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AUTHOR’S PREFACE.

.

THIS volume concludes the systematic account of the Nema-
todes known to occur in India, Ceylon and Burma. The plan
followed is the same as in the first volume, and the same
sources of information (see vol. i, p. viii) have been consulted
for the names of hosts, with the addition of the following :

 Fauna of British India * :
Diptera,-vol. iv, by 8. R. Christophers (1933), and

vol. v, by P. J. Barraud (1934).
Butterflies, vol. ii, by C. T. Bingham (1907).

A host-list, covering the parasitic forms described in both
volumes, has been added.

It will be readily understood that it is impossible to ensure
the completeness of a work of this kind up to the moment of
publication, and that it is not practicable to correct in this
volume all the shortcomings of the first. More than three
years have elapsed since the publication of that volume, and
a number of species would now have to be added to those
with which it deals.

The writer wishes to renew the acknowledgments made in
the preface to the former volume, and to thank the additional
authors and publishers from whom illustrations have been

borrowed.
H. A. BAYLIS.

British Museum (Natural History),
London, S.W. 7.
July, 1939. .
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+ SYSTEMATIC ACCOUNT OF INDIAN NEMATODE
(continued).

Order FILARIOIDEA Weinland.
1858 *.

Parasitic forms with paired lateral lips, or with or without
prominent lip-like structures. These, if present, are .not
arranged on & triradiate plan, but are bilaterally synuuctrgcal.
Head typically with two lateral and four submedian papille.
some or all of which, however, may be duplicuted. (Eso-
phagus without bulb, but usnally divided into a muscglur
anterior portion and a more glandular posterior port}on.
Caudal end of male without a bursa, but generally pron.ded
with lateral ale and with a relatively small number of paired
papille. Spicules usually unequal and dissimilar. The eggs
contain embryos when laid, or hatch in utero. The life-history
is probably always indirect, an intermediate host being required.

1. Family FILARIIDA Claus, 1885.

Medium-sized or large forms in which the body is usually
elongate and filiform. Male usually considerably smaller than
female. Lip-like structures absent or very slightly developed.
A buccal capsule is rarely present. Vulva towards the
anterior end of the body. Uterine branches parallel. Females
viviparous or ovoviviparous. Adult worms in the connective
tissue, vascular system or serous cavities of vertebrates.
Embryos usually in the blood or lymph of the final host,
and transmitted (where the life-history is known) by blood-
sucking Arthropods, which serve as intermediate hosts.

Subfamily FILARIINA Stiles, 1907.

Head without epaulette-like or trident-like structures.
(Esophagus typical. Spicules of male unequal and dissindilar.

* This order, as here understood, includes the superfamilies Filarioidea
and Spiruroidea of Railliet and other authors,

NEM. II. B

M




2 FILARIIDE.

Key to Genera.

Adults parasitic in mammals ., ...... . ... 1. :
Adults parasiticin birds ............. ... 8. .
1. Mouth with lip-like structures ..., ... . 2. .
Mouth without lip-like structures. ... .. .. 4
2. Mouth with a circumoral ring, notched 80 as
to form two or four prominences . ... ... SETARIA, p, 20,
Mouth with small, paired, lateral lip-like
1ol (00 \- EXS AP Sl M e e A 3.

3. Caticle with numerous papilla-like bosses
................ PARAFILARTA, P. 21.
..... PAPILLOSETARIA, P. 34,

PROTOFILARIA, p. 28,
........ 5.

§ Tn (e el bp cintars ek Gl e ONCHOCEROCA, p. 14,
Cuticle without thickenings ........... .. 6.

6. Male with a small accessory piece , . ... ... Wyonenpnia, p. 11.
Male without accessory piece ............ 7.

7. Vulva behind msophagus ........ ... .. . DIroFrrAnia, p- 2.
Vulva in front of posterior end of @sophagus. DireTAroNmMA, p. 7.

8. A small buccal cavity present .... .. ... HAMULOFITARTA, p- 25.
Buccal cavity absent .............. ... .. 9.

9. Spicules of male equal in length ..., ... CHANDLERELLA, p. 26,
Spicules of male unequal in length ....... APROCTOIDES, p. 24,

1. Genus DIROFILARIA Railliet and Henry, 1911 *,

Mouth without lip-like structures.
conspicuous. (Esophagus relatively
indistinetly divided into anterior
Caudal end of male spirally coiled i the tail short
with slight alw. Caudal Papille variable in tlllr:lclillrl;)(::")(:l:iﬂ]’

usually asymmetrical, including a preanal and adana] group

Cephalic papille in-
short and slender, rather
and posterior portions.

to all species. Yorke and Maplestone (1926) pl D SpPicabls
in different subfamilies (Filariine and Setariinm), apparent) oy
in Dipclalonema.the cuticle of the head Was inée pr}:madn o })ec ause
a * shield " (or ** lateral epaulette-like structures ’l:pin theas < 2
key, p. 421). Wehr (1935) £0es 8o far as to epect a n’;e a;‘nh("m
Dipetalonematid®e, with two new subfamilies, of which 0:;; bR
gonera aro the types, and to which the following key iy xiu L% 70
* Caudal ale well developed ; esophagus ]
dint.incl-lyldglvided oxternally into o
parte; tail short . ... ... . .50, o i FILARIIN
** Caudal ale, ifpresont«,extmmelynarrow'- gisa i
esophagus usually not divided intq
2 parts ; tail short or lohg: . o e

Wehr does not indicate the contents .
him, and it seems doubtful to whij R %ro:;ll: g o Y
here described under Dipetalonema. fasign the forms
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of tl.n@e to six pairs of large papille with swollen peduncles.
Spicules unequal and dissimilar ; the left longer, with a
wembranous or whiplash-like, pointed, distal portion; the
right shorter, trough-like and blunt. Tail of female short
and rounded. Vulva posteesophageal. Female viviparous.
Microfilarizz without sheath, occurring in the blood of the
host. Adult worms in the heart, blood-vessels, serous cavities
or connective tissue of mammals.
Genotype :—Dirofilaria immitis (Leidy, 1856).

Key to Species.

Left spicule of male less than 0:4 mm. long, with

relatively short distal portion ................ immitis, p. 3.
Left spicule more than (-4 mm. long, with long,
lash-like distal portion................o ... repens, p. .

1. Dirofilaria immitis (Leidy, 1856) Railliet and Henry, 1911.
(Figs. 1 & 2.)

Synonyms :—Filaria canis cordis Leidy, 1850 ; Filaria papillosa
hamatica canis-domestici Gruby and Delafond, 1852 (neec
F. papillosa Rudolphi, 1802); Filaria tmmitis Leidy, 1856 ;
Filaria papillosa hamatica Schneider, 1866 ; Filaria hamatica
Leuckart, 1867 ; Filaria sanguinis Cobbold, 1869 ; Spiroptera
immitis Ercolani, 1875; Microfilaria immitis Neumann and
Mayer, 1914 ; Dirofilaria indica Chakravarty, 1936.

Hosts :—This parasite occurs in dogs, cats and various wild
carnivores, and in almost all parts of the world. Its nsual

Fig. 1. Dirofilavia inunitis. Anterior end ; ventral view.
(From Baylis, after Yorke and Maplestone.)
B2
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habitat is the right ventricle of the heart and the pulmonary
artery, where it often forms dense masses, and may cause the
death of its hosts. It is also sometimes found in other
situations, such as the thoracic cavity and bronchi. The

c 2 = —

Fig. 2—Dirofilaria immitis. A, posterior end of male, ventro-lateral
view ; B, left spicule ;: C, right spicule, (After Vogel.)

worm has been recorded from dogs in India by several ob.
servers, in Burma by Gaiger and in Ceylon by v. Linstow.
The male measures 120-200 mm. in length and 0-6-
0-9 mm. in maximum thickness, the female 210-320 mm. and
1-1-3 mm. respectively. The cuticle has fine transverse
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striasions. 1‘here are usually said to be two lateral and
four submedian cephalic papille, but Kreis (1936) describes
two crowns of four papillz each. The @sophagus is about
1-1-5 mm.long. Ofthislength about 0-56-0-68 mm. isoccupied
by the ant_crior portion. This shows two slight constrictions,
the posterior of which is at the level of the nerve-ring (0:3—
0-48 mm. from the anterior extremity).

The tail of the male is 0-075-0-12 mm. long. There is
a group of 3-6 large papille on each side, with swollen
peduncles. Of this group the most posterior is postanal.
The left group extends further forward than the right, and
usually contains one more papilla. There are also 5 or 6 pairs
of subventral papille on the tail. Of these the most anterior
pair is near the angles of the cloacal aperture, the next a little
further back and nearer to the mid-ventral line. The more
posterior papille are variable in number and position.
Ocecasionally there is an unpaired terminal papilla (Vogel,
1927). The left spicule measures about 0-3-0-38 mm. in
length, and has an angular bend at about its middle. Tts
terminal portion is relatively short, almost straight and
pointed. The right spicule is about 0-167-0-22 mm. long,
and is broad, trough-like, slightly curved and blunt.

The tail of the female is 0-18-0-25 mm. long, and bears
a pair of small papille at its tip. Sometfimes it appears
also to have a sunken terminal papilla. The vulva is a trans-
verse slit with slightly thickened lips, situated at about
2.3-3-4 mm. from the anterior end. The microfilarizz measure
about 0-15-0'32 mm. in length and 58y in thickness. They
show a certain degree of nocturnal periodicity in the peri-
pheral blood of the host.

The vectors are numerous species of mosquitoes (chiefly
species of Culex, Anopheles, Myzorhynchus and Aédes).

9. Dirofilaria repens Raillict and Henry, 1911. (Fig. 3.)
Synonyms :—Flilaria repens Mesnil, 19133 Filaria (Dirofilaria)
repens Braun, 1915; t Filaria ochmanni Filleborn, 19083
¢+ Microfilaria ochmanni Gedoelst, 1011.

Hosts -—This species has been recorded from the dog in
Europe, Asia, South America, and (probably) Africa, and
from man in Russia. It occurs in the subcutaneous connective
tissue. Panda (1932) has recorded microfilarie, probably
belonging to this species, as occurring in the blood of ten
per cent. of a large number of dogs at Patna.

The following description is derived from Railliet and
Henry (1911, b), Vogel (1927) and Lent and Teixeira de Freitas
(1937). The male measures 48-70 mm. in length and 0:37-
0-45 mm. in maximum thickness, the female 100-170 mm.
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and 0-45-0-65 mm. respectively. Lent and Teixeire da
Freitas were unable to detect any cephalic papille. The
cuticle of the head, according to these authors, is thickened
and granular in appearance. The csophagus consists of
two portions, and measures 1-05-1-53 mm. in length in the
female, the anterior portion being 0-49-0 54 mm. long. The
nerve-ring is situated, in the female, at 0-304-0-368 mm. from
the anterior end. Cervical papille and an excretory pore
were not seen.

The tail of the male is bluntly rounded and 0:072 mm. long.
There are five or six large, pedunculate preanal papille on the
left side and from two to five on the right. These diminish
in size posteriorly. There are also five or six pairs of smaller

A

Fig. 3.—Dirofilaria repens, Posterior end of male ; ventral view,
(After Vogel.)

adanal and postanal papille.  The left spicule is 0-43-0-59 mm.
long, and has a long, flexible, whiplash-like distal portion,
The right spicule is about 0:18-0-2 mm. long, and is broadly
alate. ;

The tail of the female is blunt and slightly curved ventrally.
It measures 0-05-0-09 mm. in length, and bears a pair of
papulw abits tip. The vulva is situated at 1-15-1-92 mm. from
the anterior extremity. The vagina is about 3-4 mm. lon
and is sometimes convoluted. The microfilaria in the blooci
of the host measure 0-207-0-36 mm. in length and 5-§ win
thickness.

The vectors are mosquitoes, and are said to include
fasciata, Anopheles maculipennis, and Aédes wqypti,

Stegomyia
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DIFETALONEMA.

. + 2 Genus DIPETALONEMA Diesing, 1861.
Synonyms :(—A eanthocheilonema Cobbold, 1870 ; Breinliec Yorke
f and Maplestone, 1926 ; ? Deraiophoronema Romanoviteh, 1916.

Mouth without lip-like structures. Body slender, usually
more tapering posteriorly than anteriorly. Cuticle with or
without fine transverse striations. Head blunt, with two
lateral papille and four submedian papille which may have
double terminations. (Esophagus nsually consists of a rela-
tively short, muscular anterior portion and a long, and stouter,
glandular posterior portion. Caudal end of male spirally
coiled : candal ale absent or very narrow. Three or four
pairs of preanal and two to five pairs of postanal papille
present.  Frequently also, near the tip of the tail, a pair
of small, conical, lateral appendages. Spicules very unequal
and dissimilar; the left long, with a stout, tubular
proximal portion and a narrow, filamentous or membranous
digtal portion ; the right short, usually much stouter, and
variable in shape. Tail of female moderately long, usually
with a pair of conical appendages near the tip. Vulva in
front of posterior end of esophagus. Common trunk of
uterus long. Female viviparous. Microfilaria without
sheath, oeourring in the blood of the host. Adult worms in
the serous membranes, connective tissue or vaseular system
of mammals.

Genotype :—Dipetalonema gracile (Budelphi, 1509).

Key to Species.

Paragite of doga ... iiei i e ssane-a  rocomditum, p. 1.
Parasite of camels . ... e iicreinnssonessns coaned, p. 8.
Parasite of gibbona .. oo sl el i digritatum, p. L,

1. Dipetalonema reconditum (Grassi, 1889) Yorke and Maple-
stone, 1926,
Synonyms :—Filaria recondita Grassi, in Grassi and Calandruceio,

1880 :  Aconthocheilonama  reconditun:  Railliet, Henry and
Langeron, 1812 Dirofilaric recondits Neumann and Mayer,

1914.

Host -—This is a parasite of the dog, and was originally
recorded from the perirenal fatty tissue of that animal n
Italy. It has also been recorded from various other organs
and tissues, including the wvascular system, lungs and liver.
Rao (1923) records it from Madras, Baluchistan ant the
Punjab. A ' Hematozoon " recorded by Lewis from the
dog in Caleutta was perhaps the microfilaria of this species.

The following description is derived partly from Grassi :u;d
partly from Noé (1907). The male measures 12 mm. n
length and 0-1 0-106 mm. in maximum thickness, the female
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;26—30 mm. and 0-144-0:157 mm. respectively. The body
1s narrowed to form a *‘ neck ” behind the cephalic extremity.
This is fol!owed by a cervical swelling at about 0-3 mm. fror
the anterior end. The cephalic papille are small. They
consist of a lateral pair and two crowns of four submedian
papillae each. The anterior portion of the esophagus, which
has an ovoid bulbous expansion, more conspicuous in the
fomale_, at its anterior end, is about 0-4-0-42 mm. long. The
posterior portion measures about 1-9 mm. in length in the male
and 1-96-2-4 mm. in the female. The cervical papille are
situated a little behind the cervical swelling, at about 0-4 mm.
from the anterior extremity. The nerve-ring is at about the
junction of the two parts of the asophagus.

The tail, in both sexes, ends in three cuticular points, one
of which is terminal and two lateral. Each of the lateral
processes has a papilla at its base. There is also a pair of
ventral papillz in front of the processes. The caudal end of
the male forms a spiral of three turns. The tail is about
(_)-13 mm. long. There are 11 caudal papille. One of these
15 unpaired and situated in front of the cloacal aperture.
One pair is situated almost on the posterior border of the
aperture, and the other four pairs in two series at its sides.
The papille are, however, somewhat variable in position
and also in size. Noé states that one spicule is longer than the
other, but does not give their lengths.

According to Grassi, the tail of the female is 0-228 mm. long.
The vulva is situated at about (-84 mm. from the mouth.
The vagina is long and coiled, and has a thickened ovejector
near the vulva. with an S-shaped lumen. The uterus divides
into two branches at a distance of about 0:82 mm. from the
vulva. The microfilarize, as found in the blood of the host,
measure, according to Grassi, No¢ and Rao, from 0:216 mm,
to 0:28 mm. in length and 4:3 to 55 in thickness.

The vectors are said to include not only mosquitoes (Culex
Jatigans, €. quinquefasciatus) but also lice, fleas, and ticks.

2. Dipetalonema evansi (Lewis, 1882) Yorke and Maplestone,
1926, (Figs. 4 & 5.) :
Synonyms — Filaria evansi Lewis, 1882 ; Microfilaria camelensis
Balfour, 1911 ;: Filaria hamatica cameli Pricolo, 1913 ; Micro-
filaria evansi Yakimofi et al,, 1916; Acanthocheilonema evansi
Baylis and Daubney, 1923 ; ? Deraiophoronema cameli Romano-

viteh, 1016,

Hosts —This species occurs in the arteries and in the
mesentery of camels. It was first recorded by Lewis from
Dera Tsmail Khan. Gaiger (1910) states that it is common
in India. Baylis and Daubney (1923, b) and Boulenger (1924)
have given descriptions based on material from the Punjab.
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0 Tke qmle measures 75-90 mm. in length and (0-25-0-29 mm.
in_maximum thickness, the female 170-215 mm. and 0-55-
0-73 mm. respectively. The diameter of the head is 0-1-
0-11 mm. in the male and 0-12-0-14 mm. in the female. The
anterior end is truncate and dorso-ventrally compressed,
and “ appears almost oblong when viewed en face, owing to
the formation of four somewhat laterally directed prominences
which bear the submedian papille ; the latter are double,

Fig. 4.

_

—_—
07T,

Anterior end of female; ventral view.

(After Boulenger, in * Parasitology.’) ;

Fig. 5.—Dipetalonema evansi. Posterior end O male ; lateral view.

cl., cloacal aperture ; Lsp., left spicule ; &.&p., right spicule.
(After Boulenger, in * Parasitology.’) g

Fig. 4 —Dipetalonema evansi.

there being 10 head-papilla in all, 2 lateral and 8 submedian *
(Boulenger). The lateral papille are much larger tha.nlthe

25 mm. long

others (Enigk, 1933). The asophagus is about 5
in the male and 6-:25-6:7 mm. in the female. Of this length,
its anterior portion occupies 0-55 mm. in the male and 0-75-
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0-8 mm. in the female. The nerve-ring is broad, and is sitvated
at about 0-2 mm. from the anterior end. The slender cervical
papillee are just behind it. b

The male is without caudal ale. The tail is 0-075-0-1 mm.
long, and has a bluntly rounded tip. There are four pairs of
preanal and four pairs of postanal papille. The left spicule
measures 0-75-1 mm. in length. Its slender distal portion
is longer than the proximal portion. The right spicule is
0-175-0-19 mm. long, and is darker in colour than the left,
stout and irregular in shape, with a rough ventral surface.

The tail of the female is about 0-24-0-3 mm. long, blunt,
and provided near the tip with a pair of very low, broad
processes which, in lateral view, cause the tip to appear
obliquely truncate. The vulva is situated at 0:57-0-65 mm.
from the anterior end. The branches of the uterus originate
at about 3:9 mm. from the head. The microfilarie found in
the blood of camels measure, according to Yakimoff ef al.
(1916) and other observers, 0-184-0-266 mm. in length and
5‘(3]3—8'1 win thickness. They have a blunt head and a tapering
tail. Z

3. Dipetalonema (?) digitatum (Chandler, 1929).
Synonym :—Dirofilaria digitate Chandler, 1929.

Hosts -—This Sp(‘ci()s was recorded b_V Chaudler from the
abdominal cavity of the hoolock gibbon (Hylobates hoolock)
in the Zoological Gardens, Calcutta. Sandground (1933)
has algo recorded it from Hylobates leucogenys in Annam, but
gives no further description. =

The male is unknown. The female measures 170-210 mm.
in length and about 0-38 mm. in maximum thickness. Both
ends of the body are very slender and tapering. The cuticle
is unstriated. The diamoter of the head is about 0-055—
0:06 mm. The (Bsoplmgm; measures 1-1-1-3 mm. 1n l(lﬁllgth,
and is very slender (about 11-12u in diameter). It is not
very sharply marked off from the intestine, the anterior
portion of which is tapering. The nerve-ring 18 situated at
about 0-16 mm. from the anterior end. < :

The tail is about 0-33 mm. long, and is cylindrical, with
a blunt tip bearing two pairs of digitiform papille. The ‘._'ulva.
is in the form of a longitudinal slit with slightly prominent
lips, and is situated just in front of the junction of the wso-
phagus and intestine. The vagina has a very thick muscular
wall and a narrow lumen near the vulva, but the wall becomes
thinner and the lumen wider posteriorly. The uterine
branches originate at a distance of about 4-5 mm. from the
anterior extremity, and the ovaries extend almost as far as
the anus.
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' " 3. Genus WUCHERERIA da Silva Araujo, 1877,
’ of Seurat, 1921.

Mouth circular, without lip-like structures. Body tapering
anteriorly. Cuticle smooth. Head distinet, rounded, followed
by a narrower neck. Two crowns of cephalic papille present.
(Bsophagus rather indistinctly divided into a short anterior
and a longer posterior portion. Caudal end of male rather
sharply curved ventrally and provided with ale ; the tail
digitiform. A number of pedunculate and sessile preanal
and postanal papille present. Spicules unequal and dis-
similar, the longer cylindrical and tapering distally to form
@ long lash with delicate ale and having a spoon-shaped
termination ; the shorter relatively stout, uniform in width
and gutter-like, coarsely marked distally. A small accessory
piece present, crescentic in optical section. Tail of female
rather long. bluntly rounded. Vulva behind the middle of
the csophagus. Vagina long, with a pyriform terminal
ovejector. Female viviparous. Microfilariee with sheath,
oceurring in the blood of the host. Adult worms in the
connective tissue of mammals. :

Genotype :— Wuchereria bancrofti (Cobbold, 1877).

1. Wuchereria branerofti (Cobbold, 1877) Seurat, 1921. (Fig.6.)

Synonyms :—Filaria sanguinis hominis [Lancet], 1872; Filaria
banerofti Cobbold, 1877 ; Filaria wuchereria dos Santos, 1877 ;
Wuchereria filaria da Silva Araujo, 1877 ; Filaria wuchereri
da Silva Lima, 1877; Filaria sanguinis hominis nocturna
Manson, 1891 ; Miorofilaria nocturna Shipley and Fearnsides,
1906 ; Filaria philippinensis Ashburn and Craig, 1906 : Micro-
filaria bancrofti Manson, 1907 ; Microfilaria philippinensis
Ashburn and Craig, 1909; ¢ Filaria dermathemica da Silva
Araujo, 1875 ? Filaria sanguinis v. Beneden, 1878; 1 Filaria
powelli Penel, 1905 ; ¢ Microfilaria powelli Castellani and

Chalmers, 1910.

Host -—This is a widely-distributed parasite of man, occur-
ring in almost all tropical and subtropical parts of the world,
including India and Ceylon, where infestation is common,
more especially in the coastal regions and at low altitudes.
An incidence of 14 per cent. of the general population (mainly
agricultural) was found in Bihar and Orissa by Korke (1927-
1933), of 105 per cent. in the city of Trivandrum, Travancore,
by Iyengar (1933), and of approximately 5 per cent in the
Southern Provinee of Ceylon by Sweet and Dirckze (1934).
No evidence of the existence of filariasis in the Punjab or
:Sind was obtained by Korke (1932; 1933). The term
*filariasis,” as applied to man, may generally be taken to
mean infestation with W. bancrofti. The adult worms
oceur in the glands of the lymphatic system, and sometimes
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also in various internal organs and in abscesses. According
to Romiti, their most usual habitat is a varicolymphocele of
the spermatic cord in males, or of the utero-ovarian plexus
in females.

_ The male measures 2545 mm. in length and 0°1-0'15 mm.
in maximum thickness, the female 50-100 mm. and 0-128-
03 mm. respectively. The cesophagus is about 1°1-1°3 mm.
long, its anterior, muscular portion measuring between
0-3 and 04 mm. The nervering and excretory pore are
Slt‘l;ﬂt(’.(] (in the female) at about 0-18 mm. from the anterior
end,

The tail of the male is about 0:11-0:13 mm. long. The cuticle
of the ventral surface in the preanal region is transversely
striated. The caudal papille are apparently rather variable
in number. There is on each side a regular series of peduncu-
late papille, four of which are immediately behind the cloacal
aperture and from five to eight preanal. There may be two
pairs of rather large, sessile papille further back on the tail,
and one or two pairs of minute subterminal papille. Maple-
stone (1929, ¢) describes, in addition, a pair of relatively large,
** flap-like,” subventral, adanal papille. The longer spicule
is 0°43-06 mm. long, the shorter 0:2-0-21 mm. The accessory
piece is crescentic in lateral view and U-shaped in transverse
section.

The tail of the female is about 0-17-0-3 mm. long. The
vulva is situated at 0-4-1-3 mm. from the anterior extremity.
The ovejector is (-12-0-25 mm. long, and has a coiled lumen.
The ovarian tubes extend to within 1-4-8 mm. of the posteror
end of the body. The egg-membranes, at first measuring
about 0-038 % 0-025 mm., ultimately become elongated into
sheaths longer than the embryos. The microfilarie, which
display a nocturnal periodicity in the peripheral blood of the
host, measure about 0-127-0-32 mm. in length and 6:6-10p
in thickness. They have a bluntly rounded anterior end and
a tapering tail. The anterior extremity is retractile within
a prepuce-like cuticular fold, and contains a protrusible stylet.

The vectors are mosquitoes of numerous species, belonging
principally to the genera Culex, Anopheles and Aédes. In
India the commonest vector appears to be Culex fatigans,
but others, according to Rao and Iyengar (1932), are Anopheles
philippinensis and A. ludlowi var. sondaica.

The life-history of W. bancrofti is, briefly, as follows :—
If blood containing microfilariz is ingested by a mosquito,
the embryos escape from their sheaths in the stomach of the
insect within an hour or two. Within twenty-four hours
they migrate from the stomach to the thoracic muscles, where
they become quiescent and undergo considerable changes in
form, becoming shorter and stouter, and finally sausage-shaped.
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Within a week an azsophagus and an intestine are differentiated,
and a body-cavity makes its appearance. During the following
week a moult takes place, and the larvae increase greatly in
size and become active again. Their development in the
mosquito is completed in twelve to twenty days, and they
then migrate from the thorax, mainly towards the head.
Many of them pass down the labium, and when the mozquito
bites a human being they emerge from it on to the surface of
the skin. Into this they penetrate by active boring (not
through the puncture), and ultimately arrive in some part
of the Iymphatic system, where they grow to sexual maturity.
The connection between infestation with this parasite and the
causation of elephantiasis and other pathological conditions
is not vet fully understood.

4. Genus ONCHOCERCA Diesing, in Hermann, 1841.

Mouth without lip-like structures. Body very elongate and
thread-like. Cuticle relatively thick, with transverse striations
and also, at least in the female, with raised transverse thicken-
ings which are often interrupted at the lateral fields, and may
have the appearance of being spirally arranged. Head with
a pair of lateral papillz and eight submedian papille, arranged
in two crowns, those of the outer crown being larger than those
of the inner. (Esophagus relatively short, more or less dis-
tinctly divided into an anterior and a posterior portion,
the latter sometimes slightly swollen posteriorly. Caudal
end of male spirally coiled. Caudal al@ very narrow. Papille
variable in number and arrangement, and frequently asym-
metrical. Spicules unequal ; the left longer than the right and
divided into a more heavily chitinized, tubular proximal
portion and an alate distal portion, with the al@ rolled into
a tube and tapering to a point ; the right spicule also tubular,
ending in a somewhat knob-like thickening which forms
a transverse ridge or barb on the dorsal surface. Tail of
female bluntly conical, with a pair of minute papill® at the
tip. Vulva in the region of the posterior end of the esophagus.
Female viviparous. Microfilari without sheath. Adult
worms in the subcutaneous and intermuscular connective
tissue and ligaments, or in the walls of blood-vessels, of mammals,
sometimes in dense fibrous nodules in the interior of which
several worms may occur together.

Genotype —Onchocerca reticulata (Diesing, in Hermann,
1841).

From the systematic standpoint this genus is one of the most
difficult among the Nematodes. Difficulty in dist.inguishing
between the species arises from two causes—firstly the
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extreme difficulty of obtaining complete specimens (owing
partly to their great length and fragility, and partly to the
density of the tissues that they commonly inhabit), and
secondly the scarcity of constant morphological characters
which can be used for specific discrimination. The utmost
care and patience in dissection are essential if specimens
other than mere fragments are to be procured, though some
assistance may be obtained from the use of various digestive
Processes for softening the nodules or ** worm-nests '’ in which
the worms so often occur. As regards their morphological
characters, many of the supposed species are so much alike,
and show so similar a range of individual variation, that
Sandground (1934), reviewing a dozen forms described in
the literature and definitely attributable to the genus, and
having before him material of eight of them, was able to find
what he considered reliable distinguishing features for only
three species.

Provisionally, the species of this genus known to occur
in the Indian fauna may be reduced to five. At least two
of these are of very doubtful validity, and are based rather
on host and habitat than on definite morphological characters.

Key to Species.

Ravrosite of Equidmittiv Sk Jo0 5 DAk ARy reticulata, p. 15.
Parasito Of camels: i o s i o i s i A s Jfasciata, p. 21.
Parasites of cottle e s ol o B e At 1.
1. Adults in wall of aorta ..................... armillata, p. 20.
Adults in connective tissue ., ................ 2
2. In subeutancous and intermuscular tizsue,
ususlly innodules ....... ..o 00 il gibsont, p. 18.
In connective tissue between stomach and
BPIOBIL '+ oiv i sntiione s es s iav iy R DT A lienalis, p. 19.

1. Onchocerca reticulata Diesing, in Hermann, 1841. (Figs. 7
& 8.)

Synonyms :-—--Tl:l'Chl'!la' reticulata equi-caballi Diesing, in Hermann,
1841 ; Filarvia reticulata Creplin, 1846; Trichina reticulata
Diesing, 1851 ; Spiroptera cincinnata Ercolani, 1866 ; Filaria
cincinnala lerp. 1882 ; Spiroptera reticulata Railliet, 1885 ;
Onchocerca cervicalis Railliet and Henry, 1910,

Hosts :—This is a parasite of Equide (horse, donkey and
mule), and has been recorded in various parts of the world,
chiefly in Europe and North America. It occurs in the
connective tissue, especially in the flexor tendons of the
foot and in the suspensory ligament of the fetlock, usually
In the foreleg, producing fibrous nodules which frequently
cause lameness. The form oceurring in the cervical ligament
and known by the name of 0. cervicalis is considered by some
Veterinarians to be the cause of fistulous withers and poll evil.
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Gaiger (1910) has recorded lesions, probably caused by
0. reticulata, in the tendons of horses in India.

If we accept the view of Sandground (1934) that O. cervi-
calis is probably to be regarded as & synonym of 0. reticulata,

Fig- 8.

Portion of body of female, showing
spiral markings of cuticle. (From Baylis, after Railliet.)
Fig. 8.—Onchocerca reticulata, Fosterior end of male ; ventral view,
+ (Original.)

Fig 7.—Onchocercn reticulata.

and take together the descriptions of Ackert and O’Neal
(1930) and Steward (1933), besides those of Pader (1901)
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and .en.r]icr authors who have dealt with 0. reticulata, a
tblerably complete account of this species can be given.

. The male varies in length from about 60 to 270 mm. or
more, and has a maximum thickness of 0:07-0-2 mm. Prob-
ably no complete specimen of the female has ever been
obtained, but its length appears to be from 300 to 750 mm.
or more, and its maximum thickness about 0:15-0-4 mm.
According to Ackert and O’Neal the spiral cuticular ridges,
in the middle region of the body, are at intervals of four
secondary striations. According to Steward, the ridges
are 0-03-0:06 mm. apart. The wsophagus measures about
1:45-2-6 mm. in length in the male and about 2-3-5 mm.
in the female, The nerve-ring, according to Ackert and O'Neal,
is situated at 0-126-0-277 mm. from the anterior end.

