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Anguina plantaginis n. sp. Parasitic on Plantago aristata 
with a Description of Its Developmental Stages ~ 

H E D W I G  H I R S C H M A N N  2 

Abstract: Anguina l)lantagi~lis n. sp., parasitic on Plantago aristata, is described and illustrated. 
This new species is most closely related to A. klebahni, A. millefolii, A. mobilis, and A. moxae 
and is characterized as follows: moderate body size for the genus; ahsence of esophageal 
"storage organ"; postvulval uterine sac extending about 45% of vulva-anus distance; crusta- 
formeria of young females longer than spermatotheca or uterus proper; spicules with 2 
sclerotized thickenings; long, conical tail in both sexes, narrowing at about 1/6 of its length 
to peg-like tip; parasitic only on P. aristata. Two nematode generations that are morphologically 
similar but differ in body size develop in one plant gall. The postembryogenesis, studied with 
respect to morphological development of the larval stages, is similar to that of Ditylenchus. The 
sexes can be differentiated from the second molt on. The infective larva is the third stage, 
which is morphologically distinct from the regularly developing third-stage larva. Key Words: 
postembryogenesis, morphology. 

I n  g e n e r a l ,  Anguina  species a re  k n o w n  
to h a v e  n a r r o w  h o s t  r a n g e s .  A m o n g  t h e  26 
spec ies  d e s c r i b e d  to  d a t e ,  m o s t  a r e  o b l i g a t e  
p a r a s i t e s  o n  m o n o c o t y l e d o n o u s  p l a n t s ,  
main ly ,  o f  t h e  G r a m i n e a e .  S o m e  spec ies ,  
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h o w e v e r ,  i n f e c t  d i c o t y l e d o n o u s  p l a n t s  
i n c l u d i n g  C o m p o s i t a e ,  P r i m u l a c e a e ,  a n d  
P o l y g o n a c e a e .  T h e s e  spec ies  a re :  A. bal- 
samophila ( T h o r n e )  f r o m  Balsamorrhiza 
sagittata N u t t .  a n d  Wyethia  amplexicauIis 
N u t t . ;  A. moxae Y o k o o  a n d  C h o i  f r o m  
Artemisia asiatica N a k a i ;  A. millefolii  
(L6w)  f r o m  Achillea mi l le fol ium L.;  A.  
mobilis C h i t  a n d  F i s h e r  f r o m  Arctotheca 
calendula (L.);  A. chartolepidis P o g h o s s i a n  
f r o m  Chartolepis biekersteini J .  a n d  Sp. ;  
A. klebahni  G o f f a r t  f r o m  Primula florindae 
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Ward.; and A. polygoni Poghossian from 
Polygonum alpestre C.A.M. Species occur- 
ring on dicotylendonous plants, however, 
may not be closely related since they infect 
plants of widely differing groups. 

This paper deals with the description 
and postembryogenesis of a new species, 
A. plantaginis, that causes formation of 
galls on leaves, peduncles, and inflor- 
escences of Plantago aristata Michx., a 
member of the Plantaginaceae. Biological 
observations of two populations of this 
nematode have been reported (14). This  
species exhibits a high degree of parasitic 
specialization as only P. aristata was 
parasitized. 

MATERIALS AND METHODS 

Anguina plantaginis, collected from the 
type locality in North Carolina, was prop- 
agated in the greenhouse on Plantago 
aristata at 25 to 30 C. Seeding nematode 
galls and healthy Plantago seeds side by 
side in rows in a steam-sterilized 3:1 soil- 
sand mixture insured highest number of 
leaf infections. 

Galls were dissected in water, and 
nematodes of all stages were selected, ob- 
served alive, or killed by gentle heat and 
mounted in water or 1% formalin, or 
stained with 1% acetic orcein (8) for 
morphologic study. Permanent mounts 
were made from specimens fixed in 2% 
formalin and transferred to glycerin by 
Seinhorst's rapid method (11). Measure- 
ments, including those of eggs, were made 
from specimens mounted in 1% formalin. 
Individuals selected for morphologic study 
and measurement were taken from a large 
series o[ different galls at different times of 
the year. 

SPECIES DESCRIPTION 

Anguina plantaginis n. sp. 

Two generations of this Anguina spe- 
cies that differ in body size usually develop 
in one plant gall. Adults of the first gen- 
eration are fewer but  larger than those of 
the second generation. One gall may con- 
tain 10-15 large individuals of the first 
generation which are at the end of their 
life span, 60 young females and 50 males 
of smaller size, and large numbers of all 

other larval stages including eggs and 
infective larvae. Both sexes are nearly 
equally represented in most galls, although 
the few nematodes present in small galls 
may be of the same sex. Except for distinct 
differences in size, adults of the two gen- 
erations are morphologically similar. The  
description is based on first-generation 
adults and is supplemented by information 
about differences in specimens of the 
second generation. 

F E M A L E S :  

Measurements--First generation (n = 
40): Body length: 1,187.5-2,062.5/~m (mean 
1,528.3 ~m, standard deviation + 184.0); 
body width: 38.0-71.4 #m (54.6 ~m ± 9.1); 
stylet length: 9.8-10.6 /~m (10.3 t~m ± 
0.12); dorsal esophageal gland orifice: 0.9- 
1.3/tin (1.01 t~m -+- 0.12); esophagus length: 
153.7-251.8 #m (200.1 /xm ± 21.4); excretory 
pore: 117.0-208.3 /~m (149.8 ttm ~ 18.4); 
vulva anus distance: 86.4-195.0 t~m (133.2 
/~m ± 23.2); width at vulva: 32.1-53.0 /~m 
(40.1 /~m ± 4.5); postvulval uterine sac 
length: 45.1-93.2 t~m (61.8 t~m ± 10.9); 
anal body diameter: 15.1-21.4 /~m (18.7 ~m 
-+- 1.5); tail length: 55.5-86.4 t~m (73.7 /~m 
-+- 7.0); a: 22.1-42.5 (28.4 -+- 3.7); b: 5.9-8.8 
(7.7 -+- 0.74); c: 14.9-25.8 (20.8 -+- 2.2); c': 
3.1-4.6 (3.7 -+- 0.37); excretory pore %: 
8 . 3 - 1 4 . 4  (9 .9  -+- 1.2);  V:  g~.6-92.5 ~¢7.4 + 8.0) 
81.6-90.0 (86.5 ± 1.6)  2.6-5.~ ~4.1 _+ o.~5~. 

