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North American Monogenetic Trematodes.

X. The Family Axinidae*
EayMerT W, PRICE

This paper represents a continuation of the series dealing with the North
American monogenetic trematodes and of a general revision of the Monogenea.
The purpose and organization of this installment are the same as for previous
sections (Price, 1937, 1938, 1939a, 1939b, 1942, 1943a, 1943h, 1961a and
1961h**,

In the present paper the family Axinidae, proposed by Unnithan (1957),
to include the genus Axine Abildgaard and related genera, some of which
previously have heen referred to the subfanuly Axininae Monticelli or
included in the subfamily Microcotylinae Monticelli of the family Miecro-
cotylidae Taschenberg, is recognized.

The writer is convinced that certain characters, namely, the shape of the
opisthohaptor, persistence of opisthohaptoral anchors or hooks, and shape
of ovary are so distinetive of the helminths in question that they comprise
a family group coordinate with those of the Microcotylidae. The wing-like
opisthohaptor, bearing two rows of clamps placed end to end and separated
by an anchorbearing lobe or languette—in effect forming a straight angle—
is distinetive. The persistence in the adult worms of anchors of a characteristic
larval type (see Fuzet, 1955, 1957, and Bychowsky, 1957) is also distinetive,
The two characters mentioned are correlated with the shape of the ovary,
which in the axinid genera is more or less U-shaped, with both proximal and
distal limbs directed anteriad; in the microcotylid genera the ovary has both
proximal and distal limbs directed posteriad. For these and other reasons,
which will be discussed more fully in a future paper, the recognition of the
family Axinidae appears justified.

AxixipaE Unnithan, 1957

Diagxosis: Body usually elongate, flattened dorsoventrally, with posterior

| end more or less truncate. Prohaptors a pair of aseptate suckers, usually
provided with minute rounded papillae or denticles forming a more or less
definite pattern, opening into oral cavity. Opisthohaptor a frill bearing
microcotylid clamps along truncate posterior end of hodyv; clamps, in two
rows or forming a straight angle, rows separated by minute hook-hearing
languette, representing morphological posterior end, and located roughly at
& point corresponding to distal end of an imaginary line drawn through long
axis of body; opisthohaptoral hooks or anchors of two dissimilar pairs—those
of outer pair lunate with slender dorsal roots, those of inner pair with lunate
tips articulating with long slender shafts. Genital atrium and/or ecirrus

*From Jacksonville State College, Jacksonville, Alabama.
This work was supported by a grant (G13002) from the National Science Foundation.

**References to these papers, except 1961b, are given in the bibliography of Part IX.
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2 PROCEEDINGS OF THE [Vor. 29, No.1

armed or unarmed. Testes follicular, postovarial. Ovary U-shaped or J-
shaped, with proximal and distal limbs directed anteriad. Vagina single;
aperture dorsal, either lateral, submedian or median, usually provided with
horn-like spine, or, rarely, with incomplete row of curved spines. Genito-
intestinal canal present. Vitellaria as in other microcotyloids.

TyYPE GENUS: Axine Abildgaard, 1794.

This family may be divided into three subfamilies, largely on the hasis
of the character of the opisthohaptor and terminal genitalia.

Key to subfamilies of Axinidae

1. Opisthohaptoral clamps tew, in 2 equal rows separated by anchorbearing

languette - Indocotylinae Tripathi
Opisthohaptoral clamps numerous, in 2 unequal rows separated usually,
if not always, by anchorbearing lanouette e em e ane e RSO

IS

Genital atrium armed with 3 groups spines; cirrus armed ...

Axininae \Iontuelh
Genital atrium usually unarmed, when armed spines not in groups as
above; cirrus usually armed .. [ Axinoidinae n. sf.

Subfamily AXININAE Monticelli, 1903

Diaayosis: Opisthohaptoral elamps numerous, in unequal rows separated
by anchor bearing languette. Genital atrium armed with 3 groups of spines,
2 lateral and 1 median, situated on pad-like structures; ecirrus armed with
circle of relatively strong pointed spines. Vaginal aperture dorsal, near
lateral lnargin, armed with horn-like spine. Other charaeters as for family.

TYPE GENUS: Auxine Abildgaard, 1794.

Key to genera of Axininae

1. Median spines of genital atrium in single, usually incomplete, row in distal

portion of atrium . Axine Abildgaard
Median spines of genital atrium in 2 or 3 complete or incomplete rows,
in anterior portion of atrium e 2

2. Median spines of genital atrium in 2 or 3 horseshoe-shaped rows ... -
,,,,,,,, Heterazinoides Yamaguti

GENUS Axzine Abildgaard, 1794

SyNONYMS: Heteracanthus Diesing, 1836; Cestracolpa Meserve, 1938.

Di1agNosis: Spines of genital atrium in 3 groups, 1 group on each side of
anterior portion of atrium and third, usually an incomplete cirele, towards
distal portion of atrium. Cirrus armed with circle of spines. Other charae-
ters as for subfamily.

TyPE SPECIES: Aaine belones Abildgaard, 1794, from Belone acus.

INCLUDED SPECIES: Awxine cypseluri (Meserve, 1938) Price, 1946 (syn.
Cestracolpa cypseluri Meserve, 1938), from Cypselurus callopterus; A. hemi-
ramphae Unnithan, 1957, from Hemiramphus xanthopterus; A. japonicum
Price, 1946 (syn. A. (Axine) cypseluri Yamaguti, 1940, not Meserve, 1938),
from Cypselurus agoo; A. hyporamphi n.sp., from Hyporamphus sp.; A.

Copyright © 2011, The Helminthological Society of Washington
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triglae Beneden and Hesse, 1863 (sp. ing.)T from Trigla hirundo; A tripathii
n.n. (syn. A. kemirhamphae Tripathi, 1959, not A. hemiramphae Unnithan,
1957), from Hemirhamphus georgii (sic); and A. yamagutii (Meserve, 1938)
Price, 1946 (syn. Cestracolpa yamagutii Meserve, 1938), from ‘“‘unidentified
flying fish.”

Of the above species, only Axine hyporamphi and A. yamagutii have been
collected from North American localities. Since the writer has available to him
specimens of A. eypseluri and A. belones, the latter donated by Hon. Miriam
Rothschild, Peterborough, England, to whom thanks are hereby extended,
descriptive notes and figures of these forms are included for comparison.

Azine belones Abildgaard, 1794 (Figures 1, 14, 26, 38, 50)

Sy~xoxyMS: Heteracanthus pedatus Diesing, 1836; H. sagittatus Diesing,
1836; Axine orphii Beneden and Hesse, 1863; A. platyura Creplin, 1838.

DescripTION : Body trumpet-shaped, 4.4 to 8 mm long, tapering gradually
from anterior end to opisthohaptor which is about 1.7 mm wide and directed
to left. Prohaptoral suckers almost ecircular, about 0.057 mm in diameter,
provided with minute, blunt, tooth-like structures arranged as in Fig. 26.
Opisthohaptor consisting of a frill along posterior end of body bearing 60
to 65 microcotyloid elamps, 0.095 to 0.115 mm wide, and a minute lobe
bearing 2 pairs of anchors. Anchorbearing lobe, representing morphological
posterior end, situated about 25 to 27 clamp widths from right end of
opisthohaptor. Anchors typically axinoid; lateral anchors 0.040 mm long,
with lunate blades and slender dorsal roots, and inner anchors about 0.050
mm long, with small lunate blades articulating with long slender shafts.
Pharynx oval, 0.030 mm long by 0.020 mm wide; esophagus slender, bifur-
cating about midway between levels of genital and vaginal apertures; intesti-
nal branches with short median and longer lateral diverticula, extending into
opisthohaptoral area, with right limb longer than left. Genital aperture
median, about 0.6 mm from anterior end. Genital atrium armed with 3
groups of spines, a posterior incomplete circle of ahout 20 elements, each
about 0.020 mm long, and a group of ahout 12 spines, about 0.020 mm long,
on each side at level of anterior end of cirrus. Cirrus armed with corona of
about 10 spines, each about 0.015 mm long. Testes about 60 in number,
postovarial. Ovary J-shaped, immediately prestesticular. Qotype fusiform,
immediately anterior to cephalic end of ovary. Seminal receptacle present.
(renito-intestinal eanal opening into right intestinal limb immediately pos-
terior to level of right vitelline duct. Vagina muscular, lined with heavy
cuticula hearing prominent papilliform projections; vaginal aperture dorso-
lateral, situated on right side a short distance posterior to level of esoptageal
bifurcation; vaginal spine horn-like, about 0.05 mm long by 0.02 mm wide at
base. Vitellaria extending from level of vaginal aperture into haptoral region.
No eggs present.

Host: Belone acus.

Location: Gills.

DistriBUTION : Europe.

SpeciMENS : U.S.N.M. Helm. Coll. Nos. 37726, and 37727, e¢ollected Septem-
ber 30, 1932 (1 specimen) and December 10, 1933 (2 specimens), respectively,
at Plymouth, England, by Hon. Miriam Rothschild.

tAdxvine triglae Beneden and Hesse is regarded by Dawes (1947) as a synonym of
4. belones and it is possible that his conclusion may he correct. However, since this inade-
quately described species is from a fish host belonging to a different family than that of
4. belones, it should be regarded as a species inquirendeum until a restudy of material from
the type host is possible.

Copyright © 2011, The Helminthological Society of Washington
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The above deseription agrees very closely with that given by Lorenz (1878)
except that the opisthohaptoral hooks or anchors were not observed. The
presence of these anchors in Axine belones was first reported by the writer
(Price, 1946) and, independently, later in the same year by Sproston (1946).
The latter author, however, appears to have overlooked the slender inner pair,
since she showed only one pair in her illustration. Furthermore, it appears
from the measurements given of these hooks that she failed to observe their
slender dorsal roots.

Auzine cypseluri (Meserve, 1938) Price 1946 (Figures 2, 15, 27, 39, 51)

SYNONYM : Cestracolpa cypseluri Meserve, 1938.

DESCrIPTION : The description given by Meserve (1938), except for the
presence of an armed eondition of the prohaptoral suckers and opisthohaptor-
al anchors, is adequate and need not be repeated here. The prohaptoral
suckers are armed around the margin with minute tooth-like structures as
shown in Fig. 27. The opisthohaptoral anchors, consisting of 2 pairs of
hooks, similar to those described for A. belones, are located on a minute lobe
or languette between the 18th and 19th clamps from the right end of the
haptor. The outer anchors are 0.043 mm long and the inner 0.060 mm long.

Hosr: Cypselurus callopterus.

Location : Gills.

DistriBuTiON : Galapagos Islands.

SeeciMEN : U.S.N.M, Helm. Coll. No. 9165 (holotype).

Sproston (1946) was quite emphatic in her belief that Azine cypseluri
(Meserve) and A. cypseluri Yamaguti (= 4. japonicum Price) were iden-
tical. There is a possibility that this may be true, since there are strong
similarities in the genital armament and in the presence of an oval, lamellar
nodule in the vaginal wall. On the other hand there are differences in the
number of opisthohaptoral clamps (41 in cypseluri and 65-68 in japonicum)
in the number of testes (about 60 in cypseluri and about 30 in japonicum,)
and in hosts which suggest that the two species should be regarded as distinet
until more evidence to the contrary is available. Yamaguti, in personal
conversation, completely rejected Sproston’s conclusion.

Axine hyporamphi new species (Figures 3, 16, 28 40, 52)

DescripTioN : Prehaptoral portion of body lanceolate, opisthohaptoral
portion wing-like; overall length 2.6 mm, width in testicular region 0.034¢ mm
and of opisthohaptor 1.36 mm. Prohaptoral suckers about 0.040 mm in
diameter, without denticles. Opisthohaptoral elamps 46 in number and about
0.050 mm wide; terminal lobe located between 21st and 22nd clamps, counting
from most distal end. Anchors of typical Azine shape; those of outer pair
0.036 mm long, with strong lunate hooks and slender dorsal roots, and those
of inner pair 0.040 mm long, with small lunate hooks articulating with slender
shafts. Oral aperture subterminal; esophagus slender, bifurcating at or near
level of genital atrium; remainder of digestive traet apparently similar to
that of other species. Genital aperture about 0.3 mm from anterior end.
Genital atrimin armed with 3 groups of spines as in other species of Axine s.
str.; lateral groups with 12 spines each, 0.010 mm long, arising from pad-like
structures, distal spines 14 in number, about 0.012 mm long, in an incomplete
circle. Spines of cirrus eorona 12 in number, about 0.007 mm long. Testes
relatively few, about 17, postovarial, not extending into haptoral area. Ovary

Copyright © 2011, The Helminthological Society of Washington




JANUARY, 1962] HELMINTHOLOGICAL SOCIETY 5

U-shaped, in equatorial zone. Vagina muscular, with relatively thick cuticular
lining but without obvious papillae or spines; aperture dorsomarginal, about
0.5 mm from anterior end, armed with horn-like spine 0.036 mm long by
0.018 mm wide at base. Vitellaria distributed as in other species; remainder
of female system not clearly distinguishable. No eggs present.

1. Azine belones, ventral view; 2. A. cypseluri, dorsal view; 3. 4. hyporamphi,
anterior portion in ventral view, haptor in dorsal view; 4. 4. yamagutii, dorsal
view; 5. Heteraxinoides inada, ventral view.

Copyright © 2011, The Helminthological Society of Washington
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Tost: Hyporamphus sp. The label on slide gives the host as Hyporham phus
(si¢) brasiliensis. However, according to Jordan, Evermann, and Clark
(1930) the range of this fish does not extend as far north as Massachusetts
and for that reason the accuracy of the host identification is questioned,

Locariox: Gills.

DistriBuTION : United States (Woods Hole, Massachusetts).

SpECIMEN : U.S.N.M. Helm. Coll. No. 36550 (holotype), collected August
11, 1915, by G. A. MacCallum.

This species is based on a single, somewhat distorted specimen. It re-
sembles most closely Axine hemirhamphae Tripathi (1959) from India. It
differs, however, in number of opisthohaptoral clamps, posterior extent of
testes, number and arrangement of genital spines, and host.

Axine yamagutii (Meserve, 1938) Price, 1946 (Figures 4, 17, 29, 41, 53)

SyxoNyM: Cestracolpa yamagutii Meserve, 1938.

DEescriprioN : Except for relatively minor details, the desceription given by
Meserve (1938) is adequate and a detailed redescription is unnecessary. As in
the preceding species, the prohaptoral suckers are armed with minute tooth-
like structures (Fig. 29). The opisthohaptoral clamps differ from those of all
other species in having 12 more or less vertical ribs in each clamp wall.
Opisthohaptoral anchors were overlooked by Meserve. They oceur on a minute
languette located between the 30th and 31st clamps, counting from left or
most distal point of the haptor. The outer hooks or anchors are about 0.030
mm and the inner 0.040 mm, vespeetively. The number of testes in the holo-
type specimen appears much greater than the 52 given by Meserve. It is
possible that the greater number may he more apparent than real, as it is
difficult to distinguish in the material available between testes and lobes of a
testis.

Host: “Unidentified flying fish.”

Locariox : Gills.

DisTrIBUTION : Mexieo (Clarion Island, and open sea off coast).

SPECIMEN :U.S.N.M. Helm. Coll. No. 9164 (holotype).

This species is easily distinguished from other axines hy the peculiar, ribbed
opisthohaptoral elamps and in the genital spination.

GENUS Heteraxinoides Yamaguti, 1943

SYNONYM : Axine (Heteraxinoides) Yamaguti (1943).

Diagyosis: Spines of genital atrium consisting of 2 lateral groups, ar-
ranged in 3 indistinct rows, each on an elongate pad, and an anterior group
of 3 indistinet rows on a horseshoe-shaped pad. Other characters as for
subfamily.

TyPE SPECIES: Heteraxinoides inade (Ishii and Sawada, 1938) Yamaguti,
1943,

Heteraxinoides inada, so far the only species of the genus, is not known to
oceur on hosts inhabiting North American waters. However, since a specimen
is available through the courtesy of Prof. T. Sawada, to whom appreciation
is here expressed, and inasmuch as there are some differences between this
specimen and the original account, a redescription follows:

Heteraxinoides inade (Ishit and Sawada, 1938) Yamaguti, 1943 (Figures
5, 18, 30, 42, 54)

SYNONYMS: Axine inada Ishii and Sawada, 1938; Awine (Heteraxinoides)
ada (Ishii and Sawada, 1938) Yamaguti, 1943.

Copyright © 2011, The Helminthological Society of Washington
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6. Axnoides meservei, dorsal view; 7. A. oceanicum, ventral view of holotype;
8. A. oceanicum, posterior end of paratype; 9. 4. raphidoma, ventral view; 10. 4,
strongylurae, a. ventral view of holotype, b. haptor of paratype; 11. Nudaciraxine
gracilis, ventral view of holotype; 12. Chlamydaxine resplendens, ventral view;
13. C. truncatus, ventral view,

Copyright © 2011, The Helminthological Society of Washington
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DescrirTioN : Body lanceolate, flattened, 8 mm long by 1.7 mm wide in
mid-region, expanded posteriorly to form opisthohaptor 2.5 mm wide. Pre-
vaginal portion of body attenuated, with transversely striated cuticle. Pro-
haptoral suckers oval, 0.095 mm long by 0.075 mm wide, provided with
minute, tooth-like prominences distributed as shown in Fig. 30. Opisthohaptor
consisting of a frill along wide posterior end, bearing about 95 clamps of
microcotyle-type, about 0.075 to 0.170 mm wide, and with a minute languette
provided with 2 pairs of dissimilar, axine-type anchors located about 1 mm
from left or most distal part of haptor; outer anchors about 0.045 mm long,
inner 0.055 mm long. Pharynx piriform, 0.057 mm long by 0.035 mm wide;
esophagus slender, bifurcating distal to genital atrium; remainder of digestive
tract apparently similar to that of other axinids. Genital atrium about 0.9
mm from anterior end of body, provided with 3 groups of spines situated on
pad-like structures; lateral groups of 30 to 33 spines, each about 0.020 mm
long; anterior group of about 50 spines, each about 0.020 mm long, arranged
in 3 indistinet rows on horseshoe-shaped pad. Cirrus armed with corona of
9 spines, each 0.020 mm long. Testes about 55 in number, postovarial. Ovary
U-shaped, in median field, immediately pretesticular; seminal receptacle
present, a short distance in front of origin of oviduct; genitointestinal canal
opening into right intestinal limb near level of anterior end of seminal
receptacle; ootype oval, to left of anterior pole of ovary; vitelline reservoir
Y-shaped, branching about midway hetween anterior end of ovary and
posterior end of thickened portion of vagina. Vagina muscular, lumen of
distal portion lined with small spines; vaginal aperture dorsal, near right
body margin and about 1.5 mm from anterior end; vaginal spine horn-shaped,
about 0.065 mm long by 0.035 mm wide at base. Vitellaria almost filling body
width from level of vaginal aperture to opisthohaptoral region. No eggs
present,

Hosr: Seriola quinqueradiata ( = Tylosurus quinqueradiata).

Location: Gills.

DisTrIBUTION : Japan.

SeeciMEN: U.S.N.M. Helm. Coll. No. 37728 (paratype).

The outstanding differences hetween the description given by Ishii and
Sawada (1938) and the specimen described herein are in the position of the
female organs and in the location of some of the opisthohaptoral clamps.
According to the authors mentioned, also shown in their illustration of the
species, the ovary and vaginal opening are on the left side of the body while
in the specimen studied they are on the right side. The opisthohaptoral
clamps are arranged in a single row along the free edge of the haptor and
none along the right margin as stated in the original description, this
arrangement apparently due to a folding over of that portion of the haptor.

Furthermore, as in the case of many species, the opisthohaptoral anchors
were overlooked.

Unnithanaxine new genus

Diagrosis: Spines of genital atrium consisting of two lateral groups and
an anterior group of 2 complete rows surrounding genital aperture. Other
characters as for subfamily.

TyPE SPECIES : Unnithanaxine parawa (Unnithan, 1957) n. comb.

The type of this genus was described as Azine parawa by Unnithan (1957)
from the gills of a flying fish, Cypselurus bahiensis, at Trivandrum, South
India. The distinctive feature of this species is the arrangement of the atrial

Copyright © 2011, The Helminthological Society of Washington
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spines, the median group of which consists of two complete rows surrounding
the genital aperture. In this respect it occupies a position intermediate be-
tween the species of Azine s. str. and Heterazinoides.

AXINOIDINAE new subfamily

Diagnosis: Opisthohaptoral clamps numerous, in unequal rows separated
by anchor bearing languette. Genital atrium usually unarmed; cirrus usually
armed with one to several rows of spines. Vaginal aperture either dorso-
medial or dorsolateral, armed with horn-like spine or, rarely, with an in-
complete row of incurved spines. Other characters as for family.

TYPE GENUS: Axinoides Yamaguti, 1938.

0.05 MM 0.05MM

14-24. Genital armament: 14, 4. belones; 15. 4. cypseluri; 16. A. hyporamphi;
17. 4. yamagutii; 18. Heterazinoides inada; 19. Azinoides meservei; 20. A.
oceanicum; 21. A. raphidoma; 22. A. strongylurae, 23. Nudacirazine gracilis;
24, Chladeaxme resplendens; 25. C. truncatus.

Copyright © 2011, The Helminthological Society of Washington
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Key to Genera of Axinoidinae

1. Vaginal aperture dorsolateral, armed with incomplete row of incurved

spiea- Neoaxine Price
Vaginal aperture usually dorsal and median, sometimes sublateral, armed
with single horn-like spine 2
2. Cirrus and genital atrium unarmed ... Nudacirazine n.g.

Cirrus armed; genital atrium usually unarmed
3. Vaginal aperture dorsomedian; genital atrium unarined-Azinoides Yama-

guti
Vaginal aperture dorsal and sublateral, genital atrium armed or unarmed
,,,,,,,, 4
4. Body triangular; genital atrium unarmed ... Chlamydaxine Unnithan
Body elongate; genital atrium armed or unarmed ... ... 5
5. Genital atrium unarmed Lozura Unnithan
Genital atrium armed ... Lozuroides n.g.

GeENUS Axinoides Yamaguti, 1938

SyNoNYM: Awxine (Aainoides) Yamaguti, 1938.

Di1agrosis: Genital atrium unarmed; cirrus armed. Vaginal aperture dorsal,
in median field, armed with horn-like spine. Other characters as for subfamily.

TYPE SPECIES: Axinoides tylosuri Yamaguti, 1938.

Axinoides was proposed as a subgenus of Azine by Yamaguti (1938) and
elevated to full generic status by Price (1946) and, independently, by
Sproston later in the same year. The validity of this action, based largely on
the position of the vaginal aperture, has been questioned by Hargis (1956,
1959). His objection was based for the most part on the apparent variation
in the position of the vaginal aperture of A. gracilis (Linton) which was
then included in Axinoides. A new genus is proposed later on in this paper to
include A. gracilis and the validity of Azinoides is retained herein.

The species that may be included in Awzinoides as presently conceived are
as follows: Azinoides aberrans (Goto, 1864) Price, 1946, from Tylosurus
schismatorhynchus; A. kola Unnithan, 1957, from Ailennus hians; A. meservei
Price, 1946 (syn. A. aberrans Goto, of Meserve, 1938) from Tylosurus
fodiator; A. oceanicum (Caballero, Bravo-Hollis and Grocott, 1953) n. comb.,
from T. fodiator; A. raphidoma Hargis, 1956, from T. raphidoma; A.
sebastisci Yamaguti, 1958, from Sebastiscus marmoratus; A. strongulurae
n. sp., fromStrongylura marina; and A. tylosuri Yamaguti, 1938 (type), from
Tylosurus schismatorhynchus.

Axinoides meservei Price, 1946 (Figures 6, 19, 31, 43, 55)

SYNONYM : Azine aberrans Goto 1894, of Meserve, 1938.

DescripTiON : Body 2 to 2.3 mm long by 1.1 mm wide in ovarian region.
Prohaptoral suckers almost cireular, 0.045 mm long by 0.038 mm wide, armed
with minute denticles as shown in Fig. 31. Opisthohaptor 1.2 mm wide, pro-
vided with 41 elamps, about 0.040 mm wide, and armed with anchors of Azine
type, one outer anchor between 7th and 8th clamps—counting from left—
and other between 12th and 13th clamps; only one inner anchor observed,
located near right outer anchor; outer anchors about 0.033 mm long and inner

_anchor about 0.040 mm long. Pharynx oval, about 0.036 by 0.025 mm; esopha-
gus bifureating posterior to genital atrium; remainder of digestive tract
apparently similar to that of other axines. Genital aperture about 0.2 mm
from anterior end; genital atrium unarmed. Cirrus armed with a corona of
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3 or 4 alternating rows of slender spines about 0.010 mm long. Testes
numerous, postovarial, occupying greater part of interintestinal field. Ovary
U-shaped, equatorial in position. Seminal receptacle small, almost immediate-
ly anterior to distal pole of ovary. Genito-intestinal canal opening into right
intestinal branch a short distance anterior to seminal receptacle. Vaginal
aperture dorsal, median, about 0.28 mm distal to genital aperture, armed with
horn-like spine; vaginal atrium provided with short lancet-like spines. Vitel-
laria extending from level of vaginal aperture to opisthohaptoral region. Eggs
not present in specimens available.

Host: Tylosurus fodiator.

Locartion : Gills.

DisTrIBUTION : South Ameriea (Port Utria, Columbia).

SpeciMENS : U.S.N.M. Helm. Coll. Nos. 37720 (holotype) and 37721 (para-
type), donated by Dr. F. G. Meserve to whom appreciation is hereby

- expressed.

This speeies was reported as Aaine aberrans Goto by Meserve (1938) from
specimens collected by Dr. H. W. Manter while a member of the 1934 Allen
Haneock Expedition to the Galapagos Islands. Beyond giving the length as
1.7 to 2.3 mm long and a reasonably good illustration, the specimens were not
deseribed. Largely on the basis of size and host differences, the writer (Price,
1946) renamed the species Axinoides meservei.

While there is a remote possibility that A. meservei may be the same as
A. aberrans this cannot be determined with any degree of certainty until a

26-37. Prohaptoral suckers, (stippling indicates distribution of denticles):
26. Awine belones; 27. A. cypseluri; 28. A. hyporamphi; 29. A. yamagutii; 30.
Ieteraxzinoides inada; 31. Axinoides mescrvei; 32, A. oceanicum; 33, A. raphi-
doma; 34. 4. strongylurac; 35. Nudaciraxine gracilis; 36. Chlamydaxine resplen- .
dens; 37. C. truncatus.
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restudy of the latter species can be made. Goto’s (1894) description and
figure of A. aberrans are probably as good as might be expected from the
limited number and condition of the specimens available. There is needed
more detailed information on the genital and vaginal spination, number and
strueture of the opisthohaptoral clamps, as well as the shape and size of the
opisthohaptoral anchors—so far unknown for any of the species deseribed
from Tylosurus schismatorhynchus. One morphological detail between Goto’s
and Meserve’s specimens, which may be significant, is the anterior extent of
the vitellaria. In A. aberrans these glands extend to about midway between
the vaginal and genital apertures whereas in 4. meservei they extend to ahout
the level of the vaginal aperture.

Axinoides kola Unnithan, which was obtained from the gills of Ailennus
hians at Trivandrum, South India, resembles 4. meservei in body form and in
most other respects. However, it is a much larger species, the cirrus spines
are in a single row, and its occurrence on a host belonging to a different
genus than that on which A. meserve: was found suggest that it should be
regarded as distinet until more information is available.

Axinoides raphidoma Hargis, 1956 (Figures 9, 21, 33, 45, 57)

DEescripTION : Except for the papillate condition of the prohaptoral suckers
and the spination of the cirrus, the deseription as given by Hargis (1956)
is accurate and need not be repeated here. The interior of the prohaptoral
suckers is provided with numerous, minute papilliform projections distributed
as shown in Fig. 33. The cirrus was described by Hargis (loc. cit.) as
“musecular, eversible and protrusible, 0.070 long by 0.034 wide bearing
muscular papillae in anterior end of lumen which point outwardly when cirrus
is everted.” Actually, the “muscular papillae” are the tips of slender spines
—about 0.005 to 0.008 mm long—of which there are several rows.

Host: Tylosurus raphidoma.

LocarioN : Gills.

DisTrIBUTION : United States (Alligator Harbor, Florida).

SeeciMEN : U.S.N.M. Helm. Coll. No. 38156 (holotype).

The holotype specimen is somewhat mutilated in the opisthohaptoral region
and the number of clamps may have been somewhat greater than the 17
present. Furthermore, the specimen is not well stained differentially and the
details of the soft structures are not too well brought out.

