

endopod, 0, 0; 0, VII: third exopod, 1, 0; 0, V: endopod, 0,0; 0, V:

fourth exopod, 5, 0: endopod, 4, 0. All the seta3 are extremely rudi-

mentary, and their plumes are easily overlooked.

Of the reproductive organs the oviducts are coiled in the anterior

part of the genital segment. They do not extend back of the vulva,

which is situated in the groove between the abdomen and genital

segment. The external coils are intricate and very irregular, and it

is absolutely impossible to straighten them out, so we can only esti-

mate their total length, which must be at least twenty-five times

the length of the body. The strings are very narrow for so large a

copepod, and the eggs themselves are thin, so that there are several

thousands in each string.

They are held securely \r\. place between the dorsal plates of the

genital segment and the lateral lobes of the abdomen until they

hatch, the nauplii escaping at the posterior end of the egg bag. The

cement glands are narrow and sickle-shaped, arching out on either

side parallel with the lateral margin of the segment. Tlie tip of

each gland is evenly rounded, and there are no signs of cells or other

divisions.

The semen receptacle is situated just in front of the base of the

abdomen, but its exact shape could not be determined in any of the

available specimens. The spermatophores are fastened to the ven-

tral surface of the genital segment just in front of the abdomen and

lie close together on either side of the mid-line, and the duct leading

from each can be traced to the vagina on the opposite side, where it

opens close to the base of the abdomen.

All the internal organs of the genital segment are thus confined to

the short space in front of the abdomen, and this is practically the

limit of the segment itself. But the cavity of the segment extends

much farther back, as can be readily proved by injecting water into

its anterior portion.

In this genus, therefore, as in the others belonging to the subfam-

ily, the abdomen is really fastened to the ventral surface of the geni-

tal segment.

Total length, 25 to 30 mm.; length of carapace on mid-line, S to

10 mm.; width of same, 12.25 mm.; length of genital segment plates,

17.75 mm.; width of same, 15.5 mm.
Color, a uniform yellowish white, deepening in alcohol to an

orange brown in the center of the different carapace areas and the

\
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dorsal surface of the genital segment. The anterior ventral surface

of the abdomen and the edges of the dorsal plates of the genital seg-

ment have a few spots of light brown pigment.

Egg masses a deep orange brown.

Male.—Carapace similar to that of the female, and with the same
grooving on its dorsal surface. The cephalic and thoracic portions

of the lateral areas do not differ as much in size as in the other sex,

and the posterior sinus is rather deej)er. The lateral lobes on the

second segment and the dorsal plates on the third and fourth seg-

ments correspond closely with those in the female, the last men-
tioned covering the whole of the genital segment and the most of the

the abdomen.
Genital segment transverseh" elliptical, nearly twice as wide as

long, narrowed into a neck where it joins the fourth segment.

Abdomen also transversely elliptical and terminal, a little more
than half the diameter, but nmch less than half the length of the gen-

ital segment. Anal laminte terminal, small, and close to the anus on
either side; the setse which they carry are plumose, but rudimentary.

Appendages similar to those of the female, with the usual sex dis-

tinctions manifested m the larger size of the second antenna^, ma5c-

illae, and second maxillipeds, and in an increase in the number and
length of tlie ])lumose seta^ on the swimming legs. The fourth legs

have large lannnate l)asal joints and one-jointed rami, but there is

no fold of skin in the basal joints, and the rami are not as large and
rudimentary as in the female. The testes are large and very appar-

ent in well-preserved specimens; the spermatophore receptacles in

the genital segment are circular in outline and so large as to nearly

fill the entire segment.

Total length, 14 to 17 mm.; length of carapace on mid-line, 8

mm. ; width of same, 1 1 mm. ; length of fourth segment plates, 4 mm.

;

width of same, 6 mm.; length of genital segment, 3 nun.; of the

abdomen, 1.8 mm.
Color as in the female, but rather lighter and more transparent,

and without pigment spots on the ventral surface.

(latreillii, in honor of Pierre Andre Latreille.)

The U. S. National Museum collection contains three lots of this

species, all from the gills of Mola mola: one taken at Woods Hole,

Cat. No. 6017, U.S.N.M., contains females only; the second, also

taken at Woods Hole, and Cat. No. 32796, U.S.N.M., contains both
sexes; the third was taken by the Fisheries steamer Albatross on the

Pacific coast at Station 4345, and is Cat. No. 32797, U.S.N.M.; it

also contains both sexes.
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Genus ORTHAGORISCICOLA Poche.

Lsemargiis {L. muricatus) Kroyer, 1837, p. 487.

Orthagoriscicola {0. muricata) Poche, 1902, p. 13.

Female.—Carapace trapezoidal or wedge-shaped, one-fourth wider

than long, much narrowed anteriorly, posterior margin scarcely

reentrant; posterior lobes very broad and evenly rounded; eyes

invisible; grooving on the dorsal surface indistinct; lateral margins of

the carapace coarsely toothed; its dorsal surface sparsely covered

with spines. Frontal plates fused with the carapace, but their out-

lines indicated by well-defined grooves. Second and third thorax

segments distinct,- free, without dorsal plates, and forming a narrow

waist joining the carapace and genital segment. Fourth segment

with a pair of dorsal plates covering half the genital segment, their

margin serrate. Genital segment enlarged, its dorsal plates wider and
longer than the carapace, and overlapping each other along the mid-

line, their margins serrate. Abdomen on the ventral surface of the

genital segment and entirely concealed, its lateral margins prolonged

into l)road laminae similar to those of Cecrops. Egg-tubes carried be-

tween these laminae and the dorsal plates of the genital segment as in

Cecrops, irregularly coiled and many times the body length. First

antennae three-jointed; second pair stout and uncinate; maxillj^e much
smaller than in Cecrops; mouth-tube about the same ; second maxilli-

peds stout and with a large terminal claw. All the swimming legs

biramose, but rudimentary and destitute of plumose setae; rami of

first two pairs two-jointed, of third and fourth pairs one-jointed and
enlarged into huge flattened laminae.