The caudal end of the male has fairly well-developed lateral
ale. The tail is about 0:115-0-13 mm. long. There are,
according to the writer’s observations on Steward’s material,
ten pairs of caudal papille and apparently an unpaired,
lozenge-shaped precloacal papilla. The normal arrangement
seems to be as follows :—(1) a pair of vaguely-defined papilla
at the extreme tip of the tail ; (2) close in front of this three
pairs, the middle pair large and the others small; (3) a row
of four papillz on each side in the cloacal region, of which
three are postanal and one preanal: (4) a pair of small sub-
ventral papille behind the cloacal aperture ; (5) a pair of
large lateral papille some distance in front of the adanal
group ; (6) the unpaired precloacal papilla®*. There is, how-
ever, some variation and irregularity in the disposition of the
papillz. The left spicule measures about 0-2-0:35 mm. in
length, and is divided at about its middle into a tubular
proximal portion and a more membranous distal portion
ending in a sharp point. The right spicule is about 0-09-
(-12 mm. long, and is a rather stout, tubular structure with
a slight barb, or transverse ridge-like thickening, on its dorsal
side a little in front of the tip. :

The tail of the female is about 0-23-0-27 mm. long. Ackert
and O’Neal figure a group of three papille at its tip. The
vulva is situated at about 0-4-0-8 mm. from the anterior
end. The eggs, when fully developed and containing embryos,
measure about 0:035-0-05x0-021-0-035 mm. The micro-
filarize are about 0-16-0-26 mm. long and 2-7 . thick. They
oceur in the skin of the host (“in the subcutis, adjacent
to and immediately beneath the glandular layer,” according
to Steward).

. * Sandground finds a pair of papille, in some specimens, immediately
in front of the cloacal aperture,
NEM. II. C
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Steward (1933) has found that in England midges of the
genus Culicoides (€. nubeculosus, and probably also G. obsp-
letus and C. parroti) act as vectors (of O. cervicalis), the
development of the larveae and their migration to the proboséis
of the midge taking 24-25 days.

2. Onchocerca gibsoni (Cleland and Johnston, 1910) Cleland

and Johnston, 1911.

Synonyms :—Filaria gibsoni Cleland and Johnston, 1910 ; Filaria
(Onchocerca) gibsoni Cleland and Johnston, 1910; Onchocerca
indica Sweet, 1915.

Hosts :—The view of Sandground (1934) that Onchocerca
indica is identical with O. gibsoni seems to be well founded.
If this be so, the hosts of this species include domestic cattle
(Bos taurus and Bos indicus) and the buffalo (Bos bubalus),
and its geographical range includes India, the whole of the
Malay region and archipelago, and Australia. There are
records of its occurrence in Madras, Central Provinces, United
Provinces and the Punjab, and of its probable occurrence in
Ceylon. The worm inhabits the subcutaneous and inter-
muscular connective tissue of its hosts, and commonly causes
the formation of nodules or ** worm-nests.”

The following description is derived mainly from Johnston
and Cleland (1910), Breinl (1913), Sweet (1915), Johnston
(1921) and Sandground (1934).

The male measures 29-93 mm. in length and 0-12-0-22 mm.
in maximum thickness, the female about 520-1570 mm. and
0:35-0:63 mm. respectively. The transverse ridges of the
cuticle in the male are about 5-6 apart ; in the female about
50-138u. According to Johnston there are, in the female,
two striations between adjacent ridges in the middle region
of the body. Sandground, however, states that he was
unable to find any striations. The @sophagus measures
about 0-48-1-22 mm. in length in the male and about 0-5-
1-44 mm. in the female. The nerve-ring is situated at about
0:1-0-2 mm., and the excretory pore at about 0-175-0-29 mm.,
from the anterior extremity,

The caudal ale of the male are not highly developed. The
tail is about 0:05-0-1 mm. long. The papille appear to vary
from six to nine on each side, and show much asymmetry and
variation in their arrangement. Generally speaking, from
three to five papill on each side form a group in the region
of the cloacal aperture (partly preanal and partly postanal),
while the rest are situated on the posterior half of the tail,
and include from one to three small papille near the tip.
The left spicule measures 0-14-0-274 mm. in length and ends
in a point ; the right spicule has a swollen tip marked off
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})y a glorsal notch, forming a slight barb, and is 0-063-0:122 mm.
ong.

» The tail of the female measures about (0-12-0-4 mm. in
length. The vulva is situated at about 0-33-1-42 mm. from
the anterior end. The eggs, containing embryos, measure
about 0:025-0:045%0:017-0-039 mm. The free embryos
(in utero) measure about 0-12-0-35 mm. in length and 2—4p
in thickness.

3. Onchocerea lienalis (Stiles. 1892) Gedoelst, 1911.
Synonym :—F'ilaria lienalis Stiles, 1892.

Hosts :—Cattle. This species was originally recorded as
occurring in Bos faurus in the United States of America.
Gaiger (1915) referred to it specimens from cattle in the
Punjab, United Provinces and Ceylon. Johnston (1921)
states that this worm is °° extremely common 7 in cattle in
Queensland. The female is * readily overlooked owing to
its location in the connective tissue between the stomach and
the spleen, especially adjacent to the latter, where the tunnel
enclosing the parasite, if noticed, would easily be mistaken
for an empty blood-vessel.” The male apparently inhabits
serous spaces, not ** tunnels,” in the connective tissue.

Stiles (1892) merely mentioned ** Filaria lienalis sp. nov. in
MS., a long thin worm in the connective tissues between the
spleen and stomach.” According to Sandground (1934)
both the manuscript description and the original material
were lost. Any subsequent identification of the parasite
must therefore be nothing more than conjecture, and could
only be based on the habitat. Railliet and Henry (1910, d)
first suggested that the species might belong to the genus
Onchocerca. Material from cattle in Queensland was attributed
to 0. lienalis by Johnston (1921), who gave a description which
can be somewhat amplified from data given by Sandground.
The latter author, however, rightly regards 0. lienalis as
a species of doubtful validity.

The male, according to these observers, measures about
24-38 mm. in length and 0-:05-0-1 mm. in maximum thickness,
the female 316-460 mm. or more and 0-18-0-4 mm. respectively.
The anterior end is extremely slender, the head of the female
measuring about 0-03 mm. in diameter. According to
Johnston, the transverse ridges of the cuticle are very minute
and close together (about 2y apart) in the male. 1In the fernale
they are very low, irregularly wavy, and in the middle region
of the body fairly regularly spaced at intervals of 3040,
with two striations between adjacent ridges. The wsophagus
15 about 0-75-1-1 mm. long, and its maximum thickness

a2
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is 0:02-0:025 mm. The nerve-ring is situated at 0-13-
0-18 mm. from the anterior end.

The caudal end of the male is provided with narrow als.
The tail is 0:06-0-065 mm. long. According to Johnston there
are four pairs of * preanal ”’ (or rather adanal) papill®, of which
the first (i. e. most anterior), second and fourth are large,
the third quite small and more ventrally situated ; a pair
of large ** caudal " papills, very close together ; and apparently
also a pair of very small papille, ventrally situated, just behind
the adanal group. Sandground’s figures do not show this,
but indicate three pairs of papille, varying considerably in
arrangement, behind the adanal group. The spicules, according
to Johnston, are *‘ of the usual Onchocerca form.” The left
spicule, according to Sandground, measures 0-:205-0-3 mm.,
the right 0-057-0-:085 mm. in length.

The tail of the female is 0-12-0-13 mm. long, is bluntly
rounded, and carries a pair of very minute papille. The
vulva is situated at 0-37-0-52 mm. from the anterior extremity.
The eggs, containing embryos, measure 0:038-0-04x<0-028—
0-03 mm. The free embryos (in utero) measure 0-24 mm. in
length and 4 p in thickness.

4. Onchocerea armillata Railliet and Henry, 1909,

Hosts :—This species occurs in the ox, zebu and buffalo in
various Oriental countries and in Africa. It lives under the
lining of the aorta, in the wall of which it forms sinuous galleries
and sometimes nodules. It was first described, but not
named, by Lingard in India. Bhalerao (1935, b) records it
from Madras.

The following description is derived from Lingard (1905),
Railliet and Henry (1910,d; 1912, d), Railliet, in Commes
and Devanelle (1917), and Sandground (1934).

The male measures 42-90 mm. in length and 0-15-0-19 mm.
in maximum thickness, the female up to 730 mm. and about
0-34-0-45 mm. respectively. The cuticle of the male has
transverse striations 11-12x apart. In the female there are
markedly sinuous transverse ridges at intervals of 4045y,
or of three to four striations. The length of the cesophagus
is 2:7-3-1 mm. in the male and 3-3-3-8 mm. in the female.

The caudal end of the male is provided with al@, which appear
to be unusually wide posteriorly. The tail is 0:155-0-17 mm.
long. According to Lingard, there are eight pairs of caudal
papille, of which two are preanal and six postanal. The
number and arrangement of the papills, however, appear to be
very variable, and those of the two sides are frequently
asymmetrical. Railliet and Henry found on each side
a group of four adanal papille, one or two near the tip
of the tail, and one about mid-way between these and the
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adanal group. This last papilla was often absent on one side.
In the specimen figured by Railliet there appear to be six
pairs of postanal papille (the most anterior of these on the
right side being adanal), while there are five preanal papille
on the left and three on the right. The left spicule is pointed
and measures 0-195-0-28 mm. in length ; the right spicule
measures 0-116-0-136 mm., and has a swollen tip and a re-
current lateral barb.

The vulva is situated at 0:72-1-3 mm. from the anterior end-
The eggs, containing embryos, measure 0-05-0-072x0-038-
0-049 mm. According to Railliet and Henry, they frequently
show a small point at one pole. The free embryos (in wfero) =
measure 0-23-0-3 mm. in length and 5-7 g in thickness, and
have a rounded head and a rather rapidly tapering and pointed

tail. P }

al $ v%[ ,9‘
> >

5. Onchocerca fasciata Railliet and Henry, 1910. = e 77 )
Al

12
Host :—This form, which is known only from fragmcntar%‘. e\ :).0 1~
specimens, occurs in the subcutaneous connective tissue A 'ﬁ‘t = /Q
camels (C. dromedarius). It was first obtained by Leese from ‘-\ AL
a nodule under the skin of the head of a camel in the Punjab, 3
and later recorded in Australia and Egypt, while Badanine
(1938) has recently recorded it from the ligamentum nuche
of the camel in Turkmenia.
The length of complete worms is unknown. The thickness
of the female is stated to be 0-4-0-475 mm. The transverse
ridges of the cuticle, according to Johnston (1921), areirregularly
sinuous and knobbed, and are at intervals of 70-90u. Between
adjacent ridges there are from two to four striations. The
@sophagus of the female measures 1-6 mm. in length, according
to Badanine.
The tail of the male, according to this author, is 0-098 mm.
long. The longer spicule is slender and measures 0-315 mm.
in length ; the shorter spicule is relatively stout and 0-095 mm.
long.
Badanine states that the tail of the female frequently has
a button-like termination. The free embryos (in utero)
measure 0-18-0-23 mm. in length and 3z in thickness.

5. Genus PARAFILARIA Yorke and Maplestone, 1926.

Mouth witha pairof small, lateral, lip-like structures. Cuficle
transversely striated except near the anterior extremity,
where it bears numerous transverse rows of circular or elliptical
papilla-like bosses. (Esophagus relatively very short and
not divided into two portions. Caudal end of male loosely
coiled ; tail short and bluntly rounded. Short caudal ale
present. About twelve pairs of caudal papille present,
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four or five pairs of which, near the cloacal aperture, project
into the ale. Spicules unequal and dissimilar ; the left long,
slender and pointed, the right short, stont and blunt. Posterior
end of female bluntly rounded. Anus subterminal, apparently
non-functional. Vulva near the mouth. Female said to be
oviparous |[? ovoviviparous]. Adult worms in the sub-
cutaneous and intermuscular connective tissue of Equida.
Genotype —Parafilaria  multipapillosa (Condamine and
Drouilly, 1878).

1. Parafilaria multipapillosa (Condamine and Drouilly, 1878)

Yorke and Maplestone, 1926. (Figs. 9 & 10.)

Synonyms :—Filaria multipapillosa Condamine and Drouilly,
1878 ; Filaria hamorrhagica Railliet, 1885; Setaria hamor-
rhagica Stephens, in Fantham, Stephens and Theobald, 1916 ;
Microfilaria hamorrhagica Romanovitch, 1916; [not Filaria
multipapilla Molin, 1858],

Hosts :—This is a parasite of the horse, donkey and mule,
and occurs chiefly in Oriental countries. It has been recorded
by Gaiger and others in India. Gulati (1934) has recorded
it also in cattle in India; but it seems possible that this record
may refer to a different worm. In equine animals the parasite
inhabits the subcutaneous and intermuscular tissue, and
is the cause of a condition known as hamorrhagic filariasis
or parasitic dermatorrhagia. Slightly raised nodules, con-
taining the adult worms, appear beneath the skin, and these
break down and produce local haemorrhages.

The following description is derived mainly from Railliet
and Moussu (1892). The male measures about 28 mm. in
length and 0:26-0-28 mm. in maximum thickness, the female
40-56 mm. and 0:42-0-44 mm. respectively. The body is
a little more tapering posteriorly than anteriorly. The
cuticle shows fine transverse striations, The @sophagus is
short, slender and almost cylindrical. The nerve-ring is
situated at about its posterior third, The intestine is much
wider than the esophagus.

The tail of the male is about 0-06 mm. long. There are
three pairs of small, subventral papillz behind the cloacal
aperture, and a series of eight or nine pairs of larger and more
lateral papille (in the specimen described by Railliet and
Moussu there were eight such papille on the left side and nine
on the right, the extra papilla being very small and situated
at some distance in front of the rest). The most posterior
pair of lateral papille is postanal, the next adanal and the
rest preanal, The left spicule is 0-68-0-75 mm. long, slender
(8-12 e thick) and finely pointed. The right spicule measures
0-13-0-14 mm. in length and 14-17 & in thickness, and has 3
blunt tip.
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An the female, according to Yorke and Maplestone, the anus
and the posterior portion of the intestine are atrophied. The
vulva, which is prominent, is situated near the mouth. The
eggs, containing embryos, measure 0-025-0-058 x 0-024—
0:033 mm. The embryos, which probably hatch in wfero,
measure ()-22-0-23 mm. in length and 9-11 x in thickness.

Fig. 9.

Fig. 9 —Parafilaria multipapillosa. Anterior end of female ; lateral

% view. (From Baylis, after Yorke and Maplestone.)

Fig, 10.—Parafilaria multipapillosa. Posterior end of male. A, lateral
view; B, ventral view. (From Yorke and Maplestone,
after Railliot and Moussu.)
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6. Genus APROCTOIDES Chandler, 1929.

Mouth with very flat, inconspicuous lips*. Cuticle un-
striated. (Esophagus short, divided into a very short anterior
portion and a longer posterior portion. Caudal end of male
spirally coiled ; tail short and rounded, without alz and
apparently without papillee. Cloacal aperture on a conspicuous
prominence. Posterior part of intestine slender but not
atrophied. Spicules short, unequal but similar in form.
Female unknown. Adults in the orbital cavity of birds.

Genotype :(—Aproctoides lissum Chandler, 1929.

1. Aproctoides lissum Chandler, 1929. (Fig. 11.)

Host —Dhyal bird or magpie robin (Copsychus saularis)
(orbital cavity) ;: Zoological Gardens, Calcutta.

The female is unknown. The male measures 12 mm. in
length and about 0:35 mm. in maximum thickness. Both

Fig, 11.—Aproctoides lissum. A, anterior end of male ; B, posterior
end of male, lateral view. (After Chandler.)

ends of the body are bluntly rounded. The anterior portion
of the wsophagus is 0:155 mm. long, and the posterior portion
0:575 mm. The latter has a uniform diameter of 0-105 mm,

The tail measures 0-145 mm. in length. The spicules are
much broader proximally than distally, and their sides are
rolled inwards so as to form troughs. The left spicule is about
0-3 mm. long, the right about 0-13 mm. The genital tube is
much convoluted.

* According to Chandler, there are three lips.
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.« ¢ 7. Genus HAMULOFILARIA Chandler, 1924,

. Head blunt, without lips, but with four papille surrounding
the mouth. A small buccal cavity present, with a thickened
wall. Caudal end of male bent ventrally into a hook and
sharply pointed, without alm. On the ventral surface of the
tail, near the tip, a roughened callosity. Spicules unequal
and dissimilar, the longer shaped like a curved surgical needle,
the shorter trough-like, with a pair of ventral barbs near the
tip. Female unknown. Adult worms in the body-cavity
of birds.
Genotype :—Hamulofilaria indica Chandler, 1924.

1. Hamulofilaria indica Chandler, 1924. (Fig. 12.)

Host :—Hunting cissa (Cissa chinensis) ; Zoological Gardens,
Calcutta. Chandler records a single male specimen, which
was found “ lying on the mesentery in the vicinity of the liver.”

The male measures 7-5 mm. in length and 0-215 mm. in
maximum thickness. The cuticle is ** smooth except for a dis-
tance of about 200 4 just anterior to the cloaca on the ventral

Fig. 12.—Hamulofilaria indica. Posterior end of male ; lateral
view. (After Chandler, in* Parasitology.’)

side, and for a somewhat shorter distance a little fapther
forward on the dorsal side, where there are conspicuous trans-
verse striations which do not completely encircle the body.”
The buccal cavity is 22-5u deep and about 15 in diameter.
The cesophagus measures (-875 mm. in length and 0-144 mm.
M maximum diameter, near its posterior end. The nerve-
ring is situated at 0-18 mm., and the excretory pore at 0-31 mm.,
from the anterior end. .
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The caudal end is not coiled, but the tail is ** bent in the form
of a grappling hook,” tapers to a sharp point and is 0-2 mm,
long. Near its tip, on the ventral side, there is a roughened
callogity about 0-04 mm. long. The longer spicule is ** a closed
tube up to a point not far from the tip,” is slender and measures
0-31 mm. in length. The shorter spicule is 0-13 mm. long,
and *“ has a pair of conical guards near its tip.” The vas
deferens is ** markedly constricted at its junction with the
ejaculatory duct about 68 i anterior to the cloaca.”

8. Genus CHANDLERELLA Yorke and Maplestone, 1926,

Mouth without lip-like structures. Cephalic papills
unknown. Cuticle smooth. (Esophagus simple, short, stout
and club-shaped. Caudal end of male coiled, without alm ;
tail blunt, with inconspicuous papille. Spicules equal, short,
stout and trough-like. Tail of female short and blunt.
Vulva in the wsophageal region. Female viviparous. Adult
worms in the peritoneal cavity or heart of birds. Micro-
filarize with sheath, occurring in the blood of the host.

Genotype :—Chandlerella bosei (Chandler, 1924).

1. Chandlerella bosei (Chandler, 1924) Yorke and Maplestone,
1926. (Fig. 13.)

Synonym :—Filaria bosei Chandler, 1924.

Hosts :—This species was recorded by Chandler from the
racket-tailed drongo (Dissemurus paradiseus) in the Zoological
Gardens, Calcutta. In this instance the worms were found
on the peritoneal covering of the axillary air-sac. Pandit,
Menon and Iyer (1929) describe specimens from the right
ventricle of the heart of a * crow,” presumably obtained in
the neighbourhood of Madras. Chandler had expressed
a doubt whether the female described by him belonged to
the same species as the male. Pandit, Menon and Lyer, who
had a larger number of specimens, including nine females,
consider that Chandler’s female worm was of a different
species.

The male measures 9-11:5 mm. in length and about 0-15 mm.
in maximum thickness. The female, according to Pandit,
Menon and Iyer, has an average length of 24-5 mm. and a maxi-
mum thickness of 0-33 mm. The @sophagus, which is not
divided into two parts, is about 0:55-0:65 mm. long in the male
and 0:7 mm. in the female. The nerve-ring, in both sexes,
is situated at 0-13-0-14 mm. from the anterior end.

The tail of the male is 0-14-0-16 mm. long, and bears three
pairs of small subventral papille. The spicules measure
0:07-0-084 mm. in length and 0-018-0:021 mm. in maximum
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width. They are * approximately alike, short and stout,
in the form of curved troughs ” (CGhandler).

The tail of the female is 0-4 mm. long. The vulva is situated
at 0-31 mm. from the anterior end. The average diameter
of the eggs is 10u. The embryos, at birth, measure 0-132 mm.
in length and 3-8p in thickness. According to Pandit,
Menon and Iyer, the microfilarize found in the peripheral blood
of the host are enclosed in a loose sheath and measure, on an
average, (-152 mm. in length and 3-3 4 in thickness*. They
are said to show a well-marked nocturnal periodicity.

¥ lllf

Fig. 13.—Chandlerella bosei. Posterior end of male ; lateral view.
(After Chandler, in * Parasitology.’)

In the foregoing description the measurements of the
female are taken from Pandit, Menon and Iyer. The measure-
ments given by Chandler are as follows :—Length 28 mm. ;
maximum thickness 0-73 mm.: nerve-ring 0-2 mm. and
excretory pore 0:32 mm. from anterior end; tail about
0:2 mm. long ; vulva 0-45 mm. from anterior end. Chandler
also gives a detailed description of the female genital organs.

* Chandler has suggested that either Microfilaria cephalofauda
or M, colubroides (p. 57), both found by him in Dissemurus para-
diseus, may be the larva of this species. The measurements of
both, however, differ considerably from those given by Pandit, Menon
and Tyer.
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9. Genus PROTOFILARIA Chandler, 1929. sl 2

Mouth wvery small, without lip-like structures. Body
slender. Cuticle without striations. Head bluntly rouude‘f
without evident papille. (Isophagus simple, cylindn'cnlt
Caudal end of male curled ; tail bluntly conical. Caudal ale
absent. Caudal papille apparently absent. Spicules un-
equal, both trough-like; the left spicule longer and with
a somewhat spoon-shaped expansion at the tip, the right
shorter and with a blunt, slightly recurved tip. Posterior
end of female truncate, with a terminal dorso-ventral cleft
in which the anus is sitnated. Vulva slightly behind the
posterior end of the esophagus. Female viviparous. Adult
worms parasitic in mammals.
Genotype — Protofilaria furcala Chandler, 1929,

1. Protofilaria furcata Chandler, 1929. (Fig. 14.)
Host —Ruffed lemur (Lemur ruber) (thoracic cavity) ;
Zoological Gardens, Caleutta.

Fig. 14.—Protofilaria Sfurcata. Posterior end of male ; lateral
view. (After Chandler,)

The male measures 1315 mm. in length and 0:15-0-175 mm.
in maximum thickness, the female 29-30 mm. and 0-325-
0-33 mm. respectively. The body tapers at each end. The
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djameter of the head is about 0-073-0-095 mm. The mouth
leads by a minute tube about 0:01 mm. long into the cesophagus.
The latter is 0:79-0-85 mm. long in the male, and about
0-98 mm. in the female. The nerve-ring is situated at 0-24—
0:26 mm. from the anterior end. ]

The tail of the male is 0-085-0-09 mm. long. The left
spicule measures 0-115 mm. in length, and has * the sides
rolled together proximally, but distally expanded into a curved,
spoon-shaped structure.” Its width is about 0-:012-0-013 mm.
The right spicule is about 0-07 mm. long, and ends in * a blunt
point somewhat resembling the point of a stub pen.” Accord-
ing to Chandler “ the body substance inside the cuticle at
the posterior end of the tail ends in a number of inconspicuous
digitations, but there are no papille.”

The vulva is situated at about 1-4 mm. from the anterior end.
“The uteri and ovaries extend posteriorly and terminate
a few hundred micra from the posterior extremity.”

10. Genus SETARIA Viborg, 1795.

Synonyms :—Crinon Chabert, 1782; Crino Lamarck, 1801;
Hamularia Treutler, 1793, of Stiles, 1907 ; Tentacularia Zeder,
1800, of Stiles, 1907 ; t Amularia Brera, 1810; ? Anchilocephali
Brera, 1810 ; ? Helminthus Dunglison, 1895.

Mouth surrounded by a raised, dorso-ventrally elongate,
cuticular or chitinoid ring which is notched so as to produce
the appearance of two or four forwardly-directed teeth.
Body more tapering posteriorly than anteriorly. Cuticle
with fine transverse striations. One pair of lateral and
usually four pairs of submedian cephalic papille present.
(Esophagus divided into a short, narrow anterior portion and
a much longer and stouter posterior portion. Caudal end of
male spirally twisted, without ale. About three to five
pairs of preanal, a median preanal and three to five pairs of
postanal papille present, and usually, in addition, a pair of
small lateral appendages near the tip of the tail. Spicules
very unequal and dissimilar, the left long, consisting of
a tubular proximal portion and a membranous distal portion ;
the right short and of irregular shape. Caudal end of female
coiled into a loose spiral; the tail conically tapering and
curved dorsally, and bearing a pair of lateral appendages
near the tip, which is often knobbed or spiny. Vulva in,the
wsophageal region. Female ovoviviparous. Microfilariz with
sheath. Adult worms in the peritoneal cavity of mammals
(chiefly ungulates).

Genotype ;—Setaria equina (Abildgaard, 1789).
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Key to Species.

Parasite of Bquid® . ........coonmmeerrrrect
Parasites of ruminants .......c-ceszaarser
1. Lateral processes of tail of female conical. .. ..-
Lateral processes of tail of female bifurcated. . .

equing, p. 30.
1.

cervi, p. 32,
marshalli, p. 33.

1. Setaria equina (Abildgaard, 1789) Railliet and Henry, 1911,

(Figs. 15 & 16.)
Synonyms :—Gordius equinus Abildgaard, 1789 ; Filaria equi
Gmelin, 1790; Filaria papillosa Rudolphi, 1802; Gordius
Filaria equina Blanchard,

(Filaria) papillosus Oken, 1815; H

1849 ; Filaria papillare Perroncito, 1882 ; Seta equina Dunglison,
1803 ; Filaria oculi auctt. (part); Filaria palpebralis auctt.
(part) ; ? Trichina uncinata Ereolani, 1859 ; ! Filaria papillosa
oculi Owles, 1860; ? Filaria sanguinis equi Sonsino, 1876 ;
9 Helminthus gordis Dunglison, 1895 ? Microfilaria sanguinis

equi Gedoelst, 1911.

Hosts :—This is a widely-distributed parasite of the horse
tribe (horse, donkey, mule and zebra). It occurs mainly in
the peritoneal cavity, but oceasionally in  various other
situations, such as the thoracic cavity, lungs, liver, testicles,
stomach and intestine. There is some doubt as to the
identity of the immature specimens of Setaria which are not
infrequently found in the aqueous humour of the eyes of
horses. These have sometimes been referred to S. digitata
(i. e. S. cervi, see p. 32). 8. equina has been recorded by
numerous authors from India, Ceylon and Burma.

The male measures 48-80 mm. in length and 0-4-0-6 mm.
in maximum thickness, the female 70-120 mm. and 0:75-
1-1 mm. respectively. The circumoral ring has four promi-
nences, of which the two lateral are crescentic in outline, the
dorsal and ventral truncate. The two lateral and four of the
submedian cephalic papille are usually very prominent.
There are also two more pairs of smaller submedian papille
slightly behind the others. The esophagus is about 8-14 mm.,
long, its anterior portion measuring 0-53-1-1 mm. and its
posterior portion 7-4-13-3 mm. The nerve-ring is situated
at 0-1-0-28 mm., and the cervical papille at 0-33-0-53 mm.,
from the anterior end.

The tail of the male is 0:1-0-15 mm. long. Its tip is rounded
and bears a pair of inconspicuous, papilla-like lateral ap-
pendages. There are usually eight pairs of caudal papillz,
of which four are preanal and four postanal. The left spicule
is about 0:63-0-66 mm. long (0-32 mm. according to Theiler
(1923)), and its proximal and distal portions are of about
equal length. The right spicule measures abont 0:14-0-23 mm.
in length, and is well chitinized and somewhat oblong in lateral

view.
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Tl}e°tnil of the female is 0:38-0-6 mm. long, and ends in
& knob which is sometimes smooth, sometimes slightly spiny.
There is a pair of rounded, papilla-like sublateral appendages
at 0-045-0-07 mm. from the tip. The vulva is situated at

Fig. 16.

[0

Fig. 15.

Fig. 15.—Setaria equina. Anterior extremity ; lateral view.
(From g!nylis, after Yorke and Maplestone.)
Fig. 16.—Setaria equina. Spicules ; lateral view, g
(After Boulenger, in * Parasitology.’)

0-41-0-7 mam. from the anterior end. The microfilariz, in the

blood of the host, measure about 0-28 mm, in length and
7 in thickness.
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9_ Setaria cervi (Rudolphi, 1819) Baylis, 1936. (Figs. 17 & 18.)
Synonyms * :—Filaria papillosa  auctt. (part); Filaria oculi
auctt. (part); KFilaria cervi Rudolphi, 1819: Filaria cerving
Dujardin, 1845; Filaria terebra Diesing, 1851 (part) ; fl‘lm’t_a
bidentata Molin, 1858 ; Filaria cervi elaphi Molin, ¢ 938 ; Fi!ana
labiato papillare Perroncito, 1882 ; Filaria labwiio papillosa
Perroncito, 1882; Filaria labiato-papillosa Railliet, 1888 ;
Filaria digitata v. Linstow, 1906 ; Setaria _Iqu(o-;mptllosa
Railliet and Henry, 1911 ; Setaria bidentata Railliet un{l Henry,
1911 ;: Setaria digitata Railliet and Henry, 1911 ; Setaria altaica
Rajewsky, 1928 ; Setaria cervi [n, 8p.] Maplestone, 1931 ; Se}an’a
buxi Bhalerao, 1933 ; ? Filaria bubali Rudolphi, 1819 ; ? Filaria
tentaculata Mehlis, apud Creplin, in Ersch and Gt:uber. ‘1846;
v Filaria bubali (abdominalis) Molin, 1858 3 2 Setaria nudicauda
Ortlepp, 1924.

Hosts :—This species 18 a widely-distributed parasite of
cattle, and occurs also in many other Bovide and Cervidw
(Indian and African buffaloes, bison, yak, sheep, antelopes,
deer and moose), inhabiting chiefly the peritoneal cavity.
1t has been recorded from buffaloes and cattle (Bos indicus)
in various parts of India, and (under the name of S. digitaia)
in Ceylon and Burma. :

The male measures about 30-60 mm. in length and 0-35-
0:5 mm. in maximum thickness, the female about 40-120 mm.

\

Fig. 17.—Setaria cervi. Anterior end, A, lateral view ; B, dorsal view.
(After Boulenger, in‘ Parasitology.')

FRM,

and (-5-0:86 mm. respectively. The dorsal and ventral
processes of the circumoral ring are prominent, but variable
in shape. Usually each is notched at the apex, forming two
more or less prominent angular points. The lateral processes
are less prominent and also variable in shape, but commonly
somewhat crescentic. The cephalic papille are less prominent
than in 8. equina. The wsophagus s usually about 5-10 mm.
long, its anterior portion measuring about 0-5-0-9 mm. The
nerve-ring is situated at about 0-21-0-33 mm. from the

anterior end, and the cervical papille at a similar distance
behind the nerve-ring.

* See Baylis, 1036.



SETARIA. 33

The tail of the male is about, 0-2-0-24 mm. long. The caundal
papiliw appear to be somewhat variable in number, there being
from three to five pairs of preanal or adanal papille and from
three to five pairs of postanal. The usual pair of lateral
processes near the tip of the tail is well developed. The left
spicule is about 0-26-0-4 mm. long, and has a relatively long
(nearly 0-2 mm.) tubular proximal portion and a distal portion
of twisted and complex form. The right spicule is broad,
largely membranous and somewhat boat-shaped, and measures
about 0-1-0-16 mm. in length.

Fig. 18.—Setaria cervi. Posterior end of male ; lateral view. e., posi-
tion of cloacal aperture. (After Boulenger, in ‘ Parasitology.’)

The tail of the female is about 0-26-0-65 mm. long, and
usually ends in & knob which may be smooth or nearly so,
or may bear a variable number of large or small spines. The
lateral processes are well developed and conical. The vulva
is situated at 0-43-0-83 mm. from the anterior end.

3. Setaria marshalli Boulenger, 1921.

Host :—** Cattle ”’ ; Wassein, Burma,

The following is Boulenger’s description, which was based
on a single female, in poor condition :—

* Head not separated from the rest of the body and appearing
truncated anteriorly. The peribuccal ring is elongated in
the dorso-ventral d;rec‘txox} and is very deeply notched laterally.
The lip-like lateral projections . . . are in this species exception-
ally prominent and markedly tooth.-like, being themselves

NEM. IL. D
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indented at their apices; they bear a strong resemblance
to the dorsal and ventral teeth which are strong and provided
with two cusps. Head papillee were not observed.

“ Female : 90 mm. in length, with a maximum breadth
of about 0-6 mm. The sophagus has a total length of 9 mm.
Anus 0-45 mm. from the posterior extremity, the latter is
rounded and slightly curved in the dorsal direction. The
lateral appendices are bifurcated and situated very close to
the posterior extremity of the body. Vulva about 0:6 mm.
from the anterior extremity.”

11. Genus PAPILLOSETARIA Vevers, 1923.

Resembles Sefaria in general morphology, but the typical
circumoral ring is absent, the paired lateral lips being lined
with thickened cuticle, and the cuticle of the body is covered,
except at the extremities, with irregularly-scattered bosses.
Female viviparous. Adult worms in the peritoneal cavity
of chevrotains (Tragulus).