Axinoides strongylurae new species (Figures 10, 22, 34, 46, 58)

DEscrIPTION : Body slender, 2.4 mm long by 0.2 mm wide in ovarian region,
and with shoulder-like expansions slightly anterior to level of genital aperture.
Prohaptoral suckers 0.020 by 0.015 mm, armed with minute denticle-like
papillae around aperture and in eavity of suckers (TFig. 34). Opisthohaptor
with 34 clamps, 0.030 to 0.050 mm wide, and with anchor-bearing languette
between 12th and 13th clamps, counting from right side. Anchors of typieal
Axine shape, both outer and inner pairs about 0.030 mm long. Pharynx oval,
0.020 by 0.015 mm; remainder of digestive traect apparently as in other
axinids. Genital aperture about 0.2 mm from anterior end; genital atrium
unarmed. Cirrus armed with several rows of straight spines about 0.010 mm
long. Testes about 20 in number, postovarial, in median field. Ovary U-shaped,
in equatorial zone. Vaginal aperture dorsal, median, about 0.2 mm from
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genital aperture, armed with horn-like spine; vagina armed with small conieal
spines. Vitellaria extending from about 0.1 mm posterior to level of vaginal
aperture into haptoral region. Eggs not present in specimens available.

Hosr: Strongylura marina.

Locarion: Gills.

DistrisuTion : United States (New York Aquarium).

SpeciMENS: U.S.N.M. Helm. Coll. No. 37722 (holotype and paratype)

3
2
Q
]

0.05 MM

38-61. Opisthohaptoral clamps and anchors. 38-49. Clamps: 38. dxine belones;
39. 4. cypseluri; 40. A. hyporamphi; 41. A. yamagutii; 42. Heleraxinoides inada;
43. Azxinoides meservei; 44. A. oceanicum ; 45. A. raphidoma; 46. A. strongylurae ;
47. Nudacirazine gracilis; 48. Chlamydazine resplendens; 49. C. truncatus; 50-61.
Anchors: 50. dxine belones; 51. A. cypseluri; 52. A. hyporamphi; 53. 4. yama-
gutii; 54. Heteraxinoides inada; 55. Axinoides meservei; 56. A. oceanicum; 57. A.
raphidoma; 58. A. strongylurae; 59. Nudacirazine gracilis; 60. Chlamydaxine
resplendens ; 61, C. truncatus,
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collected May 5, 1916 by G. A. MacCallum.

In many respects A. strongylurae resembles A. raphidoma. Aside from
host, there are differences in the framework of the opisthohaptoral clamps
as well as in their number. The most outstanding character is in the shoulder-
like expansions of the forebody, assuming that they are not artifacts
produced by injury during collection.

Auxinoides oceanicum (Caballero, Bravo-Hollis and Grocott, 1954) new comb.
(Figures 8, 20, 32, 44, 56)

SyNoNyYM: Microcotyle oceanicum Caballero, Bravo-Hollis and Groceott,
1953.

DescriprTioON : Body slender, 3.3 to 3.5 mm long, more or less uniform in
width except in anterior portion which is gradually attenuated. Prohaptoral
suckers 0.048 by 0.036 mm, armed with minute, tooth-like papillae distributel
as shown in Fig. 32. Opisthohaptor of typieal shape (folded in holotype)
bearing 36 clamps about 0.1 mmn wide, and 2 pairs of anchors located 12 to 15
clamp spaces from right side; outer anchors 0.030 to 0.032 mm long, inner
0.054 mm long. Pharynx about 0.023 by 0.016 mm; esophagus bifurcating at
level of genital aperture; remainder of digestive traet similar to that of other
axinids. Genital aperture about 0.490 mm from anterior end of body in
holotype; genital atrium unarmed. Cirrus armed with 2 or 3 alternating rows
of spines about 0.012 mm long. Testis numerous (more than 50), postovarial.
Ovary somewhat J-shaped, with proximal limb twisted. Seminal vesicle,
genito-intestinal canal, and vitelline duct complex similar to that in .lrine
belones. Vaginal aperture dorsal, median, about 0.290 mm from genital
aperture, armed with horn-like spine; vagina provided with tubercle-like
spines. Vitellaria extending from a short distance distal to level of vaginal
aperture to opisthohaptoral region. Eggs not present in spesimens available.

Host: Tylosurus fodiator.

Location : Gills.

DistriBuTION : Panama (Fuerte Amador, Canal Zone).

SpeciMeNS: Coll. Helm. Inst. Biol. (Mexico) No. 25-13.

The deseription by Caballero, Bravo-Hollis and Groeott (1953) of this
species, under the name of Microcotyle oceanicum, is very complete except
for certain details. The presence of opisthohaptoral anchors was overlooked;
this together with ovarian shape and presence of an armed, median vaginal
aperture are sufficient to place it in the genus Aainoides. The above brief
deseription was made possible through the courtesy of Dr. Kduardo Caballero
y C. who graciously loaned the type specimens to the writer.

GeNUs Neoarine Price, 1946

SYNONYM : Amonarine Unnithan, 1957,

Draaxosis: Genital atrium unarmed; ecirrus armed. Vaginal aperture
dorsolateral, armed with incomplete cirele of curved spines. Other characters
as for subfamily.

Typre SPECIES: Neoarine constricta (Yamaguti, 1938) Price, 1946. (Syn.
Amonarine constricta (Yamaguti, 1938) Unnithan, 1957).

This genus was proposed by Price (1946) to include Axrine (:Arine)
constricta which was deseribed by Yamaguti (1938) from the gills of Tylosur-
us schismatorhynchus from Japan. This species is typically axinoid in mor-
phology except for the apparent ahsence of opisthohaptoral anchors. A
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careful reexamination of the original specimens would no doubt reveal their
presence, since they have been found in all species of the family whenever a
search has been made for them.

Nudaciraxine new genus

DrisgNosiS: Genital atrium and eirrus unarmed. Vaginal aperture dorsal,
about midway between median line and body margin, armed with horn-like
spine. Other characters as for subfamily.

TyPE SPECIES: Nudaciraxine gracilis (Linton, 1940) n. combh.

At present, this genus contains only the type species which is redeseribed
as follows:

Nudacirarine gracilis (Linton, 1940) new comb. Figures 11, 23, 35, 47, 59)

SYNONYMS: Axine gracilis Linton, 1940; Axinoides gracilis (Linton, 1940)
Sproston, 1946.

DescripTION : Body elongate, 1.9 to 5.1 mm long by 0.2 to 0.5 mm wide in
region of ovary; anterior end bifid, attenuated, with 4 groups of cervical
glands. Prohaptoral suckers oval, 0.038 to 0.047 mm long by 0.028 to 0.038
mm wide, with a band of minute denticle-like papillae around opening and
with a band of similar papillae extending toward base of suckers (Fig. 35).
Opisthohaptor wing-like, 0.7 to 1.6 mm wide, provided with 42 to 82 clamps,
about 0.075 to 0.100 mm wide, arranged in a single row along margin; lateral
sclerites of clamps slender and broken. Opisthohaptoral anchors present,
tvpically axinid, their position indicated by indentation of haptoral border;
outer anchors 0.032 to 0.038 mm long, inner 0.044 to 0.047 mm long. Pharynx
oval about 0.038 mm long by 0.028 mm wide; esophagus bifurcating at or
slightly anterior to genital aperture; remainder of digestive tract similar
to that of other axinids. Genital aperture 0.3 to 0.6 mm from anterior end of
body; genital atrium unarmed but provided with transverse ridges or striae.
Cirrus unarmed. Testes oval, 20 to 22 in number, tandem, postovarial. Ovary
J-shaped, about one-third of body length from anterior end; seminal re-
ceptacle present, immediately cephalad of right pole of ovary; genitointestinal
canal present, opening into right intestinal limb a short distance anterior to
level of seminal receptacle. Vitelline duet slender, branching about midway
hetween level of vaginal aperture and ovary; vitellaria extending from slight-
ly distal to vaginal aperture to opisthohaptor. Vaginal aperture dorsal, about
0.4 mm posterior to genital aperture, situated about midway between median
line and body margin, armed with horn-shaped spine 0.038 to 0.043 mm long
by 0.010 to 0.013 mm wide at base. Eggs not present in specimens available.

Host: Strongylura marina.

LocaTion: Gills.

DistriBuTiON : United States (Woods Hole, Massachusetts, New York
Aquarium, and Alligator Harbor, Florida, vide Hargis (1956).

SpecriMENS: U.S.N.M. Helm. Coll. Nos. 8168 (holotype), coll. Edwin
Linton, Woods Hole, Mass., September 10, 1912; 8167 (paratype), coll.
Edwin Linton, Woods Hole, Mass., August 30, 1911; 37723, (6 specimens),
coll. G. A. MacCallum, Woods Hole, Mass., Aug. 17, 1922; 37724, (5 speci-
mens), coll. G. A. MacCallum, New York Aquarium, October 26, 1916; and
37725, (5 specimens), coll. G. A. MacCallumn, New York Aquarium, October
31, 1916.

This species was inadequately described by Linton (1940) from Strongylura
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marina collected at Woods Hole, Mass. A comparison of the data on body
sizes, number of opisthohaptoral clamps, ete., as obtained from the various
collections listed above, indicates that this is somewhat variable species. In
spite of the variations noted, nothing consistent was observed to indicate that
a mixture of species was involved.

GeNus Chlamydarine Unnithan, 1957

Diagyosis: Body triangular. Genital atrium unarmed; cirrus armed.
Vaginal aperture dorsolateral, armed with horn-like spine. Other characters
as for subfamily.

Typre SPECIES :Chlamydarine truncatus (Hargis, 1956) Unnithan, 1957.

IxcLubep SPECIES: Chlamydarine resplendens (Caballero, Bravo-Iollis
and Grocott, 1954) n. comb.

Chlamydazine truncatus (Hargis, 1956) Unnithan, 1957 (Figures 13, 25, 37,
49, 61)

Sy~NONYM @ A.rinoides truncatus Hargis, 1956.

Descrirrion : See Hargis (1956). Aside from the nature of the cirrus,
the original deseription appears to he as complete as the condition of the
specimens permits. Hargis stated that the cirrus was provided with “finger-
like papillae in distal portion of lumen” but a study of the holotype shows
that the end of the cirrus is provided with a corona of 2 alternating rows
of 0.004 mm long spines. The peculiar arrangement of the opisthohaptoral
clamps is possibly an illusion due to a folding over of the right side of the
haptor. Study of additional, better preserved and stained material is neces-
sary to determine this.

Host: Tylosurus raphidoma.

Location : Gills.

DisTriBuTioN : United States (Alligator Harbor, Florida).

SreciMeEN: U.S.N.M. Heln. Coll. No. 38157 (holotype).

Chlamydazine resplendens (Caballero, Bravo-Hollis and Groceott, 1954) n.
comb. (Figures 21, 24, 36, 48, 60)

SYNONYM: Awxine resplendens Caballero, Bravo-Hollis and Grocott, 1954.

DEescripTION : Body triangular, 3.5 mm long by 3.2 mm wide at posterior
end and attenuated anterior to level of genital aperture. Prohaptoral suckers
oval, 0.020 mm by 0.016 mm, without tooth-like papillae. Opisthohaptor
consisting of a row of clamps, ahout 0.100 mm wide, along posterior end of
hody, and with a minute languette armed with characteristic axine-tvpe
anchors; outer anchors about 0.032 mm long and inner ahout 0.054 mm long.
Pharynx 0.032 mm long by 0.020 mm wide; esophagus bifurcating posterior
to level of genital aperture; intestinal limbs with short median and long-
branched, lateral diverticula, extending to mear posterior end where they
approach and may be confluent. Genital aperture median, 0.064 mm from
anterior end; genital atriun unarmed. Cirrus armed with about 8 alternating
rows of short, 0.005 mm long, spines. Testes very numerous, postovarial.
Ovary folded, with distal end directed anteriad. Vaginal aperture dorsomar-
ginal, armed with horn-like spine about 0.050 mm long by 0.020 mm wide at
hase. Vitellaria extending from level of transverse vitelline ducts to opistho-
haptoral region. No eges present in speeimen availahle.

Host: Tylosurus fodiator.

Locarion: Gills .
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DistriBUTION : Panama (Fuerte Amador, Canal Zone).

SpECIMEN : Coll. Helm. Inst. Biol. (Mexico) No. 25-24 (holotype).

An examination of the holotype specimen was made possible through the
kindness of Dr. Edwardo Caballero y C. Aside from the structure of the
anterior end, the original description (Caballero et. al., 1954) is adequate
and as complete as possible from the single specimen on which the species is
based. According to the original deseription, the anterior end is provided
with a minute oral sucker and the illustration shows no evidence of prohap-
toral suckers. According to the writer’s observation, the customary prohap-
toral suckers are present; the essential difference in this respect between
this form and other axinids is that the anterior end is not bifid but is in
the form of a rounded lobe.

This species is included in the genus Chlamydaxine since the body shape,
unarmed genital atrium, armed cirrus, and lateral position of the vaginal
aperture makes its close relationship to the genotype, C. truncates, a reason-
able certainty.

GeNvs Loxura Unnithan, 1957

Diaaxosis: Body elongate. Genital atrium unarmed; eirrus pineapple-
shaped, armed with numerous spines. Vaginal aperture sublateral, armed
with horn-like spine. Other characters as for subfamily.

TyYPE SPECIES: Lozura ananaphallus Unnithan, 1957,

The type and only species occurs on the gills of Tylosurus leiurus in India.

Loxuroides new genus

Sy~xoxya: Loxura Unnithan, 1957, in part.

DisaNosis: Genital atrium armed with incomplete rows of spines; cirrus
cushion-shaped, armed. Other characters as for Loxura.

TYPE SPECIES: Loxuroides sasikala (Unnithan, 1957) n. comb.

The type and so far the only species of this genus was deseribed as Loxura
sasikala by Unnithan (1957) from the Indian fish Cypselurus oligolepis. It
is separated from Loxura because the nature of the armament of the genital
atrium appears sufficiently distinetive to warrant generie status.

Subfamily INDOCOTYLINAE Tripathi, 1959

Diagyosis: Opisthohaptoral clamps in 2 equal rows of 4 clamps each,
rows separated by anchor bearing languette. Genital atrium armed, cirrus
armed or (?) unarmed. Vaginal aperture dorsal, median or sublateral, armed
with horn-like spine or (?) unarmed. Other characters as for family.

TypB GENUS: Indocotyle Tripathi, 1959.

This subfamily was placed by Tripathi (1959) in the family Discocotylidae.
However, the opisthohaptoral clamp structure and anchors ave typically
axinoid and properly belong in the family Axinidae.

Key to genera of Indocotylinae

Vaginal aperture dorsal and median, (?) unarmed . Indocotyle Tripathi
Vaginal aperture dorsal and sublateral, armed Oligapte Unnithan

GexNUs Indocotyle Tripathi, 1959

Diagrosis: Genital atrium armed; cirrus (?) unarmed. Vaginal aperture
dorsal and median, (?) unarmed. Other characters as for subfaily.
TypPE SPECIES: Indocotyle hemirhamphae Tripathi, 1959.
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The type and only species so far allocated to Indocotyle was deseribed
from the gills of Hemirhamphus georgi (sic) from India. The indicated
absence of cirrus spines, or the possible confusion of eirrus spines with
atrial spines, as well as the absence of a vaginal spine should be reinvesti-
gated.

Gexvs Oligapta Unnithan, 1957

Diagnosis: Genital atrium and cirrus armed. Vaginal aperture dorsal and
sublateral, armed with horn-like spine. Other characters as for subfamily.

TyPE SPECIES: Oligapta oligapta Unnithan, 1957.

This genus was based by Unnithan (1957) upon specimens collected from
the gills of “Hemiramphus georgeii” from India. Its close similarity to
Indocotyle Tripathi is evident by the nature of the opisthohaptor.

LITERATURE CITED

Bycrnowsky, B. E. 1957, Monogenetic trematodes, their systematies and phylogeny.
(In Russian), Akad., Nauk. SSR: 1-509,

CABALLERO, EDUARDO; BrAVO-HoLLIS, MARGARITA; and Grocorr, RosrrT (. 1933,
Helmintos de la Republie de Panama. VII. Deseripeién de algunos tremitédos
de peees marinos. An. Inst. Biol.,, Mexico, 24: 97-136.

——. 1954. Helmintos de Ia Republie de Panama. XTI Deseripeion de dos
nuevos tremiiitodos monogéneos, pariisitos de peees marinos comestibles del
Qceano Pacifico del Norte. Ciencia, 14: 81-86.

Dawes, BEN. 1947, The Trematoda of British fishes. 364 pp. London.

Kuzer, Louis. 1955. Larves gyrodactyloides nageantes de quelques trématodes
monogénétiques de poissous marins. Bull. Soe. Neuchiitel. Se. Nat., 3 s,
78: 71-79.

. 1957, Larves gyrodactyloides neagantes de quelques Microcotylidae,
Idem., 80: 186-194.

Goro, SrITArO0. 1894, Studies on the ectoparasitic trematodes of Japan. J. Coll.
Se. Imp. Univ., Japan, Tokyo, 8: 1-173.

ITare1s, WinniayM J., Jr. 1956. Monogenctie trematodes of Gulf of Aexico fishes.
Part XI. The family Mierocotylidac Taschenberg, 1879 (continued). Proe.
Helminth, Soe. Wash,, 23: 153-162.

—. 1959, Systematic notes on the monogenetic trematodes. Idem., 26:
14-31.

Isur, NosuUTaro and Sawapa, Tosuisapa. 1938, Studies on the ectoparasitic
trematodes. (TIT). Jap. Jour. Lxpr. Med., 16: 239-249.

JORDAN, Davip StaRrR; EvERMANN, BaRTON WAaRrRREN; and CLARK, Tlowagrnp
WarrtoN. 1930. Check list of fishes and fishlike vertebrates of North and
Middle Ameriea, ete. 670 pp. Washington.

Linrton, EpwiN, 1940, Trematodes from fishes mainly from the Woods Hole region
of Massachusetts, Proe. U. S, Nat. Mus. (3078), 88: 1-172,

LoreNz, Lupwic. 1878. Ucber die Organisation der Gattungen Axine and
Microcotyle. Arb. Zool. Inst, Univ. Wien, 1: 405-436.

MESERVE, Frank (. 1938. Some monogenetic trematodes from the Galapagos
Islands and the neighboring Pacifie. Allen Ilancock DPacifie Expeditions,
2: 29-88.

Price, Exxmert W, 1946, A note on the genus Axvine Abildgaard (Trematoda:
Monogenea). Jour. Parasitol., 31 (suppl.): 22 (1945).

1961. North American monogene’ic trematodes. IX. The families
Mazocracidae and Plectanocotylidae. Proe. Biol. Soe. Wash., 74: 127-156.
SrrOSTON, Nora (. 1946. A synopsis of the monogenetic trematodes. Tr. Zool

Soc. London, 25: 185-600.

TrIPATHI, YOGENDRA R. 1959, Monogenetic trematodes from fishes of India. TInd.
Jour. Helminth., 9: 1-149 (1957).

UNNITIIAN, R, ViswaNaTiaN, 1957, On the funetional morphology of a new fauna
of Monogenea on fishes from Trivandrum and environs. Part T, Axinidae fam.
nov. Bull. Centr. Researeh Tust, Univ, Kerala, 5: 27-122,

Yayacrrr, Saryvr. 1938, Studies on the helminth fauna of Japan., Part 24,
Trematodes of fishes, V. Jap. Jour. Zool,, 8: 153-74.

——————. 1943, Verzeichnis der ektoparasitischen Trematoden der Japanischen
Fische. Privately published. 3 pp.

Copyright © 2011, The Helminthological Society of Washington




JANTUARY, 1962] HELMINTHOLOGICAL SOCIETY 19

The Description, Feeding Habits, and Life History of
Neotylenchus linfordi n. sp.; A Mycophagous Nematode*

ITeLEN CaroL HECHLER*™

DEscriPTION

This nematode is named Neotylenchus linfordi n. sp. in recognition of the
many contributions of Dr. Maurice B. Linford to the s«ience of nematology
and also of the work he did on the feeding habits of this nematode just prior
to his death.

All specimens described were from active ecultures with many gravid
females. Measurements were made on specimens relaxed 11 to 14 minutes in
small Syracuse dishes placed in an oven at 54° C. Some were fixed in FAA
or 59 formalin, and some were mounted in glycerine after fixation. Many
anatomical details were ohserved on live and crushed nematodes.

FeMaLes: (78) L= 0.70 mm. (s = 10.465 vim.) (0.49-0.91; a = 30(25-35) ;
b =51 (3.6-6.7); ¢ = 8.0 (5.7-12.8); V = 3975 79 (74-90) 2-43.7,

Mares: (18) L =10.52 mmr. (s =1.010 mm.) (0.45-0.60); a =28 (24-33);
b =43 (3.3-5.5); ¢ =15 (13-20); T =459 (47-69).

Hororype FEMALE: L= 0.61 mm.; a=27; h=47; ¢=7.6; V=47/ 79
3.2/.

AvLLoTyPE MALE: L =055 mm.; a=27; b=25.35; ¢ =16; T = 65.

FeMaLes: (Fig. 1) Body slender, tapering at both ends. Cuticle 1 micron
thick near middle of body, 0.6 microns at extremities. Striations 0.7 mierons
apart opposite stvlet, 1.4 microns apart near middle of hody. Lateral field
13% of hody width with four incisures, the outer two slightly erenate.
Incisures reduced to three that are 1 to 2 body widths in front of deirid,
then to two, then to one, disappearing onc stylet length behind stylet.
Tncisures reduced to three at anus, disappearing one half tail length behind
anus. Deirids at latitude of hemizonid. No phasmids seen.

Head rounded, svmmetrical, not offset. No annules on lips. Head frame-
work eight parted, papillae on four submedial lips, amphids on lateral lips.
Lateral lips reduced, located on periphery of head (Fig. 1-C).

Stylet 9-10 mierons long, tylenchoid. Knoh group 2 mierons wide, sub-
ventral knobs slightly notched. Excretory pore prominent, located opposite
anterior hasal bulb. Ilighly refractive excretory tuhe often visible 2 or 3
hody widths behind beginning of intestine. Hemizonid 3 to 4 striations wide,
2 to 5 striations anterior to excretory pore. Nerve ring 1 to 2 body widths
anterior to excretory pore.

Corpus of esophagus elongate, fusiform, without a true median bulb.
Dorsal duct opening 1 mieron behind stylet. Esophageal lumen sinuous in
live specimens, straight in fixed ones. Walls of lumen comparatively thick and
refractive in anterior 359% of esophagus, thinner posterior to opening of
ventral gland duct. Basal bulb elongate-pyriform, terminating in a mere or
less elongate extension similar to that of the Paurodontinae. It differs from
this group in that the cuticularized lumen does not reach the end of the
extension, and the tissue is organized differently in the extension than in
the bulh. Lumen off center, usually to the ventral side.

*Professor Gerald Thorne of Madison, Wisconsin gave helpful advice about both the
taxonomic position of this nematode and the preparation of the drawings. His kindness is
gratefully acknowledged.

**Research Assistant, Department of Plant Pathology, University of Illinois, Urbana,
Illinois.
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Anterior end of intestine characterized by thin-walled chamber overlapping
base of bulb. Behind chamber intestinal lumen narrows gradually to a
sinuous tube passing between alternate triangular cells which give the
nematode a tesselated appearance (Fig. 2D). Tesselation and chamber
obscured by dark granules in well fed specimens. Lumen widens slightly just
in front of rectum. Rectum 9 microns long, curved. Anus usually visible hut
inconspicuous in fixed specimens.

Vulva a transverse slit 38-41% of body width. Vagina one fourth to one
third of body diameter, walls about 1 micron thick. Ovary single, anterior,
outstretched, oocytes in single file, rarely in double rows through part of its
length. Ovary usually extends to abhout three body widths hehind hasal bulb,
although a few seen at level of nerve ring. Post vulval uterine branch round,
convoluted, length one half distance from vulva to anus. Uterus elongated,
walls thick and eonvoluted. Sperm in uterus and post vulval branch.

Mares: (Fig. 1-F, G) Male similar to female in anterior part. Lateral field
reduced to 2 striations at level of spicules, continued along bursa to near tip
of tail. Stylet 8 to 9 microns long. Testis outstretched, occasionally reflexed.
Spermatocytes in one to three rows. Vas deferens one fourth length of
testis. Sperm round, 0.4 microns in diameter. Spicules cephelated, curved,
20 microns long. Gubernaculum curved, one fourth length of spicules. Anus
oval, lips protruding. Tail narrow with rounded terminus. Bursa extends
from head of spicules to beyond tip of tail. Edges slightly crenate, occasional-
ly with a distinct lobe near terminus.

Diacnosis: N. linfordi differs from all previously described Neotylenchus
by the long extension of the base of the esophagus. Three others, N. latus
Thorne, 1935, N. thornei Meyl, 1955, and N. italicus Meyl, 1955, have a post
vulvar sac. N. linfords differs from N. latus by the bursa extending over the
tip of the tail, the longer spear with notched knobs, and oocytes in a single
row. It differs from N. italicus in absence of a tail peg, and from N. thorne:
by the pointed terminus of the female.

TyPe LocaLITY : Niles, Illinois.

Type HABITAT: Soil from around roots of a greenhouse-grown Clematis sp.

EXPERIMENTAL METHODS

Stock cultures were maintained in Petri dishes of 1/5 Difeo potato dextrose
agar and 4/5 29, water agar. The fungus used was Pyrenochaeta terrestris
(Hansen) Gorenz, J. C. Walker, and Larson isolated from spelt roots. Its
advantages for nematode culture are the thin walled, closely spaced hyphae,
sparse spore production, and the growth rate is slow enough that it does not
completely cover the dish, yet rapid enough for the nematodes to complete
several generations before the fungus is killed. One disadvantage is a red
pigment which obscures ohservations except at the margin of the colony.
The nematodes developed better on one-fifth strength PDA than on fall
strength, possibly because a lower concentration of metabolic produets of the
fungus was present.

FEEDING STUDIES: Ohservations and photographs of feeding were made
using nematodes which had been transferred with a sterilized needle to four-
day-old fungus cultures on 29, water agar. A sterilized eover slip was placed
over them and obhservations were hegun immediately. Nematodes feeding
directly against the coverslip could he watched with a 60X oil immersion lens.

Lire misTory sTUDIES: All life history studies were made at 22-25° C.
Egg development was observed in small dishes of sterilized water by aid of a
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40X water immersion lens. The number of larval stages was determined by
sorting molting nematodes into size groups and examining them and inter-
mediate sized larvae for stylet size and genital-primordium variations.
Colonies from a single female were examined at least twice each day for
presence of eggs, newly hatched larvae, and molting nematodes to establish
the period between molts and the length of the life eycle. .
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Figure 1. Neotylenchus Uinfordi n. sp. A. Female 700X ; B. Head 1500 ; C.
Face view 2500 ; D. Lateral field 1000 ; E. Variation of basal bulb 700X ;
F. Male tail, ventral view 750 ; G. Male tail, lateral view 750X.
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FEEDING

PRELIMINARY ACTIVITIES : This nematode moves sinuously through the agar,
thrusting the head from side to side until the lips touch a hyphal strand.
Immediately it begins rhythmie probing with the stylet while moving side-
wise along the hypha until penetration is achieved, usually near a septum.
On coenocytic myeeliuin penetration is usually extremely diffieult. It is
probably aided by the greater structural rigidity of the cells of the septate
hyphae. If penetration fails the nematode finally moves away, often still
moving the stylet spasmodically.

ACTIVITIES OF DORSAL DUCT: In a nematode which has recently fed and in
which the body reserves are not excessively depleted, the feeding process
usually follows variations of this general pattern: Tmmediately after stylet
insertion the dorsal duct gradually widens. After 1 to 2 minutes a hyaline
fusiform vacuole appears just behind the juncture of duct with esophagus
and enlarges rapidly until it is about one stylet length long and 1 145 to 2
times as wide as the stvlet knob group (Fig. 2-E). Granular material from
the basal bulb flows forward around the vacuole and collects at the base of
the stylet. Gradually the granules replace the vacuole, filling from the front
posteriad. Occasionally the forward streaming of the granules stops and they
cireulate in front of the vacuole and in the rest of the dorsal duet. After 1 to
2 minutes regular forward flow resumes. When intestinal contraction begins
after 5 to 15 minutes the remaining vacuole disappears and the dorsal duct
width shrinks. A narrow stream of granules continues to flow toward the
stylet while pumping progresses,

ACTIVITIES OF INTESTINE: Ingestion of food is apparently accomplished
solely by rhythmie contractions of the thin-walled chamber in the anterior
end of the intestine (Fig. 2-A). The anterior half of the intestine moves
forward to compress the chamber, then moves back to the resting position.
This motion proceeds at a uniform rate of 6 to 8 strokes per minute and
continues 35 minutes to 3 hours. Tt is most pronounced immediately against
the chammber and becomes progressively less posteriorly until it is very slight
at about the mid point. During compression accordion folds develop in the
wall of the echamber, which disappear as the chamber is relaxed (Fig. 2-C).
These activities show best in starved specimens with little intestinal content
since as feeding continues dark granules in the chamber conceal the folding.