Male.—Carapace similar to that of the female, but relatively shorter

and wider; thorax segments also similar; genital segment much
smaller, only two-thirds the size of the carapace, its dorsal plate fused

along the mid-line with a wide and shallow posterior sinus through

which the abdomen shows. The latter is small and subquadrangular;

anal laminae narrow and oblong. Appendages similar to those of the

female; second antennae and second maxillipeds longer and stouter;

third legs like the first two pairs, with two-jointed rami, but the fourth

pair are one-jointed and enlarged as much as in the female.

(Orthagoriscicola, Ortharjoriscus, the generic name of its host, and
cola, inhabiting or dwelling upon.)

This genus was established by Kr637er in 1837 upon a few female

specimens obtained from the sunfish, Mola rnola. He called the genus

Lsemargus, but that name had just been used earlier in the same year

for a fish genus, and so Poche in 1902 proposed as a substitute Ortha-

goriscicola, with a consequent change in the gender of the specific

name.

This genus has been more fully described by the different investi-

gators than the preceding and also better illustrated. Kroyer (1837),
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Baircl (1850), Hoeven (1857), Beneden (1861), A. Scott (1892), and

T. Scott (1900) have all given good figures, but with the exception of

those published by Iloeven they have ])een almost entirely of the

female sex, the male having received very little attention. And yet

the male is common and almost every group of these parasites yields

several specimens.

From this list of names it will readily be understood that the

descriptions given have been more accurate than those of Cecrops and

there is very little to add. For the female little more has been done

than to accumulate the facts given by the various authors, with the

addition of some details in reference to the reproductive organs. For

the male several changes in statement have been found necessary,

and much has been added in the way of description, while the chalimus

stage of development is entirely new.

Only a single species of the genus has been described up to the

present time, but if we accept the statements and figures given by
Hesse for what he has called ''Lsemargus ruwricatus''' in the paper

already referred to (p. 467), we must conclude that his specimens did

not belong to the present species but were new.

The general body form is radically difi^erent, especially in the male,

and there is not a single appendage tlescribed or figured by Hesse

whose details agree with those of niuricatus.

To be sure he made similar mistakes in describing Cecrops, but not

so many of them, and while his general inaccuracy is well enough

known to prevent the establishment of a new species upon his author-

ity alone, yet it does not seem likely that he would have fallen into

error in every particular. It will not be surprising, therefore, if future

investigation shows that he had a new species, instead of niuricatus as

he claimed.

ORTHAGORISCICOLA MURICATA Kroyer.

Plates XL and XLI.

Lumargus inuricatus Kroyer, 1837, p. -187, pi. v, fms. A to E.

—

Baird, 1850, p. 295,

pi. xxxiv, figs. 3 and 4.

—

Hoeven, 1857, p. 11, pi. iv, figs. 1 to 10, 12, 14, and
15.—Beneden, 1861, pp. 129, 149, pi. xix, figs. 1 1o 4.—A. Scott, 1892, p. 2()6,

pi. III.—T. Scott, 1900, p. 158, pi. vi, figs. 39 to 42.

Orthagoriscicola Diancala Poche, 1902, p. 13.

Female.—Cara]:)ace trapezoitlal or wedge-shaped, much narrowed

anteriorly, with well rounded posterior lobes and a very shallow sinus.

Frontal plates fused with the carapace; eyes invisible in the adults;

lateral margins set with fine conical teeth; grooves on the dorsal

surface indistinct but separating a lateral area on either side, which is

again divided into a very small cephalic, and a much larger thoracic,

portion. The entire dorsal surface is sparsely covered with spines,

which are coarser and more prominent on the ridges alongside the

grooves. Second, third, and fourth thorax segments free, the first

two with a pair of narrow, spine-like projections in the place of lateral
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lobes, all three of the same width. The third segment has no dorsal

plates; the fourth has a pair whose combined area is greater than tliat

of the carapace, and which are separated by a deep posterior sinus,

often a trifle enlarged at its base. Genital segment transversely

elliptical, as large as the carapace, one-half wider than long, and

covered with a pair of huge dorsal plates, which overlap each other

along the mid-line, and extend back beyond the tip of the abdomen.
The posterior and the posterolateral borders of these plates and of

those on the fourth segment are toothed, the teeth on the genital

segment plates being considerably the larger and coarser. These

genital segment plates do not round over ventrally in a scroll like

those of Cecrops, but are flattened to the very edge.

Abdomen similar to that in Cecrovs, the lateral lobes being pro-

longed sidewise and backward so that their edges coincide very

nearly with those of the genital segment plates. The length of the

abdomen plus these plates is about twice that of the genital segment

in front of the abdomen. The lobes are also set with fine teeth along

their margins, and are not rolled at the edges, but Hat. In conse-

quence, the space between them and the genital segment, in which

the egg-strings are coiled, is not as thick dorso-ventrally, but is wider

than in Cecrojis, and thus accommodates about the same length of

egg-strings, twenty or thirty times the length of the body. The
strings are about the same diameter and the eggs fully as numerous.

First antennae three-jointed, the joints diminishing regularly in

diameter and in length from the base outward; they are very

sparsely armed with setae. Second antennae large, three-jointed, and

projecting well in front of the carapace; the terminal joint is a very

powerful and strongly curved claw, which is buried its entire length

in the flesh of the host.

Mouth-tube broadly conical, similar to that in Cecroj^s, the man-
dibles projecting through the opening at its tip, armed with square

teeth on their inner margins only. Second maxilla^ in the form of

short conical knobs, apparently without joints, spines, or rudimen-

tary exopods. In size they are in sharp contrast -with those of the

preceding genus, being less than one-fourth of the length of the

mouth-tube. First maxillipeds two-jointed, both joints exception-

ally stout, the terminal one slightly the longer. The terminal claw

is short and wide and Ijeavily fringed with stout spines; the acces-

sory claw is in the form of a large spine. On the ventral surface of

the joint opposite the accessory claw is a raised knob covered with

small spines. Second maxillipeds swollen, the basal joint much
longer than the terminal claw; on its inner surface are two pairs of

knobs, one near the base of the terminal claw, and the other near

its own base; the claw when closed lies between the two knobs of

each pair. Legs all biramose, the rami transformed into flattened
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laminae, destitute of plumose setae; those of the first two pairs are

two-jointed, while the third and fourth pairs show })ut a single joint.