Genotype :—Papillosetaria traguli Vevers, 1923.

1. Papillosetaria veversi Maplestone, 1931. (Figs. 19 & 20.)

Host :—Tragulus javanicus (** on the extra-peritoneal surface
of the abdominal wall *) ; Zoological Gardens, Calcutta.

o.o5mMmM -

Fig. 19.—Papillosetaria veversi. Anterior extremity ; dorzal view.
(After Maplestone. )

Maplestone’s description of this species is based on one male
and,one female, The male measures 70 mm. in length and
(-24 mm. in maximum thickness, the female about 142 mm.
and 0-46 mm. respectively. The cuticle bears irregularly.
placed papilliform structures, which extend from about the
middle of the esophagus to the anus in the female, and to about
3 mm. from the posterior end in the male. There are two
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large, sfmple, lateral lips, surmounted by thickened cuticle.
Cephalic papilla were not observed. The two portions of the
esophagus measured 0-58 mm. and 11 mm. in the male, and
0-44 mm. and 8-8 mm. in the female. The nerve-ring, in the
male, is situated at 0-297 mm. from the anterior end.

The caudal end of the male is ** wound in one or two open
spiral turns.” The tail is pointed and 0-09 mm. long. There
are seven pairs of preanal and three pairs of postanal papilla.
The longer spicule measures 0-275 mm. in length. * Its
proximal part consists of a stout curved tube, and the distal
half appears to consist of two or more lash-like portions

Fig. 20.—Papillosetaria veversi. Posterior end of male ; lateral view.
(After Maplestone.)

coiled round one another.” The shorter spicule is 0:09 mm,
long, and is shaped much as in Setaria.

The tail of the female measures 0-26 mm. in length, is curved
dorsally and “ ends in a simple point with a pair of large,
prominent papillz on each side of it a short distance anterior
to the tip " *. The vulva is situated at 0-535 mm. from the
anterior end. The vagina has a pyriform muscular ovejector.
The unpaired trunk of the uterus divides into two branches
at a distance of about 17 mm. from the ovejector.

* This apparently means that there are two pairs of papille,
D 2
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Subfamily DIPLOTRIZENINZ Skrjabin, 1916,

Head provided laterally with a pair of trilobed epaulette-
like or trident-like structures, which may be superficially
or more deeply situated. (Esophagus typical. Spicules of
male unequal and dissimilar.

Key to Genera.

A pair of trident-like structures present at the

sides of the esophagus at its anterior end. DIPLOTRLENA, p. 36.
A pair of epaulette-like subcuticular structures

present at the sides of the mouth ....... HASTOSPICULUM, p. 42.

1. Genus DIPLOTRIZENA Railliet and Henry, in Henry
and O'Zoux, 1909.
Synonyms :—Triplotri@na Connal, 1912 ; Diplotrizsnia Maplestone,
1931.

Head with six inconspicuous papille (two lateral, four
submedian). Mouth small, circular. Cuticle smooth. At
the sides of the anterior end of the cesophagus a pair of chitinoid
“ tridents,” each with a short forwardly-directed process
(which may project at the apex of the head) and three longer
posterior processes. (Esophagus with a short, slender, anterior
muscular portion and a very long, stouter posterior portion.
Tail of male short, bluntly rounded or truncate. A variable
number of small, sessile caudal papille present. Spicules
unequal and dissimilar ; the left longer and nearly straight,
the right shorter and spirally twisted. Common trunk of
uterus long. Uterine branches at first parallel, then divergent.
Eggs thick-shelled, containing embryos in wufero. Adult
worms in the connective tissue of birds. Microfilariz in the
blood of the host.

Genotype :—Diplotrizna ozouxi Railliet and Henry, 1909*.

Key to Species.

Left spicule of male at least 1 mm. long..... 1.
Left spicule of male less than 1 mm. long.... 3.

1. Male apparently without caudal papille .... nagpurensis, p. 42.
. Male with several pairs of preanal and post-
aual Papill® ... ieiin vt savssieasanatas 2;
2. Preanal papille three or four pairs ......... tricuspis, p. 37.
Preanal Papillm two pairs .....ov0s . EE TG, graculi, p. 39.
3. Right spicule of male less than (-4 mm. long.. bhamoensis, p. 38.
Right spicule of male more than 0-4 mm. long. 4.
4. Preanal papille of male four pairs ......... dubia, p. 40.
Preanal papille of male two pairs .......... urociss®, p. 41.

* The name Diplotriana was originally proposed by Railliet and
Henry as a subgenus of Filaria, with ozowri as type-species. Seurat
(1915, a) appears to have given it generic rank, using it in combina-
tion with tricuspis. Skrjabin (1916) also did so, quoting tricuspis as

gonotype.
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L. Diplotrizena tricuspis (Fedchenko, 1874) Seurat, 1915.
(Figs. 21 & 22.)

Synonyms :—PFilaria tricuspis Fedchenko, 1874 ; Aprocta tricuspis

v. Linstow, 1905; Diplotrizna acridotherei Karve, 1034 ;
? Filaria ninnii Stossich, 1891.

Hosts :—This species has been recorded from crows and fx.‘qm
a large number of other birds, belonging to various falnl}les
(mainly Passeriformes), in Europe, Asia, Africa and America.
In India it has been recorded from Blanford’s laughing-thrush
(Trochalopteron jerdoni meridionale) (Baylis and Daubney,
1922), and from the Indian mynah (Acridotheres ginginianus)
in the Aligarh district, United Provinces (Mazhar, 1933).

0.amm.

Fig. 21.—Diplotriena tricuspis. Anterior end of female; lateral view.
(After Li, in * Parasitology.’)

D. acridotheret Karve, 1934, which appears to be identical
with D. tricuspis, is recorded from Acridotheres tristis ab
Nagpur, Central Provinces.

The male measures 36-75 mm. in length and about 0-6—
0-7 mm. in maximum thickness, the female about 40-200 mm.
and 0-6-1-28 mm. respectively. The * tridents "’ are about
0:09-0-24 mm. long. The @sophagus has a total length of
about 4-5-11 mm., its anterior portion measuring about
0:2-0-6 mm. The posterior portion widens suddenly to about
t'!lree times the width of the anterior portion. The nerve-
ring is situated at 0-17-0-28 mm. from the anterior end, and



38 FILARIID X,

the excretory pore at approximately the same level (about
half-way between the mouth and vulva in the female).

The tail of the male is about 0-13 mm. long, and has a trun-
cate termination. There is some lateral expansion in the
region of the cloacal aperture. From nine to eleven pairs of
caudal papille are present, six of which form subventral
series, beginning with three or four in front of the cloacal
aperture and converging posteriorly. In addition to these
subventral papille, from three to five pairs are situated
laterally or subterminally on the expanded portion of the tail.
The left spicule is straight and measures about 1-2:-5 mm. in
length. The right spicule is 0-55-0-92 mm. long, and is spirally
twisted in about 11 turns.

200}).

Fig. 22.—Diplotrizena tricuspis. Posterior end of male ; ventral view.,
(After Seurat.)

The anus of the female is subterminal. The vulva is situated
at about 0-43-0-8 mm. from the anterior end. The vagina
has thick, muscular walls, and is about 4 mm. long. The eggs
measure, in utero, about 0-045-0:06 % 0:03-0-04 mm. Accord-
ing to Seurat, they hatch in the blood of the host.

2. Diplotrizzna bhamoensis (Parona, 1889).

Synonyms :—Filaria bhamoensis Parona, 1889; Diplotriang
chamoensis Yorke and Maplestone, 1926,

Host :—This species is recorded by Parona from &thiopsay
[Acridotheres] albocinctus at Bhamo, Burma. The worms
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occurred in the body-cavity, forming dense knots in the
mesentery and on the outside of the liver and testes.

The worm is so poorly described by Parona that it is impos-
sible to determine whether it is an independent species or
should be regarded as a synonym of D. tricuspis (as the host
suggests) or of some other form. From the description and
figure of the ** chitinous armature » of the head it seems
probable that it is a Diplotrizna, as has been suggested by
Henry and O'Zoux (1909) and by Yorke and Maplestone
(1926) (D. chamoensis). In several of the measurements
given by Parona the decimal point appears to have been
misplaced. According to his description the male measures
35-37 mm. in length, the female 123-150 mm. The mm}th
is terminal, and has a ° chitinous armature ' consisting
of three *loops ” (anse) joined together anteriorly “in the
median line * and measuring 0-011 mm. in length and 0-014 mm.
in width [2 0-11 and 0-14 mm.]

The tail of the male is said to be not spirally coiled, not-
mucronate, and without ale. The spicules are unequal,
one curved and measuring 0-75 mm. in length, the other
““ serpentine,” stouter, and 0-035 [? 0-35] mm. long.

The tail of the female is rounded. The vulva is mtuqtcd
at 0-5 mm. from the anterior end. The “* oviduet ” [* vagina]
is very long and sinuous. The eggs are oval, with smooth,
transparent shells measuring 0-056 % 0-028 mm.

3. Diplotrizena graculi (Maplestone, 1931).
Synonym —Diplotriania graculi Maplestone, 1931,

Host :—Red-billed chough (Pyrrhocorax pyrrhocorax [=Gra-
culus eremita]) (under peritoneum): Zoological Gardens,
Calcutta.

The male measures 27-5-32 mm. in length and 0-594 mm.
in maximum thickness, the female 70-108 mm. and 0-326-
0-455 mm. respectively. The cuticle is apparently unstriated.
The head is rounded in lateral view, square in dorso-ventral
view. Its lateral diameter, in the male, is 0:-16 mm. There
are four large submedian cephalic papille. The tridents
are somewhat irregular in shape, and show considerable
variation in the length of their branches. Their total length
is 0-18-0-208 mm. The cesophagus, in the male, is 1-2 mm.
long, its anterior portion measuring 0-45 mm. The nerve-
ring is situated a little in front of the junction of the two
portions.

The caudal end of the male appears bluntly rounded in both
lateral and dorso-ventral views. There are two pairs of pre-
anal and one pair of postanal papille, all of which are subventral.
In addition the ventral surface of the tail, near the tip,
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bears a number of * small round bosses,” which may- alsp
be papille. The left spicule* is straight and measures
1-565 mm. in length. The right spicule is 0-634 mm. long.
Proximally it is straight and tubular, but its distal portion
is spirally twisted in five or six turns.  Its broad mem-
branous ala gives it an appearance similar to an auger.”

The vulva is slightly prominent, and is situated at 0-49-
0:59 mm. from the anterior end. The vagina has a length
of 0-89-1-3 mm.

4. Diplotrizena dubia (Maplestone, 1931). (Fig. 23.)
Synonym :—Diplotriznia dubia Maplestone, 1931,
Host :—Red-billed chough (Pyrrhocorax pyrrhocorax | =Gra-
culus eremita)) ; Zoological Gardens, Calcutta.
The description of this species is based on a single male
specimen, which is said to be 8:55 mm. long { and to have

0~'mm

Fig. 23.—Diplotriana dubia. Posterior end of male ; ventral view.
(After Maplestone.)

a thickness of 0-693 mm. The anterior end is indistinguish-
able from that of D. graculi. The esophagus is 1-5 mm. long.

The caudal end is rounded in lateral view, but truncate
and slightly expanded laterally in ventral view. ° The

* The left and right spicules appear to have been reversed in Maple-
stone’s description. His figures, however, agree with the account here
given. >

T Elsewhere, however, it is said to be about twice as long as the
male of D. graculi—i. e. at least 55 mm.
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postcloacal portion of the ventral surface is covered with
rather pointed papilla-like prominences, and there are four
Qrccloacal papille on each side.” The figure given shows
(in addition to four pairs of subventral preanal papille,
forming two rows which diverge anteriorly) what appear to
be six papille on the left side and eight on the right. Some
of these are subventral and some lateral or sublateral, and
several of the more anterior are preanal. The left spicule
(referred to as the right in the description) is straight
and 0-812 mm. long. The right (“left ) spicule measures
0-594 mm., and has a * broad double curve.”

5. Diplotrizena urociss@ (Maplestone, 1931). (Fig. 24.)
Synonym :—Diplotrizenia urocisszz Maplestone, 1931.

Host :—Yellow-billed blue magpie (Urocissa flavirostris)
(*“ in the sub-peritoneal tissue of the body-cavity ”); Zoological
Gardens, Calcutta.

The description is based on a single male specimen. This

St

Fig. 24.—Diplotriaena urocisse. Posterior end of male ;
ventral view. (After Maplestone.)

Wwas 18-2 mm. long and 0-515 mm. thick. The head appears
rounded in lateral view, concave in front in dorso-ventral
View, with the anterior ends of the tridents projecting as
sharp points. The length of the tridents is 0-148 mm. The
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wsophagus is 2-457 mm. long, its anterior portion measuring
0-257 mm. and its posterior portion 2-:2 mm.

The caudal end is truncate in ventral view. There are two
pairs of subventral preanal papille. No other papille are
mentioned or figured. The left spicule (referred to as the
right in the description) measures 0-713 mm in length. For
the greater part of its length it is straight, but near its root
it is somewhat curved. The right (** left ') spicule is 0:495 mm.
long, the whole forming an open S-shaped curve.

6. Diplotrizena nagpurensis Karve, 1934.

Host :—Mynah (Acridotheres tristis) (body-cavity) ; Nagpur,
Central Provinces.

The description is based on a single male specimen, which
measured 33:95 mm. in length and about 0-59 mm. in maximum
thickness. The head appears concave in front in dorso-
ventral view. The tridents are 0-165 mm, long, and have
truncate or concave anterior ends which project beyond the
cuticle. The anterior portion of the sophagus is about
0-27 mm. long, the posterior portion about 7-2 mm. The
nerve-ring is situated at 0-2 mm. from the anterior extremity.

The caudal end is rounded in lateral view and truncate in
ventral view. Its ventral cuticle has a granular appearance.
No caudal papille were seen. The left spicule measures
2:1 mm. in length, the right spicule 0-5 mm. The latter 15
spirally twisted.

2. (Genus HASTOSPICULUM Skrjabin, 1923.

Mouth situated in a dorso-ventrally elongate depression,
each lateral wall of which is formed of thickened cuticle and
bears a small, forwardly-directed tooth-like process. On
either side of the oral depression there is typically an * epau-
lette-like 7 subenuticular structure. A pair of lateral organs
and usually four pairs of submedian cephalic papille present.
(Esophagus composed of a short and narrow anterior muscular
portion and a long and wide posterior glandular portion.
Male with short caudal ale forming a bursa-like structure.
A variable number (up to eight pairs) of caudal papille present,
most of which have long peduncles. Spicules unequal, the
left. much longer than the right. Vulva in the wsophageal
region. Female oviparous, the eggs containing embryos
when laid. Adults under the serous membranes or in the
connective tissue of reptiles.

Genotype :(—Hastospiculum varani Skrjabin, 1923 *.

* If, as appears very probable, this species is identical with
H. macrophallos (Parona, 1888), the genotype should fake the latter
name,
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L. Hastospiculum macrophallos (Parona, 1889) Baylis, 1930.
(Figs. 25 & 26.)
Synonyms :—Filaria macrophallos Parona, 1889 ; Hastospiculum

spinigerum Chandler, 1929; ¢ Pilaria wvarani Baylis and
Daubney, 1922 : ? Hastospiculum varani Skrjabin, 1923.

Hosts -—Parona (1889) recorded Filaria macrophallos from
the abdominal muscles of Varanus [Hydrosaurus] salvator
in Burma (mountains of Catcin Cauri, east of Bhamo). Baylis
and Daubney (1922) record it from Varanus salvator, V. flaves-
cens and V. nebulosus, probably all in the Zoological Gardens,
Calcutta. The collector’s labels indicated the lungs, thoracic
cavity and * intestines ”’ (probably abdominal cavity) as the
habitat of the worms. Chandler (1929) records H. spinigerum
from under the peritoneum of Varanus flavescens in the
Zoological Gardens, Calcutta. Maplestone (1931) also ob-
tained material from the same host and locality, and supports
the present writer’s (1930, c) view that H. spinigerum isidentical
with H. macrophallos. Chitwood (1932, a), on the other hand,
gives a description of H. spinigerum which is stated to have
been “ made from a restudy of the type specimens,’” and
treats it as distinct from H. macrophallos, of which, however,
he does not appear to have seen specimens. Skrjabin (1923)
described H. varani as a new species, based on males only,
from Varanus griseus (from, Russian Turkestan, in captivity
in Russia). Sandground (1933) found specimens, from
Varanus salvator in Annam, intermediate in some respects
between H. macrophallos (as described by Baylis, 1930) and
H. varani Skrjabin, and expresses the opinion that the latter
“ may have to be placed in the synonymy of the former species.™
This question the writer still feels it wise to leave open,
though there seems to be little room for doubt that H.
spinigerum and H. macrophallos are identical. The Filaria
varani of Baylis and Daubney (1922) was based on a single
male specimen, which seems very probably to have been an
abnormal specimen of H. macrophallos.

The following description is derived from the various
accounts referred to above. Complete specimens are seldom
obtained, and males appear to be comparatively rare. The
male measures about 80-100 mm. in length and 0-41-0-7 mm.
in maximum thickness, the female up to about 250 mm. and
1:-4-2 mm. respectively. The cuticle is transversely striated,
some of the striations being very prominent, especially
in the female. The mouth is small and circular, and is
situated in a roughly oblong depression whose longer axis
is dorso-ventral. The lateral borders of the depression are
formed by somewhat thickened plates of cuticular material,
from the middle of each of which springsa small, but prominent,
forwardly-directed tooth-like process, which is somewhat
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square-ended when seen in profile. Below each tooth there
appear to be three finger.Jike ]I))rocesses which converge towards
its base. Dorsally anq ventrally to the mouth-depression
there are delicate, flat cyticular plates. Laterally to the
lateral walls of the depregsion there are two * epaulette-like ™
subcuticular structures gn: rently of & parenchymatous
nature. The_lateral ed’gc &p‘;aéh ] cpmllette ” is produced,
at the beginning of the Jateral field of the body, into a process
on which is situateq - lataral 'r an.” This is rather pore-
like than papilla-like. NBarEeE g fngles of the “ epaulettes
there are tWo Pairg of ; e {CUOUS submedian papilla
with very minute te e ) ;thin the angles there are

A - Mminati P wi x
four very faintly vigjp). ;f;:fét‘::;:‘ls which may possibly also

be papill. There wor d thus be eight submedian papille.

nterior extremity of female,
like structure " ; 1.f., lateral
mouth ; &, submedian

Fig. 25.—H astospiculum,
viewed en

macrophallos. A
n . e, epaulette-

held.l;l .!-P-. lateral pal;)ailla; e
papilia; &, tooth, (After Baylis:)

The anterior portion of the cesophagus measures, in the
female, 0-55-0-6 mm_ in Jength, the posterior portion about
30 mm. At its commencement the latter occupies the whole
width of the body-cavity. In the male of F. varani Baylis
and Daubney the anterior portion of the @sophagus measured
0-35 mm. in length, the posterior portion 16 mm. The
“Prve'ring 8 Situated somewhat bohi]]d t‘he n]iddle Of thc
anterior portion,

The caudal end of the male is bluntly rounded, and is provided
with ale which begin only a short distance in front of the
cloacal aperture and are continuous round the posterior
extremity, thus forming a bursa-like structure. The caudal
papillee appear to be rather variable in number and arrange.
ment. Parona found seven pairs, the present writer (1930, ¢)
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cight pairs. Skrjabin also found eight pairs in H. varani,
whilé Chitwood describes, for H. spinigerum, eight papille
on the left and seven on the right side. In Chitwood’s figure
all the papille appear to be laterally situated, whereas Parona
and Baylis found three pairs, in front of the cloacal aperture,
placed subventrally. A similar arrangement was also found
in Filaria varani by Baylis and Daubney, but there were only
two, and not three, subventral pairs. The left spicule,
according to various descriptions, varies between 2 mm. and
4-45 mm. in length, the right between 0-42 mm. and 0-51 mm.
(Skrjabin gives 0-66 mm. for the shorter spicule in A. varant,
while in Filaria varani Baylis and Daubney, in which only
one spicule was found, this was 0-6 mm. long.) Both spicules
are alate, and have pointed and slightly hooked tips.

wa -0,

Fig. 26.—Hastospiculum macrophallos. Posterior end of male ;
ventral view. (After Baylis.)

The tail of the female is bluntly rounded, and bears a pair
of papille at its extremity. The anus is subterminal. The
vulva is situated at 0-85-1-15 mm. from the anterior extremity.
The muscular vagina may run straight back, or may be much
convoluted. The eggs are of a very characteristic shape,
somewhat resembling a barrel, with an annular thickening
near each pole. They measure 0-:05-0:052 % 0:03-0:034 mm.,
have thick shells, and contain coiled embryos when ready for

laying.
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Subfamily APROCTIN%E)GYorke and Maplestone,
1926.

paulett&f-like or trident-like structures.

(Esophagus frequently atypical (without obvious division into

anterior and posterior portions). Anus frequently non-

functional, sometimes absent. Tail of male without alsw.

sent or few and inconspicuous. Spicules

Caudal papille ab )
short, usually equal or subequal, and similar.

Head without e

Key to Genera.

vt, subequal and conical ;

Spicules of male sho
............... CONISPICULUM, p. 46.

vulva near middle of body
Spicules of male unequal, broad and trough-
like : vulva near posterior end of @sophagus. PARAPROCTA, p- 44,

SPICULUM Pandit, Pandit and Iyer, 1929. .

Mouth without lip-like structures. Cuticle with fine trans-
verse striations. Cephalic papille unknown. (Esophagus
muscular throughout, not divided into two portions, but
conical anteriorly and cylindrical posteriorly. Caudal end
of male spirally coiled, without ale. A few pairs of small
postanal papille present. Spicules subequal, similar, short
and conical. Tail of female blunt. Vulva near the middle
of the body. Vagina long. Uterine branches parallel at
their origin. Female viviparous or ovoviviparous. Adults
in the connective tissue of reptiles. Microfilariz with sheath,

oceurring in the blood of the host.
Genotype - Conispiculum flavescens (Castellani and Willey,

1905).

1. Genus CONI

1. Conispiculum flavescens (Castellani and Willey, 1905).

ms +—Filaria flavescens Castellani and Willey, 1905;

Synony:
\diensis Pandit, Pandit and Iyer, 1929.

Conispiculum guir

Host :—The * bloodsucker *’ (Calotes versicolor) (in the
connective tissue, chiefly in the mesentery, pelvic region and
along the trachea ; also in the lungs): Colombo, Ceylon
(Castellani and Willey) ; Guindy, Madras (Pandit, Pandit and

Lyer).
(1905), in recording the occurrence

Castellani and Willey
of microfilariz in the blood of this lizard, mentioned the finding

of two adult worms in the mesentery, and proposed the name
Filaria flavescens for them. They gave no description
2
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beyonde stating that the worms were characterized by the
bright. lemon-yellow colour of the intestine. The specimens
were forwarded to v. Linstow, who (1906, d) gave a very
brief description of them. Pandit, Pandit and Iyer (1929, a)
described, under the name of Conispiculum guindiensis,
4 Filariid from the same host. They believed it to be distinct
from F. flavescens, but, as will be seen, they were misled by
v. Linstow’s description. Through the courtesy of the
Director of the Colombo Museum, the writer has been able to
examine the type male and female of F. flavescens. Though
both specimens are in poor condition and damaged, it has
been possible to establish the fact that v. Linstow’s description
was, in at least one important point, erroneous, and there is
little doubt that C. guindiensis is the same species.

According to v. Linstow the male measures 19 mm. in length
and 0-33 mm. in maximum thickness, the female 56 mm.
and 0-65 mm. respectively. Pandit, Pandit and Iyer give
the average length of the male as *“ 0-28  [? 28] mm., and its
thickness as 0-3 mm. in the middle of the body, while for the
female they give 95 mm. as the average length and 0-73 mm.
as the thickness in the middle. The type female is incomplete.
The portion remaining (now in two pieces) is of about the
length given by v. Linstow. Its maximum thickness (the
thickest portion being considerably in front of the middle)
is about 0-7 mm., while that of the male is about 0-32 mm.
The Indian authors state that the cuticle is smooth, with fine
longitudinal striations. In the type-specimens there are
exceedingly fine and faint transverse striations. The head
is bluntly rounded. According to v. Linstow the mouth
is.wit,hout lips ; according to the Indian authors it is ** simple,
with two inconspicuous lateral (?) obtuse flaps.” In the male
type the mouth appears to be quite terminal and simple.
In the female type, however, it appears to lie in a very slight
depression. No cephalic papille have been made out. The
cesophagus, according to Pandit, Pandit and Iyer, has an
average length of 1:-04 mm. in the male and 1-23 mm. in the
female. In the type male it measures about 1-1 mm., and in
the type female 15 mm. The mesophagus is muscular through-
out, and is of a peculiar shape, its anterior end being conical
(rather than cylindrical, as stated by the Indian authors),
and its longer posterior portion cylindrical (rather than
*“ bulbous ”). There is no sharp distinction between the two
portions, the anterior widening gradually to the diamete. of
the posterior. The intestine is very narrow at its junction
with the cesophagus, but widens rapidly. The nerve-ring is
situated at about 0-2 mm. from the anterior end in the male,
and slightly more in the female.
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The caudal end of the male is spirally coiled, and the tail
rather sharply curved ventrally. The latter is about 0-2 mm.
long, and has a blunt tip with a dorso-ventral indentation,
giving rise to the appearance of “ two clear, rounded, fairly
big bosses,” as described by the Indian authors. There are
no ale. The cloacal aperture is prominent. v. Linstow
mentions  five very small post-anal papille,” while the Indian
authors say that there are usually seven pairs, * the papille
diminishing in size from the anus downwards.” In the type
male not more than five pairs of postanal papille could be
made out, and these were very small. Two pairs were near
the cloacal aperture, two near the tip of the tail and one at
about its middle. There appeared, however, also to be at
least one pair of small preanal papille. The spicules are
relatively very short and conical, with broad, funnel-shaped
roots. According to v. Linstow they are 0-16 mm. long.
According to the Indian authors, the two spicules average
respectively 0-14 mm. and 0-132 mm. in length. 1In the type
male the left spicule is about 0-15 mm. long, and has a smooth,
sharp, oblique point, like the tip of a hypodermic needle.
The right spicule is about 0-14 mm. long, and has a blunt tip.
This spicule has a few transverse corrugations on its dorsal
gurface near the tip. There appears to be an irregularly-
shaped accessory piece, or cuticular thickening of the dorsal
wall of the cloaca, nearly as long as the spicules. This is not
mentioned by the previous describers. 3

The tail of the female, according to Pnndlp, Pandit and
Iyer, has an average length of 0-41 mm., and is blunt. The
anus is prominent. (According to v. Linstow there is no anus.
The posterior end of the type female is now missing.) The
vulva was erroneously stated by v. Linstow to be situated
at 1-97 mm. from the anterior end. In the type female,
as in 0. guindiensis, it is situated somewhere near the middle
of the body. The vagina is long, narrow and muscular.
It begins with a small ovejector, and at first runs forward for
about 0-3 mm. from the vulva, then doubles back and runs
posteriorly to a point about 0-55 mm. behind the vulva.
Here it forms a loop which runs almost completely round the
body-cavity and forward again to the level of the wulva,
where it }gives off two parallel uterine branches. These
run anteriorly from their origin, but appear to double back
again at a point about 3-5 mm. in fr_ont of t-hc vulva. \ Accord-
ing=to the Indian authors the vulva is prominent, lfut in Castel.
lani and Willey’s type this is not so. The uterine branches
and ovarian tubes are exceedingly long and much convoluted,
and it was not possible to follow out t.hciy course in detai].
The anterior limit of the ovarian tubes is about 0-5 mm.
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behind the wsophagus. v. Linstow calls the worm ** ovovivi-
parous,” though the uterus, in the type female, contains
numerous free embryos. Pandit, Pandit and Iyer also regard
the worm as “ ovoviviparous,” and state that they have
observed both free embryos and eggs being deposited. The
microfilariz, as found in the blood of the host by these authors.
have a loose sheath and measure 0-086-0-114 mm. in length
and 5-10x in thickness. :

Pandit, Pandit and Iyer (1929, ) have shown experi-
mentally that Culex fatigans can act as a vector for C. guindien~
sis, and have described the development of the larvae in it,
which they find to take 11-15 days, and to involve stages
similar to those of Wuchereria bancrofti.

2. Genus PARAPROCTA Maplestone, 1931.

Mouth without lip-like structures. Cephalic papille un-
known. Cuticle smooth. (Esophagus short, not divided into
two portions. Caudal end of male without al= ; tail curved,
bluntly rounded. Caudal papille absent or very incon-
spicuous. Spicules unequal, but both broad and trough-like.
Anus absent in adult female. Vulva near the posterior
end of the cesophagus. Female viviparous. Adult worms
in the body-cavity of birds.

Genotype :—Paraprocta brevicawda (Chandler, 1924).

1. Paraprocta brevicauda (Chandler, 1924) Maplestone, 1931.
(Fig. 27.)
Synonym :—Filaria brevicauda Chandler, 1924.

Hosts :—This species was originally described by Chandler
from the racket-tailed drongo (Dissemurus paradiseus) and
the hunting cissa (Gissa chinensis). Maplestone (1931) has
also recorded it from Oriolus indicus (probably O. chinensis
diffusus), Goracias benghalensis indica, Arborophila atrogularis,
Dendrocitta rufa, Gopsychus saularis and Polyplectron bical-
caratum. All the above-mentioned hosts were birds that had
died in the Zoological Gardens, Calcutta. According to
Chandler, the worms occur in or on the liver of the hosts.
Chandler expressed a doubt whether the single female found
by him belonged to the same species as the males, but Maple-
stone, who has examined a large amount of material and given
& new description, considers that its determination was correct.
. The male measures 7-5-10-5 mm. in length and 0-16-0-2 mm.
M maximum thickness, the female 16-18 mm. and 0-35—
0-45 mm. respectively. The body is bluntly rounded at each

NEM. 11. E
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end. The diameter of the head is 0-092-0-095 mm. in the male
and 0-128 mm. in the female. Neither Chandler nor Magple-
stone was able to observe any cephalic papille. The cso-
phagus is 0:4-0-6 mm. long. Its maximum thickness, in the
female, is about 0:032 mm. The nerve-ring is situated at
0-146-0-192 mm., and the excretory pore at 0-28-0:52 mm.,
from the anterior end.

The tail of the male is short (0-06-0-065 mm.). According
to Chandler, there are two pairs of inconspicuous papille,
one pair preanal and one postanal. Maplestone was unable
to observe these, but says that * an appearance simulating
papillz in these positions 18 caused by an optical section of
the body pulp, which bulges round the cloacal aperture.”
Chandler gives the lengths of the spicules as 0-106 mm. and

Fig. 27.—Paraprocla brevicauda. Posterior end of male ;
% lateral view. (After Maplestone.)

however, finds them to be 018~
m. respectively, and suggests that
part of the longer spicule had been broken off in Chandler’s
material. Both spicules are broad and trough-like.

The tail of the female is bluntly rounded and 016 mm. long.
According to Maplestone, the anus 1s gompletely covered by
the cuticle. In young specimens it is connected with the
intestine by a ** cord,” but this connection disappears in older
individuals. The vulva is inconspicuous. According to
CAandler, it is situated at 0-38 mm. from the anterior end,
Maplestone, however, finds it at 1-1-2 mm.,, and suggests
that Chandler mistook for it an anterior portion of the uterus,

For the possible Jarval form of this species see Microfilaria

cephalocauda and M. colubroides (p. 57); see also the foot-

note to Chandlerella boses (p. 27).

0-065 mm. Maplestone,
0-2 mm. and 0:06-0:07 m
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FILARIIDE OF UNCERTAIN POSITION
(¢ Filaria,” =ens. lat.)

1. * Filaria @ abbreviata Rudolphi, 1819,

Svne ng :—? Milaria turdorum, F. mn 1 " 1
"é:;:i)(’,'[p},i' 1819 ; ! Filaria myothers clzf;zﬁ;fz:;il'glo]ﬁl, lr;zgl;callm

Hosts :—Rudolphi originally recorded Filaria abbreviata
from the orbit of Motacilla stapazina in the Vienna Museum.
From this host he had seen only females, but he appears to
have seen other specimens, including a male, which he thought
might be of the same species, from the eyes and nostrils of
Falco nzevius. Molin (1858) and other authors have attributed
to F. abbreviata worms from a number of Passeriform birds
in Europe and Brazil, the locations including the orbit,
body-cavity and suhperltqneal connective tissue. Bavlis
and Daubney (1922) tentatively refer to F. abbreviata two
female Filariids from the orbit of Sazicola sp. in India (probably
in the Zoological Gardens, Calcutta).