ACTIVITIES OF ESOPHAGUS : Forward motion of the intestine is accompanied
by a backward diagonal motion of the esophagus by which the lumen is
pushed or pulled from a ventral to a central position in the ehamber (Fig.
2-B). The base of the lumen appears softer and less refractive than the
anterior part, and may act as a valve. Presumably as the intestine moves
forward the lumen is squeezed together and chamber content is prevented
from moving into the esophagus, but instead is forced back into the intestine
proper. As the intestine relaxes the lumen opens and material is pulled into
the chamber.

TImmediately after the final contraction of the chamber the nematode
retracts its stylet and moves away. Once a nematode is established in a
favorable feeding loeation, it rarely ranges far over the agar, but withdraws
the stylet from one feeding site and inserts it again as soon as it touches
another strand.

EFFECTS OF GLANDULAR MATERIAL: Although no granules can be seen flowing
from the stylet tip into the hyphal eell at any time during the feeding process,
the hyphal cytoplasm is modified (Fig. 3-A-D). It becomes more granular
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Figure 2. A. Nematode feeding, chamber relaxed; B. Chamber contracted, focus
on lumen; C. Chamber contracted, focus on wall; D. Nematode feeding, showing
intestinal tesselation; E. Head showing dorsal duet vacuole,
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and less vacuolate, even before intestinal pumping begins. Later it becomes
more hyaline. These changes progress from cell to cell during the feeding
period, often as far as six cells away from the stylet. It seems reasonable to
assume that the nematode is injecting an extra-oral digestive enzyme. The
sudden shrinkage of the dorsal duct at the beginning of intestinal contraction
suggests that an especially large injection occurs at this time. It is not clear
whether the hyphal septa are completely digested away or only made more
highly permeable. Ingestion lasts so long at one site, however, that it seems
probable that the nematode receives food from three to six cells on either side
of the stylet.

In a nematode which has been starved for several days with very few
reserves in the intestine, the flow of granular material in the dorsal duct is
slight. Intestinal.contraction begins within 1 t6 2 minutes after stylet inser-
tion and continues only a few minutes. It is possible that such a nematode
ingests food from only one hyphal cell, or even from only a part of the
cell, the supply of enzyme heing insufficient to modify additional eytoplasm.

In young fungus colonies containing only a few nematodes, the effects of
feeding show 2 or 3 days after the nematodes are added as small dark patches
visible to the unaided eye.

The most detailed observations were made on Pyrenochaeta terrestris as
deseribed above. Simjilar nematode activities and hyphal modifications also
occur with the following fungi: Epicoccum nigrum Link, Fusarium oxysporum
Schlechtendahl, F. moniliforme Sheldon, Gliocladium roseum (Link) Thom,
Helminthosporium sativum Pammel, King, and Bakke, Lentinus lepideus
Fries, Poria monticola Murrill, and Sclerotium bataticola Taubenhaus.

On Pythium arrhenomenes Drechsler, a coenocytic fungus, five or six
pumping strokes occur only during pauses in protoplasmie streaming and the
nematode immediately moves away. There is no pumping during protoplasmie
streaming and no extended pumping as on septate hyphae. Probably the
digestive enzyme and modified eytoplasm are carried away in the stream and
the nematode can ingest only the modified material which accumulates around
the stylet during the short pause.

Discussion: In Petri dishes with the fungus as the only source of food,
the progeny of single gravid females reached 40,000 to 70,000 in thirty days.
Further population growth seems limited by various factors, including death
and senescence of the fungus, senescence of the nematodes, and even invasion
of the nematodes by the fungus. The nematodes feed effectively only on the
young hyphae at the periphery of the colony, and as the cultures age many
dead nematodes, presumably Kkilled either by metabolic produects of hoth
fungus and nematodes or by starvation, are found in the center with their
bodies filled with hyphae.

The nematodes often spend 1 or 2 hours at a single feeding site while they
presumably withdraw food from only 6 to 10 cells. This plus the compara-
tively sparse distribution of this group in nature might suggest that the
feeding process is inefficient. However, the rate of population increase, which
is similar to that of other mycophagous nematodes studied under the same
conditions, indicates the mechanism is quite adequate.

Lire HISTORY

Ece propucTION: A well-fed female produces 7 to 8 eggs a day. The
oocytes move slowly along the oviduct. As they pass into the uterus they
separate from the row of cells and both ends become rounded, fertilization
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oceurs, and the egg shell is laid down. As the moment of deposition nears the
egg moves spasmodically toward the vagina. A small portion of the end of
the egg squeezes into the vagina and expands again outside the vulva. This
bubble-like expansion slowly grows as the egg is pushed along until, when
about ¥, of the egg is out the remainder is expelled all at once. Nematodes
lay eggs without interrupting the rhythm of the feeding process.

Eggs are 4.8-5.9 X 1.7-1.9 microns, straight to slightly curved, finely rugose,
unsegmented when laid.

EmBrYo DEVELOPMENT: The protoplasm rounds up and pulls away from
the egg shell about 15 minutes after the egg is laid. The first division oceurs
in 2 ¥, to 3 hours. As in Radopholus similus this division is perpendicular
to the long axis of the egg and results in two cells, one larger than the other
(Van Weerdt, 1960). About 1 % hours later first the larger, then the
smaller cell divides, resulting in four cells arranged in single file. In all eggs
examined no cells shifted out of line. All the cells then divide parallel to the

Figure 3. A Pyrenochaeta terrestris, no nematodes; B. P. terresiris, nematode
has fed 15 minutes; C. P. terrestris, nematode has fed 30 minutes and just moved
away; D. P, terrestris, 3 hours after nematode moved away.
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long axis of the egg, starting with the middle eells and ending with the
smaller end cell. Eight cells are present after about one hour. Cell divisions
continue until, about 22 to 24 hours after the egg was laid, the embryo has
assumed a vermiform shape with the wider head end more hyaline than the
tail.

FIRST STAGE LARVAE: Motion of the head end, and a little later a twisting
of the whole embryo begins when it is about 1 14 times as long as the egg.
When twice egg length it begins to move back and forth. The various move-
ments may be necessary for proper muscular development. One first-stage
larva from a crushed egg was 240 microns long, 11 microns wide, extremely
translucent, with no stylet, esophageal modifications, or intestinal granules
visible. No stylet remains were seen in any cast cuticle during the first molt,
which occurs 43 to 48 hours after the egg is laid.

SECOND STAGE LARVAE: When activity resumes, the larva moves back and
forth and with a twisting motion, stretching the egg shell as hatching time
approaches, and its fully developed stylet probes spasmodically. The stylet
was never seen to penetrate the shell. The bursting of the shell seems to be
an effect of the nematode trying to straighten itself out. Hatching occurs
50 to 60 hours after the egg is laid. The larvae always emerge from the
eud of the egg, never from one of the long sides.

L = 019-0.25 mm.; a = 21-25; b = 2.2-2.6; ¢ = 4.8-64 G = 2448 55.60
o = Distance from head to posterior of genital primordium

Total body length
= 7.0-7.5 mierons. Cells of the genital primordium inerease from four to
about eight. The seeond molt occurs about 24 hours after hatching.

THIRD STAGE TLARVAE: L = 0.35-0.42 mm.; a = 25-30; b =3.1-3.7; ¢ =5.8-
7.1; G = 85220 68.80; Stylet = 7.5-8.0 microns. The genital primordium
increases to about thirty cells. The third molt occurs in 1 ¥ to 2 days.

FOURTH STAGE LARVAE: L = 0.50-0.54 mm.; a=31-35; b=41-49; c¢=
6.2-72; G = 1642 75.80 1.9-3.8; Stylet = 8.5-9.5 microns. A hyaline area
in the genital primordium marks development of the future vagina. The
fourth molt oceurs abhout 2 days after the third.

FeMaLES: Adult females feed 12 to 14 hours before egg laving begins.
Individual females have been followed up to ten days after the fourth molt,
when they were still producing eggs. They undoubtedly produce for a
longer time. Some cultures contain swollen “dowager” types, with several
eggs lying separately in the reproductive tract and translucent wmaterial
separating the cuticle, intestine, and ovary.

MaLEs: Petri dishes contained 0.0-2.59% males. Although copulation has
been seen, isolated newly-molted females produced young, showing that males
are not necessary for reproduection,

SuMMARY: The life cycle oceupies about eight days under the conditions
of these studies with four molts, one in the egg. The first stage has no
stylet. All other larvae, males, and females have a stylet and feed. Increase
in the a, b, and ¢ values from stage to stage suggests that most rapid growth
between molts is between the anus and esophagus.

X 100; Stylet

SUMMARY

Neotylenchus linfordi n. sp. is distinguished by a post vulvar hranch, stylet
with notched knobs, oocytes in a single row, pointed female tail, and the
bursa extending over the tip of the tail. Feeding is accomplished by alternate
compression and expansion of the thin walled chamber in the anterior end of
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the intestine. When feeding on Pyrenochaeta terrestris on PDA at 22-25° C,)
the life eycle is eompleted in eight days with four molts, one in the egg. The
first stage has no stylet, all other stages have a stylet and feed.
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A New Gasterostome, Bucephaloides megacirrus,
from the Redfish, Sciecenops ocellata*

G. T. Ricarx, Jr.** and AuBerT K. SPARKS***

During examination of fishes from the Gulf of Mexico, many specimens
of a gasterostome fluke were recovered from the redfish (Sciaenops ocellata).
Seven hosts, which harbored twelve to several hundred flukes each, were
collected at Bayou Rigaud, Grand TIsle, Louisiana from December 1951 to
August 1956. A single redfish collected from Alligator Harbor, Franklin
County, Florida in November 1955 also harbored several hundred worms of
the same species. The flukes belong to the genus Bucephaloides Hopkins,
1954 and are herein described as a new species.

The Florida specimens, approximately half of which were flattened by
coverslip pressure, were fixed in alcohol-formal acetic acid solution and stored
in 709, aleohol until stained and mounted. Frontal, sagittal and cross sections
of unflattened worms were cut at 10 microns and stained with Delafield’s.
hematoxylin and ecosin. Whole mounts of flattened specimens were stained
with Delafield’s hematoxylin, Ehrlich’s acid hematoxylin, Semichon’s aceto-
carmine and Borax carmine.

The Louisiana specimens were fixed in Gilson’s fluid under ecoverslip
pressure and stored in fifty percent alecohol. They were stained in Delafield’s
hematoxylin and alum cochineal.

Measurements of the Florida specimens are given first, followed by the
measurements of those from Louisiana. All measurements are of flattened
speeimens and, unless stated otherwise, are in millimeters. Drawings were
made with the aid of a microprojector. The following deseription is hased
on eleven specimens from Florida and three from Louisiana.

Bucephaloides megacirrus, n. sp.

DESCRIPTION : WITH CHARACTERS OF GEXNUS: Body linguiform, rounded at
anterior extremity; round in cross section. Length .944-1.23, .910-.940, width
.425-.464, .310-.440 at level of ovary. Body covered with rows of spines
becoming smaller posteriorly and lacking at posterior extremity. Anterior
sucker sub-terminal, rounded, .154-.201, .161-.182, in diameter. Pharynx oval,
slightly postequatorial, variable in dimensions, length .075-.105, .075-.090,

“Contribution No. 91 from the Oceanographic Institute, Florida State University,

“*Present address: Department of Biology, Furman University, Greenville, South Caro-
lina: in Department of Biological Sciences, Florida State University during these studies.
The author wishes to thank Dr. R. B. Short for his help during this study.

*** Prosent address: (ollege of Fisheries, University of Washington, Seattle, Washington;
at Texas A. & M. Research Foundation., Thibodeaux, Louisiana during these studies.
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width .090-.116, .090-.105. Esophagus short, extending anteriorly and opening
into short, sac-like intestine. Excretory bladder elongated, sae-like, extending
anteriorly to level of ovary. Exeretory pore posterior, terminal. Testes
rounded, .139-165, .097 in diameter, situated on left side, tandem, usually
slightly overlapping, anterior testis at about level of pharynx. Cirrus sac
conspicuous, extending anteriorly to level of ovary, containing many prostate
cells. Seminal vesicle large, in anterior portion of cirrus sac. Cirrus eversible,
with two conspicuous genital lobes extending into genital atrium. Genital
pore terminal slightly dorsal to excretory pore.

Ovary immediately anterior to testes, rounded .079-.115, .091 in diameter.
‘Oviduet extending dorsally and posteriorly from ovary; forming conspicuous
suction chamber and entering oGtype dorso-lateral to anterior testis. Odtype
surrounded by Mehlis’ gland. Uterus long, turning anterio-medially from
ootype, forming many convolutions between pharynx and haptor hefore
enlarging into metraterm opening into left side of genital atrium. Seminal
receptacle absent. Laurer’s canal present, extending from oviduet near suc-
tion chamber posterio-medially, opening dorsally in region of posterior testis.
Vitelline follicles, round to oval, in two lateral groups of ten to twelve,
anterior to ovary. Right and left vitelline duets join posterior to ovary,
forming common duct on left side of body entering oviduct shortly before
ootype. Eggs numerous, yellow, length 31-42 mierons, 25-33 microns; width
17-24 microns, 15-21 microns.

Host: Sciaenops ocellata, the redfish.

LocaTioN : Intestine

Locarniry : Alligator Harbor, Franklin Co., Florida,

Tyre: Holotype deposited in the Helminthological Collection of the U.S.
National Museum, No. 59516. Paratvpes in authors’ collections.

DiscussioNn

The name Bucephaloides has been proposed by Hopkins (1954) for the
genus of gasterostomes which possess an anterior sucker but lack a hood,
papillae or other accessory structures. According to Ilopkins, this name
should replace the generic name Bucephalopsis Nicoll, 1914, since use of the
name Bucephalopsis for adult worms was based on the unproved assumption
that the gasterostomes with only a plain muscular sucker developed from
the cercaria Bucephalopsis haimeanus (Lacaze-Duthiers, 1854). The genus
Bucephaloides contains approximately 34 species.

Bucephaloides megacirrus differs from all of the described species below
in the possession of a pair of genital lobes and the position and size of the
cirrus sac. Dayal (1948) described Bucephaloides sinhai; Bucephaloides
thapari; and Bucephaloides macronius, each of which possesses a single geni-
tal lobe extending into the genital atrium. In addition to differences in the
structure of the genital lobes, B. megacirrus differs from B. sinhai in body
size and the lack of a vesicula seminalis externa; from B. thapari and B.
macronius in the position of the testes and ovary. Bhalerao (1937) described
Bucephaloides karvei, which was redesceribed by Gupta (1956), as possessing
a dorsal genital tongue and a pair of genital lobes immediately ventral which
extend into the genital atrium. Gupta (1956) substantiated the presence of
these structures in placing B. belonea Srivastaia, 1938 in synonymy with
B. karvei. The present species possesses a pair of genital lobes but lacks the
genital tongue as described by Bhalerao. B. megacirrus also differs from
B. karvei in the size and position of the cirrus sac and in body shape.
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Bucephaloides megacirrus, n. sp.
Fig. 1. Dorsal view of holotype, drawn from whole mount.
Fig. 2. Posterior end of paratype, showing cirrus, with lobes extended.
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The Life Cycle of Ditylenchus triformis (Nematoda: Tylenchida)
With Emphasis on Post-Embryonic Development*

Hepwre HIRSCHMANN

In a previous paper (Hirschmann and Sasser, 1955), the occurrence of an
intersexual form was reported in the tylenchoid nematode Ditylenchus tri-
formis Hirsechmann and Sasser, 1955. At that time, only small numbers of
nematodes were available for study due to the difficulties in colonizing the
species. Later, a fungus** was found that was very suitable for growth and
reproduction of this nematode. By propagating D. triformis in cultures of
this fungus, it was possible to extend the investigations on the life evcle and
the role of intersexual individuals in reproduction. Certain phases of these
studies have heen published (Ilirschmann, 1957).

This paper deals with a full account of the life ¢yele and the reproductive
habits of D. triformis. Emphasis is given to the anatomical development of
the reproductive system during post-embryonie development of the nematode.

MATERIALS AND METHODS

Stock cultures of the dioecious and intersexual lines of D. triformis were
maintained on fungus cultures (Fig. 1A) in the lahoratory. Twenty females
or intersexes and 20 males were added to 8-day-old Petri dish cultures of the
fungus growing on potato dextrose agar. No special precautions were taken
to prevent contamination during nematode inoculation, since the fungus
showed a high degree of antibiotic activity. Within 135 to 2 months each
Petri dish culture yielded large numbers of nematodes in all stages of develop-
ment. The nematodes for various studies were extracted by the Bacrmann
funnel method. All tests were conducted at 24 to 26°C, the optimal tempera-
ture range for development and reproduction of this nematode species.

A number of procedures were employed in preparing nematodes for
morphological and anatomical investigations. Measurements were taken from
specimens killed by gentle heat and mounted in 2% formalin. Measurements
of molting specimens apply to larvae in the beginning phase of molting.
Observations on the process of molting and the anatomieal investigations on
post-embryonic development were made on specimens mounted in water or
29, formalin, or specimens stained in hot acid fuchsin lactophenol (Goodey,
1957). For a detailed study of the development of the reproductive system,
the specimens were killed hy gentle heat, fixed for 10 to 20 minutes in Carnoy,
stained in 19 acetie orcein, and mounted in 45% acetie acid.

The following technique was emploved in chronological development
studies. Small blocks (5 x 5 x 2 mm) of fungus culture were cut from the
margin of a fungus colony and placed in the center of a large coverslip (22 x
50 mm) which was then inverted and sealed, with vaseline, to a van Ticghem
chamber (22 mm diam., 10 mm high) (Fig. 1B). Each of 100 such fungus
cultures was inoculated with 10 freshly hatched second stage larvae. Fifty
nematodes were examined daily for 13 days and their stage of development
was recorded. To provide optimal conditions for development, the larvae were
transferrved to new cultures on the seventh day. Pairs of young, freshly molted
females and males were transferred to new fungus cultures in van Tieghem
—"‘Cmﬁon from Plant Pathology, North Carolina Agricultural Fxperiment Station,
Raleigh, North Carolina. Published with the approval of the Director of Research as
Paper No. 1304 of the Journal Series.

**Jdentification of the fungus has not been possible, since all attempts to induece sporu-

lation have failed. Tt is suspeected, however, that this fungus is a species of Helminthosporium
or Fusarium.

Copyright © 2011, The Helminthological Society of Washington




JANUARY, 1962] IIELMINTHOLOGICAL SOCIETY 31

chambers. The time required for the deposition of the first eggs, the embryonic
development to first stage larvae, and the hatching of second stage larvae was
recorded.

The same culturing method was employed to investigate longevity, mode of
reproduction of the intersexes, and reproductive habits. In these studies,
however, the nematodes were transferred to new fungus cultures every five
days.

EXPERIMENTAL RESULTS

1. PPost-embryonic Development

The eggs of Ditylenchus triformis are laid singly before undergoing cleav-
age. The average dimensions of 100 eggs in difterent stages of embryonie
development (Fig. 2A) were 66.2 mierons £ 0.7 (range: 59.8-74.4 microns)
by 25.3 mierons = 0.4 (range: 21.4-30.6 microns).

Four molts oceur throughout the life cycle. The first molt takes place
within the egg (IFig. 2B) and 1t is the second stage larva that hatches. The
differentiation of various organ systems is not completed in first stage larvae
(Fig. 2B). The esophagus is not fully formed; only the anterior insertable
part of the stylet is developed. The genital primordium consists of 3 nuclei-
one large central nucleus whieh is bhordered anteriorly and posteriorly hy
2 smaller nuclei. The large nucleus is the germinal nucleus, whereas the 2
small nuelel are somatie nuelei. The germinal nucleus is distinguishable even
in earlier embryonic stages, before the embryo has assumed the vermiform
shape. When first stage larvae or molting first stage larvae are artificially
released into water from eggs, they move about normally for a short period,
but their bodies soon beeome vacuolized and the larvae die.

Tig. 1. A—culture of an unidentified fungus used in propagating Ditylenchus
triformis; B—Van Ticghem chamber with small block of fungus culture inoculated
with larvae of D. friformis.
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SecoNDp sTAGE: The second stage larvae at hatching are fully developed
and resemble the adults except for body size, reproductive organs, and acces-
sory reproductive structures (Fig. 2C). The oval-shaped genital primordium
is located at approximately 639% of the body length. With the onset of
feeding, the larvae continue their development. The genital primordium
enlarges slightly without any division of its nuclei. The ventral- and lateral-
chord nuclei, as well as the nuclei in the rectal region undergo mitotie
divisions. In some fully grown second stage larvae, 2 spindle-shaped, moder-
ately heavy staining nuclei in the ventral chord can be distinguished from
the rest of rounded, darkly staining ventral-chord nuclei in the vicinity of
the genital primordium. As will be shown later, these nuclei are present in
female and intersex larvae, but are lacking in larvae that will develop into
males. One nucleus is located slightly anterior to the anterior end and the other
slightly posterior to the posterior end of the genital primordium. Both
nuclei appear to have been derived from the ventral chord. Each of them
divides once during the second stage, thus resulting in a group of 4 nueclei
whose position varies somewhat in relation to the genital primordium (at same
level with primordium or slightly posteriad).

SecoNDp MOLT: Larvae approaching the second molt become more and more
sluggish and finally lie motionless during molting. The first indication of
molting is a retraction of the protoplasm in the cephalic region away from
the cuticle. The anterior insertable part of the stylet and the cephalic frame-
work remain in this clear-appearing area, whereas the posterior part (shaft
and knobs) is reduced to a thin refractive line that is still connected with
the anterior part. The cuticular linings of the amphidial duets and amphids
are also shed. The protoplasm then reorganizes to form a new cephalic region
with framework and faintly visible stylet (insertable part formed first, then
shaft and knobs). Simultaneously with these processes in the anterior region,
the cuticular lining of the rectum is molting as indicated by a clear area in
the rectal region (Fig. 2D). With the completion of the new stylet the new
cuticle is formed and soon the larva of the next stage appears within the
molted cutiele. The process of molting is essentially similar in all stages.

During the second molt, the first nuelear divisions occur in the genital
primordium (Fig. 2D). The 2 somatic nuelei divide and, with the completion of
this molt, the resulting nueclei arrange in patterns that are tvpical for the
sexes. In male larvae, the anterior somatic nucleus divides repeatedly to form
several nuclei that later give rise to the male gonoduct. The division of the
posterior somatic nucleus results in 2 nuelei. One of them remains as cap cell
nucleus in the posterior tip of the gonad throughout the life of the nematode.
The other nucleus migrates anteriad the germinal nucleus and later gives rise
to somatic nuclei that will form the epithelium of the testis. In female and
intersex larvae (Fig. 2D), it is the posterior somatic nucleus that divides

Abbreviations for Iigures

¢ n—cap cell nucleus; div ger n—dividing germinal nucleus; ep n—epithelial
nuclei; ep t—epithelium of testis; es—esophagus; es n—nuclei in esophageal
region; gd—gonoduct (developing); gen prm—genital primordium; ger n—
germinal nucleus; gub—gubernaculum (developing); int—intestine; mlt r—molt-
ing reetum; od—oviducet; pb—polar body; p ut s—postvulvar uterine saec; ge—
quadricolumella; r s—receptaculum seminis; s e¢h n—specialized ventral-chord
nuclei which later form vagina (drawn heavier for better differentiation); so n
—somatic nuclei of genital primordium; sp—spermatogonial cell; spi—snicule
(developing); spi prm—spicule primordia; t—testis; ut—uterus proper; va
vagina (developing); v ¢h n—ventral-chord nuclei; v d—vas deferens; vit m—
vitelline membrane.
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several times resulting in nuclei that later form the female gonoduct. The
division of the anterior nucleus gives rise to the cap cell nucleus and epithelial
nuclei of the ovary. The group of 4 specialized ventral-chord nuclei mentioned
earlier is located posteriorly to the primordium.

Fig. 2. Development of Ditylenchus triformis. A—egg with 4 blastomeres; B—
molting first stage larva in egg; C—second stage larva, freshly hatched; D—
second molt, posterior part of female larva.
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The derivatives of the various nueclei can be traced separately throughout
the development of the gonad, since they stain differentially with acetic orcein.
The large germinal nucleus stains heavily in a coarse granular pattern with
one or 2 dark staining areas. The cap cell nucleus and the large epithelial
nuclei which form the ovary or testis stain faintly and have distinet nucleoli.
The epithelial nuclei of the gonoducts are small and stain very dark.

THIRD STAGE: Early in the third stage the morphological differences be-
tween larvae of different sexes become more pronounced. In male larvae
(Fig. 3A), the anterior part of the gonad is oval-shaped consisting of a
group of 9 to 12 small cells and is slightly set off from the posterior rod-
shaped part which comprises eap cell nucleus, germinal nucleus, and 2 large
epithelial nuclei. In the reetal region a large group of small nuclei appears
which later give rise to spicules and gubernaculum. In contrast, female larvae
(Fig. 3B) have the group of small cells at the posterior end of the gonad,
and only a small group of nuclei in the rectal area. The distance from the
posterior end of the gonad to the anus is much shorter in female than in male
larvae. This is due to the posteriad growth as well as backward movement
of the entire gonad in female larvae. Also, the 4 specialized ventral-chord
nuclei have enlarged and are now located within the extent of the gonad in
female larvae, but are lacking in male larvae. Third stage intersex larvae
combine characters of the 2 sexes. They resemble female larvae with respect
to gonad morphology and location, hut exhibit a large group of spicule pri-
mordial nuclei in the rectal region as do male larvae.

THIRD Moir: With the beginning of the third molt, the gonad has extended
in length. In male larvae (Fig. 3C), the anterior oval-shaped group of cells
differentiates into 2 double rows of small spherical cells which, instead of
proceeding anteriad, turn backward and grow posteriad along the ventral side.
The remaining gonad with germinal nucleus, eap cell nucleus and 4 large
epithelial nuclei is pushed dorsally and gradually shifts anteriad. Finally,
only the end with the germinal nucleus is slightly hent dorsally and is
straightened at the time the fourth stage larva emerges from the old cuticle.
The nuclei in the rectal area are also dividing resulting in enlargement of
the spicule primordia. In female larvae (Fig. 3D), the posterior cell group
of the gonad increases in size. The gonad grows out anteriad hy forming
2 single rows of cells hetween this posterior cell group and the 2 anterior
large epithelial nuclei. The 4 specialized ventral-chord nuclei undergo further
divisions, and by completion of the third molt, they are arranged in 2 groups
of 8 nuclei each in the vicinity of the posterior region of the gonad. These
nuclei later take part in the formation of the vagina. Their arrangement in
2 groups already indicates the future position of the vagina which will be
located ventrally between them. The distance from gonad end to anus in
female larvae is about one-half of that in male larvae (Fig. 3C,D; Tabhle I).
Intersex larvae resemble female larvae, but have, in addition, large spicule
primordia as male larvae. The distance hetween posterior gonad end and anus
tends to be slightly shorter than in female larvae.

FourrtH stAGE: During the fourth stage, the gonads of all 3 types of
larvae continue to increase in length (Fig. 4A,B). The anterior testicular
and ovarial parts are clearly distinguishable from the posterior somatic parts
that will form the gonoducts. In male larvae (Fig. 4A), the germinal nucleus
divides and advanced fourth stage larvae may have 4 germinal nuclei.
Epithelial nuclei begin to migrate hetween these germinal nuclei. The posterior
end of the testicular part econsists of several large, irregularly arranged
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epithelial nuclei. A slight constriction marks the end of the testicular region
and the beginning of the posterior, more narrow epithelial part which eon-
sists of 2 double rows of small spherical cells. This part later gives rise to the
vas deferens. The first 2 pairs of these cells are slightly larger than the rest
and are somewhat oval-shaped. They will form a sphincter-like structure
between testis and vas deferens in the mature male. In larvae approaching

Fig. 3. Post-embryonic development of Ditylenchus triformis. A—early third
stage, posterior portion of male larva; B-—early third stage, posterior portion of
female larva; C—third molt, posterior portion of male larva; D—third molt,
posterior portion of female larva.
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the fourth molt, the posterior end of the gonad is in the vicinity of the
prominent spicule primordia. In fourth stage female larvae (Fig. 4B), the
germinal nucleus does not divide. The 2 single rows of small epithelial cells
extend in length by repeated divisions. They will eventually differentiate into
the various parts of the female gonoduct. As development progresses, 2
double rows can be distinguished in some parts. Anteriorly, one or 2 pairs
of epithelial nueclei appear to migrate into the ovarial part of the gonad.
They are distinguishable from the rest of epithelial nuclei of the ovary, since
they are smaller and stain similar to other nuclei of the gonoduct. Posteriorly,
the formation of uterus proper and postvulvar uterine sac is indicated. The
dorsal epithelium of these gonad regions develops as a continuation of the
2 single rows of small epithelial cells; the ventral epithelium differentiates
from another 2 single rows of cells located ventrad. The individual nuclei of
the 2 groups of 8 specialized ventral-chord nuclei hegin to migrate one by one
toward the center of the nematode hody providing a clear space between
them, in which the vagina will he formed. The development of the intersex
gonad progresses in the same manner as that of female larvae and the spicule
primordia are as prominent as in male larvae.

