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A New Trichostrongylid Nematode from an Oriental Primate

FrEDERICK L. DUxN#®

A faunal survey was carried out in the spring of 1962 on Pulau Tioman,
a small island some 30 miles off the coast of Malaya in the South China Sea.
The survey expedition was sponsored and staffed by the Department of
Zoology of the University of Malaya in Kuala Lumpur; several workers from
the Institute for Medical Research (1.M.R.) joined the party on the island
to earry out certain medical-zoological and medieal-entomological investiga-
tions. The writer and Mr. Lim Boo Liat of the Medical Zoology laboratory,
IM.R., live-trapped a considerable number of small mammals, and many of
these were hrought back to the Institute for parasitological study. In addi-
tion to certain rats and squirrels, 13 ecommon tupaias or tree shrews, Tupaia
glis sordide Miller, 1900, were placed under observation and subsequently
dissected in Kuala Lumpur. These primitive primates have proliferated re-
markably on the island and may be trapped in a variety of habitats. On the
mainland the populations ot 7'. glis are more dispersed, although they remain
fairly ecommon animals,

In the course of dissections of two of the tree shrews a few unusual tri-
chostrongylid nematodes were discovered; these constitute the subjeet of this
short paper. The general results of the Tioman endoparasite survey, and a
list of known Tioman endoparasites will appear elsewhere (Dunn, 1963).

Five specimens, one male and four females, were recovered from the small
intestine of 7. glis 51885 ; two females were found in the small intestine of
T. glis 51893. A few trichostrongylids belonging in the Trichostrongylinae
were found in one of the other tree shrews examined. Many ground rodents
taken from the same habitats as the tree shrews were also hosts for one or
more of four other species of trichostronglyids, but none were found infected
with the present species. The specimens were fixed in hot aleohol and pre-
served m glycerine-alcohol. They weve studied in glyeerine-alcohol, pure gly-
cerine, and lactophenol.

The worms must be assigned to a new genus and species within the sub-
family Strongvlacanthinae (following the eclassification of Yamaguti, 1961).

Tupaiostrongylus n. gen.

GENERIC DIAGNOSIS: Trichostrongyvlidae Leiper, 1912; Strongvlacanthinae
Yorke & Maplestone, 1926. Short, filiforn hody; cuticle with fine transverse
striations and conspicuous longitudinal lines; alae absent. Buecal capsule
rudimentary; mouth simple. Cephalic cuticle symmetrically inflated and
annulated. Ineconspicuous cervieal papillac present. Ksophagus clavate. Male
bursa without cuticular spines. TLateral lobes large and symumetrieal; small
dorsal lobe. All rays elongate, reaching or nearly reaching edge of bursa.

*Institute for Medical Research, Kuala Lumpur, Malaya (University of California
I.C.M.R.T. Project: International Center for Medical Research & Training). This study was
supported in part by the Office of the Surgeon General, Department of the Army; in part by
1. S. Public Health Service Grant [K-4189 from the National Tnstitute of Allergy and
Infectious Diseases.
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Antero-laterals widely divergent from medio-laterals; antero-ventrals diver-
gent from postero-ventrals. Externo-dorsals, arising from base of dorsal,
closely approximated to postero-laterals for more than half their length.
Dorsal ray terminates in a pair of blunt lateral projections and a pair of
medial projections, each bifurcates close to edge of dorsal lobe. Spicules
slender, elongate, simple, and equal. Gubernaculum slender, elongate, simple.
No prebursal papillae. Female tail terminates in a slender spike surrounded
by three long processes and two shorter conieal ventral structures. Vulva in
posterior third of body.

Tupaiostrongylus liei n. sp.

DrscripTioN : Minute filiform worms. Cutiele, except for cephalie portion,
with fine transverse striations and 24 to 28 prominent longitudinal lines. Alae
absent. Cephalic cuticle symmetrically inflated with 5 to 7 transverse annula-
tions. No cephalic papillae. Buecal eapsule rudimentary and mouth simple.
Esophagus clavate. Inconspicuous cervical papillae present, about 55 microns
posterior to excretory pore. Exeretory pore without lips, and about 80 mi-
crons from anterior end. Nerve ring faintly visible about 25 mierons posterior
to level of cervieal papillae.

Mare (holotype measurements, in microns unless otherwise stated) : length
2.25 mm., maximum diameter 67, length of esophagus 203, maximum diameter
of esophagus 22, length of cephalic inflation 23, maximum diameter of ce-
phalie inflation 21, length of gubernaculum 55, length of spicules 220.

Male bursa without euticular spines. Lateral lobes large and symmetrical;
dorsal lobe small. All rays elongate, reaching or nearly reaching edge of
bursa. Antero-laterals widely divergent from medio-laterals; antero-ventrals
divergent from postero-ventrals. Externo-dorsals, arising from hase of dorsal,
closely approximated to postero-laterals for more than half their length.
Dorsal ray terminates in a pair of blunt lateral projections and a pair of
medial projections, each of which bifurcates close to edge of the dorsal lobe.
Spicules slender, elongate, and equal. Anterior end of each spicule slenderly
spatulate, middle third with fine transverse striations, and posterior tip
sharply pointed. Gubernaculum slender with a bluntly pointed anterior end
and a sharp posterior tip. No prebursal papillae.

FeMALE (allotype measurements) : length 3.06 mm., maximum diameter 70,
length of esophagus 214, maximum diameter of esophagus 24, length of
cephalic inflation 24, maximum diameter of cephalie inflation 22, vulva to
posterior end 522, anus to posterior end 35.

(Measurements of six females, including allotype; average, followed by
range) : length 2.97 mm. (2.37-3.48), maximum diameter 76 (63-90), length
of esophagus 209 (186-230), maximum diameter of esophagus 26 (24-28),
length of cephalic inflation 24 (22-26), maximum diameter of cephalic infla-
tion 24 (22-26), vulva to posterior end 494 (378-603), anus to posterior end
36 (32-40).

Vulva more or less salient, located in posterior third of body. Divergent
branches of ovejector approximately equal. Length between two sphineters
about 100 microns. Ovejector about 36 microns broad at level of vulva. An-
terior uterine branch econtains 3 to 5 mature ellipsoid ova in a single row;
posterior branch contains 1 to 5 mature ova. Mature ova 24 to 30 microns
broad, 50 to 56 microns long. Tail tapers rather abruptly, terminating in a
sharp slender spike about 18 mierons long. Tail spike surrounded by three
finger-like processes, one dorsal, two ventro-lateral, 15 to 20 microns long.

Copyright © 2011, The Helminthological Society of Washington
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Figure 1. Twpaiostrongylus liei n.g., n.sp. A. Esophageal region, paratype
female; B. Tail, holotype male, ventral view; C. Head, holotype male; D. Guber-
naculum, holotype male; K. Spicules, holotype male; T. Vulva and ovejector,
allotype female, lateral view; G. Vulva and ovejeetor, paratype female, ventral
view; H. Tail, paratype female, ventral view; I. Tail, paratype female, lateral
view.

Copyright © 2011, The Helminthological Society of Washington
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Short conical structures project postero-ventrally from bases of ventro-lateral
processes,

This trichostrongylid species is named for Prof. Lie Kian Joe of the Insti-
tute for Medical Research, Kuala Lumpur, who has made many contributions
to helminthological knowledge in South-East Asia.

Host: Tupaia glis sordida Miller, 1900—the Tioman subspecies of the com-
mon tupaia or tree shrew.

Locarion : Small intestine.

Type LocALITY : Pulau Tioman, an island in the South China Sea, about
30 miles off the east coast of the Malayan mainland.

HororyPe anD Avrorype: U. S. National Museum Helminthological Col-
lection.

Pararypes: (2 females) U. S. National Museum IIelminthological Collec-
tion. (3 females) Helminthological Collection, Division of Parasitology, Uni-
versity of California, San Francisco Medical Center.

Discussion

This trichostrongylid speeies helongs in the sub-family Strongylacanthinae
Yorke & Maplestone, 1926 (see diagnosis by Yamaguti, 1961), in particular
because of the complex and charaeteristic structure of the female tail: a
terminal spike surrounded by three cuticular projections. The worm differs
considerably from the ten known genera in the sub-family, but shows certain
affinities with several of the genera, particularly Molinostrongylas Skarbilo-
vitch, 1934 and Nycteridostrongylus Baylis, 1930. It is noteworthy that the
known genera in the sub-family include only parasites of hats and edentates.
The tree shrews are now considered to be primitive primates hy most zoolo-
gists (Rothschild, 1961); in the past, however, they were often classified as
insectivores (Liyon, 1913; Harrison, 1957).

Tupaiostrongylus differs from six of the strongylacanthine genera in hav-
ing, among other distinguishing characters, a simple mouth without ventral
teeth, a simple cephalic vesicle of usual form, large lateral bursal lobes, and
a small dorsal bursal lobe. Allintoshins Chitwood, 1937 differs in the struc-
ture of the female tail (much less complex), the strueture of the spicules
(cornucopia-like), and in having a dorsal lobe which is not set off from the
lateral lobes. Bradypostrongylus Price, 1928, of Neotropical edentates, differs
in having prebursal papillae, a broad and very large dorsal ray, and short,
complex, spicules. Nycteridostrongylus somewhat resembles the new form
but differs in having a single tooth in the mouth cavity, a ventral cervieal
flange or fin, prebursal papillae, and spicules of greater complexity. In addi-
tion the female of Nycteridostrongylus lacks the paired ventral cones of
Tupaiostrongylus. Molinostrongylus appears to be the most closely related
known genus, resembling the new form in a number of respects. In Molino-
strongylus, however, the inner surfaces of the male bursa are covered with
small spines, lateral alae and prebursal papillae are present, and there are
no paired ventral cones on the female tail as in Tupaiostrongsylis.

SUMMARY

A new genus and species, Tupaiostrongylus liei (Nematoda : Trichostrongy-
lidae), is deseribed from an island subspecies of the common tree shrew,
Tupaia glis, a primitive primate of the Oriental zoogeographical region. The
new genus falls in the sub-family Strongylacanthinae; all other species in
this sub-family are parasites of hats or endentates.

Copyright © 2011, The Helminthological Society of Washington
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Tylenchorhynchus silvaticus n. sp. and Tylenchorhynchus
agri n. sp. (Nematoda: Tylenchida)

Virginia R. Frerris*

Tylenchorhynchus silvaticus has been collected on several occasions from
forest soil near Urbana, Illinois. This wooded area resulted from a natural
invasion of the prairie by mixed hardwoods presumably several hundred
years ago and has never heen cultivated. The prineipal trees include sugar
maple, red oak, white and blue ash, hackberry, and hasswood. The dominant
shrubs are pawpaw and spicebush. There is also a rich herbaceous vegeta-
tion. The soil, considered to he a light-colored silt loam, has a high level of
moisture and organic matter. 7. silvaticus readily builds up to high popula-
tions on rye, Secale cereale, under greenhouse conditions. The name silvaticus
refers to its typical habitat.

Tylenchorhynchus agri was collected only a few miles away from the abhove
mentioned woods, hut from an area which represents the extreme in cunltiva-
tion. It is an experimental field on the University of Tllinois eampus that
has heen cropped continuously to corn since 1876. T. agri has heen collected
from the area on several occasions since 1957. The soil is considered to he
a black prairie silt loam. The name agri refers to the long period which its
natural habitat has served the cause of agriculture.

The following descriptions and illustrations are hased on studies of hoth
living and preserved specimens. Specimens of 7. silvatiens from hoth wood
soil and greenhouse colonies were used. Small differences in some measure-
ments were found bhetween specimens from wood soil and specimens from
heavily populated pot colonies, but unless noted otherwise, the measurements
given for T. silvaticus are of specimens collected from wood soil. Specimens
measured were first relaxed by gentle heat, fixed in F.A.A., then dehvdrated
and mounted in glycerine.

Tylenchorhynchus silvatiens n, sp. (Fig. 1, A-E)

Fexare (10) : 0.9 mm, (0.8-1.0); a = 27 (24-33); b = 5.8 (5.5-6.3); ¢ =
20 (18-23); V = 215622 (20-2353.5820-23) + stylet = 24 microns (22.5-25.5).

MALE (10) : 0.8 mm. (0.7-0.9); a = 28 (26-30); b = 5.2 (£.6-3.5); ¢ = 18
(16-20); T = 63 (57-68) ; stvlet = 23.6 (22.5-24.8) ; spicules = 29.9 microns
28.2-32.5) ; gubernaculum = 18 microns (16.3-19.4).

*The author is grateful to Professor Gerald Thorne, Dept. Plant Pathology, Univ. of
Wisconsin, Madison, Wisconsin, for his counsel during the course of this work; and to Dr.
B. E. Hopper, Entomology Research Institute, Ottawa, Ontario, Canada, for the loan of
specimens of Tylenchorhynchus ewingi for comparison.

Author’s address: 2237 Delaware Drive, West Lafavette, Indiana.

Copyright © 2011, The Helminthological Society of Washington
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FeMALE (HoLOTYPE): 0.8 mm.; a = 27; b = 5.8; ¢ = 20; V = 225722
stylet = 23 microns.

MaLg (ALLoTyPE): 0.9 mm.; a = 29; b = 5.3; ¢ = 19; T = 62; stylet =
24 microns; spicules = 29 microns; gubernaculum = 18 microns.

FEmMaL®: Striae 2.5 to 3.0 microns apart in region of esophagus. Lateral
field with 4 incisures. Lip region continuous with body contour bearing 4
annules (3 annules plus the labial disk). Labial selerotization inconspicuous.
Stylet about 24 microns long, with well developed knobs, the anterior margins
slightly cupped (Fig.1, A). Anterior cephalids located at ahout third annule
following the lip region. Posterior cephalids inconspicuous, located at ahout
the 12th body annule. Orifice of dorsal esophageal gland 2 to 3 mierons be-
hind stylet base. Execretory pore opens at level of base of isthmus. Hemi-
zonid just anterior to exeretory pore, about 1% annules long. Esophageal
glands usually offset from intestine. Esophageal-intestinal valve large, conoid-
hemispherical. Spermathecae present. Tail typieally bearing 19 annules (17
to 23) with terminus smoothly rounded (Fig. 1, C). Phasmids anterior to
middle of tail.

Fig. 1. Tylenchorhynchus silvaticus: A, head of female; B, female body in
region of esophagus; C, female tail; D, male tail; E, spiecule and gubernaculum.

Copyright © 2011, The Helminthological Society of Washington
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FFemales from heavily populated greenhouse colonies were slightly shorter
(average length 0.8 mm.), and also had slightly shorter stylets (22 microns).

Mare: Similar to female. Phasmidg anterior to middle of tail. Bursa en-
veloping tail. Spicules tylenchoid, about 30 mierons long. Gubernaculum
about 18 microns long, proximal end slightly to distinetly euvved (Figs. 1, D
and 1, E).

Males from densely populated greenhouse pot colonies had slightly shorter
stylets (22 microns), spicules (29 microns), and gubernacula (17 microns).

Diagxosis: Fairly large (0.9 mm.) Tylenchorhynchus with eontinuous lip
region beaving 3 annules and a labial disk. Cuticle very coarsely striated.
Stylet 22 to 24 microns long with knobs slightly cupped on anterior margins.
Female tail, bearing an average of 19 annules, with smoothly rounded ter-
minus, Spicules about 30 microns long, gubernaculum about 18 microns. Dis-
tinguished from 7. elegans Siddigi by the longer styvlet, cupped stylet knobs,
longer spicules, coarser striae, shorter female tail (relative to hody length),
and by its larger size. Distinguished from 7. mashoodi Siddiqi hy the longer
stylet, cupped stylet knobs, longer spicules, cephalic annules (3 for T. mas-
hoodt), and rounded female terminus.

Tyee specimBNS: Holotype, female, from wooded area 5 miles northeast
of Urbana, Illinois, collected by R. L. Bernard, Nov. 22, 1959. Slide Tylen-
chorhynchus 5 Dept. of FEntomology Nematode Collection, Purdue Univer-
sity, Lafayette, Indiana. Allotype, male, same data as holotype, slide Tylen-
chorhynchus da. Paratypes, same data as holotype, 3 slides containing males,
temales, and young.

Tyre HABITAT AND LOCALITY @ Mixed hardwood forest 5 miles northeast of
Urbana, Illnois.

Tylenchorhynchus agri n. sp. (Fig. 2, A-D.)

Feyane (10) 0 0.7 mm. (0.66-0.77); a = 30 (28-33); b = 5.1 (4.7-5.5);
¢ = 18 (15-21); v = 205619 (1¥-2155-5817-21) ¢ stylet = 21 microns (20-23).

B ox C Tou D Tox

Fig. 2. Tylenchorhynchus agri: A, head of female; B, female body in region
of esophageal-intestinal valve; C, male tail; D, female tail.

Copyright © 2011, The Helminthological Society of Washington
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Mare (10): 0.66 mm, (0.54-0.72); a = 33 (29-36); b = 5.1 (4.3-5.6);
¢=16 (15-18); T = 52 (48-56) ; stylet = 20 (19.5-21) ; spicules = 24 microns
(22-25) ; gubernaculum = 13.4 microns (12.5-14.4).

FeMALE (HOLOTYPE) : 0.67 mm.; a = 29; b = 4.9; ¢ = 16; V = 205718,
stylet = 21 microns.

MALE (ALLOTYPE) : 0.54 mn.; & = 29; b = 4.3; ¢ = 16; T = 56; Stylet —
19.5 microns; spicules = 22 microns; gubernaculum = 13.2 microns.

FEMALE: Striae about 2.5 mierons apart in region of esophagus with cuticle
becoming more finely striated on tail. Lateral field with 4 incisures. Lip
region separated from body contour by slight depression bearing 4 annules
(3 annules plus the labial disk). Labial sclerotization inconspicuous. Stylet
about 21 miecrons long, with well developed knobs, the anterior margins usu-
ally straight (Fig. 2, A) but occasionally slightly capped. Anterior ecephalids
at about third annule following lip region. Posterior cephalids smaller and
located at about the 12th body annule. Orifice of dorsal esophageal gland
2 to 3 microns behind stylet base. Exeretory pore opens at level of anterior
end of basal esophageal bulb. Hemizonid just anterior to excretory pore,
about 1%45 annules long. Esophageal glands may be offset or slightly overlap
the intestine. Esophageal-intestinal valve small, hemispherical. Spermathecae
present. Tail typically bearing 22 annules (18 to 26) with terminus hroadly
rounded, smooth (Fig. 2, D). Phasmids opening anterior to the middle of
tail. Postanal intestinal extension present.

MarLE: Similar to female. Phasmids anterior to middle of tail. Bursa
enveloping tail. Spicules tylenchoid, about 24 microns long. Gubernaculum
about 13 microns with proximal end slightly curved (Fig. 2, C) to distinctly
curved.

Draeyosis: Tylenchorhynchus with lip region separated from hody con-
tour by slight depression and bearing 3 annules plus a labial disk. Coarsely
striated over most of hody with striae about 2.5 mierons apart in region of
esophagns. Stylet 21 microns long with knobs straight or slightly cupped
on anterior margins. TFemale tail bearing an average of 22 annules, with
broadly rounded, non-striated terminus. Spicules about 24 microns long,
guhernaculum about 13 microns. Distinguished from 7. ewingi Hopper by
the number of annules in the female tail (15 for T. ewingi), by the shape
of the female terminus (broadly rounded rather than conoid as in T. ewingi),
by longer spicules, by the shape of the gubernaculum and stylet knobs, and
by the cephalic annules (3 for 7. ewingi).

Typr SPECIMENS : Holotype, female, from experimental corn field on Univ.
of Tllinois eampus, Urbana, Illinois, collected by R. L. Bernard, August 26,
1961. Slide Tylenchorhynchus 6 Dept. of Entomology Nematode Collection,
Purdue University, Lafayette, Indiana. Allotype, male, same data as holo-
type, slide Tylenchorhynchus 6a. Paratypes, same data as holotype, 3 slides
containing males, females, and young.

TYPE HABITAT AND LOCALITY: Field eropped continuously to corn for 85
years, Univ. of Illinois, Urbana, Tllinois.

LiTERATURE CITED
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Population Development of the Plant Parasitic
Nematode Scutellonema brachyrum on Red Clover*

Scutellonema brachyurum (Steiner, 1938) Andrassy, 1958 (sce Sher, 1961)
was one of several nematodes that were used in tests to determine the suit-
ability of red clover (I'wvifolium pratense L.) as a host plant. It was obtained
in large numbers from the soil in which a plant of Clivia miniata Regel was
growing. This plant has been kept for a number of years in a greenhouse
at the Tobacco Research Lahoratory of the University of Kentueky. It was
obtained originally from some, now forgotten, commercial source. This
nematode has not, to my knowledge, heen reported in natural association
with red clover. It reproduced well in these host suitability tests and an
investigation of its effects and population development on red clover was
undertaken.

MATERIALS AND METHODS

Nematodes for inoculum were reared on Xenland red clover and this
variety was used throughout the study. Numbers of nematodes in soil were
determined by the modified Seinhorst inverted flask method (Chapman, 1958)
and numbers in roots were determined by collecting from roots hung in a
mist chamber. All controls received aliquots of the fluid in whieh inoculum
had been suspended, but which had been freed from nematodes by screening.

In one experiment steamed soil was placed in half-gallon glazed crocks to
a depth of 1 inch from the top and then 50 ml of water containing 0, 90,
850 and 2750 nematodes were flooded over the surface. The additional inch
of soil was added and seed was sown on the surface and covered lightly. The
plants were thinned to 10 per crock and inoculated with a commercial prepa-
ration of nodule-producing bhacteria when they were 2 weeks old. Four repli-
cates of each treatment were arranged in a Latin square on a greenhouse
hench.

Growth was measured by determining, at intervals of 14 to 50 days, the
dry weight of top growth by cutting the plants back to a height of 2 inches.
At the conclusion of the experiment the fresh weight of roots was also
obtained.

In a second experiment approximately 250 g of steamed soil were placed
in a 1 qt. plastic freezer bag and about 6 ml of water containing the appro-
priate number of nematodes, 0, 100 or 300, were added. Soil was added until
the bag contained 500 g (400 g dry wt.). The bag of soil was dropped into a
4 inch clay pot. Seed was sown on the surface of the soil and covered lightly.
A hole was poked through the plastic bag opposite the drainage hole of the
pot. After about 2 weeks the plants were thinned to 3 per pot and inoculated
with nodule-producing bacteria.

Seven sets containing 4 replicates of cach treatment were set up on a green-
house hench. Treatments were randomized within the sets and the same plan
was used in each set. After each 3 week period a set was examined and the
dry weights of tops, fresh weights of roots and numbers of nematodes in
soil and roots were determined.

*The investigation reported in this paper is in connection with a project of the
Kentucky Agricultural Experiment Station and is published with the approval of the Director.
**Professor of Plant Pathology, University of Kentucky, Lexington, Kentucky.
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REsvurs

The data in Table 1 and Fig. 2 show that there was no statistically signifi-
cant relationship between the initial number of nematodes and growth of
the clover.

In the first experiment the numbers of nematodes in soil and roots were
determined at the conclusion of the experiment. Therefore, these data indi-
cate only the population at 325 days; they may not be maximal. The data
show clearly that the smallest initial population had multiplied to a greater
extent (692 times) than the largest initial population (45 times). Final
populations differing by only a factor of 2 were developed from populations
differing by 30 times initially.

In a preliminary experiment to determine the population development of
this nematode on this host, 7 sets of plants were examined at 2 week intervals.
From this experiment it was determined that there was a lag period of ahout
8 weeks during which the numbers of nematodes decreased to a low point
after which there was a logarithmie increase to the end of the experiment.
The population reached the level that had been applied in 10 to 12 weeks.
In the present experiment there was a low point in recovery of nematodes
between 3 and 6 weeks and from 6 weeks there was an exponential inecrease
throughout the remainder of the experiment (Fig. 1). The initial infestation
levels were surpassed at some time between 6 and 9 weeks in both sets.

There were no significant differences in the fresh weights of roots among
plants raised in the 3 treatments. Therefore, for the ealeculation of the curves
in Tig. 2 the data from all treatments were combined.

Discussion

The fact that very different initial populations were approaching the same
level after 325 days indicates that the largest number may have been maximal
and that the “ceiling level” described by Jones (1956) for Heterodera
schachtii Schm. in various hosts had been reached. This indicates that smaller
initial populations of S. brachyurum increase more rapidly than larger ones
do and agrees with the results obtained by Jones (1956), by Coursen and
Jenkins (1958) with Paratylenchus projectus Jenking on Festuca arundinacea
Schreb., and by several other researchers with various plant-nematode com-
binations (Seinhorst, 1961).

However, when determinations were made periodically during the course
of population development the higher initial population increased at a faster
rate than the lower initial population (Fig. 1). At the end of 147 days the
population in the series inoculated with 100 nematodes increased approxi-

Table 1.—Dry weights (g) of tops, fresh weights (g) of roots, numbers of nema-
todes and multiplication faetors from Kenland red clover growing for 325 days in
soil infested with different numbers of S. brachywrum.

Nematodes added

0 90 850 2750
Dry weight of tops 19.61 18.39 17.67 16.75
Fresh weight of roots 6.73 5.54 6.11 5.41
Nematodes in soil 48 59,130% 75,510 120,900*
Nematodes in roots 0 3133 7,043 3,443
Total Nematodes 48 62,253 82,553 124,343%
Multiplication faetor R — 692 97 45

“#Differ significantly from each other at the 597 level.
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mately 12 times whereas that in the series inoculated with 300 nematodes in-
creased approximately 37 times. These factors are obtained by dividing the
terminal populations by the numbers of nematodes recovered at the end of
6 weeks (95 for the “100 series” and 165 for the “300 series”). Apparently
the populations in both series began to increase between 3 and 6 weeks after
the start of the experiment.

Population development did not follow root development (Fig. 2). It was
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Itig. 1. Population development of S. brachyurumm on red clover. The open eir-
cles denote the population from an initial infestation of 100 nematodes; the filled
circles denote the population from an initial infestation of 300 nematodes. The
equations for the lines are: (open cireles) log Y = 2.5794 4 1.8725 (log X —
.6171) and; (filled cireles) log_Y = 2.9960 4 2.8516 (log X — .6171) where

log Y=Y 4+ b (log X — log X).
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linear despite a sharp decline in the rate of root growth after 9 weeks, a
decline that was not attributable to the activity of the nematode. Root weights
were approximately twice those of the first experiment from which much
greater numbers of nematodes were recovered. Apparently, then, there was
ample suitable host substrate for the development of the nematode.

.
100} - =
- b
3
(7))
=
<
o
(@)
=
— Lo}
=
o
Ll
=
01" 3 : : 2 15 18 2

6 9
TIME IN WEEKS

Fig. 2. Mean fresh weights of roots of red clover growing in soil initially in-
fested with 0, 100 and 300 individuals of 8. brachyurum. The short lines above
and below the points denote the range of values for each point. The equations for
the lines are: (3-9 weeks) log Y = .2487 + 3.1733 (log X — .7365) and; (9-21

weeks) log Y = .9079 + .3394 (log X — 1.1543) where log ¥ = log Y + b
(log X — log X).
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Whether the rates of increase would become inversely related at some later
time or whether the apparent inverse relationship between rate of inerease
and initial population level results from all populations being observed at
the “ceiling level,” the higher initial populations reaching it earlier and
maintaining it while the lower initial populations catch up, remains to he
determined. The latter explanation appears more likely, especially in the
absence of injury to the host.

SUMMARY

Scutellonema brachyurum reproduced well in red c¢lover. The rate of in-
crease of population was directly related to the initial population level during
a period of 21 weeks. During a period of 325 days a very high “ceiling level”
appeared to have been reached without ill effect on the host.
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Observations on the Nasal Mites of the Eastern Brown-Headed
Cowbird (Molothrus ater ater)

GorDON MARSTON CLARK™

The socially parasitic nesting of cowbirds suggests the possibility that the
nestling cowhird may acquire partieular parasites from his foster parents
and, further, that the foster parents of a cowbird can be predicted by an
examination of certain of its parasites.

Nasal mites should be ideal tools for this purpose. They are true endopara-
sites, spending their entire lifetime within the nasal turbinates and respira-
tory system of the host. They are generally quite specific, at least to the
family level, in their acceptance of bird hosts, and they are highly adapted
for their parasitic existence and cannot live for long outside of the turbinates.
In addition, nasal mites commonly are spread by parent birds in the process
of feeding their young.

Current, limited knowledge indicates that cowbirds do not support nasal
mites normally found in non-icterid foster parents (Strandtmann and Fur-
man, 1956) and that certain populations of eowbirds are infested with nasal
mites infrequently, if at all (Clark, 1960).

MATERIALS AND METHODS

This paper re-explores this question by an examination of 208 castern
brown-headed cowbirds (Molothrus a. ater) which include samples taken from
icterid roosts at Montgomery, Alabama, in January 1960 (20 birds), Han-
over, Pennsylvania, on February 26, 1960 (50 birds), March 22, 1960 (50

*Bureau of Sport Fisheries and Wildlife, Patuxent Wildlife Research Center, Laurel,
Maryland. Present address: Rocky Mountain Laboratory, Hamilton, Montana.
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birds), and February 14, 1962 (88 birds). These cowbirds were killed during
trapping operations at the roosts and returned to the laboratory where the
nasal turbinates were searched for mites with a stereomicroscope. All of the
mites recovered from each bird were mounted in Hoyer’s medium on a single
slide so that a later count of the species and numbers of mites recovered from
each bird could he made.

REsuLTs

The genera Paranconyssus, Ptilonyssus and Sternostoma of the family
Rhinonyssidae and the genus Boydaia of the family Speleognathidae were
found in these birds (Table I). The rate of infestation by all types of nasal
mites ranged from 15 per cent in the sample taken at Hanover on February
14, 1962, to 55 per cent in the Montgomery sample. The most common genus
was Paranconyssus (8% to 30%), followed by Boydaia (2% to 30%), Ptilo-
nussus (2% to 159% and Sternostoma (0% to 29%). Double infestations.
ranged frem 0% to 20%, and consisted of three instances of Boydaia plus
Paranconyssus and two instances of Boydait plus Ptilonyssus.

The following species of mites were represented: Puranconyssus icteridius
Strandtmann and Furman, 1956; Ptilonyssus sp.; Sternostoma cryptorhyn-
chum Berlese and Trouessart, 1889; Boydaia squiscali Clark, 1960; and
Boydaia sturnvi Boyd, 1948.

The number of nasal mites recovered from each infested bird ranged from
1 throngh 19 in single infestations, with an average of 3.4 mites per bird.
In double infestations, the total mites per hird ranged from 3 through 18,
with an average of 9.6 mites per bird (Table 1T).

Discussion

The majority of the nasal mites recovered from the cowbirds in this study
are species normally found in ieterid birds. None has previously been re-

Table 2.—Numbers of nasal mites in the various genera carried by individual
infested birds

Number Number of birds in eaecl sample
Birds in with number of mites indicated
Sample Sample Mite Genera in brackets
Montgomery 20 Daranconyssus  1(1) 2(2) 1(4)
Hanover, 2/26/60 50 2(1) 2(2) 1(3) 1(4) 1(8) 1(9)
Hanover, 3/22/60 50 2(1) 1(2) 1{4) 1(9)
Hanover, 2/14/62 88 3(1) 2(2) 1(4) 1(19)
Montgomery 20 Plilonyssis 1(1)
Hanover, 3/22/60 50 2(1) 1(2) 1(3) 1(7) 1(9)
Hanover, 3/22/60 50 1(1) 1(8)
H:unover, 2/14/62 88 1(8)
Montgomery 20 Boydaia 1(1) 1(3)
Hanover, 2/26/60 50 1(1)
Hanover, 3/22/60 50 1(2) 1($)
Hanover, 2/14/62 88 2(1) 2(2)
Hanover, 3/26/60 50 Sternostoma 1(3)
Montgomery 20 Boydaia -+ 1(35.; 1P.) 1(12B.; 6P.)
Hanover, 2/14/62 88 Paranconyssus 1(5B.; 6P.)
Montgomery 20 Boydaia + 1(2B.; 1P,) 1{6B.; 5P.)
Ptilonyssus

Copyright © 2011, The Helminthological Society of Washington
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ported from the eastern brown-headed cowbird (Strandtmann and Wharton,
1958). Paranconyssus icteridins has been recovered from the California cow-
bird, the meadowlark (Sturnelle magna), the yellow-headed blackbird, the
common red-winged blackbird, the tri-colorved blackbird, Brewer's blackbird,
and the common grackle (Strandtmann and Furman, 1956). Boydaia quiscali
is normally found in graekles and redwings. B. sturni is a parasite of the
starling, although we have also found it in grackles. Sternostoma cryptor-
Tumehum is a parasite of the house sparrow (Furman, 1957). The species
of Ptilonyssus recovered from cowbirds in this study appears new. Tt has
not been found by us in other icterids, and is not conspecifie with any others
of this genus which we have recovered from local passeriform birds.

Friedmann (1929) states that the birds most frequently parasitized by the
cowbird in New York State are the red-eved vireo, redstart, yellow warbler,
chipping sparrow, and song sparrow, followed by the warbling vireo, yellow-
throated vireo, chestnut-sided warbler, phoche, veery, and wood thrush.
Although the frequency may differ slightly in the southeastern states, it is
apparent that the cowhird does not commonly lay a high percentage of its
cggs in the nests of other icterids. It does so occastonally, however, for T'ried-
mann (1929) stated that eowbird eggs have been reported from the nests of
the bobolink, redwing, meadowlark, orchard oriole, and common grackle.
Since large numbers of cowbirds apparently arve not raised by other icterids,
the high inecidence of nasal mites in cowbirds reported in this paper suggests
that cowbirds hecome infested at an advanced age, through close association
with other ieterids and starlings at the winter roosts. The occurvence of
Sternostoma cryptorhynchum, normally a parasite of the house sparrow, is
the only case which indicates that cowbirds may oceasionally be infested by
nasal mites by non-icterid foster parents. These results generally agree with
the observation of Strandtmann and Furman (1956) that in cowbirds the
host specificity of nasal mites is operative even in the face of ample oppor-
tunities for cross transmission of parasites.

SUMMARY

An examination of four populations of eastern brown-headed cowbirds for
nasal mites showed that as high as 55% may bhe infested by a total of five
species of mites. These were Paranconyssus icteridius; Ptillonyssus sp.;
Sternostoma cryptorhynchum ; Boydaia quiscali and Boydaia sturni. The sin-
gle occurrence of Sternostoma cryptorhynchum, a normal parasite of the
house sparrow, was the only indication in 208 birds examined that cowbirds
may be infested with nasal mites by non-icterid foster parents.
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Trematode parasites of fishes from Egypt. Part IV. A redescrip-
tion of Monascus typicus (Odhner, 1911) (Fellodistomidae)*

Jacos H. FiscarHAL AxD RoBErT K. KUNTZ

This study is hased on three specimens of Monascus typicus (Odhuer, 1911)
collected by R. K. Kuntz while a member of the U. S. Naval Medical Re-
search Unit No. 3, Cairo, Egypt. Two of the specimens were from one
Decapterus russelli (Carangidae) and one from Hydrocyon forskalii (Char-
acidae). The parasite was described originally by Odhner (1911) as Haplo-
cladus typicus from Carana trachurus (Carangidae) at Palermo and Trieste.
A detailed deseription of . typicus is being presented in this paper in order
to amplify the exceedingly brief diagnosis, with one figure, by Odhner. The
worms of this study were fixed in FAA, stained in Harris hematoxylin, and
mounted in balsam. Dollfus (1947) has presented a brief historieal account
of the genus Monascus Looss, 1907,

Monascus typicus (Odhner, 1911)

Diacxosis: Fellodistomidae. Monaseinae. Body wmuch elongate, narrow,
subeylindrieal, nearly of uniform width. Cuticle nuspied. Preoral lobe pres-
ent. Oral sucker subterminal, ventral, longer than wide, with longitudinal
opening. Acetabulum round, smaller than oral sucker, approximately oue-
fifth length of body from anterior end. Ratio of lengths of suckers 1:0.54-
0.62. Ratio of forebody te hindbody 1:3.68-4.12. Prepharynx lacking.
Pharynx large, longer than wide. Isophagus present. Cecum single, on
right side of body, posterior opening not seen as hindhody completely filled
with eggs. Excretory vesicle Y-shaped, dividing slightly postovarian, arms
reaching to sides of pharynx or oral sueker, not uniting.

Testes 2, round, smooth, dorso-sinistral in position next to dorsal and
lateral body walls, dorsal to uterus, in tandem but widely separated, in pos-
terior half of postacetabular body region. Vasa efferentia very long, extend-
ing anteriorly almost to posterior end of cirrus sae before uniting to form
vas deferens. Vas deferens very short, penetrating posterior end of c¢hirus
sac to enter internal seminal vesiele. Latter bipartite, moderately thick-walled,
posterior chamber larger than anterior. Pars prostatica extremely short, con-
necting anterior chamber of seminal vesiele to cirrus. Cirrus large, mus-
cular, protrusible with surrounding cirrus sac tissue through genital pore,
length slightly less than one-half dorso-ventral length of cirrus sac. Prostate
gland cells numerous, filling most of c¢irrus sae not occupied by seminal
vesiele, pars prostatica, and eirrus, with exception of ventral distal one-third
of" eirrus region. Spermatophore present in one speeimen from Decapterus,
in process of being filled with sperm at protruded tip of cirrus sae outside
hody proper; spermatophore long (folded over on itself almost double in

“C'ontribution from the Department of Biology, Harpur Colleze, State University of New
York, Binghamton, New York. (J. H. Fischthal).

This work supported in part by the Sigma Xi-RESA Rescarch Fund and by Contract
Nonr (06), Nr 160-418 of the Office of Naval Research, Department of the Navy.

'The opinions and assertions contained herein are the private ones of the authors and
are not to be construed as official or reflecting the views of the Navy Department.

The authors are indebted to George M. Malakatis, HM1, U. S. Navy, for technical assist-
ance in obtaining the materials for study. We are also indebted to Dr. Robert F. Inger, Chi-
cago Natural History Museum, and Dr., Leonard P. Schultz, 7. S. National Museum, Wash-
ington, D. C., for identification of hosts, and to Miss Janet IX. Brown, Senior Librarian,
Harpur College, State University of New York, for obtaining the many interlibrary loans
necessary for this study.

Current address of R. E. Kuntz: Parasitology Department, U. 8. Naval Medical Research
Institute, Bethesda 14. Maryland.
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specimen figured), with small, round sperm chamber near proximal end at
cirrus opening. At most anterior part of cirrus sac a dorso-ventrally ori-
ented narrow band of lightly staining cells, set off from prostate gland cells,
with ducts appearing to lead to ventral protrusible tip of cirrus sae, and
lying betwecen ecirrus and antero-ventral wall of cirrus sac. Bordering on
posterior margin of dorso-ventrally oriented band of cells and also between
postero-ventral wall of cirrus saec and middle of dorso-ventral length of cirrus
are prostate gland cells showing heavier concentration of secretory granules
than remainder of gland cells, their duets leading toward protrusible tip of
cirrus sac. Cirrus sae oval, large, median to submedian (left), thicker-walled
than internal seminal vesicle, overlapping anterior one-half to three-fourths
of acetabulum dorsum, extending preacetabular more than length of acetabu-
lum. Genital atrium present, small. Genital pore median to submedian (left),
preacetabular.