The spines are arranged as follows: First exopod, 1, 3, endopod,

0, 0; second exopod, 0, 4, endopofl, 0, 1; third exopod, 3, endopod,

0; fourth exopod, 6, endopod, 0. Of the reproductive organs the

oviducts are coiled very tightly and in hopeless confusion in either

half of the genital segment. In general the coils are narrower and

more tightly woinid in the anterior portion of the segment. The
final coils are in the shape of a large S on either side of, and close to,

the median line, the openings to the exterior being just in front of

the base of the abdomen.

The cement glands are narrow and very long, and are bent into a

sickle shape, the curve reaching backward on either side beneath the

ventral lobe of the abdomen. The semen receptacle could not be

distinguished with sufficient clearness to determine its exact shape,

but it is situated in the usual position, just in front of the l)ase of

the abdomen. The spermatophores are ellipsoidal, twice as long as

wide, and curved like a couple of parentheses marks; the ducts lead-

ing from them cross in the usual manner, and each empties into the

vagina on the opposite side of the body. This genus, therefore, is

unlike Cecrops in that the organs witliin the genital segment extend

far behind the base of the abdomen; there is thus no (k^ubt that the

abdomen is fastened to the ventral surface of the genital segment

and is not terminal. The certainty in this case increases the proba-

bility in the case of Cecrops, where it is not easy to decide.

Total length, 20 mm.; length of carapace on mid-line, 5.34 mm.;
width of same, 7.1 mm.; length of fourth segment plates, 5.56 mm.;
of genital segment plates, 8.35 mm. ; width of latter, 9.5 mm.

Color a uniform light yellow without any pigment markings; the

claws and chitin ribs which strengthen the carapace are darkened to a

brownish hue.

Male.—Carapace similar to that of the female, but relatively a little

shorter and wider; grooving on the dorsal surface indistinct; e^^-es

invisible in the adult; no teeth along the lateral margins of the cara-

pace. Fourth segment plates nearly circular, their combined area

considerably less than the carapace, but covering more than half of

the genital segment plates; their posterior margins are thickly set

with teeth. They project forward at the anterior corners in a broad

and rounded shoulder on either side.

Genital segment small, two-thirds the size of the carapace, or])icu-

lar in outline and strongly flattened dorso-vcntrally, its dorsal plates

fused along the mid-line for their anterior half, but separated for

their posterior half, the posterior margins thickly set with teeth.

Abdomen very small and weak, subquadrangular, fastened to the

ventral surface of the genital segment so that its posterior margin
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coincides with that of the latter; anal laminae narrow and oblong,

nearly three times as long as wide, each armed with four small setae.

Dorsal surface of the abdomen and anal laminae visil)le tlu-ouah the

posterior sinus between the dorsal plates of the genital segment.

Appendages the same as in the female, the only differences being

that the second antennae and second maxillipeds are larger, and there

are more spines on the swimming legs. The fourth legs are fully as

degenerate as in the female, being enlarged into broad lamina;, with

no signs of segmentation. The third legs are like the second pair

and are not enlarged; each ramus is two-jointed, the joints about

the same size, but those of the exopod nearly three times the size of

those in the endopod.

The terminal joint of the endopod in these third legs is armed with

a single long spine or claw, curved strongly outward, which seems to

be characteristic of the genus. There are no plumose setae on the

swimming legs, the spines being arranged as follows: First exopod,

0, 1, endopod, 0, 0; second exopod, 1, 5, endopod, 0, 5; third exo-

pod, 1, 6, endopod, 0, 4; fourth exopod, 3, endopod, 1.

The spermatophore receptacles are very large and elliptical in out-

line; they are situated in the posterior portion of the genital seg-

ment, and are inclined at an angle of about 45° to the central axis;

the ducts at their anterior ends are large and profusely coiled.

Color as in the female, but the spermatophore receptacles are a

deep purple, and the ducts leading to them a lighter purple.

Total length, 10 to 15 mm.; length of carapace on mid-line, 5 to

7 mm.; width of same, 6.5 to 8 mm.; length of fourth segment plates,

4.25 nun.; width of same, 6.75 mm.; length of genital segment,

6.75 mm.; width of same, 5.75 mm.
Chalimus.— A male chalimus 8 mm. in length was among the speci-

mens examined, and the following description shows the points in

which it differs from the adult.

Carapace the same shape as that of the adult, but much more
prominent anteriorly, relatively larger, and showing on its dorsal

surface areas similar to those in the Pandarinae; no eyes visible.

The entire front of the carapace is occupied by the large attach-

ment gland, which is acorn-shaped, one-third the entire length of the

carapace, and as wide as long. It gives origin to two broad, flat,

ribbon-like frontal filaments, similar to those found on tbe Perissopus

chalimus, the stumps of which can be plainh^ seen at the center of the

frontal margin.

Second and third thorax segments narrower and longer than in the

adult, with the lateral lobes hardly appearing on their sides.

Fourth segment plates divided to their very base; genital segment

and its dorsal plates the same as in the adult, except that the posterior

sinus is much broader and shallower.
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The appendages are similar to those aheady described, except

that the swimming legs are more jilainl}^ segmented and armed with

larger spines. In the second and third pairs also there is a good-

sized spine on the l)asal joint just outside of the base of the exopod.

In the third legs there is the same difference in size between the

exopod and endopod, and the terminal joint of the latter is armed

with a similar large and strongly curved claw.

Total length, 8 mm.; length of carapace on mid-line, 3.75 mm.;
width of same, 4.35 mm.; length of second and third segments, 1.15

mm.; of fourth segment plates, 2 mm.; of genital segment, 3 mm.;
width of latter, 3 mm.

Color a uniform ^^ellowish wliite, similar to that of the female and

male alread}^ described.

{muricata, with sharp ])oints or spines.)