Second generation (n = 45): Body 
length: 925.0-1,415.0 t~m (1,268.1 ~m ___ 
94.8); body width: 35.2-54.4 ~m (41.3 /~m 
± 4.6); styler length: 9.2-10.2 t~m (9.9 ~m 
± 0.32); dorsal esophageal gland orifice: 
0.9-1.4 /~m (1.05 #m -+- 0.14); esophagus 
length: 167.0-228.7 #m (200.8 /~m ± 18.3); 
excretory pore: 122.0-160.2 /~m (143.8 /~m 
± 8.7); vulva anus distance: 89.3-160.2 /~m 
(123.9 t~m ~ 16.3); width at vulva: 33.3- 
39.5 rtm (35.8 t~m ± 1.8); postvulval 
uterine sac length: 30.6-62.4 /~m (49.8 /~m 
± 5.8); anal body diameter: 17.4-19.3 /~m 
(18.3 ~m ~ 0.62); tail length: 51.0-81.6 ~m 
(70.6 ~m -+- 7.1); a: 22.0-37.7 (31.0 ± 3.5); 
b: 5.4-8.1 (6.4 ___ 0.64); c: 14.3-23.6 (18.1 
-4- 1.8); c': 3.7-4.5 (4.1 ± 0.28); excretory 
pore %: 10.1-13.8 (11.4 ± 0.70); V: 56.s-Te.6 
~.6.a _+ 4.~) 77.2-89.2 (84.5 ± 1.9) n.~-~.6 ~.9 
--b 5.46). 

Description (Fig. 1, 2)--Body slightly 
curved ventrally when killed by gentle 
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100 pm 

FIG. 1-(A, B). Adults of Anguina plantaginis n.sp. A) Full-length outline (lateral) of female. B) Full- 
length outl ine (lateral) of male. Curvature of specimens not representative of actual position assumed 
when heat-relaxed. 
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FIG. 2-(A-M). Females of Anguina plantaginis n.sp. .4)  Esophagus region (lateral). B) Posterior body 
region including vulva and postvulval uterine sac (lateral). C) Cephalic region (lateral). D) Face view 
at level of basal plate of framework. E-H) Variation in lateral field. 1) Tai l  (lateral). J-M) Variation in 
shape of tail tip. 
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heat; not spirally coiled; tail bent back, 
sometimes vulva facing outside; obese, first- 
generation females largely immobile but 
not as plump as those of other members of 
genus; second-generation females especially 
are actively moving, resemble Ditylenchus. 
Cuticle thin, finely annulated except for 
very end of peg-like tail tip which is 
smooth. Subcuticle doubly striated. In most 
specimens, lateral fields at midbody bas- 
ically consist of 4 distinct incisures with 3 
finer incisures spaced inbetween. In some 
females, however, there are as many as 8 
or 9, incisures in certain body parts. In 
anterior and posterior region, there are 
usually 4 incisures. Lateral field difficult to 
see in vulval region of obese specimens; 
sometimes areolated in tail region. Width 
of lateral field at midbody ranging from 
4.1-6.1 /~m (5.1 /zm -+- 0.48, n = 15). 
Underlying lateral chords very broad, at 
least 4 times as wide as lateral field. Deirids 
at level of excretory pore, very distinct in 
young specimens. Phasmids not seen. 
Somatic musculature appears degenerate in 
large females of first generation. Lip region 
with 2-3 annules, slightly set off and 
flattened in front. Framework weakly de- 
veloped, extending slightly into body. 
Amphidial pouches distinct. Short stylet 
with stout shaft and slightly backward 
sloping knobs; conical part very thin. 
Guiding ring appears double. Dorsal 
esophageal gland orifice 0.9-1.4 tzm behind 
stylet knob base. Esophagus with wide 
procorpus filled with secretion granules; 
oval median bulb with well-developed valve 
plates slightly anterior to middle; isthmus 
slightly swollen posteriad. Esophageal 
glands enclosed in bulbous swelling which 
overlaps intestine dorsally and laterally. 
Overlap pronounced in large females of 
first generation, less developed in smaller 
females of second generation so that glands 
almost abut intestine. Dorsal gland nucleus 
large; subventral nuclei smaller and less 
distinct. No "storage organ" observed. 
Esophago-intestinal junction very distinct 
in young females, obscured in older speci- 
mens. Esophageal lumen well cuticularized 
up to valve of metacorpus; less distinct 
posteriad and passes through glands 
toward ventral side. Nerve ring encircles 
isthmus slightly behind middle. Excretory 
pore near level of beginning of basal gland 

lobe in young females. Excretory duct 
extends back 1.5 to 2 times length of gland 
lobe. Excretory canal in right lateral chord 
with large sinus nucleus near terminus of 
duct, 158.1-214.2 /~m (180.8 /~m __+ 18.0; n 
= 20) posteriad to excretory pore. Hemi- 
zonid 4 annules wide; approximately 2 
annules in front of excretory pore. Intes- 
tinal ceils very large; contain granular 
cytoplasm and large nuclei; apparently 
only 2 cells in circumference; lumen zig- 
zag. No postanal diverticulum present. 
Gonad single, directed anteriad. Vulva 
located much posteriorly, a very broad slit 
with sometimes prominent, round, protrud- 
ing lips, without cuticular flaps. Postvulval 
uterine sac about 1.5 times the body width 
at vulva (43% of vulval-anus distance), 
lined with fiat epithelium, usually termi- 
nating in distinctly set-off tip containing 
one or two nuclei. In large females of first 
generation, gonad extends to level of 
median bulb. Ovary lined with epithelium 
and cap cell at apex, usually reflexed twice 
in females of first generation. Germinal 
zone with several rows of oogonia; anterior 
part of growth zone with multiple rows of 
oocytes that decrease in number posteriorly; 
oocytes arranged around a rachis; posterior 
growth zone with large oocytes in single 
file; epithelium multinucleate and thicker 
in posteriormost part of ovary. Unfertilized 
oocytes in this gonad part round up but 
remain in single file. This region of female 
gonad may correspond to enlarged region 
anteriad of spermatotheca as depicted in 
.4. tritici (Steinbuch) (13; Fig. I-A). In .8. 
plantaginis, however, oocytes do not ad- 
vance in multiple rows but remain in 
single file. Ovary followed by definite con- 
striction (oviduct) consisting of 12 cells; 
leads into large elongate spermatotheca 
filled with spherical sperm in inseminated 
females. Sperm morphology different from 
that of sperm in male. Sperm cytoplasm 
with nucleus located on one side; rest of 
sperm transparent. Crustaformeria consists 
of 4 rows of 8 large, rounded cells, each of 
which forms an elongate tube adjoining 
spermatotheca by slight narrowing of 
gonoduct. Crustaformeria followed by 
another sphincter-like constriction of 8 
narrow cells. Uterus proper lined with fiat 
epithelium. Crustaformeria usually longer 
than spermatotheca or uterus proper in 
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young females. Up to 12 eggs in uterus at 
one time in first generation females. Vagina 
length approximately 1/3 body width; 
dilation controlled by 8 conspicuous mus- 
cles (dilatores vaginae), 4 directed 
posteriad, 4 anteriad. They appear inserted 
to body wall between subventral sector of 
somatic muscles and lateral chord. Four 
conspicuous nuclei, 2 each situated an- 
teriorly and posteriorly of the vagina in 
the ventro-median plane belong to the 
sphincter muscles around the vagina 
(sphincter vaginae). Each pair of nuclei 
appears as one large nucleus in lateral 
view. Females of second generation with 
shorter gonad and various parts proportion- 
ally smaller. Ovary usually outstretched, 
extends to middle of end bulb, seldom 
reflexed once. Fewer eggs (3-4) in uterus. 
Tail  conical, narrows in most specimens at 
approximately 1/6 of its length to peg-like, 
not sharply pointed, nonannulated tip. 
Caudalid 3 annules long, 2 to 3 annules 
anteriad of anus. Phasmids not seen. 