Ovary round, smooth, dorso-sinistral in position next to dorsal and lateral
body walls, dorsal to uterus, postacetabular and pretesticular, in tandem with
testes, widely separated from acetabulum and anterior testis, anterior to mid-
dle of postacetabular body region. Oviduet thick-walled, arising from mid-
ventral position of ovary, proceeding anteriorly to ootype complex. Ootype
complex short distance anterior to ovary. Mehlis’ gland well developed.
Seminal receptacle present, small. Uterus voluminous, filling most of post-
acetabular body region, ventral to all gonads, ascending acetabular region
on left to left side of posterior portion of cirrus sae to become metraterm.
Metraterm only slightly thicker-walled than uterus preceding it, entirely out-
side ecirrus sace, aseending along left side of latter, then antero-medially, open-
ing into genital atrium to left of cirrus opening. Vitellaria follicular, in two
lateral fields, uninterrupted at ovary level, level of anterior and posterior
extremities variable, commencing at level of posterior margin of acetabulum
or slightly postacetabular to seven-tenths distance between testes or more
anteriorly; in specimen (fig. 1) from Dacapterus right vitelline field termi-
nating at level of approximately 18 per cent of distance between testes while
left field terminating approximately same extent anterior to anterior testis;
in specimen (fig. 3) from Hydrocyon right field terminating at level of
approximately 47 per cent, and left field at 70 per cent, of distance between
testes. Vitelline reservoir present, to right of seminal receptacle, formed by
union of vitelline duet from each lateral vitelline field; left vitelline duet
immediately anterior to and in contaet with seminal receptacle; each vitelline
duet formed by union of anteriorly and posteriorly directed branches. Eggs,
numerous, small, operculate, younger eggs with vellow shells, older eggs with
yellow-brown shells.

Measurements in millimeters of one specimen seen in lateral view from
Decapterus russelli: body, length 4.319, dorso-ventral depth immediately pre-
acetabular 0.290 and at anterior testis 0.220; preacetabular body length 0.890;
postacetabular body length 3.277; distance between suckers 0.639; preoral
lobe 0.007; oral sucker, length 0.244, dorso-ventral depth 0.152; acetabulum,
length 0.152, dorso-ventral depth 0.160; pharynx, length 0.165, dorso-ventral
depth 0.140; esophagus, longitudinal extent 0.250; anterior testis, length
0.136, dorso-ventral depth 0.111; posterior testis, length 0.152, dorso-ventral
depth 0.111; distance hetween testes 0.379; distance from acetabulum to an-
terior testis 1.705, to posterior testis 2.220; cirrus sac, longitudinal extent
0.280, long axis (postero-dorsal to antero-ventral as seen in lateral view)
0.380, short axis 0.174; distance from anterior margin of cirrus sac to ace-

Copyright © 2011, The Helminthological Society of Washington
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Abbreviations: A, acetabulum; C, cirrus; CB, dorso-ventral eell band; CS, cir-
rus sac; GP, genital pore; M, metraterm; PG, prostatic gland cells; SC, sperm
chamber of spermatophore; SP, spermatophore; SV, seminal vesicle; U, uterus;
VD, vas deferens; VE, vasa efferentia; VT, vitellaria.

Figure 1. Monascus typicus, adult worm, left lateral view, from Deccapterus
russelli. Scale 0.5 mm,

Figure 2. M. typicus, left lateral view of terminal genital ducts. Scale 0.1 mm.

Figure 3. M. typicus, adult worm, preacetabular and acetabular regions in ven-
tral view, postacetabular region in dorsal view, from Hydrocyon forskalii. Seale
0.5 mm.

Copyright © 2011, The Helminthological Society of Washington




180 PROCEEDINGS O THE [Vor. 30, No. 2

tabulum 0.217; distance from genital pore to acetabulum 0.125; anterior
chamber of internal seminal vesicle, longitudinal extent 0.099, long axis
(postero-dorsal to antero-ventral as secen in lateral view) 0.111, short axis
0.073; posterior chamber of internal seminal vesicle, longitudinal extent 0.119,
long axis 0.148, short axis 0.102; cirrus, dorso-ventral length 0.177, antero-
posterior width 0.077, wall up to 0.024 thick; spermatophore, length approxi-
mately 0.195, width 0.068; sperm chamber of spermatophore, diameter 0.046;
ovary, length 0.121, dorso-ventral depth 0.082; distance from ovary to an-
terior testis 0.579; distance from acetabulum to ovary 1.005; distance from
posterior end of left vitelline field to anterior testis 0.061, distance from
anterior testis to posterior end of right vitelline field 0.070, posterior ends
of vitelline fields 0.267 apart; 10 older intrauterine eggs, 0.033 (0.031-0.034)
X 0.022 (0.021-0.023).

Measurements in millimeters of one specimen seen in ventral-dorsal view
from Hydrocyon forskalii: body, length 5.918, width immediately preacetabu-
lar 0.324 and at anterior testis 0.328; preacetabular body length 1.120; post-
acetabular body length 4.620; distance between suckers 0.734; preoral lobe
0.055; oral sucker 0.331 X 0.206; acetabulum 0.178 X 0.184; pharynx 0.217
X 0.163; anterior testis 0.302 X 0.247; posterior testis 0.294 X 0.254; dis-
tance between testes 0.427; distance from acetabulum to anterior testis 2.416,
to posterior testis 3.145; cirrus sac, longitudinal extent 0.391, width 0.243;
distance from anterior margin of cirrus sae to acetabulum 0.243; distance
from genital pore to acetabulum 0.150; anterior chamber of internal seminal
vesicle, longitudinal extent 0.087, width 0.063; posterior chamber of internal
seminal vesicle, longitudinal extent 0.115, width 0.082; ovary 0.232 X 0.202;
distance from ovary to anterior testis 0.727; distance from acetabulum to
ovary 1.457; seminal receptacle 0.043 X 0.052; distance from seminal recep-
tacle to ovary 0.182; vitelline reservoir, diameter 0.072; distance from ace-
tabulum to beginning of vitelline fields 0.040; distance from anterior testis
to posterior end of left vitelline fleld 0.303, to posterior end of right vitelline
field 0.201, posterior ends of vitelline fields 0.102 apart; 10 older intrauterine
eggs, 0.035 (0.032-0.036) X 0.022 (0.021-0.022).

Hosrs: Decapterus russelli (Carangidae) and Hydroeyon forskalii (Char-
acidae).

Haprrar: Small intestine.

Locarrry: Giza Fish Market, Giza Province, Egvpt.

DatEs: Decapterus, September 20, and Hydrocyon, November 22, 1952

SpeciMENs DEPOSITED: U. S. Nat. Mus. Helm. Coll,, No. 59691 (f
Decapterus), and No. 59692 (from Hydrocyon).

Discussion: Odhner (1911) gave the egg measurements of M. typicus as
being ahout 0.040 X 0.024. Those of the present study are smaller, measur-
ing 0.034 (0.031-0.036) X 0.022 (0.021-0.023). Dollfus (1947) in his study
of M. filiformis (Rudolphi, 1819) noted a somewhat reverse situation be-
tween the lengths of eggs measured by him and those measured by Odhner;
Dollfus’ measurements were most often 0.045, varying between 0.0431-0.0465,
whereas Odhner’s varied hetween 0.034-0.037.

Looss (1907) created the genus Monascus without giving its diagnosis, and
designated Monascus filiformis (Rudolphi, 1819) as type species. He also
mentioned Monascus monenteron n. sp., hut did not give a diagnosis nov the
host thus making it a nomen nudum. After the deseriptions of Haplocladus
typicus, H. minor, and H. filiformis (Rud.) were published by Odhner (1911),
Looss (1912) stated that the species designated by the latter as H. filiformis

rom
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(Rud.) was his M. filiformis (Rud.), and the one designated as H. typicus was
his M. monenteron (mom. nud.). The latter, therefore, becomes a synonym
of Monascus typicus (Odhner, 1911).

Srivastava (1941) described Monascus orientalis (syn. Haplocladus ori-
entalis)., In the opening paragraph he stated, “The genus was created by
Odhner (1911) for two new species of trematodes H. typicus and H. minor,
which he found pavasitic in the gut of Pleuronectes limauda. In this paper,
the author describes the third species of the genus. . . .” Three errors, one
of them presumably typographical, are found in this quote. The typographi-
cal error is in the spelling of the species name of Pleuronectes; it should be
limanda. A seeond ervor is in giving P. limanda as the host for M. typicus;
Odhner clearly listed Caranx trachwrus as the host. A third error is in listing
M. orientalis as the third species of the genus; this form is the fourth inas-
much as Odhner clearly listed M. filiformis (Rud.) along with M. typicus and
M. minor. An additional error is found in the last paragraph of Srivastava’s
paper in which he stated that M. orientalis differed from M. typicus in “. . .
the extent of the vitellaria, which reach the level of the posterior testis in
the Indian species, while, in the type species, they stop in front of the anterior
testis.” Although the figure of M. typicus by Odhner shows the vitellaria
terminating at the level of the anterior portion of the anterior testis, he defi-
nitely stated in his description that the vitellavia reach posteriorly to the
posterior testis; “Die Dotterstocke reichen mitunter auch bis zum hinteren
Hoden.” Dawes (1947) worded this statement as “Vitellaria extending back
to the hinder ends of the testes.” Monascus typicus (Odhner, 1911) in spite
of its specific name, is not the type species of the genus Monascus Looss,
1907, but is the type speecies of Haplocladus Odhner, 1911, having been desig-
nated by Odhner (1911) as “Haplocladus typicus n. g., n. sp.” (see fig. 4).
As indicated above Monascus filiformis (Rudolphi, 1819) Looss, 1907, is the
type species of the genus Monascus Looss, 1907, the named species having
been designated by Looss (1907).

Janiszewska (1953) vrecorded M. typicus (as Haplocladus typicus) from
Trachurus trachurus and T. mediterraneus from the Adriatic Sea, only listing
a limited number of measurements. Skrjabin and Koval (1957) reviewed the
genus Haplocladus and its four species. No mention was made of the generie
name Monascus nor of the work of Dollfus (1947). For M. typicus the data
from the accounts published by Odhner in 1911 and by the Russian parasi-
tologist Vlasenko in 1931 were presented. Additionally, Koval added her own
data on this species. Literature was cited on the finding of this parasite by
other Russian workers, namely, Osmanov in 1940, Pogorel’tseva in 1952, and
Reshetnikova in 1954,
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SxrsaBlN, K. I. and Kovar, V., P. 1957, Family Fellodistomatidae Nicoll, 1913.
(In Skrjabin, K. I. Trematodes of animals and man. Moskva. 13: 163-452).
(Russian text.)

SrivasTava, H. D. 1941. New fellodistomids (Trematoda) from Indian fishes.
Part II1. A new parasite of the genus Haplocladus Odhner, 1911, from an
Indian marine fish, Indian J. Vet. Sc. & Anim. Husb, 11: 42-44.

Description, Developmental Biology, and Feeding Habits of
Seinura tenuicaudata (De Man) J. B. Goodey, 1960 (Nematoda:
Aphelenchoididae), a Nematode Predator*

Herex Caron HECHLER*®

The genus Seinura, deseribed by Fuchs (1931), was synonymized with
Pathoaphelenchus Cobb by Steiner (1931) and later with Aphelenchoides
Fiseher by T. Goodey (1933). J. B. Goodey (1960) reestablished Seinura as
a valid genus in the Aphelenchoididae and assigned 15 species to it.

The population of Seinura used in this study was inereased from a single
gravid female collected from soil under a rotted manure pile near a green-
house in Urbana, Illinois. Speecimens from this population agreed very well
with Christie’s (1939) description of Aphelenchoides tenuicaudatus (de Man,
1895). J. B. Goodey (1960) elevated Christie’s population to species rank
as S. christiei. However, critical comparisons of the population used in this
study with specimens “rom Christie’s population*** and specimens from
Goodey*** identified by him as S. tenuicaudata, revealed no consistant differ-
ences in morphology. Therefore the population used in this study was identi-
fied as Seinura tenuicaudata (de Man, 1895) J. B. Goodey, 1960 and, because
of the law of priority S. christei is proposed as a synonym of §. tenuicaudata.

Since S. tenuicaudata has heen neither adequately deseribed nor illustrated
by present standards, detailed deseriptions of adults and immature stages
are included in this paper; in addition, its developmental bhiology and pre-
daceous feeding habit is reported.

MATERIALS AND METHODS

S. tenuicaudata was inereased in cultures of A phelenchus avenae Bastian,
1865, established and maintained according to techniques described by Hechler
(1962). Seinura were added by placing a block of agar containing several
Seinura gravid females into 10-day-old eultures of A. avenae. Cultures were
incubated at 28° C. until they reached the desired stage of development for
study.

Studies on larval development, rate of egg production, and generation time
were made at 28° C, using 2 percent water agar in Van Tiegham cells. Large
numbers of A. avenae were concentrated in a small volume of water by centri-
fugation and then placed on the agar. After the water had evaporated and
A. avenae had entered the agar, individual specimens of §S. tenuicaudata were
added to the cells using a nylon needle. Under these conditions A. avenae

*Parts of this work were reported in a thesis submitted to the Graduate Colleze of the
University of Illinois in partial fulfillment of the requirements for the degres of Master of
Science. The author acknowledges the advice of the late M. B. Linford during the early
phases of this work, and is grateful to D. P. Taylor for reviewing the manuscript.

**Research Assistant, Dapartment of Plant Pathology, University of Illinois, Urbana.

***The author expresses her appreciation to A. Morgan Golden, Orops Protection
Research Branch, U.8.D.A,, AR.S., Beltsville, Maryland, for supplying Seinura specimens
from the collection of J. R. Christie, and to J. B. Goodey, Rothamsted Experiment Station,
Harpenden, Herts, England, for supplying specimens from his collection.
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remained active long enough for a generation of S. tenwicaudata to he com-
pleted.

Egg development was studied by placing eggs in water in watch glasses,
Observations were made with a 40X water immersion objective. Higher
magnifiecation needed to study certain phases of development was obtained
by placing eggs in water on microslides, covering with a coverslip, and ob-
serving under an oil immersion objective. Other eggs were held at 28° C. to
determine time of development.

To study feeding, a small drop of water containing a mixture of 4. avenae
and S. tenuicaudata was placed on a microslide with several drops of 2 per-
cent water agar cooled almost to solidification. A 20 X 50 mm. coverslip was
added hefore the agar solidified. Nematodes remained active for several hours
in these preparations.

Specimens used in the description were fixed in formalin or FAA, mounted
in the fixitive or glycerine, or mounted alive in water. Measurements weve
made on specimens fixed in FAA and mounted in glyeerine. For cytological
studies, living nematodes were placed in cold Carnoy solution (6 parts abso-
lute ethanol; 3 parts chloroform; 1 part glacial acetic acid) for 15 to 25
minutes, and then mounted in iron aceto-carmine on a microslide. After 12
Lourg or more in the stain, nematodes were crushed by application of gentle
pressure on the coverslip and were then observed.

D¥ESCRIPTION
Seinura tenuwicaudute (de Man, 1895) J. B. Goodey, 1960 (Fig. 1)

Dimexsions: 50 females: L = 820 mierons (500-940); a = 33.7 (30.0-
40.5); b = 10.1 (8.2-11.4)%; ¢ = 8.5 (6.6-11.3); V = 71.7% (70.0-78.0).

256 males: L = (85 microns (612-750); a = 34.3 (31.0-40.0); b = 8.7
(8.3-9.5); ¢ = 13 (12-14).

Feware: Tig. 1-A, ¢, I, ). Body moderately slender, tapering at ex-
tremities, with six lips offset from bhody. Cuticle very finely striated, three
faint incisures in lateral field. Stylet 17.0-19.5 microns long, knobless, double
guiding ring just posterior to counical stylet section, oblique orifice on ventral
side.

Precorpus narrow. Metacorpus a large elongate muscular bulb, about 12
X 20 microns long. Crescentie valve located posteriorly at 65-75 pereent of
bulb length. Radiating muscular tissue surrounding valve; anterior and ex-
treme posterior portions of hulb alveolated and seen to function as a reservoir
for glandular produets in live specimens. Esophageal glands in an elongate
lobe, 125-175 microns long, over-lapping intestine dorsally. Two smaller
glands and nuclei within glandular mass most easily seen in starved live
specimens. Narrow esophageal duct leads from just posterior to nerve ring
anteriorly into hase of metacorpal bulh, passes through muscunlar tissue, then
widens into large reservoir in anterior end of bhulb. Reservoir opens dorsally
into esophageal lunien about one valve length anterior to valve, ventral duets
open about 4 microns hehind valve. Walls of esophageal lumen about as
thick as those of stylet, blending with posterior end of stylet in many fixed
specimens. Thickened walls extend to base of bulb where lumen widens
slightly before joining intestine. No esophago-intestinal valve observed.

Position of excretory pore variable, usually opposite posterior end of bulb
in relaxed specimens, somewhat posterior to it in live nematodes, occasionally
as far forward as valve. In Christie’s material pore often opposite valve.

*Esophagus was measured from head to base of median bulb.
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Fig. 1. Scinura tenuicaudata. A. female; B. male; C. female head; D. male
tail variation; E. median bulb; ¥. en face view, female.

| Copyright © 2011, The Helminthological Society of Washington




Jury, 1963 HELMINTIIOLOGICAT: SOCIETY 185

Nerve ring about 10 microns behind bulb. Extremely faint hemizonid ahout
18 mierons behind excretory pore. Hemizouion and cephalids not seen.

Ovary single, outstretched anteriorly. Anterior end location varying from
three body widths posterior to esophageal gland to three body widths hehind
bulb. Oogonia arranged in a single or double row in extreme antevior end,
always in a single row as they enlarge. Uterus set off from ovary by constrie-
tion. Round to oval spermatheca visible in anterior end of uterus. Vulva a
transverse slit, about one-half body width in length. Walls of vagina thick-
ened. Vagina perpendicular to body wall or directed slightly anteriad. Post-
vulval uterine sac long, reaching 42-64 percent of vulva-anus distance. Sac
is wide posterior to vagina, narrows to about one-third vulvar body width,
and widens again gradually to elavate terminus. Spherical sperm cells, 4
microns in diameter, densely fill sae, uterus, and spermatheca in inseminated
females.

Intestine tesselated. Lumen wide just posterior to bulh, narrowing rapidly
behind nerve ring, widening again just anterior to rectum.

Tail slightly shorter than vulva-anus distance, tapering to a filiform termi-
nus.

Mavte: (Fig. 1-B, D) Males smaller than females, anterior end of hoth
sexes similar, but esophageal glands of male in somewhat shorter lobe, 105-
125 wicvons long. Testis single, most frequently reflexed. Anterior end of
testis located at about 60 to 50 percent of hody length from head in young
individuals. In older males with spermatogonia depleted, testis very short,
vas deferens very wide and packed with mature spermatozoa. Spieules shaped
as shown in Figure 1, 15-16 microns long. No gubernaculum present. Pos-
terior cloacal wall and anal lip appear thickened and refractive.

Tail tapers gradually, then wore abruptly, ending in a spike-shaped tev-
minus measuring 35 percent (29-37 percent) of tail length. Shape of spike
variable, as shown in drawings. In velaxed specimens, tail strongly curved
ventrally, Caudal papiltae located as follows: a single ventral papilla near
anterior end of spicules; a subventral pair just posterior to anus; and two
subventral pairs at about one-half tail length.

DeveEropaENTAL BIloLogy

OocexESIS: Oogonia multiply in the anterior part of the ovary. Discrete
chromosomes too small to count accurately are formed during mitosis. In
enlarging oogonia moving toward the posterior part of the ovary, the c¢hro-
matin did not stain well.

Sperm penetration oceuvs at the posterior end of the egg as it passes into
the uterus or very soon thereafter. The shell hegins to form and meiosis be-
gins. At first metaphase there arve 6 tetrads in the center of the egg with the
spindle parallel to the long axis (Fig. 4-A). By first anaphase, the nucleus
has migrated to the periphery of the egg at a point abhout equal to one-half
the egg length and the spindle is oriented perpendicular to the long axis of
the egg with one pole adjacent to the membrane. At first telophase the 6
dyvads at the inner pole are clumped together while those near the surface of
the egg remain spread apart (Ifig. 4-B). At this time the protoplasm appears
highly vacuolated as noted by Mulvey (1955). The second division (Fig. 4-C)
leaves 6 chromosomes in the egg nueleus. Meanwhile the sperm remains un-
changed in the end of the ege (Fig. 4-F). The egg is laid at this point, 114
to 2 hours after it entered the uterus. The two polar bodies are formed after
the egg is laid.
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Fig. 2. Seinura tenuicaudata. A. first stage; B. first molt; C. hatching stage;
D. third stage; E. late third stage female, genital primordium; F. late third stage
male, genital primordium.
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KMBRYONIC DEVELOPMENT: Kggs measure 69-86 X 21-25 mierons, ranging
from 3 to 4 times as long as wide, straight to slightly curved, with finely
rugose shell. About 45 minutes after the egg is laid the protoplast contracts.
The first cleavage oceurs in one and one-half to two hours with one of the
resultant cells slightly smaller than the other. One to two lhours later the
larger cell divides perpendicular to the long axis of the egg, then the smaller
cell divides, resulting in a row of four cells. After two to three hours they
begin to divide parallel to the long axis. Further cell division is difficult to
follow. The embryo appears uniformly granular until the egg is 26 to 30
hours old, when the vermiform shape becomes apparent, the anterior part
becomes more hyaline, and motion begins.

FirsT sTacE: When motion begins the head is broad and flat but as the
body lengthens the head narrows and becomes more rounded (Figure 2-A).
When fully grown the first stage is about 135 microns long; two to two and
one-half times as long as the egg. It travels its own body length inside the
egg many times, moving either head or tail first. It has six small conical lips
which develop after motion hegins, and the stoma hecomes visible as a triangu-
lar clear area. No stylet or median bulb is visible. The genital primordium
has two germinal cells, it is seven mierons long and located at 75% of the
body length.

After a period of quiescence lasting about one-half hour, spasmodie twiteh-
ing of the head and tail begins. As motion becomes more frequent the stylet
gradually develops from a row of round refractive globules in the head, and
the median bulb and valve plates develop. Twitching and eontraetion of the
head and tail continues until they are freed from the old cuticle. The cast
cuticle, bearing only the lips and small oral aperture, is visible for only three
to five minutes. (Fig. 2-B).

SECOND sTAGE: Prehatehing period. The molt is complete when the egg is
30 to 35 hours old. At the time the cuticle is loosened the valve in the bulb
begins to pulsate, as it does at each other molt. The body lengthens rapidly
to three to three and one-half times as long as the egg, and locomotion
resumes. It begins to fill the shell tightly and motion becomes difficult.

The egg shape remains unchanged until about 20 minutes before batching.
At that time pressure of the head causes a hulge to develop in one end of the
egg. Locomotion continues with repeated pressure of the head in the end
of the egg until the shell ruptures and the head emerges. No protrusion of
the stylet at hatching was seen. In all eggs ohserved emergence always oc-
carred at the end of the egg, never at the side.

Total time of development from laying to hatching at 28° C. for 18 indi-
vidual eggs varied from 35 to 40 hours and averaged 37 hours.

Posthatching period. (Fig. 2-C) (20) I. = 165-220 microns; a = 15.0-18.5;
b = 4.6-56.8; ¢ = 5.7-6.6.

Stylet about 10 microns long. Cutieular striations more prominent than in
later stages. Head broad, lips weakly developed, not offset. Stylet and bulh
weak. Body comparatively wide, the ¢ value much smaller than for later
stages. Relaxed larvae in ventrally curved posture. Wide intestinal lumen
empty. Esophageal gland comparatively short and narrow, 35 to 40 microns
long, about half the size of that of the next stage. Genital primordium 8 to
9 microns long, at 55 to 659% of body length, with four cells arranged in a
single row, two large germinal cells between two smaller epithelial cells, lo-
cated to the right of the ventral chord as seen under the compound mieroscope.
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No feeding was seen before the second molt. Loeomotion in agar is slug-
gish, and although many individuals were seen to touch prey with their lips,
none attempted to insert the stylet. In water the second molt begins about
three hours after hatehing, and the third stage emerges from the cast cuticle
after another eight hours.

Tairp sTacE: (Fig. 2-D) (20) L = 218-340 miecrons; a = 22.0-31.5; b =
5.0-6.1; ¢ = 5.3-7.6.

Stylet 11 to 12 mierons long. Relaxed specimens in posture of adult. Lips
well developed, offset from hody, stylet and bulb well developed. Esophageal
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Fig. 3. Seinura tenuicaudata, posterior. A. early fourth stage, female; B. carly
fourth stage, male; C. late fourth stage, female; D. late fourth stage, male.
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gland 60 to 80 microns long. Genital primordium located at 65 to 75% of
body length, increases during the stage from 10 to 25 microns in length. It
is similar in both sexes until late in the stage when the epithelial cells begin
to divide. In the female a flat appendage set off from the germ cells by a
constriction develops from the posterior epithelial cell (Figure 2-E). In the
male the anterior cell divides, forming a pointed extension to the gonad an-
terior of the germ cells (Fig. 2-F).

During the third molt the number of germ cells inereases to four in the
female and to 12 or more in the male. The gonoducts also continue to elon-
gate in both sexes.

Specimens kept in water without food after emerging from the second
molt died after five davs. Others which were transferred to agar with prey
began to feed and continued their development. In the presence of ample
prey the third stage lasts about 18 hours. One individual was seen to kill
three prey, another four, hefore beginning the third molt.

FourtH sTaAGE: (7 males) L. = 420-540 microns; a = 25.3-34.4; b = 6.5-
77; ¢ = 6.5-9.1. (11 females) L = 400-610 microns; a = 29.3-36.8; b =
6.9-84; ¢ = 6.1-10.0.

Stylet 14-16 microns long, esophageal gland 80-100 microns long. Gonad
in females increases during the stage from 35 to 85 microns in length, with
the posterior end at 68-75% of body length. Early in the fourth stage vaginal
primordium cells develop from the ventral body wall (Figure 3-A). The
uterus and post-vulvar uterine sac continue to develop from the posterior
epithelial cells and they are fully formed but flattened during the final molt.
The spermatheca is marked by a slight thickening. Shortly before the final
molt begins the vagina appears as a hyaline, flattened tube (I¥ig. 3-C). The
oogonia inerease in size, but no eggs enter the uterus until after impregna-
tion by the males.

In males the genital primordium inecreases to about 150 microns. About
midway through the stage, growth from the anterior end is directed posteriad,
and late in the stage the tip is often reflexed (Fig. 3-B, D). Spermatogonia
are arranged in at least two rows near the tip, and inerease to 5 or 6 to a
cross section near the posterior end of the body. Just before the final molt
the cloacal primordium appears dorsad of the rectum as a rounded mass of
cells in lateral view, cordate in ventral view. The spicules are formed simul-
taneously with the stylet during the final molt.

Development of the fourth stage takes about 36 hours.

SPERMATOGENESIS : Mitotic division continues in the testis into adulthood
until some certain number of spermatogonia are formed. When these have
all matured the vas deferens is short, wide, and filled with spermatozoa. Oec-
casionally the flexure is still present in the anterior end of the testis.

Primary spermatocytes arve seen in the posterior part of the testis just
before the final molt, with six tetrads at the first metaphase (Fig. 4-D). After
the first division the cells separate from the main mass in the testis and enter
the vas deferens. The secondary spermatoeytes begin to divide about the time
the final molt is complete. There are always 6 dark staining bodies at the
plate at the second metaphase although dyads cannot always be resolved. The
second division is eompleted in the vas deferens. The chromosomes in the
spermatozoa, both in the male and after transfer to the female, remain sepa-
rated and are arranged in various recurring patterns: including five in a
circle and one in the middle in a different plane; straight and ereseent shaped
rows of six; and two rows of three. In some spermatozoa only five ¢hromo-
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somes could be counted, suggesting the X 0 type of sex determination in this
species. However the nuclei ave so small that this could not he confirmed.
Mares: Iimmediatelv after the final molt males begin to feed and attempt
to copulate by wrapping their tails around the females. They were also seen
wrapping their tails around other Seinura males, but never aronnd A. avenae.

Trig. 4. A. First metapliase, oogenesis; B. T'irst telophase, oogenesis; C. Seeond
metaphase, oogenesis; D. TFirst metaphase, spermatogenesis; E. Sperm cells in
female; . Sperm cell in end of egg.
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FemaLes: After impregnation by the males the uterus and postvulvar sae
of the females become plump with sperm cells. A female ean he impregnated
by more than one male. In the presence of males and ample prey egg pro-
duction hegins 18 to 24 hours after the females emerge from the final molt.
About 12 eggs are laid in 24 hours. One female laid 5 eggs at precisely two
hour intervals. This rate continues for ahout four days, then slows gradually
to only six to eight eggs a day. In these studies nematodes continued to pro-
duce cggs for at least seven days, the longest period a single individual was
kept under observation. Many observations show that a female S. tenuicau-
data produces 1 or 2 eggs while feeding on one adult A. avenae.

Well fed gravid females removed from a source of food laid two eggs about
two hours apart, then only two to five additional eggs at longer and longer
intervals until their reserves were exhausted.

Tigg laying does not interrupt other activities of Seinura. They have heen
seen laying eggs while feeding without removing the stylet from their prey
even at the moment of depositing the egg, and while traveling through agar
they lay eggs without interrupting their flowing sinuous movement.

NEED FOrR MALES : Kight molting S. tenuicandata females were placed singly
in small cells of agar with ample prey and were transferred to cells with
fresh prey every seecond day. After 10 days all but two females had been
lost in the agar. No eggs were seen during this period, although the nema-
todes fed and appeared opaque at all times.

The two remaining females then were put in a cell with eight males. The
next day eggs were seen in the agar, and after two more days larvae were
seen feeding predaceously. During this three day period the males repeatedly
wrapped their tails around the females and around each other.

Other females isolated before adulthood did not contain sperm, while those
taken from dishes with males invariably had sperm in the uterus and post-
vulvar sac.

Sex raT10: Counts were made of males and females from cultures of vari-
ous ages to determine the sex ratio. There were usually somewhat more fe-
males than males, the ratio of males to females ranging from 1:1 to 1:2.5.
No correlation could he found between variability of sex ratio and environ-
mental changes.

(GENERATION TIME: The total time for the development of one generation
of Seinura tenwicandata at 28° C. is 5% to 6 days. Males develop at the
same rate as females,

FEepING

Predaceous feeding on other nematodes in the genus Seinura was first dis-
covered and studied in detail in Hawaii by Linford (1937), and Linford and
Oliveira (1937). This study confirms and elaborates on their findings. The
feeding of Seinura tenuicaudata was compared with that of other Seinura
species and no differences were found.

FEEDING ON A. avenae: In agar a Seinura moves sinuously, often stopping
and moving its head in all directions. When the lips touch an A. avenae
the Seinura immediately forces its head tightly against the body wall and
jabs repeatedly with the stylet until penetration is achieved. Unless the lips
touch the prey, no reaction occurs. The inserted adult stylet reaches ahout
one third of the distance across the body of an adult A. avenae (Fig. 5-A).

It is often difficult for a large Seinura to pieree a small nematode in soft
agar because the prey will fold at the point of contact and be pushed through
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the agar instead of heing penetrated by the styvlet, although a larger prev,

o [=] v . £ 2= [ L
or a small one in harder agar, is penectrated more easily. Predators of this
genus have not been scen feeding in water.

Fig. 5. A. Seinura teruicaudata feeding on dphelenchus avenae showing in-
serted stylet; B. Median bulb of feeding Seinura showing flow of glandular
material; C. Body of Aphelenchus avenae emptied by Seinura.
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The prey stops traveling throngh the agar as soon as the stylet pierces its
cutiele. It may move feebly in place for several minutes, but its action is
uncoordinated and locomotion is not possible. After 15 to 20 minutes it lies
quietly except for ocecasional twitching of the stylet and median bulb. Timme-
diately after penetration round globules begin to move from the esophageal
gland of the predator and accumulate in the alveolated anterior part of the
esophageal bulb (Fig. 5-B). During spasmodie twitching of this part of the
bulb discrete globules pass through the stylet into the prey, where the soft
body contents immediately begin to disintegrate to a consistency ecasily in-
gested by the predator.

Periods of twitching alternate with periods of rapid, rhythmie pulsation
of the muscnlar part of the bulb. Each type of motion lasts 30 seconds to
2 minutes. The powerful pulsation of the hulb actuates the flow of food
toward the stylet from distant parts of the prey. Food gushes rapidly into
the intestine, foreing previously ingested food behind it. When pulsation
stops there is a back-flow into the prey from the stylet.

The food appears as large round globules. At 1800X magnification they
can be seen elongating when they enter the stylet. Between the stylet orifice
and the intestine they seem to he moving forward.

When a predator consumes the modified content of the prey it leaves only
the excretory pore lining and the alimentary tract inside the cuticle. The
stylet, esophageal tube and valve plates remain joined together, while the
intestinal lining shows as only two thin parallel lines between the valve plates
and the anus (Fignre 5-C). If the predator leaves the prey before completely
consuming the hody contents, they continue to disintegrate until only a dis-
organized mass of globules and the cuticulavized structures remain inside
the body wall.

A single Seinura may kill many A. avenae in rapid succession. Often in
a crowded eulture a passing prey will dislodge the stylet of a feeding preda-
tor. The predator usually immediately kills this new prey, and often after
12 to 15 hours a group of 20 to 30 A. avenae will be arranged in a neat
row in the agar, evidently all killed by one predator.

In contrast, more than one predator has heen seen feeding on one prey
at a time in cultures in which the predator outnumbers the prey. A large
A. avenae was observed with nine Seinura, 3 females and 6 males, feeding on
it simultancously, and another was seen with 18 feeding Seinura.

All stages of Seinwra which feed do so on all stages of A. avenae. In
Hawail S. tenuicaudate was seen feeding on . avenae eggs, hut this was
seen only once in the present study.

Caxxieanism: When a predator in agar containing abundant nematodes
of another species sunitable as prey touched another nematode of its own
species with its lips it made no attempt to feed. Iowever, contrary to the
report by Linford (1937), once the other species are consumed cannibalistic
feeding begins and continues until only a few widely scattered Seinura remain
in the dish. Males, females, and larvae feed on all stages indiseriminately.
Seinura feeding cannibalistically appear starved and translucent and they
seldom lay eggs.

Orurr PREY : Linford and Oliveira reported that Seinura spp. fed success-
fully on larvae of Meloidogyne sp., all stages of Pratylenchus pratensis,
Aphelenchoides parietinus and various scavengers, as well as 4. avenae. In
the present study they also fed and veproduced on Ditylenchus dipsaci (Kuhn,
1857) Filipjev, 1936 from onion, larvae of Heterodera trifolii Goffart, 1932
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and Meloidogyne haple Chitwood, 1949, and Neotylenchus linfordi Hechler,
1962. They did not seem to be able to penetrate the cuticle of adult Xiphi-
nema sp. and Hoplolaimus galeatus (Cobb, 1913) Thorne, 1935.

Washed clover rootlets with Heterodera trifolii eysts and exposed white
females were placed in Petri dishes, cooled water agar was poured over them,
and Seimura were added. The Seinura did not attempt to penetrate either
the females or the cysts.

In dishes with Seinura tenvicaudata and another Seinura sp., S. tenuicau-
data fed on the other Seinura, and produced more eggs than it does feeding
cannibalistically, although reproduction was extremely slow. The other Sein-
wra was not seen feeding on S. tenuicaudata.

Discussion

Before each molt and hefore hatehing of the egg pulsation of the median
bulb oceurs. This may aid proper development of the muscles of the bulb;
or, since a tighter fit of the egg shell and a rapid elongation of the hody
occurs during pulsation, the nematode may he ingesting fluid from around
itself.

Evidently insemination by the males is needed to stimulate cgg develop-
ment. The females do not lay infertile eggs which later die. Furthermove,
impregnation need not take place immediately after the female reaches adult-
hood for it to produce viable eggs. The eggs inerease in size in the ovary,
then development stops. After impregnation they move into the uterus and
maturation proceeds.

Seinura have not been seen feeding in water, and penctration of the prey
is difficult even in very soft agar. Presumably they need the support of
harder agar to insert the stylet in the prey.

The Seinnra do not attempt to penetrate other nematodes with the stylet
unless the lips touch the prey. Evidently the presence of prey is detected only
through the cephallie papillae or amphids on the head, while the hody cuticle
1s not sensitive.

Under the conditions of these studies there was no evidence to indicate
that Seinura are attracted to prey at a distance. However, in densely popu-
lated agar cultures any attractive substances would be evenly distributed,
without establishment of concentration gradients, and attraction would not
be noticed. These observations do not rule out the possihility that under soil
conditions a concentration of nematodes around roots might he attractive to
Seinura.

The apparent forward movement of food glohules in the esophageal lTumen
during ingestion cannot be explained at present.

The food of Seinura is probably finely divided for easy ingestion and pos-
sibly partially digested before it is sucked into the intestine. However, some
waste material is left in the intestine after digestion is complete. The dis-
charge of this material through the anus of live nematodes has heen seen.

The starved appearance and low rate of egg production in Seinura feeding
cannibalistically suggests that the hody contents of members of their own
species are not nutritionally suitable. Possibly other nematodes supply cer-
tain nutrients which tle Seinura do not synthesize themselves.

SUMMARY

The nematode predator Seimra tenuicandata (de Man) Goodey, 1960 is
deseribed and synonynized with Seinura christiei Goodey, 1960. The biologi-
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cal development was studied at 28° C. in potato dextrose agar cultures of
Aphelenchus avenae Bastian, 1865 feeding on Pyrenochacta terrestris.

The period of egg development was 35 to 40 hours, with one molt in the
egg. The hatching stage, with weakly developed stylet, median bulb, and lip
region, did not feed hefore the second molt. Feeding was necessary for fur-
ther development through the third and fourth molts. The complete genera-
tion time was 5% to 6 days. Males and females were present in about equal
numbers and males weve necessary for reproduction. A haploid number of
six chromosomes was found.