This species is confined almost exclusively to the Sunfish, so that

Poche's generic name is eminentl^T^ fitting. But while Cecrops is

usuall}^ found upon the gills, the present species frecjuents the outer

surface of the body, the vicinity of the anal fm being a favorite local-

ity. It is fiu'thermore gregarious in habits, and from ten to twenty

individuals gather together in bunches. The combineti laceration

of their sharp claws and probosces witliin so small an area quickly

penetrates even the thick skin of the Sunfish. The groups of para-

sites thus come to lie m the bottom of depressions or pits wliich are

eaten through the skin of the fish and into the raw llesh beneath;

the edges of the pits are raised slightly above the surroiuiding surface

and calloused. (See A. Scott, 1892, p. 266.)

With the claws of their second antenna and second maxillipeds

sunk deeply into the flesh of their host in the bottom of these pits,

they are secure from friction and many of the other evils that come
from living on the outside of the host's body.

But wliile thus protected from some dangers, their fixed habit

renders them peculiarly liable to others. Chief among these is the

fact that their bodies, and especially the chitinous plates which cover

its dorsal surface, furnish admirable anchorage for maiiy of the other

fixed forms, animal and vegetable, which live in the ocean. It thus

happens that we frecpiently fuid the dorsal surface of one of these

parasites covered with alga^, infusoria, hydrozoa, or even barnacles.

Of the latter the striped barnacle, which is found also upon Pennella,

is the most common, and specimens of Orthagoriscicola may be found

canying a huge Lepas larger than their own bodies. Two such

specimens are figured by Hoeven in the paper alread}^ cited, 1857,

Plate IV, fig. 10.

Although this can not be regarded as a case where ''Greek meets

Greek," since the Lepas is not in any sense a parasite, yet the fasten-

ing of its heavy weight upon the back of the copepod must be a sore

burden to the latter.
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The collection of the U. S. National Museum includes the following

lots, which are excellently preserved and especially rich in specimens
of the male sex. They were all taken from the wSunfish, Afola rnola,

with the single exception mentioned. Cat. No. 3698, U.S.N.M.,
from Jeffreys Bank by the schooner Paul Revere, includes two females.

Cat. No. 12913, U.S.N.M., from Woods Hole in 1SS6, contains

thirty females and seven males; Cat. Nos. .82783, 32784, and 32786,
U.S.N.M., were obtained by the schooner Grampus 120 miles off

Woods Hole in 1900; the first and last contain about thirty females

each, the second one contains ten males. Cat. No. 32785, U.S.N.M.,
contains two males and one female and was obtained from the irills

of a Moonfish, Selene vomer, at Woods Hole in 1905.

Genus PHILORTHRAGORISCUS Horst.

Dincmalura (D. scrrata) IvaoYER, 1863, p. 176.

I'hilorlhragoriscus (P. strratus) Horst, 1397, p. 137.

Female.—Carapace well rounded, a little wider than long. First

thorax segment only fused with the head; second and third seg-

ments fused inter se and furnished with a pair of small lateral plates

;

fourth segment with a pair of large dorsal plates, fully as wide as the

carapace, and overlapping three-fifths of the genital segment. This

latter nearly the size of the carapace and covered by a pair of large

tlorsal plates, whose margins are finely serrated. Abdomen small,

considerably wider than long, one-jointed and attached to the ventral

surface of the genital segment so far forward as to be almost entirely

concealed in dorsal view. Anal laminae large, foliaceous, divergent,

each armed with four short spines. Frontal plates well fused with

the carapace; first antennas long and two-jointed; second pair three-

jointed and uncinate. Mouth-tube long and pointed; mandibles

with very wide and blunt teeth; second maxillae short, jointed, and
simple; sec(md maxillipeds large, with a stout terminal claw.

All the swimming legs biramose; rami of first three pairs two-

jointed and armed with both spines and plumose setae, rami of fourth

pair one-jointed, bearing short spines only; fifth pair entirely lacking.

Egg-tubes straight or coiled outside the body, several times the body
length; eggs as in the Pandaririae.

Male.—Carapace much larger than the rest of the body, wider

than long, its dorsal surface grooved as in the Pandarinae; no eyes

visible. Second and third thorax segments fused inter se, and
furnished with a pair of small lateral plates; fourth segment with a

pair of very small and rudimentary dorsal plates which scarcely over-

lap the genital segment at all. Genital segment subquadrangular,

with slightly rounded sides; covered with two dorsal plates thor-

oughly fused along the mid-line, with a posterior margin and sinus

exactly like that in Perissopus.
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Abdomen the saine shape as in the female, bnt more of it visible

behind the genital segment; anal laminae narrower and smaller than

in the other sex, each armed with three good-sized setae.

First antennsB relatively longer than in the female; second pair

also enlarged, their terminal claws projecting well in front of the

carapace. Other appendages similar to those of the female, except

that on all of them the claws and spines are longer and sharper.

{Phil(>rtJi mgoriscus , (pikeco^ to love, and Orthragoriscus , the old gen-

eric name of its host.)

In 1863 Kroyer described a new species, which he referred to the

genus Dinematura and called D. serrata. The present author obtained

numerous specimens of both sexes of this species while at Woods
Hole in 1904. On examination it was found that they could not

belong to the genus Dinematura for the following reasons: First the

general body make-up is entirely different ; the body is too short ; the

genital segment is not elongated enough; the dorsal plates of the

fourth segment are many times too large ; the abdomen is much too

large and in the wrong position. Again, there is no trace in the present

species of the adhesion disks found on the ventral surface in Dineina-

tura. In the third place there is no trace here of that sixth segment

which is the characteristic of Dinematura, with its rudimentary legs

and dorsal plate. And finally in Dinematura all the legs are bira-

mose, the rami of the first pair are two-jointed, those of the second

and tliird pairs three-jointed, wliile the rami of the fourth pair are

enlarged into laminae in which there is almost no trace of jointing.

Here the rami of the first three pairs are two-jointed, while those of

the fourth pair are rudimentary, very nuich reduced in size, and one-

jointed.

Accordingly a new generic name was given to the species, but for-

tunately the author afterwards found Horst's paper (1S97), in which

he had already renamed the species as given above.