M A L E S :  

Measurements--First generation (n = 
50): Body length: 1,175.0-1,850.0 /xm 
(1,451.7 /~m 4- 123.1); body width: 27.5- 
48.4 ~m (38.7 tml -+- 4.4); stylet length: 
9.6-10.2 /xm (10.0 #m 4- 0.22); dorsal 
esophageal gland orifice: 0.8-1.5 ~am (1.15 
/~m ± 0.18); esophagus length: 181.6-287.6 
~m (213.3 ~m 4- 18.6); excretory pore: 
125.2-194.6 /xm (156.8 /~m 4- 12.6); anal 
body diameter: 20.4-30.1 /~m (25.2 /~m -+- 
2.0); tail length: 58.7-102.0 ~m (84.4 /xm 4- 
7.8); spicule length: 27.5-34.2 ~m (30.1 ~m 
-+- 1.5); gubernaculum length: 10.2-13.9 /~m 
(11.8 ,/~nl 4- 1.01; extent of caudal alae: 
91.5-137.3 ttm (113.1 ~m -+- 9.2); a: 31.0- 
47.0 (38.4 4- 4.1); b: 5.8-7.8 (6.8 4- 0.47); 
c: 14.7-24.4 (17.3 4- 1.6); c': 2.4-4.2 (3.4 4- 
0.34); excretory pore %: 8.1-12.6 (10.8 4- 
0.74); T:  66.4-84.6 (75.8 4- 4.9). 

Second generation (n = 45): Body 
length: 1,137.5-1,512.5 /~m (1,321.1 #m 4- 
100.1); body width: 25.7-43.4 /~m (33.4 #m 
___ 4.2); stylet length: 9.2-10.2 t~m (9.7 /xm 
± 0.33); dorsal esophageal gland orifice: 
0.8-1.3 ~am (1.0 t~m ± 0.13); esophagus 
length: 186.1-242.3 /~m (212.0 #m 4- 13.9); 
excretory pore: 137.4-171.8 /~m (153.8 ~m 
4- 7.7); anal body diameter: 20.4-27.5 t~m 
(24.6 #m -+- 1.7); tail length: 64.1-91.8 t~m 
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(77.2 /~m ___ 6.6); spicule length: 26.5-31.1 
/xm (29.0 ttm ± 1.3); gubernaculum 
length: 8.8-13.6 /~m (10.9 /am -+- 1.2); ex- 
tent of caudal alae: 85.0-123.2 /am (10.1 
~m 4- 9.6); a: 32.8-48.8 (39.9 -+- 3.7); b: 
5.2-7.5 (6.3 -+- 0.56); c: 13.9-20.2 (17.2 ___ 
1.3); c': 2.6-4.0 (3.2 -+- 0.36); excretory pore 
%: 10.1-13.1 (11.7 -+- 0.71); T:  60.6-88.5 
(72.2 4- 5.8). 

Description (Fig. 1, 3)--Smaller than 
females in both generations; almost straight 
when heat-killed. Anterior body region 
(including lip region, stylet, and esophagus) 
as well as excretory system and intestine 
similar to those of female. Lateral field nar- 
row, ranges from 3.6-6.0 /~m (4.8 /xm -+- 
0.50, n = 60); number of incisures fewer 
than in females, basically four incisures but  
increases to seven in some individuals. 
Deirids more pronounced than in females. 
Single testis long, may reach basal bulb of 
esophagus, with distinct cap cell; reflexed 
once in large individuals of first genera- 
tion, outstretched in males of second 
generation. Several rows of spermatogonia 
in germinal zone; spermatocytes also in 
multiple or double rows in growth zone. 
In males of second generation, sperma- 
togonia only for short distance in double 
rows; spermatocytes in single row. Seminal 
vesicle long; filled with spherical to ovoid 
sperm that are densely granular with dis- 
tinct nuclei. Vas deferens glandular; filled 
with granular and vacuolate globules of 
different size. Spicules not fused, curved 
and massive, with 2 sclerotized thickenings 
protruding into cytoplasmic core near 
junction of shaft and blade; blades with 
sclerotized wings in ventral aspect. Guber- 
naculum trough-like and curved, sometimes 
with small distal backward curved process 
or long fine straight extension. Caudal alae 
crenate; originate anterior to spicules, 
posteriorly not enveloping tail tip but 
stopping short where tip narrows. Tail  tip 
not annulated; ending not  sharply pointed. 
Phasmids not seen. 

E G G S  : 

The eggs are small and broadly 
cylindrical. They  measure 66.8-96.4 t~m 
(76.6 /~m -+- 6.5) long by 30.6-43.8 /xm 
(36.1 /xm -+- 3.1) wide (n = 50). The  
length/breadth ratio is 1.5-3.1 (2.1 ± 
0.33). Eggs usually undergo cleavage after 
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FIG. 3-(A-D). Males of Anguina plantaginis 
n.sp. A) Tail (lateral). B) Tail (ventral). C) Spicule 
and gubernaculum (lateral). D) Spicules and 
gubernaculum (ventral). 

being deposited into the gall cavity. 
Cleavage may be initiated in the uterus in 
older females. 