FourtH moLT: During the fourth molt, the gonad of male larvae clearly
differentiates into testis and vas deferens (Fig. 4C). The germinal nuclei
undergo further divisions (as many as 8 nuclei in advanced molting larvae)
and are organized into distinet cells with well-defined membranes, particularly
in the posterior end of the testis. Wedge-shaped epithelial cells between
spermatogonial cells and pairs of large rounded epithelial cells posterior to
the last spermatogonial cell form the epithelium of the testis. The vas deferens
increases in length and its posterior end comes to lie close to the rectum.
With the completion of the development, the vas deferens opens into the
rectum. The cells of the spicule primordia are distinctly arranged in 2 sub-
dorsal lobes early in this molt. As molting progresses, spicules and guber-
naculum and caudal alae complete their differentiafion. Freshly molted males
may have as many as 13 spermatogonial cells. The most mature ones are
preparing for the first maturation division. In female larvae, the germinal
nucleus begins to divide for the first time (Fig. 4D). Due to this delay in
division, freshly molted females have 4 or less germinal nuelei. The posterior
ovarial part comprises numerous small epithelial nuclei whose further function
was not determined. A slight eonstriction marks the end of the ovarial part
and the beginning of the gonoduct. The anterior narrow part of the gonoduet,
the oviduct, consists of 2 single rows of 6 columnar epithelial cells with long
spindle-shaped nuclei. The oviduct is followed hy a region of 6 to 10 larger
cells in double rows with oval-shaped nuelei which form the spermatheca
in the adult. The spermatheca constitutes the modified anterior end of the
uterus and is followed by a characteristically widened part consisting of 16
large, coarsely granulated cells with spherical nuclei, the quadricolumella.
Behind the quadricolumella, the uterus narrows to form another short,
constricted region with 2 single rows of 3 narrow epithelial cells each.
This region is followed in sequence by a few other epithelial cells, the
uterus proper, and the postvulvar uterine sae. The latter 2 structures
are formed by a layer of flattened epithelial cells. Vagina and vulva
complete their development during the fourth molt. The 2 groups of
8 specialized ventral-chord nueclei have migrated inside creating the lumen
of the vagina between them. Four nuelei lie posteriad, 4 anteriad in the
median plane, and 4 take a dorso-lateral position on each side of the vagina.
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Fig. 4. Post-embryonic development of Ditylenchus triformis. A—fourth stage,
gonad of male larva; B—fourth stage, gonad of female larva; C—fourth molt,
posterior portion of male larva; D—fourth molt, posterior portion of female larva.
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With the completion of this last molt, the cuticular lining of the vagina is
formed. In young females the oGgonial nuclei soon increase in number and
cell membranes become distinet. As in previous developmental stages, intersex
larvae combine the charaeters of female and male larvae. They have the same
developmental pattern of the gonad as female larvae and, in addition, spiecules,
gubernaculum and caudal alae are formed in the same manner as in male
larvae.

2. Comparison of molting larvae and amendation of measurements of adults.

Each molt is clearly defined by body and gonad length (Table 1). Under
the conditions of these experiments, there was no overlap in measurements
of these characters between the various molts.

Adult nematodes continue to grow to some extent after the last molt. An
amendation of the original description of D. triformis with respect to certain
measurements of females, males and intersexes is presented in the following:
50 females:  body length = 867.5 microns = 25.1 (691.5-1046.6 mierons) ;

length of stylet = 7.85 microns = 0.07 (7.34-8.51 microns);
a=23.6-39.9; h =525-73.0; ¢ =9.8-13.7;

V —= 287-63.3 769 — 81.2 243-4.3;

vulva-anus distance (%) = 11.5-15.9;

exeretory pore (%) =10.9-14.3

50 intersexes: body length = 852.2 microns = 23.8 (712.0-1122.3 microns);
length of stylet = 7.98 microns = 0.07 (7.40-8.42 microns) ;
length of spicules = 12.9 microns = 0.6 (12.1-14.9 microns);
length of gubernaculum = 5.7 microns = 0.3 (4.9-6.4 microns) ;
a=264-48.8; bh=495-72.8; ¢=10.2-13.3;

V = 243-646 718 — 82.7 2.0-—3‘8.’
vulva-anus distanece (%) = 11.2-20.1;
exeretory pore (%) = 11.9-14.2.

50 males: body length = 707-9 microns * 19.5 (614.1-875.8 microns) ;
length of stylet = 7.63 microns = 0.07 (7.22-8.23 microns) ;
length of spicules = 14.9 microns = 0.2 (13.7-15.7 microns) ;
length of gubernaculum = 6.1 microns = 0.1 (5.2-6.8 mierons) ;
8= 32.4-43.6; b = 45.5-62.2; ¢ = 9.2-124;

T = 28.8-60.0;
exeretory pore (%) = 12.8-15.9.

Table 1. Measurements of various developmental stages of Ditylenchus triformis’

Body length (u) Gonad length (u) A®
Range Mean® Range Mean*® Range
2nd stage larvae
freshly hatched 198 — 282 2426 £ 4.4 83— 13.0 10.1=%=0.3 16.9—274
2nd molt 317 — 376 346.6 X 4.2 143 — 204 168X 04 221 —28.2
male larvae 406 — 526 470.8 = 6.7 40,8 — 91.8 589*39 151—31.2
3rd molt female larvae 430 — 556 487.7 %X 71 479 — 83.6 64.8+23 9.5 —12.2
intersex larvae 428 — 548 4834 * 6.9 464 — 86.6 68.0 x£2.7 8.7—121
male larvae 563 — 720 642.6 = 151 155.0 — 295.8 230.5 = 6.7 —
4th molt female larvae 614 — 801 7244+ 114 183.6—265.2 2209 =£5.1 —
intersex larvae 599 — 783 688.8 = 11.7 163.2 — 230.5 196.3 = 4.8 —_—

1Data hased on measurement of 50 larvae in each case.
295% confidence interval.

3A = Distance from posterior gonad end to anus expressed in per cent of hody length.
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3. Time required for completion of life cycle in fungus cultures.

The time required for the development of freshly hatched larvae to adults
in fungus cultures is indicated in Table 2. Some of the second stage larvae
underwent the second molt three days after inoculation. On the fourth day,
most of them were in the second molt and few had developed into third stage
female or male larvae. On the fifth day, the majority of the larvae had
reached the third stage and a few were in the third molt. Although few
fourth stage male and female larvae appeared 6 days after inoculation, most
of the larvae reached the fourth stage on the eighth day. The fourth molt
began on the seventh day. On the ninth day, the larvae undergoing the
fourth molt had increased in number and the first adult males appeared,
whereas the first adult females were found one day later. All nematodes had
developed into adults on the thirteenth day.

With a chance of immediate mating, 2-day-old adult females began to lay
eggs. The embryonic development was completed within 3 to 5 days with the
appearance in the eggs of fully grown first stage larvae or larvae in the first
molt. Most second stage larvae hatched from the eggs within 4 to 6 days
following egg deposition. Thus, the life cyele of D. triformis, under the
conditions of these experiments, was completed within 16 to 21 dayvs.

As evidenced from Table 2, there was a considerable variation in the rate
of development of individual larvae. On the seventh day, for example, a
range of different stages from larvae undergoing the second molt to larvae in
the fourth molt was found. In general, the fourth stage and fourth molt were
somewhat prolonged as compared to the other developmental stages.

4. Longevity, mode of reproduction of intersexes and reproductive habits.

The life span of 35 adult females averaged 63 days (range: 31 to 124) in
fungus cultures at 24 to 26° C. Thirty males had a slightly longer average
life period of 74 days (range: 33 to 145). The intersexes were intermediate
in longevity.

It was previously suspected that intersexes might function as normal
females (Hirschmann and Sasser, 1955). At that time, however, no egg
formation or deposition was observed in intersexes. In order to investigate
this further, each of 100 fungus cultures in van Tieghem chambers was
inoculated with one fourth stage intersex larva. A few days later, the larvae
had developed to adult intersexes which remained active in the cultures, but

Table 2. Development of Ditylenchus triformis in fungus cultures at 24 to 26°C!

Age—
g?(‘;. 2nd 3rd stage 3rd molt 4th stage 4th molt adults
inocu- 2nd stage MoOlt larvae (%) (%) larvae (%) (%) (%)
lation larvae (%) (%) feinale male female male female male female male female male
2 100 i - [ .
3 74 26 I .
4 38 44 12 6 .
5 14 20 30 26 8 2 o e
6 6 6 12 16 18 22 8 12
7 4 8 10 20 26 14 12 2 4
8 . 2 4 14 8 32 a4 8 10
9 = 10 8 24 18 14 20 6
10 e s 18 10 24 18 i 18
11 — T o 8 4 16 8 34 30
12 it e Hath 10 6 46 38
13 [ - 48 52

1Data based on examination of 50 larvae per day.
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did not lay any eggs within the following 25 days. Microscopical examination
of several specimens revealed, in each case, many well-developed obeytes in
the ovaries and no sperm in the spermathecae. On the 25th day, 2 young
males were added to each of 50 intersexes. Two days later, the first eggs
appeared in these cultures and, when examined microscopically, abundant
sperm was found in the spermathecae of the intersexes. No eggs were found
in the cultures containing only intersex adults. This demonstrates that the
intersexes function as females and are fertile only when impregnated by males.

Females and intersexes need to he inseminated repeatedly to continue egg
production. When impregnated females or intersexes were kept singly in
fungus cultures, they soon exhausted their sperm reserve and egg-laying
ceased, although the specimens remained active and lived as long as females
m association with males. When new males were added to such single females
or intersexes, egg-laying resumed shortly after copulation. This could he
repeated 3 to 4 times during the life of a female or intersex.

The average number of eggs laid by a single female or intersex was 79
(maximum 168). The uterus usually contained only one well-formed egg at a
time. The eggs were deposited before undergoing cleavage.

In general, adults remained sexually functional for 34 of their life time.
The last period of their life was characterized by a cessation of the reproduec-
tive ability, retardation of movement and anatomical changes in certain organ
systems.

5. Anabiosis.

D. triformis has the ability to survive unfavorable conditions undev
dormancy, a common phenomenon in the genus Ditylenchus. In heavily
populated fungus eultures, nematodes of all stages tended to swarm together
and form elumps. In older cultures these clumps or aggregates of motionless,
tightly packed nematodes were easily visible to the naked eye as white patches
in the agar medium. Ten heavily populated fungus cultures were allowed to
dry out slowly at room temperature. The thin sheets of dried agar medium,
containing the nematodes, were then stored for 214 years at 24 to 26° C. At
the end of this period, most of the specimens revived when the desiccated
medium was soaked in water for 48 hours. Larvae of all stages and adults
were capable of anahiosis. When transferred to new fungus cultures, they
resumed feeding, and reproduetion was normal.

Discussion

In recent literature (Chitwood and Chitwood, 1950; van Weerdt, 1960),
it has been stated that the genital primordium of all nematodes has 2
germinal nuclei regardless of the number of gonads of the adult. Genital
primordia, however, with one germinal nucleus have been deseribed earlier
in some animal-parasitic nematodes (zur Strassen, 1892; Wiilker, 1923). The
present studies confirm that genital primordia with one germinal nuecleus do
exist in nematodes. This is the case in males, females and intersexes of
Ditylenchus triformis and also in Aphelenchus avenae Bastian, 1865. Tt
appears, however, that there is no correlation between the number of gonads
in the adults and the number of germinal nuclei in the genital primordium.
Thus, D. triformis and A. avenae with one gonad in the adult have genital
primordia with one germinal nucleus, whereas Rhabditis lambdiensis Maupas,
1919 and Turbatriz aceti (Miiller, 1783) Peters, 1927 also with one gonad in
the adult have genital primordia with 2 germinal nuclei.
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Pai, 1928, investigating Turbatrix aceli, was the first to distinguish clearly
between germinal and somatie nuclei in the genital primordium and to trace
the derivatives of each nucleus throughout the development of the gonad.
Van Weerdt, 1960 was able to distinguish hetween germinal and somatice
cells up to the third molt in Radopholus similis (Cobb, 1893) Thorne, 1949.
In the present studies, the derivatives of the germinal nucleus and the 2
somatic nuelei of the genital primordium of D. ¢riformis could he traced
separately and their differentiation into the various parts of the gonad of
the adult could be followed due to the differential staining properties of
the various nuclei.

The cap cell nucleus in D. triformis was derived from the first division
of one of the 2 somatic nuclei (posterior in male, anterior in female larvae)
of the genital primordium. It did not divide later, but remained part of the
epithelium of testis or ovary. This supports the viewpoint of other investi-
gators (Maupas, 1899; Pai, 1928; Chitwood and Chitwood, 1950) fov other
nematode species and casts doubt on Musso’s, 1930 opinion that the cap cell,
in general, can be considered as a germinal stem cell that gives rise to
germinal nuelei as well as epithelial nuelei.

The general developmental process of the gonad of D. triformis resembles
that of Turbatrix aceti, except for the different number of germinal nuclei in
the genital primordium and the developmental stage at which the germinal
nucleus or nuelel start to divide. Such similarity in the development of the
gonad of 2 unrelated monodelphic nematode species may indicate that a
similar developmental pattern probably exists in various other monodelphie
nematodes.

The various parts of the female gonoduet of D. triformis are similar to
those deseribed for D. destructor Thorne, 1945 (Wu, 1958). Wu suggested
that the number of cells forming the quadricolumella may have some taxo-
nomic value in differentiating D. destructor from D. askenasyi (Biitschli,
1873) Goodey, 1951. The present investigations showed that, as in D.
destructor, the quadricolumella of 1), triformis and D. dipsaci (Kithn, 1857)
Filipjev, 1936 is composed of 16 cells and can therefore not he used as a
taxonomie character to separate these species.

With the exception of Tylenchulus semipenetrans Cobh, 1913 (van Gundy,
1958) and Meloidogyne incognite Chitwood, 1949 (Triantaphyllou and Hirsch-
mann, 1960), D. triformis is the only other nematode species in the order
Tylenchida in which sex can be distinguished in the second larval stage. Sex
distinetion in D. triformis in this stage is based on the presence of 2 to 4
specialized ventral-chord nuclei which later form the vagina in the female.
During the second molt, sex can be easier distinguished hy the differential
development of the genital primordium itself. This feature has bheen used
by various investigators to recognize the sex of other nematodes beginning
with the third larval stage (zur Strassen, 1892; Raski, 1950; van Weerdt,
1960; Yuksel, 1961).

Steiner, 1923 observed that female intersexes of Agamermis decandata
(‘ohb, Steiner and Christie, 1923 copulated with males and most of them had
normal eggs in their uteri, but further development of these eggs to larvae
and adults was not studied. The present investigation showed that D. triformis
intersexes function as females and that insemination is necessary for egg
production.
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SUMMARY

Four molts oceurred during the life cycle of Ditylenchus triformis. The
first molt took place in the egg and the second stage larva hatched. The
genital primordium of young second stage larvae consisted of one large
germinal nucleus and 2 small somatic nuelei. In females, nuclei derived from
the anterior somatic nucleus gave rise to the epithelium of the ovary, whereas
nuclei originating from the posterior somatic nucleus formed the gonoduct.
In males, the situation was reversed, but a turn of the male gonad through
180° brought the male gonoduct into its final posteriad position. The cap cell
nucleus was derived from the first division of one of the somatic nuelei
(posterior nucleus in male, anterior nucleus in female) and did not divide
again. The germinal nucleus could be traced to late embryonic stages and did
not divide before the fourth larval stage in males and the fourth molt in
females. Specialized nuclei of the ventral chord formed the vagina by invag-
ination. Two large spicule primordia derived from the rectal epithelium
gave rise to spicules and gubernaculum. Intersexes showed the same develop-
mental pattern of the gonad as female larvae and, in addition, spicules,
gubernaculum and caudal alae were formed in the same manner as in male
larvae. The first indication of sex differentiation occurred in the second
larval stage when 2 to 4 specialized ventral-chord nuclei appeared in female
and intersex larvae. Sex of the larvae was easier recognizable during the
second molt and early third stage by anatomieal differences of the reprodue-
tive systemm and location of the gonad. The various larval stages could be
clearly distinguished by differences in the anatomy of the reproductive system.
Each of the 3 molts outside the egg was clearly defined on the basis of body
and gonad length.

The life cycle from egg to egg was completed within 16 to 21 days at
24 to 26° C. when the nematodes fed on eultures of an unidentified fungus.
A considerable variation in the rate of development of individual larvae was
observed. The longevity of females averaged 63 days, that of males 74 days
and that of intersexes was intermediate. The intersexes functioned as females.
The average number of eggs laid by a single female or intersex was T79.
TFemales and intersexes had to be inseminated repeatedly to continue egg
production. Adults remained sexually functional for 34 of their life time.
All developmental stages including adults were capable of anabiosis.

An amendation of certain measurements of females, males and intersexes
is presented.
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Studies on the Life-history and Habits of the
Burrowing Nematode, Radopholus similis, the
Cause of Black-head Disease of Banana

CrLive A. Loos*

The burrowing nematode, Radopholus similis (Cobb, 1893) Thorne, 1949,
is an important pest of cultivated bananas in Central America and the West
Indies. The pest invades the root system and causes lesions which may girdle
and destroy roots up to one-hailf inch thick. Heavily infected plants are
stunted, earry small fruit and topple over easily hecause of inadequate root
anchorage (Loos & Loos, 1960 a). Large numbers of R. similis in all stages
of development may be found in lesions in both root and rhizome cortical
tissue. Since bananas are propagated by rhizomes, planting material is mainly
responsible for wide-scale dissemination of the pest (Loos & Ioos, 1960 b).
Individual specimens, used in these studies, were obtained from rhizome
lesions in Jamaica.

MORPHOLOGICAL AND POPULATION STUDIES

Lacatan, Robusta and Gros Michel are three of the chief banana varieties
grown for export purposes. No significant morphological differences were
observed in burrowing nematode populations collected on these three varieties
at various times and places. Size range was so considerable that it left no
doubt that to attempt separation of populations hetween numerous hanana
varieties, on a size factor, was not possible. Van Weerdt (1958) made similar
ohservations for R. similis on citrus, corn and banana in Florida.

Burrowing nematodes, on extraction from banana tissues, are sluggish hut

’ may be stimulated to activity by passing air through the nematode suspension.
On the other hand, individuals recovered from soil are active; this is under-
standable since those individuals were not from sedentary feeding positions
hut in active search for a host root. Ratios of males to females in lesions vary
considerably; in large lesions, where extensive colonies had been built up, this
ratio is generally in the proportion of 1.5 females to a male.

*Formerly Nematologist to the Banana Board of Jamaica, Kingston Gardens, Kingston,
Jamaica, W. I. and now Plant Pathologist to the Los Angeles County Agricultural Commis-
] sioner, 808 No. Spring Street, Los Angeles 12, California.
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Table 1. Egg-laying of gravid and large selected females of Radopholus similis
in spots of distilled water.

No. of Eggs laid in water in
Type Females 0-24 hours 24-48 hours 2-10 days
Gravid females 16 42 3 0
Large non-gravid
females 34 6 0 0

EXPERIMENTS IN VITRO

EGG-LAYING : Females can be maintained from two to seven weeks in spots
of distilled water on glass slides, provided they are transferred to fresh water
every four to six days. An active specimen becomes sluggish a few hours
after transfer but may again be induced to activity by raising it out of the
water on the end of a needle for a few seconds until the film of water around
its body evaporates, before replacement in the water spot.

A female may carry two eggs, one in each uterus; these eggs are generally
laid in an unsegmented condition in a few hours though, due possibly to
disturbance, change of environment or damage to the mother, it is not unusual
for development to proceed to the four-cell stage before being deposited. A
few cases occurred where eggs were not deposited but developed to the final
pre-hatching stage in the uterus. In another instance a second egg formed
in the anterior ovary developed up to the final pre-hatching stage but did not
emerge. In all probability, in those cases, females were damaged but survived
for many days. There were many instances too, where a gravid female died
before laying and the egg was destroyed by bacteria. Females removed from
banana lesions ceased egg production in under 24 hours though an oceasional
‘specimen laid at a much reduced rate on the second day (Table 1).

In another experiment 90 gravid females were transferred, in groups of 5
worms, to drops of fresh distilled water on glass slides and placed in damp
chambers to avoid drying. During the first 24 hours mean egg-laying rate was
2.6 eggs per female. This is in close agreement with egg-laying of gravid
females expressed in Table 1. None of the 90 females laid any more eggs
over a 7 week observation period indicating that nutritional factors stimulated
egg-laying.

At room temperature (75-90°F) larvae emerged from eggs, laid in water,
from the fifth day onwards and all viable eggs were hatched in seven days.
The majority of eggs hatched between the fifth and sixth days (Table 2).

EXPERIMENTS WITH LiviNG Roors

Thick, fleshy banana roots are not suitable for accurate examination for
endoparasitic nematodes. Tephrosia candida, a legume, was selected for these
life-history studies sinee the seedling root is readily infected under lahoratory

Table 2. Hatehing of newly laid eggs of Radopholus similis in distilled water.
Results based on viable eggs in eight batches.

%o
1 2 3 4 5 6 8 Total hatched

=

5 days 23 34 22 42 12 3 2 7 145 71.7
6 days 30 40 25 54 18 12 6 13 198 98.0
7 days 30 40 25 54 18 15 7 13 202 100.0
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conditions, seedlings at a suitable stage of growth are readily available and
their roots are most satisfactory for examination by methods described by
Gadd & Loos (1941) and elaborated on in this paper. Temperatures in the
laboratory, during the course of these experiments, ranged from 75-90°F.

InFECTION : A droplet of water was placed on a microscope slide and a
solitary female, larva, or group of nematodes, depending on type of infection
desired, transferred to the water. The pick-up and transfer needle was made
with an eyebrow hair attached to the end of a dentist’s pulp canal file with
plastie cement, according to the manner described by Goodey (1957). Seed-
lings with straight radicles, 175 inches in length, were obtained by planting
seed in which germination had proceeded to the point where the radicle was
just emerging in a pot of wet sand for a period of 24-48 hours at room
temperature. The suitable secedlings were transferred to a dish of water,
cleared of adhering sand particles with a soft brush and placed on a dry
cloth or ahsorbent paper to remove excess water. Nematodes were placed in
a small spot of water on a mieroscope slide and the seedling placed on it with
the root tip resting in the water spot. If the spot of water was sufficiently
small it was almost immediately drawn up around the root tip area and the
nematodes brought into contact with the attractive root surface. Fine sand,
which had passed through a 60 mesh sieve, was heaped lightly over the
anterior one-half inch of the elongating root and dampened hefore the slide
was placed in a damp chamber. Operations should he completed as quickly
as possible, to avoid excessive drying with consequent damage to the root tip,
and the slide left for 24-48 hours in a humid chamber before the infeeted
seedling is planted to a pot of wet sand where it remains until time for
examination. Addition of sand over the seedling root, though unnecessary
as an aid to infeetion, is advisable to hold down the root tip from lifting
prematurely from the slide and making twisted growth.

CXAMINATION @ Females and larvae entered the root a short distance hehind
the tip. In under a week infeetion was observed as a faint discoloration which
beeame more evident a week later. For examination purposes the seedling was

Table 3. Egg-laying and larval populations of gravid females of Radopholus
similis in Tephrosia candida roots (Series 1)

Number Mean
of of
females Layers layers S.E. Mean
Eggs laid
1 day 12 10 2.00 0.33
2 days 17 16 7.25 0.45
3 days 26 20 13.55 0.92
5 days 24 19 18.68 1.67
7 days 23 17 3112 1.33
9 days it 21 34.05 0.97
10 days 20 20 43.45 3.14
12 days 15 14 55.93 4.66
14 days 18 16 56.50 4.31
Larvae after
7 days 23 17 0 0
9 days o3 o1 45 0.26
10 days 20 20 9.B5 0.63
12 days 15 14 15.14 IfA b
14 days 18 16 18.44 1.21
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carefully transferred to a dish of water, excised immediately beneath the
cotyledons and the root cleared of adhering sand particles with the aid of a fine
brush. Preferably at this stage, while the root is still in water, air is removed
from the specimen tissues by means of a vacuum pump. Sufficient air was
removed when roots sank on release of the vacuum. This air exhaustion was
necessary since air bubbles in the tissues obscured accurate examination of
cell contents. Roots cleared of sand and air were macerated in equal parts
of 10 percent nitric and 10 percent chromic acids, maceration time depending
on root thickness, though thirty minutes to one hour was generally found to
be sufficient. Much of the dark orange stain of chromie acid, in the root
tissues, was removed by washing macerated roots in tap water for about one
hour. A root was sufficiently macerated when it flattened easily, without
disintegrating, between a slide and cover slip on slight pressure to the slip.
Microseopic examination was greatly facilitated when a macerated root was
mounted in 10 percent caustic potash before a cover slip was applied and the
specimen pressed flat. Caustic potash dissolves fat in nematode hodies and
eggs but there is sufficient time for observation and counts of root contents
before this occurs. The thick hypocotyl section of the seedling root was an
effective holding place for transference of the root during preparation
processes; this section is cut away with a sharp knife or razor blade at the
final transfer immediately before placing a cover slip over the specimen.

After entry neither female nor larva travelled far. Generally a female
ras surrounded by her eggs; if she moved her track was recognized from the
trail of eggs left behind. Consequently there was no difficulty in counting
her offspring accurately during the first three weeks following infection.
However, after that period eggs of the second generation became mixed with
those of the original female to make accurate determination of individual
efforts impossible.

Table 4. Egg-laying and larval populations of unselected females of Radopholus
similis in Tephrosia candida roots (Series 2).

Number Mean
of of
females Layers layers S.E. Mean
Eggs laid
1 day 32 11 2.00 1.41
2 days 28 7 2.86 0.74
3 days 28 23 7.91 0.69
4 days 24 24 11.75 1.04
7 days 26 25 29.12 1.90
9 days 19 19 36.53 3.13
10 days 26 25 36.44 3.12
11 days 28 25 34.72 3.61
12 days 17 15 45.93 5.21
14 days 17 17 50.06 3.34
17 days 13 13 53.00 6.94
Larvae after

7 days 26 25 0 0

9 days 19 19 2.26 0.36
10 days 26 25 2.64 0.80
11 days 29 27 5.22 1.18
12 days 17 15 13.27 2.57
14 days 17 17 19.29 2.16
17 days 13 13 28.54 2.94
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EaG-LAYING: Series 1.-Gravid females. In the first series of experiments
only females with visible eggs (gravid) in the uterus were used for infection.
Frequently, however, those eggs were deposized before worms entered a root.
Though gravid females were selected to ensur: that only actively laying worms
would be used it did not ensure that they would continue to lay for even a
week. In fact it was found that 149 of individuals causing infection did not
lay any eggs and nearly as many laid very few eggs. The maximum number
of eggs laid by any individual was 76 in 14 days. It was evident, therefore,
that some selected worms were near the end of their egg-laying period at time
of selection. A summary of examination results made between 1 and 14 days
is given in Table 3.

Series 2.-Unselected females. In the seconl series of experiments no con-
scious selection of females was made though it is possible that, subeonsciously,
larger individuals were more frequently chosen since they were easier to pick
up and less likely to be large larvae. The selcctions were finally viewed under
a microscope to ensure that only adults were collected. At total of 258 females
entered roots. Examinations made from 1 to 17 days are summarized in
Table 4.

No~n-rAYERS: Females referred to in Tables 3 & 4 originated from a
population with a large number of males, and it is fair to assume that
chances of picking unfertilized females for tlese experiments were, therefore,
small. In series 1 (gravid females) 10 of 12 (839%) commenced layving
within 24 hours and showed a mean of 2.0 eggs per layer; in series 2 (un-
selected, non-gravid females) in the same time period, only 11 of 32 (34%)
laid and in this case too, the mean was 2.0 eggs per layer. Obviously layers

| of the unselected females in series 2 were i1 the gravid category but were

picked up as unselected non-gravids since eggs had been deposited shortly
before they were picked up. The great difference in numbers of non-layvers
in the two series (109% in gravid and 709 in unselected females) over a two-
day period suggested a time lapse between adulthood and commencement of
egg-laving. That this pre-egg-laying period was of short duration was
demonstrated in egg-laving results of the 1nselected females on the third

‘ day; the percentage non-lavers dropped and the mean eggs per laver rose
signifieantly (Tables 4 and 5).

‘ In the gravid females series there were worms which did not lay or laid
only a few eggs at 3, 5 and 7 days after entry into roots. These females
presumably completed egg-laying bhut survived for a period after reproduc-
tion ceased. There was no indication of a succession of egg-laving periods
with rests hetween such periods.

| MEAN RATE OF EGG-LAYING: The mean numbers of eggs found at each
examination in Series 1 and 2 (gravid and unselected females) are indicated

Table 5. Egg-laying of gravid (G) and unselected non-gravid (NG) females in
Tephrosia candida roots.