Feeding studies confirmed the work of Linford and Oliveira except canni-
ballistie feeding was seen.
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On the Nature of Hatching of Heterodera schachtii

D. R. VIGLIERCHTO
Department of Nematology, University of California, Davis

The property of host plant root exudates to stimulate emergence of larvae
of the eyst forming nematodes, Heterodera spp., (Baunacke, 1922) has heen
studied extensively abroad (Rensch, 1924; Triffitt, 1930; Fenwick, 1952; den
Ouden, 1956; Wallace, 1956; Shepherd, 1962) and in this country (Thorne,
1956 and Neal, 1959). Research into the character of the stimulating agent
for Heterodera rostochiensis indicates that vitamins, vitamin derivatives and
inorganie salts play a role in hatching (Neal, 1959). The hatching response as
it occurs in nature is believed to be due to a speecifie stimulus, though non-
specifiec action such as hrought ahout by sub-lethal and apparently non-toxie
solutions of appreciable osniotic pressure are known to reduce or arrest hatch-
ing (Dropkin et al, 1958; Steele, 1962). Tt is also believed to be different
from the hatching obtained on simple dissolution or rupture of the egg mem-
brane; in eclosion the larva becomes active, making repeated stylet thrusts at
the egg membrane which eventually ruptures, instead of remaining passive as
it does if the membrane is dissolved or ruptured. The nature of the material
which stimulates the hatching response and its mode of action are still poorly
understood. Dropkin et al (1958) have snggested that the stimulant exerts
its influence by rendering membranes more permeahle to metabolites or by
entering directly into metabolie reactions.
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MATERIALS AND METHODS

The hatehing tests were conducted after the method of Viglierchio (1961).
Concentration and volume of hatch solution were varied to permit comparison
of differences in the number of larvae hatching from water controls with
specifie amounts of hateh factor solids exposed to eyst samples. Freshly
collected eysts and cysts stored three months at 909% RH and 25°C were used.
Larvae were collected daily or at 3-4 day intervals for counting. The hatch
solutions used to replace that collected with the larvae were made up freshly
every 2 days for the daily collection and at the time of collection for the 4-day
interval. Two lots of hatch factor solids were used. For each concentration
the hatch of 8-12 replications was averaged and experiments repeated several
times at 25°C and 20°C where indieated.

REesvLts

Storage tests on hatch solutions showed no detectable loss in aetivity for
storage periods at 25°C of less than eight days.

The seven day cumulative hatch as a function of concentration of hatch
factor with two cyst sources is indicated in Tig. 1. It is evident that the
effect of the daily collection of larvae greatly reduced the hateching of freshly
collected cysts but only shightly reduced the hatching of stored cysts in com-
parison to a 3-4 day interval in collection of larvae; the slopes of the curves
for fresh cysts were also different.

With the stored cysts two months older and a different bateh of hatch factor
material, there was a greater hateh with the daily collection than with the
less frequent collection of larvae (Fig. 2). Concurrent tests conducted at 20°C
gave similar results but with slightly lower hatches sinee the temperature was
helow the hatch optimum of 25°C, Shepherd (1962).

DiscussioNn

It has been a general assumption that the hatehing phenomenon was
brought about by a single active agent. There has been no previous evidence
that multiple components were involved in the eeclosion process, or that
environmental conditions and past reactions would influence the limiting eon-
stituent. The reduction in hatehing of the daily larval ecollection (Fig. 1)
suggested that the daily operation leached from these cysts a eonstituent
neeessary for the stimulating reaction of hateh factor material.

The possibility of a stimulation inhibitor of plant origin producing this
effect can be excluded inasmuch as there was also a difference between water
controls. The fresh cysts were more sensitive to leaching than the stored
cysts. Moreover the change in slope of the curves for the fresh eysts could he
interpreted as resulting from the leaching from the cysts of a natural inhibi-
tor to the stimulating reaction effected hy the plant agent. Hateh responses
with fresh cysts tended to be more erratic than with stored cysts but increased
hatching was obtainable if the conditions were suitable, Viglierchio (1961a).

If the hatch tests were repeated with stored cysts and haten factor from
another source, the effect of daily collection of larvae and replacement with
fresh hatch solution was to increase hatching rather than decrease it from the
4-day larvae collection. Since there was no leach effeet or detectable deteri-
oration of hateh factor over the time period involved, the increased hatch was
attributed to the greater supply of available stimulating agent.
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In plots of the number of larvae hatching against duration of hateh (Fig.
2) the “daily” and “4-day” curves diverge but with greater divergence at
lower concentrations. This could be interpreted as a result of depletion of
active agent. When a series of concentrations of hateh faector solutions were
tested so that cyst replicate series were exposed to different volumes (for
convenience varied inversely with the concentration) of hateh solution, then
the eurves of Fig. 3 were obtained. The increase in hatch over water con-
trols plotted as a function of concentration of hatch factor is manifested as
a straight-line semi-log relation, Fenwick (1952). This relation was evident
in Fig. 3. If the extremes of the curves, where toxicity or inadequate mixing
could be expected to interfere in the response, were neglected it appeared
that hatching tended to be a straight-line semi-log function of the total dis-
solved solids available to the ¢yst replicate. Such a relation suggested that
hateh factor was consumed in the eclosion process, i.e. it served as a limiting
substrate in a physiological reaction controlling hatching. In this event the
straight-line semi-log response to concentration of hatch factor was a sec-
ondary manifestation.

The data presented here would be consistent with the notion that the
eclosion process involves more than one active agent. Ilatehing could be
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Fig. 1. The seven-day hatch response of fresh cysts and stored eysts to dried
hateh factor solutions with daily and 4-day colleetion periods. The solid line indi-
cates the daily collection; the dotted line indieates the 4-day collection period.

Fig. 2. The cumulative hateh response of H. schachtii larvae to dried hatch
factor material solutions as a funetion of duration of bio-assay. Solid lines indicate
daily collections; dotted lines indicate 4-day collection periods.

Fig. 3. The cumulative hatch increase over water controls as a function of
hateh factor solids per cyst replicate. Volume of hateh solution varied inversely
with concentration.
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visualized as being effected by the successful completion of a complex series
of physiological reactions, any of which could be limiting. The limiting steps
would be dependent upon the reactions already undergone by the animals
preceding hatching as well as the nature of the hatch factor material of
plant origin. Such a view would render the concept of manifold stimulating
and inhibiting substances more acceptable and consistent with biochemical
and physiological principles. In any event it appears that at least one of the
limiting reactions with Heterodera schachtii involves a deficiency of substrate
which can be supplied by a host plant root exudate. Conclusive evidence for
nature of eclosion may be fortheoming upon the successful isolation of the
naturally oecurring hatching agent.
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Studies on the Genus Inermicapsifer Janicki, 1910 with Notes
on Some Genera in the Subfamilies Inermicapsiferinae
Linstowiinae, and Davaineinae.*

D. F. Merrrick** aAxp J. S. WEIR

Over the past three years more than 300 cestodes belonging to the genus
Inermicapsifer have been recovered by the present authors from various host
species in the Central African Federation. Details of these hosts have been
published elsewhere (Mettriek, 1961). Examination of this material suggested
that the taxonomie status of several of the described species of Inermicapsifer
was unsatisfactory, and, subsequently, that the generie diagnosis was in need
of revision. This paper reports on the variation found in certain critical
generic and specific characters as observed in the new material at our disposal.
It has already been suggested (Mettrick and Weir, 1960) that a new taxo-
nomic approach to this group is necessary and that attention must he given
to the concept of population variability, instead of to individual variations.
The implications of the results obtained are of importance in a much wider
sphere, as is shown by the discussion on the genera Diochetos, Metacapsifer,
Megacapsula, Multicapsiferina, Qochoristica, Pericapsifer, and Thysanotaenia.

ILISTORICAL SURVEY

The genus Inermicapsifer Janicki, 1910, was originally placed in the sub-
family Linstowiinae Fuhrmann, 1907 of the family Anoploeephalidae. Wardle
and McLeod (1952) also placed the genera Multicapsiferina Fuhrmann, 1921,
Oochoristica Liihe, 1898, Diochetos Harwood, 1932 and T'hysanotaenia Bed-
dard, 1911, in the same sub-family.

The key for the separation of these genera is based on the relative position
of the genital and exeretory ducts, the possession of unilateral or alternating
genital pores, “parenchymatous” or “uterine” ecapsules, and on host differ-
ences. The taxonomy of the group has always presented difficulties bhecause
of the lack of any “chitinous” strueture of taxonomie value.

The genus Oochoristica Lithe, 1898 originally contained species from lizards,
snakes, chelonians, carnivores, chiroptera and rodents. However Spasski
(1951) when revising the family Anoplocephalidae, removed all the speeies
previously placed in the genus Oochoristica which were not from reptiles, and
transferred the genus to the sub-family Anoplocephalinae Blanchard, 1891.
The remaining species left in the Linstowinae he distributed among two new
genera which he ervected, Cycloskrjabinia and Ooschmarenia and also Artrio-
taenia Sandground, 1926, which he resurrected from its previous synonymy
with Oochoristica and Mathevotaenia Akhummian, 1946. It may be noted
that Spasski left in the sub-family Linstowinae only the genus Linstowia
Zschokke, 1899, of the seven genera which Wardle & MecLeod had listed in
the sub-family.

Spasski (1951) placed the genera Inermicapsifer and Thysanotoaenia in the
sub-family Inermicapsiferinac Lopez-Neyra, 1943 although this sub-family
has not been recognised by later workers (Mahon 1954; Baer, 1959, ete.).

Yamaguti (1959) followed Spasski in recognising the sub-family Inermi-
capsiferinae which was separated from the Linstowinae on the basis of the

*Department of Zoology, University College of Rhodesia and Nyasaland.
#*Present address: Department of Zoology, University of the West Indies.
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egg capsules of the former always containing several eggs. In addition to
Thysanotaenia and Inermicapsifer Spasski erected and placed in the Tnermi-
capsiferinae, the genera Metacapsifer and Pericapsifer for the reception of
some species previously placed in the genus Inermicapsifer.

Yamaguti (1959) suggested that these two genera would be hetter relegated
to the status of sub-genera of Inermicapsifer.

Prior to this Baer end Fain (1955) transferred the genera Inermicapsifer
and Thysanotaenia to the sub-family Davaineinae Braun, 1900, of the family
Davaineidae. They also synonymised the genus Multicapsiferina Fuhrmann
1921 with Inermicapsifer as the former was apparently described from com-
ponents of two entirely different cestodes.

Stunkard (1961) has recently reviewed the family Anoplocephalidae, and
follows Baer and Fain (1955) in transferring Inermicapsifer and Thysano-
taenia to the Davaineidae.

REesvrts
INVESTIGATION OF STATUS OF CERTAIN (IENERA

Accepting for present purposes the relegation of Metacapsifer and Peri-
capsifer to sub-generte rank and the synonymy of Multicapsiferina with
Inermicapsifer, it is proposed to consider the genera Oochoristica, Diochetos,
Thysanotaenia and Incrmicapsifer in more detail, ignoring at the moment the
faet that they are in different families, or sub-families depending on whose
opinion is accepted, ie.,, Baer and Fain’s or Spasski and Yamaguti’s. We
shall also consider the genus Megacapsula Wahid, 1961, which has recently
been deseribed.

The present hasis of differentiation of these genera can he presented con-
veniently in tabular form (Table 1). The characters used to achieve this
generic separation may now be considered separately as follows:

Table 1. Original Basis of Differentiation (After Wardle & MeLeod, 1952)

Inermicapsifer Megacapsula Thysanotaenia Oochoristica Diochetos

Position unilateral irregularly  unilateral irregularly  irregularly
of genital alternating alternating  alternating
pore
Position poral median or median median median
of ovary slightly
poral

Number of  several several several one only one only
eggs per 1-10
capsule
Position of  between not stated. dorsal to between or  between or
genital exeretory betweenin  exerctory dorsal to dorsal to
duets in vessels our vessels excretory exerctory
Telation to material. vessels vessels
excretory
vessels
Host Hydracoids Adgama Lemurs Lizards Phrynosoma

Rodents (Lizard) Marsupials  Snakes (Lizard)

Primates Chelonians

Reptiles Carnivora

Chiroptera
Rodentia
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PoOSITION OF TIIE GENITAL PORE: Iour cestodes belonging to the genus
Inermicapsifer and provisionally identified as I. madagascariensis (Davaine,
1870) (= arvicanthidis Xofend, 1917) were taken from a mouse Mastomys
natalensis in Salishury, Southern Rhodesia, during 1958. The position of the
genital pore in the four worms is shown in Table 2.

Despite the large amount of literature on this genus, such alternation has
not heen described previously. Baylis (1949) describing I. arvicanthidis,
noted that “with rare exceptions the genital pores ave unilateral.” Prudhoe
(personal ecommunication) found the percentage of specimens with alternating
genital pores to be quite high in material he had examined from four murine
hosts and a child. This material was also placed in the species I. arvicanthidis.

It would appear that the feature of unilateral genital pores can no longer
be upheld as characteristic of this genus.

PosiTioN oF THE OvaRrY: Several specimens of Inermicapsifer taken from
mice and rats in Southern Rhodesia, were examined in this conneetion.

Figure 1 shows the variation in relation to segment width in the position
and size of the ovary in two speeimens of Twermirapsifer taken tfrom rats.
The first specimen is shown as a solid block; the second stippled. The num-
ber of segments from the scolex, designated by “X" is an avbitrary number,
and differs in the two specimens shown, depending on the rate of maturvity
of the ovary. In fact 1t was not practicable to measure the size of the ovary
over more than about 40 segments because ol uterme development. While
data from only two specimens are shown, the results appear to be typieal
of a considerable mass of material available to the authors.

The figure also shows low the size of the ovary inereases with maturity,
faster than the width of the segments inecrcases. It will be noted that in
neither spechmens is the ovary completely poral, and that with one exception
in every segment examined the ovary extended over the median line. In one
segment the ovary is actually more aporal than poral.

The authors consider that the position of the ovary cannot be deseribed as
other than “median” unless it lies completely in the poral or aporal half of
the segment. Previous use of the poral position of the ovary as a generie
character must be considered unreliable.

NUMBER OF ECGGS PER CAPSULL: Ixammination of a range of material from
different hosts has failed to reveal any specimens of Inermicapsifer with ouly
one egg per capsule. However, in a number of cestodes which have been
taken from Pachydactylus in Southern Rhodesia the numbers of eggs were
found to vary from one egg per capsule to several eggs per capsule. These
cestodes were, in the opinion of the present authors, otherwise referable to
the genus Inermicapsifer. If this is accepted, the generic definition must be
extended to include specimens with one or more eggs per capsule.

POSITION OF GENITAL DUCTS IN RELATION TO EXCRETORY VESSELS: No de-
tails arve available from descriptions of type material of the numher of speei-

Table 2. Genital Opening. Shows the numbers of segments in which the genital pore
opens to the left side or to the right side of the worm.

Speeimen On Right On Left
A 0 all (total over 50)
B 5 91
C 6 51
D 42 64

Copyright © 2011, The Helminthological Society of Washington




202 PROCEEDINGS OF THE [Vor. 30, No. 2

mens in which this character has been investigated. Since these genera have
an excretory system which anastomoses throughout the segment, this feature
is not an easy one to investigate unless the material has heen serially sectioned.
No investigation of this feature has vet been earried out on material in the
possession of the present authors.

Host prrrErENCES: Prior to the publication recently (Mettrick, 1961) of
a revised st of hosts of Inermicapsifer in Central Afriea, it was previously
considered that this genns was found in Hyraxes and Rodents with occasi
records from Man. Specimens have now been recorded also from Nomarthra
(Manis), Carnivora (Lycaon) and Reptilia (Pachydactylus). Also the rec-
ords from man are much more frequent than had previously heen thought.
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Figure 1. Variation in the position and size of the ovary in two specimens of
Inermicapsifer, in relation to segment width.
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If any importance has ever been attributed to such host specificity among
these genera, this must now be discounted in the case of Imermicapsifer. It is
to be expected that the host ranges of the related genera will inerease as
further work is carried on on the group. Wahid (1961) has recently erected
a new genus Megacapsula from some material from Agama cyanogaster in
Rhodesia, which she separated from Imermicapsifer because the latter had
unilateral genital pores, and was only recorded from mammals. Both these
points have now been discussed above, and it has been shown that they have
little or no value as generie characters. It is therefore proposed to synony-
mise Megacapsule Wahid, with Inermicapsifer emend.

Wahid’s deseviption of Megacapsula is incomplete as she, amongst other
details, omitted to record the position of the genital ducts in relation to the
excretory vessels, One of us (Mettrick in press) has recently published a
re-description of 3. leiperi the type of the genus Megacapsula, this material
also being from lizards in Rhodesia. In the author’s material the genital
ducts pass between the exerctory canals. Table 3 shows how the genus Mega-
capsula as defined by Wahid, agrees in every detail with the present emended
generie diagnosis of Inermicapsifer.

Wahid was apparently nnawarve of the recent taxonomie work on this
group, for she follows Wardle & MecLeod (1952) in assigning sueh genera as
Oochoristica, Diochetos, Inermicapsifer and Thysanotuenia to the sub-family
Linstowiinae. The present assignment of these genera has already been men-
tioned in the introduction to this paper.

The emended generie diagnosis of Inermicapsifer also invalidates the sub-
family Inermicapsiferinae, which can no longer be separated from the Lin-
stowiinae by those authors who have not followed Baer and Tain’s classi-
fication.

Discusston AND CONCLUSIONS o

In view of the uncertain status of many of the deseribed speeies of Inermi-
capsifer, the present authors concur with the proposal by Yamaguti (1959)
that the genera Metacapsifer Spasski, 1951, and Pericapsifer Spasski, 1951,
cannot be aceepted at present and must be considered at most as subgenera of

Table 3. Shows the present basis of separation after incorporating the variation
in the generie characters of Inermicapsifer

Incrmicapsifer Megacapsula Thysanotaenia Qochoristica Diochetos

Position unilateral or irregularly unilateral irregularly irregularly
of genital irregularly alternating alternating alternating
pore alfernating

Position median or median or median median median

of ovary poral poral

Numbers one or one or severil one only one only
of eggs several several

per eapsule

Position between not stated. dorsal to between or  between or
of genital excretory Between in exeretory dorsal to dorsal to
duets in vessels our vessels excretory  exeretory
relation to material vessels vessels
exeretory

vessels
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Inermicapsifer. The synonymisation by Baer and Fain of Multicapsiferina
with Inermicapsifer appears to be particularly sound. From Table 3 which
incorporates the revised generic definition of Imermicapsifer it is apparent
that generie distinetions among the remaining genera must now depend solely
on two characters. Oochoristica and Diochetos can be separated from Inermi-
capsifer, Megacapsula, and Thysanotaenia, since the former never have more
than one egg per capsule and the latter have a range in the number of eggs
per capsule from one to several, but never consistently one egg per capsule.

Thysanotaenia can be separated from Inermicapsifer only on the tenuous
distinguishing feature of the position of the genital ducts in relation to the
excretory vessels. These lie between the excretory vessels in Inermicapsifer
and dorsal to them in Thysanotaenia. Unfortunately this feature must be
treated with the greatest caution as it is omitted from the original descrip-
tion of numbers of species of Inermicapsifer, and in some cases where it is
mentioned, no account is given of how the relevant structures were investi-
gated or whether the observer relied on a single observation. IFurther doubt
must be cast on it by the variability of the equivalent feature in the gemera
Oochoristica and Diochetos where no importance has been attached to it at all.
One can conclude from these observations that the status of several genera is
now most doubtful. There appears to be no reason why the genera Mega-
capsula and Inermicapsifer should not be synonmymised. The genera Inermi-
capsifer and Thysanotaenia appears to be very closely related. One might
suggest that they may ultimately prove to be synonymous but as the present
authors do not have access to the type material of these two genera, or indeed
to any material of Thysanotaenia, that problem cannot he resolved at present.
The genera OQochoristica and Diochetos are again very closely related, and in
faet it is difficult to understand on what substantial hasis they were originally
separated, although this question again is outside the scope of the present
paper. Baer (1935) hags in fact suggested that these two genera are synony-
nious.

The transfer of Inmermicapsifer and Thysanotaenia to the Davaineinae hy
Baer & Fain (1955) emphasises the most significant distinetion found in this
very variable group. These two genera (including those species considered
by other authors to lie in the genera Pericapsifer, Metacapsifer and Mega-
capsula) are clearly distinguished from the species included in the genera
Diochetos and Oochoristica by a statistical parameter—namely the amount of
variation in the number of eggs per capsule. In the former group the num-
ber of eggs per capsule is variable, from one to several in each capsule. In

Table 4. Shows the variation around mean number of eggs per capsule that may
be expected at the 339% level.

Resultant Range in

Mean number of eggs % Variation numbers of eggs
per capsule about mean per capsule

12 83 16-8 (12 * 4.0)

10 33 13-7 (10 = 3.3)

8 33 11-5 ( 8 +=2.7)

6 33 8-4 ( 6+2.0)

5 33 7-3 ( 5x1.7)

4 33 5-3 ( 4=*1.3)

3 33 4-2 ( 3x1.0)

2 33 -1 ( 2x£0.7)

1 33 di- (1 2E50:3)

T TTT——
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the latter two genera there is no variation in this respeect, there being always
only one egg per capsule. It is beyond the scope of the present paper to dis-
cuss the validity of this transfer of genera to the Davaineinae. However, the
basis of such transfer should depend on knowledge of the life history of the
species coneerned, and not only on differences in the numbers of eggs per
capsule. This is necessary because it is possible to visualise a series of species
derived from eommon ancestors, with properties in respect of egg number
variation ranging from that seen in Inermicapsifer to that seen in Oochoristica.

If a series of different species, each with a different mean number of eggs
per capsule, but with the same percentage variability about this mean is con-
sidered, then the situation represented in Table 4 could occur. If the per-
centage variability is appreciably less than fifty percent and if the mean
number of eggs per capsule is one, then there is no variation in the number of
eggs per capsule. No detailed investigation of this point has been undertaken
by the present authors, but the amount of variability in the numbers of eggs
per capsule in those speeimens of Inermicapisfer which have been examined
appears to be between 40% and 20% of the mean number of eggs per capsule.

SUMMARY

The generie diagnosis of Inermicapsifer Janieki, 1910, is emended as a
result of the study of a large collection of new material. The genus Mega-
capsula Wahid, 1961, is shown to be a synonym of Imermicapsifer Janicki,
1910. The sub-family Inermicapsiferinae Lépez-Neyra, 1943, is invalidated.
It is shown that the transfer of the genera Imermicapsifer and Thysanotaenia
Beddard, 1911, to the Davaineinae by Bacr and Fain (1955) may be sup-
ported by a statistical parameter,
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The Cercaria of Dichadena acuta Linton, 1910
(Trematoda:Hemiuridae) *

R. M. CaBLE AND Fuap M. NAHHAS

ABSTRACT

A minute eystophorous cercaria, developing in the marine snail, Zecbina
browniana, was determined to be the larva of Dickadena acuta by exposing un-
infected snails to the eggs of that trematode removed from Acanthurus hepatus in
Curacgao. The cerearia and its embryology are deseribed, the adult is figured,
and cystophorous cercarine are discussed. That group is interpreted as a highly
speeialized one in which features remindful of the furcocercariae are secondarily
developed.

At the Curacao laboratory in February, 1961, fresh sand from shallow
water nearby was added to an aquarium in which a pair of jawfish had been
established for several weeks. Soon thereafter, numbers of the minute marine
snail Zebina browniana, were ohserved on the glass of the aquarinm at night.
During the day, they returned to the sand where they were almost invisible.

Several snails were collected, erushed, and examined for larval trematodes.
Over one-half of them yielded a minute cystophorous cercaria which emerged
spontaneously from additional snails that were isolated in fingerbowls of sea
water. The species was studied in some detail but that work was diseontinued
when snails became scarce on the sides of the aquarium at night.

About a month later, snails reappeared in even larger numbers than hefore.
One hundred were crushed and examined but all were negative for larval
trematodes. Tt thus was evident that the snails had been reared in the aquar-
ium and, being free of infection, presented an opportunity to investigate the
life history of the trematode. The type of the cercaria and its abundance
indicated that the adult should be a common hemiurid parasite of some
shallow-water fish. A variety of such potential hosts had been collected in
the vieinity of infected snails hut hemiurids were found abundantly in only
the surgeon fish, dcanthurus hepatus, and then in every specimen, even voung
ones less than 3 inches long. However, they harbored two hemiurid species,
one helonging to a new genus to he reported elsewhere and the other identi-
fied as Dichadena acuta which was the more abundant species by far. Similar
abundance of the cerearia in question suggested it to be the larva of D. acuta.
Accordingly, adults of that species were removed from a number of fish,
teased apart to liberate ezgs, and placed in the aquarium with the laboratory-
reared snails. Six weeks later, 100 snails were removed, crushed and exam-
ined; 47 harbored evidently mature infections of the cercaria previously found
in natural infections and none yielded any other species of larval trematode.
Time did not permit attempts to determine the second intermediate host but
to judge from other hemiurid life histories, it may be a copopod. Another
hemiurid larva, found later in Jamaica, developed in both copepods and amphi-
pods (unpublished data).

Although the adult of the cerearia in question seems established, the tax-
onomy of the species is less certain. It definitely belongs in the genus Dicha-
dene which Siddiqi and Cable (1960) showed to be distinet from Lecithaster
by possessing a eyclocoele intestine that other investigators had overlooked.
Siddiqi and Cable followad Manter (1947) in identifying as D. acuta speci-

*From the Department of Biological Sciences, Purdue University, and Caraibisch Marien-
Biologisch instituut, Curacao, N.A.
This investigation was supported by Grant G-14691, National Science Foundation.
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mens with a lobed ovary which Manter said had been overlooked by Linton
(1910). However, we have found in surgeon fishes from both Curacao and
Jamaica specimens which range from ones with a distinetly lobed ovary to
those in which that structure is smooth. Moreover, that variation is not cor-
related with the size and presumably maturity of the worms as is true of the
testes in some trematodes. However, the cyclocoele hemiurids that we have
seen in Caribbean surgeon fishes are otherwise so much alike that we prefer to
regard them as a single species in which the shape of the ovary is variable.

In assigning D. acute to the Hemiuridae, we see no justification for the
extent to which new families have been proposed for species once assigned
to that group. Moreover, including the family IMaplosplanchnidae in the
Hemiurata as Skrjabin and Gushanskaia (1960) have done is wholly in-
comprehensible to us.

In the following diagnosis of the cercaria, measurements are in millimeters
and are from spontaneously shed larvae observed alive under a frecly-floating
coverglass. Their being non-motile, it was unnecesary to restrain or kill them
for that purpose.

Cercaria of Dichadena acute Linton, 1910 (Fig. 1-8)

Dragyosis: Minute, eystophorous cercaria with caudal vesicle into which
long delivery tube and body of larva retract before emerging from host. Cyst
transparent, bearing a long, thread-like excretory appendage at anterior end;
cuticle of cyst elevated to form 8 meridional ridges, 4 of which are continuous
with edges of a pair of posterior, ear-like appendages about 0.040 wide and
0.017 thick. Cyst 0.070-0.075 long including posterior appendages, 0.054 wide
including ridges, 0.040 without them. Body poorly developed, with distinet
preoral lobe; suckers and pharynx embryonic, beginning of digestive tract
harely evident. Exeretory vesicle small, epithelial; from it, a common execre-
tory tube extends anteriorly, dividing posterior to ventral sucker to form two
tubes which unite dorsal to pharynx; at about midlevel of forebody, each side
of loop joined by collecting tubule receiving capillaries from 2 flame cells and
one capillary extending to posterior end of body, evidently to serve flame cell
seen in embryo but apparently disappearing later. Development in elongate
germinal sacs up to 1.5 mm. long; anterior end of sac¢ glandular, with hirth-
pore but no distinet pharynx or gut; voung embryos concentrated near pos-
terior end of sac.

1lost: Zebina browniana D’Orbigny.

Locarrry: Outer Piseadera Baai, Curacao, N.A. and presumably other
Caribbean regions and Gulf of Mexico where the adult trematode is known
to oceur.

Discussion: Spontaneously shed cercariae settled to the bottom of the
dish where they remained motionless, with the excretory appendage in a tan-
gled mass, and were difficult to recognize, whether single or in groups. Prob-
ably for that reason, the larva was not found in Jamaiea where the adult was
abundant and thousands of minute snails were examined by isolation, includ-
ing many Zebina browniana. Few, however, were crushed and then mostly
to observe developmental stages in infected ones that had shed other species
of cercariae on isolation.

Embryology of the cercaria is much as deseribed by Sinitsin (1911) and
Hussey (1941) for other hemiurid larvae. Primary exeretory tubes ave dis-
tinet and fused along part of their length before the body-tail furrow is
evident (Fig. 2). Tts appearance is followed first by differentiation of the
primordium of the delivery tube (Fig. 3) and then the exeretory appendage
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and the bladder epithelium (IFig. 4). With further development, both ap-
pendages elongate and assume an acute angle to the long axis of the embryo.
The delivery tube appears as a column of large cells growing ont from the
inner posterior region of the eyst, ending with a cluster of smaller nuelei.
Meanwhile the primary exeretory pores become progressively farther from
the tip of the elongating excretory appendage and a pair of fliune cells can
be seen in the candal eyst (Figs. 5, 6). When primovdia of the suckers be-
come well defined, the exerctory system can no longer be traced into the
exceretory appendage whiel has begun to elongate toward its final form and
shows a few seattered nucler; the posterior ear-like appendages are distinet,
with one of them bearing a small accessory appendage that evidently dis-
appears later (Fig. 7). In advanced embryos, the excretory appendage some-
times seemed to he withdrawn into the eyst hefore the hody and delivery tube
were but it was always external to the cvst in shed larvae.

As in other c¢ystophorous larvae, coverglass pressure caused foreible ejection
of the long delivery tube posteriorly from its base and rapid passage of the
body through it to the outside. Although some species may be inecapable of
retracting the body and delivery tube into the eaudal cyst, descriptions of
others to that eftect, based on material from crushed snails, probably are
inaceurate hecause such retraction occurs only in fully developed larvae.

The caudal eyst in hemiurid cereariae is remarkably varied in the number
and form of its appendages. The delivery tube is readily identified but by
the time that the cerearin is completely formed, the exercetory appendage may
be so modified ov reduced that its identity may be lost or transposed with that
of another appendage. Thus, the only eertain way to determine homologies
in these larvae is to study their embryology.

In Cercaria appendiculata, as deseribed by Chubrik (1952), the tail bears
a long appendage which is bifid and resembles the tail of furcocercous larvae.
That resemblance applies to the entive tail with its pair of posterior ap-
pendages in Cercaria californiensis (Cort and Nichols, 1920) and the present
species. The presence of flame cells in the embryonic or even completely
developed caudal eyst of hemiurid cereariae is further suggestive of the furco-
cercariae in which the fail stem often contains flame cells. However, the
epithelial bladder of hemiurid larvae places that group in the Superorder
Epithelioeystidia in the scheme of La Rue (1957). This seeming combination
of cercarial features of that superorder and the Anepithelioeystidia might be
taken to indicate that the hemiuroid complex is an intermediate group, closest
to that which evolved from the more primitive Anepitheliocystidia and gave
rise to the Epitheliocystidia. In our opinion, that view is untenable for
several reasons. In the flrst place, it assumes that the Order Strigeatoidea is
closer to the Ipithelioeystidia than is the Order Echinostomida of La Rue’s
scheme but the reverse secems more probable when life cycles and the mor-
phology of the various stages are considered. Cystophorous cercariae are the
most specialized of all larval trematodes and, for that reason, are difficult to

Plate 1. Dichadena acuta

Abbreviations: AA, accessory appendage; AC, ear-like appendage; OB, body of
cerearia; CC, caudal cyst; DT, delivery tube; EA, exeretory appendage.

Figure 1. Spontaneously shed cercaria with body and delivery tube withdrawn
into eaudal eyst.

Figures 2-7. Embryos of cereariae, showing development of tail and excretory
system.

Figure 8. Body of cercaria with excretory system shown.

Figure 9. Adult from intestine of Acanthurus hepatus.
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accept as an intermediate group. Moreover, furcocercariae, from those of the
holostomes and blood flukes through the fellodistomatid, brachylaimid and
gasterostome eereariae to the furcocystocercous larvae of the Azygiidae and
Bivesiculidae uniformly have a eommon exeretory tube (or pair of tubes)
extending through the tail stem to open at primary pores on the furcae. That
relationship is fundamental and persists even in the extremely rudimentary
tails of certain brachylaimid larvae. There is no convincing evidence that such
is the case in the few hemiurid cercariae in which the entire tail is somewhat
furcocercous in shape or bears a bifid appendage resembling the tail of the
furcocercariae.

As to caudal flame eells, they arve absent in the furcocevcariae of the
Brachylaimidae, Fellodistomatidae and Bucephalidae and evidently are not
always present in the larvae of the Strigeatoidea. Moreover, they occur in
the simple-tailed eerecaria of Heronimus chelydrae but are absent in other
trematodes of its order, and the many aberrant features of that specics argue
against its position as being intermediate to the Strigeatoidea and Kchino-
stomida. It seems to us that the presence or ahsence of caudal fltame cells
may have the explanation that La Rue (1957) gave for the location of the
primary excretory poves, viz., the degree of molding as opposed to prolifera-
tion in the differentiation of the tail during ontogeny. Depending on the
extent of molding, the posterior-most flame cells or groups thereof may be
carried into the tail or remain in the body of the cercaria. Caudal flame cells
actually may be more consistently present in hemiurid larvae or their emhryos
than in true furcocercariae. The great degree of molding is obvious from the
location of primary exeretory pores on an appendage of the eaudal eyst and
from the remarkable development of the cyst in most species.

From the foregoing discussion, we coneclude that trematodes nearest the
separation of the Epithelioeystidia from the Anepithelioeystidia are to he
sought elsewhere than in the hemiuroid complex. Cable (1956) allocated to
that group Cercaria caribbea XXXIV whose tail suggested the derivation of
that structure in eystophorous larvae. Further study of that cercaria and
two new species of its type convinces us that features of the body preclude the
possibility that the adults of these peculiar larvae are hemiurids. The matter
will be discussed further when the new species are described.
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Hemicycliophora vaccinium n. sp. (Nematoda:Criconematidae)
from cranberry*

J. P. Reep axp W. R. JENKINS

Tn cooperation with workers at the University of Massachusetts Cranherry
Experiment Station, numerous samples of soil and roots were examined for
the presence of plant-parasitic nematodes. Among those species identified
was one deseribed below as HHemicycliophora vaceinium n. sp.

Hemicycliophora vaceinium n. sp.

MEeasureMENTS : 24 females—I, = 1.15 mm (0.975-1.26 mm); a = 301
(25.6-35.3); b = 6.6 (5.9-8.7); ¢ = 15.6 (14.9-16.7); V = 76.7% (7+4-
80.49%) ; stylet = 102 microns (95-112¢).

Cuticle marked by coarse hody striae about 3.5 microns apart. Larval
cuticle fitting closely about the body thronghout its length. Lateral field with-
out a longitudinal line but the annular striae have breaks connected by short
oblique lines along the lateral fields. Lip region truncate with labial dise
about 2/5 as wide as head, bearing three annules, the anterior one extending
forward about the labial dise. Amphidial apertures pore-like. Execretory pore
conspicuous, located ventrally on the 50th to 60th body annule. No hemizonid
observed.

Stylet slightly curved in heat-relaxed specimens. Anterior surface of stylet
knobs slope posteriorily. Dorsal esophageal gland orifice located 3 to 4
microns posterior to stylet knobs. Basal bulb of esophagus somewhat clavate
with broad cardia projecting into intestine. Reectnmn terminates in an obscure
anus 30 to 35 annules posterior to vulva. Body ending in a convex-conoid
attenuated tail which becomes very slender near the pointed terminus.

Vulva a conspicuous, transverse slit, located at 74 to 809 (779 average).
Vagina anteriorly sloping. Ovary well developed, extending anteriorly in
sone specimens nearly to base of esophagus. Oocytes in a single row except
at anterior end of ovary where an alternating double row was obhserved. No
spermatheca or post-vulval uterine sac observed.

Dracxosis: This species resembles I1. gigas and H. gracilis. Tt differs from
the former in that it is smaller, possesses more body annules, has a shorter
stylet with differently shaped knobs, and the lateral field does not bear shad-
owy markings. From H. gracilis, this species differs in that it possesses a
tight fitting rather than loose larval cuticle, its lateral field bears no lines, in
comparison to two lines in H. gracilis, its lip region has three rather than two
annules, and its somewhat smaller size.

Hororype: Female as noted on slide number J-20, Rutgers collection.

Pararyres: Fourteen females, slides numbered J-18 to J-25, Rutgers
collection.

Tyre Hasrrar, Host, and Locanity: Soil from about roots of cranberry,
V accinium macrocarpum, Hammond Bog, East Wareham, Massachusetts.

Li1TERATURE CITED

TEORNE, G. 1955. Fifteen new species of the genus Hemicycliophora with an
emended description of H. typica de Man (Tylenchida, Criconematidae).
Proe. Helminth. Soe. Wash, 22: 1-16.

*Paper of the Journal Series, New Jersey Agricultural Experiment Station, Rutgers Uni-
versity, New Brunswick, N. J.
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Figure 1l.—a-d Hemicycliophora vaccinium. a—Mature female. b—Head of
female. c—En face view of female. d—Lateral field of temale in the pre-vulval
area. J'igs. 1D, e, and d same scale.
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A New Genus and Species of Monogenetic Trematode
from a Shark, with a Review of the Family
Microbothriidae Price, 1936

Eyxmerr W. Price*

Recently Dr. Reinard Harkema, North Carolina State College, Raleigh,
North Carolina, presented to the writer several specimens of a monogenetic
trematode which he had collected from a lemon shark, August 20, 1947, at
Beaunfort, North Carolina. These specimens differ in many respeets from all
other members of the family Microbothriidae, the taxon to which the material
obviously belongs, but appear to be most closely rvelated to Dermophtherius
carcharhini MacCallum. However, in view of differences in the genital atrium
and its constituent structures, as well as in the number of testes, it seems
desirable to ereate for this form a new genus and speeies for which the name
Neodermophtherius harkemai is proposed.

In conneetion with the study of the specimens in question, it has been neces-
sary to review the present status of the Microbothriidae with the result that
it seems essentinl for proper eoordination to erect a new subfamily, Neo-
dermophtheriinae, to include the genera Dermophtherins MaeCallum, 1926
and Neodermphtherius n. g.