Rudolphi’s description of his original specimens is extremely
brief. Of the females from Motacilla stapazina he says that
they were 8-9 lines (§—§ in.) long, with a stoutish, cylindrical
body, tapering and blunt at the head end, and with a rounded
tail. The mouth was circular. Concerning the male from
Falco nawius, he says that the tail formed a single spiral
coil and had a short, pointed, terminal spike, There was
a curved spicule[?] (filum genitale). Ale were scarcely
visible. A slightly fuller description of what he believed
to be Rudolphi’s species was given by Molin, who gives the
length of the male as 3-1 inch, and that of the female as
112 inches. The thickness was }-} line (1/48-1/24 in.).
The Latin description includes mention of ¢ faux dentibus sez,
ternatim in latus superum el inferum convergentibus armata.”
The body is said to be armed with longitudinal rows of deci-
duous spines. The * penis  [? spicule] is spirally twisted.

Influenced, presumably, by Molin’s reference to six teeth,
converging in two groups of three, Henry and O'Zoux (1909)
and Yorke and Maplestone (1926) have referred F. abbreviata
to Diplotrizna. 1t may be that Molin was actually dealing with
a Diplotriana, though this seems by no means certain.  Still
less is it certain that Molin’s species was the same as Rudolphi’s.
The specimens recorded by Baylis and Daubney are described
as follows :— ' ’

“* The larger specimen is about 24 mm. long and 0-57 mm.
in thickness. The anterior end of the body is abruptly
attenuated and sharply truncated. The cuticle is smooth,
and we are unable to detect the longitudinal rows of deciduous

spines to which Molin refers. The mouth opens into a small
9
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buccal cavity which is about 0-032 mm. deep and 0’0:7; mm.
in diameter. We are unable to distinguish any teeth at the
base of the buccal cavity, but its wall is thrown into folds
presenting an appearance which might easily have been mis-
taken for teeth. The cesophagus consists of two parts.
The anterior portion is 0-25 mm. in length and distinctly
more slender than the posterior portion. The latter measures
0-75 mm. in length and about 0-12 mm. in thickness. It is
very slightly enlarged posteriorly. The nerve-ring surrounds
the csophagus at about 0-13 mm. from the anterior end,
while the excretory pore opens at about 0-2 mm. from the
head. The posterior extremity is rounded and not noticeably
attenuated. The anus is small and subterminal. The vulya
is situated close to the head, at about 0-45 mm. from the anterior
end. There is a short transverse vagina, directed slightly
backwards, from which two ovejectors are given off. The
uteri and ovaries are both posterior, but a forwardly-directed
loop in the ovejector of one of them indicates that this
represents an anterior uterus. The eggs in the uterus
measure about 0-024 % 0-017 mm., and are in various stages of
segmentation.”™

2. ““ Filaria ” tuberosa v. Linstow, 1906.

Synonym :—Filaria mansoni Castellani and Willey, 1904 (nec
Cobbold, 1879, nec Huber, 1896).

Host :—Brahminy lizard (Mabuya carinata) ; Colombo,
Ceylon. (Adult females in musculature of body-wall ; micro-
filarie in blood.)

A very brief description of this form is given by Castellani
and Willey (1904). Some of the original specimens (apparently
not now available in the Colombo Museum) were re-examined
by v. Linstow (1906, ), but little was added to the description.

The female measures 34-38 mm. in length and 0-37-0-5 mm.
in thickness. According to Castellani and Willey * the
head is slightly spatulate, with a sense-organ on each side
near the front : the mouth is terminal, leading into a buccal
capsule from which a short vestibule leads back to the ceso-
phagus ; the latter is 0-53 long or 1/71 of the total length.”
v. Linstow states that the head is rounded, without teeth or

pillze, and that the csophagus is 1/79 of the total length.

The tail is attenuate and curved, and ends in a hemispherical
knob. In front of this, according to v. Linstow, there is
a papilla on each side. Castellani and Willey state that the
anus is shortly in front of the knob ; v. Linstow that an anus
is absent. The vulva, according to the latter author, is
gituated at 044 mm. from the anterior end. The eggs in
wtero are thin-shelled and measure 0-:018 2 0-013 mm., and the
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worie is ovoviviparous. Castellani and Willey found micro-
filarize in the blood of the host. These were sheathed, and
measured 0-14 mm. in length, including the sheath, or 0-09 mm.
without it. The tail of the microfilaria was blunt, but more
attenuated than the head.

3. " Filaria 7’ haje Wedl, 1862.

Hosts :—This species was recorded by Wedl from Naja
[Uracus] haje in Egypt. His specimens were found on the
outer surface of the lung, either free or coiled within flattened
capsules of connective tissue. Baylis and Daubney (1922)
doubtfully referred to the same species immature forms from
the “ intestine " of the cobra (Naja tripudians) and of the
banded krait (Bungarus fasciatus) in India (probably in the
Zoological Gardens, Calcutta).

Wedl’s description is very brief, and is insufficient for the
recognition of the species. The worms were 20-25 mm. long
and 1 mm. thick. The cuticle is said to be thick and trans-
versely ringed ; the head without papille ; the mouth small
and conical ; the cesophagus and intestine wide, the former
strongly muscular. The tail ends in a conical spike which,
according to the figure, is curved dorsally. The specimens
recorded by Baylis and Daubney were about 6-8 mm. long,
and lacked characters enabling them to be assigned to any
well-established genus. The msophagus had a relatively long
posterior glandular portion.

4. “ Filaria ™ sp.

A single immature form, apparently different from * F.”
haje, was recorded by Baylis and Daubney (1922) from the
“intestine 7 of a cobra (?Naja tripudians). 1t measured
about 20 mm. in length. The anterior end was broad and
blunt, the posterior end more tapering, and the cesophagus was
relatively shorter than in the specimens regarded as ** F. ** haje.

5. ** Filaria” emma Stossich, 1897.
Synonym :—* Filaria sp. ? " Parona, 1889,

Host :—Calotes emma; Thagata, Mt. Mulai-yit (Dawna
Range), Tenasserim.

Of this form Parona had only female specimens, which are
very summarily described®. Their length is given as 140-
190 mm. The body is more attenuated anteriorly than
posteriorly. The mouth is unarmed, the esophagus long and
0-023 [20-23] mm. in diameter. The intestine is very narrow,

* Stossich merely gave a name to the species, without having seen
the specimens.
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The tail is blunt and not mucronate. The vulva is siteated
at 15 mm. from the anterior end. The © oviduct " [¢ vagina]
is disposed in numerous loops.

6. ** Filaria >’ vivipara v. Linstow, 1904.

Host :—Corvus splendens (peritoneum) ; Colombo, Ceylon.

Of this species the only description available is that given
by v. Linstow (1904), which is not sufficient to enable its
position to be determined. The type-specimens, which
consisted of females only, are apparently not now available
in the Colombo Museum.

The female is 16-21 mm. long and 0-32 mm. thick. Both
ends of the body are rounded. On each side of the head
there is a small papilla. The lateral fields occupy # of the
circumference of the body. The cesophagus measures 1/28,
the tail 1/85 of the total length. The vulva is situated at
1-5-1-8 mm. from the anterior end. The eggs in utero measure
0-039<0-031 mm. The worm is viviparous. The micro-
filarize have a rounded head and a pointed tail, and measure
% 0.043-0-364 mm."” in length and 5-2p in thickness. * Pre-
sumably the embryos penetrate into the vascular system
of the bird, where they live as blood-filarize.”

7. ' Filaria =’ piscicola v. Linstow, 1906.

Host —A marine fish (? Lethrinus sp.) (' from supra-
orbital region ') ; Ceylon,

Of this species, the type-specimen of which is apparently
not available in the Colombo Museum, a very meagre descrip-
tion is given by v. Linstow (1906, d). This reads as follows :—
“ One incomplete female, 225x0-57 [mm.]; the diameter
at the head is 0-13 [mm.]: the head is rounded, destitute
of lips, teeth, and papillie ; the tail is lost from the specimen ;
genital orifice quite anterior, only 0:79 [mm.] from cephalic
extremity ; eggs 0-031x0:023 [mm.]; it is OVOVIVIPATOUS 2
the embryos with acuminate tail measure 0-53 < 0:016 [mm.].”

MICROFILARLE.

The term Microfilaria Cobbold, 1880, is applied, as a collec-
tive and not as a generic name, to larval Filariide oceurring
in the blood-stream or in the tissues of vertebrates. Inaddition
to the microfilarize already referred to in connection with
their respective adult forms, several, whose adult forms are
unknown, have been described from Indian hosts. In the
following brief descriptions only the measurements and some
of the more salient features are given. For fuller details
the original descriptions should be consulted. Two of the



MICROFILARIA. 55
yi and M. actoni)

forms. mentioned here (Microfilaria mala
in the elephant,

occur in man, one (M. lewisii) in the dog, one
and the remainder in birds*.

1. Microfilaria malayi Brug, 1927. (Fig. 28.)
Synonym :—Filaria malayi Brug, 1927.
recorded in Sumatra

Host :—Man (in peripheral blood) ; ) A
and other parts of the Malay Archipelago, and in China,

Fig. 28.—Microfilaria malayi. (After Feng.)

' have been described from birds
llo (1937, Rep. 12th Internat.

* 27 species of Micmﬁlarium'd o
in Port se India by L. Froilano de Me
'8 of 2 (’Lisbon. 1035), iii, pp. 15633-1552), and to those

Congress of Zoology
another has been added by Froilano de Mello and L. da Fonseca (1937,
Proo. Indian Acad. Sci. vi, 4, Sect. B, pp. 213-219).
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Indo-China and Celebes. Microfilarim recorded by Korke
(1929), in the district of Balasore on the coast of Orissa, and
by Iyengar (1932), in the coastal regions of North Travan-
core, appear very probably to belong to this species, while
Rao (1936) records M. malayi as the only human microfilaria
occurring in the rural town of Patnagarh, Orissa.

The dimensions of the larva, as is the case with other species,
vary greatly according to the method of preservation employed.
Its length, according to various aunthors (Faust (1929) ;
Korke (1929); Brug ([? 1930]) ; Feng (1933)), is 0-152-0-298
mm., and its thickness 3-88-7u. The anterior end is bluntly
rounded, and has a double stylet. The anal pore is visible as a
clear space at about the posterior fifth of the body. The tail is
thus relatively long. It is usnally suddenly constricted to
form a slender, sometimes thread-like, terminal portion which
ends in a swelling containing a nucleus. This and another
nucleus, usually situated just in front of the constriction,
take nuclear stains more deeply than the rest of the nuclei
of the body. A ' sheath’ is present, and this is much
longer than the body.

This microfilaria displays a nocturnal periodicity in the
peripheral blood. Its vectors are mosquitoes of the genera
Anopheles and Mansonioides. Rao records M. annuliferus as
the vector in Orissa.

2. Microfilaria actoni Rao, 1931.

Host :—Man (in peripheral blood) ; recorded in a convict
in Comilla jail, East Bengal, who had come from Sandwip
Island, at the mouth of the Brahmaputra River.

This microfilaria, according to Rao, bears some resemblance
to that of Dipetalonema perstans (which is not known to occur
in India), but is much smaller. It measures 0-14-0-15 mm.
in length and 6 in maximum thickness, and is without
a ** sheath.”

3. Microfilaria lewisii Korke, 1924,

Host :—Dog (in peripheral blood) ; Kasauli.

This larva, according to Korke (1924), measures 0-14—
0-212 mm.* in length and 3-5-4 g in thickness, and is without
a ‘““ sheath.” The anterior extremity is *‘ more squarely cut
than rounded, and sometimes adorned with a triangular
stilet about 2 u in height.”” The tail is said to taper to a fine
point, but is figured as having a blunt tip.

_ * The maximum length given in the table of measurements, however,
ig (0-204 mm.
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., Korke considers that this microfilaria approaches most
closely in length to those of Dirofilaria immitis and Dipetalo-
nema dracunculoides (Cobbold). It is, however, more slender
than either of these, and seems to the writer more COmP“Tf*ble
I size with the microfilaria of Dipetalonema reconditum
(see p. 7).

4. Microfilaria cephalocauda Chandler, 1924.

Host :—Racket-tailed drongo (Dissemurus paradiseus) (in
blood) ; Zoological Gardens, Calcutta.

This larva measures 0-18-0-205 mm. in length and about
4:8u in thickness. The body is of almost uniform thickness
throughout, and both head and tail are bluntly 1"0|u.1ded.
A ““sheath ” js present. This may be the microfilaria of
Chandlevella bosei (see p- 26) or of Paraprocta brevicawda
(see p. 49).

5. Microfilaria colubroides Chandler, 1924.

Host :—Racket-tailed drongo (Dissemurus paradiseus) (in
blood) ; Zoological Gardens, Caleutta.

This larva measures 0-28-0-35 mm. in length and about
G:5p in thickness. The head is bluntly rounded, the'ta_'l
slender and pointed. No * sheath ” was observed. This
microfilaria may belong to Chandlerella bosei (see p. 26) or
to Paraprocta brevicauda (see p. 49).

6. Microfilaria cissze Chandler, 1924,

Host:—Hunting cissa (Clissa chinensis) (in blood) ; Zoo-
logical Gardens, Calcutta.

This microfilaria measures 0-3-0-365 mm. in length. Its
" sheath " is considerably longer. The thickness of the body
is about 7u. The head is bluntly rounded ; the tail tapers
almost to a point, but is truncate at the tip.

7. Microfilaria comma Chandler, 1924.

Host :—Hunting cissa (Cissa chinensis) (in blood) ; Zoo-
logical Gardens, Calcutta. 1

This larva has a length of 0-108-0-114 mm., and a maximuim

. thickness of 5-5-6i. The head is bluntly rounded and the tail

pointed, The body begins to taper at about the middle of

1S length. There is a tight-fitting ** sheath,” ** obvious only

atlanterior end, where it exceeds the embryo by a few micra
On y'l’
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8. Microfilaria columba Ray and Dasgupta, 1936.

Host :—** Pigeon ” [? Columba livia] ; Calcutta.

Ray and Dasgupta (1936) record microfilariaz, without.
‘“ sheath,” from the blood of a pigeon. The parent worm
was not found, but it is suggested by the authors that the
larve may possibly have been those of Bulimdana clava (Wedl,
1856), a Filariid which occurs in pigeons. They varied in
length between about 0-1 and 0-364 mm. The smallest forms
showed little morphological differentiation, only the nerve-
ring and anal pore being recognizable. The largest were
considerably more advanced in development, but the authors
considered that they belonged to the same species.

9. Microfilaria sp.

Evans and Rennie (1910) record the finding of micro-
filariz in blood taken during the daytime from “quite a number"’
of elephants in Burma. The worms measured 0-18 mm. in
length and 6u in thickness. Khalil (1922, b) suggests that
they may have been the larve of one of the species of Para-
bronema, and that these may ** void their embryos into the
lymphatics or blood and not into the intestinal canal.”

2. Family PHILOMETRIDA Baylis and
Daubney, 1926.
Synonym :—Dracunculide Leiper, 1912.

Medium-sized or large parasitic forms. Male, when known,
much smaller than fomale. Body of female often much
elongated. Anterior end rounded. Mouth simple, without lip-
like structures, but surrounded by papille. Anus frequently
non-functional or absent in the adult female. Two equal
spicules and an accessory piece present in the male. Vulva
very inconspicuous or absent, and vagina rudimentary or
absent, in gravid females. Uterine branches directly opposed,
forming a continuous tube. Ovaries relatively very short,
situated at opposite ends of the body. Female viviparous.
Adult worms parasitic in the body-cavity, serous membranes
or connective tissue of vertebrates. The intermediate hosts,
where known, are Crustacea.

Key to Genera.,
Tail of fermale pointed and curled ventrally

intoahook .. ... ... .cvrserrreecainnne DRACUNCULUS, p. 63.
Tail of female bluntly rounded .......... 3
1. Male with a conically tapering tail........ MICROPLEURA, p. 59,

Posterior end of male truncate, with ter-
minal cloacal aperture ........cio0aen PHILOMETEA, p, 59,
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PHILOMETRA.—MICROPLEURA.

by 1. Genus PHILOMETRA Costa, 1846.
Synonym :—Ichthyonema Diesing, 1861.

Body elongate, rounded at both extremities. Lateral fields
broad. Mouth funnel-shaped. (Esophagus relatively s_hort.,
more or less swollen anteriorly and ecylindrical posteriorly,
and accompanied by a long dorsal unicellular gland \\'.hl(‘ll.
opens into it by a narrow duct near the mouth. A pair of
smaller subventral glands also present. Anus non-f-unctlo!ml
in the adult female, the posterior end of the intestine being
connected with the body-wall by a solid column of cells.
Tail of male truncate, with a pair of large lateral processes
posteriorly. Cloacal aperture terminal. Spicules sharply
pointed. Accessory piece large and well developed. Testis
single. Tail of female short and bluntly rounded. Vulva
at about the posterior third of the body. Vagina apparently
functional only in very young females, and subsequently
losing its connection with the uterus. Ovaries usually reflexed.
Adult worms in the body-cavity, genital glands or connective
tissue of fishes. Larve, at least in some cases, in the body-
cavity of Copepods.

Genotype :—Philometra globiceps (Rudolphi, 1819).

1. Philometra sp. Thwaite, 1927.

Host :—Balistes sp. (eye) ; Pearl Banks, Ceylon. i

Thwaite (1927) records two incomplete female specimens.
The longest fragment was about 150 mm. long. * Four
large equidistant papillze surrounded the head.”

2. Genus MICROPLEURA v. Linstow, 1906.

Cuticle without striations, but (at least in the female)
with irregularly-distributed series of minute tubercles. (Eso-
phagus with a short anterior portion and a long and wider
posterior portion. Caudal end of male with a single, somewhat
interrupted ala on the right side in the preanal region. Tail
conically tapering. Several pairs of small, sessile caudal
papillz present. Spicules short, very slender and tapering to
fine points. Accessory piece well developed. Tail of female
bluntly rounded, with a pair of large, prominent, subventral
papille. Vulva slightly in front of the middle of the body.
very inconspicuous. Vagina non-muscular near the vulva.
Ovaries usually reflexed. Adult worms in the body-cavity
and serous membranes of reptiles.

Genotype :—Micropleura vivipara v. Linstow, 1906.
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1. Micropleura vivipara v. Linstow, 1906. (Figs. 29-315) .

Host :—Gharial (Gavialis gangeticus) (body-cavity and
serous membranes) ; Zoological Gardens, Calcutta (v. Lin-
stow ; Maplestone).

As has been pointed out by the writer (1924), the male
form described under this name by v. Linstow probably
belonged to a species quite different from the female. In the
following description the characters of the male are taken
from the writer’s description, while those of the female are
taken from the descriptions given by v. Linstow (1906, c),
Baylis and Daubney (1922) and Maplestone (1930, 5). The
deseription by Baylis and Daubney was based in part on females
from the type series in the Indian Museum.

The male measures 9:9-10-6 mm. in length and 0-36-0-4 mm.
in maximum thickness, the female 3743 mm. and 0:79-1 mm.

o-1mm
— —
Fig. 20.—Micropleura vivipara. Anterior extremity of female ;
lateral view. (After Maplestone,)

respectively. The cuticle of the fgmule bears little longitudinal
series of from two to seven minute papilla-like structures,
scattered rather irregularly over its surface, especially on the
hinder portion of the body. The mouth is surrounded, accord-
ing to Maplestone, by ten papille. Two of these are lateral
and may form somewhat prominent conical structures.
There are two subdorsal and two subventral papille, and on
each side two sublateral papille near the base of the lateral
sapilla. The diameter of the head, at the level of the papille,
is about 0-07 mm. in the male and 0-15 mm. in the female,
The cesophagus is distinctly divided into a narrower, anterior,
muscular portion (which is somewhat granular for nearly
the posterior half of its length) and a wider, glandular, posteriop
portion. The entire eesophagus measures 1:8-2 mm. in length
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in the male and 3-25-3-5 mm. in the female; its anterior
portion 0-44-0-5 mm. and 0-75-0-9 mm. respectively. The
nerve-ring is situated near the hinder end of the anterior
portion, at 0-38-0:-4 mm. from the anterior end in the ma!e
and at 0-67-0-8 mm. in the female. The excretory pore is
situated behind the junction of the two parts of the cesophagus,
at 0:6 mm. from the anterior end in the male and at 1-1-1 mm.
in the female.

The caudal end of the male is spirally coiled. The tail is

Fig. 30.—Micropleura vivipara. Posterior end of male; lateral view.
a., a., portions of the single ala of the right side; a.p..
accessory piece. The dotted portions of the tail are seen
by transparency through the overlying coil of the body-

(After Baylis.)

conically tapering and measures (-5 mm. in length. There
is a single caudal ala, which is situated on the right side,
extends forward from a little in front of the cloacal aperture
for some distance, and is somewhat interrupted. It shows
well-marked transverse striations. There are seven pairs of
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subventral caudal papille, of which four are postanal and three
preanal. The two most qntcrio_r papille on each side are close
together, those on the right side being sitnated dorsally to
the ala. The next two pairs of papille are also close together,
one just in front of the cloacal aperture and one just behind
it. The remaining papille are very prominent and conical.
There is no pair of * roundish elevations ** at the base of the
tail, as described and figured by v. Linstow. The spicules are
equal (0-3-0-33 mm.) in length, vcr'y‘sxlendcr and tapering to
fine points. There is a well-chitinized accessory piece,
measuring 0-07 mm. in length.

The tail of the female, in the material described by Baylis
and Daubney, was 0-2-0-35 mm. long. Maplestone considers,
however, that these were contracted specimens, and states
that in his material the tail was much longer. The tip of

Fig. 31.—Micropleura ':_iwipam. Posterior end of female ; ventral vi
Doy papilla. (After Baylis and Daubney.) O e

the tail is rounded am_l has a thickened cuticle. There is
a pair of large, prominent, lateral or slightly subventral
papille at a distance of 0:1-0:14 mm, (or about 0-23 mm.
according to Maplestone s figure) from the tip. The vulva is
situated slightly in front of the middle of the body, but is
very difficult to detect in mature females. The vafgina con-
sists of a very narrow, non-muscular duct running through
the body-wall in a postero-dorsal direction from the opening
and a very short, somewhat muscular portion returning townrds’x
the head and connected with the uterus. The whole of the
vagina is not more than 0-4 mm. in length. The two branches
of the uterus are directly opposed, forming a continuous‘
straight tube joining the ovaries, which are situated at opposit(;
ends of the body-cavity. This tube fills the whole width of the
body-cavity with the exception of the space occupied by the
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very narrow intestine, which runs in close contact with the
body-wall. The ovaries are very short and are usually
reflexed, but occasionally continue in a straight line with the
uterus, with the respective ends of which they are connected
by narrow ducts. The development of the embryos appears
to be very rapid, the uterus being entirely filled, from end to
end, with young apparently fully formed and not enclosed in
membranes. These embryos have a cuticle marked with
conspicuous transverse striations, a blunt head and a long,
tapering tail. They measure, according to v. Linstow, 0-57 mm.
m length and 0-:017 mm. in thickness.

3. Genus DRACUNCULUS [pre-Linnean anthors] Reichard,
1759.

Synonyms :— Vena [pre-Linnean authors] Gallandat, 1773 ; Furia
Linnwus, 1758 (part); Vermiculus Dunglison, 1895; Fuelle-
bornius Leiper, 1926.

Body greatly elongate, especially in the female. Head with
a cuticular thickening or shield. Lateral fields broad. (Eso-
phagus with a very short anterior portion and a long posterior
portion. Into the former there open a large dorsal and two
smaller subventral unicellular glands. Intestine rudimentary
and anus non-functional in the adult female. Spicules of
male filiform. Several pairs of sessile caudal papille present.
Tail of female pointed and curled ventrally into a small
hook. Vulva near the middle of the body, but very difficult
to observe in mature specimens.  Adult worms in the connective
tissue of vertebrates. Larve, when known, in the body-
cavity of Copepods.

Genotype :—Dracunculus medinensis (Linnseus, 1758).

1. Dracunculus medinensis (Linnaus, 1758) Gallandat, 1773.
(Fig. 32.)

Synonyms [ Dracunculus persarum, Vena medina, Vena dracun-
eulus, pre-Linnean]; Gordius medinensis Linnmus, 1758 ;
Vena medinensis Gallandat, 1773; Dracunculus grecorum
Gruner, 1777 ; Filaria medinensis Gmelin, 1790 ; Furia vena
medinensis Modeer, 1795; Filaria tropica Rudolphi, 1809;
Vermis medinensis Diesing, 1851 ; Filaria wthiopica Valenciennes,
1856 ; Dracunculus @thiopicus Diesing, 1861 ; Filaria guineensis
Dunglison, 1893; Vermiculus capillaris Dunglison, 1895;
Microfilaria medinensis Neumann and Mayer, 1914 ; Fuelle-
bornius medinensis Faust, 1029, v

Hosts :—This species (the ‘“ Guinea-worm ) is a common
parasite of man in many of the warmer portions of the world.
It occurs in almost all parts of India, and in Assam, Burma
and the Andaman Islands. The most heavily infested areas,
according to Turkhud (1919), are in the south of India (the
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western portion of the Madras Presidency and Mysore, and
the Deccan). Besides man, various domestic and wild
mammals have been recorded as hosts for Dracunculus.
These include the dog, horse, ox, sheep, goat, jackal, wolf,
fox, cheetah and leopard. Turkhud (1920) mentions Indian
records from the dog and horse, from the Indian gazelle
(Gazella bennetti) in the wild state, and from the leopard and
Arabian baboon in captivity. The specific determination of
the parasite cannot, however, be regarded as definitely
established in all these cases. Turkhud has recorded the
occurrence of a specimen among the dorsal muscles of the neck
of a cobra (Naja tripudians) at Bombay, but this, as Hsii

Fig. 32.—Dracunculus medinensis. Posterior end of male.
A, lateral view ; B, ventral view. (After Moorthy.)

(1933) suggests, is more probably referable to D. houdemeri Hsii,
1933, a species recorded from Natriz piscator in French Indo-
China, than to D. medinensis ™,

The male worm is very rarely found. The female occurs
in the subcutaneous connective tissue, most commonly of
the lower limbs, and when gravid comes to the surface, the
site of its anterior end being marked by a blister of the skin
which breaks down to form an ulcer.

The male had never been adequately described until
recently, when Moorthy (1937, @) gave an account of specimens

* Mirza and Basir (1937) record what they believe to be D. medinensis
from Varanus gp. at Allahabad,
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obtained experimentally in dogs. These measured 12-29 mm.
il length and 0-4 mm. in thickness, but according to other
authors the male may measure up to 40 mm. in length. The
adult female varies in length from about 320 to 1200 mm.,
and measures 0-5-1-7 mm. in maximum thickness. The
mouth is small, and is situated on an oval or quadrangular
elevation in the centre of a cuticular thickening or shield.
According to Moorthy’s description it is surrounded by
an inner circle of six papille, two of which are lateral, two sub-
dorsal and two subventral. The subdorsal and subventral
papille may, however, be partially fused so as to form dopble
papille. There is also an outer circle of four double papille,
and a pair of lateral organs (** amphids ), situated behind the
lateral papilla of the inner circle. Hsii's (1933) interpretation
of the papille agrees essentially with Moorthy's. He finds
one pair of single lateral papille, two pairs of submedian
papill® with double terminations, and also a dorsal and
a ventral median papilla, likewise with double nerve-endings,
situated more anteriorly, close to the mouth*. The cesophagus
consists of a short and narrow anterior muscular portion and
a wider posterior glandular portion. In the male it is 9:6 mm.
long. In adult females from North American animals, accord-
ing to Chitwood (in Moorthy), it may be as much as 40-60 mm.
long. The nerve-ring surrounds the posterior portion, “’hlffh
is constricted at this point, at a distance of about 0-6 mm. in
the male;yor | mm. in the female, from the anterior extremity.
There is a pair of cervical papille just behind the nerve-ring.

The tail of the male is 0-25 mm. long, and is conically
pointed. There are ten pairs of caudal papille, four preanal
and six postanal, arranged as shown in fig. 32. There is
also a pair of lateral “ caudal pores,” or * phasmids,” behind
the second pair of postanal papillee. The spicules are subequal
and measure 0:49-0:73 mm. in length. There is an accessory
piece, 0:2 mm. long.

In young females, 24 mm. in length, the tail is 0:25 mm.
long and ends in four spine-like processes. 1In the adult female
it is (-9 mm. long and has a simple, ventrally-curved, spine-
like termination. The anus is apparently non-functional
in the adult. The vulva is situated at 10-3 mm. from the
anterior end in & young specimen 24 mm. long. In such
gpecimens the vagina, according to Moorthy, is closed by
a mucoid plug, copulation having apparently already taken
place. From his figure it appears to be about 0-25 mm. long.

* Boulenger (1928) also obzerved these dorsal and ventral papills,
but considered them not homologous with the other papillm, but rather
cuticular thickenings more comparable with the “ teeth ** or * lips
often present in Filariids.

NEM, 1. ¥
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In gravid females the vulva is either completely obliterated
or extremely difficult to detect. The body-cavity is almost
completely filled by the uterus, which forms a continuous
tube, ending in a short ovary at each end of the body. The
vulva probably never functions as a birth-pore. If the
affected part of the host comes in contact with water, the
anterior end of the worm is protruded, and a rupture of the
uterus and body-wall occurs, allowing the embryos to escape.

The embryos measure 0-5-0-75 mm. in length and 0-015-
0:03 mm. in thickness, and have blunt heads and long, slender
tails*. The esophagus is about 0-136 mm. long.

The development of the embryos, after being discharged
into water, depends upon the presence of certain * water-
fleas  (various species of Cyclops, including C. coronatus,
. bicuspidatus and C'. quadricornis). According to Lindberg
(1935) the principal vectors in the Deccan are Clyclops leuckarti
and a species which he has designated (. vermifer. Moorthy
and Sweet (1936, b) found O, leuckarti and C. hyalinus naturally
infected in Mysore, and obtained development of the embryos
in three other species experimentally. The embryos are
swallowed by the Cyclops, and migrate through the wall of
the gut into the body-cavity, where they undergo two moults,
but do not grow. Infection of the final host takes place through
drinking water containing infested Cyclops, and the worm
is believed to take about a year to reach maturity. In
India the principal sources of infection appear to be the wells
and tanks from which drinking-water is obtained, and the
spread of infection might be limited by preventing the con-
tact of the legs and feet of the water-carriers with the water.
There is some seasonal variation in the incidence of infection,
doubtless depending on the habits of Cyclops. In the Deccan,
according to Lindberg, the maximal incidence in human
beings occurs from March to May (just before the onset of

the monsoon), and cases disappear during the latter half of
the year.

* Moorthy and Sweet (1936, a) have described an abnormal type of
embryo met with in human infections in the Chitaldrug district of
Mysore. This was obtained from the same parent worm as the normal
type, but in small numbers, and was characterized by the possession
of a short tail having a knob-like projection at its base, and posteriorly
to this knob, on the same side of the tail, a tapering and pointed tail-
like projection almost at right angles to the body. The average length

of tnese embryos was only 0-434 mm., and the wsophagus was shorter
than in normal embryos (0:112 mm.),
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3. Family SPIRURIDAE Orley, 1885.

Mouth typically with two more or less well-developed lateral
lips, which may be simple or trilobed. Where the lips are
well developed, they carry at least the lateral cephalic papille,
and frequently also the submedian papille. A pharynx or
buccal capsule is usually present. The position of the vulva
is variable, but it is never very close to the anterior end.
Females usunally oviparous, exceptionally ovoviviparous or
viviparous. Adult worms in the alimentary canal, urino-
genital or respiratory system of vertebrates, generally exhibi-
ting a tendency to burrow in the walls of the organs inhabited.
First- and second-stage larve probably always parasitic in
Arthropods. Third-stage larvae parasitic in these or in
vertebrates, and transmitted to the final host by ingestion.

Subfamily SPIRURINAE Railliet, 1915.

Lips usually followed by a cuticular collar which is promi-
nent dorsally and ventrally, and may form dorsal and ventral
shields overlapping the lips. A pharynx or buccal capsule
present, without spiral or annular thickenings. Preanal
papille of male usually four pairs. An accessory piece
usually present.

d Key to Genera.
Dorsal and ventral cephalic shields absent. PROTOSPIRURA, p. G8.