Number of Number of Mean eggs S.E. mean
entries non-layers Total entries Total entries
G NG G NG G NG G NG

Eggs laid.

' 1 day 19 32 o Ry 1.60 0.69 0.36 0.23
2 days 17 28 1 21 6.82 0.71 0.60 0.35
3 days 26 28 6 5 10.42 6.50 1.34 0.81
7 days 23 26 6 1 23.00 28.00 3.38 215
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by a solid circle in Figs. 1 and 2. Straight lines which best fit the data are
represented by equations Y = —1.399 4 4.367x (gravid) and Y = — 0.8348
+ 3.55x (unselected). Mean rates of egg-laying are 4.367 and 3.55 respectively
over a two-week period. The higher rate for gravid females is attributed to
higher egg production over the first three days after entry into a root. In
both series it was apparent that egg-laying was proceeding unchecked beyond
the observed two-week period.

Rate of hatching will be a reflection on the rate of egg-laying so long as
incubation periods remain constant and all eggs hatech. Mean numbers of
larvae found from 7-14 days are also shown in Figs. 1 and 2. Straight lines
which best fit these observations are Y = — 19.1712 4 2.753x (gravid) and
Y = —21.7831 4 2.766x (unselected). Those mean hatching rates are in close
agreement with each other (2.753 and 2.766) though somewhat less than
corresponding egg-laying rates (4.367 and 3.55). Sinee the incubation period
is constant the inference is that a fair proportion of eggs did not hatch. This
inference is supported by van Weerdt (1960) who stated that a good per-
centage of eggs, particularly those slightly longer and narrower (length/width
exceeding 2.5), more strongly bent and darker colored, failed to develop
normally. Whether in the present instance a lower hatching rate is due to
that factor or of non-fertilization was not clear.

RATE OF EGG-LAYING OF INDIVIDUALS: It will be realized that mean rates of

SERIES |

CONTENTS

MEAN

s— —

o) 5 10 15
DAYS

Fig. 1. Mean rate of egg-laying in Tephrosia candida by a population of gravid
females from banana rhizome lesions and the mean rate of emergence of larvae.
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ege-laying of a population give little indication of individual performances.
Mean rate of a population over a period will normally be less than the mean
rate of an individual unless all lay throughout the period. During 10 days
in Series 1 (gravid females) 20 individuals laid 869 eggs giving an average
daily rate of 4.34 eggs per individual. Of these, over that 10 day period, one
laid 6, one 23 and another 31; it is possible that these individuals ceased
egg-laying before the end of 10 days. The remaining 17 individuals laid from
34 to 64 eggs each with a mean daily rate of 4.76 over a 10 day period. This
ficure is probably fairly representative of the rate of egg-laying of individ-
uals. Maximum rate observed was 6.4 eggs per day. Maximum rate observed
in Series 2 (unselected females) was 7.7 eggs per day over a period of 9
days and maximum number laid by any one individual in 17 days, the longest
period under observation, was 95 which amount, if she commenced laying on
the first day, gives a mean of 5.6 eggs per day. These mean rates are in fairly
close agreement to the maximum laid by a gravid female, in distilled water,
over a 24 hour period.

IncuBaTION PERIOD: It was previously shown that, in vitro, eggs may hatch
in 5 days and that all hatchings were completed in 7 days. Eggs laid in roots
take somewhat longer to hatch. Roots in Series 1 and 2 contained no larvae
at the examination made after 7 days while larvae were observed, in some
roots of hoth series, at the examination made after 9 days. Eggs from which
these larvae emerged were probably laid shortly after females entered roots,
in which case an incubation period, as observed, lies between 7 and 9 days.
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Fig. 2. Mean rate of egg-laying in Tephrosia candida roots by a population of
unselected females from banana rhizome lesions and the mean rate of emergence
of larvae.
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A mean incubation period in roots may he derived from Figs. 1 and 2. It
larval graphs are prolonged until they cut the X-axis, the points of inter-
section are 6.9 and 7.6 days for Series 1 and 2 respectively. We could con-
clude, therefore, that a mean incubation period for R. similis eggs, under the
conditions of these experiments, was between 7 and 8 days.

Larvan PErRIOD: A direct estimate of the larval period was obtained by
teasing roots, each of whieh had been inoculated with 10 recently hatched
larvae, at daily intervals commencing after the ninth day. Results are sct
out in Table 6. Larval period was 10 to 13 days with the majority attaining
adulthood in 11 days. Larval period for males was a day shorter than that
for females.

PRE-EGG-LAYING PERIOD: Larvae becoming adult in 10 days did not, however,
commence egg-laying until after the 12th day. Although it was not possible
to determine with certainty the number of females eoncerned in the laving of
those eggs, since the infected roots eontained more than one female, the small
number of eggs laid at the end of the 12th day suggested that they were laid
by a single female. At the end of the 13th day egg-laying was a general
feature and at the end of the 14th day 14 females had laid an average of
7.6 eggs per individual (Table 6). In comparison Gadd & Loos (1941)
found that Pratylenchus coffeae had an adult pre-egg-laying period of 15
days.

FERTILIZATION AND EGG-LAYING: Gadd & Loos (1941) found a delay in
commencement of egg-laying of unfertilized Pratylenchus coffeae. Two ex-
periments were set up to ascertain if fertilization was a prerequisite to
egg-laying of R. similis or if this species is parthenogenetic. Tn the first
experiment 34 newly hatched larvae were inoculated, one to a root, and after
48 hours in a damp chamber the seedlings were planted to pots of wet sand.
Six weeks later each of 20 positive infections contained a female without
progeny. Under conditions of mass infection and colony existence egg-laying
should have commenced in under 12 days and, assuming a econtinuous period
of egg-laying, each female should have laid over 120 eggs. In a second
experiment large juveniles were introduced, one to each seedling root. Sixteen
days later, of 8 positive infections, 7 were females without progeny and
one a male; of 10 positive infections examined 28 days after inoculation 8
were females without progeny, one a male and the other a female with 11
larvae and 67 eggs. The reason for this apparent single parthenogenetic
case is not known. There is a possibility that it was a young fertilized female.

NUTRITION AND EGG-LAYING: In vitro studies suggested that egg-laying
was governed by nutritional factors since separation of actively laying
individuals from plant tissues to water caused egg-laying to cease in under
24 hours. That this cessation was due to lack of nutrition and not to
disturbance caused by transfer was demonstrated in the following experiment.

Table 6. Larval and pre-egg laying periods of R. similis in Tephrosia candida roots.

Age of Number Juveniles Females Males  Eggs Percentage
Days nematodes Adults
9 21 21 0 0 0 0
10 11 7 0 4 0 57
11 15 1 10 4 0 93
12 22 2 16 4 4 91
13 16 0 3 3 52 100
14 20 0 14 6 107 100
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From a collection of gravid females, recently obtained from rhizomes, 10
were inoculated to scedling roots and 60 transferred to distilled water on s
¢lass slide. Forty-eight hours later 10 females in roots had laid 84 eggs
(8.4 per female) while 60 females in water had laid 162 eggs (2.7 per
female). Although the females in water were left for a further 10 days no
more eggs were laid.

In a third experiment gravid females, which had ceased egg-laying over
the previous 4 days of a five-day starvation period in water, were inoculated
to Tephrosia roots. Results of examinations made 2, 3, 4 and 10 days after
inoculation are expressed in Tahle 7. Those results are in close agreement
with egg-laying of non-gravid females taken directly from banana roots
(Table 4). The quick re-establishment of egg-laying of females, on transfer
from starvation medium to root tissues, proved conclusively that egg-laying
is correlated with nutrition.

MoLTts 1IN waTerR: Large juveniles requiring but a single molt hefore
adulthood completed it in water though, in many cases, they were unable
to completely shed their cast euticle. Juveniles requiring more than one
molt before adulthood failed to make a second molt.

INFECTION OF ROOTS: All larval stages, from newly hatched second stage
larvae to the fourth-stage pre-adult molt, are infective. Females moved in
and out of roots at will but males were incapable of such movement. How-
ever, males feed in roots provided the final molt takes place in plant tissues.
Fertilization oceurs in the host tissues though there is no evidence that it
caunot occur outside a root.

Lire cycLe: Life cycle, egg to egg, at temperatures ranging between 75°
and 90°F, of R. similis in roots of Tephrosia candida was completed in
20-25 days; that period may be divided into 8-10 days for eggs to hatch,
10 to 13 days as larval period and 2 days as adult before egg-laying com-
mences. The life eycle period agrees closely with Suit and DuCharm’s (1957)
estimate of 3-4 weeks for R. similis in citrus roots. Van Weerdt (1960)
recorded 4 larval molts, the first ocecurring in the egg. The 3 molts outside
the egg, occur during 10-13 days. The fourth larval or pre-adult stage is the
shortest of the larval periods and there is no apparent increase in body
length at that time.

Table 7. Egg-laying of single gravid Radopholus similis females introduced to
Tephrosia candida seedling roots after a 5 day starvation period in water during
which time egg-laying ceased.

Egg Contents in Root After—

2 days 3 days 4 days 10 days
Degrees of
freedom 6 7 7 6
Mean per root 2.5 8.1 12.1 31.0
Mean per root
averaged per day 1.25 2.72 3.02 3.10
SEM 0.16 0.56 0.58 0.79

SUMMARY

No significant morphological differences were observed between populations
of Radopholus similis from Lacatan, Robusta and Gros Michel banana
varieties. The nematode, on extraction from banana tissues, is sluggish but
may be stimulated to activity by passing air through the nematode suspension.
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QGravid females when transferred from roots to water cease laying in under
24 hours. Egg-laying in water averaged 2.6 per female with a best individual
performance of 6 eggs. Kggs laid in water hatch normally. A rapid method
for infection and later determination of population in a seedling root is
deseribed. The value of this method in the study of the life c¢yele of R.
similis is demonstrated. Females lay on an average of 3.5 to 4.6 eggs per
day and continued laying bevond 2 wecks. Eggs hateh in from 5 to 7 days
in water and 7 to 8 days in a root. The larval period is 10 to 13 days with
the majority becoming adult in 11 days. There is a pre-egg-layving period
of 2 days. Unfertilized females do not lay; there was evidence of a possible
parthenogenetic case from over a large number of observations. Egg-laying
of fertilized females is governed by nutritional factors. Removal of actively
laying females from host tissues to water caused egg-laying to cease in
under 24 hours. Reintroduction of those females to a host induced egg-laying
to recommence. All larval stages and females are infective. Males are
incapable of entering roots. Life eycle, egg to egg, is completed in 20 to 25
days which period may he divided to 8 to 10 days for eggs to hatch, 10 to 13
days for larval period and 2 days as adult before layving commences.

LiTERATURE CITED

Gapp, C. H. and C. A. Loos. 1941. Observations on the life history of Anguillulina
pratensis. Ann. App. Biol. 28: 39-51.

Goobnry, J. B. 1957. Laboratory methods for work with plant and soil nematodes.
Ministry of Agriculture Fisheries and Food. Tech. Bull. No. 2: 47 pp.

Loos, C. A. and SaraH B. Loos. 1960 a. The black-head disease of bananas
(Musa acuminata). Proe. Helm. Soe. Washington, D. C. 27: 189-193.

. 1960 b. Preparing nematode-free banana “seed”. Phytopathology
50: 383-386.

Stvrr, R, F. and E. P. DuCHARME. 1957, Spreading decline of citrus, Bull, Fla.
Plant Board 2 No. 11: 24 pp.

WeERDT, L. G. vaN. 1958. Studies on the biology of Radopholus similis (Cobh,
1893) Thorne, 1949, Part 2. Morphologieal variation within and between
progenies of single females. Nematologica 3: 184-196.

——. 1960. Studies on the biology of Radopholus similis (Cobh, 1893)
Thorne, 1949. Part 3. Embryology and post-embryonie development. Nema-

tologica 5: 43-51.

Effect of Temperature on Hatching of Aphelenchus avenae Eggs*
DoxarLp P. TayrLor**

Aphelenchus avenae Bastian, 1865, 1s a common soil-inhabiting nematode.
Although frequently associated with plant parts, it is not considered to be an
obligate parasite of higher plants; aceording to Steiner (1936). Since Christie
and Arndt (1936) reported that this species feeds like plant-parasites and
sinee it can be rapidly increased in the laboratory, A. arenade may hecome
mmportant in the study of nematode physiology, ccology, and geneties. This
nematode may also he useful in sereening chemicals for nematocidal activity
bhecause of these characteristies.

Little has been published on the hatching of eggs in the Tylenchida.
Dropkin, et al. (1958) reported that the stylet of Meloidogyne arenaria

*Paper No. 4654, Scientific Journal Series, Minnesota Agricultural Experiment Station,
St. Paul, Minnesota.

*#*Assistant Professor, Department of Plant Pathology and Botany, University of
Minnesota, St. Paul, Minnesota.
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(Neal, 1889) Chitwood, 1949, is extruded repeatedly before hatching. In
studies on hatching in Paratylenchus projectus Jenkins, 1956, Rhoades and
Linford (1961) noted vigorous movement of the ovie larva and distortion of
the egg membrane as hatching neared. They also stated that the stylet was
thrust at the end of the egg until the membrane was broken.

This paper reports the hatching process in A. avenae and the effeet of
temperature on the time necessary for hatching.

MATERIALS AND METHODS

The population of 4. avenae used in these experiments was increased from
four females isolated from soil collected at a commercial nursery in Newport,
Minnesota. These individuals were selected from a mixed nematode population,
rinsed in sterile water, and placed in a petri dish culture of Fusarium
ozysporum f. lini (Bolley) Snyder and Hanson on acidified potato dextrose
agar. As the nematode population increased, transfers containing agar,
mycelium, and nematodes were made to other plates. A. arenae has been
maintained in the laboratory in this way for over a year. ‘

Eggs of A. avenae were obtained by transferring 30-50 gravid females
collected from cultures 10 to 14 days old to distilled water in a watch glass.
Females were removed from the dish after 15-30 minutes and placed in
another wateh glass. Dishes containing eggs were placed immediately in
refrigerators or incubators at constant temperatures. Dishes were examined
at intervals for the presence of hatched larvae. The time elapsed from when
the eggs were laid until they hatched was recorded.

Ovie larval development was observed by placing freshly-laid eggs in
hanging drops of sterile distilled water as deseribed by Taylor (1961).

ErFEcT OF TEMPERATURE ON HATCHING

The results of tests to determine the effect of temperature on the time
between egg-laying and hatching are given in Table 1. No eggs hatched at
5 and 42 °C. Eggs hatched in the shortest time at 36°C. At 38°C most of
the eggs were killed, but those that survived required a slightly longer time
to hatch than those at 36°C.

OBSERVATIONS ON HATCHING

Earliest observations of ovic larvae disclosed two distinet movements: a
forward or backward churning of the larva and a rapid pulsation of the
valve in the metacorpus. No outward flow of fluid from the oral opening or
stylet was detected at any time. Prior to the time when metacorpal pulsations -
were noted, larval movements had no effect on the contour of the egg.

Table 1. Minimum time necessary for hatching of cggs of Aphelenchus avenae in
gterile distilled water at nine temperatures.

Temperature (°C) Hours from egg-laying to hatching

5 No embryologic development after 720 hours
10 275-282

15 120-125

20 71-74

25 46-48

30 30-33

36 28-30

38 34-45*

42 Death occurred within 24 hours

*Most eggs at this temperature were killed. The time reported is for the few that hatched

Copyright © 2011, The Helminthological Society of Washington




54 PROCEEDINGS OF THE [VoL. 29, No.1

However, after pulsations had been observed, the egg membrane became more
and more flexible, and conspicuous bulges oceurred at the points of maximunm
pressure of the larva’s hody. When the anterior end of the larva was located
at either end of the egg, the stylet was exserted and withdrawn rapidly back
and forth through the oral opening and was seen projecting through the
membrane into the surrounding water. Almost immediately the egg lost some
of its turgidity and the end opposite the punctures collapsed except when
supported by the larva. Additional pulsations were noted and many more
punctures were made at hoth ends of the egg. The antertor end of the larva
broke through the end of the egg in which most punctures had been seen. In
most eggs studied, the larva slowly moved forward into the surrounding water;
however, one larva emerged to about one-third its total length, bhacked into
the egg, and then shot out of the egg tail-first.

DiscussioN

Eggs of 4. avenae hatched over a wide range of temperatures, but not at
5 or 42°C. Between the extremes the time necessary for hatching decreased
as the temperature increased, except at 38°C. At that temperature a high
percentage of eggs were killed, indicating that 38°C is near the lethal
temperatures for eggs of this species.

Hatching appears to consist of three processes. After the ovie larva
hecame active, the shell became more flexible but only after metacorpol
pulsation oceurred. In other nematodes such pulsations are often accom-
panied by an outward flow of seeretions from esophageal glands. Thus, a
deposition of fluids within the egg membrane by the larva at this time is
likely, although not observed in this study. The initial step in hatching
probably involves a chemical change in the membrane caused by activity of
esophageal gland fluids as evidenced by the association of increased membrane
flexibility and metacorpal pulsations. The second step in hatching is the
repeated puncture of the egg by the stylet of the larva. The final step
involves a rupture of the membrane by the application of pressure hy the
larva against a weakened part of the membrane.

SUMMARY

Eggs of A. arenae hatched between 10 and 38°C. The time between egg-
laying and hatching decreased from 275-282 hours at 10°C to 28-30 hours at
36°C. Most eggs died at 38°C and the few eggs that hatched required a
longer time than did those at 36°C. The ovie larva moved actively in a rigid
egg menbrane. After repeated pulsations of the metacorpal valve, the egg
membrane became more flexible as hatching approached. The stylet punctured
the membrane many times and the larva emerged through one of the weakened
ends of the egg.
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Occurrence of Trypanosoma cruzi in Maryland
C. M. Hermax® and J. 1. BrUck, JRr.**

Chagas disease or South American trypanosomiasis, caused by Trypanosoma
cruzi, is a widespread disease of man in the western hemisphere. Most human
cases have been reported from South and Central America. Only two human
cases have been reported from the United States and both of these were from
Texas in 1955 (Woody and Woody, 1955: USPHS, 1955). In southern
United States, as in the endemic areas of South America, the infection is
found in a number of wild animals. Reduviids, Triatominae, are the only
known insect vectors.

The first evidence that T'. ¢ruzi occurred in the United States was discovered
in 1916 when XKofoid and MeCulloch (1916) reported a new species of
trypanosome isolated from reduviid bugs collected from a wood-rat nest in
southern California. Fae Wood (1934) repeated and extended these studies
and demonstrated that the trypanosome was T. cruzi. Subsequently, Sherwin
Wood continued and extended his wife’s studies by examining many species
of eone-nose bugs and rodents from southwestern United States and Mexico.
T. cruzi was reported from both wood rats (Neotoma) and deer mice (Pero-
myscus) as well as from reduviids (Wood, 1938, 1941, 1949, 1952; Wood and
Wood, 1941). Packchanian (1941) reported T. cruzi from a number of
small mammals collected in Texas, including armadillos, mice, wood rats and
0pOosSUmMS,

In 1955, while examining blood smears from mammals trapped at the
Patuxent Wildlife Research Center in Laurel, Maryland, Walton wag the
first to observe a trypanosome in a raccoon. This observation subsequently
was reported as 7. cruzi (Walton, et al, 1956) ; earlier findings were reported
in a paper by Walton, et al (1958). In subsequent studies Diamond and
Rubin (1956, 1958) demonstrated the susceptibility of day-old pigs, lamnbs
and kids to this strain of 7. eruzi.

Trypanosomes were reported from raccoons in Georgia by Brooke, et al
(1957). A group of scientists working at the Communicable Disease Center
in Atlanta reported trypanosomes from several species of mammals (Me-
Keever, et al, 1958). The trypanosomes were discovered by accident in
cultures made for isolation of leptospirae. The blood samples were taken
from wild mammals trapped from November 1954 to April 1957 on a number
of areas in southwestern Georgia and northwestern Florida. Trypanosomes
were detected in primary cultures for leptospirae from 98 of 1,977 animals of
4 species. Host species and prevalences of infection were as follows: 88 of
552 opossums; 8 of 608 raccoons; and 2 of 306 striped skunks were infected.
In addition, subcultures showed that one opossum, one raccoon, one striped
skunk, and two gray foxes were infected. A few triatomids were collected
but no infection was found in them.

*Section of Wildlife Diseases and Parasite Studies, Patuxent Wildlife Research Center,
Laurel, Maryland.

**Department of Medical Zoology, Walter Reed Army Institute of Research, Washing-
ton, D. C.

The authors are indebted to a numher of colleagues for assistance in this survey. We are
extremely grateful to employees of the Patuxent Wildlife Research Center, particularly to
Leonard M. Llewellyn and Fred Schmid, and to several enlisted personnel from the Walter
Reed Army Institute of Research, for assistance in procuring the animals. At various times
many of our colleagues on the staff at the Patuxent Wildlife Research Center, as well as
personnel of the Walter Reed Army Institute of Research assigned to the Patuxent Laboratory,
provided valuable assistunce in handling the animals and examining some of the material.
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Yeager and D'Allessandro Bacigalupo (1960) reported T, eruzi from
aceoons and opossums in Louisiana.

REestLTs

Sinee 1954, we have taken blood samples from many mammals at the
Patuxent Wildlife Research Center. Our routine procedure usually involved
examination of heart blood in wet and in stained preparations, in c¢oncentra-
tions by a modified Knott's technique (Illerman and Price, 1955) and in
culture in artificial media at room temperatuve (Diamond’s SNB 9, Diamond
and Rubin, 1958). Samples from ecach anhmal usually were examined by all
four methods.

During the years 1954-1960 samples were taken from 2005 animals from
the Patuxent Wildlife Research Center, including 7 chipmunks (Tamias
striatus) ; 8 gray foxes (Uroeyon cinereoargenteus); 37 (1)* red foxes
(Vulpes fulva); 126 (1) white-footed mice (Peromyscus leucopus); 18
muskrats (Ondatra zibethicus); 219 (47) opossums ( Didelphis marsuplialis) ;
424 (52) eottontail rabbits (Sylvilagns floridanus); 472 (80) raccoons
(Procyon lotor); T4 (7) house rats (Raltus norvegicus); 5 flying squirrels
(Glawcomys volans); 79 (11) striped skunks (Mephitis nigra); 305 (42)
gray squirrels (Sciorus carolinensis); 77 meadow voles (Microtus pennsyl-
vanicus); 95 woodehucks (Marmota monax); 9 weasels (Mustela frenata).
In addition 50 bats from neighboring areas were examined, 43 big hrown
bats (Eptesicus fuseus) and 7 evening bats (Nyecticeius humeralis).

Specimens were collected throughout the vear, but the greatest trapping
effort was during the months of March and November, in connection with
other studies at the Center. Special trapping was done in the other months
to obtain data on ineidence of blood parasites through the year. Most of the
animals were released after a sample of blood was taken from the heart.

Beecause our data suggest a seasonal distribution of 7. eruzi at the Patuxent
Center, the monthly distribution of samples is shown in Table 1. Approxi-
mately 17% of the raccoons and 119, of all species were trapped in November.,
Trypanosomes were observed in the samples from ten raccoons; nine of these
raccoons were trapped in Novewber and one on Oectober 31, 1960. The
monthly distribution of the raceoon samples is given in Table 2. Tn 1934,
samples were taken from 12 raccoons and none showed infection; in 1935,
3 0of 9 (2 on November 14 and 1 on November 18) were infected; in 1956,
2 of 19 (1 on November 27, 1 on November 30); in 1957, 2 of 24 (1 on
November 18, 1 on November 22); in 1938, 0 of 2; in 1959, 2 of 4 (hoth on
November 20) ; in 1960, 0 of 10. In total, 9, or 11.3 percent of the 80 samples
examined during November showed infection. The pereentage of infected
raceoons sampled throughout the vear was slightly over 2 percent. All the

Table 1. Number of Animals Examined by Months

Year Jan. Ieb. Mar. Apr. May Jun. July Aug. Sept. Oct. Nov. Dee. Total

1954 90 52 BB 95 102 92 20 P23 12 61 51 17 704
1955 49 32 34 27 47 14 11 31 38 27: 2P 8 340
1956 79 57 3 14 11 10 37 46 18 51 57 350
1957 95 33 14 12 27 13 23 58 3 278
1958 . BRAE 15 4 4 7T 13 13 30 19 168
1959 . .25 7 6 12 . . o 5 9 64
1960 R 1 3 1 BT 4 3 1 .. 35 14 . 101
Totals 148 104 355 197 235 137 60 126 122 177 231 113 2003

*The number in parenthesis indicates the number collected in November.
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infections were classified as 7. eruzi.

Although 7. eruzi has been reported from rodents in other areas and a
variety of trypanosomes have heen reported from rodents as a result of many
surveys in various parts of the world, we were unable to demonstrate any
trypanosomes in the rodents colleeted at the Patuxent Wildlife Rescarch
Center.

We found no evidence of trypanosomes in 219 opossums, although 7. eruzi
has heen reported from this host in many areas of the southern United States.
McKeever, et al (1958) observed about the same rate of occurrence of 7.
erusi in raccoons in Georgia (1.59%) as we did in Maryland but they also
found infection in 169, of their samples from opossums. In earlier studies
Walton, et al (1958) inoculated one of our raccoon isolates into three opos-
sums. One opossum died 15 days later without showing any evidence of
infection, one exhibited only a very low parasitemia on the 24th day after
exposure and the third, which never exhibited a parasitemia, yielded a positive
culture from heart blood taken on the 30th day after exposure. Brooke, et al
(1957) studied trypanosomes isolated from 5 opossums, 1 raccoon and 1
striped skunk collected in Georgia and compared their forms with 7. eruzi
and 7. rangeli. They concluded that isolates from the striped skunk and
opossum had characteristics very similar to 7. cruzi and that the isolate
from the raccoon was more like 7. cruzi than 7. rangeli, although in culture
it appeared different from either.

DiscussioN

In our earlier studies with raccoons (Walton, et al, 1958) the three types
of inocula (blood, culture and triatomids) produced nonfatal infection with
eventual disappearance of organisms from peripheral blood and considerable
variation in parasitemia. Ilowever, one raccoon (inoculated with cultural
forms) exhibited a parasitemia up to 14 weeks after exposure and 3 weeks
later yielded a positive culture. Another experimental raccoon was still
exhibiting parasitemia 8 weeks after exposure. In natural infections in the
wild raccoons, this continuing parasitemia was not evident.

All the 7. cruzi we found in Marvland raecoons were found within a
month’s span.

Tt seems logical to assume that this scasonal incidence is directly related
to the habits of the raccoon and the local vector of T. eruzi. Seasonal varia-
tions in incidence of infection also may account for our negative findings in
other species. There is no evidenee to date that arthropods other than tria-
tomids can transmit 7. eruzi. Although in earlier studies (Walton, et al,
1958) it was possible to transmit the Patuxent raceoon infection experimental-
Iy with laboratory reared tratomids, no cone-nose bugs were found in the
field during a check for natural infection. Several local entomologists who
do extensive collecting informed us that triatomids do oecur in this area bhut
are extremely rare; none were reported from the Patuxent Center. More

Table 2. Number of raccoons examined at Patuxent Wildlife Research Center,
1954-1960

Num-  No. Num- No. Num- No.
Month ber Positive Month ber Positive Month ber  Positive

Jan. 12 - May 38 s Sept. 35

Feb, 28 e June 27 = Oct. 24 1
Mar, 98 o July 16 - Nov. 80 P
Apr. 64 =2 Aug. Ly . Dee. 28 -
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recently, during October 1960, one of our colleagues, Dr. Gordon M. Clark,
discovered a few triatomids in a rotting log at the Patuxent Center.

SUMMARY

During 1954-1960, 2005 mammmals of 18 specics collected at the Patuxent
Wildlife Research Center, Maryland, were examined for trypanosomes. T.
eruzi was found in 10 raecoons between October 31 and November 30. Infec-
tion occurred in 2 percent of all raccoons sampled, and in 11.3 percent of the
80 raccoons sampled in November. Examination was by direct smears, stained
smears and cultures of heart blood. Although, in previous studies, at least
two experimentally infected raccoons exhibited extended parasitemia (14 and
8 weeks), no such continuing parasitemia was observed in the natural infee-
tions. No trypanosomes were found in any of the other mammals examined.

LITERATURE CITED

Brooke, M. M., L. NormaN, D. AvvaiN, and G. W, GorxaNn. 1957, Isolation of
Trypanosoma cruzi-like organisms from wild animals collected in Georgia.
J. Parasitol. 43 (suppl.): 15.

Diayonp, L. S. and R. RuBIN. 1956. Susceptibility of domestic animals to infection
with Trypanosoma cruzi from the raccoon. J. Parasitol. 42 (suppl.): 21.

and . 1958. Experimental infection of certain farm mam-
mals with a North American strain of I'rypanosoma cruzi from the raecoon.
Exp. Parasitol. 7: 383-390.