Neodermophtherius harkemai n. gen., n. sp. (Figs. 1. A-G)

Descriprion : Body linguiform, 6.7 to 7.9 mm long by 1.3 to 1.5 mm wide,
sides almost parallel, with anterior and gradually attenuated cephalie to
genital atrium, and posterior end narrow and elongated, terminating in opis-
thohaptor. Prohaptor in form of pseudosucker composed lavgely of termini
of cephalie gland duets. Cephalie glands munerous, on each side of pharynx.
Unicellular glands extending posteriorly as far as anterior level of ovary,
probably consisting of cephalie, esophageal and Mehlis’ glands in their re-
speetive areas but not distinguishable into definite groups in available mate-
rial. Opisthohaptor cup-like, 0.13 to 0.17 mm in diameter, unarmed. Oral
aperture terminal; prepharynx relatively short. Pharvynx oral, 0.330 to 536
mm long by 0.160 to 0.210 mm wide, with 8 finger-like papilla projecting
into lumen of anterior half. Esophagus very short or absent; intestine with
relatively long, branched lateral diverticula, terminating about 0.8 to 1 mm
from posterior end of hody. Nervous system not ascertainable; eyes ahsent.
Exeretory vesicles at level of posterior end of pharynx. Common genital
aperture unarmed, slightly to left of median line, about 1.5 mm from anterior
end of body. Genital atrium somewhat piriform, unarmed, 0.775 mm long by
0.336 to 0.545 mm wide, incompletely divided into 2 compartments by diagonal
dorsal ridge, situated immediately posterior to esophageal bifureation. Cirrus
sonewhat campanulate, with incomplete civele of simple recurved spines,
0.030 to 0.040 mm long, at distal end of ejaculatory duct and 5 or 6 rows of
simple spines, about 0.020 to 0.032 mm long, along ventral side of free distal
end. Prostate U- or S-shaped, with prominent sphineters at ends, anterior
to cirrus. Vas deferens somewhat convoluted, distended with sperm, to left
of genital complex. Testes 11 in number, relatively large, postovarial, in
equatorial region of hody. Ovary somewhat reetangular, 0.338 to 0.500 mm
long by 0.420 to 0.545 mm wide, pretesticular. Ootype velatively spacious,

*Jacksonville State College, Jacksonville, Alabama.

Collahorator, Beltsville Parasitological Laboratory, Animal and Parasite Research Divi-
sion, Agricultural Research Service, United States Department of Agriculture.

This work was supported by a grant (G13002) from the National Science Foundation.
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opening into genital atrinm at smmmit of fleshy papilla. Vitellaria extending
from level of anterior end of pharynx to near ends of intestinal ceca, con-
fluent in posttesticular area. Vagina single, slender, extending anteriorly,
parallel to vas deferens, from distal end of ootype and opening into posterior
end of left side of genital atrium. Kgg oval, 0.070 mwm long by 0.036 mm
wide, with long slender filament at distal pole.

HosT: Negaprion brevirostris.

Locariox : (il arches.

DistriBurion : United States (Beaufort, North Carolina).

SeecrvENS: U, S. Nat. Mus. Helm. Coll. No. 37750 (holotype) and 37751
(paratypes).

The position of Neodermophtherius harkemai in the Microhothriidae is
shown in the following brief review:

Family Microbothriidae Price, 1936

Syyxoxvyys: Dermophagidae MaeCallum, 1926; Labontidae MaeCallum,
1927,

Dragxosis: Body oval to linguiform, flattened. Prohaptors present or
absent, when present in form of sucker-like structures. Opisthohaptor small,
without septa or hooks. Intestine with or without lateral diverticula. Genital
atrium unarmed. Cirrus museular or a sclerotized tube; when muscular, armed
or unarmed. Vagina single or double, opening either exteriorly or into genital
atrinm.

TypPE GuNUS: Microbothrium Olsson, 1869.

The family names Dermophagidae MacCallum (1926) and Labontidae Mae-
Callum (1927) are unavailable for this taxon, since Dermophagus MacCallum
is preoccupied and Labontes MacCallum is a synonym of Microbothrium
Olsson.

Key to subfamilies of Microbothriidae

1. Cirrus armed .. e Dermophtheriinae n. sf.
Cirens omnrmtied. e e 2
2. Testis single, entire or deeply lobed ... Mierobothriinae Price
Testes numerous......_ .. Pseudocotylinaec Monticelli

Subfamily Microbothriinae Price, 1938

SyxonyMs: Dermophaginae MaeCallum, 1926; Lahontinae MacCallum,
1927 ; Paracotylinae Southwell and Kirshner, 1937. '

Disgyosis: Prohaptor in form of oral sucker or pseudosucker. Testis sin-
gle, entire or multilobed. Vagina single or, rarely, double.

TyPE GENUS: Microbothrium Olsson, 1869.

Three gencra, namely, Microbothrium Olsson, Leptocotyle Monticelli, and
Leptobothrium Gallien are presently included in the Microbothriinae. In a
previous paper the writer (Price, 1938) included in this subfamily, with
reservations, the genus Anoplodiscus Sonsino, mainly because of its unarmed
opisthohaptor. Subsequently Fischthal and Allison (1941) and Sproston
(1946) rejected this relationship and included it in the Calceostomatidae
(Parona and Perugia). Bychowsky (1957, 1960) provisionally placed Anoplo-
discus in the subfamily Ancyrocephalinae Bychowsky, noting that “this can
be stated with certainty only after subsequent findings.”

Copyright © 2011, The Helminthological Society of Washington
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Yigure 1. Neodermophtherivs harkemai. A. Complete specimen,

ventral view;
B, pharynx; C, genital complex, somewhat schematized; D, terminal portion of
cirrus, showing spine distribution; I, large cirrus spines; F, small cirrus spines;
G, egg.

(Abbreviations: a, common genital aperture; af, female aperture; ag, genital
atrium; e, cirrus; o, ovary; od, oviduet; ot, ootype; pr, prostate; v, vagina; va,
vaginal aperture; vd, vas deferens.)
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Key to genera of Mierohothriinae

1. Intestine without lateral divertienla ... ... Leptocotyle Monticelli
Intestine with lateral divertieula.... ... =9
2. Vagina single.._. B e Sl it caiy _.Microbothrium Olsson
Vagina. dowbles . S e e _Leptobothrium Gallien

Genns Microbothrium Olsson, 1869

SyNoxyMSs: Dermophagus MacCallum, 1926, nec Dejean, 1833 ; Labontes
MaeCallum, 1927; Philura MaceCallum, 1926; Pseudocotyle Beneden and
Iesse, 1865, in part.

Draaxosis: Prohaptors in form of 2 hothria-like structures opening into
oral cavity. Opisthohaptor small, weakly muscular, cup-shaped or elliptical,
subterminal. Intestinal branches with lateral dendritic diverticula. Genital
aperture median. Cirrus muscular, with heavily sclerotized ejaculatory duect.
Testis single, postovarial, equatorial. Vagina single, not opening itno genital
atrium.

TYPE SPECIES : Microbothriwm apicnlatum Olsson, 1869 (syns. Preudocotyle
apienlatiom  (Olsson, 1869) Braun. 1890; Philura orata MacCallum, 1926,
Dermophagus squali MaceCallum, 1926), from skin of Squalus acanthias and
Carcharias commersonil, Europe and North Ameriea.

INCLUDED SPECIES: BMicrobothrivm tolloi Brinkmann, 1952, from skin of
Mustelus edulus, South America (Chile). Brinkmann (1952h) proposed this
species with come resevvations, since it bears close resemblance to M. apicu-
latim except for a more anterior extension of the vitellaria and host.

M. lepidorkini (Guiart, 1938) Brinkmann, 1952 (syns. Pseudocotyle lepido-
rhini Guiart, 1938; Microbothrivm centrophori Brinkmann, 1940), from skin
of Centrophorus squamosus, Kurope. Brinkmann (1952a) compared the speci-
mens which he (1940) described as 3. centrophori with those deseribed by
Guiart (1938) as P. lepidorhini and found them to he the same species.

Genus Leptocotyle Montieelli, 1905

SYNONYM : Paracotyle Johnstone, 1911.

Dracyosis:  Prohaptor weakly developed. TIntestine without lateral di-
verticula, Other charvacters similar to those of Microhothrium.

Type SPECIES: Leptocotyle minor (Monticelli, 1888) Gallien, 1937 (syn.
Pseudocotyle minor Monticelli, 1888; Paracotyle caniculae Johnstone, 1911),
from skin of Seyllivm canicula, Europe.

Genus Leptobothrium Gallien, 1937

SyxoxyM: Pseudobothrium Gallien, 1937, nec Guiart, 1935.

Discxosis: Prohaptor in form of pseudosucker. Opisthohaptor small, un-
armed. Intestine with non-dendritic lateral diverticula. Testis single. Cirrus
simple, without sclerotized lining. Ovary small nonlobulate, pretesticular. Va-
eina bifurcate, forming 2 branches opening into genital atrium. Other charac-
ters similar to those of Microbothrium.

TYPE SPECIES : Leptobothrium pristiuri (Gallien, 1937) Gallien, 1937 (syn.
Pseudobothrium pristiuri Gallien, 1937), from skin of Pristiurus melanosto-
mus, Europe.

Dermophtheriinae new subfamily

Disexosis: Prohaptor in form of pseudosucker or of 2 bothria. Opistho-
haptor small, unarmed. Intestinal hranches with lateral dendritic diverticula.

Copyright © 2011, The Helminthological Society of Washington
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Cirrus fleshy, armed with spines. Testes 2 or more, postovarial. Vagina sin-
gle, may or may not open into genital atrium.

Typre GENUS: Depmoptherius MacCallum, 1926.

This subfamily is separated from Mierobothriinae mainly on the hasis of
an armed c¢irrus and multiple testes in the included species.

Genus Dermophtherius MacCallum, 1926

Diagxosts: Prohaptor in form of 2 bothria opening into oral cavity.
Opisthohaptor with 2 clamp-like sclerotized jaws resembling valves of clam
shell, unarmed. Intestinal branches with long lateral dendritic diverticula
and few, short median diverticula. Genital aperture slightly sinistral. Cirrus
fleshy, armed with 2 overlapping rows of stave-like spines in thicker ventral
wall and single row of short simple spines in thinner dorsal wall. Testes 2,
side by side, postovarial and postequatorial. Vagina single, not opening into
genital atrivm.

TyPe SPECIES: Dermophtherius carcharhini MacCallum, 1926, from olfac-
tory organs and skin of Carcharias commersonii, North America (United
States).

NEODERMOPHTHERIUS new genus

Diagyosis: Similar to Dermophtherius. Civrus armed with incomplete row
of simple recurved spines around ejaculatory duet and several straight rows
of simple spines on ventral surface near distal end. Testes several (11 in type
species), postovarial. Vagina single, opening into genital atriwum near female
genital aperture.

TYPE SPECIES : Neodermophtherius harkemai new species, from gill arches of
Negaprion brevivostris, North America (United States).

Subfamily Pseudocotylinae Monticelli, 1903

Diaaxosis: Prohaptor absent. Opisthohaptor small, sucker-like, unarmed.
Tutestinal branches with lateral dendritic diverticula. Genital apertures me-
dian, close together. Cirrus unarmed. Testes numerous, postovarial. Vagina
double, not opening into genital atrium.

Typre GENUS: Pseudocotyle Beneden and Hesse, 1865.

Genus Pseudocotyle Beneden and Hesse, 1965.

Dragxosis: Characters of subfamily.
TyPE SPECIES : Pseudocotyle squatinae Beneden and Hesse, 1865, from skin
of Squatina squatina, Europe.
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Notes on the genus Contortylenchus Riihm, 1956, with
observations on the biology and life history of
C. elongatus (Massey, 1960) n. comb.,
a parasite of a bark beetle*

Wirriay R. NICKLE

Von Linstow (1890) was the first to observe a nematode of the genus
Contortylenchus Rithm, 1956. He placed this nematode in the genus Allan-
tonema Leuckart, 1887, and proposed the name Allantonema diplogaster. In
1915 Fuchs considered that the parasite that he found in the body cavity of a
bark beetle, Ips typographus (Linnaeus), was Allantonema diplogaster von
Linstow; however, he named it Tylenchus contortus typographi and called
attention to the fact that it was related neither to Allantonemae Leuckart,
1887, nor to Diplogaster M. Schultze, 1857. He correctly desceribed the life
cycele and some of the developmental stages.

Three nematodes described by Fuchs form the core of what is known today
as the “contortus” group. This includes Tylenchus contortus typographi, T.
contortus cunicularii and 7'. contortus laricis. 'When relaxed or fixed, all of
these parasites lie in a curved or spiral position with the ventral side outward
instead of inward as is the case with most nematodes. This gives them a
strained or contorted appearance. These three species were placed, with other
nematode species, in the genus Aphelenchulus by Filipjev in 1934. Thorne
described a “contortus” type nematode in 1935 as Aphelenchulus reversus.

In 1956 Riihm described the genus Contortylenchus for these “contortus”
type nematodes and designated C. diplogaster (v. Linstow, 1890) Riihm 1956,
as type species. As a result of Rithm's revisions, only the type species, A.
mollis, remains in the genns Aphelenchulus. In 1957 Massey described four
“contortus” type nematodes which he placed in the genus A4 phelenchulus and
which Riithm (1960) subsequently assigned to Contortylenchus. In 1960 Mas-
sey described another “contortus” type nematode as Aphelenchulus elongatus,
considered here to he Contortylenchus elongatus (Massey, 1960) n. combh.

*Contribution from the Entomology Research Institute for Biological Control, Research
Branch, Canada Department of Agriculture, Belleville, Ontario. This paper is part of a
thesis submitted for the degree of Doctor of Philosophy at the University of California, Davis,
California.

The author wishes to express his sincere appreciation to Professor M. W. Allen for help-
ful guidance and criticism throughout this study. Appreciation is extended also to Dr. A. R.
Maggenti for advice on the illustration and on the morphology of the nematodes concerned.
Thanks is given to Dr. A. M. Golden, of Beltsville, Md., U.S.D.A., for making available speci-
mens of Aphelenchulus mollis and to Dr. R. W. Stark, of U.C. Berkeley, for his interest and
encouragement.
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The genus Contortylenchus, as understood here, should include: Type Spe-

ctes, C. diplogaster (Linstow, 1890) Rithny, 1956; C. acuminati Rithm, 1956,
C. amitini Rithim, 1956; C. barberus (Massey, 1957) Rithm, 1960; C. brevi-
comi (Massey, 1957) Riithm, 1960; C. eryphali (Riithm, 1954) Riihm, 1956;
C. cunicularii (Fuchs, 1929) Rihn, 1956; C. elongatus (Massey, 1960) n.
comb; C. grandicolli (Massey, 1957) Riihm, 1960; C. laricis (Fuchs, 1929)
Riihm, 1956; C. reversus (Thorne, 1935) Rithm, 1956; C. spirus (Massey,
1957) Rithm, 1960.

STaTUS oF A phelenchulus mollis Cobh, 1920

A controversy has developed concerning the status of Aphelenchulus mollis
Cobb, 1920. This nematode was described from material collected from the
body cavity and ovary of the longhorn heetle Megacyllene picta (Drury). The
main problem is whether or not A. mollis is of the “contortus” group of
Fuchs. Six slides, containing many specimens of A. mollis from Cobb’s 1917
collection, were obtained from Dr. A. M. Golden of Beltsville, Maryland.
Thirty-four sheets of published and unpublished eamera Tucida drawings and
data sheets, made by Cobb when he described A. mollis were also available.
Beetles collected by Dr. Golden from the type locality did not harbor hody
cavity nematode parasites, so that unfortunately, no fresh material was avail-
able. From the material that was studied, however, it could definitely be de-
termined that 1. mollis is not of the “contortus” group. Therefore the genus
Contortylenchus should be retained as an entity distinet from Aphelenchulus.

Contortylenchus elongatus (Massey, 1960) n. comh.
(Emended Description)

Synonymy: Aphelenchulus elongatus Massey, 1960.

Apvrr Parasiric Feaane: Northern California Specimens (10) : length
2.3 mm. (1.3-3.4 mm.); width .10 mm. (.06-.12 mim.); stylet 11-12 microns;
a =23 (18-31); ¢ = 39 (33-44); V = 949 (92-95%); V-A 13 mm. (.11-16
mm.) ; egg length 58 microns (51-67 microns); egg width 20 microns (17-24
mierons).

Southern California Specimens (10) : length 5.1 mm. (3.2-6.7 mm.) ; width
13 mm. (L08-.20 mm.) ; stylet 11-12 microns; a = 41 (34-54); ¢ = 47 (43-49) ;
V = 939% (92-959%); V-A .39 mm. (.30-48 mm.); egg length 58 microns
(51-64 microns) ; egg width 19 microns (17-23 miecrons).

Free-Living Staces: Femalte (10) : length .59 mim. (.52-.65 mm.); width
13 microns (12-14 mierons) ; stylet 11 microns (11-12 mierons) ; a = 47 (41-
55); ¢ = 23 (22-25); V = 909% (89-91%); tail length 26 microns (21-29
mierons). '

Male (10): length .61 mm. (.54-.67 mm.); width 13 microns (11-14 mi-
crons) ; stylet 10 mierons (10-11 microns) ; a = 49 (40-55); ¢ = 23 (21-24);
tail length 27 microns (24-30 microns); spicule length 13 mierons (12-13
mierons) ; gubernaculum 4 microns (3-5 microns).

LarvAE: 2nd-Stage Larva: length (.16-.25 mm.); width (11-13 microns).
3rd-Stage Larva: length (.30-43 mm.); width (15-17 microns). 4th-Stage
Larva: length (.53-.56 mm.); width (17-18 microns).

Free-1ivixg Femane (Fig. 1): TFound in frass of infected bark heetle.
Smaller than male. Cuticle finely annulated. Body assumes almost straight
form when relaxed hy gentle heat. Lateral field difficult to see, 8-10 lines.
Excretory pore at level of subventral esophageal gland orifices, anterior to
nerve ring; duct long, extending to cell nucleus located one-third body length
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from anterior end. Phasmids not seen. Stylet robust, tylenchoid, 10-12 mi-
crons long, more strongly developed than that of male; lumen present; basal
knobs well developed. Esophagus without valved median bulb, neotylenchoid,
with distinet swelling at level of openings of subventral gland orifices which
empty into an ampulla; dorsal gland orifice opens just posterior to stylet
knobs; intestine enveloped by posterior end of esophagus; esophageal glands
well developed, overlap intestine dorsally and extend posteriorly for ahout
one-half body length. Hemizonid present. Nerve ring posterior to level of
excretory pore. Intestine well developed, difficult to see hecause of dense
deposition of reserve food globules in body eavity. Gonad single, prodelphic;
ovary few-celled each cell contains large, clearly-visible cell nucleus; oviduet
very short; uterus thin-walled, may bhe without, or packed with, varying
amounts of individual spermatozoa; no eggs produced in this stage; small
post-uterine sac-like arca present but disappears after entrance into host
insect; vulval aperture small and rounded; vulval lips not protruded. Anus
difficult to see. Tail wedge-shaped, rounded at end.

FreEE-L1vING MaLk: Found in frass of parvasitized bark beetle. Larger than
female. Stylet 10-11 mierons long, not as robust as in female, lumen difficult
to see, basal knohs not as well developed as in female, Ksophageal glands
difficult to see hecause of lavge size of testis which erowds tissues to side,
more weakly developed than in female. Gonad outstretched, reaching into
esophageal area; testis usnally with one anterior flexure; vas deferens con-
tains individual sperm. Tail rounded at tip, enveloped by narrow, pelodevan
caudal alae. Spicules with small ventral velum, slightly curved, distally acumi-
nated, tylenchoid. Gubernaculum small, trough-like.

Apvrr Parasitic FEMane: Found in haemocoel of bark beetle. Typieally
coiled when relaxed by heat. Always with ventral side externally turned. Body
surface mostly smooth, usually wrinkled at anterior end, transverse striae
present; body uniformly wide, without swollen area. Excretory pore visible.
Anterior end movable, conoid, with stylet, move or less distinetly set-off from
rest of body, inwardly folded, becoming flat-headed with age; tail-end also
narrows quickly to a dorsally-bhent, papilliform, tail tin. Stylet not retracted
into inner hody, no different than that of free-living female. Esophagus de-
generate, often difficult to see, lwmen and gland orifices visible, esophageal
glands not seen, degenerate. Tntestine remains intact, permits an easy separa-
tion from most parasitylenchs; intestine usually lies dorsal to the gonad, rec-
tum seen as a small degenerate thread connecting intestine with anus. Muscle
layer well developed, thicker in neck region than in rest of body. Subcuticular
lateral structures (Thorne, 1935) easily seen, extending laterally on both sides
of body for entire length of hody. Gonad enlarges rapidly within female
during period of rapid growth after entrance of insect host, usually with one
or two flexures; ovary with numerous hexagonal oogonia arranged ahout a
central rachis, each oogonium contains a large nucleus, oogonia collect and
mature in a portion of the oviduet anterior to the spermatheca. Spermatheca
highly specialized, sperm transported anteriorly from uterus of free-living
female to a pouch-like structure in the wall of the rapidly developing oviduet,
numerous eland nuelei can he seen in the walls of the oviduct just anterior
and posterior to the spermatheca; oviduet leads posteriorly into a large thick-
walled uterus. Vagina muscular, with at least three supplementavy glands.
Vulval opening wide, transverse, deeply sunken.

Host 1xSEcT: Ips eonfusus (LeConte). Type Host.
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Figure 1. Free-living Infective Stage Female, Contortylenchus elongatus found
in the galleries of parasitized bark beetles, Ips confusus.
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Locarrmies: Type LocaniTy. Bandelier National Monument, New Mexico.
Other localities Nevada City, Bass Lake, Fish Camp, MeCloud, and San
Bernardino, California,

Host mREE: Pinus edulis KEngelm., Pinus ponderosa Laws., Pinus coulteri
D. Don.

The classitication of the contortylenchs is still based primarily on the large
adult parasitic female as this is usually the stage encountered. Several spe-
cies were deseribed without the free-living sexual forms. Due to the parasitic
mode of life, the female nematode often enlarges 10-15 times its normal length
and width in the insect haemoecoel. dMost morphological structures are sup-
pressed by this expansion and also by the large development of the gonad.
C. elongatus taken from Ips confusus living in ponderosa pine in northern
California were all about 3.5 mm. long with two flexures of the ovary and
they formed one complete cirele when relaxed by heat. C. elongatus taken
from Ips confusus living in pinyon pine in southern California were 7.0 mm.
long with ovary outstretched or with one flexure and formed two complete
eireles when it was relaxed by heat. It is considered that a better criterion for
species identification in the allantonematids probably lies in the free-living
sexual forms,

BroroGy axp pnirs misrory or C. BLoNcatUs: When the abdomen and
thorax of a specimen of Ips confusus parasitized by C. elongatus are opened
in Ringer’s solution, the adult parasitic female nematode which is free in the
body cavity of the host heetle drops into the solution. Such a dissection may
also reveal the presence of as many as 7500 larvae and eggs of C. elongatus
free in the inseet haemocoel. The large, yellowish to greenish-hrown adult
parasitie female nematodes are normally from 3-7 mum. long and deposit many
single-celled eggs in the hody eavity of the host. The shelled eggs undergo
segmentation in the hacmocoel of the adult beetle, and after a period of time
the embryo undergoes one moult in the egg and hatehes in the hody cavity of
the insect as a second-stage larva, The second-stage larva is very sensitive to
being out of the insect’s hody cavity and often bursts in Ringer’s solution.
When it reaches a length of about 0.25 mm., it moults a second time and he-
comes a third-stage larva. The stylet is larger than the stylet of the previous
stage, and the head more distinetly flattened. The third-stage larva grows
considerably in size and the amount of food globules present increase. The
genital primordium can be seen, especially in young male larvae. When the
third-stage larva reaches a length of about 0.43 mm., it moults a third time
and becomes a fourth-stage larva. Less growth oceurs in the fourth-stage larva
than in the third-stage larva. The genital primordium is more strongly devel-
oped than in the preceding stage and the sexes ean be determined. When the
fourth-stage larva is about 0.55 mm. long, it migrates to the gut and pene-
trates the host’s tissue to reach the rectal lumen, Consequently the fourth-
stage larvae are usually found in the posterior part of the hody eavity near
the rectum. Rihm (1956) stated that the penetration of the fourth-stage
larvae into the rectuin oceurred mainly at the heginning of the feeding
period and at the time of a new breeding period. KEgg-laying by the
adult parasitic female nematode and the development of the nematode
larvae may vary throughout the season even during the summer, depend-
ing on envirommental conditions. Fourth-stage nematode larvae pass out
of the heetle with the feces, and are deposited in the gallery or in the
egg niches of the female heetles. These nematodes are sluggish but eventually
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move into the galleries of the larval beetles. The male fourth-stage larva has
less reserve food substances than the female fourth-stage larva and the males
mature sooner than females. These fourth-stage nematode larvae moult and
develop into the free-living sexual forms in the female or larval beetle gal-
leries. Mating probably takes place in the beetle galleries though this was
not ohserved. The males degenerate atter mating and soon die. They are not
infective. Massey’s illustration (Fig. 18, 1962) of an infective stage female
of C. elongatus is more probably of the fourth-stage male larva. A spicular
primordium, the type of gonad shown and the shape of the tail are similar
to those seen on the fourth-stage male larva. The infective stage female,
shown in Figure 1, secks out a heetle grub and the penetration, though unob-
served, probably takes place direetly through the cuticle into the haemocoel.
Entrance into the anus and penetration through the rectun is also a possibility.
The exceptionally large esophageal glands probably produce substances that
aid in penetration of the inseet euticle. An oral infection does not seem possi-
ble hecause heetle grubs were often observed to rip apart the free-living infee-
tive stage female nematodes with their mandibles. All larval stages and pupae
of the inseet are prohably susceptible to infection hy this parasite. Once
inside the insect, the nematode increases in size to become the adult parasitic
female. Movement by the enlarging contortylench decreases considerably hut
some movement always is possitble. The parasite lives as long as its host insect.

SUMMARY

A briet history of the genus Contortylenchus Rithm, 1956, is given and, as
a result of studies made on specimens of Aphelenchulus mollis Cobb, 1920, the
“contortus” type nematodes are considered to belong in the genus Contorty-
lenchus Rihm, 1956, The free-living infective stage female and the life his-
tory of C. clongatus (Massey, 1960) n. comb., are deseribed. The morphology
of the unusual type of allantonematoid gonad and the large esophageal gland
development of the infeetive stage of this obligate insect parvasite is shown.
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Studies on Digenetic Trematodes of Fishes of Fiji,
IV. Families Haploporidae, Angiodictyidae,
Monorchiidae, and Bucephalidae*

Harornp W. MAXTER

This paper coneludes the study of a collection of Digenea made in Fiji in
1951. The fishes were mostly obtained from the fish market at Suva and
examined in the Laboratories of the Veterinary and Fisheries Divisions of the
Department of Agrieulture there.

Twenty-nine species of Digenea have bheen reported from Fiji (Manter,
1953; 1961; 1963a; 1963b). The six species recorded in this paper make the
total 35, from 44 species of fishes.

Holotypes and some other specimens are deposited in the United States
National Museum Ielminthological Collection. Host names with an asterisk
(*) are identifications made by Dr. Leonard P. Schultz of the U. S. National
Museum. Measurements are in mms. unless otherwise indicated.

Fanany HAPLOPORIDAE
Neohaploporus pacificus n. gen., n. sp. (Iigs. 1-4)

Hosr: Scatophagidae (?)*; Secatophagus argus (Bloch) (2)*

LocaTiox : intestine

Hororypr: No. 59861

Descrrerion (hased on two specimens): Body spined; 1.986 to 2.0 long;
0.490 to 0.493 wide; greatest width near midhody but most of hody ahout
equally wide. Oral sucker 0.198 to 0.205 wide; acetabulum 0.158 to 0.174
wide; sucker ratio 1:0.77 to 0.88. Forebody 0.593 to 0.671 or about one-third
body length. Scattered pigment granules in forebhody. Prepharynx 0.134 to
0.174 long; pharynx 0.144 to 0.154 long by 0.108 to 0.117 wide. Esophagus
longer than prepharynx; bifurcation just posterior to acetabulum. Ceca ex-
tending posterior to gonads, ending about one-third body length from posterior
end of body. Two pairs of lymphatie vessels in forebody; beginning lateral
to midacetabulum, extending anteriorly past pharynx, hecoming indistinet
opposite prepharvnx; each vessel convoluted with numerous outpocketings or
bulges separated by constrictions, containing finely granular material giving
appearance of large granular cells.

Genital pore submedian, approximately halfway between acetabulum and
pharynx. Testis single, elongate, sinistral, lateral to left cecum, either lateral
or posterior to ovary. ITermaphroditic sac large, 0.308 to 0.324 hy 0.150 to
0.182, mostly anterior to but overlapping right anterior portion of acetahu-
lum. External seminal vesiele sac-like, curving around right side of acetahu-
Ium; internal seminal vesicle elongate, filling most of hermaphroditic sac; a
narrow, sinuous tube leading backward from anterior end of seminal vesicle
to join metraterm near middle of hermaphroditic sae (Fig. 2); both internal
and external seminal vesicles containing sperm cells and small masses of
brown material with appearance of yolk (Fig. 2).

Ovary thin-walled, rather indistinet, elongate, pyriform in shape, more or
less intercecal to right of testis, near midhody; seminal receptacle not seen.
Vitellaria econsisting of two deeply lobed masses (Iigs. 3-4), one on each side

*Studies from the Department of Zoology & Physiology, University of Nebraska, No. 349.
Support for this research was aided by grants from the University of Nebraska Research
Council and the National Science Foundation (Grant G-15940).
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of ovary; left vitellarium lateral to left cecumn; right vitellarium median to
right cecum; in holotype, each vitellarium elongate with short, branch-like
lobes; in paratype, vitellaria more compact with four or five lobes; yolk
reservoir either ventral or posterior to ovary. Uterus sending a coil backward
to near posterior end of body, then forward (on right); near acetabulum
uterns turns to left then to right to enter hermaphroditic sae; there may or
may not he loops anterior to acetabulum. Kggs are thin-shelled, hence variable
in size and shape; usually 58 to 63 by 27 to 31 mierons; abnormal eggs as
small as 32 by 18 microns; eggs containing oculate miracidia; may hateh in
uterus.

Iixeretory vesicle Y-shaped, with long slender stem forking at posterior
end of ovary; erura traced only a short distance.

Discussiox : This genus is to be compared with genera possessing paired,
rather than follicular or tubular, vitellaria, viz: Haploporus Looss, 1902;
Saccocoeliwm Looss, 19025 and Wlassenkotrema Skrjabin, 1956. Tt differs
from all these genera in possessing lvmphatic vessels. In addition, it differs
from Haploporus in having longer ceca extending posterior to the testis, and
in a larger more clongate hody. The longer ceca also distinguish it from
Saccocoelium and the vitellaria are not lateral to the ceca. Yamaguti (1958,
p. 92, 94) misspells Saccocoelinm as “Saccacoelivm.” “Succacoeliuvm™ beau-
forti Hunter & Thomas, 1961, has vitellaria and uterine extent suggesting
Skrjabinolecithum Belous, 1954,

Neolaploporus resembles Lecithobotrys Tooss, 1902, and Paralecithobotrys
deFreitas, 1947, in length of the ceea and in extent of the uterus, but the
latter genera have tandem gonads, fragmented vitellaria, and no lymphatic
vessels.

Lymphatie vessels occur in several genera of Haploporidae (Megasolena
Linton, 1910; Allomegasolena Siddigi & Cable, 1960; Neomegasolena Siddigi
& Cable, 1960; Hapladena Linton, 1910; Vitellobaculum Montgomery, 1951),
but they have not been reported for any genus with reduced vitellaria such as
Haploporus and Saccocoelium.

Generic Diagnosis of Neohaploporus: Haploporidae. Body elongate; long
prepharynx; long esophagus; ceea extending slightly posterior to gonads.
Lymphatie vessels in forebody. Excretory vesicle Y-shaped with long stem
reaching to ovary. Testis clongate, sinistral, lateral to left cecum, lateral or
posterior to ovary. Ovary elongate, near midbody; vitellaria paired, non-
follicular, one on each side of ovary, each a shortly-branched or bulbed tube;
volk reservoir large; uterus extending to near posterior end of hody; eggs
with oculate miracidia. Type species: Neohaploporus pacificus,

FAMILY ANGIODICTYIDAE
Hexangium elongatum ., sp. (Figs, 5-6)

Hosr: Naso sp.; unicorn fish; Acanthuridae

LocaTiox : intestine

HoLorYPE AND PARATYPE: No. 59862

DESCRIPTION (based on seven specimens, most of them considerably macer-
ated anteriorly; measurements on three): Length 6.802 to 9.025; greatest
width in posterior half of body, 0.950 to 1.140. A specimen 2.565 long was
immature. Anterior half of hody about equally wide, widening to near pos-
terior end then tapering to a rounded end; anterior end truncate. Body cov-
ered with fine, hair-like spines. Oral sucker weakly developed, somewhat
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longer than wide; 0.100 to 0.120 wide. Ksophagus long, pharynx lacking;
bifurcation near genital pore or about one-fifth to one-sixth body length from
anterior end (about one-fourth in the 2.565 immature specimen) ; ceca extend-
ing to near posterior end of body, ending at midovary level.

Genital pore inconspieuous, about one-sixth body length from anterior end.
Testes large, rounded, tandem, eontiguous, preovarian, in posterior fifth of
body, filling most of body width; posttesticular space 0.536 to 0.623, less
than one-tenth body length. Seminal vesicle a long, sinuous tube, bheginning
near midbody or near where body begins to widen, becoming highly convoluted
near genital pore (Fig. 6); convoluted portion with circular museles; eirrus
sac weakly developed, a thin-walled, ovoid sae visible only in one paratype
(6.802 long) where it measures 0.144 by 0.072; containing small prostatic
cells; eirrus not observed.

Ovary rounded, immediately posttesticular, contiguous with posterior testis,
slightly sinistral; Mehlis’ gland large, postovarian, slightly dextral; seminal
receptacle absent. Vitelline follicles large, extending from anterior edge of
anterior testis forward to level where hody begins to narrow, ending 3.130 to
3.260 from anterior end of hody; econfluent medianly both dorsal and ventral
to early coils of uterus, then becoming lateral on both sides of uterus, finally
becoming again almost confluent as coils of uterus narrvow; vitelline ducts
dorsal to anterior testis, uniting at level where testes meet; common duct
dorsal to posterior testis. Uterus preovarian, coiling anteriorly, becoming
sinuous tube in narrow portion of body, coiling again as a convoluted tube
near genital pore. Eggs with fairly thiek, light vellow shell; 76 to 86 by 42
to 45 microns.

Fxeretory pore terminal; excretory duct short; short excretory vesicle wid-
ens to give rise to a lateral vessel on each side; a third, median excretory
vessel is evident in some specimens, hut its origin could not be determined;
exeretory vessels with numerous bulges or short hranches; some bhulges fairly
long.

DiscussioN: Four species of Hexangiwm have been named: I7. sigani Goto
& Ozaki, 1929; H. effinum Tubangui & Masilungan, 1944; H. secundum An-
nereaux, 1947; and H. loossi (Nagaty, 1954) Yamaguti, 1958. Velasquez
(1961) considered I7. afinum and H. secundum to be synonyvms of H. sigani.
Razaribelisoa (1959) questioned if all four species were not a single oue, .
sigani. Variations noted by Velasquez (1961) indicate that such is the case.

H. elongatum differs so much from 7. sigani that it may deserve a new
genus. Important differences are (1) the testes are always tandem; (2) the

All figures were drawn with the aid of a camera lucida. The projected scale is
in mms. Abbreviations: ae, acetabulum; ¢, cirrus; ce, cecum; cs, cirrus sac; dh,
hermaphroditic duet; esv, external seminal vesicle; ex, cxeretory vesicle; ga,
genital atrium; ¢gp, genital pore; hs, hermaphroditie sac; m, mouth; ph, pharyux;
sv, seminal vesicle; t, testis; fo, terminal organ; wt, uterus; vf, vitellaria.

¥ig. 1. Neohaploporus pacificus, from Scatophagus, ventral view.
Fig. 2. Same. Ventral view of hermaphroditic sac.

Fig. 3. Same. Ovary and vitellaria of paratype.

Tig. 4. Same. Ovary and vitellaria of holotype.

Tig. 5. Hezangium elongatum, from unicorn fish. Ventral view,
Fig. 6. Same. Dorsal view of region of terminal duets,

Fig. 7. Proctotrema limezi, from Parupencus indicus. Ventral view of region
of genital pore,

Tig. 8. Bucephaloides fijiensis, from Strongylura gigantea. Ventral view.

Fig. 9. Same. Ventral view of posterior end.
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ceea extend posterior to both testes; (3) the excretory vessels are three in
number, rather than two which branch into three on each side; (4) the body
is much more elongate with greatest width near the posterior end; (5) a
pharynx is lacking; (6) the distribution of the vitellaria is different, espe-
cially in the posterior median confluence together with the separation of the
follicles more anteriorly.

P

0

N2
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FaamiLy MoNORCHIIDAE

Proctotrema himezi (Yamaguti, 1951) Manter & Pritchard, 1961 (Fig. 7)

Host: Parupeneus indicus (Shaw)®; mataroko; ose; Mullidae

Locarion: intestine; 11 specimens in two hosts.

SPECIMEN DEPOSITED: No. 59863

Discusstox : These specimens agree well with Yamaguti’s description of
this species from a related host, Upeneoides bensasi, in Japan. They are
somewhat smaller (1.246 to 1.541 in length), but proportions and location of
organs are the same, as is egg size. The horizontal position of the terminal
organ and cirrus sae is marked in almost all my specimens. These organs
are usually entirely preacetabular and never reached posterior to the acetabu-
lum. The uterus enters the metraterm a little anterior to the vesicular part
of the terminal organ. The cirrus sae contains at least two kinds of cells
(Fig 7) : large vesicular unstained cells occupy much of the middle third of
the sae; clusters of small cells (or nuclei) oecur around the spiny cirrus;
small cells ocenr just anterior to the seminal vesicle. This condition is like
that deseribed hy Manter (1940) for Telolecithus tropicus, and probably
occurs in many monorchids. Several species of Proctotrema appear to have
spines in the atrium, but these spines probably are from a protruded metra-
terni. Pressurve in killing seewis to free some of the terminal spines.

Features of P. himezi ave the loug almost empty forebody, longitudinal coils
of the uterus, and testis longer than wide.

FFAMILY BUCEPHALIDARE
Bucephalus varicus Manter, 1940

Host: Caranx sp.; “saqu”; Carangidae

LocAaTION : ceca

Discussiox: The genus Bucephalis is common in Carane species in vari-
ous parts of the world. The trematode species involved present difficulties of
identification partly hecause dead specimens arve often greatly elongate, while
others may he abnormally contracted. Another difficulty is the varying ex-
tension, or, if macerated, the varying disintegration of the tentacles. The
short, simple, pointed tentacles of the B. polymorphus Baer, 1827 of Cabal-
lero, Bravo, and Grocott (1953) are probably not normal.

Manter (1940) decided that at least several speeies named from Caranx
should he considered to be Bucephalus varicus (syn. the B. polymorphus of
Nagaty, 1937). Since that tinie, Yamaguti (1952) named B. refractilis from
Caranaz: sp. in the Celebes; Caballero, Bravo, and Grocott (1953) reported
B. polymorphus from Caranx sp. in the Pacifie; and Velasquez (1959) named
B. pseudorvaricus from Caranr sp. in the Philippines. Possibly more than a
single species is involved but more detailed study of new collections is needed.