Kroyer and Horst are the only two who have ever described tlie

species. Kroyer had no specimens of the male sex and Horst had but

a single one, of which he gives only one small figure, a dorsal view.

For this reason the male has been fully described and figured in the

following account

:

PHILORTHRAGORISCUS SERRATUS Kroyer.

Plates XLII and XLIII.

Dinematura serrata Kroyek, 1863, p. 176, pi. viir, figs. 4 a to i.

Philorthragoriscus seiratus Horst, 1897, p. 137, pi. vii.

Female.—Carapace well rounded, about one-sixth wider than long,

with large acuminate teeth along the lateral and posterior margins.

Frontal plates wide and fairly distinct; but still fused with the carapace;
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frontal margin smooth and slightly curved, with a small incision at the

center. Dorsal surface of the carapace with well-defined grooves

marking it oft" into areas similar to those in the Pandaringe. The two
longitudinal grooves are strongly concave toward each other, like

parenthesis marks, the space between them being nearly two-thirds of

the entire width. The lateral areas outside of these grooves are wider

posteriorly, and are prolonged backward on either side in a large lobe

which extends nearly to the anterior margin of the dorsal plates of the

fourth thorax segment. Each of these lateral areas is divided by a

transverse groove which starts from a deep sinus in the lateral margin
and curves inward and backward to the longitudinal groove. The
posterior.or thoracic portion of the area is thus shorter but wider than
the anterior portion, and has somewhat the appearance of a lateral

plate attached to the posterior portion of the carapace.

The second and third thorax segments are fused together and fur-

nished with a" single pair of lateral plates, one on either side beneath
the posterior carapace lobe and nearly concealed by it. The fourth

thorax segment is considerably narrower than the second and third,

but carries a pair of large dorsal plates which extend outward on
either side to a level with the lateral margins of the carapace and back-

ward until they overlap half the genital segment. The two plates are

entirely fused anteriorly for about one-quarter of their length; the

combined anterior margin is a nearly perfect arc of a large circle

which terminates at either end in a short and sharp spine. Each plate

is nearly circular in outline and is bordered by acuminate spines simi-

lar to those on the carapace, but not quite as large.

The sinus between the plates is wide and well rounded at the base,

but farther back its sides approach until they are in actual contact.

The combined dorsal plates of the fourth and genital segments are

about the same size as the carapace, and inversely the same shape.

As the abdomen is hidden, this gives the copepod a regular elliptical

outline, broken across the short diameter by the waist between the

carapace and fourth segment.

The joint between the third and fourth segments seems to be the

only one which is really flexible, and the anterior half of the body is

frequently folded over ventrally against the posterior half. The dor-

sal surface of the genital segment is also covered by a pair of plates

similar to those on the fourth segment and finely serrate around the

margins. The posterior sinus between these plates is deeply cut and
is similar to that between the fourth segment plates.

The abdomen is of medium size, considerably wider than long, and
unsegmented ; it is attached to the ventral surface of the genital seg-

ment just in front of the base of the sinus, between the dorsal plates of

the latter. Its own posterior margin is slightly reentrant on either

side where the lamina is attached; these laminae are small, foliaceous,
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and furnished with four short spines. The laminae vary considerably

in length, but they usually project somewhat behind the genital

segment.

The egg-strings are narrow and two and a half to three times as long

as the whole body; the eggs are small and similar to those in the Pan-
darinse. The first antennae are large and appressed close to the mar-
gin of the carapace ; the two joints are nearly the same length, but the

basal has twice the diameter of the terminal; both are well armed
with setae.

The second antennae are large and three-jointed, and terminate in

a stout curved claw, which has an accessory spine on its inner mar-
gin. When the antennae are turned forward these claws project

beyond the anterior margin of the carapace; they are prehensile in

function, and with the second maxillipeds are driven deeply into the

flesh of the host. There are no first maxillae; the second pair are close

beside the mouth-tube and only about one-third its length; they are

simple and terminate in a short, blunt spine, directed outward.

The mouth-tube is very long and conical in shape; the base is

wide, but at about the level of the tips of the second maxillae it nar-

rows rapidly to a slender tip. The mouth-opening is terminal and
fringed with long hairs, through which may be seen the tips of the

mandibles. These are slender and toothed for some distance along

their inner margins at the tip; the teeth are wide and blunt, and
quite different from those in the Pandarinae. The first maxillipeds

are small and weak, the terminal joint about the same length as the

basal, and ending in two claws the same size and covered with stiff

hairs.

The second maxillipeds are considerably larger and stouter, with

the terminal claw about three-quarters the length of the basal joint.

On the inner surface of the latter, opposite the tip of the claw, is a

pair of long, blunt spines; they are some distance apart and so situ-

ated that when the claw closes down upon the basal joint it shuts in

between them and is locked securely in place. All four pairs of

legs are biramose, the rami of the first three pairs two-jointed, of

the fourth pair one-jointed. In the first pair the exopod is consid-

erably larger than the endopod; its basal joint is three times the

length of the terminal and nearly twice as wide; the endopod joints

are about equal. In the second and third legs the basal joints are

enlarged and connected across the mid-line by a wdde lamina, larger

in the third pair than in the second. The rami of the second pair

are about the same size, but the joints are unequal; in the exopod
the basal joint is twice the size of the terminal, while in the endopod
the terminal joint is more than twice the size of the basal. The rami
of the third legs are also ef(ual and the four joints are nearly the same
size. In the fourth legs the basal joints are well separated and have

Proc. N. M. vol. xxxiii—07 31
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no connection across the mid-line; the rami are one-jointed and

rudimentary, the exopod being three times the size of the endopod;

they are both armed witli short spines and have no plumose setse.

The arrangement of the spines and setse on these legs is as follows

:

First exopod, 1,0; 4, III: endopod, 0, 0; 0, III: second exopod,

1, I; 4, V: endopod, 0, I; 0, VII: third exopod, 1, 0; 2, IV: endo-

pod, 0, 0; 0, IV: fourth exopod, 5: endopod, 2.

Of the reproductive organs the oviducts are coiled inside the geni-

tal segment as in the other genera; in early stages the coils do not

extend much back of the base of the abdomen, but later one fold on

either side pushes down into the very tip of the genital segment.