~NVECTIVE LARVAF (third stage): 

Measurements--Female larvae (n = 
25): Body length: 630.0-829.8 /zm (748.5 
~m -+- 43.7); body width: 21.9-29.5 t~m 
(25.6 t~m ± 2.0); styler length: 9.2-10.0 t~m 
(9.6 /~m ± 0.25); dorsal esophageal gland 
orifice: 0.9-1.4 t~m (1.1 /~m ± 0.15); 
esophagus length: 122.0-151.3 ~m (134.9 
~tm ± 7.9); excretory pore: 93.3-120.6 /zm 
(110.2 ~tm ± 6.0); gonad length: 20.4-40.8 
~tm (31.4 t~m ± 5.0); gonad end to tail 
end: 123.3-208.3 t~m (172.7 ~m ± 19.1); 
gonad end to anus: 68.4-138.6 #m (110.2 
tLm ± 17.3); tail length: 54.7-72.4 /~m 
(62.6 t~m ± 4.4); a: 26.5-32.6 (29.3 ± 1.5); 
b: 5.0-6.3 (5.6 ± 0.38); c: 10.9-13.3 (11.9 
± 0.7); excretory pore %: 14.0-15.8 (14.7 
± 0.5); gonad end to tail end %: 17.5-26.4 
(23.1 ± 2.4); gonad end to anus %: 9.7- 
18.2 (14.7 ± 2.3). 

Male larvae (n = 25): Body length: 
694.8-873.0 ~m (785.8 /zm ± 46.0); body 
width: 21.4-28.8 /~m (25.8/~m ± 1.9); stylet 
length: 9.1-9.9 /~m (9.4 ~m ± 0.21); dorsal 
esophageal gland orifice: 0.9-1.3 tzm (1.1 
t~m ± 0.14); esophagus length: 124.1-164.9 
/zm (142.6 tzm ± 10.9); excretory pore: 
102.5-122.9 /~m (112.7 /~m ± 5.4); gonad 
length: 21.6-39.8 ~m (28.9 /~m ± 4.9); 
gonad end to tail end: 297.5-425.9 ~m 
(362.5 ~m ± 34.9); gonad end to anus: 
233.3-357.4 tzm (296.5 t~m ± 33.5); tail 
length: 60.0-73.4 /zm (66.0 /~m ± 3.9); a: 
26.6-34.2 (30.5 ± 1.9); b: 4.4-6.4 (5.5 ± 
0.41); c: 10.1-13.2 (11.9 ~ 0.68); excretory 
pore %: 13.5-16.8 (14.4 ± 0.72); gonad 
end to tail end %: 41.2-52.3 (46.2 ± 3.0); 
gonad end to anus %: 33.2-44.3 (37.8 ± 
3.1). 

Description (Fig. 5)--Infective larvae 
move fast in water and have a tendency to 
swarm. Body straight or slightly curved 
ventrally when relaxed by gentle heat. 
Larvae appear dark in transmitted light 
because of dense intestinal contents and 
accumulation of reserve material in 
esophageal region. Cuticle thick, finely 
annulated. Lateral field distinct, with 4 in- 
cisures. Deirids very prominent; located at 
level of excretory pore. Phasmids not  seen. 
Body musculature appears as clear band 
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F I G .  4-(A-E). Postembryonic development of Anguina plantaginis. A) Full-length outline (lateral) of 
freshly-hatched second-stage larva (specimen curved to fit page size). B) Second molt, posterior portion 
of female larva. C) Second molt, posterior portion of male larva. D) Third  molt, posterior portion of fe- 
male larva. E) Thi rd  molt, posterior portion of male larva, ]~-E stained with orcein. 
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beneath cuticle. Lip  region not  set off, 
smooth and flattened in front, with weakly 
cuticularized framework. Stylet with small 
rounded knobs. Dorsal esophageal gland 
orifice close behind stylet knob base. Esoph- 
agus with long narrow isthmus; esophageal 
glands enclosed in bulbous swelling over- 
lapping intestine dorsally. Dorsal gland 
nucleus very distinct. Distance of median 
bulb valve to junct ion with intestine about  
1.5 times the distance of head end to 
median bulb valve. Nerve ring encircles 
isthmus near middle. Excretory pore at 
level of beginning of bulbous swelling. 
Intestine packed with reserve material; 
cells not  seen. Rectum and anus in- 
conspicuous. Caudalid distinct. Genital  
pr imordium with one large central germ- 
inal nucleus and several epithelial nuclei. 
In female larvae, pr imordium located 
ventrally with cap cell nucleus anteriad; 
group of epithelial nuclei posteriad; 4 
specialized ventral chord nuclei present. 
In male larvae, pr imordium shifted 
dorsally with cap cell nucleus posteriad 
and other epithelial nuclei anteriad. 
Pr imordium in male larvae near midbody 
(53.8% of body length); in female larvae 
pr imordium much further  posteriad 
(76.9% of body length). Tai l  conoid with 
blunt  tip. 

HOLOTYPE (Female): Isolated from 
greenhouse culture propagated on Plantago 
aristata, derived from original populat ion 
collected by J. N. Sasser from type locality 
in North  Carolina, U. S. A. Slide No. 
T-254t, United States Depar tment  of Agri- 
culture Nematode Collection, Beltsville, 
Maryland. 

ALLOTYPE (Male): Same data as holo- 
type. Slide No. T-255t, same collection. 

PARATYPES (Females, males, infective 
larvae, and eggs): Same data as holotype. 
United States Depar tment  of Agriculture 
Nematode Collection, Beltsville, Maryland 
(Slide Nos. T-2009p to T-2014p), and Uni- 
versity of California Nematode Survey 
Collection, Davis, California (Slide Nos. 
UCNC 1580 to 1585). 

T Y P E  H O S T  AND H A B I T A T :  Plantago 
aristata Michx. Forms hard globular or 
oval galls on leaves, penduncles, and in- 
florescences (bracts, sepals, petals). 

TYPE LOCALITY: Poole Road, Wake 

County, nor th  of Raleigh, Nor th  Carolina. 
Road  ditch and shoulder of road. 

DIAGNOSIS: `4nguina plantaginis is dis- 
tinct from other species of Anguina by its 
morphology and its limited parasitism on 
only one host plant, Plantago aristata (14). 
This  new species appears to be most closely 
related to A. klebahni (5), A. millefolii 
(7), A. mobilis (1), and A. moxae (2) 
which are also parasitic on dicotyledonous 
plants. 