The valid characteristiecs of B. raricus should be determined by the speci-
mens from Trachynotus builloni Lae. from the Red Sea. Among these char-
acteristics are: seven tentacles which, when fully protruded, veveal two
prongs; mouth in the region of the ovary or the anterior testis; vitellaria
confluent anteriorly; uterus extending anteriorly as far as the anterior limit
of the vitellaria or slightly anterior to this limit, considerable space hetween
vitellaria and aunterior sucker; uterus extending posterior to the ecirrus sac;
gonads more or less tandem; eirrus sac about one-third hody length, extend-
ing to anterior testis aud sometimes to the ovary. Nagaty gave an egg size
of 21 to 27 hy 13 to 23 microns. Egg size probably may be somewhat smaller.
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B. pseudovaricns has an egg size of 18 to 22.5 by 12 to 13.5 microns.

Agreeing well with these characteristies ave specimens trom Caranz sp. in
Fiji; and specimens from Carana latus at Tortugas, Florida. Specimens
from Carana sp. and Carana ruber at Bahia Honda, Panama, are somewhat
doubtful; if they are B. raricus, they are much contracted. Nagaty’s speci-
mens from Plataxr sp. in the Red Sea are probably a different species. The
mouth is more posterior, the vitelline gronps arve widely separated, and the
uterus does not extend posterior to the ecirrus sac. 1 consider the B. poly-
morphus of Caballero, Bravo, and Grocott (1953) to bhe B. varicus partly
because in B. polymorphus the cirrus sac is only one-fifth body length and
hecause in B. polymorphus the uterus does not extend posterior to the genital
pore. B. pseudovaricus seems to be another synonym of B. varicus. The
differences mentioned (Velasquez, 1959) such as “nature of the tentacles, ar-
rangement of vitellaria, position of testes, extent of ¢ivrus sae, and swmaller
eggs” are not evident in the deseription or figure.

Yamaguti (1952) distinguishes his B. retractilis chiefly on the hasis of
lack of prongs on the tentacles, but his figure suggests that the tentacles were
cither retracted or disintegrated. B. retractilis, however, is tentatively aceepted
on the basis of its smaller eggs, separated vitellaria, few if any eggs posterior
to the eirrus sae, and more anterior extent of the uterus. On such a basis,
speeimens I reported as B. varicus from Carana hartholomaei from Tovtugas,
Florida, (Manter, 1940; 1947) agree better with B. refractilis.

Bucephaloides exilis (Nieoll, 1915) Hopking, 1954

Host: Carany sp.; jack; Carangidae

LocaTION : ceen

Discussion : Nicoll (1915) reported this species from Carans: nobilis from
Queensland, Australia. My two specimens agree well with his desceription.
Nicoll did not mention the exeretory vesiele. Tt extends anterior to the uterus
to near the anterior end of the body and serves to distinguish the species
from B. tenuis (Yam., 1952). The anterior extent of the vesicle does show
in Nieoll’s figure.

Nicoll compared this species with Bucephaloides arcuatus (Tinton, 1900)
Hopkins, 1954 (syn. Gasterostonuaon arcwation Linton, 1900; Bucephalopsis
arcuatus (Linton, 1900) Tekmani, 1932) from Sarda sarda (Bloeh), at Woods
Hole, Mass, Nagaty (1937) considered Bucephaloides pusillus (Statt., 1904)
Hopkins, 1954 (syn. (rasterostonoon pusilhem Staff., 1904) a synonym of B.
arenatus. Both have about the same arrangement of organs and a long ex-
cretory vesicle. However, B. pusilus, although smaller in size has much
lavger eggs, less elongate hody, and is from a freshwater host. Actually, it is
not yvet completely deseribed. Van Cleave and Mueller’s (1934) figure indicates
the anterior sucker is relatively much larger than in B, arcuatns.

Ouly Linton’s 1900 deseription of B. arcuatus should be considered as rep-
resenting the speeies. His 1905 figuves of the speeies represent a different
speeies. Manter (1940) and Siddigr and Cable (1960) report B. arcuatus
from the bharracuda in the Caribbean. Specimens from the bharracuda, how-
ever, have an exeretory vesicle ending at the pharynx whereas the vesicele
extends to the anterior sucker in B. arcuatus. Furthermore, the vitelline
groups arc more separated and the cirrus sae longer. I now consider the
Caribbean specimens to be Buceplaloides longicirrus (Nagaty, 1937) Hop-
kins, 1954 (syn. Bucephalopsis longicirrus Nagaty, 1937) known from a
related host, Sphyraena again. in the Red Sea. Similarities include truncate
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anterior sucker, location of organs, extent of vitellaria and uterus, and egg
size. The cirrus sac may extend to the pharynx and be half body length,
although it is usually somewhat shorter than deseribed by Nagaty. The excre-
tory vesicle is not deseribed by him; but if it had extended to the anterior
sucker, it would have been evident.

Records of B. arcuatus other than from the type host, Sarda sarda, need
confirmation.

Bucephaloides fijiensis n. sp. (Figs. 8-9)

Host: Strongylura gigantea (Temminck & Schlegel)®; needlefish; “saku”;
Belonidae

Locariox : intestine
Hororype: No. 59864

DEescriprioNn (based on one specimen) : Body ovoid in outline, 0.747 long
by 0.408 wide, each end hroadly rounded and little tapered. Anterior sucker
0.201 wide or more than one-fourth body length; its inner surface spined;
anterior end with no or weakly developed radial museles. Mouth far posterior,
opposite posterior end of genital atrium, only 0.068 from posterior end of
body; long prepharynx (0.057); pharynx 0.068 long by 0.094 wide; narrow
esophagus 0.088 long, with numerous gland cells around anterior end and
few such cells along its length; cecum rounded, 0.102 by 0.095, with tall cells
filling most of lumen, anterior end near midbody.

Gonads more or less tandem, near midbody in right side of body. Testes
postovarian, anterior testis to right of cecum, posterior testis slightly more
median, to right of esophagus. Cirrus sac long, 0.400 by 0.074, anterior end
anterior to midbody, anterior to cecum, at midovarian level; seminal vesicle
a simple sae, 0.060 long by 0.032 wide; pars prostatica straight, 0.214 long;
genital atrinm 0.113 long by 0.085 wide; genital pore near posterior end of
body.

Ovary immediately pretesticular, near right side of hody; oviduet long,
extending to near posterior edge of posterior testis; vitelline follicles pre-
ovarian, in two, far anterior, separated groups, extending forward along
sides of anterior sucker, 15 to 18 follicles on each side; trace of rudimentary
follicles almost to anterior end of body. Uterus extending forward to anterior
sucker, then posteriorly, with loop to right posterior to posterior testis; eggs
16 to 20 by 10 to 13 microns.

Exeretory pore at posterior end of hody, to right of genital pore; exeretory
vesicle winding between pharynx and gonads, between cirrus sae and cecum,
extending forward to anterior end of ecirrus sac.

Disousstow: Hopkins (1954) concluded that the genus Bucephalopsiz Dies-
ing, 1855, heing named for a cercaria of which the character of the anterior
sucker of the adult cannot be assumed, should not be used to inclnde species
adults of which have a simple anterior sucker. He named the genus Buceph-
aloides to replace it for such species and designated Bucephaloides graciles-
cens (Rud., 1819) as type species. Although Hopkins did not literally make
all the new comhinations which result, the Copenhagen (1953) Decisions on
Zoological Nomenclature state that the author of a new combination is he
who first clearly makes the transfer even though the species name may not
be cited divectly with the generic name. In aceordance with this recommenda-
tion, Hopkins is econsidered the author of all the pre-1954 Bucephaloides com-
hinations.
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B. fijiensis is most similar to Bucephaloides karvei (Bhalerao, 1937) Hop-
kins, 1954 as extended by Gupta (1958). Locations of almost all organs agree.
Gupta studied variations in numerous specimens of B. karvei; in one or two
specimens the cirrus sae reached to midovary as in B. fijiensis. Two charac-
ters distinguish the Fijian specimen: (1) the long prepharynx resulting in
a mouth very close to the posterior end of the body; and (2) a more anterior
extent of the exeretory vesicle which reaches only to the anterior testis in all
specimens of B. karvei. A possible third difference is the widely open end of
the anterior sucker with absence of anterior radial muscles in B. fijiensis.

ZOOGEOGRAPHICAT, AFFINITIES OF FIJIAN DIGENEA

Of the 35 species of Digenea collected in Fiji, 23 were new, including six
new genera. Of the 12 speeies known elsewhere, six oceur in the Red Sea
(including a probable species of Paracryptogonimus), five from Japan, one
from Australia, one from Celebes, one from Florida, and one from Hawaii.
The relatively large number in ecommon with Japan is probably at least partly
due to the fact that trematodes of Japan are well known. Considerable simi-
larity with the Australian and Celebes regions will probably appear when
more collections are made there. The affinities to the Red Sea fauna, which
is still incompletely known, are surprising; also remarkable is the lack of
similarity with the ITawaiian fauna.

If nearest relatives of the species are considered (when they are more or
less cvident), Pacifie connections predominate and in the following order:
Japan (9 species) ; Celebes or Indian Ocean (6 species); Red Sea (3 spe-
cies) ; Mexican Pacifie (1 species). These numbers include a few double oe-
currences (as Red Sea and Japan). Thus, the Red Sea affinities are again
marked and Hawailan affinities surprisingly lacking.

SUMMARY

Six species of Digenea ave reported: HAPLOPORIDAE : Neohaploporus
n. gen. (type N. pacificus n. sp.). ANGIODICTYIDAE: Hexangium elon-
gatum n. sp. MONORCHIIDAE: Proctotrema himezi (Yamaguti, 1951)
Manter & Pritchard, 1961. BUCEPHALIDAF. : Buecephalus varicus Manter,
1940; Bucephaloides exilis (Nicoll, 1915) Hopkins, 1954; B. fijicnsis n. sp.
ATl the previously known species are from new hosts and locality.

Other changes made arve: The “Bucephalopsis arcuatus (Linton, 1910)”
reported from the Caribbean is considered to be Bucephaloides longicirrus
(Nagaty, 1957) Hopkins, 1954. Bucephalus varieus Manter, 1940 is re-
defined. The “B. polymorphus Baer, 1827”7 of Caballero, Bravo, & Grocott
(1958) and B. pseudovaricus Velasquez, 1959 are considered synonyms of
B. varicus. The “B. varicus” from Caranx hartholomaei at Tortugas, Florida,
is considered to be B. retractilis Yam., 1952,

Zoogeographical affinities of Fijian Digenea are with Japan, the Indian
Ocean and the Red Sea, and not with Hawaii.
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Population Development of Meloidogyne Arenaria
in Red Clover*

Ricuarp A. Crapaax®

In a previous aceount (Chapman, 1960a) of the effect of species of root-
knot nematodes on the growth of red clover (I'rifolium pratense L.) the
serious damage caused hy Meloidogyne incognita (Kofoid and White) Chit-
wood and by M. hapla Chitwood was reported. The amount of damage and
rate of its development was proportional to the number of larvae used as
inoculum. Preliminary work with M. arenarie (Neal) Chitwood demonstrated
that its effect on red clover was also severe and similar to the effect of M.
incognita. It was decided to investigate the population development of 3.
arenaria on Kenland red clover in an attempt to determine the relationship
between numbers of these nematodes and injury to the host. An ahstract of
some of this information was published previously (Chapman, 1960b).

MATERIALS AND METHODS

TPour replicates of 2 levels of nematode infestation, 100 and 500 larvae per
pot and uninoculated controls (a total of 12 pots) were randomized in each
of 7 rows aeross a greenhouse beneh. The arrangement was the same in each
row. Each pot was prepared by placing approximately 250g of steamed soil
in a 1 qt. plastic bag and adding a 10 1l suspeusion of the appropriate num-
ber of larvae. Soil was added until the total weight was 500g and, after mix-
g, the bag was dropped into a 4 inch pot. Seeds of Kenland red elover
were sown and a hole was punched in the hag opposite the drainage hole of
the pot. After seedlings became established they were thinned to 3 per pot
and moculated with nodule-producing bacteria.

Tvery 3 weeks a row of plants was removed and the dry weight of top
growth, the fresh weight of roots, and the numbers of nematodes in the
roots and soil were determined. The number of nematodes in roots was deter-
mined by hanging roots in a mist chamber and collecting larvae and males
until no more were obtained, a procedure that extended over a 4 to 5 week
period. The number of nematodes in soil was determined by the modified
Seinborst mverted-flask method (Chapman, 1958).

Resunrs

No nematodes were recovered from either inoculated series at the end of
the first 3-weeks period (Fig. 1).

Nearly all the larvae recovered from the plants growing in soil infested
with 100 larvae per pot during the first 15 weeks were obtained from the
roots. During the last 6 weeks the number of larvae collected from roots
decreased slightly, but the number ohtained from soil incereased markedly.
The maximum total number of larvae was obtained at the end of the 21-weceks
period.

The rate of development of the population of nematodes in plants growing
in the soil infested with 500 larvae per pot was greater than that in plants
in the soil infested with 100 larvae per pot. This is similar to results reported
previously by Kort, 1962 and Chapman, 1963. During the first 12 weeks
nearly all the larvae recovered were obtained from roots. During the last

*The investigation revorted in thix paper is in connection with a projeet of the Kentucky
Agrvieultural Experiment Station and is published with the approval of the Director,
*#*Professor of Plant Pathology.
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6 weeks the number of larvae collected from roots decreasd sharply, but dur-
ing the last 9 weeks the number obtained from soil inereased markedly. The
net result was the collection of the maximum total number of larvae at 15
weeks with a decline thereafter.

The shapes of the curves for the development of populations of larvae
correspond cuite closely to the shapes of the curves for root growth, measured
by fresh weignt (IMig. 2A). At the lower infestation level the nematode
population curve and root growth curve hoth tend to level out at the end
of the experiment. At the higher infestation rate the peaks of population
and root weight both oceur at 15 weeks and both decline thereafter.

The population development of males was quite similar to that of larvae,
but on a very much smaller scale.

No significant effeet on the growth of the plants occurred at the infestation
rate of 100 larvae per pot. At the higher infestation level there was a sig-
nificant increase in root weight at 15 weeks and a significant decrease in root
weight at 21 weeks. There was no increase in top dry weight to correspond
to the increase in root weight, but there was a significant decrease in top dry
weight at 18 weeks and a highly significant decrease at 21 weeks (Fig. 2B).

Discussiox

The number of larvae obtained from roots by the method used is a measure
of the reproductive capacity of the population in the roots at the time of
harvest rather than the actual number of nematodes in the roots. Because
at least parts of most root systems remained alive (produced shoots and new
root growth) throughout the 4 to 5 weeks period in the mist chamber, certain
stages of the nematodes, juvenile at the time of harvest, may have matured
and produced eggs and larvae. The total number of larvae recovered at any
given time represents the population potential in the roots plus an accumula-
tion of larvae in the soil.

Larvae collected from soil were not numerous, i.e. did not exceed 1000 per
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Figure 1. Population development of M. arenaria in Kenland red clover. Caleu-
lated eubic curves.
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pot, until the twelfth week and thereafter the accumulation of them in the soil
oceurred at an increasing rate. Apparently, the roots furnished penetration
sites in numbers sufficient to accommodate the larvae produced in the early
stages.

The increased root growth in the “500” plants is probably the result of
root proliferation as well as root galling both of which would be expected to
be more extensive in these plants than in those inoculated with fewer nema-
todes. In the “100” plants, galling and root proliferation did not increase
root weight over that of control plants. Consequently, the occurrence of a
greater number of penetration sites (root tips) would partially explain the
more rapid population inerease in roots of plants receiving the higher inocu-
lum level. It may also explain at least in part, the failure of the concentra-
tion of nematodes in the roots of “100” plants to reach that of those inoculated
with the greater number of larvae.

The maximum populations of larvae per g of root in the 2 sets of plants
oceurred at the same time, 15 weeks, but at different levels (Table 1). The
decline in the recovery of larvae therafter from roots of the “500” plants
may he partially explained by the decrease in the quantity of roots available
after 15 weeks. However, the recovery of larvae from the “100” set also
declined despite a continuing inerease in quantity of root. At the conclusion
of the experiment when the weight of roots in the “100” set was nearly as
great as the peak weight of the “500” set, the number of nematodes collected
from the former was only 22 per cent of the peak number of the latter. The
explanation for this is not obvious.

It is well known that erowded, poorly nourished females are smaller and
produce fewer eggs per individual than those living under more favorable
conditions. Whether the same number of females per g of root oceurred in
both sets when they were “saturated” at 15 weeks is not known. The popula-
tion of nematodes on the “500” plants developed more rapidly and to a greater
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Figure 2. The effect of M. arenaria on the growth of Kenland red clover.
Caleulated cubic curves.
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Table 1. Larvae of M. arenaria per g fresh weight of roots recovered from roots of
Kenland red clover growing in soil initially infested with 100 and 500 larvae.

Initial number of larvae per pot

100 500
Age in weeks Root wt. Nematodes/g. Root wt. Nematodes/g.
3 0.30 0 0.30 0
6 2.70 689 2.56 3,506
9 6.74 354 7.38 4,746
12 6.78 8,649 8.00 26,995
135 9.28 19,451 13.83 34,209
18 11.47 11,492 10.53 10,261
21 12.87 7,645 5.89 3,785

extent than that on the “100” plants during the period of vegetative growth
of the clover; the first 12 to 15 weeks. During the last 6 to 9 weeks of the
experiment the plants were in flower and probably the different physiology
and growth of the 2 stages can affect the nematodes in different ways,

Apparently, the relationship hetween numbers of nematodes and root in-
Jury is, in this host-pathogen relationship, partially determined by the rate
at which the nematodes develop during vegetative growth of the host.

The similarity between population development and root growth obtained
here i1s i contrast to the lack thereof found previously for Secutellonema
brachyrwm (Steiner, 1938) Aundrassy, 1958 on red clover (Chapman, 1963).
In that ease root injury by the nematode was not a factor and there was no
relationship with the stage of development of the plants. S. brachyurum
is essentially a wigratory ectoparasite whereas M. arenaria is a sedentary
endoparasite and it might he expected that they would differ in population
development nuder similar conditions.

SUMMARY

There was a diveet relationship between the infestation level and population
development of Meloidogyie arenarie in red clover. Plants growing in soil
infested with 500 larvae per 500g were injured by the nematode whereas
plants growing in soil infested with 100 larvae per 500g of soil were not.
At the higher infestation level there was a significant stimulation of root
egrowth in voung plants.
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Some Cestodes from Birds of Prey of the Family Aquilidae
Davip F. Merrriex®

During the course of various field trips in Northern and Southern Rhodesia,
seven birds of the family Aquilidae, were obtained for autopsy, five of which
were infected with cestodes. These ave deseribed in the present paper.

The two birds found free from infection were a Fish Bagle, Haliaetus
vocifer (Daudin) from the River Katue, and a Bataleur Kagle, Terathopius
ecaudatus (Daudin) from Fort Tuli.

The material was washed and relaxed in cold water (> 60°F), hefore fix-
g in formol-acetic-aleohol. Staining was in Kirkpatrick’s earmalum, and
mounts of scoleces for examination of the rostellar hooks, were made in modi-
fied Berlese-gum-chloral.

All measurements in millimetres unless stated otherwise.

Cladotaenia aquilastur n, sp.

DescriprioN. Mediwm sized worms, maximum length 140 although not fully
gravid, maximum width 3. Diameter of scolex 0.38-0.47; rvostellum 0.17-0.20
wide when extended; armed with a double row of 48-52 hooks. Those in 1st
row 46-50 microns long; those in 2nd 35-41 microns long. Four suckers 0.17-
0.18 in diameter. Neck 0.28-0.33 in diameter.

Segments wider than long; tvpical mature one 2.71 wide by 0.49; typical
gravid one 2.88 hy 1.04.

Kxeretory system of usual pattern. Ventral caals very large 68-80 microns
diameter. Dorsal canals, 4 microns diameter, lie some distance inside ventral
canals. Transverse canals 40 microns diameter .

Genital pores alternate irrvegularly, open in anterior third of lateral mar-
gin of each segment,

Testes 97-115 in number, 0.06-0.08 in diameter. In an early mature segment
two lateral groups of testes meet in mid line along anterior border of segment.

In later segments developing ovary separates testes into two separate
groups. Testes dorsal to vitelline gland along posterior border of segment.
Cirrus sac 0.25-0.31 long by 0.06-0.13 wide; just reaches or overlies ventral
excretory canals, Contains a coiled ejaculatory duet but no internal vesicula
sennnalis. Vas deferens eoiled, narrow, 12 microns in diameter.

Vagina, 18 microns in diameter, opens into genital atrium posterior to
cirrus sae. Proximally expands slightly, 46 microns to form a receptaculum
seminis.

Ovary median, 0.60-0.76 wide by 0.24-0.32 deep, nearly reaching anterior
horder of segment in fully mature proglottids. Vitelline gland post ovarian,
extremely wide and narrow up to 1.12 in width by 0.03 deep, except in mid
line behind ovary where depth reaches up to 0.08.

Tterus extends to antertor border of segment. Eggs spherical 32-38 microns
in diameter, with shell 4 microns thick.

Host: Ayres Hawk Kagle, Iieraaétus dubius (Smith).

Locarox: Intestine.

Locariry : Fort Tuli, Southern Rhodesia.

Tyre: To be deposited in the British Museum (Natural Iistory), London.

Discussion: The genus Cladotaenia was erected by Cohn (1901) for
Taenia globifera Batseh, 1786, which Wardle and MeLeod (1952) state is

* Department of Zoology, University of the West Indies, Jamaica.
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generally considered to be a synonym of Taenia cylindracea Bloch, 1782.

In fact considerable confusion exists over the synonymy of the above two
mentioned species, and also that of C. armigera (Volz, 1900). All three were
considered synonymous by Schmelz (1941); Crozier (1946) lists armigera
as a valid species, and MecIntosh (1940) went so far as to suggest the trans-
fer of eylindracea to the genus Diplopylidium [Dipylidiinae] Beddard, 1913,
leaving the other two species in the genus Cladotaenia. Abuladze (1958)
recognized only 10 speecies in the genus; agreed with Clere (1903) and
Schmeltz (1941) that C. armigera was a synonym of C. globifera, and con-
cluded with Cohn (1901) that C. cylindracea rightly helonged to the Dipy-
lidiinae but the material was insufficiently described to assign it further.
Yamaguti (1959) merely lists 13 species in the genus and does not express
an opinion on those whose validity has heen guestioned.

Reference to Bloch’s original deseription (1782) of ZTaenia cylindracea
shows that he figures a double pored species whieh elearly cannot be the type
of the single pored genus Cladotaenia.

While T. cylindracea may possibly helong to the genus Diplopylidium as
suggested by McIntosh (1940), the present author concurs with Cohn (1901)
and Abuladze (1958) that the material rightly belongs to the Dipylidiinae
but is insufficiently deseribed to assign further with any ecertainty.

Yamaguti (1935) erected a new genus Paracladotaenia for his new species
accipitris. As its name suggests it is very similar to Cladotaenia bhut Yama-
guti distinguished his new genus by an ahsence of rostellar hooks, the testes
being in two lateral groups, the presence of an internal vesicula seminalis,
and a uterus extending as far as the anterior region of the segment.

Ortlepp (1938) described two new species of Cladotaenia which resembled
P. accipitris in having two lateral groups of testes, and the uterus, in some
cases, extending throughout the segment. He was of the opinion that if
further material of Yamaguti’s type species became available, and was found
to have rostellar hooks then his two new species, Cladotaenia freani and C.
vulturs should be transferred to the genus Paracludotaenia. Ortlepp however
makes no reference to an internal vesicula seminalis.

Wardle and MecLeod (1952) consider that there is some doubt as to the
validity of Yamaguti’s genus Paracladotaenia. As they point out, the absence
of hooks in a taeniid cannot be confirmed from a single specimen, and there
are species in the genus Cladotaenia where the testes are in two lateral gronps.

Yamaguti (1959) reduced Paracladotaenia to the status of a subgenus of
Cladotaenia. The points of distinetion he now uses are the presence or ab-
sence of an internal vesicula seminalis, and the distribution of the uterus. In
the sub-genus Paracladotaenia he places, in addition to accipitris, fania Meg-
gitt, 1933, freani Ortlepp, 1938, secunda Meggitt, 1928, and vulturi Ortlepp,
1938.

In none of these last four species is there any record of an internal vesicula
seminalis being present. The present author has had the opportunity of
re-examining Meggitt’s co-types of secunda but the material is not in a good
enough state of preservation to state definitely whether or not an internal
vesicula seminalis is present. Certainly no sign of one was seen. Also Ortlepp
(1938) commenting on the similarities between his material and the genus
Paracladotaenia significantly omits any reference to an internal vesicula
seminalis.

One can assume then that although aceipitris Yamaguti, 1935 may have
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Tig. 1. Scolex of Matabelea aetodex n. g., n. sp.; Fig. 2. Mature segment of
Matabelea aetodex n. g., n. sp.; Fig. 3a. Rostellar hooks, 2nd row of Matabelea
actodex n. g., n. sp.; Fig. 3b. Rostellar hooks, 1st row of Matabelea aetodex n. g.,
n. sp.; Fig. 4a. Rostellar hooks, 1st row of Cladotaenia aquilastur n. sp.; Fig. 4b.
Rostellar hooks, 2nd row of Cladotaenia aquilastur n. sp.; Fig. 5. Mature segment
of Taenia hassalli Fuhrmann, 1932.; Fig. 6. Mature segment of Cladotaenia
aquilastur n. sp.
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an internal seminal vesicle, the other species placed in this sub-genus hy
Yamaguti (1959) do not, and the only point of distinetion between the two
sub-genera is in the extent of distribution of the uterus. Yamaguti (1959) is
himself rather vague on this point, and it is suggested that the species fania,
Ireani, secunda and vulturi be transterred to the sub-genus Cladotaenia (C.).
TFurther the validity of the sub-genus Paracladotaenia is considered to be
doubtful, and that there is no reason to split the genus Cladotacnia at all.

Hwang (1961) has deseribed a new species of Cladotaenia from the Turkey
Buzzard, which he assigns to the sub-genus Puracladotaenia although his
material had no internal seminal vesiele. It had, however, a uterus in which
the median stem extended as far as the anterior border of the segment, and
an unarmed rostellum.

This new species of Hwang's, Cladotaenia cathartis, further emphasizes the
unsuitability of the charvacters proposed by Yamaguti (1959) for the division
of the genus Cludotaenia into sub-genera.

Hwang does not indicate why he distinguishes his material from all the
species in the sub-genus Cladotaenia, but from none of those in the sub-genus
m which he placed his material.

However, C. cathartis may he seperated from the other species in the genus
Cladotuenia because of the size of the cirrus sac. Hwang in his deseription
states that this organ is “pyriform, 0.35 to 0.14 mm.” Measurement of his
drawings, using the scales provided, indicates that the cirrus sae is up to 0.37
mm. long, and up to 0.16 mm. wide. The corrected size would therefore pre-
sumably bhe 0.35-0.37 mm, long x 0.14-0.16 mm. maximuam width, but this
should he checked on the type material,

The present material is similar to Hwang’s new speeies in that there 1= no
internal seminal vesicle, and the median stem of the uterus extends as far
as the anterior border of the segment, and thus this new species also cuts
across Yamaguti’s (1959) separation of Cladotaenia into two sub-genera.

Cladotaenia cathartis Hwang, 1961, and a Cladotaenia sp. designated by
Schmelz (1941) Cladotaenia “x” are the only other speeies in the genus which
have a cirrus sae over 0.2 mm. long. The present material may be separated
from the former by the size of the eggs (18-25 X 15-19 microns) and prob-
ably by hook size and numbher when they are recorded for Hwang’s species,
and from €. “2” by the size of the rostellar hooks (35 and 25 mierons) and
that of the eggs (20-25 mierons). Tahle T sets out details of the species in the
genus Cladotaenia.

Taenia hassalli Fuhrmann, 1932,

DESCrIPTION : No complete worm recovered. Longest fragnent 142, Maxi-
mum width 2.1. No seolex recovered. Proglottids wider than long. Typical
mature segment 1.76 wide by 0.84 deep; typical gravid segment 2.04 wide by
1.48 deep.

(Gienital pores alternate irregularly, open-on a protuberance in anterior
third of lateral margin of each segment.

Testes 39-44 in each segment, 0.06-0.08 in diameter, postovarian, and slight-
ly lateral to posterior lobes of ovary. Never auterior to vitelline gland. Cirrus
sac 0.40-0.43 long by 0.05-0.06 wide. Contains very long spiny ecirrus, a
short, but convoluted ejaculatory duct, and apparently no internal vesicula
seminalis. Vas deferens, 12 microns in diameter, very convoluted.

Vagina thick walled, 31 microns in diameter, surrounded by deeply stain-
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Table 1. Species in the genus Cladotaenia Cohn, 1901 (measurements in microns).

Number of Length of
Species Cirrus sac size lhooks hooks Number of testes Egg Size Distributio-
C. accipitris 230 X 100 — — 38-48 17-24 X 14-18 Formosa
Yamaguti, 1935
C. banghami 132-156 X 25-50 mature 36 36.7-39.6 103-111 1118 U. S A,
Crozier, 1946 142172 X 60-84 gravid 28.8-20.1 o)
C. cathartis FER50 X 140 — —_— 7-4-100 18-25 X 15-19 108 A =
Hwang, 1961 l:
C. cirei 120-150 X 350 48 18-24 90-110 18-21 X 15-20 N. Africa |
Yamaguti, 1935 Kurope ]
C. fania T10-164 X 72-100 20 6-7 73-94 F—r Tndies =
Meggitt, 1933 T
C. feuta 120160 X 50-70 — — 85-97 — Tndies &
Meggitt, 1933 #110-145 X 45-66 92-96 #25-26 *84-80 o
18-19 )
C. foxi 80 X 120 38 30 100-130 35 X 45 UoB.-AL ~
MecIntosh, 1940 7.5 Ounchosphere 20 X 30 U
C. freani 130 X 70 42-50 31-35 80-100 20-21 Africa e
Ortlepp, 1938 2428 97}
C. globifera (Batsch 1786) — 42-46 27-39.6 6G0-70 24 X % Europe C
sy, C. armigera 20-32.4 N. Afriea =
(Volz, 1900) =
C. secunda 150-160 X 38-40 — — 75-100 17-20 Egypt :
Meggitt, 1928 {
C. vulturi 130-150 X 80 — 26 80-110 — Afriea
Ortlepp, 1938
Gl 250 X 45 52 35 100 = 20-25 Afriea
Schmelz, 1941 23 :
C. aquilastur n. sp. 248-310 X 62-133 48-52 4;(.%‘{;? 98-115 32-38 Afriea
D=

*after Schmelz, 1941. **See text (p. 240) for correction.

TFc
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ing glandular material giving vagina a total diameter of 60-65 microns.
Vagina opens at base of deep genital atrium. Proximally vagina swells to
accommodate a form of sphineter muscle. Proximally to this swelling vagina
loops once or twice, expands to form a receptaculum seminis up to 0.29
long by 0.08 wide. Sphincter of vagina 0.34-0.37 from genital atrium.

Ovry strongly lobed 0.56-0.62 wide by 0.42-0.44 deep almost entirely poral
in position. Lateral posterior lobes reach behind vitelline gland. Vitelline
gland 0.18-0.20 wide by 0.12-0.13 deep, post ovarian, entirely poral rather
flattened along anterior bhorder, lobed posteriorly.

Uterus appears as a reticulate network at first with strong lateral outpush-
ings especially in aporal half of segment. At first confined within lateral
excretory vessels, later overlying them, reaching to proglottid borders.

Eggs 28-31 microns in daimeter, embryophores 18-20 by 15-16 microns,
slightly fiattened, embryonic hooks 6 microns long.

Host: TFish Eagle, Halivetus vocifer (Daudin).

LocaTiox : Intestine.

LocariTy : Lake Kariba, Rhodesia.

Discussion: There appear to be only four species of cestodes recorded
from Haliaetus spp. two of which are specifically from Haliaetus vocifer in
Afriea.

Fuhrmann (1909) deseribed some material from H. vocifer collected dur-
ing the Swedish Zoological Expedition to the White Nile, which he named
Taenia luteralis. This material unfortunately possessed no scolex. The name
T. lateralis was however preoccupied by T. lateralis Schrank, 1803, and in
1932 Fuhrmann renamed his material 7. lhassalli. Both Schrank and Fuhr-
mann’s species are listed as “sedis incertae” by Yamaguti (1959).

Baylis (1919) described a new species of Raidllietina from Haliaetus vocifer
in Uganda. 1 have recently (Mettrick, 1963) shown that Baylis’ material
may be assigned to the sub-genus R. (Raillietina).

The remaining two species of cestodes are Cladotaenia cylindracea (Bloch,
1782) from Haliaetus albicilla and C. banghami Crozier, 1946 from Haliaetus
leucocephalus,

This is the first re-description of T. hassalli (= T. lateralis Fuhrmann, 1909,
nec. T. lateralis Schrank, 1803). Although there is no scolex in this new
material, it agrees well with Fuhrmann’s original description as far as that
went, except that there are fewer testes, and is easily distinguished from the
other species mentioned above,

Matabelea n. gen,

Dragyosis: Dilepidinae, with an armed scolex bearing a double row of
hooks on rostellum. Genital pores unilateral; genital ducts pass between ven-
tral and dorsal longitudinal excretory vessels. Female genitalia in mid region
of segment; testes grouped behind female genitalia, not extending anteriorly
beyond vitelline gland. Cirrus sac extending heyond poral excretory vessels.
Utrus thin walled, sac-like, confined within lateral excretory vessels.

Adults in Aquilidae (Falconiformes).

Matabelea aetodex n. sp.

DEescripTION : Medium sized, worms, maximum length 70, maximum width
1. Diameter of scolex 0.31; rostellum 0.05 in diameter when extruded; armed
with a double row of 18 hooks. Hooks of 1st row 31-32 microns long; 2nd
row 28-29 microns. Hooks with very long handle, but 1st row with a longer
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sweeping curved hlade. Rostellar sac 0.05 diameter by 0.09 long. Four suckers
0.15-0.17 in diameter. Neck 0.10 in diameter.

Segments markedly craspedate, wider than long. Typical mature segment
0.6 long by 0.7 wide in region of genital atrium; typical gravid segment 0.8
long by 0.9 wide.

Ventral exeretory canals 46 microns in diameter; dorsals 15 microns, lie
outside ventral canals,

Segmentation commences 0.35 hehind scolex. Genital pores unilateral open
on protuberance in middle third of lateral margin of each segment.

Testes 25-34 in number, 0.04-0.05 in diameter, postovarian, do not extend
anteriorly to vitelline gland. Cirrus sae 0.21-0.23 long by 0.05-0.06 wide, con-
tains an unarmed cirrus (none seen extruded). Vas deferens, 9-10 microns in
diameter, very coiled in anierior median sector of proglottid.

Vagina opens into deep genital atrium posterior to c¢irrus sac. Both duets
pass between lateral excretory canal and towards anterior horder of segment.
Vagina 14 microns in diameter, surrounded by glandular sheath containing
scattered darkly staining bodies. Total diameter up to 35 mierons. In an
early mature segment vagina turns posteroid at proximal region of cirrus sae,
passing to ovary. After a few convolutions widens to form receptaculum
seminis  0.04 in diameter and 0.06 long. Vagina passes dorsal to mehlis’
gland 0.07-0.08 long by 0.06-0.07 wide, and joins oviduet in midline. In
more mature segments receptacuhum seminis seen to bhe very distended, and
possibly due to this to he nearer e¢irrus sac in position. Two sphincters,
proximal and distal apparently to keep contents of seminal vesicle stored.

Ovary median, 0.23 in diameter, lobed, vitelilue gland 0.08-0.09 in diameter
by 0.05-0.06 deep, lobed, anterior border concave.

Uterus develops first in anterior half of segment, quickly fills segment, not
extending heyond lateral excretory canals. Eggs 21-31 by 21-27 microns.
FEmbryonie hooks 11-13 microns long.

Tyer mOST: Tawny Eagle, Aquila rapaxr (Temminck).

LocarioNn: Intestine.

Locarrry: Fort Tuli.

Type: To be deposited in the British Museum (Natural History).

ADDITIONAT, HOSTS AND LOCALITIES : Mechow’s Chanting Goshawk, Meliérax
metabetes (Heuglin) from Fort Tuli, and the Brown Harrier Eagle, Circaétus
cinereus (Vieillot) from Samfya.

DiscussioN: During a field trip in 1959 to Fort Tuli on the Southern
Rhodesia-Bechuanaland horder two cestodes were recovered on autopsy from
a Tawny Bagle, dquila repax, and the following day a further three speei-
mens were recovered from a Mechow’s Chanting Goshawk, Meliérasz meta-
betes. On later examination it was found that the scoleces of the latter speci-
mens were missing. The following year, while at Samfya, N. Rhodesia, a
Brown Harrvier Eagle, Circaétus cinereus, was examined and some further
specimens obtained of what was obviously the same species.

Because of the persistent uterus the material mentioned above falls in the
sub-family Dilepidinae Fuhrmann, 1907. Wardle and MecLeod (1952) list
35 genera in this sub-family. Yamaguti (1959) assigned 43 genera to the
sub-family, of which 41 are recorded from birds. It may bhe noted that over
50 genera have been at one time assigned to the sub-family. Several have since
been synonymyzed or transferred elsewhere which aceounts for Yamaguti’s
list of only 41 genera from birds, which included two new genera erected by
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Yamaguti (1959). Thus Wardle and MeLeod’s list does not differ greatly
from Yamaguti’s. To Yamaguti’s (1959) list should now also he added
Vogea Johri, 1959, Chettusiana Singh, 1960, Neogryporhynchus Baer and
Bona, 1960, Mashonalepsis Beverley-Burton, 1960, and Ethiopotaenia Met-
trick, 1961, making a total of 48 genera in the sub-family.

Using such hasie characters as the number of rows of hooks on the rostellun,
position of the genital pore, relationship of the genital duets to the lateral
excretory canals, ete., the present material above ean be distinguished from
all the genera in Yamaguti’s key (1959) and the others listed above, and
has therefore heen assigned to a new genus and species,

SUMMARY

1. Cladotaenia aquilustur n. sp. from Hierawétus dubins is deseribed, and
the splitting by Yamaguti (1959) of the genus into two sub-genera, C.
(Cladotaenia), and C. (Paracludotaenia) shown to be unsound. A table is
shown giving details of species in the genus Cladotaenia Cohn, 1901.

2. - Taeniq hassalli Fuhrmann, 1932 (= I lateralis Fuhrmann, 1909, nec.
Schrank, 1803) is redescribed.

3. Matabelea aetoder, n. g, n. sp. [Dilepidinae] from Aquila rapax is
described.
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The Early Develepment of the Planorbid Snail,
Australorbis glabratus (Say)*

Ricuarp Jacumowskr**

Australorbis glabratus has received considerable attention hecause of its
role as an important intermediate host of the human blood fluke, Schistosoma
mansoni. Although the biology of this snail has been studied in detail, no
published account of its embryology has been found. In the present study the
development of A. glabratus has been followed from oviposition to hatehing
of the eggs.