HerMaN, C. M. and D. L. Price. 1955. The occurrence of Hepatozoon in the gray
squirrel (Sciurus carolinensis). J. Protozool. 2: 48-51.

Koroip, C. A. and I. McCuLrocH. 1916. On Trypanosoma triatomae, a new
flagellate from a hemipteran bug from the nests of the wood rat Neotoma
fuscipes. Univ. Calif, Publ. Zool. 16: 113-126.

McKEEVER, S., G. W. GormMaN and L. NORMAN. 1958, Oceurrence of a Trypano-
soma cruzi-like organism in some mammals from southwestern Georgia and
northeastern Florida. J. Parasitol, 44: 583-587.

PacxcHANIAN, A. 1941, Reservoir hosts of Chagas’ discase in the State of Texas.
J. Parasitol. 27 (suppl.): 30.

Uspas. 1955. Dept. Health, Education & Welfare, National Office of Vital
Statistics. Communicable Diseases Summary for week ending Deec. 10, 1955.

WavrToN, B. C., P. M. Bauman, L. S. Dianonp and C. M. HErnMAN. 1956, Trypano-
soma cruzi in raceoons from Maryland. J. Parasitol. 42 (suppl.): 20.

Wavrron, B. C.,, P. M. BauMman, L. S, Diamonp and C. M. Herman., 1958. The
isolation and identification of Trypanosoma eruzi from raccoons in Maryland.
Am. J. Trop. Med. and Hyg. 7: 603-610.

Woop, F. D. 1934. Natural and experimental infection of Triatomae protracta
Uhler and mammals in California with American trypanosomiasis. Am. J.
Trop. Med. 14: 497-517.

Woop, F. D. and 8. F. Woop. 1941. Present knowledge of the distribution of
Trypanosoma cruzi in reservoir animals and vectors. Am. J. Trop. Med. 21:
335-345.

Woop, S. F. 1938. A new locality for Trypanosoma cruzi Chagas in California.
Seience 87: 366-367.

. 1941. New loealities for Trypanosoma cruzi Chagas in southwestern
United States. Am. J. Hyg. 34: 1-13.

. 1949, Additional observations on Trypanosoma eruzi Chagas, from
Arizona in insects, rodents and experimentally infected animals. Am. J. Trop.
Med. 29: 43-55.

. 1952, Mammal Dblood parasite records from Southwestern United
States and Mexico. J. Parasitol. 38: 85-86.

Woopy, N. C. and H. B. Woopy. 1955. American trypanosomiasis (Chagas’
disease—first indigenous e¢ase in the United States. J. Am. Med. Assoc.
159: 676-677.

YEAGER, R. G. and D’ALESSANDRO BACIGALUPO. 1960, Further studies on Trypano-
soma cruzi in Louisiana. J. Parasitol. 46 (suppl.): 7.

Copyright © 2011, The Helminthological Society of Washington




JANUARY, 1962] HELMINTHOLOGICAL SOCIETY 59

The Effect of a Concurrent Infection with Trypanosoma lewisi
on the Development and Maintenance of Acquired Immunity
to Nippostrongylus brasiliensis in Rats*

WiLLIE ASHLEY, JR.

In recent years some attention has been focused upon concurrent infections
of parasitic organisms in laboratory mice and rats, espeeially in regard to the
effect upon immunity. Brumpt (1933), Larsh and Donaldson (1944), Holmes
(1947), and Cox (1952) are a few who have reported on the effeets of con-
current infections on immunity in experimental animals. These investigations
primarily involved nematodes and cestodes.

The literature reviewed did not reveal any reported observations on the
effect of protozoan parasites on immunity to an intestinal helminth following
a simultaneous entry into a host. The present report is concerned with the
effect of a concurrent infection with the blood protozoan, Trypanosoma lewisi,
on the development and maintenance of acquired immunity in rats to the
intestinal nematode, Nippostrongylus brasiliensis.

MATERIALS AND METHODS

White laboratory rats between seven and eight weeks old were used as
experimental hosts. The infective larvae of the test agent, N. brasiliensis,
were obtained by a culture method essentially the same as that deseribed by
Yokogawa (1922), and injected into the hosts subcutaneously.

The inocula of the concurrent agent, 7. lewisi, were prepared by taking
blood from a heavily infected rat by cardiac puncture and placing it in a
2% citrate solution. Blood was used from donor rats inoculated not more
than six days previously since antibody formation is probably minimal at that
time. Quantitative standardization of the inocula was accomplished by use of
the standard hemocytometer and blood pipette. The trypanosomes were in-
jected intraperitoneally, and a check of the degree of parasitemia in the hosts
was made daily by examining a drop of blood from the rat’s tail under the
microsecope.

. OBsErRvATIONS AND RESULTS

A set of three experiments was conducted to test the effect of a concurrent
infection of T. lewisi on the development of acquired immunity to N. brasili-
ensis, and another set of two experiments to test the effect of the concurrent
infection on the action of previously acquired immunity to N. brasidiensis.
The results are summarized in Tables 1 and 2, respectively.

Experiment I of the first set, was a preliminary attempt to observe the
development of immunity to N. brasiliensis when relatively small numbers of
T. lewisi are injected simultaneously with N. brasiliensis into rats. The
concurrently infected and control rats became infected with N. brasiliensis
and rapidly threw off the infection similarly, as was indicated by the typieal
daily egg count rise and gradual disappearance of eggs in the rats’ feces by
the 15th day after infeetion. Additional data were not recorded for this
experiment. In experiments IT and III, consisting of simultancous injections
with 50 and 150 million 7. lewisi, respectively, and 1,000 N. brasiliensis
larvae, the course of the N. brasiliensis infections was typical and similar to
that in experiment I, eggs appearing in the feces of the control and con-
currently infected rats on the 5th or 6th day indicating no difference in

*From the Department of Biology, The Catholic University of Ameriea, Washington, D. C.
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prepatent periods. The peak of egg production generally occurred on the Sth
or 9th day after infection. The lungs of necropsied control and concurrently
infected rats appeared normal with no residual inflammatory reactions re-
sulting from delayed migrating larvae. The adult worms recovered were
normal and fully developed.

In experiments IV and V of the second set, all animals were rendered
moderately and heavily immune to N. brasiliensis with 1800 and 2500 larvae,
respectively, prior to the concurrent test infections. Data from the concurrent
test infections, consisting of doses up to 250 million T. lewisi, revealed the
pattern of a typical low grade infection seen when rats previously immune
to N. brasiliensis are challenged (Table 2). Lungs of all necropsied rats in
the two experiments exhibhited several dark areas representing hemorrhages in
the alveoli due to inflammatory reaction. Several worms were found sur-
rounded by a nodular reaction and filled with intestinal precipitate. All
worms recovered from the intestines of the control and concurrently infected
rats were stunted and undeveloped. Daily observations indicated that the
eoncurrently infected rats generally progressed slower in gaining weight than
the controls, although in two out of four experiments, TIT and V, concurrently
infected rats, as a group, showed a percentage weight gain as large as the
controls at the termination of the experiments.

The trypanosome parasitemia followed a normal course in all experiments
of hoth sets, generally reaching its peak about the 5th day and gradually
subsiding until no trypansomes could he found in the rats’ hlood hy the 15th
day after infection.

Table 1. Data on primary N. brasiliensis infections in rats with or without con-
current infeetion with 7. lewisi.

Total no. of eggs Worms at

Inoculation (x10*) passed before yecropsy Percent
Millions necropsy 9th day weight
Experi- Rat  No. of N. of T. Per Per after in- gain per
ment No. No. Drasiliensis  lewisi Rat Group feetion  group
1 650 1 58 192
2 650 1 78 =
3 650 3 58
T
4 650 0 51 176
1) 650 0 54 =S
6 650 0 69
7 1000 50 79 280 10
8 1000 50 70 559
9 1000 50 129
IT
10 1000 0 175 289
11 1000 0 71 523 24
12 1000 0 142
13 1000 150 113 450
14 1000 150 172 24
15 1000 150 81 543
16 1000 150 83 483
11T
17 1000 0 98 A71 -
18 1000 0 120 24
19 1000 0 80 537
20 1000 0 71 499
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Discussion

An evaluation of the egg count data, as well as the close similarity in the
numbers of worms recovered from the rats of the two groups in each experi-
ment, is evidence that development of aequired inmmmunity and the action of
previously acquired immunity to N. Dbrasiliensis were not influenced hy the
presence of a coneurrent infection with 7' lewisi.

Taliaferro (1940) suggested that Dboth inflammation and tissue sensitivity
are possible factors in acquired immunity to animal parasites. In experiments
IV and V, inflammation in the lungs of immune control and concurrently
infected rats had undoubtedly subsided by the time of necropsy, but there was
no evidence that greater cellular reaction occurred in the lungs of the con-
currently infected rats than in the controls.

The presence of 7. lewisi in these N. brasiliensis infected rats appeared to
adversely effect the host. The rats with 7. lewisi infections ate less, weight
gains were frequently less, and thev appeared to be in poorer physieal
condition than those not infected with this trypanosome.

SUMMARY

Egg count and worm recovery data of 5 experiments showed that in rats
coneurrently infected with moderate to heavy doses (1 million to 250 million)
of T. lewisi and 1,000 N. brasiliensis larvae, the presence of T. lewisi did not
influence the normal course of development of acquired immunity or the
maintenance of previously acquired immunity to N. brasiliensis.
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thereafter with 1000 larvae, with and without concurrent T. lewisi infeetion.

Total eggs (x107)
No. of Millions Dassed from test

larvae in of T. infeetion to Perceent
immuniz- lewist neeropsy Worms at weight
Experi-  Rat  ing in-  inocu- Per ___hecropsy day  gain per
ment No. No. feetion lated  Per Rat  Group 9 15 group
21 1800 250 495 2650 279 36
e 1800 200 1280 139
2 1800 175 875 126
v
24 1800 0 1010 4875 245 e
25 1800 0 2070 268 31
26 1800 0 1795 - 165
27 2500 50 5 33 37 i
28 2500 50 13 9 v
a9 2500 50 11
30 2500 50 5
‘Y
31 2500 0 10 41 56
B33 2500 0 11 3 9
33 2500 0 11 e Ko
34 2500 0 9 u
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Observations on the Structure of the Cysticercus
of Taenia hydatigena Pallas, 1766*

Marierts VOGE

The present report is the first of a series of studies on the structural
organization of cysticerci. The purpose of these studies is two-fold: first, to
determine whether all larvae of the “cysticercus” type possess a comparahle
hasie structure and tissue layers, regardless of specific scolex morphology;
secondly, if the basic organization is similar regardless of the spe-ies, are
there aside from the scolex sufficiently distinet differences between species so
that specific identification ean be made on the basis of sections not showing
the diagnostie features of scolex morphology.

The material on which this report is hased was collected from Alces alces
at Fort Richardson, Alaska, in December, 1959.

MATERIALS AND METHODS

Formalin-fixed cysticerci of Taenia hydatigena were embedded in paraffin
and sections cut at 7 microns. Stains used were Heidenhain’s iron hematoxy-
lin, Mallory’s aniline blue stain, Gomori’s trichrome, Mayer’s hemalum and
Davenport’s protargol stain. All these were employed as deseribed previously
(Voge, 1960). In addition Rinehart’s stain (Rinehart and Abul-Haj, 1951)
was used for the demonstration of acid mucopolysaccharide and eollagen.

OBSERVATIONS

The cysticereus of Taenia hydatigene (Fig. 1), the overall morphology of
which was deseribed by Moniez (1880), consists of a relatively thick anterior
part or body which contains the scolex, and a more slender and delicate part
commonly referred to as the bladder or tail. Between the body and tail there
is an area of loosely packed, irregularly arranged fibers and cells. Histologi-

*From the Department of Infectious Diseases, School of Medicine, University of Cali-
fornia, Los Angeles, California.

Aided by a research grant (E-1583) from the National Institutes of Health, United
States Public Health Service, Bethesda, Maryland.

Appreciation is expressed to Dr. Robert Rausch, Arctic Health Research Center, Anchor-
age, Alaska, for making available specimens of 7'. hydatigena; to Mrs. Hermine Bayard for
making the drawings included here; and to Mrs. Nora Liu and Mr. Allen K. Berntzen,
Department of Infectious Diseases, University of California, Los Angeles, for expert assist-
ance in the staining procedures.

Abbreviations: ¢, cuticle; ece, caleareous corpuseles; ch, cuticular hairs; el,
cuticular layer; em, cireular muscles; fe, flame cells; fl, fibrous layer; h, hooks;
Ife, loose fibers and cells; 1m, longitudinal musecles; m, muscles; n, nuclei; pa,
proliferative area; pe, peripheral cells; s, sucker; sce, space occupied by
caleareous corpuscle; t, tail; tf, tissue fold.
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Fig. 1. Free-hand drawing of longitudinal section through a eysticercus of
Taenia hydatigena. Tail portion much longer than shown here.
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cally the two parts differ considerably. The anterior part consists of the
seolex which lies more or less in the center, surrounded hy much-folded tissue.
The folds are lined by cuticle which extends to the outside to about the
posterior third of the body and gradually becomes thinner until it cannot he
seen under low magnification. The tail area shows numerous lace-like in-
foldings and varies greatly in size or length in different specimens. Through-
out the cysticercus there are many calcareous corpuscles, situated within the
delicate fibrous tissue which surrounds the scolex and makes up the major
part of the larva. A few calcarcous corpuscles are occasionally seen within
the scolex proper. A layer of fibers staining blue with Mallory’s stain is
present just external to the hooks. An account of the detailed organization
in the different areas of the cysticercus will now be presented.

Figure 2 shows one of the tissue folds within the anterior portion of the
cysticercus near the scolex. The cuticle is a thick, homogeneous appearing
structure which stains a greyish-blue in Mallory’s stain and blue with
Rinchart’s stain. In some sections one observes a few fine hair-like structures
(not shown in Fig. 1) protruding from the cuticle to the outside. Similar
hairs have been deseribed for Cysticercus fasciolaris by Crusz (1948). Beneath
the cuticle is a narrow layer of fine fibers which stain deep blue with Mallory’s
and bright red with Rinehart’s stain. The latter reaction indicates the

Tww §00

c Im pc SCC fc cm ﬂ

Fig. 2. Detail of tissue fold near scolex showing organization of different tissue
layers -md cells.
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presence of ecollagen. The second, relatively prominent fibrous layer is
probably a layer of circular muscles (Fig. 2); it stains red with Mallory’s
and blue with Rinehart’s stain; the orientation of these fibers is at a right
angle to the first layer. The fibers of the third layer lie parallel with those
of the first, but in staining reactions are like the second layer. This is
probably a layer of longitudinal muscles. Beneath this layer are numerous
spindle-shaped cells (Fig. 2, peripheral cell layer) with long fiber-like exten-
sions at each end, all with similar orientation. Internal to this cell layer lies a
loose tissue consisting of a network with a few nuclei, many clacareous bodies
and prominent densely staining, elongate structures the function of which is
uncertain. Figure 4 shows these structures in greater detail. They measure
13 to 18 microns in total length and 2 to 4 mierons in width. They consist of
two small cone-shaped or triangular portions, one of which contains a nucleus,
and of a third, elongate, portion which in preparation stained with Meyer’s
hemalum appears to contain fine fibers. The elongate part leads into a narrow
duct of variable extent. The whole structure is enclosed by a thin membrane
which thickens (Fig. 4) near the point of contact with the elongate portion.
The usual orientation is with the cone toward the cuticle. These elongate
structures are most numerous in the tissue folds around the scolex, but are
present in other areas as well.

It was thought that silver-stained preparations would help to establish if
cilia were contained within the clongate portions, and thus support the idea
that this was part of the excretory system, probably the flame cells. Un-
fortunately neither the silver nor iron hematoxylin stain clearly demonstrated
the presence of cilia, and living material was not available. As will be shown
in subsequent reports, similar structures are present in eysticerci of other
taeniid species. For the sake of convenience and until proven otherwise,
these structures will henceforth be called flame cells. It should be noted that
throughout the fibrous tissue in the hody of the eysticereus one ohserves in
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Fig. 3. Detailed structure of peripheral portion of tail, or proliferative area
(see Fig. 1).
Fig. 4. Free-hand drawing of flame cells (1).
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sections parts of a duct system, perhaps excretory, which lies external to the
seolex, in the tissue surrounding it. The duets arve relatively wide and their
position is somewhat variable.

The peripheral tissue layers of the tail show numerous folds and out-
pocketings giving the margin of the tail a lace-like appearance. It appears
that continuous proliferation of tissue may occur in this area. Figure 3
shows the structure of a few of these folds as they appear under high magni-
fication. Beginning from the outside, there is first a thick layer of prominent
cuticular hairs which protrudes from a relatively narrow cuticular layer. The
latter stains orange with Mallory's stain while the fully developed cutisle in
the anterior portion of the larva stains a uniform grevish-blue. Beneath the
cuticular layer there is a delicate fibrous layer which stains blue with Mallory’s
stain and red with Rinehart’s stain, indicating the presence of collagen. This
layer appears to be the same as that described for the anterior portion of the
eysticercus. Beneath the fibrous layer there are thick bundles of fibers which
stain red with Mallory’s stain. They are probably bundles of muscle. Numer-
ous calecareous corpuseles are present throughout the delicate fibroid tissue
making up the remainder of the tail.

If one traces the cuticular layer from the tail region anteriorly one ob-
serves a gradual increase in width of the cuticular layer with a concomitant
decrease in the length of the cuticular hairs. The hairs apparently become
incorporated into the cuticle. Perhaps their length mm any one species de-
termines at least to some extent the thickness of the cuticle in the anterior
part of the cysticercus. Certain aspects of the relation of the fibrillar hairs to
cuticle formation are discussed by Schiller (1960).

DiscussioNn

Although information on the histologic structure of cvsticerei is at present
insufficient for comparison between species, preliminary observation as well
as the work by Crusz (1948) indicates that the basie tissue organization is
probably shuilar in cysticercl belonging to different species of Taenia. Cuti-
cular hairs have been seen hy Crusz (1948), by Schiller (1960), and by
myself in Taenia hydatigena as well as in other species. The orientation and
number of the muscle layers beneath the cuticle is the same in T. pisiformis
as in 7. hydatigena. Further similarities will doubtlessly he found when more
species are studied.

The finding of collagen-like material in the fibrous layer hencath the
cuticle constitutes the first report of this substance for cestodes. Iowever,
further work on the structure of these fibers is necessary before any definitive
statement can be made concerning the precise nature of these fibers.
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New Species of Diplogasteridae (Nematoda) Associated
with Bark Beetles in the United States

CaLvin L. MASSEY®

The family Diplogasteridac is abundantly associated with bark beetles
throughout the United States. Many are known ectoparasites of the family
Scolytidae; other are suspect. Thorne (1935) described Diplogaster pinicola
as an assoelate of the mountain pine beetle, Dendroctonus monticolae Hopk.
Massey (1956) determined the same species to he an ectoparasite of the
Engelmann spruce heetle, Dendroctonus engelmanni Hopk. Fuchs (1915,
1938) ; Korner (1954) ; and Rithm (1956) described several species associated
with European bark beetles.

It is possible that the group in general exert considerable influence on the
population dynamies of the Scolytidae. Many are thought to be predaccous
on the egg stage; others may be hyperpredaceous on beetle predators and
parasites.

The species herein deseribed were taken from the galleries of various bark
heetles from the southwestern, southeastern and the northern United States.
Type specimens are deposited in the collection of the Rocky Mountain Forest
and Range Experiment Station at Albuquerque, New Mexico.

GENUS Acrostichus Rahm, 1928

The genus is typified by the speeies Acrostichus toledoi Rahm, 1928. Goodey
(1951) erred in synonymizing it with the genus Diplogaster. Several char-
acters which are constant and prominent vary considerably from members of
the genus Diplogaster and are sufficient to justify generie rank. These
characters are: Stoma much deeper than wide; longitudinal striations promi-
nent to very prominent; females with a reniform spermatheca; gubernaculum
massive, variable in shape; tails of both sexes long and filiform.

Diagyosis EMENDED: Cuticle with very prominent longitudinal and mod-
erately fine transverse striations. Head usually narrowed forward from
anterior end of neck. Stoma much deeper than wide, 10-15 mierons in depth,
2.5-4 microns in width, consisting of a eheilostom with distinet cheilorhab-
dions; protostom with distinet prorhabdions. Meso-, meta- and telorhabdions
at times fused, forming a glottoid apparatus armed with dorsal and sub-
ventral teeth, varying from two to four in number. Esophagus tyvpically
diplogasteroid. Females amphidelphic, the ovaries usually strongly reflexed
and either meeting or erossing in the region of the vulva. Females with a
large reniform spermatheca. Spicules paired, ventrally arcuate, cephalated.
Gubernaculun massive, elaborate, variable in shape. Caudal papillae variable
in number. Tails of both sexes filiform.

Several speeics previously deseribed in the genus Diplogaster helong in
Acrostichus:

Aevostichus lineatns (Fuehs, 1915) new combination

synonyvm Diplogaster lineatus Fuchs, 1915
Acrostichus consobrinus (de Man, 1920) new combination
svnonym Diplogaster consobrinus de Man, 1920

*Rocky Mountain Forest and Range Experiment Station, Forest Service, 1. 8. Depart-
ment of Agriculture, Fort Collins, Colorado.

The research reported was completed at the Station's Forest Insect Laboratory at
Albuauerque, New Mexico.

The assistance of Mr. Gerald Thorne is gratefully acknowledged for his review of the
manuscript.
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Acrostichus consobrinus var. austriacus (Fuchs, 1938) new combination
synonym Diplogaster consobrinus var. austriacus Fuchs, 1938
Acrostichus nudicapitatus (Steiner, 1914) new combination
synonym Diplogaster nudicapitatus Steiner, 1914
Acrostichus oceidentalis (Steiner, 1932) new combination
synonym Diplogaster occidentalis Steiner, 1932

Aecrostichus ponderosus n. sp.

FeMare: 06 mm, a=16; h=7; ¢ =3; v =489%.

Mare: 0.4 mm, a=15; h=5; ¢=5.

FenmarLe: Cuticle with prominent longitudinal and fine transverse striae.
Body widest near middle, tapering anteriorly towards the head, posteriorly
to a long filiform tail. Fig. 1D. Head narrowly rounded. Amphid apertures
minute pore like, located near apices of lateral lips. Stoma deeper than
wide, 10 mierons in depth, 3 microns in width; protostom slightly longer than
cheilostom. The dorsal mesorhabdion armed with a large forward-pointing
tooth. The ventral metarhahdion with a small subventral tooth as in Figure
1A. Esophagus with muscular pre-corpus and valvular median bulb; the
combined pre-corpus and median bulb being somewhat longer than the isthmus
and non-valvate terminal bulb. Nerve ring prominent, just forward of the
terminal bulb. Excretory pore slightly posterior to the terminal bulb. Ovaries
paired, reflexed, the terminal ends crossed. Fig. 1B. Vulva a transverse slit,
slightly protuberant, opening into a prominent reniform spermatheca. Fig. 1B.

MALE: Testis single, slightly reflexed, at times nearly reaching the terminal
bulb of the esophagus. Spicules paired, ventrally arcuate, cephalated. Guber-
naculum massive, 24 the length of the spicules, shaped as in Figure 1C.
Eight pairs of caudal papillae; 1 and 2 subventral preanal; 3 subventral
postanal; 4 lateral postanal; a group of three, 5, 6, and 7 at the end of the
body proper anterior to the initiation of the filiform tail; 8 subdorsal slightly
posterior to 5, 6, and 7. Phasmids lateral, anterior to 4th pair of papillae.
Tail filiform.

DiagNosis: Aerostichus with above general description. Distinetive because
of the size and shape of the gubernaculum.

HapiTaT: Associated with Ips ponderosae Sw. in ponderosa pine, Bandelier
National Monument, New Mexico.

Acrostichus taedus n. sp.

FeEMALE: 0.63 mm., a =15; b = 5.4; ¢ = 3.6; v = 439%.

MaLE: 0.55 mm., a = 18; b = 4.4; ¢ = 5.5.

FemaLg: Cuticle with prominent longitudinal and fine transverse striae.
Body widest near middle, tapering anteriorly towards the head, posteriorly to
a long filiform tail. Fig. 1E. Head slightly narrowed. Amphid apertures
minute, pore like, located near apices of lateral lips. Stoma 10 mierons in
depth, 2.5 microns in width, armed as in Figure 1E. Combined length of
pre-corpus median bulb %5 longer than isthmus and terminal bulb. Nerve
ring slightly forward of excretory pore. Ovaries paired and reflexed, the
terminal portions erossing near the vulva. Vulva a transverse slit only
slightly protuberant, opening into a characteristic reniform spermatheca.
Fig. 1F.

Mavg: Testis single, reflexed. Spicules paired ventrally areuate, cephalated.
Gubernaculum 34 the length of spicules, shaped as in Figure 1G. Seven pairs

of caudal papillae; 1 and 2 subventral preanal; 3 subventral postanal; 4, 5,
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and 6 slightly anterior to the initiation of the filiform tail; 7 subdorsal and
slightly posterior to 6. A pair of phasmids located laterally and anterior to
the 4th pair of papillae. Tail filiform.

Diagnosis: Acrostichus with characters as deseribed. Differs from other
species in the genus in the shape of the gubernaculum and in the number and
arrangement of the stomatal teeth.

Haprrar: Taken from the galleries of the black turpentine beetle, Den-
droctonus terebrans Oliv., loblolly pine, Pinus taeda L. near Lake City,
Florida. Host material collected by R. II. Smith.

Fig. 1.—A4-D. Acrostichus ponderosus n. sp.; 4. Head; B. Female midsection;
C. Male tail; D. Female tail; E-H. Acrostichus taedus n. sp.; E. Head; F. Fe-
male midsection; G. Male tail; H. Female tail,
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Aerostichus arcuatus n. sp.

FeMmarLe: 0.85 mm, a = 20; h = 5.4; ¢ = 4; v = 44,

Cutiele with 11 very prominent longitudinal striations, striae visible at
midbhody. Transverse striae moderately fine. Body widest near middle, hent
ventrally in a slight are. Head strongly narrowed from middle of pharynx
forward. Amphid apertures pore like, located near apices of lateral lips.
Stoma 12 microns deep, 3 microns wide. Pharynx armed as in Figure 24.
Pre-corpus and median bulh of esophagus 14 longer than isthmus and terminal
bulh. Nerve ring at middle of isthmus. Excretory pore adjacent to terminal
bulh. Ovaries reflexed their entire length and meeting at midbody, as in
Figure 2C. Vulva transverse, protuberant, opening into a large reniform
spermatheca. Tail filiform. Fig. 2B.

MaLe: Unknown.

Dracxosts: Acrostichus with characters as described. Differs from other
speeies in the genus in its size and in the prominence of the longitudinal
striations.

ITasrrar: Taken from the galleries of the black turpentine bheetle, Den-
droctonus terebrans Oliv,, in loblolly pine, Pinus taeda L. near Lake City,
Florida. Host material collected by R. H. Smith.

Aerostichus concolor n., sp.

FeEMALE: 053 mm., a = 14; h = 5; e = 3.7; v = 479.

MaLe: 050 mm.,, a = 16; b = 4; ¢ = 5.7.

FemaLg: Cuticle with prominent longitudinal striae. Body widest near
middle, tapering only gradually towards the extremities. Ilead strongly
narrowed from the anterior ¥, of the esophagus forward as in Figure 2D.
Amphid apertares minute, pore like, located near apices of lateral lips. Stoma
12 mierons in depth, 3.5 microns in width. Mesorhabdion armed with a
dorsal tooth; the ventral metarhahdion with a subventral tooth, the anterior
dorsal tooth the largest, the ventral metarhabdion with a small denticle. The
isthmus and terminal bulb of the esophagus 24 the length of the pre-corpus
and the median bulbh. Nerve ring near middle of isthmus. Exeretory pore
adjacent to terminal bulb. Ovaries paired, strongly reflexed, nearly meeting
at midbody. Vulva a transverse slit, opening into a reniform spermatheea.
Tail filiform. Fig. 2E.

MaLg: Testis single, reflexed. Spicules paired, ventrally arcuate, cephalated.
Gubernaculum massive, as long as spicules, shaped as in Figure 2F. Six
pairs of caudal papillae; 1 preanal subventral; 2, 3, 4, and 5 postanal sub-
ventral, located at the base of the body as it narrows into the tail proper; 6
subdorsal and adjacent to number 5. Phasmids not discernible. Tail filiform.

DiaaNosis: Acrostichns with characters as stated in description. Differs
from other species of the genus in its strongly constricted head, number of
matle caudal papillae, and shape and size of gubernaculum.

HanrraT: Assoeciated with Secolytus rventralis Lee. in white fir, Abies con-
color (Gord. & Glend.) Lindl, Sandia Mountains, Cibola National Forest
near Albuquerque, New Mexico.