T h e  females are not coiled watchspring- 
wise as in A. mille[olii, .4. klebahni, and 
.4. moxae, but  are only slightly curved 
ventrally in a manner  similar to .4. mobilis. 

In body length, .4. plantaginis re- 
sembles .4. mille[olii and A. mobilis more 
and differs from the other  species which 
are either smaller or larger. 

• T h e  lateral field of .4. plantaginis has, 
on the average, fewer incisures than those 
of .4. mobilis and `4. moxae, and the al- 
ways distinct deirids of `4. plantaginis 
have not  been observed in the other species 
on dicotyledonous plants. 

`4. plantaginis has a smaller stylet than 
A. rnillefolii. T h e  dorsal gland orifice is 
situated closely behind the stylet knob 
base (0.8-1.5 ~tm), whereas in A. moxae it 
is located further  posteriad (2-3 tim). 

T h e  first generation adults of .4. 
plantaginis have a slightly expanded 
procorpus and isthmus of the esophagus as 
they are similarly present in .4. rnille[oIii 
and .4. moxae. T h e  isthmus is, however, 
not expanded to such an extent  that  it 
forms a "storage organ" as it has been 
described in other  .4nguina species. 

T h e  female reproductive system of //. 
plantaginis has one constriction (12 cells = 
oviduct) between ovary and spermatotheca 
and another  one (8 cells) between crusta- 
formeria and uterus proper. T h e  latter 
constriction was also described in .4. moxae, 
the former in .4. moxae and .4. millefolii. 
T h e  spermatotheca is similar to those of 
A. mobilis and .4. moxae, which have 
oblong and ovate to slightly elongated 
spermatothecae, respectively. T h e  crusta- 
formeria is only slightly longer than the 
spermatotheca, whereas it is two and a half 
times the length of spermatotheca in .4. 
mobilis and .4. moxae. T h e  postvulval 
uterine sac is about  one and a half times 
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the body width at the vulva (45% of 
vulval-anus distance). A. plantaginis re- 
sembles A. klebahni in this respect and  
differs f rom A. mobilis, which has a well- 
developed postvulval uter ine sac of almost 
three times the body width  at the vulva 
(about 70% of vulval-anus distance), and  
A. moxae and A. mille[olii, which have 
sbort, rudimentary,  collapsed postvulval 
sacs. A. plantaginis is distinguished from 
A. klebahni by the more posterior vulva 
position (87% and 85% in first and second 
generat ion females, respectively, vs. 70%). 

T h e  spicules and gubernacu lum of the 
males o f  A. plantaginis are larger than  
those of A. klebahni and A. mobilis, and 
smaller than those of A. miIlefolii. 

T h e  tail tip of bo th  sexes of ,4. 
plantaginis is not  sharply pointed  as in the 
other species. Tai ls  of both  sexes, especially 
those of the males, are long (c = 17.2) in 
comparison to those of the other  species, 
except for A. klebahni and the second 
generat ion of A. rniUefolii which have long 
tails too. 

T h e  eggs of A. plantaginis differ in 
size from those of A. mobilis which are 
larger (82-144 /zm by 50-47 t~m) and from 
those of `4. klebahni, .4. millefolii, and 
.4. moxae which are smaller. 

In  .4. plantaginis, as in .4. mobilis, the 
third-stage larva is the infective stage; 
whereas in the other 3 species, it is believed 
to be the second stage that  is infective. 

Anguina plantaginis causes galls on 
leaves, bracts, sepals, and petals of Plantago 

TABLE 1. Morphometrics of 40 second-stage 
larvae of Anguina plantaginis n. sp. 

Standard 
Character (gm)  Range Mean Deviation 

Body length 319.5-397.8 361.4 20.6 
Stylet length 8.9- 9.3 9.1 0.13 
Dors. esoph. 

gland orifice 0.8- 1.3 1.0 0.14 
Gonad length 14.8- 19.6 17.2 1.2 
Gonad end to 

tail end 121.1-165.7 145.9 9.9 
Tail length 29.1- 39.0 35.7 2.2 
a ratio 19.8- 27.6 23.7 1.9 
b ratio 2.5- 3.2 2.9 0.16 
c ratio 8.6- 12.8 10.2 0.9 
Excretory pore % 20.7- 26.2 22.6 1.2 
Gonad end to 

tail end % 37.1- 44.0 40.4 1.5 

aristata and is thus dist inguished from the 
other  species that  cause only leaf galls on 
dicots. An exception to this is A. klebahni 
which infects flower parts of Primula 
florindae. 

P O S T E M B R Y O G E N E S I S  

T h e  two generations of `4nguina 
plantaginis adults that  develop in one gall 
give rise to two generations of larval 
offspring. First-generation larvae are con- 
siderably larger than the corresponding 
stages of second-generation larvae. 

T h e  first mol t  occurs in the egg, and 
then the second-stage larva hatches (Fig. 
4-A; Tab l e  1). In  first-generation larvae, 
the postembryonic  development  continues 
normal ly  through third and fourth stages 
(Fig. 4, 5; Tab l e  2, 3) and is completed 
with the second-generation adults. Depend- 
ing on conditions, however, a variable 
propor t ion  of the first-generation larvae 
may develop into infective larvae. Most or 
all of the second-generation larvae develop 
into infective larvae. 

T h e  measurements  and il lustrations in 
the following description of the various 
larval stages are based on first-generation 
larvae. 

T h e  second-stage larvae are small and 
very t ransparent  (Fig. 4-A; Tab l e  1). 
T h e  cuticle is thin and finely annulated.  
T h e  lateral field has two distinct incisures 
and the deirids are conspicuous at the 
level of the excretory pore. Phasmids were 
not  seen. T h e  ]unct ion of esophagus and  
intestine is distinct and the gland lobe 
overlaps the intestine slightly. T h e  
intestine is well outlined; the rec tum is 
indistinct. T h e  genital p r imord ium is large 
with one big central germinal  nucleus and 
two smaller epithelial  nuclei, one on each 
end. T h e  tail has a b lun t  tip. 