MATERIALS AND METHODS

Mature snails were obtained from the colony at Walter Reed Army Tustitute
of Research. This colony had been established from material obtained in
Puerto Rico.

Two snails were kept in a small aquartnm (4 x 4 x 8 inches) containing
approximately 750 ml. dechlorinated tap water. The water was never changed.
Excess food (lettuee) was removed, but feeal matter was allowed to accumu-
late. The snails suffered no ill effeets. Oceasionally, water was added to
replace that lost by evaporation.

Oviposition was irregular. Sometimes the snails deposited ege c¢lutches
daily, but occasionally they would not lay any for a week or wmore. The
addition of fresh water seemed to stimulate oviposition.

Egg dutehes were carefully removed from the sides of the aquariim and
transferred to wateh glasses for examination. Kach cluteh was incubated in
a glass vial containing dechlorinated tap water. The eggs were examined
daily and changes in development and growth were noted. All studies were
made on unstained, living material. The entire embryology has been traced
in more than 100 eggs.

OBSERVED K MBRYOLOGY

Eggs of A. glabratus have a mean diameter of 0.90 mm. In the earliest
observed stage, the embryos measure 0.1 mni. in diameter. Embryonie growth
is gradnal through the fifth day when the embryos have doubled in size. In
the next three days they again double in size. By the ninth day, embryos
average 0.54 mm. in length. Growth continues rather uniformly so that just
prior to hatching (14-16 days), the young snails occupy most of the space
within the egg membrane.

The carliest embryonie stage observed was late morula. Since early segmen-
tation is rapid, primary cleavages may have occurred prior to or immediately
after oviposition. This problem was not studied.

During the first day after oviposition, a multi-cellular blastula develops.
The cells which form the wall of the blastula are of uniform size and arrange-
ment. The embryo measures approximately 0.12 mm. in diameter (Figure 1).

In the late blastnla stage numerous intercellular cavities appear. The con-
tents of these cavities seem to be extruded from the embryo into the egg.
With further cleavages, the intracellular cavities disappear as gastrulation
begins.

*Submitted in 1961, to Walter Johnson High School, Montgomery County, Maryland, as
a science project for Riology TT.

w* Address: 4011 Prospect Street, Kensington, Maryland. :

T gratefully acknowledge the guidance of Dr. L. A, Jachowski, the gift of snails by Capt.
M. Radke, MSC, T7.S.A.; and the loan of pertinent literature by Dr. Ii. Berry.
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By the second day, embryonic development has advanced to the gastrula
stage (Figure 2). The spherical shape of the blastula is distorted by the
invagination of cells of the vegetal pole. Rotation of the embryo within the
ege membranes begins,

Twenty-four hours later, cellular differentiation is underway. A mass of
large entodermal cells fills about two-thirds of the coelom and mesodermal
cells begin to form between the entodermal cell mass and the outer wall (Fig-
ure 3). In the transition from gastrula to trochophore the stomodeal (mouth)
invagination enlarges and a shallow invagination appears on the opposite
(posterior) side of the embryo.

The post-trochophore stage (Figure 4) represents a marked advance to-
wards the form of an adult snail. The shell gland has formed and has hegun
to seerete shell material over the posterior end of the embryo. The foot is
a bulge ventral and posterior to the mouth. Ciliated cells form the external
surface of the foot. A short tube extends from the mouth to the spherical
mass of entodermal cells. A pouch on the ventral side of the tube is helieved
to be the radular sac.

In the transition from post-trochophore stage to veliger stage, tentacle
buds form. Shell material, secreted by the shell gland, extends further over
the back of the embryo. The mouth and the radular sac become more promi-
nent. Macromeres aggregate in the foot region. The ectodermal wall is one
cell thick.

By the sixth day of development, the embryo is well formed. Tentacles
and eyes are discernible. The shell covers most of the snail’s back and the
mantle is easily recognized. KEntodermal cells may have assumed the funec-
tions, but not the appearance, of internal organs. Multiplying mesodermal
cells fill the coelom and are especially notieeable in the foot where they will
form muscles. This is the veliger stage (Figure 5).

Following the veliger stage, the transition into a typical snail is gradual.
The foot, mouth, tentacles and eyes are easily distinguished. The shell covers
the entire dorsal surface of the embryo and is rimmed by a thick mantle.
The digestive system rapidly forms and becomes functional. The heart starts
to function on the seventh day. The snail begins to erawl by means of the
musecular foot rather than by cilia, The mouth area has a bilateral cleft.
Radulae have developed and appear functional. The anus can be located on a
projection posterior to the foot. All of these changes are apparent by the
eighth day of development (Figure 6).

Until hatching on the fourteenth to sixteenth day, further changes in the
embryo are principally in growth and shell development. Most changes in
internal structure are subtle and almost indetectible in living material. How-
ever, the further development of the digestive system is prominent.

The shell continues to expand over the dorsal surfaces of the embryo (Fig-
ures 7 and 8). At hatching it is shaped like a helmet with only the foot and
anal projection protruding.

DiscussioN

Studies on the embryological development of planorbid snails are not new.
In 1900, Holmes (1900) deseribed and illustrated the early development of
Helisoma trivolvis. Later, Baker (1945) presented similar information on
Helisoma scalare.

A sketchy outline of the embryonic development of Bulinus truncatus, an-
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other intermediate host of human schistosomiasis, was published by Saliternik
and Witenberg (1959). Similar, but more extensive studies of this snail were
contributed by Najarian (1961).

One of the more detailed studies was by Lowrance (1934) on the develop-
ment of Stagnicolu kingi. Lowranee commented on the similarities in the ob-
served development of S. kingi and the reported development of Lymnaea,
Physa, and Planorbis.

Selected observations on the development of A. glabratus can he compared
with the findings of other investigators. For example, the time from oviposi-
tion ot hatching for .. glubratus was 14-16 days at room temperature (70-
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Australorbis glabratus

Fig. 1. Blastula stage (age 1 day).

Fig. 2. Early gastrula stage (age 2 days).
Fig. 3. Trochophore stage (age 3 days).
Fig. 4. Post-trochophore stage (age 4 days).
Fig. 5. Veliger stage (age 5 days).

Fig. 6. Post-veliger stage (age 7 days...

Figs. 7-8 Later growth stages (age 8 and 9 days).

a.—anal lobe; c.—cleft; cl—ecilia; dt.—digestive traet; e.—eye; ec.—ectodermal
cells; en.—entodermal cells; m.—mantle; mae.—macromeres; r.—radular sac; sh.
~—shell; sg.—shell gland; st.-—stomodaecum; t.—tentacle.
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75° F'). Bulinus, Stagnicola and Ielisoma required the same interval of time
for this development. Iowever, Lowrance observed that less time (9 to 11
days) was nceded when the eggs were incubated at a higher temperature
(80° F).

Early cleavage stages of 4. glabratus were mot observed. However, in
Bulinus, Najarian found it took about five hours for newly laid eggs to reach
the 16-cell stage.

Rotation of the embryo begins in the gastrula stage in dustralordis, Bulinus
and Stagnicole. However, in Australorbis rotation began on the second day
while in Bulinus it did not occur until the third day.

Observation of a pulsating heart was one day earlier in Australorbis than
in Bulinus, occurring on the sixth day in the former and on the seventh day
in the Iatter (Najarian, 1961).

The rate of embryonic growth appears to be similar for Adustralorbis and
Bulinus. Najarian found that Bulinus doubled its size by the fourth day of
development and again before the eleventh day.

Thus, except for minor details, the embryology of A. glabratus does not
appear to he unlike that of Bulinus, Helisoma, or Stagnicola described in the
reports cited above.
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Three New Species of Marine Nematodes from the
Pacific Near Depot Bay, Oregon

D. G. MurpHY

The nematodes presented in this paper were collected to the north of
Devil’s Punch Bowl from the Marine Gardens, an inter-tidal rock shelf near
Depot Bay which supports high faunistie and floristie populations. Deseribed
at this time are: Phandoderma segmenta n. sp., Notochaetosomua costeriata
1. sp., and Spilophorella furcata n. sp.

Phanoderma segments, n, sp. (Fig. 1.).

MeASUREMENTS : female (1): L = 3.36 mm, a = 323, b = 4.7, ¢ = 227,
V =60.0%, Ov1 =14.1%, Ov 2 = 14.6%; male (1) : L = 4.75 mm, a = 44.0,
b = 4.3, ¢ = 36.6.

DESCRIPTION : In over-all appearance this nematode is a typical represen-
tative of the genus. The hody is stout, narrowing considerably toward the
anterior end, and the cuticle is smooth and thick. Stout, short somatic and
cervical setae are arranged in six longitudinal rows. The head hears six lobe-
like lips projecting into the stomal opening. On each lip is a stout papilla,
composed of a heavy, conical hase with a small distal setose projection. A
single c¢irele of 10 (6 + 4) cephalie setae, longest of which are abhout Y4 the
corresponding head diameter, is positioned at the hase of the stomadacal eap-
sule. Head diameter at the level of the cephalic setae 1s 26 microns. The
stomodaeal eapsule is clearly defined on all sides and, in conjunetion with the
tooth-like processes attributed by others (e.g. Inglis, 1962; p. 225) to the
pharyngeal capsule, constitute the most prominent of cephalie structures, Of
the tooth-like processes the dorsal is the smallest, extending to a sublabial
level in the stoma. The two latero-ventral processes are relatively massive,
containing a eentral sinus which is apparent from the lateral view; they ex-
tend distally to the level of the lips. The cephalic capsule extends over the
base of the stomodaeal capsule; posteriorly it bears longitudinal straic.

Amphids were not observed. The esophagus is long, enlarging over the
posterior half where there are prominent, repeated muscular swellings. A
conoid cardia projects into the intestine. Prominent ocelli are located in the
esophagus at a position 50 microns from the anterior end of the nematode.
In addition to the ocelli there is an arvea of pigmentation at the ventral side
of the esophagus at the same level as the ocelli. The pigment is located in
granules which have a general distribution rather than the distinet structure
of the ocelll. The nerve-ring is located at 489 of the esophagus. Body diam-
oter at the hase of the esophagus is 110 microns.

The excretory pore opens 83 microns posteriad. The wall of the exeretory
duct adjacent to the pore is heavily sclerotized. The plug governing the exit
of the excretory ampulla is small and weakly sclerotized; the muscle which
activates the plug was not observed.

Females ave didelphic, ovaries reflexed. Spicula of the male arve about 258
microns long, and are unique in having a distinet appearance of being jointed

“From the Department of Botany and Plant Pathology, Oregon State University, Cor-
vallis, Oregon.

This work is part of a study being supported by National Science Foundation grant
(1-18543. Published as research paper No. 442, Oregon State University, School of Science,
Department of Botany and Plant Pathology.
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and segmented (thus the specific name). There are five distinct segments
(four joints) and possibly a sixth which, in this specimen, would be obscured
by the gubernaculum. The gubernaculum is simple, tubular. Two and one-
half anal diameters anterior to the anus is located a single, tubular, heavily
sclerotized supplement.

The female tail is convex-conoid, 2.3 anal diameters long. The male tail is
conoid, ventrally arcuate, 2.2 anal diameters long. The caudal glands of either
sex extend anteriorly to the anus. In the female the three cells are compressed
within the region of the rectum, whereas in the male they are less compressed
and extend dorsally over the spicula. In addition to the two latero-ventral
rows of genital setae, the male possesses two ventral pairs of caudal papillae.

HororypE: male collected 27 July 1959; specimen on slide OSC OM 53,
Oregon State University Nematode Collection.

Arrorype: female collected 1 July 1959; specimen on slide OSC OM 54.

TypE-rocaniry: Devil’'s Puneh Bowl, Oregon; from intertidal rock serap-
ings.

Disaxosis: P. segmenta is distingnished from deseribed members of the
genus in cases where males are known by the segmented appearance of the
spicula. Further, it is compatible to the group of four species listed helow.
Given are salient although not the only features by which these species differ
from that deseribed here:

1. P. mediterranea Micoletzky, 1924 possesses spieula which extend an-
teriorly heyond the supplement by 25 of the total length whereas in the new
species the spicules extend only slightly heyond the supplement.

2. Caundal glands of female P. albidicum (Bastian, 1865) do not extend
appreciably beyond the anus whereas they extend significantly beyond in
P. segmenta.

3. The spicula of P. serratum Ditlevsen, 1930, are serrated at the distal
end, a feature not shared by P. segmenta. Ditlevsen’s species also lacks a
gubernacnlum, while P. segmenta possesses a prominent gubernaculum,

4. The tail of male P. latticolle (Marion, 1870) is significantly longer
(about 4.0 vs. 2.5 anal diameters) than males of P. segmenta.

D. segmenta does not appear to be closely related to any other members
of the genus.

Notochaetosoma costeriata n. sp. (Fig.
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MeAsvRBMENTS: male (1): L = 0.44 mm, a = 12.5, b
female (1): L = 0.39 mm, a = 103, h = 64, e = 87,V
15.49%, Ov 2 = 23.4%.

Descriprion: This is a small, stout, epsilonoid nematode, with a slight
cervieal swelling. The cuticle is thieck, bearing heavy lateral annulations on
all portions of the hody with the exception of the cephalic helmet and the
terminal caudal armor. The annules ave divected forward on the anterior
portion of the body, and arve retrorse posteriorly. The individual annules have
distinet, fine, longitudinal straie. The head is bluntly conieal, provided with
a heavy helmet. The lip region is set off by a step-like reduction in eephalie
diameter: there is no indication of separate lips. Six labial papillae are
positioned close to the civeular stomal opening.

Numerous stout setae arve present on all body regions. The somatic setae,
at least anteriorly, are arranged in eight longitudinal rows. There are eight
cephalic setae, in two circles of four each, each seta heing about 10 microns
long. Four longitudinal rows of ambulatory setae ave located in the latero-
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TFigure 1. Phanoderma scgmenta n. sp. A, anterior region of male, lateral view.
B, face view of female. C, female tail. D, male tail.
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ventral region slightly posterior to the central portion of the nematode; with
only two specimens to observe a thorough study involving dissection and man-
ipulation was not possible. The setae of the two outer-most rows on the female
numbered about etght and did not appear to he in a straight line; rather three
or four of the posterior setae formed a secondary row parallel to what appears
to be the main axis of setae. The two more ventrally located rows appear more
regular in formation and consist of 12 to 13 setae. There is a single short,
stout, genital seta immediately anterior to the vulva. In the case of the
male each of the four rows is straight, the outer-most rows with about eight
setae each and the inner-most nmubering as many as 13 setae. (Only 10 were
observed on one inuer row.) There are three triangular, plate-like euticular
structures located ventrally in a single vow in the region of the posterior
amhulatory setae.

The amphids ave prominent, in the form of a closed shepherd’s erook,
and are positioned dorso-laterally on a level with the second circle of cephalie
setae. Tlead diameter at the hase of the cephalie helmet is 13.5 microns. The
stoma is eylindrical, and lacks any indieation of distinetion from the lumen
of the esophagus; no armament is present. The esophagus terminates in a
well developed, valvulated basal bulb; nerve-ring located at 509, of the
esophagus; cardia small, dorso-ventrally flattened. The excretory pore was
not ohserved.

The female ix didelphic, ovaries reflexed. The male has large, stroungly
develoned, acurate, spicula about 39 microns long; gubernaculuni is very small,
plate-like.

Tails of bhoth sexes are conical, ventrally curved, and have a heavily
selerotized terminus. Three caudal glands ave present, the anterior limits
of which extend only a short distance bevond the anus.

Attached on the female specimen were two Thecacinta calir (Schroder,
1907). suctorians of apparvent cosmopolitan distribution. Both were located
dorsally opposite the ambulatory setae.

Hororyee: male collected 17 October 1960 hy M. Dube: specimen on slide
OSC OM 78, Oregon State University Nematode Collection,

Avrroryre: female; as holotype.

Tyre Locariry: Marine (tardens, north of Devil’s Puneh Bowl, Oregon;
associated with hold-fast of Costeria costata (Turner, 1819) Saunders, 1895.

DiagNosis: The new species is unique to the Chaetosomatidae in that it
does not fall readily into any of the established genera; rather it would
appear to intermediate hetween Rhabdogaster and Notochaetosoma. Affinities
to the latter genus were considered most significant and for the time being, at
least, it will be assigned there. The four rows of ambulatory setae found on
N. costeriata ave characteristic of notochaetosomatids; however the slender,
hooked appearance of these setae are characteristic of the rhabdogasterids.
Also conforming to the latter genus is the strongly developed esophageal bulh.
The somatie and cephalic setae conform to those found on notochaetosomatids
as does the male genital apparatus. Tt is this last characteristic, viz. the
well developed spicula and presence of a gubernaculum, that is considered most
significant in the generie relationships.

A further distinetion is to be noted in N. costeriata in that it possesses
three caudal glands whereas members of both the forementioned genera possess
(or are deseribed with), hut one.
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Spilophorellu furecata nsp. (Fig. 3.)

MEASUREMENTS: female (2): L = 1.05 & 1.07 mm, a = 224 & 230, h =
58 & 5.8, ¢c = 6.7 & 7.0, V. = 446 & 46.6, Ov 1 = 194—, Ov 2 = 18.1—.

Duscripriox : In over-all appearance this species is very characteristic of
the genus. The cuticle is annulated, heterogeneous; lateral differentiation is
pronounced in the form of two longitudinal rows of enlarged cuticular puncta-
tions. The head is blunt and has a slight constriection at the level of the
cephalie setae. There are twelve labial rugae surrounded by a cirele of six
distinet papillac. There are four cephalic setae, approximately 4.5 microns
in length: slightly greater than %4 of the corresponding head diameter (12.2
microns). The amphids ave very obscure and could not be recognized with
any degree of certainty. The stoma is conical, somewhat enlarged anteriorly,
armed with a powerful dorsal tooth and perhaps two small latero-ventral
teeth. Indications of the latter were evident in the enface view hut not recog-
nized in the lateral view. The esophagus is eylindrieal anteriorly and term-
mates in a well-developed double bulh. The nerve-ring is positioned midway
in the esophagus. The exerctory pore is located at the level of the dorsal
tooth. Although neither the pore nor duct is prominent in lateral view, the
positioning is easily confirmed from enface preparations.

Females are didelphie, ovaries reflexed. The male has arcuate spicula
about 50 microns long. The distal ends ave bifurcate. The gubernaculum is
hroad, heavily sclerotized, and provided with a dorsal apophysis or extension
and subterminally with an anterio-ventral apophysis. There are indications
of three preanal papillae, the anterior of these heing about 40 microns in
front of the cloacal opening.

The tails are conical, hearing spinneret and terminal duet that is charae-
teristic of the genus. Relative lengths are 5.0 and 4.0 anal diameters respee-
tively for the female and male.

ITororyre: male collected 27 July 1959 specimen on slide OSC OM 53,
Oregon State University Nematode Collection.

AvrroryPE: female, OSC OM 33.

Pararype: female, OSC OXM 53.

Typre Locaniry : Devil's Punch Bowl, Oregon; intertidal rock serapings.

Dragxosis: 8. furcata is in most features very similar to S. paradoaza (de
Man, 1888). The original description of the latter species makes no refer-
ence to the location of the exeretory pore, nor do most subsequent deseriptions.
W. Wieser (1959) for specimens collected from Puget Sound and whieh he
considered to be the same as those of de Man, describes the exeretory pore
as being 50 mierons {rom the anterior end of the nematode. The new species
is thus distinguished readily from S. peradora in that the excretory pore is
positioned opposite the dorsal tooth Jess than 10 microns from the anterior
end.

The spicula of the new species are hifurcate at the distal end, a feature not
ohserved, but perhaps over-looked in other species.

There may he additional differences in the structure of the male genitalia;
however, this must be substantiated by detailed comparative studies. Therve ap-
pears to he a lack of similarity in what Wieser referred to as “anterio-ventral
apophysis” (1954, p. 101): i.e. those of S. furcata being less sclerotized and
directed inwardly relative to those of S. paradora.

Two inconsistancies should be mentioned. (1) Wieser’s 1954 (p. 100-101)
deseription of the gubernaculum of S. paradora “consisting of median por-
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tion, 52 microns long, and lateral plates, 40 microns long . . .” is not consistant

with his illustration of 1959 (63 b) in which he shows a typical 2-piece

gubernaculum, each portion with dorsal “extensions.” (2) The single large

papilla observed by Bresslau and Schuurmans Stekhoven (1940, p. 44 and fig.

46) on a male assigned to S. paradoza would suggest that his material

belongs to a species or sub-species distinet from S. paradoza (de Man).
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Figure 2. Notochactosoma costeriata n. sp. A, anterior region of male. B, face
view of female. C, lateral silhouette of male. D, male tail. B, female tail.
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Figure 3. Spilophorella furcata n. sp. A, anterior region of female. B, face view
of female. C, male tail. D, esophageal region of male. E, female tail.
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Bovienema (Nematoda: Allantonematidae), a new genus
parasitizing bark beetles of the genus Pityogenes
Bedel, with notes on other endoparasitic
nematodes of scolytids

WimLianm R. Nrekne®

In 1937 Bovien described and illustrated hoth free-living and larval stages
of a nematode parasite Aphelenchulus tomici from the body cavity of the
bark beetle, Pityogenes bidentatus Herbst, collected in lodgepole pine in Den-
mark. He reported that 30 per cent of the beetle population was infected and
that the parasitism increased to 60 per cent when the beetles were reared in a
cage on pine logs for a period of time.

Fuchs (1938) deseribed Parasitylenchus contortus chalcographi from a re-
lated host species, Pityogenes chalcogruphus Linnaeus, but his illustrations
and deseription were extremely briet as he found the parasite only once.
From 0.5-1.0 per cent of the heetle population were reported to be parasitized.
Rithm (1956) did not suceeed in rediseovering this species and considered
tomici and chalcographi as valid species of his genus Contortylenchus. He
found tomici in species of the bark beetle genus Pityogenes that were collected
from lodgepole pine and other host trees in various localities in Germany.
Contorylenchus chalcographi (Fuchs, 1938) Riihm, 1956, is treated here as a
synonym of Bovienema tomici (Bovien, 1937) u. comb., hecause descriptive
information was insufficient to permit proper separation of the two forms.

TFour per cent of the specimens of the hark beetle, Pityogenes fossifrons
(LeConte), collected from lodgepole pine in Yosemite National Park, in the
summer of 1961, were found to harbor bhody cavity parasites similar to
Bovien’s tomici. This parasite differs from the contortylenchs by a number
of biological and morphological characters. These differences are sufficiently
great to justify the erection of a new genus Bovienema, which is named after
Prosper Bovien, the first person to observe these forms. The genus is mono-
specific at present but eventually more species will be added and better
morphological characters defined.

lontribution from the Iintomology Research Institute for Biologieal Control, Research
Branch, Canada Department of Agriculture, Belleville, Ontario. This paper is part of a thesis
submitted for the degree of Doctor of Philosophy at the University of California, Davis, Cali-
fornia.

The author wishes to express his sincere appreciation to Professor M. W, Allen for help-
ful eriticism throughout this study. Appreciation is extended also to Dr. A. R. Maggenti for
advice on the illustrations and on the morphology of the nematodes concerned. Thanks is
given to Dr. R. W, Stark, of U.C. Berkeley, for his interest and encouragement and to I, C.
Jorgenson, U.S8.D.A.,, Salt Lake City, Utah, for supvolying slides of Stietylus asymmetricus
Thorne, 1941. Nematode collections were made possible by a grant from the University of
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Bovienema new genus

Limited at present to nematodes of the bark beetle genus Pityogenes; small,
plump, with body forming a tight cirele when relaxed by heat (Figs. 1, 2E);
ovary with a posterior flexure in the vicinity of the vulva; intestine difficult
to see, as in the parasitylenchs; and the mature adult parasitic female has
only 1-3 eggs in the uterus at one time,

TYPE SPECIES: Bovienema tomici (Bovien, 1937) n. comb.

SYNONYMY: Aphelenchulus tomici Bovien, 1937.

Contortylenchus tomici (Bovien, 1937) Riihim, 1956.
Parasitylenchus contortus chalcographi Fuchs, 1938.
Parasitylenchus contortus f. chaleographi (Fuchs, 1938)
W. Schneider, 1939.
Contortylenchus chalcographi (Fuchs, 1938) Riihm, 1956.

LARGE ADULT PARASITIC FEMALE (10 Specimens) (Fig. 1) : Length 0.61 mm.
(0.48-0.73 mm.) ; width 0.08 mm. (0.07-0.13 mm.); stylet 11 microns (10-12
microns); V-A 48 microns (33-66 microns); tail length 17 microns (12-22
microns) ; egg length 40 microns (24-65 microns) ; egg width 15 mierons (10-
26 microns).

Found loose in haemocoel of host insect; more stable in size and shape
than most allantonematids; small, plump. Fresh specimens with blotchy
areas of reddish-hrown color in hody. Usually coiled in tight ecirele in hody
cavity of beetle; characteristically with ventral side turned externally. Cuticle
smooth, but often wavy or constricted near head and neck region. Execretory
pore easily scen. Tail end tapers to characteristic peg-like point, directed
dorsally. Stylet always present, not retracted into inner bhody, 10-12 mierons
long, knobhs distinet, lumen narrow. HEsophagus largely degenerate; dorsal
gland orifice opens hehind spear knobs. Intestine not seen. Anus easily seen.
Oviparous. Gonad large, essentially fills body of nematode, with two or
three characteristic flexures, one anterior in neck region and one far posterior
in vielnity of vulva, often with another flexure at mid-body or further an-
terior; ovary typically allantonematoid, with numerous oogonia econtaining
large nuclei; spermatheca allantonematoid; uterus usually with 1-3 large
eges; vagina long, stout, museular, valva deeply constricted.

Freg-L1viNg MALE: Length 0.32-0.33 mm.; width 14-17 microns; stylet 10
microns. Found in frass in galleries of infected hark heetles. Smaller than
most male allantonematids. Lips not set-off. Stylet not well developed, lumen
not seen, basal knobs insignificant. Esophagus degenerate, not seen except for
narrow lumen which could he traced back a short distance. Exeretory nore
located anterior to nerve ring. Testis outstretched, reaching nearly to middle
of hody. Caudal alac peloderan. Spicules feebly arcuate, narrow. Guber-
naculum small.

Freg-rivineg FEMALE: Length 0.30-0.32 mm.; width 10-12 miecrons; stylet
11-12 microns; tail length 11-12 microns. Found in frass in galleries of in-
fected bark beetles. Usually shorter and more slender than male and most of
the described free-living female allantonematids. Tail shorter than male, with
blunt, conical terminus. Stylet better developed than male, with narrow lu-
men and distinet knobs. Esophagus difficult to see, though Bovien did illus-
trate well developed overlapping glands. Gonad allantonematoid, outstretched,
not elongated beyond posterior one-third of hody. Vulva posteriorly located.
Bopy caviTy LARVAE: 2nd-Stage Larva: Length (0.19-0.20 mm.); stylet 8-9

mierons.

4th-Stage Larva: Length (0.30-0.33 mm.).
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Bror.oty axDp EcoLoGy

Bovien first observed this species in Denmark in 1937 in a population of
Pityogenes bidentatus. Rithm (1956) observed it in 25-30 per eent of the
populations examined of P. bidentatus and P. quadridens Hartig, from vari-
ous loealities in Germany. The average number of adult parasitic females in
a heetle was two with a maximum of five. Some bectle populations were free
of the parasite.

Bovienema tomici (Bovien, 1937) 1. comb., was found for the first time in
North America, as a parasite in the body cavity of Pityogenes fossifrons in
California. The lodgepole pine host tree had heen killed by Dendroctonus
monticolae Hopkins. Four per cent of the P. fossifrons population were para-
sitized hy B. tomici and the average number of adult parasitic females per
beetle was one with a maximum of three. This species has one generation of
three distinet forms in cach complete host cyele. The three forms include a
large adult parasitie female that is always oviparous, and a free-living male
and female phase. The free-living female enlarges to become the adult para-
sitic female after entrance into the host insect. The sexual animals and the
adult parasitie females are considerably smaller than those of most allanto-
nematids. This may stem from the fact that the host beetles are relatively
small, about 2-3 mm. long. The large adult female nematodes lay eggs in the
body cavity of the host heetle. After the eggs hateh, the larvae grow in size
and leave the beetle by way of the rectum as fourth-stage larvae. These
moult, become sexual males and females and are assumed to mate in the frass.
The male dies soon after mating, and the inseminated female enters a new
host heetle larva and enlarges into the adult parasitic female.

Host 1xseers: Type TTost: Pityogenes bidentatus Herbst.

Other Hosts: Pityogenes quadridens Hartig, Pityogenes
fossifrons (LeConte), Pityogenes chaleo-
graphus (Linnaeus).

Host TREES: Pinus contorta Dougl., Pinus silvestris Y, Pinus montana

Mill,, Pinus peuce Griseh.

TypPE LocaLITY : Denmark.

OTHER LOCALITIES: Germany; Niirnberg and vieinity, Erlangen, Pegnitz
(Oberfranken), Oberpfilzer Forest, Steigerwald, Suderlugum (Schleswig-
Holstein).

New nocanity: U.S.A. Tenaya Lake, Yosemite National Park, California.

Contortylenchus spp. Fouxp 1x CALIFORNIA

Three species of contortylenchs were collected tfrom bark heetles in Califor-
nia. The influence of these endoparasites on parasitized host heetles is con-
sidered here as a permanent, self-perpetuating debilitation. As illustrated hy
Schvester (1957) for a parasitylench endoparasite of the shot-hole horer,
Scolytus (Ruguloscolytus) rugulosus (Ratzeburg), parasitized beetles often
‘are not able to produce eggs but are capable of reinfesting healthy broods with
the nematode parasite. By releasing parasitized heetles into areas that do
not harhor this parasite, a useful hiological control factor may be introduced.

Contortylenchus brevicoms (Massey, 1957) Riihm, 1960 (Fig. 2.).

This nematode was found parasitic in the haemocoel of Dendroctons hrervi-
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comis LeConte from ponderosa pine. Four ont of five wild beetle populations
were infected and the parasitisin ranged from 5-38 per cent. Observations on
a heavily parasitized population indicated that the emergence of parasitized
beetles was later than that of unparasitized beetles.

Contortylenchus reversus (Thorne, 1935) Rithm, 1956 (Fig. 2C).

Only one of the five populations of the mountain pine beetle, Dendroctonus
monticolue Hopkins, collected in the study, harbored this hody cavity parasite.
It was found in a heetle population colleeted from a newly killed sugar pine
at Fish Canmp, California. '

Contortylenchus elongatus (Massey, 1960) Nickle, 1963 (Figs. 2B, 2D).

This nematode is a common parasite of Ips confusus (LeConte) in Califor-
nia and was fivst veported by Moore in 1955. Tt was found in frow 13-50 per

Tig. 1. Adult parasitie female, Bovienema tomiei (Bovien, 1937) n. comb., found
parasitic in the hacmocoel of Pityogenes fossifrons (LeConte).
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cent of nearly all the beetle populations collected from widely scattered loea-
tions over the state. Massey (1960) considered that this nematode caused a
52 per cent reduction in the egg laying potential of Ips confusus.

Genus Sphaerulariopsis Wachek, 1955

The genus Sphaerulariopsis was proposed by Wachek in 1955 for a body
cavity parasite of the cone beetle, Ernobius abietis (Fabricius). It is dis-
tinguished by a protruded uterus similar to that of Sphaerularia bombi Du-
four, 1837. Wachek considered Sphaerularia bombi to be an aphelench and
Sphaerulariopsis to be a tyleneh. His drawings indicate that Sphaerulariopsis
is definitely a tylench. Rithm (1956) synonymized Sphacrulariopsis with
Stictylus Thorne, 1941, because both genera have asymmetrical spear knobs
and a neotylenchoid median bulh. No eggs are found in the free-living female
stage of members of Sphaerulariopsis, and the uterus has the typical allanto-
nematoid condition, packed with sperm. Therefore, there seems to be little
doubt that these forms are obligate inseet parasites helonging in the family
Allantonematidae, and not of the family Neotylenchidae. Female specimens
of Stictylus asymmetricus Thorne, 1941, were obtained from E. C. Jorgenson
of the U.S.D.A. and the gonad was found not to he of the allantonematoid
type. Eggs were observed in the uterus, indicating that the genus Stictylus
is placed correctly in the family Neotylenchidae, and the necessity of removing
the allantonematids that were placed there by Rithm (1956) and Khan (1957a,
b, 1960). Massey’s Sphaerularia dendroctoni is also transferred to the genus
Sphaerulariopsis Wachek, 1955. The synonymy of Sphaernlariopsis and
Stictylus by Rithm (1956) is rejected.

GENUS: Sphaerulariopsis Wachek, 1955,

TypE spECIES: S. stammeri Wachek, 1955,

Syn. Stictylus stammeri (Wachek, 1955) Riihm, 1956.

NOMINAT SPECIES :

S. dendroctoni (Massey, 1956) n. comb.
Syn. Sphaerularia dendroctoni Massey, 1956.
S hastatus (Khan, 1957) n. comb.
Syn. Sphaerularia hasteta Kahn, 1957.
Stictylus hastatus (Khan, 1957) Khan, 1960.
S. pini (Fuchs, 1929) n. comb.
Syn. Tylenchus sulphureus pini Fuchs, 1929.
Allantonema sulphureus pini (Fuchs, 1929)
Filipjev, 1934.
Parasitylenchus sulphurcus £. ping
(Fuchs, 1929) Schneider, 1939.
Allantonema pini (Fuchs, 1929), Filipjev, 1934,
(in Wachek, 1955).
Stictylus pini (Fuchs, 1929) Riihin, 1956,
S. piniphili (Fuchs, 1929) n. comb.
Syn. Tylenchus sulphureus piniphili Fuchs, 1929.
Allantonema sulphureus piniphili
(Fuchs, 1929) Filipjev, 1934.
Parasitylenchus sulphureus £. piniphili
(Fuchs, 1929) Schneider, 1939.
Stictylus piniphili (Fuchs, 1929) Riihm, 1956.
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Fig. 2. Adult parasitic female parasites of the Genera Contortylenchus and
Bovienema from California bark beetles, showing the characteristic shape and
size of each. A. Contortylenchus brevicomi from Dendroctonus brevicomis. B.
Contortylenchus elongatus from Ips confusus, loeality mnorthern California. C.
Contortylenchus reversus from Dendroctonus monticolae. D. Contortylenchus
elongatus from Ips confusus, locality southern California. E. Bovienema tomici
from Pityogenes fossifrons.
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S. ungulucaudus (Khan, 1957) n. comb.
Syn. Sphaerularia ungulacauda Khan, 1957,
Stictylus ungulacaudus (Khan, 1957)
Khan, 1960.

Although 150 specimens of Dendroctonus monticolue were dissected, the
body eavity parasite, Sphaerulariopsis hastatus (Khan, 1957) n. comb., that
was discovered by Dr. R. W. Reid in this heetle in British Columbia, was not
found in the California collections. It should be determined if S. hastatus
oceurs in California, as its purposeful introduction as a hiologieal control
agent from Canada might help to prevent the heetle populations from assum-
ing epizootie proportions.

SUMMARY

A\ new nematode genus Bovienema n. gen., is deseribed and B. tomici (Bovi-
en, 1937) n. comb., is designated as the type species. The adult parasitic
female of B. tomici and hundreds of ier young live parasitie in the hody cavity
of bark heetles of the genus Pityogenes Bedel. This species, found for the
first time in North America, is redescribed. Three species of the nematode
genus Contortylenchus Rithm, 1956, were found as parasites of bark heetles in
Calitfornia, namely C. elongatus (Massey, 1960) Nickle, 1963, C. brevicomi
(Massey, 1957) Riihwm, 1960, and C. reversus (Thorne, 1935) Riihn, 1956.
The allantonematid genus Sphaerulariopsis Wachek, 1955, is treated as a
valid taxon and not as a synonym of Stictylus Thorne, 1941. Reference is
made to the possible utilization of these parasites as hiologieal control agents.
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Effects of Gammma Radiation on Development of Dirofilaria
uniformis in Anopheles quadrimaculatus*

Rarer B, Duxsury axp Birvio 1. Sanux

Numerous investigations have been conducted on the effect of X-irradiation
on the susceptibility of mosquitoes to malarial infeetions and on the develop-
ment of malarial parasites in irradiated mosquitoes (Huff, 1954; Terzian,
1953; Ward et ol. 1960). However, to our knowledge no similar studies have
heen conducted with filarial p(nn»lte-

Some of the factors which influence the development of Dirofilaria uni-
formis in the invertebrate host were veported recently (Duxbury et al. 1961).
The present experiments were initiated in an effort to determine the effect, if
any, that subjecting mosquitoes to irradiation prior to exposure to filarial
mfection has on the mumber of developing larvae and on their distribution
through the head, thorax, and ahdomen. Similarly, studies were condueted to
determine whether 1rradiation of mosquitoes which had ingested blood ¢on-
taining microfilarine influenced the nunther, grewth, and distribution of devel-
oping larvac.

MATERIALS AND MuTHODS

Two types of irradiation experiments were conducted. Tn the first, mos-
quitoes were irradiated and then exposed to infection 24 hours later; in the
second, mosquitoes were allowed to take Dlood {from an infeeted cottontail
rabbi then were irradiated the following day.

b

Trradiation was acomplished on a “Gammacell 220”7 cobalt-60 irradiator,
described by Rice and Smythe (1960). This 1300 curie source delivered a
dose rate, caleulated by the Fricke ferrous sulfate method of Weiss et al.
(1953), of approximately 2,000 roentgens per minute. Pyrex glass tubes
(16 x 90 mm) containing the mosquitoes were placed in a test tube holder for
irradiation. A planetary gear system permitted the test tube holder to rotate
on its own axis while the test tubes were rotated on their axes. This method
insured a uniform exposure to ireadiation of the mosquitoes in eacl of the
test tuhes.

Tfor irradiation prior to infection, mosquitoes collected 4-5 davs after emer-
gence from the pupal stage were sepavated at random into five groups of
equal numbers. Three groups were exposed to 10,000, 20,000 and 40,000
roentgen equivalent physical (rep), respectively. The fourth group received
40,000 rep and served as the irradiation control. The fitth group received no
irvadiation and was used as the infection eontrol.

Approximately 24 hours after irradiation, the mosquitoes were allowed to
feed on a cottontail rabbit which had microfilariae in the blood. Feeding was
accomplished throngh the mesh covering of small plastic containers placed
against the rabbit's shaved abdomen. The three groups of irradiated mos-
quitoes and the infection controls were fed simultanconsly on the same animal.

“from the Depavtment of Medical Zoology, Walter Reed Army Institute of Researeh,
Washington 12, C.
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tion with the irradiation of mosquitoes, We also thank Mr. Maurice Schoenbeeliler for hisg
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Mosquitoes that failed to take blood were removed and those which were
gorged were placed in a large plastic cage and mantained for 10 days at
27°-29° C. on 4% sucrose solution and sliced apples. Mosquitoes which died
during the experiment were removed and a record was kept of their numbers.