Dorsal and ventral cephalic shields present. 1.
1. Six auricular appendages present near the

anteriorend. .. .cociiaiiieaririaaaain PARABRONEMA, P. 92.
Auricular cephalic appendages absent” .... 2.
2, Pharynx funnel-shaped and formed of
separate lateral halves ...........cc...n DraAscHIA, p. 89,

Pharynx eylindrical or laterally compressed. 3.
3. A hump or holdfast present on the ventral
surfaceof the body .............0ceves SPIRURA, p. 67.
Body without ventral hump ............. HasroNEMA, p. 71.

1. Genus SPIRURA Blanchard, 1849, nec Diesing, 1861.

Lips small, trilobed, surrounded at their bases by a pro-
jecting cuticular collar which is specially prominent dorsally
and ventrally. Buccal capsule laterally compressed. Body
thickened posteriorly and somewhat spirally coiled. Body-
wall raised into a ventral hump, serving as a holdfast, at some

F2
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distance from the anterior end. Cervical alm absent. Caudal
end of male with well-developed alz. Four pairs of peduncu-
late preanal papille and a single median precloacal papilla
present. Postanal papille about five pairs. Spicules un-
equal, the shorter alate. An accessory piece present. Tail
of female bluntly conical and curved ventrally. Vulva in the
middle region of the body. Uterine branches opposed.
Adult worms in the alimentary canal (usually the stomach) of
insectivores, carnivores and rodents. '
Genotype :—Spirura talpz (Gmelin, 1790).

1. Spirura narayani Mirza and Basir, 1938.

Host :—Mongoose (Herpestes mungo) (stomach) ; Hyderabad.

This species is very briefly described. The male measures
25 mm. in length and 0-5 mm. in thickness, the female 25~
40 mm. and 0-4-0-57 mm. respectively. The ventral hump
is sitnated at a distance of 1:8 mm. from the anterior end in
a female 25 mm. long.

The male has three (or occasionally only two) pairs of pedun-
culate postanal papille. Two pairs of small papille are also
figured near the tip of the tail. A median precloacal papilla
was not seen. The right spicule is the longer, measuring
0-68 mm., and is broad and alate. The left spicule is 0-16 mm.
long. :

The vulva is situated at 8 mm. from the posterior end.
The eggs measure 0:037 x 0:024 mm.

It seems possible that this species may be identical with
S. gastrophila (Miller, 1894) Seurat, 1913 [?=S. rytipleurites
(Deslongchamps, 1824)], which has also been recorded from
Herpestes. There appears, however, to be considerable doubt
as to the status of the forms attributed by different authors
to S. gastrophila and S. rytipleurites.

2. (enus PROTOSPIRURA Scurat, 1914.
Synonyms :—Cephalacanthus Diesing, 1853 (part): Mastophorus
Diesing, 1853 (part).

Lips trilobed, each lobe bearing a series of forwardly-pro-
jecting teeth on its inner surface. Dorsal and ventral cephalio
shields absent. Lateral ale absent. Pharynx cylindrical or
somewhat laterally compressed. Caudal end of male spirally
coiled and provided with well-developed ale, four or five
pairs of preanal and two or three pairs of postanal papills
with short peduncles, and a group of small, sessile papillz
near the tip of the tail. An unpaired precloacal papilla
typically present. Right spicule longer and stouter than the
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'left;, «which is alate distally. An accessory piece present.
ail of female short. Vulva in the middle region of the body.
Adult worms in the stomach of mammals.
Genotype :—Protospirura numidica Seurat, 1914.

1. Protospirura muris (Gmelin, 1790) Seurat, 1915. (Fig. 33.)

Synonyms :—Lumbricus muris domestici minoris Werner, 17823
Ascaris muris Gmelin, 1790 ; Ascaris obtusa Frolich, 1791 3
Fusaria muris Zeder, 1803 ; Lumbricus muris Rudolphi, 18093
Spiroptera obtusa Rudolphi, 1819 ; Filaria obtusa Schneider,
1866 ; Filaria muris Stossich, 1807; Spiroptera brauni V.
Linstow, 1897.

Hosts -—This is a common parasite of the stomach of rats
and mice, and has been recorded from almost all parts of the

Fig. 33.—me8p|'r_ura muris. A, anterior extremity. vex}t.ral view ;3
B, posterior end of male, ventral view. (After Seurat.)

world. v. Linstow (1904) has recorded it from the brown
rat (Rattus norvegicus [= Mus decumanus]) at Colombo, Ceylon,
and there are specimens in the British Museum (Natural
History) from the black rat (Rattus rattus) at Lyallpur, Punjab.

The male measures about 13-35 mm. in length and 0-5-
1-25 mm. in maximum thickness, the female about 15-40 mm.
and 1-1-1-75 mm. respectively. The body is relatively stout,
but tapers considerably in the anterior half. The cuticular
striations are at intervals of about 4:6u. The diameter of
the head is 0-18-0-24 mm. in the male and 0-26-0-28 mm. in
the female. Each lip consists of three distinct lobes, the mediun
lateral lobes being larger than the subdorsal and subventral.
Each lobe bears on its inner surface at the apex a numlber
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(usually from four to seven) of denticles, one of which usually
occupies a central position and is larger than the others.
The submedian papille are at the bases of the subdorsal
and subventral lobes. The pharynx measures (in the male)
from 0:14 mm. to nearly 0-3 mm. in length, and about half
as much in internal diameter. It is connected by numerous
parenchymatous strands with the body-wall. The cesophagus
18 about 3-3-3-6 mm. long and 0-2 mm. in maximum thickness
in the male, and 4:3—4-8 mm. long and 0-45 mm. thick in the
female. The nerve-ring is situated at about 0-4-0-65 mm. from
the anterior end in the male, the cervical papille at 0-57-
0:6 mm., and the excretory pore at 0-56-0-73 mm.

The caudal end of the male is coiled in two or three turns
of a spiral. The tail is about 0-65-0-69 mm. long, and has
a blunt tip. The caudal alw are well developed and broad,
and measure about 87 mm. in length. The ventral surface
of the caudal region and ale is covered with quadrangular
cuticular elevations arranged in longitudinal rows. There
are four pairs of large, pedunculate preanal papille and two
pairs of similar postanal papille, the posterior of these being
situated at about the middle of the tail. Subventrally, near
the tip of the tail, there are four or five pairs of very minute
sessile papille. There is also a median papilla on the anterior
lip of the cloacal aperture. The right spicule is longer and
stouter than the left. It measures about 1-1-2 mm. in length,
while the left spicule measures about 0-84-1 mm. Both
spicules have a funnel-shaped expansion at the root and a rather
blunt tip, that of the right spicule bearing a number of minute
spiny processes. The accessory piece is 0:155 mm. long,
and is described as ploughshare-shaped by Seurat (1916).

The tail of the female is curved towards the dorsal side and
has a bluntly-rounded tip. It measures about 0-5-0-52 mm.
in length. The vulva is situated somewhat in front of the
middle of the body (at about 12-16 mm. from the anterior
end), and is not prominent. The vagina runs posteriorly
from it, with a somewhat convoluted course. The combined
length of the vagina and the common trunk of the uterus is
about I mm. The uterine branches are at first parallel,
but one of them turns forward and extends to about the level
of the posterior end of the msophagus. The eggs are elliptical
and measure about 0:046-0-056 % 0-03-0-032 mm.

The life-history of this species involves mealworms (the
larvee of beetles of the genus Tenebrio) as intermediate hosts.
If the eggs passed in the fieces of rats and mice are swallowed
by a mealworm, the larvee hatch and penetrate into the body-
cavity, where they become encapsuled and develop to the third
stage. If the mealworm is then eaten by a suitable host,
the larve complete their development in the latter.
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of 18 3. Genus HABRONEMA Diesing, 1861.

Synonyms :—Dermofilaria Rivolta, 1884 (part); Cyrnea Seurat,
1914, nec Deshayes, 1858 ; Seurocyrnea Strand, 1929.

Lips entire or trilobed, overlapped by dorsal and ventral
cuticular shields. Teeth sometimes present on the inner
surfaces of the lips. A single lateral ala, or a pair of alse,
usually present in the cervical region. Pharynx cylindrical
or laterally compressed. Caudal end of male with broad
alm. Several (most commonly four) pairs of pedunculate
preanal papille present, and two or more pairs of similar
postanal papille. Spicules very unequal (the left usually
the longer) and dissimilar. Accessory piece usually well
developed. Vulva variable in position. Female oviparous.
Adult worms in the stomach of mammals, or in the pro-
ventriculus and gizzard of birds.

Genotype :—Habronema musca (Carter, 1861).

Key to Species.

Parasites of mammals .............cc. 1.
Parasites of birds ........ . .iiiiaeaann 3.

1. Parasite of pangolin .......c.iiiairaees zschokkei, p. 76.
Parasites of Equids ..........iiiiienn 2.

2. Longer spicule of male more than 2 mm.
long; vulva displaced from ventral
surface ; wvagina at first a narrow sub-
cuticulartube ............. o e TS Sallets musca, p. 71.
Longer spicule of male less than 1 mm. long ;
vulva ventral ; vagina with large globular
OIS BODOT S e s RTes lela nn o o wiste o bintaist e et s microstoma, p. To.
3. Longer spicule of male less than 2 mm. long. 4
Longer spicule of male more than 2 mm.

BOMY S o oe v o ace 145 2 a%s Wi ie o 0§ 0 e o e aTe oiu el e 9.

4. Longer spicule I mm. or more in length .. 0.
Longer spicule less than 1 mm. long . ..... 8.

5. Shorter spicule 0-4 mm. or more in length . 6.
Shorter spicule less than 04 mm. long .... 7.

6. Vulva in front of middle of body ........ magmilabiatum, p. 85.
Vulva near posterior end of body........- euplocami, p. 82,

7. Vulva slightly behind middle of body .... smbricatum, p. 83.
Vulva near posterior end of body.......- . diesingi, p. 84.

8, Vulva in front of middle of body ......-- asymimetricum, p. 86.
Vulva near posterior end of body. ... ...+ indicum, p. 80.

9, Parasite of peafowl ... ... .. . 0. bulbosum, p. 78.
Parasite of CASSOWALY . ........cee00esse casuarii, p. 88.

1. Habronema musez (Carter, 1861) Diesing, 1861. (Figs. 34~
36.)

Synonyms :—Filaria musca Carter, 1861 ; Spirura musce Marotel,
1913 : t Dermofilaria irritans Rivolta, 1884 ; ? Filaria irritans
Railliet, 1885.

Hosts :—Horse, donkey, mule and zebra ; usually in the
mucosa of the cardiac portion of the stomach, either free
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or with the anterior end buried in the gastric glands. Some
ulceration of the gastric lining may be produced. The worm
also sometimes occurs in the intestine (czcum and colon).
The distribution of this species is world-wide. It has been
recorded in India from Madras, Bombay, Hyderabad, the
United Provinces, the Punjab and the North-west Frontier
Province. There are specimens in the British Museum
(Natural History) from Ceylon. -

The male measures 8-14 mm. in length and 0-25-0-3 mm.
in maximum thickness, the female 13-22 mm. and 0-25-
0-4 mm. respectively. The cuticle has well-marked transverse

Fig. 34.—Habronema musca. Anterior end ; lateral view.
(From Baylis, after Ransom.) :
Fig. 35.—Habronema musce. Posterior end of male ; lateral view.
(From Baylis, after Ransom.)

striations. There is a lateral ala on the left side only, begin-
ning behind the cervical papilla of that side and extending
in the male to about the middle of the body, and in the female
to the neighbourhood of the vulva. The head is somewhat
rounded in outline. The lips are trilobed. The median lobe
of each lip is nearly quadrangular, and bears the latera]
papilla near its anterior border. The pharynx is eylindrical
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and measures about 0-048 mm. in length in the _malc an_d
0-052-0-059 mm. in the female. Its maximum diameter 1S
about 0:016-0:022 mm. The cesophagus measures (in the
female) 2-3-3-5 mm. in length. The cervical papille are
bristle-like and are situated at about the level of the nerve-
ring, which is about 0-23 mm. from the anterior end in the
male, and 0-3 mm. in the female.

The caudal end of the male is curled ventrally and usually
forms a single turn of a spiral. The caudal ala are narrow
and almost symmetrical, and extend to the tip of t.he. tail.
The ventral surface of the alar region bears longitudinal ridges
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Fig. 36.—Habronema musca. Vulvar region of female.
(After Ransom.)

or rows of cuticular vesicles. There are four pairs of peduncu-
late preanal papille (two of which are more or less adanal),
and one pair of similar papille at about the middle of the
tail. A little in front of this, on the left side only and nearer
to the middle line, there is a single papilla. Near the tip
of the tail there is a group of 10-12 minute sessile papille.
The left spicule measures about 2-5 mm. in length and has
@ thickness, at its middle, of about 5px. Its tip is sharply
pomnted. The right spicule is also pointed, but is stouter,
measuring about 0-5 mm. in length and 104 in thickness in
tl_le middle. There is a small, irregularly-shaped accessory
piece,
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The tail of the female is rather stout, bluntly rounded at the
tip and curved dorsally. It is 0-3-0-35 mm. long. The vulva
is situated at about the anterior third of the body. It is
very small, and is not ventrally situated but displaced towards
the dorsal side, or even beyond this to the left side. From
it the vagina passes round the body to the right side as a narrow
tube in the thickness of the body-wall, being at first less than
15 p in diameter and without a muscular coat. It then enters
the body-cavity and is provided with a coat of muscles.
Passing posteriorly, it gives off the uterine branches at a
distance of about 15 mm. behind the vulva. The eggs are
elongated, and their shells are very thin membranes, measuring
at first 0-04-0-05x0:01-0:012 mm., but later becoming
further elongated with the development of the embryos.

This species was first. recorded by Carter (1861) in the larval
stage in house-flies in Bombay.  Ransom (1911, : 1913)
“showed that the forms described by Carter were the larve
of a parasite of horses, and described the life-history and
morphology of the worm. Ransom’s account of the life-
history was confirmed and amplified by Hill (1918), by
Johnston and Bancroft (1920) and by Roubaud and Des-
cazeaux (1922, @ & b). The larve hatch in the intestine
of the equine host and are passed out with the fmces. If
ingested by the larva of flies—various Muscida, including
the house-fly (Musca domestica) and several other species
of Musca, Sarcophaga and Pseudopyrelliae—they penetrate
the wall of the gut and enter the body-cavity. Here they
enter cells of the fat-body and undergo two moults. The walls
of the cell in which the larva lies are gradually distended
and thickened, forming an envelope round it. The larve
pass through the metamorphosis of the fly, and reach the third
or infective stage at about the time of its emergence from the
puparium. They then migrate to the head of the fly, and when
the latter feeds on the moist surface of the lips or nostrils
of equine animals, or on open sores, they escape through the
interlabellar membrane of the proboscis. Ransom and Hill
believed that horses became infected by swallowing flies,
alive or dead, with their food, and this may sometimes be the
case. The larve may, however, also enter the mouth or
nostrils actively. If they enter the mouth they reach the
stomach, where they grow to maturity., If deposited on
cutaneous sores, they may set up the persistent, itching,
granular ulcers* variously known as ‘' summer sores,”
granular dermatitis or, in India, “ bursattee ” (bursati), but
do not, become adult worms.

* See also Habronema microstoma (p. 75) and Draschia megastoma
(p. 89).
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2. Habronema mierostoma (Schneider, 1866) Ransom, 1911.
(Fig. 37.)

Synonyms :—Spiroptera miegastoma major [Gurlt, 1831] Diesing,
1851 ; Filaria microstoma Schneider, 1866 ; Spiroptera macro-
stoma Zurn, 1872; ? Filaria stomoxeos v. Linstow, 1875 ;
? Dermofilaria irritans Rivolta, 1884 ; ? Filaria frritans Railliet,
1885 ; ? Spiroptera stomoxeos Seurat, 1916.

Hosts -—Like H. musce, this is a common and widely-
distributed parasite of the horse tribe (horse, donkey, mule ax}d
zebra), and oceurs free in the stomach or partly embedded in
the mucosa of its wall. In India it has been recorded from
Madras, Hyderabad, the United Provinces, the Punjab and
the North-west Frontier Province.

1004~

Fig. 37.—Habronema microstoma. Vulvar region of female.
(After Ransom.)

The male measures 9-22 mm. in length and 0-25-0-4 mm.
in maximum thickness, the female 15-35 mm. and 0-33-
0-56 mm. respectively. The cuticle has well-marked trans-
verse striations. There is a lateral ala on the left side only,
of similar extent to that of H. musce. The head is more
square and truncate in appearance than in that species.
The lips are trilobed. From the dorsal and ventral _cephahc
shields tridentate processes project between the lips into the
buccal cavity. The pharynx has an average length of about
0-075 mm., and is somewhat wider than in H. musca. The
®sophagus (in the female) is 3-3-8 mm. long. The nerve-
ring and cervical papille are situated at 0-28-0-36 mm. from
the anterior end.
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The caudal end of the male is similar to that of H. musca:.
The four pedunculate preanal papille of the left side are placed
a little further forward than those of the right. There are
two pedunculate postanal papille on each side, but those
of the left side are close to the cloacal aperture, while those
of the right are much more posterior, near the tip of the tail.
As in H. musce, there is a group of 10-12 minute sessile
papille at the tip of the tail. The left spicule is about 0-76-
0-8 mm. long, and has a thickness, at its middle, of about
15p. The right spicule measures about 0-:35-0-38 mm. in
length and about 20p in thickness in the middle, and ends
in a point, with a small barb at about 6 from the tip. The
accessory piece is small and irregularly shaped.

The tail of the female is 0-44-0-52 mm. long, and is shaped
as in H. muscz. There may be some small cuticular tubercles
at its tip. The vulva is rather large, and is ventrally situated,
slightly behind the anterior third of the body. Immediately
behind it there is a large, globular, muscular ovejector,
measuring 0-15-0-2 mm. in diameter, the narrow lumen of
which describes an S-shaped curve. From the ovejector the
muscular vagina, which is 0:04-0:05 mm. in diameter, runs
back to a point about 1-1-4 mm. from the vulva, where it
gives off the uterine branches. The eggs measure 0-045-
0-049 < 0-016 mm.

The life-history of this species, according to the observations
of Hill (1918) and of Roubaud and Descazeaux (1922, a & b),
is similar to that of H. musca, the intermediate hosts being
Muscid flies and including the house-fly (Musca domestica).
The principal vector, however, appears to be the stable-fly
(Stomozys calcitrans), which has blood-sucking habits. The
larvee escape through the articular membrane of the labella
of this insect when it bites.

3. Habronema zschokkei (Meyer, 1896). (Fig. 38.)
Synonyms :—Filaria zschoklei Meyer, 1806; Spiroptera orca

v. Linstow, 1006 ; ? Ascaris manidis Diesing, 1851.

Host :—Indian pangolin (Manis pentadactyla) ; Ceylon.

Meyer (1896) gives a fairly full description of Filaria
zschoklkei, from the intestine of this animal in Ceylon. v. Lin-
stow (1906, d) briefly describes Spiroptera orca from the stomach
of the same host at Horana, Ceylon. Diesing’s species Ascaris
manidis is based on records by Gouye (1703) and Whitefield
(1830). Gouye records in the upper part of the stomach
of a ' lizard,” called by the natives ‘* phatagen ” and by
Aldrovandus Lacerta Indica squammosa, a ** bourse pleine de
Vers vivans, gros et longs comme des épingles.” Whitefield
mentions the occurrence of ™ a vast number of worms of the
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Agcaris genus ” (not further named or described) in a saccular
structure (apparently normal to the animal) of the stomach-
wall. Diesing gives the length of this worm as up to an inch,
and its thickness as } line, but there is no further description.
It is doubtful whether Diesing’s species is the same as that
of the later authors, but, in spite of some discrepancies between
Meyer’s and v. Linstow’s descriptions, it seems almost certain
that Spiroptera orca is synonymous with Filaria zschokkei.
In the same paper in which he describes S. orca, v. Linstow
records immature specimens from the peritoneum of Manis
pentadactyla, which he refers to *“ Filaria ? zschokkei,” but does
not describe. Although v. Linstow’s type-specimens of
S. orca do not appear to be available in the Colombo Museum,
the writer has had the opportunity of examining these im-

Fig. 38.—Habronema zschokkei. Posterior end of male; ventral view.
(After v. Linstow.)

mature specimens, which proved to have nothing to do with
F. zschokkei, but to be immature Ascarids.

The male, according to Meyer, measures 19-24 mm. in
length and 1-1 mm. in thickness, the female 25-35 mm. and
1-3 mm. respectively. According to v. Linstow, the male
measures up to 25 mm. in length and 0-71 mm. in thickness,
the female 32 mm. and 0-95 mm. v. Linstow states that the
cuticle has coarse rings 53 i apart, and finer rings 5-4u apgrt.
The head, according to Meyer, has four lips, of which the
lateral are the largest. The anterior edges of the lips are
sharp and curved inwards, and each lip has two papille at
its base. According to v. Linstow, there are large dorsal
and ventral lips, expanded in front, and “ behind these in
the submedian lines 4 finger-shaped procumbent processes.”
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Both authors mention a ** vestibule” [pharynx], v. Linstow
giving its length as 0-2 mm. and Meyer as 0-114 mm. The
Jatter author states that it has a coat of circular fibres. Meyer
describes a dorsal and a ventral blunt-tipped conical tooth at its
entrance. The msophagus, according to Meyer, is one-
fifth of the total length, and widens rather suddenly a little
behind the excretory pore. It apparently shows the usual
division into two portions. According to v. Linstow, the
e@sophagus is 1/3-5-1/3 of the total length. The nerve-ring,
according to Meyer, is a little in front of the excretory pore.

The caudal end of the male is spirally coiled. The tail is
0-49 mm. long according to Meyer, or 1/52 of the total length
[about 0-48 mm.] according to v. Linstow. There are well-
developed caudal ale, which, according to Meyer, extend
forward for a distance of 2-5 mm. from the tip of the tail.
The cuticle of the ventral surface, according to this author,
is longitudinally ribbed in the alar region. Both authors
describe four pairs of preanal and two pairs of postanal
papillz, all of which, according to Meyer, have long and stout
peduncles. One spicule, according to Meyer, measures 47—
53 mm. in length and is gradually tapering and pointed.
The other is 1-8-2 mm, long, and ends in a small knob. v. Lin-
stow (who measured the spicules of a male which was only
11:8 mm. long, and therefore probably immature) gives their
lengths as 3-74 mm. and 0:57 mm. respectively.

The tail of the female is blunt and measures about 0:33-
0-38 mm. in length. The vulva, according to v. Linstow, is
situated behind the middle of the body, dividing the total
length in the ratio of 7 : 5. Meyer, however, finds it at 8 mm.
from the anterior end, and describes it as a transverse slit.
The vagina, according to this author, is 2:5 mm. long, and is
muscular, It is followed by a common uterine trunk which
runs back somewhat sinuously and gives off two branches,
one of which continues posteriorly, while the other returns
anteriorly. v. Linstow states that the eggs, when immature,
are elliptical and measure 0:0440-026 mm. When mature
the eggs are thick-shelled and barrel-shaped, having (according
to both describers) a hoop-like thickening near each pole.
Meyer gives their dimensions as 0-043 3 0-023-0:024 mm.,
v. Linstow as 0-047 x 0-029 mm.

-~
4. Habronema bulbosum (v. Linstow, 1906). (Fig. 39.)
Synonyms :—Physaloptera bulbosa v. Linstow, 1906; Cyrnea
bulbosa Ortlepp, 1925 ; Habronema bulbosa Maplestone, 1932,

Hosts :—This species was originally recorded from the stomach
of Pavo spicifer. Ortlepp (1925, a4) records it from under
the lining of the gizzard of the common peafowl (Pavo cristatus)
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and Burmese peafowl (P. muticus), and has given a fuller de-
scription. Maplestone (1932, 5) also records it from the last-
mentioned host in the Zoological Gardens, Caleutta.
According to v. Linstow’s description, the male measures
18-4 mm. in length and 0:4 mm. in thickness, the female 27-8 mm.
and 0-51 mm. respectively. Ortlepp’s specimens were smaller,
the male measuring up to 10-4 mm. in length and 0-325 mm.
in thickness, the female up to 24 mm. and 0-455 mm. The

Fig. 39.—Habronema bulbosum. Posterior end of male ; ventral view.
(After v. Linstow.)

cuticle has fine transverse striations. The anterior end i8
rounded. According to v. Linstow there are six lips ; accord-
ing to Ortlepp two lateral lips, each with * a large median
lobe and two smaller lateral lobes.” According to Maplestone,
however, the lateral lips are typical and there are * small
dorsal and ventral cuticular ‘lips.” ” The pharynx is about
one and a half times as long as broad, its length being apparently
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between 0:04 and 0:05 mm. [ts wall is strongly chitinized
and gradually thickened posteriorly. The cesophagus occupies,
according to v. Linstow, 1/7-1/5 of the total length, but
according to Ortlepp only about 1/10. Its anterior portion
is about 1/10 of the whole. The nerve-ring is in its posterior
third, or at 0-35 mm. from the anterior end according to
v. Linstow. The cervical papille are situated at the level
?ithc nerve-ring or just in front of it, and are small and spine-
ike.

The caudal end of the male is bent ventrally, and has short
and broad al@ which form an oval bursa-like structure. The
tail, according to v. Linstow, is 1/46 of the total length
(04 mm.]. From Ortlepp’s figure it appears to be a little
more than 0-3 mm. long. The ventral surface immediately
in front of the cloacal aperture is covered with irregularly-
arranged tubercles. There are from five to seven pairs of
fairly large, shortly pedunculate papilla in the cloacal region,
three or four pairs being preanal. One pair in front of the
cloacal aperture and one pair behind it are nearer to the mid-
ventral line than the others. Near the tip of the tail there
are four or five pairs of very small lateral papillze. The spicules
are tubular, the left measuring 2-17-2:45 mm. in length and
having a fairly sharp point, while the right is 0-88-0-945 mm.
long and has a blunt tip. The accessory piece has lateral
wings which embrace the spicules. :

The tail of the female is about 0-2 mm. long, and is somewhat
conical. The vulva is situated at about 1-25 mm. from the
posterior end. The vagina forms a thick-walled, muscular
ovejector, about 0-55 mm. long, into which the common trunk
of the uterus opens ventrally and anteriorly. This portion
of the uterus is about 0:6 mm. long. The branches run forward
parallel to each other, and their anterior limit, according
to Ortlepp, is at about the middle of the wsophagus. From
this point they run posteriorly again to the ovaries, which lie
between the vulva and the posterior end of the body. The
eggs are oval and thick-shelled, and measure 0:042-0-044 %
0-024-0-026 mm.

5. Habronema indicum Maplestone, 1929, emend. (Fig. 40.)

Synonym :—Habronema indica Maplestone, 1920 ; ? Cyrnea coracy
Mirza and Basir, 1938 *,

flost —Indian roller (Coracias benghalensis indica); Zoo-
logical Gardens, Calcutta.

* This species, from the gizzard of the same host in Hyderabad,
appears very similar to H. indicum. The chief difference is in the
arrangement of the caudal papillie of the male, only two pairs being

reanal. The left spicule is 0-81 mm. long, the right 0-33 mm. The
ength of the male is 11 mm. The female is unknown.
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The male, according to Maplestone (1929, a), measures
7-1 mm. in length and 0-2 mm. in maximum thickness, the
female 10-75 mm. and 0-35 mm. respectively. Later (1930, b)
Maplestone obtained further specimens which were ‘" one or
two millimetres longer in both sexes.”” The cuticle has fine
transverse striations at intervals of about 3p, BFd coarser
striations about 18u apart. The head has a diameter of
0-084 mm. in the male and 0-19 [? 0-09] mm. in the female.

[ ——
. 0mm.

Fig. 40.—Habronema indicum. Posterior end of male ; ventral view.
(After Maplestone.)

The lips are thick, and each bears large, pointed, subdorsal
and subventral papille. The pharynx is strongly chitinized,
laterally compressed and widened rapidly in front in lateral
view. Its anterior borders are serrated, forming four teeth
on the inner surface of each lip, which interlock with those
of the other side. The @sophagus is narrow. Its anterior
and posterior portions, in the male, measure rcspect‘ively
0-3 mm. and 1-1 mm. in length.
NEM. 11, G
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The caudal end of the male is straight. The ale aresbroad
and slightly asymmetrical, the left extending a little further
forward than the right. They are united behind the tip of the
tail, and their ventral surfaces are transversely striated.
There are nine pairs of candal papille, four pairs, with rather
long peduncles, being preanal. One pair, with very long
peduncles, is adanal or immediately postanal, and there are
four more pairs, gradually diminishing in length, behind this.
According to Maplestone’s description of the single male
available, the right spicule is nearly twice as long as the left,
the two spicules measuring 0:694 mm. and 0-357 mm.
respectively. The accessory piece is described as boat-shaped.

The tail of the female is 0-16 mm. long, and has a blunt
tip. The vulva is situated not far in front of the anus, at
0-59 mm. from the posterior end. There is a flask-shaped
muscular ovejector, measuring 0-175 mm. in length. The
common uterine trunk is relatively long (0-89 mm.) and runs
anteriorly. The uterine branches run forward parallel to
each other to about the middle of the body, where one of them
bends posteriorly. The eggs measure 0:04-0:045 < 0:02—
0:026 mm.

. Habronema euplocami Maplestone, 1930.

Hosts :—Kalij pheasant (Gennaus [Euplocamus] leucome-
lanos) and peacock-pheasant (Polyplectron bicalearatum)
(gizzard) : Zoological (Gardens, Calcutta.

Maplestone’s (1930, b) original description was based on
females only, from the first-mentioned host. Later (1932, b)
he obtained specimens of both sexes from the second host,
and gave a further description. The male measures 10-4 mm.
in length and 0-257 mm. in maximum thickness, the femn-le
18:5-19-5 mm. and 0-34-0-44 mm. respectively. Each lip
has a quadrangular central portion and separate conical

rocesses carrying the subdorsal and subventral papillae.
The central portion carries four longitudinal ridges on 1ts
inner surface, the two inner ridges projecting as teeth beyond
the anterior border. The pharynx is strongly chitinized and
is laterally compressed at its anterior end. It is 0:056 mm.
long in the female. The anterior portion of the esophagus,
in the female, measures 0-46 mm. in length, the posterior
pertion 1-:5 mm. The nerve-ring (in the female) is gituated at
0-35 mm., the and excretory pore at 0-475 mm., from the
anterior end. The cervical papille are placed far forward,
in front of the middle of the pharynx.,

The caudal ale of the male are broad. They measure
0-336 mm. in length, and extend just to the tip of the tail,
The tail is 0:136 mm. long. Maplestone states that there



HABRONEMA. 83

are nipe pairs of pedunculate papille, two pairs being preanal,
one adanal and six postanal. His figure, however, appears
to show a tenth pair of very small papille near the tip of the
tail. The anterior five pairs of papille have alternately
longer and shorter peduncles. The posterior four [or five]
pairs are very small, and diminish in size posteriorly. The
spicules are * thin and tapering,” and measure respectively
1 mm. and 0-436 mm. in length. It is not stated which is
the longer. The accessory piece is well developed and
“ appears trident-shaped when viewed from the ventral
surface.”

The tail of the female is 0-42-0-45 mm. long. It ends in
a blunt point, and has a pair of papille at about its posterior
third. The vulva is situated at 1-45-1-6 mm. from the posterior
end. There is a thick-walled ovejector, measuring 0-237 mmi.
in length, from which the common uterine trunk runs forward
for a distance of 0-:396 mm. The uterine branches run forward
to about the middle of the body, where one of them bends
posteriorly. The eggs are thick-shelled and have * straight
sides and rounded ends.” They measure 0-045x0-021 mm.

7. Habronema imbricatum Maplestone, 1930, emend.
Synonym :(—Habronema iinbricata Maplestone, 1930.

Host :—Scops owl (Otus sunia [=Scops pennatus]) (gizzard) ;
Zoological Gardens, Calcutta.

The male measures about 83 mm. in length and 0:23 mm.
in maximum thickness, the female 10-6 mm. and 0-26 mm.
respectively. The cuticle has coarse transverse striations,
which begin at a slight cuticular inflation at about the level
of the anterior end of the pharynx and have sharply projecting
edges, giving the body, in optical section, an imbricated
appeargnce. The lips are trilobed, and on their internal
surfaces are “ supported by outwardly curving anterior
extensions ”’ of the pharynx. Each lip bears three pointed
teeth, There are small, conical dorsal and ventral ** lips.”
A short lateral ala is present on one side only, beginning at
about 0-4 mm. from the anterior end and extending posteriorly
for a distance of about 1 mm. The pharynx is thick-walled
and about 0-075 mm. long. The wsophagus measures 2-78 mm.
in length in the male, and 2-:5 mm. in the female. 1In the former
its anterior portion is 044 mm. long, and its posterior portion
2:34 mm. 'The nerve-ring, in the male, is situated at (0-24 mm.,
and the excretory pore at 0-3 mm., from the anterior end.