GENUS Diplogasteroides de Man, 1912

The genus is typified by the species Diplogasteroides spengelli, and invludes
several species: D. africanns Micoletzky (1915); D. bidentatus de Cillis
(1917); D. longicaude (Rahm, 1928); D. stigmatus Steiner (1930); D.
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variabilis Micoletzky (1922); D. crassus Korner (1954); and D. picicola
Rithm (1956). Both Korner (1954) and Rithm (1956) placed in Diplogaster-
oides several species deseribed by Fuchs in the genus Rhabdontalaimus and
Neodiplogasteroides.

Rithm (1954) erred in synonymizing the genus Rhabditolaimus Fuechs
(1915) with Diplogasteroides.

Fig. 2—A4-C. Acrostichus arcuatus n. sp.; 4. Head; B. Tail; C. Midsection;
D-F. Acrostichus concolor n. sp.; D. Head; E. Female tail; F. Male tail.
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The genus is characterized by long filiform tails of both sexes, head bearing
6 papillate lips. Stoma cylindrical, with a short cheilostom, a protostom
composed of fused pro- and meso- rhabdions, dorsal metarhabdion bearing
a small tooth. Telorhabdions forming a small chamber at the anterior opening
of the esophagus. Amphidelphic or prodelphic. Spicules paired, ventrally
arcuate. Varying numbers of caudal papillae present.

Diplogasteroides marshalli n. sp.

FeMALE: 0.58-0.75 mm., a = 16; b = 5.8; ¢ = 5.4; v = 67%.

MaLg: 0.58-0.85 mm., a = 16; b = 5.2; ¢ = 7.4,

FEMALE: Cuticle with very fine longitudinal and transverse striae. Body
tapering anteriorly towards the head, posteriorly to a moderately long filiform
tail. Fig. 3D. Head rounded, slightly narrowed neck. Fig. 3A. Stoma
Rhabditis-like, made up of a short cheilostom, the inner surface of the
cheilorhabdions convex in a lateral view. Protostom with straight sides, the
prohabdions approximately 3 times the length of the cheilorhahdions, dorsal
mesorhabdion bearing a slender tooth. Ventral telorhabdion a knot-like
structure at entrance to esophagus. Amphids not diseernible. Pre-corpus of
the esophagus, muscular, widening into an ovoid median bulb. Isthmus
moderately slender, somewhat narrower than pre-corpus. Terminal bulb
ovoid, valveless. Pre-corpus and median bulb slightly shorter than isthmus
and terminal bulh. Nerve ring a hroad band slightly anterior to median
bulh. Excretory pore adjacent to terminal bulh. Ovary single, reflexed as
much as % of its length. Post-uterine branch less than half as long as hody
width. Vulva transverse, slightly protuberant.

Alave: Testis single, reflexed. Spicules paired, cephalated, slender, ventrally
areuate. (Gubernaculum keel-like, considerably longer than wide. Fig. 3B.
Nine pairs of caudal papillae; 1 and 2 preanal and subventral; 3 lateral
preanal; 4 postanal and subventral; 5 postanal and lateral; a group of three,
6, 7, and 8 subventral at that portion of the tail at the end of the body; 9
postanal subdorsal and adjacent to number 6.

Dragxosis: Diplogasteroides with characters as deseribed. Differs from
othev species in the shape of the gubernaculum and the slender more arcuate
spicules.

Haprrar: Recovered from the gallevies of Ips ponderosce Sw. in ponderosa
pine, Pinus ponderosa Laws., Bandelier National Monument, New Mexico, and
from ponderosa pine infested with I'ps lecontei Sw. near Prescott, Arizona.

Diplogasteroides janae n. sp.

Fearare: 0.9-1.1 mm, a = 20; b = 4; ¢ = 8; v = 46%.

MaLE: 0.73 mm, a = 21; h = 5; ¢ = 11.

FemaLe: Cutiele with fine transverse striations. Body widest near the
middle, tapering anteriorly and posteriorly. Head rather broadly rounded,
made up of 6 papillate lips with prominent papillae. Fig. 4A. Stoma much
deeper than wide, composed of a short cheilostom and protostom. Dorsal
metarhabdion hearing a small tooth located near entrance to esophagus.
Amphids located as in Figure 4A. FEsophagus consisting of a muscular pre-
corpus, widening into an ovoid valvate median bulbh. Isthimus moderately
slender, its length combined with the terminal bhulb heing shorter than the
pre-corpus and median bulb. Terminal bulb valveless. Nerve ring near
middle of isthmus. Excretory pore adjacent to median bulb. Ovaries at times
reflexed their entire length. Vulva a protuberant transverse slit near mid-
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body. Tail fine, filiform. Fig 4D.

MaLE: Testis single, reflexed, at times nearly reaching the terminal bulb.
Spicules paired, ventrally arcuate, cephalated. Gubernaculum considerably
longer than wide. Fig. 4C. Seven pairs of caudal papillae; 1 and 2 preanal
subventral; 3 postanal subventral; 4, 5, and 6 in a group at the posterior end

SIATE

Fig. 3.—4-D. Diplogasteroides marshalli n. sp.; A. Head; B. Male tail;
C. Body section, Female; D. ¥Female tail; E-G. Rhabditolaimus wesleyi n. sp.;
E. Head; F. Female tail; G. Male tail.
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of the body proper; 7 adjacent to 6, subdorsal. Phasmids located laterally
and on either side, slightly anterior to the 4th pair of papillae. Tail fine,
spicate. I'ig. 4C.

D1aanosis: Diplogasteroides as deseribed. Distinguished from other species
in the shape of the gubernaculum, number and arrangement of candal
papillae, and in the tail charvacteristies of the male.

FIaBrraT: Recovered from the galleries of Ips calligraphus (Germ.) in long-
leaf pine, Pinus palustris AMill. at Olustee, Florida. Host material collected
by #. P. Merkel.

Gexts Rhabditolaimus Fuchs, 1915

The genus is typified by the spectes Rhabditolaimus hallevi. [t 1s closely
related to Diplogasteroides, but differs in that the pharynx is unarmed and
the male tail possesses a small bursal strueture.

Rhabditolaimus wcesleyi n. sp.

Fearate: 0.65 mm.,, a = 18; b = 4.6; ¢ = 6; v = 729%.

MarLe: 0.5 nun,, a = 16; b = 5.3 ¢ = 6.4

Feamang: Cutiele thick with very fine longitudinal and transverse striations
which sometinmes are scarcely discernible. Body tapering anteriorly towards
the head, posteriorly to a moderately long filiform tail. Tig. 3F. Head rather
broadly rounded. Fig. 3E. Amphids located as in Figure 3E. Stoma Rhabdi-
tis-like, made up of a short cheilostom with relatively straight cheitlorhabdions.
Protostom approximately 3 times the length of the cheilostom. Telorhabdions
appear to be fused with the prorhahdions. Anterior end of the esophagus
overlapping the posterior portion of the stoma. Pre-corpus of the esophagus
muscular, terminating in an ovoid median bulb; the isthmus and terminal
bulb shorter than the pre-corpus and median hulh. Nerve ring a broad hand
midway of the isthmus. Exerctory pore not discernible. Ovary prodelphic,
reflexed for about 34 of its length. Post-uterine branch 1 14 times hody
width. Vulva a transverse slit with slightly protuberant lips. Anus promin-
ent.

Mare: Testis single, reflexed. Spicules paired, ventrally arcuate, cephalated.
Gubernaculum as in Figure 3G, only slightly longer than wide. Prominent
anal flap in male. Nine pairs of caudal papillae; 1 and 3 subventral preanal;
2 lateral preanal; 4 subventral postanal; 5 lateral postanal; a group of three,
6, 7, and 8 at that portion of the tail near the end of the body; 9 subdorsal
and adjacent to nwnher 7. Bursal structure not visible. Tail relatively long
and filiform.

DriagNosis: Rhabditolaimus with characters as deseribed. Differs from other
species of the genus in the anal flap of the male, the size and shape of the
gubernaculum, and the number and arrangement of caudal papillae.

HariTat: From galleries of Dendroctonus horealis infesting white spruce,
Picea glauca (Moench) Voss, Anchorage, Alaska. Nematode-infested material
collected by W. F. McCambridge.
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Fig. 4—A-D. Diplogasteroides janae u. sp.; A. Head; B. Ventral view, male
tail; C. Lateral view, male tail; D. Female tail.
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The Parasites of Four Eastern Ground Doves

RoBerT M. STABLER and PorTia A. HoLt
Colorado College, Colorado Springs

Members of the genus Columbigallina are widely scattered over the southern
temperate and tropical regions of the Western Hemisphere. Its various
species are reported as harboring Plasmodium, microfilariae, Toxoplasma, and
Haemoproteus (Levine and Kantor, 1959). The form in the eastern United
States, C. passerina passerina (eastern ground dove) has been reported as
positive for microfilariae only, however. No reports have appeared for the
western race (pallescens).

The authors are very grateful to Dr. O. E. Frye, Jr., of the Florida Game
and Fresh Water Fish Commission, who kindly forwarded from that state
four specimens of the eastern ground dove for examination.

OBSERVATIONS

The hirds arrived in Colorado Springs in excellent condition on 2 February
61. Their feces, blood, bone marrow, and mouths were examined for parasites,
with the following results.

NeEmaTones. The feces of three of the doves contained worm eggs which
ranged from 64 to 72 microns in length by 40 microns in width. They were
typical of the eggs of Ornithostrongylus quadriradiatus. The fourth showed
no eggs.

Cocoinia: Qocysts were present in two birds only. They ranged from 17.6
to 20.8 microns in length by 15.2 to 17.6 microns in width. They were identi-
fied as Eimeria labbeana.

HaemorroTEIDS: The blood of all four birds was positive for Haemopro-
teus columbae.

TricHOMONADS : Trichomonas gallinae was recovered from the mouths of
three of the four doves. Subinoculations from two of them were made into
the mouths of clean domestic pigeons. One pigeon showed no trichomonads
at any time; the other was still positive when sacrificed six weeks later. The
strain appeared to be completely avirulent.

No other parasites were detected.

Discussion

So far as the authors are aware, none of the four parasites recorded herein
(Ornithostrongylus quadriradiatus, Eimeria labbeana, Haemoproteus colum-
bae, and Trichomonas gallinae) has ever previously heen reported from the
eastern ground dove. The nematode (Biester and Schwarte, 1959) and the
coccidian (Levi) 1957) are hoth known to cause serious disease in the common
pigeon. The trichomonad is noteworthy particularly for the lethal effects of
its virulent strains on various members of the Columbiformes (Stabler, 1954).
Each new type of host for this pathogenie flagellate is, therefore, of consider-
able interest.
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Description of Dipetalonema interstitium n. sp. from the Grey
Squirrel and Dipetalonema llewellyni* n. sp. from the Raccoon.

DoxaLp L. Price

Walter Reed Army Institute of Research, Washington, D.C. and
Department of Zoology, University of Maryland, College Park, Maryland

During studies on the filarioid parasites in small mammals conducted at
the Patuxent Wildlife Research Center** microfilariae and adult filarioid
parasites representing two new species were collected, one species from the
grey squirrel, Sciurus carolinensis Gmelin and the other species from the
raccoon, Procyon lotor (Linnaeus). Both filarioid parasites were placed in
the genus Dipetalonema following the key proposed by Chabaud and Anderson
(1959). No previous report on either of these parasites could be found.
Measurements of both sexes of each species are expressed as an average using
three males and five females followed by corresponding measurements of types.

Dipetalonema interstitium n. sp.

DEescripTioN : Onchocercidae (Leiper, 1911); Onchocercinae Leiper, 1911;
genus Dipetalonema Diesing, 1861. Head slightly enlarged and rounded with
outer circle of eight cephalic papillae and two small interlateral papillae
just inside of amphids. Amphid opening slit-like. Cuticle finely striated.
Esophagus not divided, junction between esophagus and intestine indistinet.
Mierofilaria unsheathed and found in blood of host.

MaLe (holotype): 29.80 (29.50) mm long. Lateral width: at nerve ring
0.040 (0.038) mm, of head 0.051 (0.045) mm, at excretory pore 0.048 (0.042)
mm, and at anus 0.037 (0.038) mm. Nerve ring 0.090 (0.080) mm, excretory
pore 0.269 (0.262) mm, and junction between esophagus and intestine 0.269
(0.295) mm from anterior end. Anus 0.110 (0.090) mm from posterior end.
Posterior end coiled in about two turns. Caudal alae extremely narrow. Nine
pairs of caudal papillae: 1 pair anterior to anus, 4 pairs adanal, 2 pairs
just posterior to anus, 1 pair midway between anus and tip of tail, and 1
pair near end of tail. Right spicule 0.160 (0.170) mm long, left spicule 0.410
(0.380 mm long. Gubernaculum ahsent. Tip of tail flattened with longi-
tudinal markings giving superfieial suggestion of a bursa.

FemaLE (allotype) : 66.40 (64.00) mm long. Lateral width: at nerve ring
0.071 (0.070) mun, of head 0.078 (0.075) mm, at excretory pore 0.081 (0.078)
nmn, at vulva 0.078 (0.076) mm, and at anus 0.048 (0.049) mm. Nerve ring
0.138 (0.140) mn, exeretory pore 0.308 (0.310) mm, vulva 0.534 (0.540) mm,
and junection between esophagus and intestine 0.284 (0.280) mm from anterior
end. Anus 0.221 (0.210) mm from posterior end. Posterior end of body turns
ventrally and ends in three or four lobes, with two lateral, and a central lobe
which may be completely or only partially divided.

MicroriLarag: 250 %= 5 microns long, 3.5 microns wide. Head rounded,
cephalic space 3 microns long. Distance of anatomical points from anterior
end expressed as percentage of entire length of microfilaria: nerve ring 20.0;
excretory pore 24.8; excretory cell 28.9; rectal cells, G; 60.5, G, 62.8, G, 67.2,
G4 69.5; anal pore 70.9. Tail ending in S-shaped curve, tapering to a fine
point ,tip of last curve free of nuclei. Present in peripheral and heart blood.

*This dipetalonematid has been named for the late Leonard Llewellyn of the Patuxent
Wildlife Research Center without whose able assistance this paper would never have been
possible.

**The laboratories of the Fish and Wildlife Service, Department of the Interior at Laurel,
Maryland.
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Host: Sciurus carolinensis Gmelin,

LocaTioN : Subeutaneous connective tissue and intermuscular fasecia.
TyprE LocaLity : Le Conte State Game Refuge, Vienna, Maryland.
Hovrorype axDp ArLLorype: U.S.N.M. Helm. Coll. No, 39482.
PararypPeS: (2 males and 3 females) U.S.N.M. Ielm. Coll. No. 39483.

0.05 mm

Plate I

Dipetalonema interstitium n. sp. Diagrams of adult parasites:
Fig. 1. Right lateral view of anterior end of female.
Fig. 2. En face view of female.

Fig. 3. Left lateral view of posterior end of female.

Fig. 4. Off ventral view of posterior end of male.

Fig. 5. Right lateral view of posterior end of male.

Fig. 6. Right lateral view of vulva and vagina of female.

Ablbreviations: a, anus; am, amphid; ap, anal papilla; ep, cephalic papilla;
e, esophagus; ep, excretory pore; i, intestine; ip, interlateral papilla; Ip, lateral
papilla; s, left spicule; m, mouth; nr, nerve ring; o, ovary; rs, right spicule;
u, uterus; v, vulva; va, vagina.

(Figures drawn with the aid of a mieroviewseope)
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DistriBuTION : Le Conte State Game Refuge, Vienna, Marvland and
possibly National Zoological Gardens, Washington, D.C.

Diagxosis: A Dipetalonema having microfilariae about 250 microns long,
tail ending in S-shaped curve, tapering to fine point, last curve free of nuclei.
Male extremely small, having four pairs of papillae lateral to anus and
longitudinal markings in tip of tail. Female averaging about 66 mm long
with caudal tip of female ending in three or four lobes. This combination of
characters is diagnostie for Dipetalonema interstitivm.

Dipetalonema llewellyni n. sp.

Descriprion : Onchocercidae (Leiper, 1911) ; Onchocereinae Leiper, 1911;
genus Dipetalonema Diesing, 1861. Head slightly enlarged and rounded with
outer circle of eight cephalic papillae and two small interlateral papillae
Jjust inside of amphids. Amphid opening slit-like. Cuticle finely striated.
Esophagus not divided, junction between esophagus and intestine indistinet.
Microfilaria unsheathed and found in blood of host.

Mare (holotype) : 34.66 (42.00) mm long. Lateral width: at nerve ring
0.039 (0.042) mm, of head 0.045 (0.048) mm, at excretory pore 0.053 (0.065)
mny, and at anus 0.033 (0.038) mm. Nerve ring 0.098 (0.110) mm. exeretory
pore 0.263 (0.290) mm, and junction bhetween esophagus and intestine 0.295
(0.310) mm from anterior end. Anus 0.123 (0.140) mm from posterior end.
Posterior end coiled in about two turns. Caudal alae extremely narrow. Ten
pairs of candal papillae: 1 pair anterior to anus, 5 pairs adanal, 2 pairs just
posterior to anus, 1 pair about midway between anus and posterior end of
tail, and 1 pair near end of tail. Right spicule 0.145 (0.158) mm long, left
spicule 0.430 (0.440) mm long. Gubernaculum absent. Tip of tail flattened
with longitudinal markings giving a superficial suggestion of a bursa.

Fesars (allotype) : 90.00 (92.00) mm long. Lateral width: at nerve ring
0.079 (0.079) nm, of head 0.084 (0.084) mm, at excretory pore 0.087 (0.090)
mm, at valva 0.092 (0.120) mm, and at anus 0.045 (0.046) mm. Nerve ring
0.174 (0.190) mm, exerctory pore 0.343 (0.340) mm, vulva 0.750 (0.740) mm,
and junction between esophagus and intestine 0.308 (0.310) mm from
anterior end. Anus 0.229 (0.235) mm from posterior end. Posterior end of
body turns ventrally and tip of tail ends in four lohes.

MicrOFILARIA : 290 % 5 microns long, 2.5 microns in diameter. Distance of
anatomical points from anterior end is expressed as percentage of the entire
length of mierofilaria: nerve ring 17.9; excretory pore 23.3; excretory cell
25.05 rectal cells, Gy 69.2, Gy 77.1, G5 78.3, G4 80.0, anal pore 81.6, Tail
ending in curve resembling delicate button-hook without nuclei. Present in
peripheral and heart blood.

Host: Procyon lotor (Linnacus). -

LocationN : Subeutancous connective tissue and intermuscular fascia.

Type Locavity : Patuxent Wildlife Research Center, Laurel, Maryland.

HororypE axp Arrorype: U.S.N.M. Heln. Coll. No. 39484.

ParaTyYPES: (1 male and 3 females) U.S.N.M. Helm. Coll. No. 39485,

DistriBuTiON : Maryland. )

Disgnosis: A Dipetalonema with mierofilariae about 290 microns long
having tail ending in delicate button-hook curve without nuelei. Male extreme-
ly small having five pairs of papillae lateral to anus; tip of tail flattened and
having longitudinal marking. Female averaging about 90 mm long with
caudal tip of female ending in four small lobes. This combination of char-
acters is diagnostic for Dipetalonema lewellyni,
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Discussion

The adults of these two species of Dipetalonema are very similar in
structure. In the males the spicules and arrangement of caudal papillae
are almost the same, the only obvious difference other than size being the
number of pairs of papillae lateral to the anus, D. nterstitium having four

Fig.
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Plate III
Dipetalonema llewellyni n. sp. Diagrams of adult parasites:

Right lateral view of anterior end of female.

. Right lateral view of anterior end of female showing vulva and vagina.
. En face view of female.

Left lateral view of posterior end of male.
Right lateral view of vulva and vagina of female.
Off ventral view of posterior end of male.

. Right lateral view of posterior end of female.
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and D. llewellyni having five. The only obvious difference between the females
of these two species is size although the mierofilariae removed from the
uterus of one species of female ean be differentiated from those of the other
species. Sandground (1933), referring to the differentiation of adults of the
genus Dirofilaria, remarks, “size relationships are cited as the chief eriterion
upon which most species are presumptively distinguished.” Price (1959)
used size along with the microfilaria to differentiate the females of D.
magnilarvatum from those of another species found in Macaca irus. In the
present paper there is also a difference in size which is more apparent in the
females.

The morphology of the microfilaria of D. lewellyni from all of the infected
raccoons examined was the same. Mierofilariae were removed from several
living females of this species to make certain that mierofilariae from the
adult females were the same as those seen in the blood of the host and that
no other species of filaroids were involved. A similar procedure was followed
in the case of D. interstitinm in the squirrel. Sinee the microfilariae from the
two hosts were constantly different in morphology, one from another, they
could not have arisen from the same species of female Dipetalonema. The
morphological differences were best seen in a modified Knott’s concentration
as desceribed by Ilerman and Price (1955).

Another parasite of the sawe genus, D. procyonis, was reported by Price
(1955) from the raccoon. This species is sufficiently different in structure so
that it would not be confused with the presently deseribed species.

SUMMARY

Dipetalonema interstitivm n. sp., infecting the subcutaneous conneetive
tissue and intermuscular fascia of Sciwrus carolinensis, and Dipetalonema
llewellyni n. sp., infecting the subcutaneous connective tissue and inter-
musecular faseia of Procyon lotor, are described from Maryland. The similarity
of these two species and the necessity of using the microfilaria i diagnosis
are discussed.

Plate IT Dipetalonema interstitium n. sp. Mierofilaria.
Plate IV Dipetalonema llewellyni n. sp. Mierofilaria.
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On the Identification of the Cercaria of Cotylurus brevis
Dubois and Rausch, 1950, (Trematoda: Strigeida) and
Genitalia of the Adult

P. Nasir*

In a previous publication (see Nasir, 1960) a furcocercaria found in
Lymnaea stagnalis from Edgbaston Pool, near the University of Birmingham,
England, was proved to be identical with Cercaria helvetica XXXIV Dubois,
1934 occurring in L. stagnalis in Neuchiitel, and experimentally connected
with the already known adult Cotylurus brevis Dubois & Raesch, 1950. A
comparative account of related species of cercariae and details of the genitalia
of adult were omitted which are presented in this paper.

DISCUSSION OF RELATED CERCARIAE

From the works of Mathias (1925) Szidat (1924; 1929A) Van Haitsma
(1931) and Harper (1931) it may be deduced that the cercarial stages of
species belonging to the genus Cotylurus, Szidat, 1928, are characterized by
the presence of two pairs of penetration glands anterolateral to the ventral
sucker, esophagus bifurcating either immediately anterior to the ventral
sucker or far in front of it, the ventral sucker with an armature of spines, an
excretory commissure anterior to the ventral sucker, and the number of
flame cells, seven or ten pairs. However, an exception is met with in the
cercaria of Cotylurus communis (Hughes, 1928) LaRue, 1932, synonyms
Strigea michiganensis La Rue (1927) in Van Haitsma, 1930 and Cotylurus
michiganensis (La Rue) in Van Haitsma, 1930, part of the life ¢ycle of which
has been deseribed by Van Haitsma (1930). He describes the cercaria as pos-
sessing three pairs of penetration glands posterior to the ventral sucker and
eight pairs of flame cells, six in body and two in tail stem. Van Haitsma’s
conclusions have been challenged by Szidat (1931) who asserted that the
position of the penetration glands is of generic importance, and their location
i.e., behind the ventral sucker is characteristic of cercariae belonging to the
adult genus Diplostomum. Dubois (1938) also agrees with Szidat while
Olivier and Cort (1942), as a result of experimental reinvestigation of the
life cycle of C. communis, concluded that the cercaria which Van Haitsma
assumed to be the larva of C. communis develops into a diplostomulum stage
in the eyes of fish and therefore “it can have no relationship to the life cycle
of C. communis since the metacercaria of this species is a tetracotyle found
around the hearts of fishes.”

P I*I?iepartment of Zoology and comparative Physiology, the University, Birmingham,
‘ngland.

o gPresent address: Parasitology Laboratory, Wayne State University, Detroit, Michigan,
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The above cited eharacters have been regarded as of generie importance.
Certain other characters have been used for the specific determination: the
location of penetration gland cells and anterior exeretory eommisure in
relation to ventral sucker, the total number of flame cells, the presence or
absence of forward pointing spines, the number of rows of acetabular spines
and the position of esophageal bifureation. In addition body size has been
shown coneclusively by Olivier and Cort (1941) to be of significance in
separating the cercaria of Cotylurus flabelliformis from Cercaria douglasi.
Duhois (1934) has already emphasized the importance of esophageal length
and the same author has used the number of rows of acetabular spines for
the identification of Cercaria helvetica XXXIV Dubois, 1934 (= e¢ercaria of
Cotylurus brevis). Rees (1957) has not only made use of the rows and of
the number of spines in each row on the ventral sucker but also of the
arrangenient of bodyv spines for characterization of the cercaria of Diplo-
stomum phoxini (¥aust). My observations show that it is not only the
length of esophagus that matters but also whether or not the course of
intestinal ceca is tortuous. It secems most likely that the “unpigmented eye
spots” are characteristic of all cercariae belonging to the adult genus Coty-
lurus and in those forms where their presence has not heen recorded it is
possible that they might have been overlooked.

There are six other related cercariae about which sufficient structural or
developmental details are known to render a detailed eomparison with cercaria
of Cotylurus brevis worthwhile: Cercaria douglasi (Cort, 1917) Olivier and
Cort (1941) from Physa spp; eercaria of Cotylurus flabelliformis (Faust,
1917) Cort and Brooks (1923) Olivier and Cort (1941) from varietics of
L. stagnalis; Cercaria A Szidat, 1924, Dubois (1929), Wesenberg-Lund (1934)
= the larvae of Cotylurus cornutus (Rudolphi, 1808) in Szidat (1928;1929B)
from L. stagnalis and L. palastris; Cercaria senjuanensis Miller, H. M, Jr,,
1927 from L. stagnalis; Cercaria berghei Fain, 1953 from Biomphalaria
alexandrina tanganyicensis and B. . pfeifferi; and Cercaria tetraglandis
Tles, 1959 from Planorbis corneus.

The eercaria of Cotylurus bhrevis is distinguished from Cercaria douglasi by
its larger size and by the fact that the tail stem in the former is always
longer than the body while in the latter it 1s shorter than the body. Besides
there are “several irregular rows of thin clongated spines” on the ventral
sucker in Cercaria douglasi while in the cercaria of Cotylurus brevis there
are only three rows of acetabular spines; in the former the exeretory
commissure ltes immediately anterior to the ventral sucker whereas in the
latter it lies at a considerable distance anterior to the ventral sucker at about
the level of unpigmented eye spots; moreover, although the esophagus in
Cercaria douglasi bifurcates about halfway between pharynx and ventral
sucker, is quite long and intestinal ceca show only slight indentations and
these too only in the postacetabular region.

Cercaric A and the cercaria of Cotylurus flabelliformis are readily separated
from the cercaria of C. brevis by the position of esophageal bifureation; in
the cercaria of C. hrevis the esophagus divides about halfway hetween the oral
and ventral suckers but in the cercariae of C. cornutus and C. flabilliformis it
hifurcates only slightly anterior to the ventral sucker.

The penetration gland cells in Cercaria sanjuanensis are characteristically
arranged between the esophageal bifurcation and the ventral sucker but no
such arrangement ever occurs in the cerearia of C. brevis where one of the
pairs is mostly on one side of the median segittal plane of the hody or the
anterior glands of hoth sides may partially overlap. Moreover, “the alimen-
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tary canal” in C. sanjuanensis “is of narrow calibre throughout its entire
extent” and the “long esophagus” divides just at the level of the penetration
glands, although a considerable distance in front of the ventral sucker; in
cercaria of Cotylurus brevis esophagus is short and the intestinal ceca have
a peculiar sinuous course broadening posteriorly. Dubois (1929) has ex-
pressed doubt as to the validity of C. sanjuanensis and considers it “seemingly
identical with Cercariu A” which develops into Cotylurus cornutus, a distinct
species from C. brevis.

Cercaria berghei from the Belgian Congo has about the same nunmiber of
caudal bodies, i.e. 12 (in cercaria of C. brevis from 12-16) but they differ
substantially in other points: in C. berghei the digestive tract traverses a
sinuous course only in the esophageal region hut in the cercaria of €. brevis
the intestinal ceca along their entire extent are characteristically sinuous;
moreover C. berghei is a smaller species, especially the fureal rami.

In 1958 the author had an opportunity to examine the living specimens
of Cercaria tetraglandis but could not make out any other differences excepting
the biological ones (see Nasir, 1960) from the cercaria of Cotylurus brevis.
However, from the published account C. tetraglandis is very definitely a
distinet species from cercaria of C. brevis: C. tetraglandis is considerably a
smaller form and its prepharynx and esophagus are twice as long; moreover
it has eight penetration spines in contrast with twenty spines in cercaria of
C. brevis.

(GGENITALIA OF Cotylurus brevis

Dubois and Rausch (1950) gave a sufficient detail of various organ
systems of adult Cotylurus brevis, however, they did not include the genital
system which is described in this paper.