The same procedures were used in the second type of experiment, except
that the time of infection and irradiation was reversed and additional irradia-
tion doses of 1,000, 2,000, and 4,000 rep were used.

REsuLTs

A. MOSQUITOES IRRADIATED 24 HOURS PRIOR TO INFECTION: Twenty mos-
quitoes from each of the three experimental groups and 20 infection controls
were dissected on the tenth day following exposure to infection. More larvae
were found in each of the irradiated groups than in the non-irradiated in-
fected controls (Table 1). However, the difference was statistieally significant
(P < 0.05) only for the mosquitoes exposed to 10,000 rep. There was no
statistically significant difference in the distribution of larvae through the
head, thorax, and abdomen of the mosquitoes dissected. The mortality rates
during the 10-day period ranged from 59 in mosquitoes irradiated at 40,000
rep and subsequently infected to 129 in the infection controls. The variation
could not be attributed to the effects of irradiation.

B. MO0SQUITOES IRRADIATED 24 HOURS AFTER INFECTION : Irradiation at the
levels used in the preceding experiment, when applied to mosquitoes 24 hours
after exposure to a filarial infection, produced a marked reduction in the
numbers and growth of larvae in the irradiated mosquitoes as compared to
the controls (Table 2, Series I). After 10 days, larvae in the irradiated mos-
quitoes had developed only to the sausage stage, which is normally reached in
3-4 days. Migration of larvae from the abdomen to the thorax and head did
not oceur in any of the irradiated mosquitoes.

An additional experiment was conducted to determine if smaller irradiation
doses (1,000, 2,000, and 4,000 rep) would have a similar effect on the develop-
ment of the larvae. Dissection, again performed on the tenth day, revealed
no significant differences in nunbers, size, development, and/or location of
larvae in mosquitoes exposed to 1,000 and 2,000 rep as compared to the con-
trols (Table 2, Series IT). However, at 4.000 rep there was a significant re-
duction in the numbers of larvae (P < 0.05) and as in the previous experi-
ment larvae in the abdomen developed only to the sausage stage (Table 2,
Series IT). The results indicate, therefore, that a dose of 4,000 rep or more
will cause a significant reduection in the numbers of developing larvae and
will drastically inhibhit the normal growth of those larvae which survive.

Mortality rates among mosquitoes used in these experiments again fol-
lowed no pattern which could he attributed to irradiation effects.

Discussiox axp CONCLUSIONS

The results of the first experiment, in general, indicate that irradiation ren-
ders the mosquitoes more susceptible to infeetion and therefore may increase
their effectiveness as vectors. On the hasis of this experiment it is not possi-
ble to determine whether the greater susceptibility of mosquitoes irradiated
hefore infection is hereditary.

The results of the second experiment indicate that an exposure of miecro-
filariae to irradiation caused a marked reduction in the numbers of developing
larvae and drastically inhibited the normal growth of those larvae which sur-
vived. An inverse relationship was observed between the level of irradiation,
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the number of larvae recovered, and their development. The distribution of
laxrvae in the mosquitoes was markedly affected by irradiation.

As indieated previously (Duxbury et al. 1961) the relative large size of
helminth larvae and the fact that they do not multiply in the mosquitoes’ body
provide suitable means for studying and quantitating some of the host para-
site relationships.

Table 1. Dirofilaria wuniformis larvae recovered from mosquitoes irradiated
24 hours before infective blood meal

Larvae
Number of recovered : pe Lf

Dosage mosquitoes (mean Distribution of larvae (%)
(rep) dissceted number) Abhdomen Thorax Head

0 20 28 31 11 58
10,000 20 42 25 20 55
20,000 20 37 33 16 51
40,000 20 34 33 20 47

Table 2. Dirofilaria uniformis larvac recovered from mosquitoes irradiated
24 hours after infective blood meal

Larvae
Number of  recovered
Series Dosage mosquitoes (mean Distribution of larvae (%)
No. (rep) disseeted number) Abdomen Thorax Head

Heavy exposure to irradiation

0 6 17 37 8 55
I 10,000 6 8 100* 0 0
20,000 6 7 100* 0 0
40,000 6 6 100* 0 0
I.ight exposure to irradiation
0 20 11 29 15 55
II 1,000 20 12 37 13 50
2,000 20 10 40 13 47
4,000 20 6 77 15 8

*Larvac developed only to the sausage stage.
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Two New African Ctenophthalmus (Siphonaptera: Hystrichop-
syllidae). Collected by the U. S. Naval Medical Research
Unit No. 3
Roperr TrRAUR, PH.D.*

Adbstract
Ctenophthalmus hoogstraali n. sp. and Clenophthalmus tholatus n. sp. are de-
seribed and figured. The former, from Lophuromys in the Sudan, is separable
tfrom all related species in that the distal arm of the ninth sternum is exceeptionally
short and broad, subtriangular, only about twice as long as broad. CI. tholutus,
colleeted from a variety of murid rodents in Tanganyika, is separable from C¢.
caleeatus Waterston, 1912 by the greater length of the suprafoveal area on tho
movable finger of the elasper and by the greater height of the dorsal dome of

the aedeagal endehamber.

In conmection with researvch activities of the U. S. Naval Medical Research
Unit No. 3 (Cairo) on potential vectors and reservoirs of disease, the Depart-
ment of Medical Zoology of that institution had occasion to collect mammals
and ectoparasites in the Sudan and Tanganyika. During the course of these
imvestigations, Dr. Harvy Hoogstraal, c¢hief of that department, collected two
species of Ctenophthalmus which arve new to scienee and ave herein described
and illustrated.

Ctenophthalmus hoogstrauli n. sp.

Tyres: Holotype male and allotype female and a pair of paratypes ex
Lophuromys sp., a rat; Sudan: Equatoria, Torit, Imatong Mountains, (iilo,
elev. 6500 ft.; collector, TI. Hoogstraal for U, S. Naval Medical Research Unit
No. 3 (Cairo); 26 Dec, 1949. Holotype and allotype (on slide B-8021) de-
posited in the colleetions of the U. S. National Museum, Washington, D. (.
the pair of paratypes (B-8021-2) in the collection of the author.

Diacxosis: Although there are no known species which are closely allied
to it, this new species agrees with Clenophthalmus eximins Jordan and Roths-
child, 1913, in the following respeets (in addition to similarities at a sub-
generic level) : 1) Eve veduced, almost completely vestigial, essentially unpig-
mented. 2) Last segment of fore- and mid-tarsi with three lateral and two
ventral pairs of plantar bristles (fig. 10), last segment of metatarsus with
Four pairs of bristles, first ventral, second (in hovizontal line with first) lat-
eral, third almost subventral, and fourth lateral (fig. 9). 3) With a rather
long spermatheca (fig. 5). 4) With a broad V-shaped spiracular fossa on
female eighth tergum. 5) Female eighth sternum with a subventral, oblique
row of stout bristles. 6) Tmmovable process of clasper (fig. 7, P.) with dorsal
surface convex, lacking usual sinus or ineision (i this respeet agreeing with
Ct. audar Jordan and Rothsehild, 1913, and Ct. cophiorus Jordan and Roths-

*Colonel, 1.8, A, (Ret.)* of the Department of Microbiology, University of Maryland School
of Medicine, Baltimore, Maryland.

Consultant, Dept, of Medieal Zoology, U7, S, Naval Medical Researeh Unit No. 3, Cairo, Ilgypt.
From Researel: Projeet MR0O05.090- 1402, Bureau of Medicine and Surger Navy Dept.,
Washington: with the support of Grant “"lml’l" of the Natjonal Institutes of Hoaltll Wash-
ington, D. . The opinions and assertions contained herein are the private ones of the
anthor and are not to be construed as official or reflecting the views of the Navy Department
or the Naval Serviee at large,
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child, 1913). 7) Female with four antesensiliary bristles. 8) Lacking a bris-
tle on metepisternum (fig. 3, MTS.).

Separable from all related species in that distal arm of male ninth sternum
(fig. 8, D.A9, and fig. 4) is exceptionally short and broad, subtriangular,
about twice as long as broad at midpoint; ventral margin almost angulate
instead of heing fairly rounded. Further distinguishable from Ct. eximius
as follows: 1) TImmovable process of clasper (fig. 7, P.) with four long bris-
tles, not three. 2) Dorsal margin of proeess P. sub-rounded, impereeptibly
merging with caudal margin, instead of being truncate. 3) Ventral spur of
armature of inner tube of aedeagus (fig. 11, V.SR.) relatively short and
broad, not exceeding sclerotized inner tube proper (S.I.T.) in length, and not
reaching lateral lobes (I.T..). In contrast, in Ct. eximins, ventral spur narrow,
elongate, execeeding length of sclerotized inner tube and extending heyond
lateral lobes. 4) Ventral half of eaudal margin of female seventh sternum
coneave (fig. 6,7 S.); in Ct. eximius hiconvex.

Drscrrprion—nEAD (fig. 1, male) : Frontoelypeal margin evenly rounded
but with a distinet arrow-headed median tuberele (TB.). First preantennal
row consisting of three to five small bristles, that bordering antennal groove
longest; second row of three bristles, upper two muel longer than those in
first row. Tye vepresented only by a mere vestige. All three spines of genal
ctenidium relatively highly acuminate; third (eaudal-most) longest but not
extending more ventrad than others, apices being a horvizontal line. Genal
process broad, subtruncate, clearly visible above last spine hut not extending
as far caudad. Maxilhavy lohe extending to about middle of last segment of
maxillary palpi. First and seeond segments of maxillary palpi subequal in
length; third somewhat smaller, and fourth slightly longer. Tabial palpi five-
segmented, extending almost two-thirds length of fore coxace. Scape of an-
tenna with very short proximal and dorsomarginal bristles; second antennal
segment with a marginal row of small bristles, in male not extending hevond
second segment of cluby in female uppermost extending about half length of
fairly symmetrieal elub. Postantennal region with three rows of hristles ar-
ranged 2 - 3 - 4 per side, ventrocaudalmost of marginal row nearly twiee length
of next bristle ahove,

Tiorax: Pronotum with one row of about six bristles per side; much nar-
rower than its spines length. Pronotal comb with a total of about 16 spiues.
Mesonotum  (fie. 3, MSN) with two rows of bristles, preceded hy a vestigial
row ol two or three subdorsal bristles and one or two auterior dorsomarginal
ones. Mesonotal flange generally with three psendosetac per side (PS.S)).
Mesepisternum (MPS.) with two lateral bristles, one of these eandomarginal,
Mesepimere (MM with four hristles arranged 2 - 2, and in sub-horizontal
rows; that bristle below spiracle longest. Metanotum (MTXNL) with two rows
of hristles and a third row mdicated by two or three small subdorsal bristles.
Lateral metanotal avea (L)) well demarcated; with two bristles, that near
dorsocaudal angle longest. Metepisternun (MTS)) devoid of bristles; with a
distinet squamulum (SQ.). Pleural avel (P1LAL) short but well demareated.
Metepimere (MTAL) usually with seven bristles arranged 2 - 3 - 23 its pos-
terior nmargin medially convex but sinuate above and helow that lobe; its
spiracular fossa lanceolate.

Mesocoxa virtually devoid of Dbristles, except tor a few marginals near
antero-ventral angle. Metacoxa with a large lateral hristle, a few anteromar-
einals and mesally with two or three small thin submarginal hristles. Pro-
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femur with one small thin mesal bristle; with one ventromarginal bristle at
base and another at apex; with two small bristles flanking stout bristle at
dorso-apical angle. Mesofemur essentially same but with three ventromarginal
bristles near apex. Metafemur devoid of lateral or mesal bristles; as others,
but in addition with a subproximal ventromarginal bristle; with but one sub-
apical bristle. Longest apical bristle of pro- and mesotibia extending to near
apex of second tarsal segraent; that of metatibia not quite reaching apex of
first segment. Third segment of pro- and mesotarsi with an apieal bristle
extending to about apex of fourth segment. Metatarsus with one or two apieal
bristles on second and third segments extending to or heyond apex of following
segment. Measurements (in mierons) of tibiae and segments of tarsi (petiolate
base deleted) as follows:

Tarsal Segments
Leg Tibia T T 1T v Y
Pro- 150 45 47 40 35 80
Meso- 216 = 66 47 26 80
Meta- 363 216 146 78 54 83

Fifth segment of mesotarsus (fig. 10) with three pairs of lateral plantar
bristles plus a ventral pair placed between most proximal; a second ventral
pair nearly sublateral, inserted between first and second lateral pairs. Fifth
segment of metatarsus (fig. 9) somewhat similar but with only four pairs,
viz. second lateral pair shifted somewhat towards midline and third pair
missing.

ABpoMEN : Terga with apical spinelets arranged as follows (total number) :
male, 2 -2-2-2; female, 2 - 4 - 2 - 2. Typical terga with two rows of bristles,
ventralmost bristle of posterior row inserted below sagittate spiracle. Basal
abdominal sternum with fairly dense, distinet vertical striae; with one ventro-

Abbreviations

A.A.R. Third acdeagal rod (accessory apodemal rod); A.B. Antesensiliary bris-
tles; A.M.S. Apicomedian sclerite of aedeagus; A.S. Anal stylet; AC.B. Acetabular
bristles; AE.A. Aedeagal apodeme; B. Bulga (head) of spermatheca; C.S. Cres-
cent sclerite of acdeagus; D.A.L. Dorsal anal lobe of proetiger; D.A.9 Distal arm
of male ninth sternum; D.A.R. Dorsal armature of sclerotized inner tube; D.S. Dor-
sal lobe of apodemal strut of aedeagus; DO. Dome (arched dorsal expansion of
endehamber) (eertain Ctenophthalmus) ; E. Eye; F. Movable finger or digitoid of
clasper; I'O. Fovea of movable finger of clasper; X, Hilla (tail) of spermatheea;
K. Keel of aedeagus; L.L. Lateral lobes of aedeagus; 1..M. Lateral metanotal arca
of metathorax; IL.PT. Lateral plate of apodeme; I.S. Lateroventral sclerite of
apodemal strnt of acdeagus; M.D.I. Median dorsal lobe of aedeagus; MB. Manu-
brium; MPM. Mesepimere; MPS. Mesepisternum; MSN, Mesonotum; MTM. Me-
tepimere; MTN, Metanotum; MTS. Metepisternum; P. Immovable process of
clasper; P.A.9 Proximal arm of male ninth sternum; P.B.C. Perula - dilated por-
tion of bursa copulatrix; P.R. Penis rod; P.W. Wall of aedeagal pouch; P:1 An-
terior process of immovable process of clasper; P: Posterior process of immovable
process of clasper; PH.L. Phallosomal labia (thickened flaps overhanging ventral
portion of aedeagal endchamber in eertain Ctenophthalmus) ; PH.2 Second phragma
on mesonotum; PL.A. Pleural arch of metathorax; PS.8. Pscudosctac; S. Sail of
middle plate of aedeagal apodeme; S.D.B. Sclerotized duet of bursa eopulatrix;
S.I.T. Sclerotized inner tube of acdeagus; SN. Sensilium; SQ. Squamulum; T.A.
Arm of tentorium; T.AP.9 Tergal apodeme of ninth segment; TB. Frontal tu-
berele; V.A.L. Ventral anal lobe of proctiger; V.AR. Ventral armature of sclero-
tized inner tube; V.I.R. Ventral intramural rod of aedeagus; V.P. Subanal sclerite
(ventral or proximoventral sclerite of proctiger); VC.1 First vinculum; 1 T. First
tergum; 7 S. Seventh sternum; 7 SPC. Spiracle (fossa) of seventh segment; 7 T.
Seventh tergum; 8 S. Eighth sternum; 8 SPC. Spiracle (fossa) of eighth segment;
8 T. Eighth tergum.
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Ctenophthalmus hoogstraali n. sp. Fig. 1. Head and prothorax; Fig. 2. Ventral
anal lobe of female proctiger; Fig. 3. Meso- and metathorax; first abdominal
tergum,
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marginal bristle in male; female with a single ventromarginal bristle plus
two or three lateral bristles, Unmodified sterna in male typically with a row
of three bristles, at times four, preceded by one to three (usually one or two)
bristles; in female typical sterna with a row of four large bristles preceded
by three to five bristles (usually three). Male with middle antesensiliary bris-
tle (fig. 8, A.B.) twice length of upper; third bristle (ventralmost) somewhat
longer than uppermost. Female with four antesensiliary hristles (fig. 6, A.B.),
second from top by far longest, about twice as long as uppermost; third hristle
slightly longer than first; ventralmost somewhat longer than third, nearly
three-fourths as long as second.

MODIFIED ABDOMINAT SRGMENTS—MALE (fig. 8) : Kighth tergum (8 T.) re-
duced to a narrow sclerite extending caudad only to level of its spiracular
fossa, and ventrad to a point approximately in line with level of base of
movable finger of clasper (F'). Eighth sternum (8 8S.) extending dorsad to a
level above that of seventh spiracular fossa (7 SPC.); its caudal margin
sinuate, but essentially oblique; its ventrocaudal angle subrounded; with about
six or seven subventral bristles, five quite large.

Immovable process of elasper (P. and fig. 7) not divided into lobes; apically
and caudally subrounded or mildly sinuate, but not quite squarish or quad-
rate; with a lateral vertical row of four stout long hristles; in addition with
two much smaller dorsomarginal or submarginal hristles. Movable finger
(digitoid) of clasper (F.) about twice as long as broad at maximum, narrower
in middle than at either end, broadest at apex; markedly convex at junection
of anterior and dorsal margins; with three or four short, relatively stout
marginal bristles in this area. Remainder of dorsal margin of ¥. quite straight
and bearing one thin bristle at midpoint. Lacking a distinet fovea on or near
anterior margin at level of apical margin of P. Posterior margin of F. fairly
straight; dorsocaudal angle produced into a sclerotized thumb-like projection;
with two short bristles immediately proximad of thumb, one of these quite
stout; with an additional marginal bristle slightly hasad of these; with three
or four small thin hristles scattered on apieal portion of F. Manubrium (MB.)
somewhat more than five times as long as broad at midpoint; rather acutely
triangular, with apex sligchtly upturned. Tergal apodeme of ninth segment
with anterior margin (along eighth spiracular fossa) and ventral margins
quite square. Ninth sternum with proximal arm (P.A.9) nearly twice as
long as distal arm (D.A.9); apically slightly expanded and subtrunecate. Dis-
tal arm of ninth sternum (fig. 4) remarkably short and hroad, only ahout
twice as long as hroad; apieally slightly upturned, somewhat angled at bhase
of crescent-shaped selerotization; dorsal margin making an angle of ahout 60
degrees with apical portion of ventral margin; with a long marginal bristle
midway between crescent and apex; with two small thin subapical bristles
and a thin marginal hristle above and below long one; with two or three
additional seattered thin bristles.

Middle plate of aedeagal apod2me dorsally with a relatively short convex
loop on sail (fig. 8, S.), only slightly longer than hroad (high). Lateral
plates of aedeagal apodeme (AE.A.) about ten times as long as broad at mid-
point; apex acute. Keel (K., and fig. 11) on ventral margin of wall of
aedeagal pouch conspicuous as a horizontal selerotized line underlying por-
tion of D.A.9. Aedeagal endchamber with a long stout apicomedian sclerite
(A.M.S.); its expanded and angulate proximal (ventral) margin overlapping
apex of selerotized inner tube (S.I.T.). ADNLS. dorsally narrowed, merging
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Ctenophthalmus hoagstraali n. sp. TFig. 4. Distal arm of male ninth segment;
Fig. 5. Spermatheca; Fig. 6. Modified abdominal segments of female; Fig. 7. Im-
movable process and movable finger of elasper. )
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with weakly selerotized median dovsal lobe (M.D.L.). Crescent sclerite (C.S.)
long, almost straight (scarcely convex). Armature of inner tube represented
as a dorsal curved acuminate spur (D.AR.) and a ventral one (V.AR.) dor-
sally rather biconvex, its apex spatulate; its ventral margin straight; prox-
imally hroader than apically. Sclerotized inner tube (S.I.T.) sub-horizontal,
relatively short, about four times as long as broad apically. Lateral lobes
(L.L.) conspicuous, enclosing endechamber; dorso-apically produced into a
snout; hroadly convex helow snout. Apodemal strut of usual type. Penis rods
uncoiled. Aedeagal apodemal rod (A.A.R.) lightly sclerotized.

Tenth abdominal segment with dorsal lobe of proctiger (D.A.L.) with three
dorsomarginal bristles, distalmost quite long; with two or three lateral bris-
tles. Ventral lobe of proctiger lightly sclerotized, with a long dorsal bristle.
Subanal sclerite (proximal ventral selerite or proctiger) (V.P.) developed as
a crescentic structure at base of proctiger.

MODIFIED ABDOMINAL SEGMENTS—FEMALE (fig. 6) : Seventh sternum (7 S.)
with posterior margin shallowly concave below a submedian slight convexity;
sinus very broad (high); with a row of about seven bristles, five quite long;
three of these long bristles forming a subventral group; row preceded by
ahont four small ventromarginals. Eighth tergum (8 T.) with about three
small hristles above broad V-shaped spiracular fossa (8 SPC.); ventral third
with about eight lateral submedian bristles, two fairly small; with three small
mesal hristles near dorsocaudalmost of these lateral hristles. Kighth sternum
(8 8.) reduced to a narrow, scarcely discernible vestige with one or two tiny
apieal hristles. Dorsal anal lobe of proctiger (D.A.L.) with a dorsomarginal
fringe of bristles and a ventromarginal one below anal stylet. Ventral anal
lobe (V.A.L. and fig. 2) relatively long and narrow, weakly sclerotized, angle
not conspicuous; with three ventromarginal hristles distad of angle and a
subapical bristle. Anal stylet (A.S. and fig. 12) broad at hase and narrowing
apically; slightly arched subproximally, curved slightly downwards; dorsal
and ventral margins subparallel for much of their length; about three and
one-half to four times as long as hroad at oblique hase; with a long apical
hristle flanked by two very short hristles. Spermatheca with bulga (figs. 5 and
6. B.) not distinetly separated from hilla (H.); bulga about twice as long as
broad; base of bulga (that region at insertion of spermathecal ducet) hroader
than opposite end; hilla slightly uneurved, shorter than bulga. Bursa copu-
latrix with its duet (S.D.R.) heavily sclerotized, somewhat convex; its perula
(P.B.C.) ovate, lightly sclerotized.

The species is named for the collector, Dr. Harry Hoogstraal, in partial
recognition of his many contributions to our knowledge of vectors and reser-
voirs of disease.

Ctenophthalmus tholatus n. sp.

Types: Holotype male (B-453953) ex Mastomys coucha, a multimammate
mouse; Tanganyika: Arusha, Tengeru, 4100 ft. elev.; collectors, H. Hoog-
straal and G. M. Kohls; 20 July, 1956. Allotype female (B-45323-1) ex
Arvicanthis, ibid. but 25 Aug., 1956. Paratypes (all collected at Arusha,
Tengeru, 4100 ft. elev. by H. Hoogstraal and G. M. Kohls in 1956) as follows:
ex Arvicanthis: 1 male, 21 July; 1 male, 25 July; 1 female, 25 Aug. Ex
Lemniscomys: 1 male, 20 July; 1 male, 1 female, 23 July; 1 male, 26 July;
2 males, 1 female, 25 Aug. Ex Mastomys coucha: 2 males, 20 July; 1 male,
22 July. Ex Aethomys: 1 male, 1 female, 26 July. Ex unidentified rodents:
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1 female, 22 July; 1 male, 23 July. Holotype and allotype deposited in the
collections of the U. S. National Museum, Washington, D. C. Paratypes
distributed amongst various collections, including those of the British Museum
(Tring) and the author.

(il

Ctenophthalmus hoogstraali n. sp. Fig. 8. Modified abdominal segments of male;
Fig. 9. Protarsus; Fig. 10, Metatarsus; Fig. 11. Apex of acdeagus; Tig. 12. Anal
stylet.
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Diaenosis: Near Ctenmophthalmus calceatus Waterston, 1912, but distin-
guishable as follows: 1) In new species, distal half of movable process or
finger (digitoid) of clasper (fig. 17 and 27, F.) much longer than in Ct.
calceatus, 1.e. that portion apicad of fovea (FO.) 1.75 times or nearly twice
distance between apex of lobe P, and level of acetabular bristle. In Ct.
calceatus, length of suprafoveal region only 1.25 times distance between apex
of Py and acetabular bristle (figs. 28 and 29). 2) Dorso-apical convexity or
dome of aedeagal endchamber (fig. 20, DO.) above the ecrescent sclerite
(C.S.) relatively longer (higher) than in Ct. calceatus, and proximally nar-
rower, viz. equal to more than twice length of sclerotized inner tube (S.I.T.),
and symmetrical in shape, since anterior margin only slightly inclined cephalad
at level of crescent sclerite. In Ct. calceatus, height of dome (figs. 21 and 22,
DO.) only about 1.7 times length of sclerotized inner tube (S.I.T.), and
vaulted area proximally asvmmetrical sinece anterior margin curves cephalad
near midpoint, well above level of C.S. 3) Crescent sclerite (C.S.) strongly
convex, arching above level of dorsal armature of S.I.T. In Ct. calceatus,
creseent sclerite (figs. 21 and 22, C.S.) relatively flat.

Further separable from Ct. calceatus, from South Afriea, by the follow-
ing: 1) movable process of clasper (fig. 27, ¥') lacking a thumb-like sclerotized
process at dorsocaudal angle quite conspicuous in Ct. ¢. calceatus (fig. 28, F.).
2) Sinus between lobes Py and P, of immovable process of clasper (fig. 27) sub-
equal to breadth of P; or P,, whereas in Ct. ¢. calceatus, sinus about twice
diameter of either lobe (fig. 28). 3) Tergal apodeme of ninth segment (fig.
17, T.AP.9) with ventral margin fairly straight, forming an angle where it
meets antero-dorsal margin; in shape resembling a slightly narrowed dome
whose altitude is 1.7 times its base. In Ct e. calceatus, tergal apodeme of
ninth segment very broadly rounded, almost oblately so; symmetrical; shaped
like a broad low dome whose altitude slightly smaller than its base.

Further separable from Ctenophthalmus calceatus cabirns Jovdan and
Rothschild, 1913, as follows: 1) Lobe P, of immovable process of clasper (fig.
27) apically straight and truncate, not slanting; slightly narrower than P, in
breadth. In Ct. calceatus cabirus, Py (fig. 29) apieally declivous and definitely
broader than P, at midpoint. 2) Lacking a triangular spurlike sclerotization
at dorsocandal angle of movable finger (fig. 27, F.). In Ct. calceatus cabirus
triangular selerotization distinet (fig. 29, T.) but not as conspicuous as in
Ct. ¢. calceatus.

Descrirrion—HEAD (fig. 13, male; fig. 14, female) : Frontoelypeal margin
evenly rounded, but with a minute acute tubercle (TB.). First preantennal
row consisting of five bristles, that bordering antennal groove slightly longer
than others; ocular row of three bristles, each two or more times length of
those in first row. First genal spine subacuminate; other two with apices
blunt; second spine about fwice as broad as first and distinetly broader than
third; apiees in a horizontal line. Genal process fairly navrow, subtruncate.
Maxillary lobe extendine to about middle of last segment of maxillary palpi.
Tirst segment of maxillary palpi slightly longer than second and somewhat
shorter than fourth segment ; third segment shortest. Lahial palpi five-segment-
ed, extending almost two-thirds length of fore-coxae. Scape of antenna with
very short proximal and dorsomarginal bristles; second antennal segment with
a marginal row of small bristles, in male not extending beyond second segment
of club, in female, one or two extending ahout three-fourths length of fairly
symmetrical club. Postantennal region with three rows of bristles generally
arranged 3(4)-4-5(4) per side.
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Cienophthalmus tholatus n. sp. Fig. 13. Head and prothorax of male; Fig. 14.
Preantennal region of female; I'ig, 15. Protarsus; Fig. 16. Meco- and metathorax;
first abdominal tergum; Fig. 17. Male ninth sternun and elasper; Fig. 18. Meta-
tarsun.
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THORAX : Pronotum with one row of about four bristles per side; its length
about two-thirds that of uppermost spines of comb; with a total of about 16
spines. Mesonotum (fig. 16, MSN.) with two rows of bristles; its flange with
two or three pseudosetae (PS.S.) per side. Mesepisternum (MPS.) with two
median bristles. Mesepimere (MPM.) with bristles generally arranged 3-3 or
3-2 of which dorsalmost two may at times appear to be on MPS  and ventro-
caudal one below level of spiracle. Metanotum (MTN.) with two complete
rows of bristles and a group of three representing an anterior, third row.
Lateral metanotal area (I.M.) subtrapezoidal; with dorsocaudal region ex-
tended upward as a narrow projection; ventral margin quite straight; with
two or three bristles, dorsalmost longest. Metepisternum (MTS.) with one
bristle in dorsocaudal quadrant; squamulum (SQ.) fairly large. Pleural arch
(PL.A.) distinct, subovate. Metepimere (MTM.) generally with bristles ar-
ranged 3-3, uppermost of second row just ventrad of lanceolate spiracular
fossa, its posterior margin medially convex but somewhat sinuate above and
below that lobe.

Longest apical bristle of pro- and mesotibia extending beyond middle of
second segment of respective tarsi; that of metatibia reaching to ahout apical
fourth of first segment. None of bristles on pro- and mesotarsi reaching
heyond apex of following sogment. Metatarsus with one hristle on second seg-
ment reaching to or beyond apex of third and one on third segment extending
to or beyond apex of fourth. Fifth segment of protarsus (fig. 15) and meso-
tarsus with first pair of plantar bristles displaced ventrad and distad so as
to lie between second pair; with four pairs of lateral plantar bristles. Meta-
tarsus with fifth segment (fig. 18) quite similar, but with anparent third pair
of lateral plantar bristles (morphologically fourth pair) re/uced, thin. Meas-
urements (in microns) of tibiae and segments of tarsi (petiolate base deleted)
as follows:

Tarsal Segments
Leg Tihia i I I11 v Vv
Pro- 129 45 58 43 35 91
Meso- 242 88 88 58 38 96
Meta- 318 219 159 106 58 106

AppoMEN: Terga in each sex with apieal spinelets frequently arranged as
follows (total number): 2 -4 -2 -2, Typical unmodified terga with two rows
of bristles; ventralmost in seecond row inserted below saggitate spiracle. Basal
abdominal sternum with one ventromarginal bristle. Unmodified sterna with
a subventral row of three or four hristles preceded by one or two smaller
bristles in male and by two to four in female. With three antesensiliary bris-
tles (figs. 24 and 26, A.B.) ; upper one somewhat shorter than lowest; middle
one generally almost twice length of ventralmost.

MODIFIED ABDOMINAL SEGMENTS—MALE: Ventral margin of eighth sternum
(fig. 26, 8 8.) with a long, caudal, shallow sinus fringed with five to seven
long marginal bristles; with three to five submarginal ones just above these,
and with four or five submedian or subventral ones dor<ad to fringe; imme-
diately preceding sinus, a group of four or five smaller marginal or suh-
marginal bristles. Tmmovable process of clasper divided apically into two
lobes (figs. 17 and 27, Py and P.). Anterior lobe P, apically subtruncate;
with three long apical hristles; lobe about as high (measured from apex to
level of trough of adjacent sinus) as broad at midpoint; anterior margin
quite straight; caudal margin curving ventrocaudad. Lobe P, about 1.5 times
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Iig. 19. Aedeagus of Ctcenophthalmus tholatus n. sp.; Fig. 20. Apex of aedeagus
of C. tholatus n. sp.; Fig. 21. Apex of aedeagus of C. calceatus cabirus; Fig. 22.
Apex of aedeagus of C. calecatus calccatus; Fig. 23. Spermatheca of C. tholatus;
Fig. 24. Modified abdominal segments of female of same; I'ig. 25. Anal stylet
and ventral anal lobe of female proctiger of same.
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as high as broad at midpoint; margins subparallel; apex truncate but with
caudal margin somewhat rounded. With a single acetabular bristle (AC.B.)
arising from an ovate projection of caudal margin of clasper. Movable finger
of clasper (F.) with a distinet bulge at level of fovea (F'O.) and apiecal mar-
gin of P,; anterior margin above bhulge evenly but slightly curving caudad;
apical wmargin almost straight medially; caudal margin with apical half
slightly concave (except near apex) so that distal half of F. gradually nar-
rows towards apex; caudal margin with a huge bulge at proximal fourth,
essentially paralleling a long shallow emargination on basal half of anterior
margin; ventral margin short, convex. Movahle finger I. about 2.8 times as
long as broad at foveal level; with a fringe of short straight bristles on an-
terior margin, commencing above fovea and continuing around dorsal mar-
gin; these hristles virtually eontiguons near eephalodorsal angle; caudal re-
gion with a row of six to eight long, thin, submarginal bristles commencing
at apical fifth and extending proximad to beginning of basal bulge, or at
level of fovea; with small scattered bristles, largely mesal and on anterior
third. Movable finger lacking a spur or thumb at dorsoecaudal angle, although
this area somewhat more heavily sclerotized than environs; with ventrocaudal
quadrant (area of hulge) lightly selerotized and bhearing a reticulated pattern.
Ninth sternum with proximal arm (fig. 17, P.A.9) abhout nine or ten times
as long as broad medially; with a distinet short convexity at dorsal (morpho-
logically anterior) third, apical area above this projection move ineclined
vaudad and somewhat stouter than proximal vegion, arm therefore slightly
angled at that point; dorsal and ventral margins in main subparallel; apex
subtrunecate except for rounded dorsocaudal area. Distal arm of ninth sternum
(D.A.9 and fig. 30) short, about six times as long as broad subapically; prox-
imal half about twice girth of distal half, and rapidly narrowing at apical
third; apex broadly rounded; with a row of marginal and submarginal bristles
along ventral and caudal horders, commenecing at midnoint of ventral margin;:
apical fourth with five to nine scattered non-marginal bristles.

Middle plate of aedeagal apodeme dorsally with sail (figs. 19 and 20, S.)
relatively reduced, represented mainly as an oval loon about 2.5 or three times
as long as broad subapieally. Lateral plates of apodeme (L. PT.) about ten
times as long as bhroad at midpoint; apex subacute. Keel (IX.) or ventral
wall of aedeagal pouch (P.W.) stout, well-sclerotized; on each side associated
with a conspicuous, lateral, erescentie structure whose sinvs faces dorsad. End-
chamber characterized by a massive narvow dorsal dome (DO.) arching over
entire region, and surpassing in height breadth of aedeagal apodeme; ahout
1.75 times as high (measured from level of most dorsal point of dorsal lobe
(D.S.) of apodemal strut) as broad at midpoint; apex of dome bhroadly
rounded. Anterior margin of dome in reality vermiform, sinuate, apicomedian
sclerite (A.M.S.); median portion of dorsal seetion of endchamber actually
terminating more distad, as median dorsal lobe (M.D.L.), relatively weakly
sclerotized. Apicomedian sclerite (A.M.S.) proximally making a U-turn so
that its flattened expanded hase directed dorsocephalad and flanks apex of
selerotized inner tube (S.I.T.) and its dorsal armature (D.AR.). Crescent
selerite (C.S.) markedly humped, about as high as broad at midline. Dorsal
lobe of apodemal strut (D.S.) almost equally convex. Sclerotized inner tube
(S.I.T.) relatively short; excluding armature, about seven times as long as
broad at midpoint. Dorsal armature of inner tube (D.AR.), a conspicuous
hiconvex cordate structure extending to apex of S.I.T., and abutting hase of
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Fig. 26. Seventh, eighth and tenth segments of male of Ctenophthalmus tholatus
n. sp.; Fig. 27. Immovable process and movable finger of clasper of same; Fig. 28.
Immovable process and movable finger of clasper of C. calceatus calceatus; Fig.
29, Immovable proecess and movable finger of clasper of C. calceatus cabirus;
Fig. 30. Distal arm of male ninth segment of C. tholatus; Fig. 31. Distal arm of
male ninth segment of C. calceatus calceatus; Fig. 32. Distal arm of male ninth
segment of C. calceatus cabirus.
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A.M.S. Ventral armature of inner tube, a large trianguler structure flanking
ventral margin of S.I.T. and whose altitude equal to twice its base. Lateral
lobes (L.L.) large, arising from subdorsal region, near apex of M.D.L. and
extending as a flap on each side over inner tube, down to level of apex of
keel; above and distad of S.I.T. lobes bear a conspicuous patch of very short
filamentous tufts. Distad and mesad to lateral lobes a pair of distinctive
flaps with thickened apical margins. These extend from apex of S.I.T. down
to free ventral margins of L.L., and herein termed phallosomal labia (PH.L.).
Penis rods (P.R.) uncoiled. Vesicle at distal end of ventral intramural rod
(V.IR.) inapparent. Aedeagal apodemal rod (A.A.R.) weakly sclerotized.

MODIFIED ABDOMINAL SEGMENTS—FEMALE (fig. 24) : Seventh sternum (7 S.)
with dorsal half of eaudal margin slightly concave; lower half subtruncate
except for narrow but deep sinus near ventral margin; sinus about twice as
long (deep) as high. Seventh sternum with ventral third bearing a vertieal
vow of about five long bristles, preceded by two or three subventral small
ones. Ventral anal lobe (V.A.L. and fig. 25) with ventral margin somewhat
angulate; with a group of three long stout bristles at angle, with two long
subapical bristles, one subdorsal, one ventral. Anal stylet (A.S.) about 4.5
times as long as broad at midpoint; with an apical long bristle and two con-
tiguous minute ones. Spermatheca (fig. 23) with bulga (B.) as follows:
relatively long, slightly more than twice as long as broad medially; dorsal
margin essentially convex with maximum height at caudal fourth; anterior
portions of dorsal and ventral margins scarcely convergent, in the main;
ventrocaudal portion evenly rounded. Hilla (H.) of spermatheca not clearly
delimited from bulga, about 4.5 times as long as broad; lacking an apical
papilla, apex slightly convex; somewhat recurved towards bulga. Seclerotized
duct of bursa copulatrix (S.D.B.) with length subequal to breadth of hulga.

REMARKS: The speeific name, tholatus, based upon the Latin and Greek
word for dome, was suggested by multiplicity of characteristies arched or
convex structures in this new species, viz. the dorsal vanlt of the endchamber,
the loop of the sail, the apex of the ninth sternum, the bulges on the movabhle
finger, ete. The hyperdevelopment of the lateral lobes in this species, and
their dorsal extensions, indicate that the distodorsal lobes of Palacopsylia,
Neopsylla ete. essentially represent further modifications of the lateral lobes.