After a period of feeding and growing, 
the second-stage larvae undergo the second 
molt  (Fig. 4-B, C; T a b l e  2). T h e  epithelial  
cells of the genital p r imord ium divide 
dur ing  this mol t  and become character- 
istically arranged. In  female larvae, the 
p r imord ium grows out  posteriorly and four 
specialized ventral  chord nuclei can be 
dist inguished in the ventral  chord. In  male  
larvae, the p r i m o r d i u m  grows out  an- 
teriorly and  the cells of the spicule 
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TABLE 2. Morphometrics of second- and third-molt females and males of Anguina plantaginis n. sp. 

Females Males 
Standard Standard 

Character (#m) Range Mean Deviation Range Mean Deviation 

Second molt (n = 25) 

Body length 465.3-612.0 538.6 35.0 459.0-601.2 546.1 44.4 
Gonad length 22.4- 38.9 29.3 4.1 18.4- 30.6 24.5 3.2 
Gonad end to tail end 144.5-263.1 199.8 33.2 189.6-266.5 232.4 23.2 
Tail length 40.3- 56.4 49.1 4.2 43.9- 54.9 49.0 3.4 
a ratio 21.3- 26.5 24.1 1.3 21.6- 27.6 24.5 1.4 
b ratio 3.7- 5.0 4.2 0.31 3.6- 4.9 4.2 0.36 
cratio 9.5- 12.4 11.0 0.7 10.1- 13.2 11.2 0.8 
Excretory pore % 14.4- 18.8 16.8 1.0 14.7- 19.5 17.0 l.l 
Gonad end to tail end % 26.8- 46.1 37.1 5.4 36.0- 46.8 42.6 2.5 

Third molt (n = 20) 
Body length 679.5-829.8 765.0 46.5 678.6-825.3 759.4 44.9 
Gonad length 79.9-163.2 125.3 21.7 64.3-155.6 115.2 27.2 
Gonad end to tail end 102.0-174.3 136.1 18.2 230.4-349.8 300.0 37.7 
Tail length 51.0- 66.3 59.8 4.4 53.0- 65.3 59.6 4.1 
a ratio 26.8- 31.9 29.4 1.4 25.4- 33.0 29.3 1.9 
b ratio 4.1- 5.0 4.7 0.31 3.9- 5.8 4.7 0.53 
c ratio 11.7- 4.3 12.8 0.7 11.6- 14.1 12.8 0.7 
Excretory pore % 12.8- 15.8 14.7 0.9 13.5- 16.2 14.4 0.6 
Gonad end to tail end % 13.9- 22.0 17.8 2.1 32.0- 44.2 39.4 3.3 

p r imord ia  are evident  in the rectal area. 
Whereas  the poster ior  end of  the genital  
p r i m o r d i u m  of the male  remains  located,  
on  the average, at  57.4% of the body  
length,  tha t  of  the female is located fur ther  
posteriorly,  at  a po in t  abou t  63% o[ the 
body  length.  Thus ,  the sexes can be dis- 
t inguished as early as the second molt .  

T h e  third-stage larvae con t inue  to grow 
in length,  and the differences between the 
sexes become more  p r o n o u n c e d  as the 
geni tal  p r i m o r d i u m  gradua l ly  lengthens.  
In  female larvae, the epithel ial  ceils tha t  
later will  fo rm the g o n o d u c t  con t inue  to 
g-row posteriorly;  in males, these cells also 
mul t ip ly  and  the p r i m o r d i u m  extends an- 
teriorly. 

D u r i n g  the th i rd  mol t  (Fig. 4-D, E; 
T a b l e  2), tile germinal  nuclei  begin to 
divide. T h e  genital  p r i m o r d i u m  of male  
larvae increases in length  anti its an te r io r  
end turns  and  elongates posteriorly.  T h e  
deve lop ing  gonad  thus at ta ins  an inver ted  
U-shape. La ter  in the molt ,  it s t raightens 
and  the earlier poster ior ly  located part ,  
i nc lud ing  up  to eight  ge rmina l  nuclei,  
extends anteriorly.  T h e  poster ior  gonad  
tip is located at 60.6% of the b o d y  length.  
T h e  spicule p r imord i a  increase in size. I n  

females, the gonad  also increases in length  
and  extends fur ther  poster iad to inc lude 
up  to 10 germina l  nuclei  an ter ior ly  and  16 
specialized ventra l  chord  nuclei  poster ior ly  
near  the deve lop ing  vaginal  p r imord ium.  
T h e  poster ior  gonad  tip moves considerably  
poster iad and  lies on  the average at 82.2% 
of the body  length.  

T h e  infective larvae, which  of ten  were 
observed at this time, are of  the same size 
as the fully grown,  third-stage larvae at the 
onset  of  the th i rd  mol t  (compare  measure- 
ments  of  infective larvae, p. 235 wi th  
those of th i rd-mol t  larvae in  T a b l e  2). 
Such infective larvae, however,  are mor-  
phologica l ly  different  f rom the no rma l ly  
deve lop ing  third-stage larvae (compare  
Fig. 4-D, E wi th  Fig. 5-C, D). T h e  esoph- 
agus is shor ter  than  tha t  of  the advanced  
third-stage larvae. T h e  gonad  is of  the 
same size as tha t  of  second-molt  or  early 
third-stage larvae and  is located fur ther  
an ter iad  than  in the th i rd-mol t  larvae. T h e  
body  contents  appea r  very dense because of  
the presence of  storage mater ia ls  tha t  
obscure the in terna l  organs. 

T h e  dimensions  of  fully g rown four th-  
stage larvae are listed in T a b l e  3. D u r i n g  
the four th  stage, the gonads  con t inue  to 
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FIG. 5-(A-D). Postembryonic development of Anguina plantaginis. A) Fourth molt, posterior port ion 
of female larva. B) Fourth molt, posterior port ion of male larva. C) Full-length outline of female infec- 
tive larva. D) Full-length outline of male infective larva. A, B stained with orcein. All specimens curved 
for convenience in illustration. 
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e longa t e  a n d  beg in  to d i f f e ren t i a t e  i n to  the  
va r ious  par ts .  I n  the  female ,  the  pos tvu lva l  
u t e r i n e  sac begins  to d i f f e r en t i a t e  as t l te 
r u d i m e n t  of  the  vag ina  becomes  vis ible .  
T h e  spec ia l ized  ven t ra l  chord  nucle i  con- 
t i nue  to m i g r a t e  ins ide  a n d  c lear ly  i n d i c a t e  
the  p o s i t i o n  of the  f u t u r e  vag ina .  T h e  
n u m b e r  of oogon ia l  nuc le i  increases  to 28. 
I n  the  male ,  the  d e v e l o p i n g  gonads  g row 
b o t h  a n t e r i o r l y  a n d  pos te r io r ly ,  a n d  the  
e l o n g a t i n g  vas deferens  connects  w i th  the  
en l a rged  sp icu le  p r i m o r d i a .  T h e r e  m a y  be  
up  to 58 s p e r m a t o g o n i a l  nuc le i  in  males  
a p p r o a c h i n g  the fou r th  mol t .  