The male has broad caudal ale which meet in a point beyond
the tip of the tail. The tail is about 0-2 mm. long. There
are six pairs of caudal papille, four of which are preanal
and two postanal. The anterior pair of postanal papille are

G2
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sessile, all the other papille pedunculate. The spicules
measure 1:38 mm. and 0:38 mm. in length. The accessory
piece is very small.

The tail of the female is 0-15 mm. long, and ends in a sharp
point. It bears a pair of small subventral papille at a little
distance from the tip. The vulva is just behind the middle
of the body, at 5-7 mm. from the anterior end. The uterine
branches are opposed. The eggs have thick shells, * with
straight sides and rounded ends,” and measure 0-036X
0-015-0-016 mm.

Fig. 41.—Habronema diesingi. Posterior end of male ; ventral view,
(After Maplestone.)

S. Habronema diesingi Maplestone, 1932.  (Fig. 41.)

Host -—Vulturine guinea-fowl (deryllium vulturinum) (giz-
zard) ; Zoological Gardens, Calcutta.

,\[aplestone‘s description of this species is base('l on one male
and one female. The male measures 8-8 mm. in length and
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0-257 aum. in maximum thickness, the female 14-5 mm. and
0-336 mm. respectively. Narrow lateral ale are present.
Each lip has a quadrangular central lobe and two prominent
outer lobes. These have prominently-projecting posterior
angles and carry the submedian papille. Dorsal and ventral
shields are absent, but a pointed transverse process arises
from the inner surface of each submedian lobe and overlaps
that of the opposite lobe. The pharynx is stout and somewhat
laterally compressed. Its length, including the depth of the
buccal cavity, is 0-056 mm. in the male and 0-068 mm. in the
female. The anterior portion of the cesophagus, in the female,
is 0-356 mm. long, and its posterior portion 2:344 mm. The
nerve-ring is situated at 0-235 mm., the cervical papille and
excretory pore at 0-317 mm., from the anterior end.

The caudal al@ of the male are well developed and extend
just to the tip of the tail. The tail, from Maplestone’s figure,
appears to be about 0-15 mm. long. There are ten pairs o
caudal papille. One pair, at the level of the cloacal aperture,
are sessile ; the rest (two pairs preanal and seven pairs
postanal) are pedunculate. The spicules measure 1-7 mm. and
0-297 mm. in length. There is a broad accessory piece.

The tail of the female is 0-396 mm. long, and is tapering and
pointed. It carries a pair of papille at 0-055 mm. from the
tip. The vulva is slightly prominent and is situated ab
1:74 mm. from the posterior end. The thick-walled ovejector
describes almost a complete circle before turning forward to
join the thinner-walled common uterine trunk. This *‘ pursues
an undulating course to a point about one millimetre anterior
to the vulva,” where it gives off the two branches. The ovaries
are at opposite ends of the body. The eggs are thick-shelled
and measure 0-04 X 0-024 mm.

9. Habronema magnilabiatum Maplestone, 1932, emend.
(Fig. 42.)
Synonym :—Habronema magnilabiata Maplestone, 1932 ; Sicarius
magnilaliata Vaz, 1036,

Host :—An Indian eagle (Icthyophaga nana plumbeus
[=Polioaitus plumbeus)) (gizzard) ; Zoological Gardens, Cal-
cutta,

The male measures 9-1 mm. in length and 0-26 mm. in maxi-
mum thickness, the female 15-6 mm. and 0-39 mm. respectively.
A lateral ala is present on one side only, beginning at abotit
0-24 mm. from the anterior end and extending posteriorly for
a distance of about 1:3 mm. The lips are large, with a narrow
base and a wide anterior portion, forming prominent dorsal
and ventral angles. Large, rounded dorsal and ventral shields
are present, each ** partially divided by a longitudinal groove.”
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The pharynx is somewhat laterally compressed. Its length,
in the male, is 0-028 mm. The anterior portion of the ceso-
phagus is 0-396 mm. long in both sexes : the posterior portion
measures 2:63 mm. in the male and 3-6 mm. in the female.
The nerve-ring, in the male, is situated at 0-297 mm., and the
cervical papille at 0-198 mm., from the anterior end. The
fhstance of the excretory pore from the same point is 0-327 mm,
n 't-'he male and 0-356 mm. in the female.

lhp caudal end of the male is strongly curved ventrally,
and 18 provided with relatively narrow ale which extend to
the tip of the tail. The ventral surface of the ale, and of the
body in the region immediately in front of the cloacal aperture,
is longitudinally ridged. The tail, from Maplestone’s figure,
appears to be about 0-25 mm. long. There are six pairs of
caudal papille, four pairs being preanal and having long
peduncles, while two pairs are postanal and sessile. The

Fig. 42.—Habronema magnilabiatum. A, anterior end, lateral view ;
B, posterior end of male, ventral view. (After Maplestone.)

spicules measure 1-78 mm. and 0-554 mm. in length, and b_oth
have simple points. There is a “rugged,” asymmetrical
accessory piece.

The tail of the female is 0-18 mm. long, and tapers to a point,
The vulva is situated in front of the middle of the body
(at 8:1-8-5 mm. from the posterior end). The eggs are
thick-shelled and measure 0-04 > 0-03 mm.

10. Habronema asymmetricum Maplestone, 1932, emend.
*  (Fig. 43.)
Synonym :—Habronema asymmetrica Maplestone, 1932,
Host :—Pale harrier (Circus macrourus) (gizzard) ; Zoological
Gardens, Calcutta.
The male measures 7-5 mm. in length and 0-23 mm. i
maximum thickness, the female 11 mm. and 0:29 mm, respec-
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tively, A lateral ala is present on the left side only. The
laferal lips are broad, with a truncate anterior margin. Kach
hu-s. a relatively small, crescentic central portion and large,
conical outer portions. The dorsal and ventral “lips ™ are
small and conical. The pharynx is somewhat laterally com-
pressed, and its walls are thicker dorsally and ventrally
than laterally. According to Maplestone’s description it is
0-18 mm. long in the male and 0-22 mm. in the female, but from
his figures its length (excluding the buccal cavity) appears to
be about 0-03 mm. The anterior and posterior portions of
the cesophagus measure 0178 mm. and 2:1 mm. in length

Fig. 43 —Habronema asymmetricum, Posterior end of male ;
ventral view. (After Maplestone.)

respectively in the male, and 0-29 mm. and 4 mm. in the
female. The nerve-ring and excretory pore are situated atb
0-2 mm. from the anterior end in the male, and at 0-28 mm. in
the female.

The caudal ale of the male are asymmetrical, the left béing
longer than the right. * The ventral portion of the worm be-
tween the ale, and the ventral surfaces of the alm, are mark
by longitudinal ridges interrupted by irregular transverse
lines. The caudal papille are quite irregularly placed, some
being double, and as they differ in different specimens a detailed
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description of their arrangement is of no value.” Maplestone
gives a figure (fig. 43) showing eight papille or papillary ter-
minations on the left side and eleven on the right. Five of
these on the left and seven on the right are preanal, and
one on each side adanal. The tail appears, from the figure,
to be a little over 0-2 mm. long, and its tip projects beyond
the alm. The spicules measure 0-:65 mm. and 0-24 mm. in
length. No accessory piece was seen.

The tail of the female is 0:198 mm. long. The vulva is
situated just in front of the middle of the body (at 5:9 mm. from
the posterior end). The eggs are thick-shelled and oval.
Their size is not given.

11. Habronema casuarii Maplestone, 1932.

Host :—Double-wattled cassowary (Casuarius bicaruncu-
latus) (gizzard) ; Zoological Gardens, Calcutta.

This is a relatively large species, the male measuring
26:5 mm. in length and 0-554 mm. in maximum thickness,
the female 53 mm. and 0:89 mm. respectively. There are
marked annulations towards the posterior end of the body
in both sexes. Each lateral lip has a broad central portion
and outwardly-curved dorsal and ventral portions. The
central portion bears four longitudinal ridges on its inner
surface. The pharynx is cylindrical, and measures 0-1 mm.
in length in the male and 0-15 mm. in the female (from the
figures, these measurements apparently include the depth
of the buccal cavity). The anterior and posterior portions
of the wsophagus measure about 0-7 mm. and 8:3 mm. in
length respectively in the male, and 0-83 mm. and 11-5 mm.
in the female. The excretory pore is situated at about
(-57 mm. in the male, and 0-:69 mm. in the female, from the
anterior end. In the former the distances of the nerve-ring
and cervical papillee from the same point are about 0-44 mm.
and 0-5 mm. respectively.

The caudal ale of the male are broad and symmetrical,
and are * strongly marked on their ventral surfaces by longi-
tudinal and transverse grooves.” The tail appears, from the
figure, to be about 0-3 mm. long. Its tip barely projects
beyond the ale, There are five pairs of large, lateral, peduncu-
late papille, of which three are preanal, one adanal and one
postanal. Just behind the cloacal aperture there are two
pairs of subventral, sessile papille, and there is a group of
six or seven minute ventral papille close to the tip of the tail,
The spicules measure 3-1-3-9 mm. and 1-1-3 mm. in length,
The longer is more slender, and has a barb near the tip ;
the shorter has broad ale and a simple, rounded tip. The
accessory piece is stout and V-shaped.
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, The tail of the female is 0-39-0-44 mm. long. The vulva is
situated considerably behind the middle of the body, at
8:3-9-2 mm. from the posterior end. The vagina runs forward
from it for a distance of about 0-8 mm. The uterine branches
are opposed, the anterior ovary extending forward as far as
the junction of the two portions of the esophagus, and the
posterior almost to the anus. The eggs are oval and thick-
shelled. Their dimensions are not given.

4. Genns DRASCHIA Chitwood and Wehr, 1934.
Synonym :—? Dermofilaria Rivolta, 1884 (part).

Lips entire, without teeth, overlapped by dorsal and ventral
_ cuticular shields. Paired lateral ale present. Pharynx
funnel-shaped ; its wall formed of two separate lateral halves.
Male with four pairs of pedunculate preanal papillee and five
pairs of postanal papille, of which the anterior pair is asyni-
metrical. Spicules unequal. A small accessory piece present.
Vulva in front of the middle of the body. Female oviparous.
Adult worms in the stomach-wall of Equidz.
Genotvpe :—Draschia megastoma (Rudolphi, 1819).

1. Draschia megastoma (Rudolphi, 1819) Chitwood and Wehr,
1934, (Figs. 4447.)
Synonyms :—Spiroptera wmegastoma  Rudolphi, 1819 ; Spirura
megastoma Blanchard, 1849 ; Filaria megastoma Schneider,
1866 ; Habronema megastoma Seurat, 1914 ; ¢ Dermofilaria
irritans Rivolta, 1884 ; ? Filaria irritans Railliet, 1885.

Hosts :—This is a parasite of the horse, donkey, mule and
zebra. It occurs in nodules in the wall of the stomach, each
nodule communicating by one or more openings with the
!umen, and also in abscesses of the spleen. Its distribution
is world-wide. In India it has been recorded from Madras,
Hyderabad, the United Provinces, the Punjab and the North-
west Frontier Province. Its presence has also been noted in
Burma, and there are specimens in the British Museum
{Natural History) from Ceylon.

_ The male measures 7-10 mm. in length and up to 0-27 mm.
in maximum thickness, the female 10-13 mm. and up to about
0-37 mm. respectively. The head has a diameter of about
0:11 mm., and is separated by a transverse groove from the
neck, which forms a ** shoulder ”’ of thickened cuticle. Ea(-I; lip
bears one of the lateral cephalic papill, while each of the dorsal
and ventral shields carries two submedian papille. These
!mve two terminations, an outer and an inner. The pharynx
18 about (-13 mm. long. The anterior portion of the ceso-
Phagus measures about 018 mm. in length, the wider posterior
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portion about 0-89 mm. The nerve-ring and cervical papilla
are situated just in front, of the junction of the two parts of
the wsophagus.

The caudal end of the male is closely coiled. The alm and
the ventral surface of the body in the alar region are longi-
tudinally ribbed. The four pairs of preanal papille are

arranged almost symmetrically. Of the five pairs of postanal

Fig. 44.
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Fig. 44.—Draschia megastoma. Anterior end of female ; dorsal view.
{ (After Baylis and Daubney.) i
Fig. 45.—Draschia megastomda. Anterior end of female ; lateral view.

¥ (After Baylis and Daubney.)

apillee, the anterior is just behind the cloacal a_pcrt,u.m’
]I;‘tgxl'gﬁv placed and asymmetrical, the papilla of the right side
heing stout and extending almost to the mid-ventral line,
while that of the left side is much smaller. The rest of the
postanal papille are subventral, the three posterior pairs
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forming a symmetrical group close to the tip of the tail. The
. left spicule is cylindrical and measures 0-46 mm. in length.
The right spicule is 0-24 mm. long, and is flattened and grooved
ventrally.

The tail of the female is bluntly conical and measures
0-28 mm. in length. The vulva is situated at about the anterior
third of the body, and is surrounded by a small, raised, cuticular
ring. There is a small muscular ovejector, from which the
muscular vagina runs posteriorly for a distance of about
0-8 mm. before giving off the uterine branches. These are
muscular near their origin. One runs straight backward,
the other doubles forward after running posteriorly for some

Fig. 47.

Fig. 46. s
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Fig. 46.—Draschia megastoma. Anterior extremity of female, viewed
en face. (After Baylis and Daubney.)
Fig. 47—Draschia megastoma. Cloacal region of male ; lateral view,
showing spicules, accessory piece and some of the papille.
(After Baylis and Daubney.)

distance. The eggs measure 0-033-0-035x0-008 mm., and
contain embryos in utero. According to Theiler (1923) the
embryos may attain a length of 0-6-0-7 mm.

The life-history of this species, according to Hill (1918),
Johnston and Bancroft (1920) and Roubaud and Descazgaux
(1921), is very similar to that of Habronema musca and
H. microstoma, and the intermediate hosts are Muscid flies
of the same species as for H. musca, including the house-fly.
The first-stage larva, however, enter the Malpighian tubules
instead of the fat-body of the insect, and there cause the
formation of nodules, within which they undergo a moult,
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They later leave the Malpighian tubules and re-enter the hody;
cavity, where they moult again before migrating to the pro-
boscis. If deposited on the lips of horses, they may reach the
stomach and become adult. If deposited in the nostrils,
they may enter the lungs and cause the formation of nodules
in the bronchi, while if deposited in wounds of the skin they
may play the same part as species of Habronema in producing
“ summer sores.” In these cases they do not reach maturity.
Crawford (1926) records the infection of a Drosophilid fly in
Ceylon with larve which he believed to belong to D. mega-
stoma.

5. Genus PARABRONEMA Baylis, 1921.
Synonym :—Squamanema van Thiel, 1925.

Lips and dorsal and ventral cuticular shields resembling
those of Habromema. Cuticle of head thickened and folded
80 a8 to form posteriorly a circlet of six horseshoe-shaped
auricular appendages, of which two are lateral and four
submedian, Pharynx elongate, cylindrical posteriorly. Tail
of male with lateral al@® towards its tip, four pairs of preanal
and two pairs of postanal papille, arranged somewhat asym-
metrically, and a large, median, double precloacal papilla.
Spicules markedly unequal. A small, triangular accessory
piece present. Tail of female short and curved dorsally.
Vulva near the posterior end of the sophagus. Female
viviparous or ovoviviparous. Adult worms in the stomach-
wall of mammals.

Genotype —Parabronema indicum Baylis, 1921.

Key to Species.
Longer spicule of male about 0-9 mm. long ; shorter

spicule about 0-d mm. ...l tndicum, p. 92.
Longer spicule of male less than 0-6 mm. long ; shorter o
gpicule about -2 mm. .. .cciiaaiiiiiiiaaa smithii, p. 95.

1. Parabronema indicum Baylis, 1921. (Figs. 48-50.)

Host :—Indian elephant (stomach-wall) ; Madras. )

The male measures up to 7-9 mm. in length and 0-31 mm. in
maximum thickness, the female up to 13 mm. and 0-39 mm.
respectively. The cuticular striations are at intervals of
3.5, The ** head ™ is conical, being narrower in front than at
the back of the auricular appendages, and measures 0-15-
0-17 mm. in length. Tts diameter at the posterior end of the
auricular appendages is 0-14-0-15 mm. The latter are regu-
larly horseshoe-shaped and have narrow grooves on their
free edges. The borders of the lips are simple. The pharynx
is 0-17-0-18 mm. long. The total length of the wsophagus
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(measured from the anterior extremity) is 2:2-2-25 mm. The
junction of its two portions is at about 0-4 mm. from the head
end. The nerve-ring is situated at 0-32-0-3¢ mm., the
excretory pore at 0-33-0-35 mm., and the cervical papille at
0-39-0-42 mm. from the anterior extremity. y

The tail of the male is 0-17 mm. long. The six pairs of
caudal papille are all pedunculate. The peduncles of the
anterior pair of postanal papille lie transversely across the
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Fig. 48.—Parabronema indicum. Anterior end. A, dorsal view;
B, lateral view ; C, viewed en face. a., a., auricular appen-
dages; c.p., cervical papilla; d.s., dorsal shield; L, lip;
l.p., lateral papilla of lip; p., p.» papille of dorsal and
ventral shields; s.lp., sublateral papilla of lip. (&fter
Baylis, in * Parasitology.’)

ventral surface in such a way as to overlap, the termination
of the papilla of the right side being considerably to the left
of the middleline. The posterior pair are symmetrically placed.
The two terminations of the median precloacal papilla are near
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Fig. 49.—Parabronema indieum. Posterior end of male ; lateral view,
a.p., accessory piece; [, left spicule (terminal portion);
7., right spicule. (After Baylis, in * Parasitology.’)
Fig, 50.—Parabronema indictm. Posterior end of male ; ventral view.
(After Baylis, in * Parasitology.’)
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its laferal limits. The left spicule is very slender, and measures
(93 mm. in length. The right spicule is stouter and 0-39 mm.
long. The length of the accessory piece is 0-06 mm.

The tail of the female is conical, with a rather blunt tip,
and measures 0-32 mm. in length. There is a pair of minute
papille at 0-03 mm. from the tip. The vulva is situated about
04 mm. behind the posterior end of the cesophagus. The
vagina forms a U-shaped bend at a distance of about 0:25 mm.
from the vulva. After a further course of about 0-4 mm.
it widens into a fusiform swelling which gives off the two
uterine branches posteriorly. These also have small fusiform
enlargements near their origin. One branch runs back to
a point about 0-35 mm. from the anus, where it turns forward
again. The other turns forward anteriorly to this, and runs
nearly as far as the posterior end of the cesophagus before
forming a loop and running once more posteriorly. The
embryos in the uterus are not enclosed in hard egg-shells.

2. Parabronema smithii (Cobbold, 1882) Baylis, 1921.

Synonyms :—Filaria smithii Cobbold, 1882 [nec Filaria smithi
ngjt;bon. 1907]; Spiroptera smithi Railliet, Henry and Bauche,
1914,

Host :—Indian elephant (stomach-wall, in oval, flattened
tumours of about the size of a filbert nut, each having an
opening into the cavity of the stomach). This parasite was
first recorded from a circus elephant, and very briefly described,
by Cobbold. It was later found in Bengal by Mitter (1912),
who added little to the description. Khalil (1922, b) has given
;, s?‘mewhat fuller account of it, based on material obtained in

ndia,

The male measures 4:1—4-2 mm. in length and 0-2 mm. in
maximum thickness, the female 8-8:5 mm. and 0-25-0-26 mm.
respectively. The cuticle has very fine transverse striations.
The ““ head " is 0-:083 mm. long, and has a diameter, at the
posterior end of the auricular appendages, of 0-03 mm. The
posterior margins of the appendages are nearly straight.
The pharynx is 0-1 mm. long. The anterior portion of the
msophagus measures 0-14-0-16 mm. in length, the posterior

rtion 1:06-1-09 mm. The cervical papillze are situated at
about 0-21 mm., the nerve.ring at 0-22-0-23 mm., and the
excretory pore at 0-25 mm. (in the female) from the anterior
extremity. o

The tail of the male is (-18 mm. long, and has a rounded
tip. The six pairs of caudal papille are all pedunculate.
The left spicule measures (-32-0-56 mm. in length, the right
spicule 0-18-0-21 mm. The length of the accessory piece is
003 mm.
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The tail of the female is tapering, with a rounded tip, and
measures 0-36 mm. in length. The vulva is situated slightly
in front of the posterior end of the esophagus. The vagina
forms a U-shaped bend at about 0-1 mm. from the vulva.
The ovarian tubes are mainly confined to the posterior half
of the body. According to Cobbold, the eggs are * linear-
oblong ”* and have an average length of 1/2000 of an inch.
Khalil found no eggs, the uterus being packed with embryos.

Subfamily ASCAROPSINAE Alicata and McIntosh,
1933.

Synonym :—Arduennin® Railliet and Henry, 1911.

Lips not prominent, but trilobed. Dorsal and ventral
cephalic shields absent. A pharynx or buccal capsule present,
typically with spiral or annular thickenings in its walls.
Asymmetry frequently present in the cervical and caudal alw,
and in the caudal papille and other structures of the male.
Preanal papille of male four pairs. An accessory piece usually

present.,
Key to Genera.

Anterior end of body with longitudinal rows [p. 116.
of cuticular bosses .........coeceieinann (GONGYLONEMA,
Anterior end of body without cuticular
DO o e e e e rem ol el g teface oral ot alotss o: o ole 1.
1. Pharynx cup-shaped or funnel-shaped ...... 2.
Pharynx cylindrical ......ccco.eivuaniians 4.
2. Pharynx contains six protrusible bicuspid or [p. 113.
tricuspid teeth ........coceeeeiavncaascs CYLICOSPIRURA,
Six simple teeth or papille present within
the opening of themouth ............... 3.
3. Male with four pairs of preanal papillm. ... .. SPIROCERCA, p. 108.
Male with seven pairs of preanal papill=. . ... CASTRONODUS, p. 112,
4. Pharynx spirally twisted . ...........oou STREPTOPHARAGUS,
Pharynx straight ......ceoneecneerna... 5. [p. 101.
5. A cervical ala present on left side only ..... ASCAROPS, p. 96.
Paired lateral alm present . ................ 6.
6. Three parallel ale present on each side of [p. 104,
DOAY +ecviveraeacnssnsnorstonctaraians PHYSOCEPHALUS,
A single ala present on each side of body ... ansocsruALLgu:ggI.

1. Genus ASCAROPS van Beneden, 1873.
Synonym :—Arduenna Railliet and Henry, 1911.

Lips trilobed, each with a tooth projecting into the oral
cavity. A cervical ala present on the left side only. Wall
of pharynx with spiral thickenings. Male with asymmetrical
caudal ale. Cloacal aperture surrounded by a serrated cuticu-
lar thickening. Four pairs of pedunculate preanal papille
and one pair of similar postanal papille present. Spicules
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very «mnequal. Accessory piece absent®. Vulva in front
gf t(-;le middle of the body. Adult worms in the stomach of
Suidze.

Genotype :—Ascarops strongylina (Rudolphi, 1819).
Key to Species.

Male up to 15 mm., female up to 22 mm. in

T e e o R S Ry O 1 SN i ) strongylina, p. 97.
Male up to 35 mm., female up to 55 mm. in
L g e R L S I DR dentata, p. 99.

1. Ascarops strongylina (Rudolphi, 1819) Alicata and McIntosh
1933. (Figs. 51 & 52.)

Synonyms :—Spiroptera strongylina Rudolphi, 1819 ; Spiroptera
strongyliformis de Blainville, 1828 ; Filaria strongylina Schneider,
1866 ; Arduenna strongylina Railliet and Henry, 1911 ; Habro-
nema strongylina Ostertag, 1932,

Hosts :—This is a parasite of the stomach (and occasionally
of the small intestine) of the pig, wild boar and peccary, and
has also been recorded from the ox in America. It ocecurs
in almost all parts of the world. Maplestone (1930, @) records
it from 25 out of 49 pigs examined in Calcutta, and there are
specimens in the British Museum (Natural History) from
a wild boar in Ceylon.

The following description is derived mainly from those given
by Ciurea (1911, a), Railliet and Henry (1911, @) and Foster
(1912). The male measures about 10-15 mm. in length and
(-3-0-39 mm. in maximum thickness, the female about 15-
22 mm. and 0-26-0-54 mm. respectively. The body of the
female is slightly constricted in the region of the vulva. The
lateral ala begins at a point about 0-26-0-28 mm. from the
anterior extremity and extends to within about 2 mm. of the
posterior end of the body. Its maximum width is about
0-:035 mm. The pharynx is about 0-07-0-1 mm. long and
0:03-0:035 mm. wide. Its wall, according to Railliet and
Henry, appears to be composed of several spiral ribbons (two
or three in the male, four or five in the female), and thus
resembles a screw with multiple threads. The cesophagus is
about 3:1-3-9 mm. long. The nerve-ring is situated at about
0-35 mm., and the excretory pore at about 0-48 mm., from the
anterior end. The cervical papille are asymmetrically placed,
that of the left side being at about 0-19 mm. and that of the
right at about 0-39 mm. from the anterior extremity.

The tail of the male is 0-15-0-2 mm. long. The caudal ala
of the right side is about twice as wide as that of the left.

* According to Chen (1937) an accessory piece is present in A, dentata.
NEM. IT. H
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There are four pairs of papille, with long peduncles, which are
mainly preanal in position, but of which the posterior two may
be adanal or postanal. Those of the right side usually form
a regular series, while those of the left show some irregularity
of arrangement. In addition to these there is another pair
of pedunculate papille at about the middle of the tail. Im-
mediately behind this Yorke and Maplestone (1926) figure
two pairs, and Maplestone (1930, @) three pairs, of small sub-
ventral papille, while in both figures an isolated pair is shown
near the tip of the tail. Ciurea found five pairs of these small

Fig. 52.

Fig. 51— Ascarops strongylina.  Anterior end.
(From Baylis, after Foster.)
Fig. 52— Ascarops strongylina. Posterior end of male ;
ventral view. (From Baylis, after Foster.)

papille. The Jeft spicule is slender and finely pointed, and
measures 2:24-2.9 mm. (or, according to Chen (1936), 1:3 mm.)
in length. The right spicule is stouter and blunter, and is about
0-45-0-62 mm. long.

'The tail of the female is bluntly conical and measures about
0-21-0-27 mm. in length. The vulva is situated at 7-8 mm.
from the anterior end of the body, and is displaced towards
the left side, opening just ventrally to the lateral ala. The
vagina at first runs transversely round the body, between
the cuticle and the muscular layer of the body-wall, and thep
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posteriorly within the body-cavity. It is about 1-7 mm. long.
The uterine branches are opposed at their origin. The
posterior branch doubles forward at a distance of about
36 mm. from its origin, and its ovary is situated in the
sophageal region. The anterior branch doubles back at
a similar distance from its origin, and its ovary lies in the
posterior region of the body. The eggs are oval, with thick
shells, slightly flattened and operculate at the poles, and
covered by a thin, irregular membrane. They measure
0:034-0-039 % 0:018-0-02 mm., or, according to Alicata (1935),
0-041-0-045 % 0-022-0-026 mm. Alicata states that the shell
shows ** numerous small punctations.”

The intermediate hosts of this species are coprophagous
beetles of various genera (Onthophagus, Aphodius, Gymno-
pleurus, Scarabazus and others). A dragonfly (dnax parthenope)
has also been recorded as a host by Ono (1932), while the third-
stage larve may occur encapsuled in various small mammals,

birds and reptiles.

2. Ascarops dentata (v. Linstow, 1904) Alicata and McIntosh,
1933. (Fig. 53.)
Synonyms :—Spiroptera dentata v. Linstow, 1904 ;
dentata Railliet and Henry, 1911,

Hosts .—This species was originally recorded from the
stomach of a wild boar (Sus eristatus) at Chilaw, Ceylon.
It has also been recorded from the domestic pig in Annam
by Railliet and Henry (1911, @) and in Canton, China, by Chen
(1936, 1937), and from Sus barbatus in Borneo by Baylis (1926).
v. Linstow’s original specimens do not appear to be available
in the Colombo Museum. His description has been con-
siderably amplified by Chen (1937).

The male measures 25-35 mm. in length and 0-7-0-8 mm
in maximum thickness, the female 40-55 mm. and 1-1:2 mm.
respectively. The cuticle is finely striated. The pharynx,
according to v. Linstow, is 0-11 mm. long, and its entrance is
armed with a dorsal and a ventral tooth. According to Chen
its length is 0-086-0-182 mm. and its width 0-04-0-05 mm.
The anterior portion of the cesophagus, according to this
author, measures 0-43-0-49 mm. in length, and the posterior
portion about 4-1-53 mm. The nerve-ring is situated at
about 0-46-0-49 mm. (according to v. Linstow 2:64 mm.), and
the excretory pore at 0:59 mm., from the anterior extremity-
The cervical ala begins at about the level of the nerve-ring,
and has a maximum width of 0-03-0-04 mm. The left cervical
papilla is situated at 0:3-0-32 mm., the right at 0-66-0-7 mm.
from the anterior end.

Arduenna

H2
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The caudal end of the male resembles that of A. strongzling.
Its ventral surface and that of the caudal alw are covered with
longitudinal rows of elongate or scale-like cuticular thickenings.
The tail is about 0-5 mm. long. The right ala is longer and
narrower than the left. There are five pairs of papille with
long peduncles, four pairs being preanal and asymmetrical,
and one pair postanal. Between the latter and the tip
of the tail Chen finds five pairs of small, sessile, subventral
papille. The spicules, according to v. Linstow, measure
0-92 mm. and 0-35 mm. in length respectively. Railliet and
Henry, however, give their lengths as 3-75-4-225 mm. and
0-54—0-65 mm., and Chen as 4-1 mm. (left) and 0-6 mm. (right).

Fig. 53.—Ascarops dentala. Posterior end of male ; ventral view.
(After Chen, in © Parasitology.')

The tail of the female is short, conical and curved dorsally,
according to v. Linstow. According to Chen it is straight,
bluntly conical and 0-58 mm. long. The vulva, according to
v. Linstow, is * placed far behind the middle, and divides the
body in the proportion of 70:23.” Railliet and Henry,
hov-ever, state that it is situated at the anterior three-eighths
of the body, and Chen that it is in the anterior two-fifths.
The eggs are cylindrical and thick-shelled, and measure
0-039 % 0-017 mm. according to v. Linstow, or 0:036 < 0-022 mm.
according to Chen.
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. 2. Genus STREPTOPHARAGUS Blanc, 1912.

Lips trilobed, greatly reduced. A single cervical ala may
be present on the left side. Within the hexagonal opening
of the mouth there are six teeth, which may be simple or
complex, and two additional teeth, dorsal and ventral, at
the anterior end of the pharynx. The latter is elongate
and forms a half-turn of a spiral in its course. Its walls
show irregular transverse ridges. Caudal end of male spirally
coiled, with broad ale. Four pairs of preanal and one pair
of postanal pedunculate papille present. Cloacal aperture
sometimes partly surrounded by a fringe of claw-like cuticular
processes. Spicules very unequal and dissimilar. A small
accessory piece present. Vulva in front of the middle of the
body. Adult worms in the stomach or intestine of mammals.

Genotype —Streptopharagus pigmentatus (v. Linstow, 1897).

1. Streptopharagus pigmentatus (v. Linstow, 1897) Railliet
and Henry, 1918. (Figs. 54-57.)

Synonyms :—Spiroptera pigmentata v. Linstow, 1897; Strepto-
pharagus armatus Blane, 1912; Streptopharagus intermedius
Ortlepp, 1925 ; Streptopharagus magnus Maplestone, 1929.

Hosts :—This species was originally recorded by v. Linstow
from the small intestine of Cercopithecus albogularis. The
material recorded by Maplestone (1929, d), under the name of
S. magnus, was obtained from the stomach and intestine of
a hoolock gibbon (Hylobates hoolock) in the Zoological Gardens,
Calcutta. There has been much confusion among the specics
of .the genus Streptopharagus, and forms from a number of
Asiatic and African monkeys have been described as distinct.
Sandground (1933), however, has pointed out that several
of these grade into each other in such a way that they probably
represent only a single, somewhat variable species. He does
not mention S. magnus Maplestone, but it has been included
in the synonymy given above because it does not appear to
possess any satisfactory distinguishing characters.