Ctenophthalmus hoogstraali n. sp. and Ct. tholatus n. sp. differ quite sig-
nificantly in the structure of the aedeagus, although both species warrant
being placed in the same subgenus. The tufted filamentous area of the lateral
lobes, the vaulted dorsal region of the endchamber, and the conspicuous
phallosomal labiae seen so plainly in Ct. tholatus, and allies, are absent in
Ct. hoogstraali as well as in Ct. eximius and related species. In the latter,
the armature of the sclerotized inner tube is developed in the form of ventral
and/or dorsal spur-like thickenings, not massive lobate or triangular strue-
tures.
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Heterodera lespedezae (Heteroderidae), a new species of
cyst-forming nematode

A. MorGaN GOLDEN*® AND GRACE S. CoBB*

Within the past two years several samples of cyst nematodes collected
from soil in Union County, North Carolina by the Plant Pest Control Division,
Agricultural Research Serviece, U. S. Department of Agriculture have been
received for identification. Though the samples were initially thought to con-
tain Heterodera glycines Ichinohe, 1952, further examination of these and
additional samples received more recently indicated that the specimens might
belong to another species. In August 1962 additional collections to provide
suitable material for eritical study were made. In making these collections,
it was noted that Kobe lespedeza (Lespedeza striata), commonly grown in
the area, was heavily attacked by a cyst nematode. Study of this material re-
vealed that the specimens apparently represented an undescribed species of
cyst-forming nematode and that they were similar to those previously re-
ceived from this area. Although closely related to both H. glycines and H.
trifolii Goffart, 1932, this nematode possesses eertain distinet morphological
characters and is described herein as a new Heterodera species.

Heterodera lespedezae, n. sp.

MEeASUREMENTS: 20 females (Fig. 1)—DLength 0.628 nmun. (0.495-0.863) ;
width 0.345 mm. (0.220-0.434); stylet 28.6 microns (28.0-29.7). Holotype
(female)—Length 0.560 mm.; width 0.306 mm.; stylet 28.0 microns.

DescripTioN : Body pearly-white in appearance and swollen, basically
lemon-shaped with protruding neck and vulva. Cuticle thick, measuring sev-
eral microns at middle of body aund exhibiting a zig-zag external pattern. Sub-
crystalline layer present. Head set-off from neck by cephalic constrietion,
bearing two anuules; second annule larger than first and generally somewhat
dise-shaped. Cephalic sclerotization weak and indistinet. Stylet rather deli-
cate with distinet knobs sloping posteriorly, measuring about 5 mierons in
width. Outlet of dor=al esophageal gland averaging 4.7 microns (4.48-5.04)
from base of stylet knobs. Valvated median bulb rather large. Esophageal
glands apparently contained in a single lobe, somewhat variable in size and
shape but often appearing as illustrated (IFig. 1). Exeretory pore prominent,
located approximately on a level with the posterior end of the esophageal
glands (Fig. 1). Ovaries 2, convoluted, becoming indistinguishable as the
body eventually fills with eggs. Vulva conspicuous, protruding posteriorly.
often seen surrounded by gelatinous sac with eggs. Anus small, located about
55 mierons from end of vulva.

Male unknown, none having been found in many root samples containing
hundreds of cysts and females.

Measurements of 150 second-stage larvac (5 from each of 30 cysts) are
shown in Table 1.

Larval body cylindrical, elongate, tapering to both ends but mueh more so
posteriorly (Fig. 2A). Head slightly offset from body, bearing about 4-5 an-
nules with the first two anterior to the cephalic constrietion being more promi-
nent than the others (Fig. 2C). Cuticular annulation of body very distinet,

*Nematologists, Nematology Investigations, Crops Research Division, Agricultural Re-
search Service, U. 8. Department of Agriculture, Beltsville, Maryland. 3 S o

Copyright © 2011, The Helminthological Society of Washington




282 PROCEEDINGS OF THE [VoL. 30, No. 2

the annules measuring about 1.7 microns at middle. Lateral field approxi-
mately ¥5 body width, composed of 4 lines forming 3 bands on most of body.
Cephalie framework heavily sclerotized. Anterior cephalids usually located
2 annules behind the cephalie constriction and posterior cephalids seen about
ut a level with the middle of the unprotruded stylet. Stylet strong, with well-
developed knobs slightly concave on anterior surface. Valvated median bulb,
nerve ring and esophageal glands generally seen as illustrated in Fig. 2A and
C, with the posterior half of the esophageal glands often appearing to be of
a different texture than anterior part. Hemizonid distinct, located anterior
and adjacent to clearly visible excretory pore; hemizonion usually at about
the 5th annule posterior to excretory pore. Germinal cells visible. Anus
quite distinet, particularly when seen in lateral view. Tail and hyaline tail
terminal somewhat variable in length and exact shape, but generally appear-
ing as illustrated in Fig. 2A and B and Fig. 3A and B, where the tail tapers

Figure 1. Drawing of anterior portion of female I(eterodéra lespedegae, n. sp.
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Table 1. Larval measurements of Hclerodera lespedezae, n, sp.** (in mierons
except for ratios).

Standard Counfidence level

Character Range Mean Deviation 95¢, 99%,
Total length 400.0-510.0 457.09 1.71464 =+3.39 +4.49
Total stylet length 24.08-26.32 26.15 0.03888 +0.077 =+0.102
Basal part of stylet 12.88-14.56 13.77 0.02807 *0.056 +0.073

Outlet of dorsal

esophageal gland 3.92-5.04 4.51 0.03224 =+0.064 =+0.084
a 19.9-25.4 22.66 0.08718 +0.173 +0.228
|5} 2.09-2.75 2.32 0.00993 =+0.020 +0.026
e 7.29-9.33 8.21 0.03188 +0.063 +0.083
Center of median bulb
to bhase of stylet 36.4-49.8 44.57 0.22298 +0.442 +0.584
Width (body) 18.4-21.8 20.18 0.05598 *0.111 +0.146
Esophagus length 168.0-224.0  197.57 0.94830 +1.19 +2.48
Tail length 47.0-66.0 55.94 0.31383 *0.621 *0.821
Hyaline tail
terminal length 23.52-35.84 29.55 0.25031 =+0.496 +0.655

Width of hyaline tail

terminal at its

beginning 6.10-9.85 7.88
Width of hyaline tail

terminal 5 mierons

from its terminus 1.68-2.24 1.78 0.01772 =+0.035 *0.046
Caundal ratio At 3.00-4.84 3.70 0.03065 +0.061 =+0.080
Caudal ratio Bt 10.75-21.33 16.77 0.21305 +0.422 +0.558

**or statistical analysis of these data, sincere appreciation is extended to E. J. Koch,
Biometrician, Agricultural Rescarch Service, U. 8. Department of Agriculture, Beltsville,
Maryland.

FCaudal ratio A calculated by dividing the length of the hyaline tail terminal by its width
at its beginning; caudal ratio B obtained by dividing the length of the hyaline tail terminal by
its width at a point 5 microns from its terminus.

conically to an almost acute terminus. Phasmids very small, located slightly
anterior to the middle of the tail.

20 eysts (Iig. 4)—Length 0.678 mm. (0.540-0.918) ; width 0.371 mm. (0.255-
0.520).

Cysts light to dark brown, lemon-shaped, with protruding neck and vulva.
External pattern on eysts clearly zig-zag (Fig. 4C and D), sub-erystalline
layer present on young cysts. Prominent bullae and vaginal sheath in usvally
slender vulval cone (Fig. 4A). Fenestra on vulval cone-top is of ambifenes-
trate type showing two semifenestrae separated by the vulval bridge (Fig.
4B). Fenestra measures approximately 50 microns in length and roughly 35
mierons in width. Length of vulval split about 45 microns. Anus distinet but
inconspicuous, located abont 109 of cyst length from posterior end. When
visible, punctation of the inner layer of the eyst wall appears fine and ar-
ranged irregularly.

20 eggs—Length 0.110 mm. (0.106-0.114) ; width 0.045 mm. (0.044-0.046) :
length/width ratio = 2.4.

Egg shell hyaline, without visible markings.

Diagnosis:i Heterodera differing from the most elosely related deseribed
species (H. trifolii) principally by: (1) Shorter stylets (average for larvae

iSome of the measurements given for H. trifolii and H. glycines were obtained from the
following publication: Hirschmann, H. 1956. Comparative morphological studies on the soy-
bean-cyst nemato:le, Heterodera glyecines and the clover cyst nematode, H. {rifolii (Nematoda :
Heteroderidae) Proc. Helm. Soc. Wash., 23:140-151.

Copyright © 2011, The Helminthological Society of Washington




PROCEEDINGS OF THE [Vor. 30, No. 2

284

Copyright © 2011, The Helminthological Society of Washington




Jury, 1963] HELMINTIIOLOGICAL SOCIETY 285

Figure 3. Photomicrographs of posterior portions of larvae of two Heterodera
species: A and B—1. lespedezae, n. sp. C and D—H, trifolii. (All at same magnifi-
cation. Anus and part of reetum lightly inked).

25.2 and for female 28.6 microns compared to 27.5 and 30.5 microns in H.
trifolit) ; (2) Shorter distance of outlet of dorsal esophageal gland from base
of stylet (average for larvac 4.5 aud for female 4.7 microns compared to 7.3
and 7.4 microns in (H. trifolit) ; (3) Slightly smaller size and difference in gen-
eral shape of tail of larvae (55.9 microns in length, and tapering rather
sharply to an almost acute terminus, as compared to 60.3 microns in length,
and tapering to a fine but elongate, somewhat rounded terminus in I1. ¢rifolit
(See Fig. 3); (4) Female stylet knobs sloping posteriorly and measuring
about 5 microns in width (Ifig. 1) while those in H. trifolis are heavier, with
little or no posterior slope, and measure about 7 microns in width.

H. lespedezae, n. sp., differs from H. glycines particularly in the absence
of males, in having a longer larval stylet (23.0 microns in H. glycines), and
in the length of the larval tail and hiyaline tail terminal (50.4 and 26.6 microns
in H. glycines). Also in H. lespedezae, n. sp., the tail terminal of the larvae
is relatively narrower with an almost acute terminus.

Holotype—Female: Collected by A. Morgan Golden on August 7, 1962
near Monroe in Union County, North Carolina. Slide T-40 t, United States
Department of Agriculture Nematode Collection, Beltsville, Maryland.

Figure 2. Drawings of larvac of H. lespedezae, n. sp.: A—Full-length outline.
B—Posterior portion. C—Anterior portion. (B and C same scale).
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Paratypes

Same data as holotype. Females, cysts, larvae and eggs: United

States Department of Agriculture Nematode Collection, Beltsville, Maryland;
and University of California Nematode Survey Collection.

Type Habitat, Host and Locality: Roots of Kobe lespedeza (Lespedeza
striata) growing in a field on the farm of J. C. Broome located near Monroe
in Union County, North Carolina.

The name, lespedeza cyst nematode, is suggested as a common name for
this organism.

Figure 4. Photomicrographs at various magnifications of portions of eysts of
IL. lespedezae, n. sp. A—DPosterior portion showing protruding vulval cone. Note
vaginal sheath and bullae. B—Vulval cone-top showing semifenestrae. C-—Cyst-wall
external pattern in vulval area. D—Cyst-wall external pattern near middle showing
typical zig-zag markings.
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Meloidogyne ovalis (Nematoda: Heteroderidae), A New Species
of Root-Knot Nematode*

Jerry W. RirpLe**

Meloidogyne ovalis, a new species of root-knot nematode, was collected in
August 1961 from swollen tips of rootlets of sugar maple, Acer saccharum
Marshall, growing in a woodlot 20 miles northeast of Wausau, Wisconsin
(Riffle, 1962). In this region, crown dieback was frequently seen on scattered
northern hardwoods, especially mature sugar maple (Kuntz and Shea, 1956).
Although no pronounced dieback was evident in the stand where the nema-
tode was found, the trees were not growing well. Many trees exhibited slow
growth, sparse foliage, and light green leaves. The root-knot nematode may
have contributed to this poor stand condition.

Swollen rootlets from American elm, Ulmus americana L., and white ash,
Frazinus americana L., also were infested with the nematode. The nematodes
were completely enclosed in spherieal root-tip galls (Figs. 1, 2).

A greenhouse host-range study was conducted with 19 different woody
plant species to determine whether other woody plants could be parasitized
by the maple root-knot nematode. The nematode infested and reproduced on
boxelder, Acer negundo L., Norway maple, A. platanoides L., red maple, 4.
rubrum L. sugar maple, yellow birch, Betula alleghaniensis Britt., paper
birch, B. papyrifera Marshall, and Ameriean elm (Fig. 3).

Nematodes were removed from infested rootlets, and permanent mounts
were prepared by the technique of Thorne (1961). Microscopic examination
of perineal patterns of several mounted specimens indicated that the nematode
was a new species. All drawings and measurements of the nematode were
made with a camera lucida.

Meloidogyne ovalis, n. sp. (IFigs. 4, 5)

30 females: 0.62 (0.46-0.82) mm. by 0.41 (0.31-0.57) mm.
30 eggs: 85 (80-91) microns by 46 (39-50) microns.
10 larvae: 0.37 (0.35-0.43) mm.; a = 22 (21-24); b = %; e = 8 (8-9).
20 males: 1.5 (1.3-1.8) mm.; a = 41 (35-59); b = 7 (5-8);
e =102 (93-120) ; T = 58 (47-65).

FEMALES: Body flask-shaped with neck tapering to a narrow head. Stylet
17-24 microns with rounded knobs (Tig. 4A). Duct of dorsal esophageal
gland opening 5 microns behind stylet knobs. KExecretory pore located at
10-12th annule. Perineal pattern oval shaped, generally with low arch (Fig.
4B). Anus near center of pattern. Phasmids in dorsal section, 26-34 microns
apart. No punctations or lateral lines in pattern. A few short lateral striae
ipresent, some of them pointing toward the vulva (T'ig. 4B, D). Vulva 19-23
microns wide. Distance from anus to vulva approximately three times that
from anus to a line connecting the phasmids.

*Adapted from a Ph.D. thesis prepared under the supervision of Professors James E.
Kuntz and Gerald Thorne, Department of Plant Pathology, University of Wisconsin, Madison,
Wisconsin and published with the approval of the Director of the Wisconsin Agricultural
Experiment Station. Supported, in part, by funds provided by the Wisconsin Hemlock and
Hardwood Association and the Wisconsin Conservation Department in cooperation with the
U. S. Forest Service, Lake States Forest Experiment Station.

**Rocky Mountain Forest and Range Experiment Station, Forest Service, U. S. Depart-
ment of Agriculture, maintained in cooperation with Colorado State University at Fort Collins,
Colorado.
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Mare: Body anunules average 3 microns in width. Lateral flelds marked
by four incisures extending from esophageal region almost to terminus (Fig.
5F). TFace view typical for genus with six sectors and slit-like amphid open-
ings on the lateral lips. Lip region convex-conoid apparently without a labial
dise. Amphid aperatures located well down on head contour (Fig. 5C).
Stylet 18-23 microns long with asymmetrical knobs (Fig. 5B). Stylet knobs
4-5 microns wide and 2-3 microns long. Duet of dorsal esophageal gland
opening 3-5 microns hehind stylet. Anterior cephalids located immediately
posterior to the cephalic framework, while the posterior are slightly anterior

Tig. 1. Portion of sugar maple rootlets infested with the maple root-knot
nematode. Note abundant galling of root tips.
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to the stylet knobs (Ifig. 5B). Nerve ring 1-2 bulb widths posterior to median
bulb. Esophageal glands 3 body widths in length, ventrally overlapping in-
testine (Fig. 5A). Hemizonid 2 body widths behind median bulb. Execretory
pore 2-3 aunules behind hemizonid. Excretory tube extending into body for a
distance of about 3-4 body widths (Fig. 5I1). Testis single or rarely double
(Fig. 5H, D), extending three-fifths the body length in specimens examined,
occasionally reflexed (Fig. 5J). Spicules 31-38 microns long, curved. Guber-
naculum 7-10 mierons long, thin, trough-like (Fig. 5G). Anal body diameter
about twice tail length. Phasmids small, located at level of anal opening.

Fig. 2. Sugar maple root tip infested with the maple root-knot nematode and
swollen into a typical spherical gall. Note proliferation of lateral roots above the
swollen root tip.
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Fig. 3. Roots of greenhouse-grown American elms: (lower) infested with the
maple root-knot nematode, and (upper) non-infested roots.
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Dragnosis: Meloidogyne with above characters and measurements. Dis-
tinguished from other described species by the characteristic oval-shaped
perineal pattern. Striae smooth, with a few pointing toward vulva, and more
closely spaced in outer portion of pattern. Arch low and more or less
rounded. No lateral lines. Phasmids wider apart than width of vulva. The
perineal pattern of M. ovalis differs from that of its closest relative, M. hapla,
in that the latter has lateral lines and sometimes punctations. Males of M.
ovalis were numerous and differ from those of M. haple in having a higher
lip region, amphid aperatures located lower down on the head contour, a
longer stylet (18-23 microns compared to 17-18 mierons), longer spicules
(31-38 microns compared to 29-31 microns), and a greater body length (1.3-
1.8 mun. compared to 1.0-1.3 mm.).

TypeE HOST and LocCALITY: Sugar maple 20 miles northeast of Wausau.
Wisconsin.

Hovorype: (I'emale), Slide 1d, in collection of writer.

ArvoryPE: (Male), Slide le, same data as above.

ParaTyPES: Slides 1b, le, 1g, and 1h, same data as above.

Fig. 4. Females of Meloidogyne ovalis, n. sp.; X 1000. A. Lateral view of
head. B. Typical perineal pattern. C-D. Variations from typieal perineal pattern.
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Tig. 5. Males of Meloidogyne ovalis, n. sp.; X 1000. A. Lateral view of neck
showing esophageal region. B. Lateral view of head; X 2000, C. Dorsal ventral
view of head; X 2000. D. Anterior ends of two testes. E. Exeretory pore show-
ing tube and renctte gland; X 600. F. Lateral field with four ineisures; X 2000.
G. Lateral view of tail region showing spicules and phasmid. H. Anterior end
of single extended testis. I. Ventral view of tail region. J. Reflexed anterior
end of extended testis.
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A New Heterophyid Trematode of the Ascocotyle Complex
of Species Encysted in Poeciliid and Cyprinodont
Fishes of Southeast Texas*

Ricuarp D. LUMSDEN

Trematodes of the genus Ascocotyle Looss, 1899, frequently utilize brackish
water fishes of the families Cyprinodontidae, Mugilidac and Poeciliidae as
second intermediate hosts. During a recent study of parasites of small fishes
from the vicinity of Galveston Bay, Texas, metacercariae of a new Ascocotyle
species were found encysted in the livers of Cyprinodon variegatus Lacepede
and Mollienesia latipinna Le Sueur. These worms display precocious develop-
ment, particularly of the genital organs. Well defined vitelline follicles were
present in all metacercariae studied, and spermatozoa were frequently observed
in the seminal vesicles and receptacles. Immature ova were present in the
uterine coils of most specimens. Efforts to recover gravid worms from natu-
rally infected birds and mammals at the type loeality or from young labora-
tory reared hamsters and chicks exposed to the metacercariac have been un-
successful. However, in view of the advanced development and distinct morph-
ology of the metacercariae, the author believes the naming of a new species
on the basis of present material is justified. The name Ascocotyle chandleri
is proposed in honor of the late Professor Asa C. Chandler.

Grateful acknowledgements are extended to Dr. G. L. Feldman and Mr.
T. Culp of the Department of Ophthalmology, Baylor University School of
Medicine, for supplying the chicks used during this study, to Dr. Harold
Harry for assistance in the field and to Mr. Jerome B. Senturia for technical
assistance.

The following diagnosis is based on ten mechanically excysted metacer-
cariae from Cyprinodon variegatus. All measurements (in millimeters) were

taken from heat-killed specimens subsequently placed in Bouin’s picro-formol-
acetie fixative.

Ascocotyle chandleri, n. sp. (Fig. 1)

Disenosis: Ascocotyle. Body pyriform, 0.780 to 1.020 long by 0.150 to
0.270 in maximum width. Forebody 0.450 to 0.570 long in extended specimens.
Cuticle entirely spinose. Remnants of cercarial eyespots in anterior ¥ of
body. Oral sucker terminal, 0.063 to 0.065 in transverse diameter, with preoral
sensory lobe and posterior conical appendage of variable length. Cireumoral
spines 0.012 to 0.015 long by 0.005 wide at their bases, arranged in two com-
plete rows of 27 spines each. Acetabulum immediately postequatorial in ex-
tended specimens, 0.052 to 0.058 long by 0.062 to 0.065 wide. Sucker width
ratio approximately 1:1.0. Prepharynx 0.040 to 0.075 long. Pharynx 0.038
to 0.052 long by 0.028 to 0.042 wide. Fsophagus 0.048 to 0.075 long, usually
dialated at junction with ceca. Ceca two, terminating blindly in posterior
of hindbody. Genital sac pore sinistral to midline of body, immediately pre-
acetabular, followed by genital sac containing sinistral, longitudinally oriented
muscular gonotyl. Gonotyl of single pad type bearing a single row of ap-
proximately 10 spines 0.012 long by 0.002 wide at their bases. Testes two,
0.050 to 0.075 long by 0.055 to 0.075 wide, side by side in posterior ¥ of

*From the Department of Biology, Rice University, Flouston, Texas.
This study was supported in part by a training grant (2E-106) from the National Institutes
of Health, U. S. Public Health Service, and was done under the direction of Dr. Clark P. Read.
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hindbody; posttesticular space 0.085 to 0.156 long. Seminal vesicle sigmoid
shaped, sinistral, extending from hindmargin of acetabulum to connect with
small prostatic vesicle; prostatie vesicle surrounded by prostatic gland cells,
connecting with short muscular genital atrium which perforates genital sac
posteriodorsally. Ovary transversely ovoid, dextral, in anterior % of hind-
body, 0.025 to 0.035 long by 0.045 to 0.050 wide. Mehlis’ ecomplex sinistral
to ovary. Seminal receptacle at level of Mehlis’ complex, extending dorsally
from junetion with oviduet. Ootype ciliated. Laurer’s canal not observed.
Uterus in transverse loops between levels of ovary and pharynx. Distal end
of uterus nonmuscular, joining with prostatic vesicle to form short muscular
genital atrium. Vitellaria eomposed of seven follicles on each side of body
lateral to ceca, extending from near hindmargin of testes to midlevel of
acetabulum. Excretory vesicle with two pairs of branched posttesticular lat-
eral diverticula; pretesticular limbs of exeretory vesicle generally following
contour of anterior and mesial aspects of testes; main collecting tubules aris-
ing at level of ovary, bifurcating at level of acetabulum. Flame cell formula
2((242)+4(242))=16. Excretory pore terminal.

SECOND INTERMEDIATE HOSTS: Cyprinodon variegatus Lacepede, pupfish
(Family Cyprinodontidae) and Mollienesia latipinna Le Sueur, sailfin molly
(Family Poeciliidae).

Locarion : Liver.

Locarity: Northwest end of Galveston Bay, Texas.

HororYyPE AND PARATYPE: U. S. National Musenm Helminthological Collec-
tion 59894.

Discussion

The systematic designation of species groups comprising the Ascocotyle
complex of species has been much disputed. In a recent review of the sub-
family Ascocotylinae Yamaguti, 1958, Sogandares and Lumsden (1963) con-
cluded that species previously assigned to Ascocotyle Looss, 1899, Phagicola
Faust, 1920, Parascocotyle Stunkard and Haviland, 1924, and Pseudascocotyle
Sogandares and Bridgman, 1960, are members of a single genus, dscocotyle
Looss, 1899. These investigators retained Ascocotyle Travassos, 1930, and
Phagicola as subgenera, and erected a third subgenus, Leighia. Parascocotyle
and Pseudascocotyle were suppressed as synonyms of Phagicola.

The anterior extent of the uterus (to the level of the pharynx) and vitelline
distribution place 4. chandlers in the subgenus Leighia, erected hy Sogandares
and Lumsden (1963) for A. mcintoshi Price, 1932, and 4. megalocephala
Price, 1935. A. chandleri is readily distinguished from these two species by
the number of circumoral spines (two rows of 27 spines each in 4. chandleri
vs. 18 to 20 per row in A. mcintoshi and 36 per row in A. megalocephala)
and the presence of a laterally branched exeretory vesicle. In all other spe-
cies of Ascocotyle, the excretory vesicle has a simple V-shaped form which
follows the contour of the testes and ends at their anterior margins. A. chand-
leri otherwise closely resembles A. mcintoshi. The compressed, beaker-shaped
body and preacetabular distribution of the vitellaria in 4. megalocephala
further distinguishes this species from A. chandleri.

The metacercarial cysts of A. chandleri are spherical, measure 0.363 to
0.407 in diameter with a hyaline wall approximately 0.010 thick. The eysts
oceur most frequently beneath the endothelium of the hepatic sinusoids, where
their presence stimulates a local fibrosis of the host tissues. The outer aspect
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Fig. 1. Ascocotyle chandleri, n. sp., ventral view of whole mount from Cypri-

nodon variegatus,
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of the cyst wall is invested with a thick layer of host fibroblasts and collagen
fibers. A similar host tissue reaction oceurs in the bulbus arteriosus and
gill filaments of Mollienesia infected with metacercariae of A. leighi Burton,
1956, and A. angrense Travassos, 1916, respectively.

Six to ten encysted metacercarise obtained from the livers of naturally in-
fected Cyprinodon variegatus were administered to each of nine one-day-old
chicks. One immature specimen of A. chandler: was found in the posterior
small intestine of a chick examined 24 hours after exposure to the metacer-
cariae. A second worm, 0.900 in total length, with a few capped uterine ova
measuring 0.017 long by 0.011 wide, was recovered from the anterior portion
of the large intestine of a chick at 29 hours. No worms were recovered from
the remaining chicks autopsied at 12 hour intervals between 40 and 72 hours
postexposure. Similar experiments were conducted employing laboratory
reared hamsters approximately 45 days old. These hosts proved refractory to
infection with 4. chandleri. A single immature trematode agreeing in all de-
tails with A. chandleri was recovered from the small intestine of an egret,
Casmerodius albus (Linn.) collected near the type locality.

SuMMARY

A new species of the genus Ascocotyle, A. (Leighia) chandleri, is described.

The precociously developed metacercariae eneyst in the livers of Cyprinodon
variegatus and Mollienesia latipinng oceurring in brackish-water ponds mear
Galveston Bay, Texas. A single worm which had initiated egg production was
recovered from an experimentally infected chick 29 hours after exposure. An
immature specimen of A. chandleri was obtained from the intestine of an
egret, Casmerodius albus, collected at Galveston Bay.

LITERATURE CITED

S0GANDARES-BERNAL, F. and R. D. LunspeN. 1963. The generic status of the
heterophyid trematodes of the Ascocotyle complex of species, including notes on
the systematics and biology of Ascocotyle angrense Travassos, 1916. Jour. Parasit.
49: 264-274.

Copyright © 2011, The Helminthological Society of Washington




Jury, 1963] HELMINTHOLOGICAL SOCIETY 297

Dolichodorus nigeriensis n. sp. (Nematoda: Dolichodoridae)

MicHEL Luc* anp I1enps E. CAVENESS*¥

During the year 1960, one of the authors (F.E.C.) found in Nigeria some
specimens of a Dolichodorus which appeared to be similar to D. profundus
Lue, 1960. Examination revealed important differences from described spe-
cies, so the individuals found in Nigeria are considered as helonging to a new
species described here under the name of Dolichodorus nigeriensis n. sp.

This species seems to be quite rare for, in spite of the sieving of many
kilograms of soil from the type loeality only three females, four males and
some juveniles could be found.

Dolichodorus nigeriensis n. sp.

Dimensions: Females (3): L: 1.80-1.95 mm. a: 62.8-72.8. b: 7.3-7.9. e:
21.4-271. V: 1620357 4.53.515-8-18.4 Stylet: 89-95 microns.

Holotype (female) : L:1.95 mm. a: 62.8. b: 7.3, c: 24.0. V:18.6525174%
Stylet: 95 microns.

Males (4): L: 1.75-1.92 mm. a: 61-70.2. b: 7-7.8. e: 51.5-55.5. T: 2.
Stylet: 89-105 microns. Spicules: 42-49 microns. Gubernaculum: 27-31 mi-
erons.

Allotype (male): L:1.83 mm. a: 61. bh: 7.3. ¢: 52.3. T: 2. Stylet: 105
microns. Spicules: 42 microns. Gubernaculum: 27 mierons.

DEscripTION : Females: Body of females, when killed by gentle heating,
straight to slightly curved. Body long and eylindrieal, tapering gradually in
the anterior part, more abruptly in the posterior part. Cuticle marked by
annules 1.3 microns wide in the middle part of the bodv. Lateral field 8-8.5
microns wide (3/10 of the body diameter), bearing three lines, entirely crossed
by body annules. The three lines begin at the level of stvlet hase: the lateral
lines terminating before the central line which does not reach the level of
the anus. Tail of variable length (75-87 microns), first conical then abruptly
tapering to a long attenuated posterior part. Phasmids very small and situ-
ated Y% to 34 anal hody diameter posterior to anus.

Lip region expanded, flattened anteriorly, with a large constriction at the
junction with rest of hody. Four lips bearing four annules on the expanded
part and six to eight smaller annules on the constriction. Cephalic selerotiza-
tion distinet, but its organization rather ohscure. Stylet thin, often slightly
curved, 89-95 microns long (provhabdion: 52-63 microns) ; three rounded basal
knobs directed posteriorly.

Opening of the dorsal oesophageal gland at 8 microns from the stylet hase.
Procorpus massive. with a coiled lumen, expanded more or less regularly to
the median hulh. Median bulb thick, roughly oval; valvular apparatus well
developed. Tsthmus thin and long. Oesophageal glands forming a clavate
basal bulb with three nuclei: two small, in the posterior part, and one an-
terior much higger. Intestine without any peculiar characteristic.

Nerve ring encirceling the isthmus at its middle. Execretory pore located at
the level of the median bulb (134-156 microns from the anterior end).
Hemizonid located at the level of the base of the isthmus (180-204 microns
from the anterior end) ; hemizonid flat, extending on 3 to 4 hodv annules.

*QOffice de la Recherche Scientifique et Technique Outre-Mer—Laboratoire de Nématologie.
Abidjan. Cdte d’Ivoire.
**Moor Plantation. I.D.S. Section. Thadan. W. Nigeria.
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Fig. 1. Dolichodorus nigeriensis n. sp. a—anterior end, b—tail, and e—head of
female; d—posterior end and spicules of male; e—lateral field of female.
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Vulva a deep transverse slit located posterior to the middle of the body.
Gonads straight; oocytes arranged in a single row. Spermatheca roughly
rounded. KEggs not seen.

Males: similar to the females for anterior part, digestive tract, nerve ring,
excretory pore, annulation and lateral field.

Caudal alae lobed, bearing striations and enveloping the terminus of the
tail. Phasmid appearing as small dots located near the grove of the caudal
alae. Spicules massive, heavily sclerotized, almost straight, measuring 42-49
microns. Gubernaculum 27-31 mierons in length, straight. Tail pointed.

HovoryPE: Female—Slide 995—Lahoratoire de Nématologie—I.D.E.R.T.
Abidjan—Cote d’Ivoire,

ALLOTYPE: Male n° 1—Slide 948—Laboratoire de Nématologie—I.D.E.R.T.
Abidjan—Caote d’Ivoire.

TYPE LOCALITY : Around roots of undetermined grasses—15 miles west of
Tlugun—Orile, on the Ilugun-Igbo-Ora road. Ibadan Province—W. Nigeria
(Ree. F. E. Caveness, May 30, 1960).

DiagNosis: Dolichodorus nigeriensis n. sp. is characterized by having fe-
males with a long pointed tail, a lip region flattened anteriorly and separated
from body by a deep constriction; and an excretory pore located at the level
of the median oesophageal bulb. The combination of these three characters
is sufficient to separate D. nigeriensis n. sp. from the species previously de-
seribed, exeept D. profundus Lue, 1960 and D. silvestris Gillespie and Adams,
1962. From the first of these two species D. nigeriensis n. sp. is distinguished
by the greater length of the female tail (75-87:54-72 mierons) and in not hav-
ing a cuticle divided in little squares in the antervior part of the body. From
D. silvestris it is distingnished mainly by the smaller stylet (89-105:132-162
microns).

LITERATURE CITED
GILLESPIE, W. H. and R. E. Apans. 1962. An awl nematode, Dolichodorus silvestris
n. sp., from West Virginia. Nematologica, 8:93-98.

TLue, M. 1960. Dolichodorus profundus n. sp. (Nematoda: Tylenchida). Nema-
tologica, 5: 1-6, .
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MINUTES

Three Hundred Eighty-Eighth—Through the Three Hundred
Ninety-Sixth Meetings

388th Meeting: Mayflower Hotel, Washington, D. C. conjointly with The
American Society of Parasitologists from 12 to 16 June, 1962. Allen McIntosh
received Anniversary Award. Program consisted of : Symposia, The future
of parasitology teaching, The future of nematology, and The future of sys-
tematics; Discussion Sessions, Immunochemieal approaches to parasitic anti-
gens, In vitro culture of parasites, Parasitic adaptations to host tissues, and
Fine structure (electron microscopy); Demonstrations presented at Howard
University; and Scientific papers (J. Parasitol. 48 (2, Sect. 2) 1962.).

389th Meeting: McCort-Ward Hall, Catholic University. 17 October 1962.
Papers presented: Tffect of Cobalt-60 irradiation on the growth, develop-
ment, and reproduction of Nipposirongylus brasiliensis larvae in rats, by
Ashley; Vital staining of parasites in blood, film by Rothstein,

390th Meeting: Log Lodge, Agricultural Research Center, Beltsville. 16
November 1962. Officers elected: F. Tromba, President; D. Lincicome, Vice
President; D. Price, Recording Seeretary; E. Buhrer, Corresponding Secretary-
Treasurer. Papers presented: Eradieation of swine kidney worm, by J. An-
drews; Identification of parasites in tissue sections, by M. Chitwood; Electron
microscopy of Anaplasma marginale, by D. Gates.

391st Meeting: Naval Medieal Rescarch Institute. 19 December 1962, T
Tromha preesnted report on an ad hoe committee for the encouragement of
high school and undergraduate research in parasitology. L. Jachowski re-
ported on panel workshop on immunodiagnosis of parasitic diseases held at
Maryland University. A. Foster spoke in honor and recognition of Edna
Buhrer’s long service to the Society, and gifts of appreciation were presented
to Miss Buhrer. Appointments made: Member-at-large of the Executive Com-
nmittee, R. Hahermann; Representative to A.S.P., A. Haley; Representative to
Washington Academy of Seciences, . Shorb; Member of Awards Committee,
M. Stirewalt. Paper presented: Enzymes and substrates involved in penetra-
tion of host skin by schistosome cerecariae, by M. Stirewalt.

392nd Meeting: Wilson Hall, National Institutes of Health, Bethesda. 23
January 1963. A. Haley and A. Melntosh confirmed as members of the
Editorial Committee. Committee appointed to implement proposal to encour-
age high school and undergraduate college students by publishing papers on
original work in Proceedings. Papers presented: On the possibility of the
use of irradiated cercariae inducing immunity to Schistosoma mansoni in
mice, by A. Szunlewicz; Eleetron microscopy observations on the stichocytes
of Trichuris, by H. Sheffield ; Dirofilaria immitis in the vena cava of an experi-
mentally infeeted dog. by T. Sawyer; Mineralogical commosition of the cal-
carcous corpuscle of Taenia taeniacformis, by T. von Brand.

393rd Meeting: Patuxent Wildlife Rescarch Center, Laurel, Maryland.
16 February 1963. Donation of $25.00 to The Washington Academy of Seci-
ence for Science Fair. Society passed amendments to By-Laws: Section 1
and Section 2, Article 9. A. Foster reported on status of AIBS, and the
Society contributed $25.00 to ATBS. Papers presented: The occurrence of
spirochetes in red-winged black hirds, by C. Herman and G. Clark; Plas-
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modium infections of Canada geese, by C. Herman, A. White, O. Knisley, Jr.,
and J. Barrow; Coccidia of gray squirrels, by M. Farr and L. Locke; The
distribution of schistosomiasis in Uganda, by D. Price; The status of prepara-
tion of a subject index of the Index Catalogue of Medical and Veterinary
Zoology, by M. Doss; The potential of microprints on Mierocards as a means
of communication in parasitology, by C. Herman,

394th Meeting: Biology Buiding, Howard University. 22 March 1963. D.
Price, Chairman of Committee for Anniversary Meeting outlined proposed
program. K. Sadun reported on The World Federation of Parasitologists.
Papers presented: The parasitology training program in the Department of
Zoology, Howard University, by D. Lincicome; Serum protein changes in mice
experimentally inoculated with Trypanosoma duttoni, by J. Shepperson; Host
penetration of Schistosoma mansoni cercariae and their subsequent growth
as measured by nitrogen content, by E. U. Eni; Biologic variation among
several geographie isolates of Trypanosoma lewisi, by M. Snavely; Antigenic
relationship among several geographic isolates of Trypanosoma lewisi, by
R. Watkins; Oxygen consumption of Trypanosoma lewisi during its biologic
cyele in rats, by G. Hill; Tetracycline as a tool for the study of cell properties
and cell elements of Tryponosoma lewisi, by H. DuBuy, C. Greenblatt, and
D. Lincicome.

395th Meeting: Walter Reed Army Medieal Center, Washington, D. C.
30 April 1963. An amendment to the By-Laws, Article 7 Section 1, was
proposed. Society voted $50.00 for Annual May Meeting and pienie. Papers
presented: Recent findings with drug resistant strains of human malaria,
by Lt. Colonel S. Vivona; Research in immunology of malaria at WRAIR, by
C. Diggs; Trypanosomiasis in Africa today, by E. Fife; Studies on the
serodiagnosis of Afriean and American trypanosomiasis, by J. Williams;
Cross-absorption studies with Schistosoma mansoni and Trichinella spiralis
antigens in sera from patients with trichinosis, by R. Anderson; World Health

Organization Conference on pathobiology and immunity in schistosomiasis,
by E. Sadun.

396th Meeting: Log Lodge, Agricultural Research Center, Beltsville. 18
May 1963. The proposed amendment to Article 7, Section 1 of the By-Laws
was altered and will be brought before the Society for consideration in the
fall. The Annual Picnic was held on a fine, clear afternoon. A good time
was had by all.

The following were clected to membership at the meetings indicated: 389th
—R. V. Anderson, R. R. Brenese, J. B. Goodey, A. M. Khan, A. B. Magnaye,
M. T. Mullee, W. R. Nickle, 8. IX. Saxena, R. A. Ward, Mubhammed Wascew,
J. A. Zischke; 390th—S. Iimejvaiewe, K. Fergusson, R. W. Heard, TIII,
Father M. Morgan, A. Robinson, Alfred Smith, Mrs. M. Snavely; 393rd—
J. F. Mueller, H. E. Eversmeyer, M. Shamim Jairajpuri, A. W. Cheever;
394th—C. L. Diggs, D. I. Edwards, C. A. Himonas, E. D. Kerr, O. R. Larson,
P. D. Lewis, Jr., K. G. Powers, D. F.. Watson; 395th—H. G. Sheffield; 396th
—1. Pratt, G. A. Anderson, J. D. De Martini, G. N. Martin, S. N. Wilkes.

DONALD L. PRICE
Recording Secretary
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