MALE GBNITAL SYSTEM: Testes (fig. 1-2) median, tandem and occupy
position in seeond and third quarters of hind body; however, this disposition
is not a constant feature, depending on state of contraction of hind body.
Posterior testis bulkier than anterior testis of same individual. Both testes
deeply cleft into three posteriorly directed lobes. Because of great variations
in shape of testes due to folding of lobes representative measurement rather
unreliable.

Origin of vasa efferentia and their ultimate union to form seminal reser-
voir (from which common vas deferens emerges) was satisfactorily established
only from a number of sections passing through different planes of hody.
Part of vas efferens overlying corresponding testis from which it arises
usually free from sperms and therefore difficult to ohserve.

Anterior vas efferens (fig. 2) arises from the mid-ventral surface of
anterior testis and runs obhliquely anteriorly as far as middle of anterior
border of testis; just anterior to testis uniting with vas efferens from
posterior testis to form “seminal reservoir” markedly dilated with contained
sperms. :

Common vas deferens, on leaving seminal reservoir, curves around ventral
surface of anterior testis, running nearly parallel with vas efferens from
posterior testis. At antero-ventral horder of posterior testis vas deferens
passes between lobes of this organ. Along postero-ventral horder of posterior
testis dilating into large seminal vesicle, greater part is posterior to posterior
testis; seminal vesicle at its distal end bends towards dorsal surface of body
where it narrows rather abruptly and enters globular ejaculatory pouch.

Ejaculatory pouch furnished with thick museular walls. Narrow slightly
coiled ejaculatory duet arises ventrally from near posterior region of ejacula-
tory pouch and opens into genital atrium dorsal to uterine orifice.
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FEMALE GENITAL SYSTEM : Transversely elongate ovary (fig. 1, 3) median
and lies dorsal to and anterior to anterior testis; posterior part of ovary
partly overlaps anterior part of testis. Oviduct on leaving posterior side of
ovary immediately thrown into a vertical fold and at this point Laurer’s
canal leaves it. Laurer’s canal for some distance runs parallel and dorsal
to oviduet, then turns obliquely dorsally and eventually opens exteriorly on
dorsal surface of hind body at a point level with posterior border of anterior
testis.

Oviduct passes ventrally between testes and receives common vitelline duct
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Tig. 1. General anatomy of adult Cotylurus brevis.
TFig. 2. Reconstruction of male genitalia, seen from right side.
Tig. 3. Reconstruction of female genitalia, seen from right side.

Au—ascending limb of uterus; Cgp—common genital pore; Cvd—common
vitelline duet; Cvr—common vitelline reservoir; Du—descending limb of uterus;
Ed—ecjaculatory duct; IEpo—ejaculatory pouch; TFgp—female genital pore;
Gat—genital atrium; Le—Laurer’s canal; Lhf—Ilips of holdfast organ; Mg—
Mehlis gland; Mgp—male genital pore; O—ovary; Od—oviduet; Of—opening
of forebody; Oo—Ootype; Sr—seminal reservoir; Sv—seminal vesicle; Te—
testis; Tsp—tongue-shaped process; Tvd—transverse vitelline duet; Vd—vas
deferens; Ve—vas efferens; Vg—rvitelline glands.
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before bending dorsally again to enter spindle-shaped ootype. In transverse
sections ootype wall strongly corrugated and receives numerous duets from
surrounding Mehlis gland.

Uterus arises from dorsal end of ootype and after running dorsally for
some distance bends ventrally again as far as postero-ventral border of
anterior testis; from this point it continues ventral to anterior testis as
ascending limb of uterus. Anterior to ovary uterus curves ventrally and runs
towards posterior end of body as descending limb of uterus until it opens in
genital atrium.

Vitelline follicles occupy ventral half of hind body excepting extreme
posterior region occupied by bursa copulatrix. Follicles confined entirely to
hind body and never project into forebody. Dubois and Rauseh (1950)
observed presence of “crown of follicles” in forebody of Cotylurus brevis
but they considered this presence of vitelline glands in forebody as an ‘“aber-
rant disposition.” Common vitelline reservoir generally larger than ovary
and greater part of it left of Mehlis’ gland. Transverse vitelline ducts pass
one on either side of descending limb of uterus and enter common vitelline
reservoir on ventral side. Common vitelline duet on leaving dorsal end of
vitelline reservoir descends ventrally entering oviduet.

SUMMARY

A detailed comparative study of the cerearia of Cotylurus brevis has heen
made with six other related cercariae and genital system of the adult is
described.
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A Redescription of the Oocysts of Eimeria ahsata Honess, 1942,
From the Domestic Sheep

NorMaN D. LevINE, VircINIA IVENS, WiLLArD N. SMIiTH
and LeoNarD REID DAvis

College of Veterinary Medicine and Agricultural Experiment Station,
University of Illinois, Urbana, Illinois
and Regional Animal Disease Research Laboratory,
Agricultural Research Scrvice, United States Department of Agriculture,
Auburn, Alabama

Eimeria ahsata was first described by Honess (1942) from the Rocky
Mountain bighorn sheep (Ovis canadensis) and the domestic sheep (Owis
aries) in Wyoming. He used the spelling ah-sa-ta, but the hyphens are
omitted here in accordance with the International Code of Zoological Nomen-
clature. Rysavy (1954) reported E. ahsata in the domestic sheep, Ovis musi-
mon and Capra sibirica in Czechoslovakia. Smith, Davis and Bowman (196)
and Smith and Davis (1961) found it in domestic sheep in Alabama and in
flocks which had been imported into Alabama from Montana and other
western states. Their identification was confirmed by Honess.

Complete deseriptions of the sporulated oocysts were given in none of the
above reports, and the purpose of the present paper is to do so. The oocysts
described herein were from experimentally infected sheep in Alabama. They
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were examined with a Leitz Ortholux microscope equipped with apochromatie
objectives.

Eimeria ahsata Honess, 1942

DescriptioN : Oocysts (Fig. 1) ellipsoidal to somewhat ovoid, slightly
flattened at the micropylar end, which is alimost always the smaller one. Fifty
sporulated oocysts measured 36 to 44 by 22 to 29 microns with a mean of
40 by 26 microns; their length-width ratios ranged from 1.2 to 1.7 with a
mean of 1.5. Qocyst wall smooth, lavender to pinkish yellow, composed of
two layers 0.9 to 1.3 microns in total thickness. The intact oocysts often
appeared to have colorless outer layer 0.4 microns thick, but no evidence of
such a layer could be seen in crushed ooeysts, and its appearance was probably
an optieal illusion. The true outer layer accounts for almost the whole thick-
ness of the wall. In intact oocysts the inner layer appears simply as a dark
line on the inner surface of the wall, and may sometimes be. somewhat
wrinkled at the micropylar end. In crushed oocysts, however, the inner layer
can be seen as a distinct membrane separate from the outer wall. Micropyle
present. Micropylar cap present, dome-shaped; the micropylar caps of 44
sporulated oocysts ranged from 0.4 to 4 microns high by 7 to 11 microns
wide with & mean of 2 by 9 microns. One or ocecasionally more oocyst polar
granules ordinarily present; among 50 sporulated oocysts, a single polar
granule was seen in 44, two polar granules in 2, three polar granules in 1, and
none in 3. Qocyst residuum absent. Sporocysts elongate ovoid, rounded at
both ends, with one end somewhat broader than the other. Stieda body
absent. Fifty-three sporocysts measured 18 to 20 by 7 to 10 mierons with a
mean of 18 by 9 microns; their length-width ratios ranged from 1.8 to 2.7
with a mean of 2.0. Sporocyst residuum present. Sporozoites elongate, lying
head to tail in sporocysts. One to three clear globules present in sporozoites.

Fig. 1. Sporulated oocyst of Eimeria ahsata from the domestic sheep.
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DiscussioNn

The oocysts described above are similar to those originally deseribed by
Honess (1942) except that they are slightly larger. He reported measure-
ments of 29 to 37 by 17 to 28 microns with a mean of 33 by 23 mierons in
the domestic sheep, and 30 to 40 by 20 to 30 microns with a mean of 33 by 24
mierons in the bighorn sheep. He stated that a residual mass of protoplasm
half the diameter of a sporocyst was present in some oocysts; we found none
such. Honess did not describe the sporocysts except to give their average
dimensions (15.4 by 7.8 microns), and this only in the bighorn sheep; in his
photomicrograph they appeared elongate ovoid like ours; he stated that the
presence or absence of a Stieda body could not be determined.

Smith and Davis (1961) gave a photomicrograph of a sporulated oocyst
of E. ahsata of the same provenance as ours; it did not differ markedly in
appearance from that of Honess.

The ooeysts of E. ahsata described by Rysavy (1954) from Ovis aries,
Ovis musimon and Capra sibirica in Czechoslovakia measured 27 to 40 by
20 to 29 mierons with a mean of 34 by 27 microns; their length-width ratios
ranged from 1.1 to 1.5 with a mean of 1.3. They were bhroadly ovoid to almost
spherical (illustrated as ovoid to almost broadly ellipsoidal), with a clear,
thin, smooth, transparent light wall. A micropyle and micropylar cap were
present, the cap being 2 to 3 microns high and 5.7 microns wide. The
sporocysts were oval and measured 9 to 11 by 5 to 8 microns. There was a
small sporocyst residuum. Nothing was said about an ooeyst polar granule or
oocyst residuum.

Rysavy’s deseription agrees in general with that of E. ahsata except that
the sporocysts of his form are much smaller. In addition, he did not tell
whether his deseription was based on oocysts from one, two or all three host
species. It is impossible to he certain, therefore, whether the coccidia which
he called E. aksata actually helonged to this species.

E. ahsata is one of a group of ovine coccidia of what might be called the
arloingt type. The oocysts in this group have a cap over the micropyle, a
colorless to brownish yellow wall, and are up to about 44 mierons long.
Included in this group are E. crandallis Honess, 1942, which has relatively
small, ellipsodal oocysts; E. arloingi (Marotel, 1905) Martin, 1909, which has
medium-sized, ellipsoidal oocysts; E. granulosa Christensen, 1938, which has
medium-sized, urn-shaped oocysts; E. punctata Landers, 1955, which has
small, subspherical, pitted oocysts; and E. ahsata, which has relatively large,
ellipsoidal oocysts. Some workers have doubted whether the separation of all
these species is justified. Lotze (1953), for instance, questioned whether there
was more than one species with oocysts of the arloingt type in sheep and
goats, and said that further studies were necessary to determine the status
of E. ahsata and E. crandallis.

The oocyst length often given for E. arloingi is 17 to 42 mierons; this is
based on Christensen’s (1938) study, which was made hefore the recognition
of E. ahsata and E. crandallis. However, Honess (1942) reported that the
oocysts of E. crandallis are 17 to 23 microns long, those of E. arloingi are
22 to 30 microns long, and those of E. ahsate from the domestic sheep are
29 to 37 microns long. Levine, Ivens and Fritz (unpublished) found that the
oocysts of E. arloingi from the goat (the original host) were 22 to 31 microns
long. These later findings indicate that the coccidia in the upper part of
Christensen’s range may have been actually E. ahsata and not E. arloingi.

Further confirmation of the validity of this separation may he drawn from
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reports on the pathogenicity of K. arloingi. Many workers consider this
species to be highly pathogenie. Horton-Smith (1958) summarized this view,
stating, “Eimeria arloingi has been incriminated in several outbreaks of
coceidiosis in Britain and it is likely that this species may be the chief cause
of severe ovine coceidiosis in these islands. This view of the economie
importance of E. arloingi is a widely held one among workers in coccidiosis
outside this country, and mortality and deaths have been reported as resulting
from heavy infestations.”

On the other hand, Lotze (1952) found that E. arloingi was only moderate-
ly pathogenie in 3-month-old lambhs. No visible signs were produced by
infections with 1 million ooeysts or less. In lammbs infeeted with 3 or 5
million oocysts, the feces beecame soft on the 13th day and then returned to
normal during the next 6 days; the health, general condition and weight gains
of these animals were not affected. Severe diarrhea was produced with larger
numbers of oocysts, but no lambs died even when given as many as 60
million, altho one was killed in extremis.

In comparison, Lotze (1954) found that as few as 50 thousand oocysts of
E. ninakohlyakimorae caused diarrhea and as few as 500 thousand oocysts
caused death in lambs, and he produced dysentery in a 2-yvear-old sheep by
feeding as few as 1 million ooeysts. Finally, Smith and Davis (1961) found
that up to 3 million oocysts of E. erandallis produced no noticeable harmful
effects, but that as few as 100,000 oocysts of E. ahsata killed lambs less than
15 weeks old. Under experimental conditions, E. ahsata is thus the most
pathogenic ovine eoccidium so far recognized, while E. arloingi is consider-
ably less so. Tt is likely that most of the outbreaks of ovine coccidiosis
aseribed to E. arloingi are actually due to E. ahsata. Indeed, the photomicro-
graph of an “F. arloingi” oocyst given by Horton-Smith (1958) markedly
resembles that of F. alisata.

SUMMARY

The ooeysts of Eimeria ahsata from the domestic sheep are described in
detail. They measure 36 to 44 by 22 to 29 microns with a mean of 40 by 26
licrons, have a micropyle with a dome-shaped micropylar cap, a double-
layered wall and elongate ovoid sporocysts measuring 18 to 20 by 7 to 10
micerons. Under experimental conditions, E. ahsata is much more pathogenie
than E. arloingi, and many of the outhreaks of coccidiosis aseribed to the
lIatter were possibly caused by E. alsata.

LITERATURE C'ITED

CHRISTENSEN, J. F. 1938. Species differentiation in the coceidia from the
domestie sheep. J. Parasitol. 24: 453-465.

Hongss, R. F. 1942, Coceidia infesting the Rocky Mountain bighorn sheep in
Wyoming. Univ. Wyoming Agrie. Exper. Station Bull. 249, 28 pp.

HorToN-SMITH, C. 1958, Coceidiosis in domestic mammals. Vet. Ree. 70: 256-262.

LotzE, J. C. 1952. The pathogenicity of the coceidian parasite, Eimeria arloingi,
in domestic sheep. Cornell Vet. 42: 510-517.

T.orze, J. C. 1953. The identity of Eimeria arloingi and E. faurei of sheep and
goats. Proc. Helm. Soe. Wash. 20: 55-58.

Lorzg, J. C. 1954. The pathogenicity of the coceidian parasite, Eimeria ninae-kohl-
yakimovi Yakimov and Rastegaeva, 1930, in domestic sheep. Proe. Am. Vet.
Med. Assoc., 19th An. Meeting, 1953: 141-146.

Rysavy, B. 1954, Prispévek k posnéni kokcidii naSiech i dovezenych obratloveu.
Cesk. Parasitol. 1: 131-174.

Sarra, W. N. and L. R. Davis. 1961. Two species of sheep coceidia new to
Alabama. Proc. Helm. Soc. Wash. 28: 95-96.

Sayrra, W. N, L. R, Davis and G. W. BowwmaN, 1960. The pathogenicity of
Eimeria ah-sa-ta, a coecidium of sheep. J. Protozool. 7(Suppl.) :8.

Copyright © 2011, The Helminthological Society of Washington




JANUaRY, 1962] HELMINTITOLOGICAL SOCIETY 91

Notes on the Dormancy of Anguina tritici (Steinbuch, 1799)
Filipjev, 1936 under Constant Humidity

Doxarp P. LiMBER*

The experiments reported bhelow were undertaken in 1940. They ave the
outgrowth of the writer’s (1938) experiments determining the weight of
certain A. tritict larvae and the observation that the galls of this nematode
are highly hygroscopic. It was thought that the length of dormancy, or
anabiosis, might be greatly affected by the degree and constancy of the
humidity in which the larvae were stored. Fielding (1956) has reported
survival of up to 100 percent of the larvae in galls after 28 years in storage.
The present experiments are at the 21 year stage with indications that the
larvae in two of the test environments may duplicate the period reported by
Fielding. Their value, at this time, is in the evidence which they give con-
eerning the conditions which favor longevity in this nematode. They also cast
light on the discrepancy between Fielding’s report and the earlier published
reports of Byars (1920), Goodey (1923), and a less well authenticated report
by Needham ecited by both Byars and Goodey. It should be added that the
conditions under which these galls were stored would not be approached in
nature except, perhaps, in some very dry climates.

The wheat galls used were supplied by Dr. G. Steiner and were received
in February 1940. They were from a West Virginia collection believed by
the writer to be from the 1939 erop. This sample of mixed galls and wheat
kernels was kept in a 250 ce widemouth bottle. It was loosely stoppered with
a cork and the unused galls were kept as a control on the experiments
reported.

Galls embedded in paraffin and others sealed in nitrogen gas showed fewer
viable larvae after two years than the control. The outstanding results were
secured with larvae in galls sealed in glass tubes hy fusing the ends of the
tubes with heat. The tubes measured about 4 mm in inside diameter and
averaged six inches in length. Six or more galls were placed in each tube but
not such a number that any of the galls would be exposed to high heat when
the open end was fused. All of the experiments shown in table 1 were
started on March 12, 1940. The tubes were stored in the laboratory at
Hoboken, N. J. at room temperatures.

Tubes were opened in 1961 and two galls from each were placed in about
2 ce of water in glass dishes. They were examined periodically thereafter.

Table 1. Anabiosis in Anguina tritici, second stage larvae, as influenced by constant
low moisture content.

Euvironment Dates checked
All galls in glass tubes. 1952 1957 1961
Maximum
Active

Ends of tubes plugged with cotton. dead
Ends of tubes fused, galls not dried. alive alive 74%
Ends of tubes fused, galls dried for
5 minutes at 70-80°C. alive alive 0%
Ends of tubes fused, galls dried for
15 minutes at 70-80°C. alive alive 0
Ends of tubes fused, galls dried for
15 minutes at 70-80°C., a few flakes
of CaCl: covered by cotton plugs
beneath galls. alive alive 8 larvae

*Plant Quarantine Division, A.R.S., U.S. Department of Agriculture, Hoboken, New Jersey.
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The first evidence of activity was usually seen about 24 hours after moistening.
The number of active larvae is recorded in table 1 as a percentage. However,
this is not necessarily a full measure of those alive since Fielding (1951) has
demonstrated that some inactive larvae may still be alive.

That the larvae which became active were in a robust physical condition
is indicated by the length of time they remained active without an external
food source. Of those not dried before they were sealed in the fused tube
12.9 percent were still active after 62 days in sterile water. Of those dried
for 5 minutes 21.5 percent were still moving on the 53rd day in distilled water.

The larvae in the unused portion of the sample were stored in the loosely
‘stoppered widemouth bottle at room temperature. The bottle was opened
occasionally. About 30 percent of the contained larvae were viable in 1942
but all of them died sometinie before 1950.

The galls which Fielding studied were stored in a laboratory at Salt Lake
City, Utah, in closed boxes according to Corder (1933). They were thus
subjected to a dry climate in comparison with those with which Byars and
Goodey worked. The writer’s stock sample in the widemouth bottle was sub-
jected to variation in humidity. Thus the evidence seems to point to a positive
correlation between longevity and a constant low humidity.
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Presentation

1961 ANNIVERSARY AWARD OF THE HELMINTHOLOGICAL
SocieTy oF WASHINGTON

October 20, 1961

RecipieNT: Miss MiLprep ANN Doss—Elected a member of the Helmin-
thological Society January, 1939. Co-PrincipAL INVESTIGATOR, National
Institutes of Health Research Project “Revision of Stiles and Hassall Tre-
matoda,” Department of Zoology, University of Maryland; COLLABORATOR,
Beltsville Parasitological Laboratory, Animal Disease and Parasite Research
Division, Agrieultural Research Service, United States Department of Agri-
culture. Formerly, SENIOR ParasiTorocisT, Uspa (Retired).

ACADEMIC AND PROFESSIONAL RECORD: A. B. University of New Mexico,
1925; B. I. S. University of Illinois, 1928; additional special training in
numerous languages and zoology. Parasitological bhibliographer and Parasitol-
ogist In Charge of the Index—Catalogue of Medical and Veterinary Zoology,
United States Department of Agriculture 1930 to 1961. Holder of Ives
Scholarship, University of Mexico, 1924-1925. Elected to the Washington
Academy of Science, 1950. Recipient of the Superior Service Award, USDA,
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1953. One of 19,000 women honored by inclusion in “Who’s Who of Ameri-
can Women.”

AwarD cI1TATION : For outstanding and sustained accomplishments in para-
sitological bibliographic work over a period of more than thirty years, and
for being largely responsible for preparing and editing for publication,
with minimal assistance, a second edition of the Author Section of the In-
dex-Catalogue of Mediecal and Veterinary Zoology, consisting of 29 volumes,
as well as maintaining five other Sections of the Catalogue which are as yet
unpublished. Futhermore, for her eontinuous valuable assistance and service
on bibliographic problems to members of this Society and parasitologists
everywhere.

CArREER HIGHLIGHTS: Miss Doss began her work with the Index-Catalogue
in the USDA in 1930 under the direction of Dr. Albert Hassall.  She became
a member of a team econsisting of Dr. Hassall, Miss Margie Potter, Miss
Marion Farr and Mrs. Gertrude B. Carson. This team initiated the project
of republishing the Author Section of the Index-Catalogue, but Dr. Hassall
retired in 1932 and Miss Potter died in 1936. At that time Part I of the
new edition of about 142 pages was published and Part IT had been edited
for publication, but was not published until 1938. After Miss Potter’s death,
Miss Doss was placed in charge of the Catalogue, a post she held for 25
years until her recent retirement from the USDA. Because of her remarkable
knowledge of foreign languages and her great enthusiasm and diligence, the
following record was made in the publication of the Catalogue. Parts III
to XVIII, which completed the list of authors through Z, were published
in the years 1939 to 1952 and consisted of 5,000 pages and 139,000 citations.
Since completing the new edition of the Author Section, 11 supplements have
been published, which added about 3,500 pages and 100,000 citations. In
addition to her work on the Author Section, she continuously kept up-to-date
the other Sections of the Catalogue, i. e., The Parasite Catalogue, The Host
Catalogue, the Antiparasitics Catalogue, The Citation Catalogue of Publica-
tion, and the Checklist of Speeific and Subspecific names. Although sub-
stantial contributions to this work were made by other members of the BPL
staff, Miss Doss was always the main driving force behind it. By way of
emphasis on the enormous and complex task that confronted Miss Doss while
serving as the prime bibliographer of parasitology, it should be noted that
the information in the Index Catalogue was collected from more than 22,000
different publications printed in 33 languages, and requires more than 2 mil-
lion cards to record the data on about 150,000 human and animal parasites.
This Catalogue enables trained persons to obtain any available publizhed
information on any known animal parasite in the world, on the diseases they
cause, on their trasmission, intermediate hosts and/or vectors, on their medica-
tion, and on the methods of control and eradication.

In recent years, when much more emphasis has been given to the impor-
tance of complete and accurate bibliographic work because of the rapidly
increasing volume of scientific publications, the Index-Catalogue of Medical
and Veterinary Zoology has often been cited as an outstanding example of the
best kind of indexing for a highly complex field of science, and the best in
biology. A large proportion of the credit for the excellence of this unique
catalogue of scientifie information goes to Miss Doss. As further testimony
of her devotion to this important work, Miss Doss has traveled widely in
Russia, Europe and Central Ameriea, incidentally at her own experse, and
during these travels she has devoted much time to searching out additional
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material not available in this country for inclusion in the Catalogue.

Since her retirement from the USDA on June 30 this year, she has received
a grant of funds for the purpose of continuing and hroadening her important
bibliographiec work, with her immediate objective of preparing for publiea-
tion a revised catalogue on the Trematoda. This work will be done under the
sponsorship of the Department of Zoology, University of Maryland, with
Dr. George Anastos as Co-Principal Investigator, and in cooperation with
the Index-Catalogne of Medical and Veterinary Zoology, Beltsville Parasi-
tological Laboratory, USDA.— Awards Committee: A. L. TayLor, P. P.
WeinsTEIN, and K. C. KaTEs.

IN MEMORIAM

George Edward Cauthen
March 5, 1900 - November 2, 1961

Mewber, Helminthological Society of Washington since October 15, 1952

Gotthold Steiner

The Helminthological Society of Washington marks with deep regret the
passing of Dr. Gotthold Steiner who died suddenly of a heart attack on
August 21, 1961. For forty years he had been a distinguished and respeeted
member. He was elected president in 1925 and was made a life member in
1956.

Dr. Steiner was born in Signau, Switzerland, on April 8, 1886. His
higher education was at the Universities of Berne and Zurich. He received
his doector’s degree from the former institution in 1910, became Privat-Docent
in 1918, and served on the teaching staff until 1921. By this time his research
was beginning to receive wide recognition. His publications came to the
attention of Dr. N. A. Cobb who was sufficiently impressed by them to in-
duce Dr. Steiner to continue his career in the United States and who helped
secure for him an appointient as Sessel Research Fellow at Yale University.
After a year at Yale, during which he became a United States citizen, he
was appointed Nematologist and Technologist in the U.S. Department of
Agriculture and joined the staff of Dr. Cobb’s Nematology Laboratory on
June 1, 1922.

After Dr. Cobb’s death in 1932, Dr. Steiner sueceeded him as Prinecipal
Nematologist in Charge, was promoted to the rank of Head Nematologist in
1951, and was retired on April 30, 1956. He then went to Puerto Rico where
he continued his career, until the time of his death, as Nematologist for the
Agricultural Experiment Station at Rio Piedras. In recognition of his
service to the U. S. Department of Agriculture, which eventually spanned
a period of nearly 34 yvears, he received the Superior Service Award in 1948
and the Distinguished Service Award in 1955.
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Photograph by G. F. Weber, University =f Florida

Gotthold Steiner
April 8, 1886—August 21, 1961
Nematologist, United States Department of Agriculture, 1922-56
(In Charge 1932-1956)
Member, Helminthological Society of Washington since 1922
(President, 1925-26)

Trustee, Brayton . Ramson Memorial Trust Fund, 1936-1956
(Chairman, 1953-1956)

Copyright © 2011, The Helminthological Society of Washington




96 PROCEEDINGS OF THE [Vor. 29, No.1

In breadth of training, interest, and experience in his chosen field, Dr.
Steiner had few peers. The geographical broadening of his experience was
begun before he came to the United States, by periods of study at the
Zoological Stations in Naples, Italy; Cette, France; and Helgoland, Germany;
and by identifying and deseribing nematodes collected hy the German South
Polar Expedition of 1901 to 1913. This broadening was continued by experi-
ence in many other parts of the world including a trip to Brazil in 1951 and,
finally, by his reecent work in Puerto Rico.

Dr. Steiner’s contributions, numbering some 195 publications, deal largely,
though not exclusively, with freeliving nematodes, including marine, fresh
water, and soil forms, and with the nematode parasites of plants and of
invertebrate animals. Tt is difficult to select a few for special mention be-
cause many are noteworthy., His two-part monograph wherein he described
the nematodes collected by the German South Polar Expedition is a monu-
mental work and one of several important contributions to our knowledge of
the marine fauna. It is distinguished by superb drawings of the different
species of Epsilonematidae. His studies on the morphology and classification
of the Mermithidae, which resulted in numerous publications, were extensive
and outstanding. He became one of the few who could make identifications
in this taxonomically difficult group of invertebrate parasites. His publica-
tion “Plant Nematodes the Grower Should Know” is one of the more impor-
tant of his many contributions in the field of phytonematology. Appearing
originally in the Proceedings of the Soil Science Society of Florida, it was
republished as a bulletin by the Florida Department of Agriculture and he-
came a valuable and much consulted source of information, especially in the
South.

Dr. Steiner began his work in the United States at a time when the nema-
tode parasites of plants were receiving little attention. Dr. Cobb was
engaged in a kind of crusade to convince his colleagues in the Department
of Agriculture and elsewhere of the economic importance of these organisms
but his efforts made little impression on a hard core of skepticism. Most
leaders in agricultural research seemed convinced that, with perhaps a few
exceptions, nematodes had no important effects on erop production. After Dr.
Cobb’s death, Dr. Steiner took up the torch. He never faltered in his con-
vietions nor relinquished his efforts to gain proper recognition for what we
now call phytonematology.

That the importance of plant parasitic nematodes would be recognized
eventually was inevitable; that the efforts of Cobh and Steiner had much
effect in hastening the day seems doubtful. Events that finally brought the
importance of these pests into prominence had a kind of “grass-roots” origin.
During the early 1940’s nematicides became availahle that could be used on
a field scale and that made it possible to demonstrate the increased yields
that often result when these pests are controlled. Growers were impressed
and began asking for information regarding control procedures that experi-
ment stations could scarcely ignore. The statements and predictions of Cobb
and Steiner took on new significance.

Dr. Cobb never lived to see this change but it was Dr. Steiner’s good
fortune to see his predictions come true and even his most extravagant claims
vindicated. Prophets are not always without honor in their own country.—
J. R. CHRISTIE.
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