The cement glands are considerably darker in color than the egg-

tubes, and are bent into a sickle shape, the concave sides facing each

other; the ducts leading from their posterior ends into the oviducts

are very short.

The spermatophores are elliptical or slightly egg-shaped, the larger

end being posterior, and from it a tube leads into the vulva. At
first these tubes cross each other as in the other genera, but as the

sperms are extruded into the sperm receptacle of the female, the

spermatophores gradually shrivel up and each pulls across the mid-

line to the opposite side, so that later they present the appearance

seen in fig. 287. Each now stands up from the surface of the genital

segment in a corkscrew coil, the tip of which is nearly snow white.

The semen receptacle is situated just in front of the base of the

abdomen; it is short, curved a little, with the concave side posterior,

and slightly enlarged at the ends.

Total length, 7 mm.; length of carapace on mid-line, 2.75 mm.;
width of same, 4.5 mm.; length of genital segment, 3 mm.; width of

same, 4.4 mm.; length of abdomen, 1 mm.; of egg-strings, 15 mm.
Color, a mixture of yellow and gray, sometimes the one color pre-

dominating, sometimes the other.

Male.—Carapace proportionally much larger, more than twice the

width of the rest of the body, and about the same length; grooves

and divisions as in the female. Lateral plates on the fused second

and third segments plainly visible just inside the posterior lobes of

the carapace. Dorsal plates on the fourth segment very rudimen-

tary, no larger than the lateral plates just mentioned, and barely

overlapping the base of the genital segment.

The latter is subquadrangular, with slightly rounded sides, and
the posterior angles armed with sharp spines; the posterior margin
has a wide central sinus with divergent sides, showing most of the

dorsal surface of the abdomen. The margin on either side of the

sinus takes the shape of the letter S, almost exactly like that in the

genus Perissopus. The abdomen is similar to that in the female, as

also are the anal laminae.
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The first antennae are longer than in the female and more densely

armed with setae; the second antennae are much enlarged and the

terminal claw projects well in front of the carapace.

The other appendages are similar to those of the female except

that in all of them the spines and claws are longer and sharper.

The basal joint of the exopod of the first legs is somewhat swollen

and armed along its outer margin and the adjacent ventral surface

wdth stout curved spines pointing backward. The claw at the outer

corner of tliis joint and those on the tenninal joint are enlarged

and furnished along their margins wdth a row of stout teeth. Of the

reproductive organs the testes are of good size and (|uite prominent;

the spermatophore receptacles in the genital segment are very large,

filling almost the entire segment. The posterior part where the

ripe spermatophores are lodged is club-shaped and fills nearly the

whole half diameter of the segment. It is narrowed anteriorly wdiere

the duct from the testis enters it, but is not coiled as much as in

most genera.

Total length, 5 mm.; length of carapace on mid line, 2 mm.; width

of same, 4 mm.; length of genital segment, 1.58 mm.; width of

same, 1.4 mm.
Color the same as in the female.

(serratus, toothed like a saw^, alluding to the margins of all the

body regions.)

The males and females of tins species are found together and in

company with those of Cecrops and Orthagoriscicola on the Sunfish.

The collection of the U. S. National Museum includes five lots, all

obtained from the Sunfish, Mala Tnola; Cat. No. 941, U.S.N.M., taken in

Casco Bay in 1873; Cat. No. 32779,U.S.N.M., taken by the Fisheries

steamer Alhatross in September, 1886; Cat. Nos. 32778 and 32780,

U.S.N.M., obtained by the schooner Grampus about 120 miles off

Woods Hole; Cat. No. 32781, U.S.N.M., from a Sunfish taken at

the surface in Vineyard Sound.
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EXPLANATION OF THE PLATES.

Plate XVIL Perissopus communis Rathbun, and variety s^impsom" Rathbun.

Fig. 19, Dorsal view of female of communis; fig. 20, Dorsal view of variety stimpsoni;

fig. 21, Ventral view of carapace, showing large knob opposite first maxillipeds; fig. 22,

Mouth tube and second maxilla; figs. 23 to 25, First, second, and third swimming legs;

fig. 26, Rami of third leg, enlarged; fig. 27, Fourth swimming leg; fig. 28, Rami of same,
enlarged; fig. 29, Fifth swimming leg; fig. 30, Ventral view of genital segment and
abdomen, showing abdomen (a), cement glands (c. g.), spermatophores is) in position,

and semen receptacle (s. r.); fig. 31, A single spermatophore, enlarged.

Plate XVIII. Male chalimus of Perissopus communis Rathbun.

Fig. 32, Dorsal view; note especially the eyes and the large gland at the base of the
frontal filaments; fig. 33, Ventral view of carapace, showing first and second antennse
and their adhesion pads; figs. 34 and 35, First and second maxillipeds; figs. 36 to 39,

First, second, third, and fourth swimming legs.

Plate XIX. The female of Echthrogaleus coleoptratus Ciuerin.

Fig. 40, Dorsal view; fig. 41, First antenna; fig. 42, Mouth tube and second maxillae;

figs. 43 and 44, First and second maxillipeds; figs. 45 to 48, First, second, third, and
fourth swimming legs; fig. 49, Ventral view of genital segment and abdomen, showing
abdomen (a), cement glands (c. </.), and sperm receptacles (s. r.); fig. 50, Ventral
view of genital segment with abdomen removed, showing sixth segment plate and
fifth legs.

Plate XX. The female of Echthrogaleus deiiticulatus Smith.

Fig. 51, Dorsal view; fig. 52, Second antenna; fig. 53, Mouth tube and second maxilla;
figs. 54 and 55, First and second maxillipeds: figs. 56 to 59, First, second, third, and
fourth swimming legs; fig. 60, Ventral view of genital segment and abdomen.

Plate XXI. The female of Echthrogaleus torpedinis, new species.