The male measures 28-55 mm. in length and 0-6-1 mm. in
maximum thickness, the female 46-95 mm. and 0-85-1-5 mm.
respectively. The cuticular striations are at intervals of
10-20p.  The cuticle immediately behind the head is slightly
inflated. A lateral ala is present in the cesophageal region on
the left side only. It has a width of about 0-05 mm. The
tecth are simple. The pharynx is about 0-3-0-6 mm. long-
The total length of the cesophagus, measured from the anterior
extremity, is 6:8-12 mm,, and that of its anterior portion,
also measured from the anterior end, 0-9-1-35 mm. The
nerve-ring is sitnated at 0-55-0-65 mm. from the anterior end
in the male, and at 0-66-0-9 mm. in the female. The cervical
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papille, which have bristle-like terminations, are asym-
metrically placed, that of the left side being usually just
behind the pharynx (at 0-25-0-45 mm. from the anterior end),
while that of the right side is behind the nerve-ring (at 0-61-
08 mm. from the anterior end). The excretory pore is at
about the level of the right cervical papilla.

Q-1 mm,

—raa

Fig. b4.—Streptopharagus pigmentatus. Anterior end of female ; dqml
view. e.p., cervical papilla; I, lateral cephalic papilla ;
4., cesophagus : ph., pharynx; sd.p., subdorsal papills,
(After Baylis.) T
Yig, 55.—Streptopharagus  pigmentatus. Anterior end of female ;
e Int{;m’; vic“{. 1.1?.. lateral papilla. (After Baylis.)
Fig. 56 —Streptopharagus pigmentatus. Anterior extremity of female,
viewed en face. Lp., lateral papilla, (After Baylis.)
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The, caudal ale of the male are transversely striated on their
dorsal surface and tessellated, as is the portion of the body
between them, ventrally. The tail measures about 0-4—
0:5 mm. in length. On the left side of the tail, towards the
mid-ventral line, and extending across the body in front of the
cloacal aperture, there is a series of more or less prominent,
claw-like cuticular structures with hooked tips*. The four
pairs of preanal papille have long peduncles. The two
posterior papille of the series on each side are close together
and separated by a space from the other two, which are

Fig. 57—Streptopharagus pigmentatus. Posterior end of male ; ventral
view ; ¢, claw-like structures. Left spicule (protruding
from cloaca) broken off. (After Baylis.)

also close together. The peduncles on the left side are longer
and stouter than those on the right. v. Linstow figured
a pair of sessile papille just in front of the cloacal aperture,

* These structures represent, no doubt, a special local development
of the tessellated pattern of the general surface of this region. They
appear to vary in degree of development—Ortlepp (1925, b) failed to find
them in the forms identified by him as S. armatus, S. pigmentatus
and S, intermedius—but are so pronounced in some specimens that
Sandground’s (1933) description of the appearance of ** claw-like
structures ' as a ** delusion " seems scarcely justified.
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but other authors have not confirmed their presence. There
is a pair of lateral, pedunculate papille at about the middle
of the tail, and a group of five pairs of small, sessile papilla
near its tip. According to Ortlepp and Sandground there is
also a pair of sessile subventral papille immediately behind the
cloacal aperture. Both spicules are alate. The left spicule
is slender and measures 4-6-7 mm. in length ; the right spicule
is stouter and 0-5-0-76 mm. long. The accessory piece is
small and of an asymmetrical shape, its longer side being the
left. Its length, according to different authors, varies between
0-033 mm. and 0-078 mm.

The tail of the female is conical and measures 0-4-0-9 mm.
mm length. The vulva, which is not prominent, is situated
at 9-5-20 mm. from the anterior end. The vagina is simple
and muscular, beginning with a sharp U-shaped bend, or
ovejector, and running posteriorly for a distance of about
3-9 mm. The uterine branches at first run posteriorly,
parallel to each other, but one branch turns forward, and the
ovaries are situated at the opposite ends of the body. The
eggs are subeylindrical and measure 0-03-0-042 % 0-018-
0-023 mm. According to Maplestone their shells have an
annular thickening near each pole.

3. Genus PHYSOCEPHALUS Diesing, 1861.

Synonyms :—Oephalacanthus Diesing, 1853 (part) ; Mastophorus
Diesing, 1853 (part).

Lips trilobed, without teeth. Cuticle of anterior extremity
inflated. Three parallel lateral al® present on each side of
the body. Pharynx relatively long, eylindrical, with spiral
and annular thickenings in its wall. Male with narrow caudal
ale. Four pairs of pedunculate preanal papille present.
Spicules unequal. An accessory piece present. Vulva behind
the middle of the body. Adult worms in the stomach of
mammals.

Genotype :—Physocephalus sexalatus (Molin, 1860).

I. Physocephalus sexalatus (Molin, 1860) Diesing, 1861.
(Figs. 58 & 59.)

Synonyms :—Trichina affinis Diesing, 1851 (part); Spiroptera
strongylina suis labiati Molin, 1860 ; Spiroptera sexalata Molin,
1860 ; Filaria strigis v. Linstow, 1877, nee Gmelin, 1790 ; Filarig
strongylina v. Linstow, 1879, nec Schneider, 1866; Filaria
sexalata Perroncito, 1891 ; Agamonema affine v. Linstow, 1909 ;
Spiroptera (Filaria) strigis Seurat, 1915; Habronema sezalate
Ostertag, 1932 ; t Mastophorus globocaudatus Diesing, 1853,

Hosts :—This species occurs in the stomach, and occasionally
in the small intestine, of the pig, wild boar and peccary, and
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has also been recorded from the horse, donkey, camel and ox.
It has a wide geographical distribution. Maplestone (1930, a)
records it from 26 out of 49 pigs examined in Calcutta. There
are in the British Museum (Natural History) specimens obtained
from a wild boar in Ceylon.

The following description is derived mainly from the accounts
given by Ciurea (1912) and by Foster (1912). The descriptions
by Railliet and Henry (1911, a), Seurat (1912) and Maplestone
(1930, a) have also been consulted.

The male measures 6-15 mm. in length and about 0-26—
0-32 mm. in maximum thickness, the female 9-22-5 mm. and
0-33-0-48 mm. respectively. The body of the female is

Fig. 58 —Physocephalus sexalatus. Anterior end ; dorsal view.
(From Baylis, after Foster.)

considerably narrowed at about the anterior third, and then
gradually increases in thickness to a maximum near the
posterior end. The cuticle is transversely striated. The
cephalic cuticular inflation extends for a distance of 0-17-
0-26 mm. The diameter at the anterior end is about 0:06 mm.
At the posterior end of the cephalic inflation there are fwo
prominent lateral pocket.-like folds of cuticle. The lateral
alw, three on each side, begin just behind these folds and
extend to about the middle of the body in the male, and
to about the anterior third in the female. The middle ala
on gﬂch side is the widest, and has a maximum width of about
006 mm., while the others are about half as wide. Each
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lobe of the trilobed lips bears a relatively large papilla.” The
median lobe of each lip is composed almost entirely of cuticle.
The pharynx measures 0-23-0-32 mm. in length and 0-053-
0-057 mm. in width. It has an internal spiral thickening of
21-25 turns, usually breaking up into separate rings in the
middle. The cesophagus is about 2:7-3-5 mm. long. The
nerve-ring is situated at about 0-43-0-44 mm. from the anterior
end. The excretory pore opens on the median ala of the right
side, at 0:42-0-526 mm. from the anterior end. There is
apparently only a single cervical papilla, which is situated on

[ }’})/JI./)/{)

Fig. 59.—Physocephalus sexalatus. Posterior end of male ;
ventral view. (After Ciurea.)

the left side, a little in front of the posterior end of the cephalic
inflation.

The caudal end of the male is coiled in a corkscrew-like spiral
of two or three turns. The caudal ale begin at about 1-4-
1-5 mm. from the posterior end, and are slightly asymmetrical,
the_right ala being a little longer than the left. The tip of
the tail just projects beyond the alw as a small spike. The
cuticle of the ventral surface of the body in the preanal region,
and of the ventral surface of the alw, is thrown into longitudinal
ridges, somewhat interrupted by transverse grooves, so that
here and there they form claw-like projections. There are
four pairs of sublateral preanal papille with long peduncles,
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Two of these are close together and near the cloacal aperture,
the other two placed at wider intervals. According to
Ciurea there is a pair of similar papillee near the middle line
and close behind the cloacal aperture. Four pairs of small
subventral papille form two regular series near the tip of the
tail. Maplestone states that, in addition to these, ** a little
in front of the tip, where an angle is formed on each side by
the sudden narrowing of the tail, there is a small sharp papilla.™
The spicules are alate and sharply pointed. The left spicule
is very slender, grooved ventrally, and 1-23-2-5 mm. long.
The right spicule measures about 0-2-0-4 mm. in length and
is considerably stouter.

The tail of the female is about 0:12 mm. long. 1t is suddenly
constricted at about 0-04 mm. from the anus, and its tip is
bent ventrally and mucronate. The vulva is situated some-
what behind the middle of the body. In its neighbourhood
there are, according to Ciurea, a number of small cuticular
thickenings in the form of interrupted longitudinal l‘idg?s_
The vagina runs posteriorly from the vulva, and the ovaries
are situated at opposite ends of the body. The eggs are
elliptical and slightly flattened at the poles, where there are
faint indications of opercula®. They measure 0:031-0-039
0-012-0-017 mm., or, according to Alicata (1935), 0-041-0-045 <
0:022-0-026 mm.

The intermediate hosts of P. sexalatus are coprophagous
beetles of various genera (Scarabaus, Gymnopleurus, Geo-
trupes, Onthophagus and others). The third-stage larva may
also be found encapsuled in various small vertebrates (am-
phibians, reptiles, birds and mammals) which have, presumably,
fed upon the beetles. Infection of the final hosts could,
apparently, take place through devouring any of these
animals.

4. Genus PHYSOCEPHALOIDES Maplestone, 1932.

Maplestone states that the sole species of this genus (P. pri-
mus) ** agrees with the genus Physocephalus in all particulars
except that it has a single flange on either side of the body®
instead of three as in that genus.” He considers it better to
erect a new genus for it than to change the definition of
Physocephalus to accommodate it. As may be seen from the
following description, P. primus shows a remarkable agreement,
even in most of its measurements, with Physocephalus
sexalatus.

* According to Ciurea, there is a somewhat prominent button-like
thickening at one pole. Alicata (1933) states that this protuberance
is conspicuous only in eggs that are not completely developed.
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1. Physocephaloides primus Maplestone, 1932. C

Host :—Hoolock gibbon (Hylobates hoolock) (intestine) ;
Zoological Gardens, Calcutta.

The male measures 11-5-15 mm. in length and 0-:37-0-39 mm.
in maximum thickness, the female 18-21 mm. and 0-4-
0-42 mm. respectively. The cephalic inflation is * over-
lapped posteriorly by the commencement of the lateral
flanges.”” The pharynx is 0-16-0-13 mm. long, and the
cesophagus about 4 mm., the anterior portion of the latter
measuring about 0-5 mm. The nerve-ring is situated at
0-36-0-47 mm. from the anterior end in the male, and at
0-5 mm. in the female. The cervical papille are asymmetrical,
one being short and stout, and situated near the posterior
end of the cephalic inflation (at 0-18-0-26 mm. from the
anterior end), the other longer and more conical, and just
behind the nerve-ring (at 0-44-0-54 mm. from the extremity)*.

The caudal alz of the male are relatively broad and sym-
metrical. The tail is 0-14 mm. long. There are four pairs of
pedunculate preanal papille, arranged as in Physocephalus
sexalatus, and a group of about six small papille near the tip
of the tail. The spicules measure 1:8-2-5 mm. and 0-45-
0-5 mm. in length respectively, and both taper to sharp points.
“There is a short but stout gubernaculum,” measuring
0:06 mm. in length. {

The tail of the female is 0-12 mm. long, and is said to (-nd.ul
a4 short, blunt, * mucronate ™ tip, but is figured as quite
bluntly rounded and curved ventrally. The vulva was ob-
served only in one specimen, which was 21 mm. long, and
was situated at 5-2 mm. from the posterior end. The eggs
are thick-shelled and measure 0-028-0-03 % 0-012-0-014 mm.

5. (Genus SPIROCERCA Railliet and Henry, 1911.

Lips trilobed, reduced. Within the hexagonal opening of
the mouth there are six small papille. Pharynx short,
thick-walled, somewhat expanded in front, but with its
anterior border folded inwards. Caudal end of male spirally
coiled and provided with narrow ale. Four pairs of preanal
and two pairs of postanal pedunculate papille present.
Spicules very unequal. A small accessory piece present.
Vulva in front of the middle of the body, near the posterior
end of the wsophagus. Adult worms in tumours of the
wsophagus or stomach of carnivorous mammals.

Genotype :—Spirocerca lupi (Rudolphi, 1809).

* The described position of this papilla is reminiscent of that of the
exeretory pore in Physocephalus sexalatus.
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1. Spirocerea lupi (Rudolphi, 1809) Chitwood, 1933. (Figs. 60—
64.)

Synonyms :—Strongylus lupi Rudolphi, 1809 ; Spiroptera sanguino-
lenta Rudolphi, 1819; Filaria sanguinolenta Schneider, 1866 ;
Spirocerca sanguinolenta Railliet and Henry, 1911; Spirure
sanguinolenta Seurat, 1912,

Hosts .—This parasite was originally recorded from the
wolf, but oceurs also in the dog, jackal and fox, and is common
in most warm countries. According to Gaiger (1915) it is
very common in dogs in India. It has been recorded by

Fig. 60.—Spirocerca lupi. Anterior end of female ; dorsal view.
#.d.p., subdorsal papilla. (After Baylis.)

several authors from the Punjab, United Provinces and Madras,
and by v. Linstow (1906, d) from Ceylon. The worms inhabit
tumours, which may be as large as a walnut or even larger,
in the walls of the thoracic portion of the cesophagus, or

Fig, 61.—Spirocerca lupi. Anterior end of female ; lateral view.
(After Baylis.)

more rarely of the stomach, and also sometimes in the [ymphatic
glands, bronchi, thoracic and abdominal cavities, and in the
wall of the aorta.

he male measures about 30-54 mm. in length and up to
1 mm. in thickness, the female about 54-80 mm. and up.to
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1-5 mm. respectively. The body is blood-red during life.
The cuticular striations are at intervals of 2:5-3u. The
combined length of the buccal cavity and pharynx is about
0:09-0-1 mm. The width of the pharynx anteriorly is about
equal to its length. It is slightly compressed laterally.
The border of the mouth is surrounded by six masses of dense
parenchyme which are the pulps of the cephalic papille,
Two of these are situated laterally, two subdorsally and two
subventrally. The lateral pulp-masses appear to have no
external papillary terminations. The submedian pulp-masses
are somewhat bilobed in shape, and their extérnal terminations
are sitnated on the lobes nearest to the lateral masses. Each

T i T
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Fig, 62.—Spirocerca lupi. Anterior extremity of male, viewed en face.
Lp., lateral papilla ; s.d.p.,subdorsal papilla. (After Baylis.)

pulp-mass sends a branch inwards to a small subsidiary papilla
situated just within the mouth-aperture, The total length
of the @sophagus (measured from the anterior extremity) is
about 58 mm. in the male and 7 mm. in the female. Its
anterior portion, including the pharynx, measures 0-65-
0-75 mm. in length. The intestine is considerably narrower
than the posterior portion of the wsophagus. The nerve-
ring and cervical papille are situated at 0-5-0-6 mm. from the
anterior end, and the minute excretory pore (in the female)
at 0-83 mm. from the same point.

The two pairs of pedunculate postanal papille in the male are
situated at about the middle of the tail, the posterior pair
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being rather more lateral in position than the anterior. There
18 a large, median, precloacal papilla, and close to the tip of
the tail there are five pairs of minute papille. The left spicule

Fig. 63.

\
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Fig, 63.—Spirocerca lupi. Posterior end of male; lateral view
a.p., accessory pieco; [, left spicule; m., median preanal
papilla ; r., right spicule. (After Bayls.)

Fig. 64.—Spirocerca lupi. Terminal portion of tail of male:
ventral view, (After Baylis.)

is slender and pointed, and measures about 2:45 mm. in length.
The right spicule is stouter and blunter, and has a length of
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0-:48-0-75 mm. The accessory piece is small and thin, and
appears horseshoe-shaped in ventral view.

The tail of the female is blunt, dorso-ventrally compressed
and usually somewhat dorsally directed. It is 0-4-0-45 mm.
long, and bears a pair of almost terminal papille. The vulva
is situated sometimes in front of, and sometimes behind, the
posterior end of the cesophagus. The vagina runs forward
from it at first, and has a sharp U-shaped “ kink ™ at a dis-
tance of about 1-1 mm. from it. It then turns posteriorly.
The uterine branches are parallel. The eggs are cylindrical
and thick-shelled, and measure about 0:03-0-038x0-011~
0-:015 mm., or, according to Faust (1929, a), 0:022-0-027 x
0:008-0-012 mm.

The intermediate hosts of this species are coprophagous
beetles (species of Scarabaus, Geotrupes, Gymnopleurus and
other genera). The third-stage larve may also become
re-encapsuled in amphibians, reptiles, birds and small mammals
which have fed upon the infested insects. If ingested by a dog
or other suitable final host, the larva leave their cysts in the
stomach and, passing through its wall, migrate either, according
to Faust (1927), by way of the portal and pulmonary capillaries
or, according to Hu and Hoeppli (1936), by direct penetration
of the walls of the gastric and ceeliac arteries, into the arterial
system, where (especially in the thoracic aorta) the primary
lesions oceur. From the aorta some of the worms may pene-
trate into the wall of the cesophagus, and there give rise to
the characteristic tumours, which acquire an opening into the
lumen through which the eggs escape.

6. Genus CASTRONODUS Singh, 1934.
Synonym :—Gastronodus Singh, 1934 (in reprint).

Closely resembles Spirocerca, but differs from that genus in
the following characters :—Instead of six small papille
within the opening of the mouth, there are six simple, conical,
tooth-like processes. In the male there are seven pairs
of preanal and three pairs of postanal pedunculate papille, and
a pair of spine-like processes near the tip of the tail. A median
precloacal papilla is absent. Adult worms in nodules in the
stomach-wall of an insectivorous mammal.

Genotype :—Castronodus strassenii Singh, 1934.

1. Castronodus strassenii Singh, 1934.
Synonym :—Gastronodus strasseni Singh, 1934 (in reprint),
Host :—Grey musk-shrew, known locally as the “mpygk.
rat ’ (Crocidura carulea) (in nodulesin the wall of the stomach) .
Hyderabad. :
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The male measures 16-26 mm. in length and 0-3-0-56 mm.
In maximum thickness, the female 25-40 mm. and 0-4—
1-15 mm. respectively. The body is blood-red during life.
The mouth is surrounded by six papille, each of which, from
Singh’s figure, appears to have an outer and an inner termina-
tion. At the entrance to the pharynx six simple, tooth-like
processes project into the cavity of the mouth. The pharynx
15 0-05 mm. long. The @sophagus measures 2:6 mm. in length,
and has a short, narrow, muscular, anterior portion and a
wide, glandular, posterior portion.

The caudal end of the male has slight ale, the left ala being
apparently somewhat longer and wider than the right. There
are seven pairs of preanal and three pairs of postanal pedun-
culate papille. * Near the tip of the posterior end there
are two spine-like processes.” The left spicule measures
2:7 mm. in length ; the right spicule is stouter and 0-45 mm.
long.

The vulva is situated in the csophageal region, at 1:5 mm.
« from the anterior end.

7. Genus CYLICOSPIRURA Vevers, 1923.

Lips greatly reduced. Opening of mouth circular, with
gix indentations. Pharynx cup-shaped or funnel-shaped,
with six forwardly-directed, protrusible, bicuspid or tricuspid
teeth springing from its walls. Other characters as in
Spirocerca.

Genotype :—Cylicospirura subzqualis (Molin, 1860).

1. Cylicospirura felinea (Chandler, 1925) Sandground, 1933.
emend. (Figs. 65-67.)
Synonyms :—Spirocerca subaqualis Seurat, 1913, nec Spiroptera
submqualis Molin, 1860; Spirocerca felineus Chandler, 1925 ;
Cylicospirura subaqualis Petrow, 1927, nec Vevers, 1923.

Hosts :—Chandler (1925,5) described this species from
the domestic cat in Calcutta. It oceurs in the stomach-
wall, in tumours somewhat similar to those of Spirocerca.
Sandground (1933) has pointed out that the forms described
by Seurat (1913) from Felis ocreata in Algeria, and by himself
from Felis bengalensis in Indo-China, agree with that described
by Chandler in having tricuspid teeth, and differ from the
C. subwqualis (Molin) of Vevers (1923), which has bicuspid
teeth. Although there is a very close agreement between
the two species in almost all other respects, they are here
Provisionally treated as distinct, ¥
,_+he male measures 18-22-5 mm, in length and 0-48-0-54 mm.
In maximum thickness, the female 19-30 mm. and about

NEM. 11, 1
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0-9 mm. respectively. The colour of the body is bldod-red
during life. The cuticle has fine transverse striations and
coarser annulations. There are no cervical ale. The pharynx

P
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Fig. 65.—Cylicospirura felinea. Anterior end (teeth extruded
under pressure). (After Chandler.)

is cup-shaped and very wide anteriorly, where its diameter
in the female is 0-15 mm., but narrow posteriorly. Its length
is about 0-1-0-14 mm. From its walls six longitudinal ridges

Fig. 66.—Cylicospirura felinea. Anterior extremity,
viewed en face. (After Sandground.)

project into the cavity, each bearing on its summit a forwardly-
directed tricuspid tooth. These teeth may be withdrawn
into the pharynx or protruded through the mouth. The
total length of the cesophagus is 4-2-4-5 mm. in the male
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and 4'6-5-3 mm. in the female. It has a narrow anterior
and a wide posterior portion. The nerve-ring is situated
aﬁ a.]bout the middle of the former, or towards its posterior
third.

The caudal end of the male is spirally coiled. The tail is
about 0-26 mm. long, and ends in a blunt point. The ale
measure about 1 mm. in length, and are longitudinally
striated. The ventral surface of the body, between and
in front of the ale, is marked with scalloped ridges. There
are four pairs of preanal papille with long peduncles.
Chandler observed only one pair of postanal papille, but
Seurat (1913) states that there are two pairs, both ** inserted
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Fig. 67.—Cylicospirura felinea. Posterior end of male ;
ventral view. (After Sandground.)

on the same line.” Sandground (1933) also figures two

pairs of pedunculate postanal papille, but these are situated

one behind the other. According to Seurat there is a large
12
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median precloacal papilla, and a group of eight minute
papille at the tip of the tail. The latter are also figured by
Sandground. The spicules measure respectively 2-25-2-5 mm.
and 0:47-0-5 mm. in length. There is a small accessory
piece, which, according to Chandler, is * comma-shaped
in lateral view.

The tail of the female is very bluntly rounded. Its length
is 0-085 mm. according to Seurat, or about 0-2 mm. according
to Chandler. The vulva is inconspicuous, and is situated
at 3-5 mm. from the anterior end. According to Seurat
there is a pyriform ovejector, with an elongate neck, into
which the vagina opens obliquely. The ovejector has a very
narrow lumen with a thick cuticular lining. Chandler
describes the vagina as running forward at first from the vulva,
at a distance of about 1 mm. from which it is enlarged to
form a “sac-like bulb.” It then continues forward for
a short distance as a thin-walled tube, and turns to run
backward for about 2:5 mm. before giving off the two uterine
branches. The eggs are thick-shelled and measure 0:037-
0:039 % 0-016-0-018 mm.

8. Genus GONGYLONEMA Molin, 1857.

Synonym ;—Myzomimus Stiles, 1892,

Lips very small, forming a minute, funnel-like border
surrounding the mouth. A short, narrow, cylindrical pharynx
present. Body elongate and slender; its anterior portion
with irregular longitudinal rows of cuticular bosses, at least
on the left side. Paired cervical al® present, or a single
ala on the left side. Caudal end of male slightly twisted
about its axis and provided with asymmetrical ale and
a variable number of pairs of pedunculate preanal and post-
anal papille. Spicules very unequal and dissimilar. An
accessory piece present. Vulva near the posterior end of
the body. Vagina long. Uterine branches opposed. Adult
worms in galleries in the mucous membrane of the cesophagus,
mouth or stomach of mammals, or of the crop of birds.

Genotype :(—Gongylonema minimum Molin, 1857 *.

Key to Species.
PAYARIbR O DIFAS 1, v.cvcviv i'simmio snnis @ oais 570 ingluvicola, p. 122,
Parasites of mammals .. ............. ..., 1.
1. Cuticular bosses present on both sides of the
body anteriorly ; cervical alm symmetrical. pulchrum, p. 117,
Cuticular bosses present on left side only ;
cervical al® asymmetrical ............... verrucosum, p. 120,

* Possibly a synonym of Filaria musculi Rudolphi, 1819
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1. Gongylonema pulchrum Molin, 1857. (Figs. 68 & 69.)

Synonyms :—Gongylonema spirale Molin, 1857 ; Filaria labialis
Pane, 1864 ; Spiroptera scutata @sophagea bovis Miller, 1869 ;
Filaria soutata Leuckart, 1873 ; Spiroptera scutata Korzil,
1878 [? 1877]; ZMilaria sculata esofagea bovis Perroncito, 1882 ;
Gongylonema scutatwm Railliet, 1892; Myzomimus scutatus
Stiles, 1802; Gongylonema confusum Sonsino, 1896; Gongy-
lonema subtile Alessandrini, 1914 ; Gongylonema hominis Stiles,
1921 ; Gongylonema ransomi Chapin, 1922; ? Spiroptera ursi
Dujardin, 1845 ; ? Gongylonema filiforme Molin, 1857 : ? Gongy-
lonema contortum Molin, 1860 ; ? Gongylonema wursi Neumann.

1804,

Hosts -—This parasite oceurs in a large variety of mammals.
including the pig, wild boar, sheep, goat, ox, zebu, buffalo,
horse, donkey, camel, deer, chevrotain or mouse-deer
(Tragulus sp.), certain monkeys and man. It forms sinuous
galleries in the thickness of the mucosa of the cesophagus,
mouth and tongue, and sometimes of the rumen in ruminants.
Its geographical range includes southern and eastern Europe,
Asia, Africa, North America and Australia. Gaiger (1910
1915) reported it to be very common in North India, the
Punjab and the United Provinces, the hosts mentioned by
him including the horse, ox, sheep, and a barking deer
(Cervulus muntjac) from the Himalayas. Baylis and Daubney
(1923, b) record the species from the ox (presum&bl.\"Bm
indicus), buffalo and urial sheep (Ovis vignei) in India. There
are specimens in the British Museum (Natural History)
from a goat from the Punjab. ¥

The male measures 12-62 mm. in length and about 0-15—
0:36 mm. in maximum thickness, the female 37-145 mm.
and about 0-2-0-5 mm. respectively. The anterior end of
the body is covered to a variable extent on both sides with
cuticular bosses, arranged for the most part in two rather
irregular longitudinal rows in each submedian field. The
cervical ale are symmetrical and relatively broad. They
begin at 0-1-0-26 mm. from the anterior end in the m_ale.
and at 0-19-0-3 mm. in the female. The cuticular striations
are at intervals of about 10-17-5p. The mouth is very
small, and is surrounded by a somewhat funnel-shaped
cuticular rim which is capable of a certain amount O
retraction or protrusion, When protruded it measures
about 0:02-0-03 mm. in diameter. It has two rather deep
subdorsal and two similar subventral incisions. The cephéllc
papille are very minute and difficult to observe, but there
are probably six of them immediately behind the buceal
rim. The pharynX is narrow and tubular, and measures
0-04-0-08 mm. in length. The @sophagus varies in length
from about 3 to 9 mm. Its anterior, muscular portion 18
relatively short and narrow, and ends at about ()4-0-78 mm.
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from the anterior extremity in the male, and at 0:48-0-95 mm.
in the female. The cervical papille are situated on cuticular
prominences resembling the ordinary bosses, in front of the
beginning of the ale (at a distance of 0-075-0-22 mm. from
the anterior end). The papille of the two sides are seldom
quite symmetrically placed. The nerve-ring is somewhat
in front of the middle of the anterior portion of the esophagus,
at a distance of about (0-25-0-4 mm. from the anterior end.
The excretory pore is situated at about 0-3-0-9 mm. from
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Fig. 68.—Gongylonema pulchrum. Anterior end of female.
A, dorsal view ; B, lateral view. (After Baylis.)

the same point, slightly in front of the junction of the two
parts of the wsophagus.

The caudal ale of the male are somewhat asymmetrical,
the left ala extending further forward than the right, and
being continued posteriorly round the tip of the tail. The
length of the tail is 0-22-0-35 mm. The preanal papillse
have long peduncles, and are very variable in number and
often asymmetrical. Most commonly there are five pairs,
but there may be as few as two pairs, or as many as eight,
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The postanal papille consist of four pairs of pedunculate
papillze and a group of about four pairs of very small, sessile
papillze near the tip of the tail, two of these being subventral
and two lateral. The left spicule is long and slender, has
a narrow, tubular shaft and narrow al®, and ends in a blunt
tip. It may vary in length from about 4 to 23 mm., and may,
when very long, be nearly half the length of the worm. The
right spicule is much stouter and broadly alate, and measures
0-084-0-18 mm. in length. The accessory piece is 0-07-
0-12 mm. long, and has an anterior limb which forms a V with
the right spicule, serving as a guide for the left spicule, and
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Fig. 69.—Gongylonema pulchrum. Posterior end of male ;
ventral view. (After Baylis.)

a posterior expansion at right angles to this limb, against
which the right spicule rests.

The tail of the female is bluntly conical and about 0-19—
0-38 mm. long. The vulva is slightly prominent, and s
situated at a very variable distance (about 2-7 mm.) from
the posterior end. The vagina runs forward from the vulva
to near the middle of the body. The eggs are regularly oval,
and have relatively very thick shells with faint indications
of opercula at the poles. They measure 0-05-0-07 % 0:025—
0-037 mm.

The intermediate hosts of this species include numerous
dung-beetles of the genera Aphodius, Onthophagus, Caccobius
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and others. The cockroach Blattelle germanica has been
found to be readily infected experimentally. The third-
stage larve were found by the writer to emerge from the dead
bodies of insects when these were placed in water, and to be
able to live for some time in the water. The definitive hosts,
however, probably acquire infection, in normal circumstances,
by swallowing the intermediate hosts with their food.

2. Gongylonema verrucosum (Giles, 1892) Neumann, 1894.
(Figs. 70 & 71.)

Synonyms :—T'richosomum verrucosum Giles, 1892; Spiroptera
verrucosa Giles, 1892, nec Molin, 1860 ; Gongylonema crenatum
Railliot, 1898.

Hosts :—This worm was first recorded by Giles (1892, b)
from the rumen of sheep at Shillong, Assam, and was also
found by him later in the zebu (Bos indicus). There are

o3mm

Fig. 70.—~Gongylonema verrucosum. Anterior end of female ;
dorsal view. (After Baylis.)

specimens from this host from Bihar in the British Musenm
(Natural History). Bhalerao (1933, a) records the species
from the “hill goat ™ or Himalayan ibex (Capra sibirica)
at Muktesar, United Provinces. @. verrucosum also occurs
in cattle, and possibly in goats, in South Africa, and has
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l:(}ml’,rcoorded from deer (Odocoileus) in North America.
Giles” description of the worm was amplified by Neumann
(1894), who examined the original material, and by the present
\VI"lter (1925 ; 1926; a).

_ The male measures 32-41 mm. in length and 0-25-0-3 mm.
in maximum thickness, the female 70-95 mm. and 0-42-
046 mm. respectively. The cervical ala of the left side is
well developed and begins at 0-175-0-25 mm. from the anterior
cpd. That of the right side is greatly reduced or absent.
'{hcre are cuticular bosses in the anterior region on the left
side only, ceasing abruptly at the mid-dorsal and mid-ventral
lines. The cuticular striations are at intervals of 7-5-10 p.
The diameter of the buccal rim is about 0:025 mm. The

Fig. 71.—Gongylonema verrucosum. Posterior end of male; ventral
view. a.p., accessory piece; .6, left spicule; r.s., right
spicule. (After Baylis.)

pharynx is about 0-04-0-05 mm. long. The total length of
the cesophagus, measured from the anterior extremity, is
6-5-8-5 mm. in the male and 8:1-10 mm. in the female. The
length of its anterior portion, also measured from the anterior
extremity, is 046-0-66 mm. The cervical papille are
situated at 0-13-0-2 mm. from the anterior end, the right
papilla being a little in front of the left, and the latter being
on one of the cuticular bosses. The nerve-ring is at 0-25-
0-35 mm., and the excretory pore at 0-41-0-6 mm., from the
anterior extremity.