W h e n  infec t ive  l a rvae  are  k e p t  in  wa te r  
for 2-3 weeks, they  beg in  to m o l t  i n to  
four th-s tage  larvae.  A new cu t ic le  and  
s tylet  are  f o r m e d  d u r i n g  this  mo l t ,  a n d  the  
smal l  gen i t a l  p r i m o r d i u m  r a p i d l y  grows 
o u t  to the  full-size g o n a d  of  a n o r m a l l y  
d e v e l o p i n g  four th-s tage  larva .  D u r i n g  this 
mol t ,  therefore ,  the  gen i t a l  p r i m o r d i u m  
unde rgoes  al l  the  changes  tha t  r e g u l a r l y  
occur  d u r i n g  the t h i r d  stage a n d  t h i r d  m o l t  
of  tile n o r m a l l y  d e v e l o p i n g  larva.  

D u r i n g  the f o u r t h  mol t ,  d i f f e r e n t i a t i o n  

of t i le  va r ious  g o n a d  par ts  is c o m p l e t e d  
(Fig. 5-A, B; T a b l e  3). I n  females ,  the  
ovary  m a y  c o n t a i n  u p  to 75 o o g o n i a  a n d  
oocytes,  a n d  vu lva  a n d  vag ina  f o r m a t i o n  
are  comple t ed .  I n  males,  spicules,  gub-  
e r n a c u l u m ,  and  cauda l  a lae  are  f o r m e d  
a n d  t i le n u m b e r  of s p e r m a t o g o n i a  a n d  
spe rma tocy tes  increases  to a r o u n d  90. Al-  
r e a d y  at  the  b e g i n n i n g  of the  fou r th  mol t ,  
m a t u r a t i o n  d iv i s ions  occur,  a n d  a r o u n d  20 
s p e r m a t i d s  m a y  be  p r e se n t  in  the  s emina l  
vesicle. 

D I S C U S S I O N  

T w o  gene ra t ions  of  _8. plantaginis of ten  
occu r red  w i t h i n  galls,  espec ia l ly  l a rge r  ones 
of 3-5 m m  d iam,  a n d  f i r s t -genera t ion  adu l t s  
were  la rger  in  size t h a n  those  of  the  second  
gene ra t ion .  T h e  same has been  obse rved  
also in  A. milIe[olii (7) a n d  _8. mobiIis (1). 
W h e n  few (2 to 4) n e m a t o d e s  were  p resen t  
in a gal l  f o r m e d  by  _8. agropyronifloris 
N or ton ,  they were  larger ;  whereas  w h e n  
m a n y  (over  40) were  present ,  the  ind i -  
v idua l s  were  sma l l e r  in  size (10), T h i s  

TABLE 3. Morphometrics of fourth-stage and fourth-molt females and males of Anguina plantaginis 
n.  Sl). 

Females Males 

Standard Standard 
Character (#m) Range Mean Deviation Range Mean Deviation 

Fourth stage (n = 20) 

Body length 952.5-1,110.0 1,006.1 4 6 . 2  912.5-1,I07.5 993.6 57.6 
Stylet length 9.2- 10.0 9.6 0.23 9.2- 10.0 9.5 0.28 
Dors. esoph, gland oritice 1.0- 1.4 1.2 0.13 0.9- 1.4 1.2 0.17 
Gonad length 245.7- 340.0 285.8 26.6 212.5- 440.3 305.0 63.0 
Gonad end to tail end 157.3- 212.5 176.4 14.5 123.3- 283.9 219.1 38.0 
Tail length 62.0- 77.1 68.4 3.9 61.2- 81.6 69.8 5.3 
a ratio 36.6- 44.2 40.5 2.2 37.5- 44.2 40.3 2.0 
b ratio 4.5- 5.5 5.0 0.28 3.4- 5.4 4.7 0.45 
c ratio 12.7- 16.5 14.8 l . l  12.6- 15.8 14.3 0.9 
Excretory pore % 12.6- 14.4 13.2 0.5 12.4- 14.4 13.6 0.5 
Gonad end to tail end % 16.1- 19.9 17.5 1.2 12.8- 30.7 22.1 3.8 

Fourth molt (n ffi 10) 

Body length 905.0-1,162.5 1,061.8 93.1 1,080.7 41.0 
Gonad length 412.3- 672.8 565.1 86.2 732.2 75.4 
Postvulval uterine sac 29.8- 63.8 42.5 10.3 
Tail length 66.7- 75.0 71.0 3.3 69.4- 79.0 73.4 3.1 
a ratio 27.9- 32.9 29.8 1.9 26.8- 33.1 29.7 2.1 
b ratio 5.6- 6.9 6.1 0.55 5.4- 7.4 6.2 0.59 
c ratio 13.4- 16.3 15.0 0.9 13.9- 16.5 14.8 1.0 
Excretory pore % 11.5- 13.6 12.3 0.7 10.4- 14.7 12.1 1.l 
Gonad length % 45.6- 60.1 53.1 5.1 52.7- 80.3 67.9 8.2 
Postvulval uterine sac % 2.7- 5.6 3.9 0.88 

1,025.0-1,145.0 
603.5- 835.6 



242 Journal of Nematology, Volume 9, No. 3, July 1977 

observat ion m a y  also indicate  tha t  two 
genera t ions  occur wi th in  one  gall: the few 
large adults  represent  the first genera t ion  
and  the m a n y  smaller  adults,  the second 
genera t ion,  i n  contrast ,  on ly  one genera- 
t ion of  adults  was f o u n d  in galls fo rmed 
by .4. tritici and  most  o ther  Anguina 
species. 

I t  appears  tha t  the differences in b o d y  
size between the first and  second genera t ion  
are de te rmined  by the a m o u n t  of  food and  
space avai lable to each individual .  As a 
result  of  crowding,  adults  of  the second 
genera t ion  become smaller. T h e  considera- 
ble difference in size be tween first- and  
second-generat ion adults  indicates tha t  
cer ta in  b o d y  measurements  in species of  
this genus are of  l imi ted  value as 
di f ferent ia t ing characters.  