Fig. 61, Dorsal view, egg strings 40 mm. in length; fig. 62, Second antenna; fig. 63,
Mouth tube, second maxillae, and the large spines posterior to the latter; fig. 64, Second
maxilliped; figs. 65 to 68, First, second," third, and fourth swimming legs; fig. 69,

Ventral view of genital segment with abdomen removed, showing the sixth segment
plate and rudimentary fifth legs.

Plate XXII. The female of i)me?nato-a/ero;r Kroyer.

Fig. 70, Dorsal view, egg strings 120 mm. in length; figs. 71 and 72, First and second
maxillipeds; fig. 73, Mouth tube and second maxillae; figs. 74 to 77, First, second, third,
and fourth swimming legs; fig. 78, Ventral view of genital segment and abdomen,
showing abdomen (o), cement glands (c. g.), semen receptacle (s. r.), and sixth segment
(x), with its rudimentary legs.
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Plate XXIII. TYve ieva.^\e oi Dinematura 'productaMuWex.

Fig. 79, Dorsal view, egg strings 40 mm. in length; fig. 80, Second antenna; fig. 80a,

Mouth tube and second maxillae; fig. 81, Second maxilla, enlarged; fig. 82, Second

maxilliped; figs. 83 to 86, First, second, third, and fourth swimming legs; fig. 87,

Ventral view of genital segment and abdomen, showing the abdomen (a), and sixth

segment {x) with its rudimentary legs (/)•

Plate XXIV. The female of Dinematura latifolia Steenstrup and l.,utken.

Fig. 88, Dorsal view, egg strings 30 mm. in length; figs. 89 and 90, First and second

maxillipeds; figs. 91 to 94, First, second, third, and fourth swimming legs; fig. 95,

Fourth swimming leg of male; fig. 96, Ventral view of genital segment and abdomen,

showing cement glands (c. g.), spermatophores (s) in position, sixth segment (x) with

its rudimentary legs (Z) and the abdomen (a).

Plate XXV. The male of Dinematura latifolia Steenstrup and Liitken.

Fig. 97, Dorsal view; fig. 98, Second antenna; fig. 99, First maxilliped; fig. 100,

Mouth-tube and second maxillse; figs. 101 to 103, First, second, and third, swimming
legs; fig. 104, Mandible; fig. 105, Ventral view of genital segment, showing sperma-

tophore receptacles.

Plate XXVI. The male of Pandarus brevicaudis Dana.

Fig. 106, Dorsal view; fig. 107, Second antenna; fig. 108, Second maxilliped; fig.

109, First maxilliped; figs. 110 to 113, First, second, fourth, and third swimming legs.

Plate XXVII. The female of Pandarus bicolor Leach.

Fig. 114, Dorsal view, egg-strings 13 mm. in length; fig. 115, Ventral view of cara-

pace, showing first and second antennae and their adhesion pads; fig. 116, Mouth-tube

and second maxillae; figs. 117 and 118, First and second maxillipeds; figs. 119 to 122,

First, second, third, and fourth swimming legs; fig. 123, Ventral surface of genital

segment and abdomen, showing adomen (a), short anal lamina? (a. I.), spermatophores

(s) in position and semen receptacle (s. r.).

Plate XXVIII. The female and male of Pandarus cranchii Leach.

Fig. 124, Dorsal view of female; egg-strings 8.5 mm. in length; fig. 125, Second

antenna; fig. 126, Second maxilliped; figs. 127 to 130, First, second, third, and fourth

swimming legs; fig. 131, Ventral view of genital segment and abdomen, showing the

abdomen (a), the anal laminae (a. I.), spermatophores (s) in position, and the horse-

shoe-shaped semen receptacle (s. r.); fig. 132, Dorsal view of male; fig. 133, Mouth-

tube and second maxillae; figs. 134 and 135, First and second maxillipeds; figs. 136 to

139, First, second, third, and fourth swimming legs.

Plate XXIX. The female of Pandarus smithii Rathbun.

Fig. 140, Dorsal view, egg-strings 15 mm. in length; fig. 142, Second antenna; figs.

143 and 144, First and second maxillipeds; figs. 145 to 148, First, second, third, and

fourth swimming legs; fig. 149, Mouth-tube and second maxillae; fig. 150, Dorsal view

of young female, 3 mm. in length; fig. 151, Ventral view of abdomen and part of genital

segment.

Plate XXX. The male of Pandarus smithii Rathbun.

Fig. 152, Dorsal view; fig. 153, Ventral view of carapace, showing first and second

antennae and their adhesion pads; figs. 154 and 155, First and second maxillipeds;

fig. 156, Mandible; figs. 157 to 160, First, second, third, and fourth swimming legs;

fig. 161, Dorsal view of young female 4.5 mm. in length.
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Plate XXXI. The female of Pandarun sntyrvs D^ina.

Fig. 162, Dorsal view, egg-strings not fully developed; fig. 163, Second antenna;

figs. 164 and 165, First and second maxillipeds; fig. 166, Mouth-tube and second

maxillae; figs. 167 to 170, First, second, third, and fourth swimming legs; fig. 171,

Ventral view of genital segment and abdomen, showing folding of internal oviducts,

the semen receptacle, spermatophores in position, and anal lamin#.

Plate XXXII. Th(> female of Pandarns sinuatns Say.

Fig. 172, Dorsal view, egg-strings 15 mm. in length; fig. 173, Second antenna; fig.

174, Mouth-tube and second maxilla?; figs. 175 and 176, First and second maxillipeds;

figs. 177 to 180, First, second, third, and fourth swimming legs; fig. 181, Ventral sur-

face of genital segment and abdomen, showing abdomen (a), anal lamina? (a. I.),

cement glands (c. g.), and semen receptacle (s. r.); fig. 182, Dorsal view of young
female, 4.5 mm. in length.

Plate XXXIII. The male of Pnndnrus siniintiis Say.

Figs. 183 and 184, Donsal and ventral views of the abdomen of a young female,

showing the sixth segment plate just beginning to grow; fig. 185, Dorsal view of male;

fig. 186, Second antenna; figs. 187 and 188, First and second maxillipeds; figs. 189 to

192, First, second, third, and fourth swimming legs ; fig." 193, Ventral surface of genital

segment, showing spermatophore receptacles and their coiled ducts.

Plate XXXIV. The femaie of Nesippvfi alatiis Wilson.

Fig. 194, Dorsal view, egg-strings 13.5 mm. in length; fig. 195, First antenna and
adhesion pad; fig. 196, Second antenna; fig. 197, Mouth-tube and second maxillae;

figs. 198 and 199, First and second maxillipeds; figs. 200 to 203, First, second, third,

and fourth swimming legs; fig. 204, Ventral surface of genital segment and abdomen,
showing cement glands and semen receptacle; fig. 205, Dorsal view of young female

4 mm. in length.

Plate XXXV. The male of Nesippus alatus Wilson.

Fig. 206, Dorsal view; fig. 207, First antenna, and its adhesion pad; fig. 208, Second
antenna; fig. 209, Mouth-tube and second maxilla;; fig. 210, First maxilliped ; figs. 211

to 214, First, second, third, and fourth swimming legs.

Plate XXXVI. The male of Nesippus curticaudis Dana.

Fig. 215, Dorsal view; fig. 216, Second antenna; fig. 217, Mouth-tube and second

maxilla?; figs. 218 and 219, First and second maxillipeds; figs. 220 to 223, First, second,

third, and fourth swimming legs.

Plate XXXVII. The male of Nesippus borealis Steenstrup and Liitken.

Fig. 224, Dorsal view; fig. 225, Second antenna; fig. 226 First maxilliped; fig. 227,

Second maxilliped; figs, 228 1o 231, First, second, third, and fourth swimming legs.

Plate XXXVIII. The female of Cecrops latreilHi Leach.

Fig. 232, Dorsal view; fig. 233, Mouth-tube and second maxillae; fig. 234, Mandible;

fig. 235, Second maxilliped; figs. 236 to 240, First, second, third, and fourth swimming
legs; fig. 240, Ventral view of the fourth leg, showing fold of tissue which assists in

keeping the external egg-strings in place; fig. 241, Ventral view of genital segment and
abdomen in a young female; fig. 242, Dorsal view of young female 12 mm. in length.
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Plate XXXIX. The male of Cecrops latreillii Leach.

Fig. 243, Dorsal view; figs. 244 and 245, First and second antennae; fig. 246, Mouth-

tube and second maxillse; figs. 247 and 248, First and second maxillipeds; figs. 249 to

252, First, second, third, and fourth swimming legs; fig. 253, Ventral surface of genital

segment and abdomen of female, showing cement glands, spermatophores in position,

and the peculiar rolling of the lateral laminae of the abdomen; fig. 254, Ventral sur-

face of female with external egg-cases, showing how the laminae of the abdomen are

unfolded and straightened out over the ventral surface of the external egg-cases.

Plate XL. The female of Orthagorisdcola muricata Kroyer.

Fig. 255, Dorsal view; fig. 256, Second antenna; fig. 257, Mouth-tube and second

maxillae; fig. 258, Mandible; figs. 259 and 260, First and second maxillipeds; figs. 261

to 264, First, second, third, and fourth swimming legs; fig. 265, Ventral surface of

genital segment and abdomen, showing the coiling of the internal oviducts, sper-

matophores in position, and the lateral laminae of the abdomen.

Plate XLI. The male and a chalimus of Orthagorisdcola muricata Kroyer.

Fig. 266, Dorsal view of male; fig. 267, Second maxilliped; figs. 268 to 271, First,

second, third, and fourth swimming legs; figs. 272 and 273, Dorsal and ventral surfaces

of genital segment; fig. 274, Dorsal view of chalimus; figs. 275 to 278, First, second,

third, and fourth swimming legs.

Plate XUI. The female of Philorthragoriscus serratus Kroyer.

Fig. 279, Dorsal view; fig. 280, Mouth-tube and second maxillae; fig. 281, Mandibles;

fig. 282, Second maxilliped; figs. 283 to 286, First, second, third, and fourth swimming
legs; figs. 287 and 288, Ventral and dorsal views of the genital segment and abdomen;

fig. 289, Spermatophores in position.

Plate XLIII. The male of Philorthragoriscus serratus Kroyer.

Fig. 290, Dorsal view; fig. 291, Second antenna; figs. 292 and 293, First an(^ second

maxillipeds; fig. 294, Exopod of first swimming leg enlarged; figs. 295 and 296, Second

and third swimming legs.
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The Female of Perissopus communis, and the variety stimpsoni.

For explanation of plate see page 487.
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The Male of Perissopus communis.

For explanation of plate see page 487.
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The Female of Echthrogaleus coleoptratus.

For explanation of plate see page 487.
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The Female of Echthrogaleus denticulatus.

For explanation of plate see page 487.
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The Female of Echthrogaleus torpedinis.

For explanation of plate see page 487.
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The Female of Dinematura ferox.
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The Female of Dinematura product a.
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The Female of Dinematura latifoli^

For explanation of plate see page 488.
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The Male of Dinematura latifolia.
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The Male of Pandarus brevicaudis.

For explanation of plate see page 488.
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The Female of Pandarus bicolor.

For explanation of plate see page 488.
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The Male and Female of Pandarus cranchii.
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An Adult and a Young Female of Pandarus smithii.
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The Male and a Young Female of Pandarus smithil
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The Female of Pandarus satyrus.

For explanation of plate see page 489.
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The Female of Pandarus sinuatus.
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The Male of Pandarus sinuatus.
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An Adult and a Young Female of Nesippus alatus.

For explanation of plate see page 489.
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The Male of Nesippus alatus.

For explanation of plate see page 489.





U. S. NATIONAL MUSEUM PROCEEDINGS, VOL. XXXIII PL. XXXVI

The Male of Nesippus curtTiCAUDis.

For explanation of plate see page 489.
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The Male of Nesippus borealis.

For explanation of plate see pa&e 489.
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The Female of Cecrops latreillii.
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The Male of Cecrops latreillii.

For explanation of plate see page 4S0.
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The Female of Orthagoriscicola muricata.

For explanation of plate see page 490.
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The Female of Philorthragoriscus serratus.
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The Male of Philorthragoriscus serratus.

For explanation of plate see page 490.