T h e  postembryogenesis  of  .4. planta- 
ginis, i nc lud ing  the deve lopmen t  and  
dif ferent ia t ion of  the reproduc t ive  system, 
is basically similar to tha t  of  Ditylenchus 
triformis H i r s c h m a n n  and  Sasser (8). Sex 
can be d is t inguished f rom the second mol t  
on  by morpho log ica l  differences and  loca- 
t ion  of  the deve lop ing  geni tal  p r i m ord i um.  
T h e  n u m b e r  of  germinal  as well as 
epi thel ial  nuclei  is considerably  larger in 
more  advanced  stages of  bo th  sexes of  A. 
plantaginis, in  compar i son  to the n u m b e r  
present  in advanced stages of  D. triformis. 
Cell divisions in the reproduc t ive  system 
appa ren t ly  occur  t h r o u g h o u t  molts  and  
larval stages. 

I n  general ,  it has been stated in the 
l i tera ture  tha t  in .4nguina, the first-stage 
larva batches f rom the egg and  the second- 
stage larva is the infective stage (3). Th i s  
stage undergoes  d o r m a n c y  and  is resistant  
to adverse env i ronmen ta l  condit ions.  Ex- 
ceptions to this are .4. calamagrostis W u ,  
.4. balsamophiIa, and .4. graminophila 
(T.  Goodey)  in which the four th  stage has 
been repor ted  as infective (6, 12, 15). In  
.4. microlaenae (Fawcett),  the first-stage 
larvae have been described as infective (4). 
I n  Nothanguina cecidoplastes (T.  Goodey)  
and A. mobilis, the th i rd  stage has been  
found  to be the infective stage which  
undergoes  two more  molts in the host  
tissue before becoming  adul t  (1, 9). Th i rd -  
stage larvae appear  to be the infective stage 
also in A. plantaginis. As I conf i rmed in 
this species, the first mol t  occurs wi th in  the 

egg, and  it is the second-stage larva tha t  
hatches. T h e  deve lopmen t  proceeds 
t h r ough  th i rd  and  fou r th  larval  stages and, 
du r ing  the lat ter  par t  of postembryogenesis ,  
some infective larvae can be d is t inguished 
by their  small geni tal  p r i m o r d i u m  and  the 
accumula t ion  of  reserve mater ia l  in esoph- 
agus and  intestine.  A l t h o u g h  such infective 
larvae were first detected late in post- 
embryogenesis,  it is suspected that  infective 
larvae had s tar ted di f ferent ia t ing m u c h  
earlier. However ,  the fact tha t  infective 
larvae mol ted  in to  no rma l  fourth-stage 
larvae when  they were kept  in water  
confirms tha t  infective larvae are t ruly  
third-stage larvae. U p o n  closer examina-  
tion, i t  may  be found  tha t  infective larvae 
of  all Anguina species m a y  be third-stage 
larvae. I f  this proves to be  true, the infec- 
tive stage of the p lan t  parasites in the genus  
Anguina will be comparab le  to the infective 
stage of an imal  parasites and  the dispersal 
stage of  free-living forms which  also un-  
dergo cryptobiosis  in the th i rd  larval stage. 
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New Records of Nematodes from Korea, Including 
ParaWlenchus pandus n.sp. (Paratylenchidae: Nematoda) 

J. PINOCHET and D. J. RASKP 

Abstract: Five new records of Paratylenchus, i nc lud ing  P. pandus n.sp., are repor ted  f rom 
Korea. An a m e n d e d  key to the  genus  is inc luded  on the basis of these findings. Macroposthonia 
tulagonovi is also repor ted  with addi t iona l  descr ipt ions and  i l lust ra t ions.  Key Words: t axonomy,  
Macroposthonia tulagonovi. 

In  1975, a number  of slides of nematodes 
from Korea were forwarded by Dr. S. A. 
Sher to the University of California at Davis 
for identification. One slide given to Dr. 
Sher by Mr. H a n  (Laboratory  of Nema- 
tology, Inst i tute  of Agricultural  Science, 
Office of Rura l  Development,  Suweon, 
Korea) held speciments of a criconematid. 
Tile rest of the slides, given by Dr. Y. E. 
Choi (Depar tment  of Hort icul ture ,  Kyung- 
Pook Nat ional  University, Taegu,  Korea), 
held various species of Paratylenchus. T h e  
following records are made f rom those 
preserved specimens. 

Paratylenchus aquaticus Merny, 1966 
A single slide labelled Suweon, Korea, 

#65 ,  collected about  roots of Chinese sn- 
mac, Rhus javanica Thunb . ,  on 8 Ju ly  1975 
held 7 females and 1 male of P. aquaticus. 
These specimens differed from the original 
description of Merny (7) only in a slightly 
smaller stylet (16 /~m (15-17) vs 16-20 /~m 
for P. aquaticus). 

Paratylenchus projectus Jenkins,  1956 
T w o  collections of specimens of P. 

projectus were on slides labelled as follows: 
1) #75-132 with 5 females and 1 juvenile 
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collected 18 Ju ly  1976 from soil about  roots 
of sunflower, Helianthus anuus L., near  
Suweon, South Korea; 2) #72-67 with I1 
females and 1 juvenile collected from soil 
about  roots of apple. 

Paratylenchus elachistus Steiner, 1949 
A collection of soil f rom potato,  

Solarium tuberosa L., made on 8 November  
1973 near Goseong, Korea held 10 females 
that are identified as P. elachistus. No males 
were included. 

Paratylenchus pandus n. sp. 
(Fig. I, F-H) 

Paratypes (8 females): L = .29 m m  
(.26-.34); a = 25 (22-29); h = 4.1 (3.6-4.7); 
c = 13 (11-16); V = 78 (76-79); stylet = 
24 tLm (22-26); p ro rhabd ion  = 16 ~m 
(14-17); excretory pore = 63/~m (60-66). 

Holotype (female): L = .30 ram; a = 
29; b = 4.2; c = 12; V = 77; styler = 23 
~m; prorhabdion  = 15/~m; excretory pore 
= 63 ~m. Body curved tightly ventrad after  
fixation, almost 'C'  shaped. Body narrows 
gradually anteriad; head rounded,  not  set 
off. Stylet slender; knobs well developed. 
Excretory pore at level of hemizonid in 
region of posterior bulb. Deirids prominent ,  
in region of posterior bulb.  Esophageal- 
intestinal valve lobate. Ovary outstretched. 
Spermatheca circular (slightly ovate in 
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