 The tail of the male is 0-28-0-38 mm. long. There are
from five to eight preanal papille on each side, those of the
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two sides being frequently asymmetrical. There are usually
four pairs of postanal papille, but occasionally there may
be three or five papille on the right side and four on the left.
The left spicule measures 9:5-10-5 mm. in length, and is
slender and provided with narrow alm. The right spicule
is 0-26-0-32 mm. long, and is stout and of nearly uniform
thickness, except for a slight constriction near the root.
It has a broad ala on its inner side. The accessory piece
measures 0-13-0-16 mm. in length, and has a broad, flattened
expansion on the median aspect posteriorly, in which the
spicules slide.

The tail of the female is 0-3 mm. long. It is suddenly
constricted behind the anus and bent ventrally, and bears
a pair of subterminal, subventral papille. The vulva is
sitnated at a distance of 1-2-3-2 mm. from the posterior end.
The eggs measure 0-045-0:055 x 0-025-0-032 mm.

3. Gongylonema ingluvicola Ransom, 1904.
Synonym :—Gongylonema sumanit Bhalerao, 1933.

Hosts :—This species occurs in the mucous membrane
of the crop of the fowl, turkey and other gallinaceous birds.
It was first recorded in the United States of America, and
has since been found in various other parts of the world
(Europe, Asia, Africa and Australia). Bhalerao (1933, ¢)
has recorded a form which he named G. sumani from the fowl
in India (Lucknow, United Provinces). In his book on the
helminths of domestic animals in India (1935, 6), however,
@. sumani is not mentioned, but G. ingluvicola is recorded
from fowls in Madras and the United Provinces. It is to
be presumed that G. sumani is considered a synonym of
(. ingluvicola, and there is little in the description to indicate
that it is distinct.

The male measures about 14-22 mm. in length and 0-14-
(29 mm. in maximum thickness, the female about 25-55 mm.
and 0-25-0-5 mm. respectively. The -cuticular striations
are at intervals of 6-7 p in the male and of 10-11 y in the female.
The cuticular bosses of the anterior end extend for a distance
of 0-48-0:68 mm. in the male, and of 0-93-2-6 mm. in the female.
They are very irregularly arranged anteriorly. More posteri-
orly they form about 16-24 rows, but their arrangement
is very variable. The paired lateral ale begin just behind
the cervical papille (which are situated at about 0-1-0-15 mm.
from the anterior extremity), and extend for a distance of
0-2-0-6 mm. The border of the mouth has a diameter of
about 0:025-0-03 mm. The pharynx is 0-:03-0-04 mm. long.
In the male the anterior portion of the sophagus measures
about 0-3-0:5 mm. in length, the posterior portion about
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2:6-3-:3 mm. ; in the female the two portions measure respec-
tively 0:54-0-6 mm. and 4-5-6 mm. The excretory pore is
situated at 0-3-0-56 mm., and the nerve-ring at 0-21-0-47 mm.,
from the anterior end.

The tail of the male is about 0-18-0-3 mm. long. The
left caudal ala is slightly longer than the right. The caudal
papillze are very variable in number and usually asymmetrical.
There may be up to seven preanal and five postanal papille
on each side, but there may also be as few as two or three
postanal papille on one side or the other, and Wharton (1918)
records a specimen in which there were no preanal papille
at all on the right side. Wharton examined a considerable
number of specimens from the Philippines, and concluded
that the most usual number of papille was ten pairs. The
length of the left spicule also appears to be very variable,
as in other species of the genus. Ransom (1904) states that
in American specimens it is at least as long as the body of
the worm (17-19 mm.), and that in the retracted state it is
“ bent back and forth.” Wharton also, for specimens from
the Philippines, gives the length of the left spicule as 17-19 mm.
Bhalerao (1933, ¢), however, givesit as 10-6-12 mm. for G. sumani,
while the writer found it to vary from 6 to 10 mm. in four
specimens from South Africa, and obtained measurements
of 10-1 and 10-5 mm. in two specimens from Malaya.* The
left spicule has a barb near the tip, and measures only 7-9 u
in thickness. The right spicule is alate and stouter (15-20 p
thick), and measures, according to various observers, 0-1-
0-145 mm. in length. The accessory piece, which was not
described by Ransom, has, according to Bhalerao, the same
form as that of G. pulchrum.

The tail of the female is 0:15-0-35 mm. long. The vulva is
situated at a distance of 1:1-4 mm. from the posterior end.
The vagina runs forward for a distance of about 7-17mm. The
eggs are oval and measure about 0-05-0:06 x 0-03-0-038 mm.
According to Ransom they have shells 4 u thick, ** to the outer
surface of which a very thin membrane is more or less closely
adherent.”

Cram (1930) records beetles of the genera Copris and
Phanazus as intermediate hosts for this species in America,
and has also (1935) infected the cockroach Blattella germanica
experimentally.

* Smit and Notosoediro (1926) have described & form from the fowl
in Java in which the left spicule measures 10-5 mm. and the right
spicule 6:58 mm. Unless there is an error in the latter measurement,
it seerns probable, as Cram (1927) has pointed out, that this is a different
species from . ingluvicola, It has been named @. crami by Smit (1927)
(synonym, @. notosoedironis Strand, 1929).
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Subfamily ACUARIINA Railliet, Henry
and Sisoff, 1912.

Lips simple, conical and distinet, but small. Dorsal and
ventral cephalic shields absent. Anterior end of body pro-
vided with *‘ cordons,” *‘ epaulettes,” or other homologous
structures. Pharynx usually elongate, without thickenings.
P&’e&ual papille of male usually four pairs. Accessory piece
absent.

1. Genus ACUARIA Bremser, 1811.

Synonyms :—Anthuris Rudolphi, *1819; Spiroptera Rudolphi,
1819 ; Dispharagus Dujardin, 1845 (part).

Anterior end without .vesicular swelling, but bearing four
cuticular ** cordons ' in the form of grooves or bands sunk in,
or salient from, the cuticle. These cordons extend directly
backwards or, more often, return forwards. In the latter
case they may unite in pairs across the lateral lines. Adult
worms in the emsophagus, crop or gizzard of birds (free or
burrowing in or under the lining).

aenotype —Acuaria anthuris (Rudolphi, 1819).

This genus was divided by Railliet, Henry and Sisoff (1912)
into a number of subgenera, to which Baylis and Daubney
(1926) added others. Many recent authors regard these
subgenera as genera, but their distinguishing characters
are so slight that the present writer prefers to adhere to
the former arrangement. The subgenera dealt with here
may be separated by means of the following key (—

Cordons non-recurrent ..........oo0un 1
Cordons recurrent «.....oovevevenarans 4,
1. Cordons not anastomosed ............. 20
Cordons anastomosed in pairs ......... 3.
2. Spicules of male subequal or not markedly
T R R e A T ACUARIA, p. 124,
Spicules of male very unequal ........, CHEILOSPIRURA, p. 130.
3. Cordons relatively long ............... COHINURIA, p. 137,
Cordons very short, forming crescentic
St opanletios o e e e RUSGUNIELLA, p. 130,
4. Cordons not anastomosed ............. DISPHARYNX, p. 132,
Cordons anastomosed in pairs ......... SYNHIMANTUS, p. 134,

v Subgenus ACUARIA (Bremser, 1511) Railliet, Henry
and Misoff, 1912,

Cordons vun straight backwards, being non-recurrent and
not anastomosed, Male with six to cight pairs of postanal
papillee.  Spicules subequal, or not markedly unequal, and
relatively short and stout,

Type-species :—A. (Acuaria) anthuris (Rudolphi, 1819),
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. Key to Species*.
Longer spicule of male 0:2 mm. or more in
1T ¢ s e s B N S i e e RS L anthuris, p. 125.
Longer spicule less than 0-2 mm. long....... 1.
1. Longer spicule about 0-17 mm. long ........ conica, p. 127.
Longer spicule 0-09 mm.long ..., ......... brevispioula, p. 120,

1. Acuaria (Acuaria) anthuris (Rudolphi, 1819) Railliet, Henry
and Sisoff, 1912. (Fig. 72.)

Synonyms :—Spiroptera anthuris Rudolphi, 1819 ; Dispharagus
anthuris Dujardin, 1845; Filaria anthuris Schneider, 1866 :

? Acuaria scutata Maplestone, 1931,
Hosts :—This parasite occurs in the gizzard of various
Passeriform birds, mainly belonging to the family Corvids,
in BEurope and Asia. It has been recorded in India from the

Fig. 72.—Acuaria (A.) anthuris. Posterior end of male ;
ventral view. (After v. Linstow.)

red-billed blue magpie (Urocissa erythrorhyncha occipitalis)
by Baylis and Daubney (1922) and from the red-billed chough
(Pyrrhocorax pyrrhocorax | =Graculus eremital)), in the Zoological
(Gardens, Caleutta, by Maplestone (1081), Maplestone also
rocords, under the name of Aeuaria seutata, o form from an
Indian tree-pie (Dendrocitta rufa) in the Zoological Gardens,
Caleutta, which is here regarded as probably identical with
A. anthuris.

* Two species, indica and lata, of which the males are unknown,
are omitted from the key.
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The earlier descriptions of this species were very inadéquate.
They have been summarized by Cram (1927). More detailed
descriptions have been given by Maplestone (1931) and by
Markowski (1933), the former based on Indian material from
Pyrrhocoraz, the latter on material from Polish Corvidam.
The two authors’ measurements are in close agreement,
and leave little room for doubt that they were dealing with
the same species.

The male measures about 9-2-13 mm. in length and
0:22-0-28 mm. in maximum thickness, the female 13-31-5 mm.
and 0-2-0-32 mm. respectively. According to Maplestone,
the thickness of the female in A. scufata is 0-4 mm. The
cuticular striations, according fo Dujardin, are prominent
and at intervals of 7-4-8-3u. The lips are rather bluntly
conical in lateral view and rounded in dorso-ventral view.
The cordons extend posteriorly for a distance of about 2-3 mm.
in the male and of 7:5-9 mm. in the female (or a little more
than half the total length, according to Maplestone, in
4. scutata) *. 'The pharynx measures 0-22-0-3 mm. in length,
and has thick, finely striated walls. According to Maplestone,
the anterior end of the pharynx forms a complicated structure
as seen in lateral view, while in dorso-ventral view this structure
appears globular. The total length of the wsophagus appears
to vary between about 2:6 mm. and nearly 5 mm., being,
as usual, greater in females than in males. The anterior
portion of the cesophagus, according to Dujardin, is about
1 mm. long.

The caudal al® of the male are 075 mm. long and relatively
broad (03 mm. in maximum width). The tail is about
0-3-0-4 mm. long. Maplestone finds eleven pairs of caudal
papille, four being preanal and seven postanal, the latter
divided into groups of three and four pairs. Schneider (1866)
found only six pairs of postanal papille. Dujardin found
six to eight pairs of papille in all. v. Linstow (1873)
found twelve pairs, of which eight were postanal, including
a pair immediately behind the cloacal aperture. Markowski
also states that there are twelve pairs, but his figure agrees.
with that of Maplestone in showing only eleven pairs. The

* Maplestone states that in A. sewtata “ a little distance anterior
to the termination of these cordons two other similar structures
appear, one on the mid-dorsal and the other on the mid-ventral line,
Tiey are visible for about one-fourth the total length of the worm.”
Maplestone further remarks that * this worm appears to be almost
identical with A. anthuris except in one particular, viz., the extent
and number of the cordons.”” The * accessory cordons” were not
seen by him in the specimens which he regarded as A. anthuris. Williams
(1929, b) considers that the third pair of cordons (which he terms
s neeudocordons,” and finds to occur in the lateral and not in the dorsal
and ventral lines), ** although differing considerably in degree of
development, is undoubtedly present in all the species of the genus.”
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spiculés are subequal and relatively short and broad. They
measure 0-22-0-287 mm. and 0:18-0:234 mm. in length
respectively.

The tail of the female is about 0-34-0-4 mm. long, and has
a rounded tip with a pair of subterminal papille. The vulva
is situated a little in front of the middle of the body (at
10-10:6 mm, from the anterior end) according to Dujardin
and Maplestone, or immediately behind the middle according
to Seurat (1915, 5). According to the latter author there
is a funnel-shaped ** ovejector ”’ [i. e., vagina], 0:5 mm. long
and having a thick muscular coat. The unpaired trunk
of the uterus is relatively very long (4:5 mm.). The uterine
branches are opposed, and are connected with the ovarian
tubes by S-shaped portions which function as receptacula
seminis. The eggs measure 0:039-0-048 (or in A. sculata
0-034-0:035) % 0:026-0-027 mm.

2. Acuaria (Acuaria) conica Maplestone, 1931. (Fig. 73.)

Host :—Magpie-robin (Copsychus saularis) (gizzard) ; Zoolo-
gical Gardens, Calcutta.

o mm.

Fig. 73.—Acuaria (4.) conica. Posterior end of male ; ventral view.
(After Maplestone.)
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The male measures 6-6-7 mm. in length and 0-092- 041 mm.
in maximum thickness, the female 12:6-16-2 mm. and
0-136-0-156 mm. respectively. The lips are conical, relatively
long and pointed. The length of the cordons is 0-28-0-3 mm.
in the male and 0-425-0-49 mm. in the female. The pharynx,
which is 0-18 mm. long in the male, has thick walls with
fine transverse striations. The anterior portion of the
cesophagus, in the male, measures 0:3 mm. in length ; the
posterior portion (0-69 mm.

The caudal ale of the male are broad, and continue s0
to the tip of the tail, which thus appears truncate. There
are four pairs of preanal and six or seven pairs of postanal
papille, three pairs of the latter forming a group near the
tip of the tail. The spicules are dissimilar and unequal,
measuring (-168 mm. and 0-112 mm. in length. According
to Maplestone’s description the right spicule is the longer,
but his figure shows that it is the shorter. The left spicule
is alate on its inner aspect. The right spicule is slightly
stouter than the shaft of the left.

The tail of the female is 0-23 mm. long. The vulva is
situated behind the middle of the body, at 2/5 to 10/21 of the
total length from the posterior end. The eggs measure
0:03-0-032 % 0:016-0-018 mm.

3. Acuaria (Acuaria) indica Maplestone, 1932.

Host :—Shikra (Astur badius) * (gizzard) ; Zoological
Gardens, Calcutta.

The male of this species is unknown. The female measures
22-26 mm. in length and 0-18-0-2 mm. in maximum thickness.
The lips are bluntly conical. The cordons are (-44 mm.
long. The pharynx is 0-2-0-21 mm. long, and has thick walls.
The anterior portion of the esophagus measures 0-55-0-61 mm.
in length, the posterior portion 1:3-14 mm, The cervical
papillee are short and stout, and are situated at 0-25 mm.
from the anterior extremity. The nerve-ring is situated
at about the same level, and the excretory pore 0-1 mm.
behind it.

The posterior end of the body ig narrowed rather suddenly
at the anus, which has rather prominent lips. The tail is
0-24-0-25 mm. long, and has a blunt tip. The vulva is
sithated behind the middle of the body, at 9-8-12:6 mm.
from the posterior end, and is rather prominent. The vagina
is long and muscular, and runs directly backward from the
vulva.

* Maplestone, probably by a clerical or typographical error, calls
this bird ** shrike.”
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4. Acuaria (Acuaria) brevispicula Maplestone, 1932. (Fig. 74.)

Host :—Magpie-robin (Copsychus saularis) (gizzard) ; Zoolo-
gical Gardens, Calcutta.

The description of this species was based on a single male
specimen, which measured 4-4 mm. in length and 0-126 mm.
m maximum thickness. The lips are conical. The cordons
end a little in front of the posterior end of the cesophagus.
The pharynx is 0-148 mm. long, and has thick, striated walls.
The anterior portion of the cesophagus measures 0-308 mm.

Fig. 74 —Acuaria (A.) brevispicula. Posterior end of male ;
ventro-lateral view. (After Maplestone,)

in length, and the posterior portion 1:07 mm. The excretory
pore is situated at 0-26 mm. from the anterior end.

The caudal al® are relatively long and “ divided into inner
and outer areas.” The tail is 0-172 mm. long. There are
nine pairs of caudal papille, arranged in three groups of three.
The anterior group is preanal, the posterior group near the
tip of the tail. Between these is a postanal group near the
cloacal aperture, with the anterior pair widely separated
from the other two. The spicules are stout, slightly digsimilar
and subequal, measuring 0-09 mm. and 0:075 mm. in length.

NEM. 11. K
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5. Acuaria (Acuaria) lata Maplestone, 1931. .

Host :—Red-crested wood-quail (Rollulus rouloul) (gizzard) ;
Zoological Gardens, Calcutta.

The male of this species is unknown. The female measures
28-5-29 mm. in length and 0:65-0-7 mm. in maximum thick-
ness. The lips are triangular in lateral view and rounded in
dorso-ventral view. There are ** four coarse double cordons,”
which extend posteriorly for a distance of 20-21 mm. The
thick-walled pharynx is about 0-26 mm. long. The anterior
portion of the cesophagus measures about 1-4 mm. in length,
the posterior portion about 4-4 mm.

The tail is curved ventrally and is 0-6 mm. long. Tt has
a blunt tip. The vulva is inconspicuous and is situated a
little behind the middle of the body. at 15-16 mm. from the
anterior end. The uterine branches are opposed. The
eges measure (:038-0-04 < 0-024-0-026 mm.

Subgenus CHEILOSPIRURA (Diesing, 1861) Railliet,
Henry and Sisoff, 1912.

Cordons non-recurrent and not anastomosed. Male with
five to seven pairs of postanal papille. Spicules very unequal
and dissimilar.

Type-species :—A. (Cheilospirura) hamulosa (Diesing, 1851).

6. Acuaria (Cheilospirura) hamulosa (Diesing, 1851) Railliet,
Henry and Sisoff, 1912. (Fig. 75.)
Synonyins :—Spiroptera hamulosa Diesing, 1851 ;  Cleilospirura
hamidosa Diesing, 1861 ; Dispharagus Thamulosus Stossich,
1890 ; Filaria hamulosa Schneidemithl, 18965  Spiroptera
perforans Centoscudi, 1911 ; Acuaria hamulosa Railliet, 1917,

Hosts :—This species, which is of cosmopolitan distribution,
occurs in the gizzard of the fowl and turkey, beneath the
horny lining or in burrows in the muscular wall, on the sirface
of which it sometimes produces small nodules. Its burrows
communicate with the lumen of the gizzard through openings
in the lining. There are specimens in the British Musewm
(Natural History) obtained from a fowl in Ceylon.

The following description is derived from Tubangui (1926),
Cram (1927 : 1931) and Li (1934). The male measures
akout 8:5-15 mm. in length and 0-24-0-36 mm. in maximum
thickness, the female about 16-25 mm. and 0:5-0:62 mny.
respectively. The lips are large and triangular, and each
bears two large, conical papillae, while its pulp is produced
anteriorly into a finger-like process. The cordons consist
of double rows of irregular cuticular plaques, and are some-
what wavy anteriorly and of great length. extending through-
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out at,least two-thirds and sometimes almost the whole of
the length of the body. The pharynx is about 0-18-0-3 mm.
long. The cesophagus occupies about one-third of the total
length, its anterior portion, according to Li, measuring 0-67—
1:25 mm. and its posterior portion 2-23-4-6 mm. The nerve-
ring is situated at 0-25-0-45 mm. from the anterior extremity.

The caudal end of the male is coiled and provided with
relatively wide ale having double contours. The tail is
?.bont. 0:4-0-7 mm. long, and its tip projects beyond the ala.
.lfhe cloacal aperture is surrounded by a prominent cuticular
ring. There are ten pairs of pedunculate caudal papille,
of which four are small and preanal. Of the postanal papille

02nm

Fig. 75.——-.~lc§mn‘n (Cheilospirura) hamulosa. A, anterior end, lateral
view; B, posterior end of male, ventral view. (From
Baylis, after Tubangui.)

three pairs, increasing in size posteriorly, are situated in about
the anterior third of the tail, and separated by a considerable
space from the other three pairs. These lie near the tip of
the tail and are often asymmetrical. The left spicule is
relatively slender and measures 1:12-2:35 mm. in length.
The right spicule is short, broad and flattened (*° shaped like
a chopping knife,”” according to Cram), and is 0-19-0-24 mm.

long *.

* Tubangui gives (-5 mm., but this is clearly an error, since the
spicule figured is exactly 0-2 mm. long according to the scale.
K2
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The tail of the female is pointed and about 0:5-0:6 mm.
long. The vulva is situated slightly behind the middle of
the body, at 10-11-3 mm. from the posterior end. The eggs
measure 0-039-0-045 x 0-02-0-027 mm.

The intermediate hosts of this species, in America and
Hawaii, according to the researches of Cram (1931), Alicata
(1937) and others, include grasshoppers (species of Melanoplus,
Paroxya, Conocephalus and other genera), various beetles
and a °* sand-hopper ' (Orchestia, an Amphipod crustacean).
The eggs are ingested by the intermediate host, and the
larvee which hatch from them migrate, according to Cram,
into the body-cavity and develop among the tissues, chiefly
in the muscles, to the third stage, which is infective for the
bird host. The tissues of the intermediate host form a thin-
walled cyst enclosing the larva. The third stage, according
to Alicata, is reached in about 19-25 days. If the inter-
mediate host is eaten by a suitable bird, the larve are freed
from their cysts in the gizzard, into the wall of which they
penetrate. The worms reach maturity in about 90 days.

Subgenus DISPHARYNX Railliet, Henry and Sisoff, 1912.

Cordons recurrent but not anastomosed. Male usually
with five pairs of postanal papille. Spicules unequal and
dissimilar.

Type-species :—A. (Dispharynx) nasuta (Rudolphi, 1819).

7. Acuaria (Dispharynx) spiralis (Molin, 1858) Railliet, Henry
and Sisoff, 1912. (Figs. 76 & 77.)
Synonyms —Dispharagus spirvalis Molin, 1858;  Dispharagus
nasutus Piana, 1897 ; Dispharagqus spiralis columbz: Bridré,
1910 ; Acuaria spiralis Railliet, Henry and Sisoff, 1912; Dis-
pharynz spiralis Skrjabin, 1916 ; ¥ Spiroptera nasuta Rudolphi,
1819 *; ? Dispharagus naswtus Dujardin, 1845; ? Filaria
nasuta Schneider, 1866 ; Y Acuaria (Dispharynz) nasuta Railliot,
Henry and Sisoff, 1912 ; ¢ Cheilospirura nasula Ransom, 1916 ;
? Dispharynz nasuta [Stiles and Hassall, 1920] Cram, 1927.

Hosts :—This species occurs in the fowl, turkey, guineafowl
and pigeon, and has also been recorded from a number of
wild birds, chiefly Galliformes. It has a wide geographical
distribution. Its principal habitat is the csophagus and
crop, where the worms are unsually found with their heads
buried in the mucosa. They are also occasionally found

* The species named Spiroptera nasuta by Rudolphi is very imper-
fectly known, and it appears not improbable that it is identical with
A. spiralis. If this identity were definitely established, the species
here described would, of course, have to take the name nasuta, which
has priority.
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in the intestine. There are specimens in the British Museum
(Natural History) obtained from a fowl at Pegombo, Ceylon,
and from a bronze-winged jacana (Metopidius indicus) in the
Zoological Gardens, Calcutta, the latter having been deter-
mined by Dr. P. A. Maplestone.

_The following description is based mainly on the accounts
given by Seurat (1916, 5) and Tubangui (1926), supplemented

Fig. 76.

Bt
i

Fig.

Fig. 76.—Acuaria ( Dispharynzx) spiralis. Anterior end ; lateral view.
(After Seurat.)
Fig. 77.— Acuaria (Dispharynx) spiralis. Posterior end of male ; ventro-
lateral view, (After Cram.)

by the writer's observations on the above-mentioned material.
The body is relatively stout and usually curled ventrally,
especially towards the posterior end. The male measures
about 4-5-8-3 mm. in length and 0-27-0-5 mm. in maximum
thickness, the female about 5-5-10-2 mm. and 0-36-0-57 mm.
respectively. The lips are small and conical. The cordons
are wavy, and extend for a distance of about 0-42-0-52 mm.
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from the anterior extremity in the male, and of 0-54-1 mm.
in the female. The small, bicuspid cervical papille and the
excretory pore are situated a little in front of the posterior
limit of the cordons, the former between their recurrent
branches. The pharynx measures about 0-09-0-13 mm.
in length in the male and 0-12-0-15 mm. in the female. The
anterior portion of the cesophagus is about 0-:5-0:9 mm. long,
and its posterior portion about 1-7-2:5 mm. The nerve-ring
is situated at about 0:2-0-4 mm. from the anterior end.

The caudal end of the male is spirally coiled. The tail is
about 0-27-0-39 mm. long. The cuticle of the ventral surface
in the cloacal region, and for some distance in front of it,
1s tessellated. The caudal ale are long and rafher narrow.
There are four pairs of preanal and five pairs of postanal
papillee, all pedunculate. The left spicule is slender and
measures about 0-4-0-52 mm. in length. The right spicule
;s relatively broad and boat-shaped, and is about 0:15-0-2 mm.
ong.

The tail of the female is conical, with a button-like
termination, and measures (0-11-0-15 mm. in length. Near
its tip it bears a median ventral papilla, and just in front
of this a pair of small subventral papille (caudal pores,
according to Seurat). The vulva is situated in the posterior
half of the body, at about 2-2-5 mm. from the posterior end.
The vagina forms a muscular ovejector, running at first
posteriorly from the vulva, but soon bending anteriorly. The
uterine branches are opposed, and the coils of the ovarian
tubes lie at opposite ends of the body. The eggs measure
0:033-0-035 % 0-018-0-025 mm.

The intermediate hosts of this species are woodlice or
“ sowbugs ** (Isopod crustaceans of the genera Porcellio and
Armadillidium). This observation, first recorded by Piana
in 1897 *, has been experimentally confirmed by Cram (1931),
who has described the development of the larve. These
reach the third (infective) stage in the body-cavity of woodlice
within 26 days after the ingestion of the eggs. When
infested woodlice are eaten by suitable birds, the worms
reach maturity in a further period of 27 days.

Subgenus SYNHIMANTUS Railliet, Henry and Sisoff, 1912.

Cordons recurrent and anastomosed in pairs across the
lateral lines. Male usually with five pairs of postanal papille.
Spicules unequal and dissimilar.

Type-species :—A. (Synhimantus) laticeps (Rudolphi, 1819).

* Piana called the species dealt with by him Dispharagus nasitus,
but it was probably A, spiralis,
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. Key to Species.
Female little over 3mm. long ..................
Female 9 mum. or more in length

nana, p. 137. S
invaginata, p. 135.

8. Acuaria (Synhimantus) invaginata (v. Linstow, 1901)
Railliet, Henry and Sisoff, 1912. (Fig. 78.)

Synonyms :—Dispharagus invaginatus v. Linstow, 1901 ; Acuaria
(Synhimantus) invaginatus Seurat, 1019; Dispharagus egrette
© Rud., 1819" of MacCallum, 1921 ; Synhimantus invaginata
Skrjabin, 1924,

Hosts :—This species was originally described by v. Linstow
(1901) from an undetermined bird from Tanganyika Territory
(Langenburg, near Lake Nyasa). It was subsequcn'tl:y
recorded by Gendre (1913) from the egret (Bubulcus ibis
[=B. lucidus]) in French Guinea, and by Seurat (1919, b)
from the same bird in Algeria and from the ‘* héron pourpré ™
in Corsica. There seems to be little doubt, as Vigueras
(1936) has pointed out, that the form recorded by MacCallum
(1921), under the name of Dispharagus egrette *, frou} Eyrylta
candidissima in the Zoological Park, New York, is identical
with A. invaginata. Vigueras records the species from Egretia
alba and Leucophoyx thula in Cuba. Maplestone (1931)
states that it is very common in the cattle-egret (Bul')ulcus
ibis coromandus) in Bengal, being found in nearly all specimens
examined. The worms occur in the wsophagus, under the
lining of the gizzard or, according to MacCallum, in the
intestine just behind the gizzard. 2

v. Linstow’s description has been considerably amplified
by Gendre, whose specimens seem to have been much larger
than those seen by the former author. MacCallum also gave
a few measurements of the female. The male measures
about 8:5-11:1 mm. in length and 0-22-0-29 mm. in maximum
thickness, the female about 9:5-12:5 mm. and 0-31-0-44 mm.
respectively. The intervals between the cuticular striations
vary, according to Gendre, from about 5 p near the anterior
end to 14 g in the middle of the body. The lips are very short.
The cordons extend backward for a distance of 0:44—0-61 mm.
from the anterior end. They are very broad posteriorly,
attaining & maximum width of 0-12 mm. The anastomosis
of the recurrent branches occurs at 0:24-0-33 mm. from the
anterior end, and the tricuspid cervical papille are situated
some distance behind the cordons, at 0:63-0:77 mm. from the
same point. The pharynx measures 0-25-0-27 mm. in length
in the male and 0:28-0-31 mm. in the female. The anterior
portion of the cesophagus is about 0-96-1 mm. long, and its
posterior portion about 3-2-3-6 mm.

* MacCallum attributes this name to Rudolphi, but the latter author
“does ot appear to have used it,
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The caudal al® of the male are thick and vesicular, and
cover the greater part of the ventral and lateral surfaces of the
caudal region, extending from a point 0-8 mm. in front of the
cloacal aperture almost to the tip of the tail. The latter is
short (1/119-1/95 of the total length) and blunt. There are
nine pairs of caudal papillze, four of which are preanal and five
postanal. Their peduncles decrease gradually in length
posteriorly. The preanal papille of either side form two
groups of two each. Of the postanal papille, three on each side
are lateral and form a group near the middle of the tail. One
is subventral and placed immediately behind the cloacal
aperture, which is situated on a large prominence. The fifth
is near the tip of the tail. The spicules are very unequal and
dissimilar. According to Gendre the left spicule is the

Fig. 78.—Acuaria (Synhimantus) invaginata. Posterior end of
female ; lateral view. (After Maplestone.)

shorter, measuring 0-47 mm. in length, and is very slender
and tapering. The right spicule is 0-9 mm. long, and about
four times as stout as the left *. The root of this spicule
is swollen. For the greater part of its length it is eylindrical,
probably owing to the ale being rolled into a tube. Distally
this tube has a somewhat bell-shaped expansion, from which
the tip of the shaft projects, ending in a conical point.

The appearance of the posterior end of the gravid female
is remarkable, the tail being invaginated within a prepuce-like
sheath of cuticle. The anus and vulva are extremely close
together, and in the invaginated condition terminal or

* v. Linstow gives the lengths of the spicules as 0:047 mm. and
0:062 mm., the decimal points in these measurements having probably
been displaced.
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subterfinal, the very short and bluntly conical tail being
sometimes dorsally directed. According to Seurat (1914, a)
impregnation takes place when the female is very young,
and the invagination only occurs later. The same author
(1919, b) states that the genital tube of the female is single,
the coils of the ovary lying in the cesophageal region. Gendre
also was able to see only a single ovary. The eggs measure
0:024-0-029 x 0-015-0-019 mm. i

9. Acuaria (Synhimantus) nana Maplestone, 1931.

Host :—QGolden-backed woodpecker (Brachypternus benghal-
ensis [= B. aurantius]) (gizzard) ; Zoological Gardens, Calcutta.

The description of this species was based on a single female
specimen. This measured 3-3 mm. in length and 0-2 mm.
in maximum thickness. The lips are conical in lateral view,
and are surmounted by sharply-pointed cuticular caps. The
anterior portion of the body measures only 0-12 mm. in
diameter, and there is a sudden increase in thickness behind
the cordons. Of the latter the subventral pair turn forward
at 0-26 mm, from the anterior end, the subdorsal pair at about
03 mm. The pharynx is 0-08 mm. long. The cesophagus
is relatively very long. Its anterior portion measures 0-44 mm.
in length, and its posterior portion 1-3 mm. The excretory
pore is situated at about 0-28 mm. from the anterior end.

The tail is 0-1 mm. long, and is figured as being rather
suddenly narrowed at about the middle. The vulva is situated
at about 1 mm. from the posterior end. The vagina curves
posteriorly from it. The uterine branches are opposed. The
eges measure 0-018 X 0:009-0-01 mm.

Subgenus ECHINURIA Soloviev, 1912.
Synonym :—Hamannia Railliet, Henry and Sisoff, 1912,

('ordons non-recurrent or occasionally very slightly recurrent,
anastomosed in pairs across the lateral lines. Body gometimes
bears longitudinal rows of spines. Male usually with four or
five pairs of postanal papillee. Spicules unequal and dis-

similar.
Type-species +—A. (Echinuria) jugadornata Soloviev, 1912.

10. Acuaria (Echinuria) hargile Baylis and Daubney, 1923.
(Figs. 79 & 80.)
Synonyms (—Acuaria (Echinuria) leptoptili Baylis and Daubney,
1929 nee Gedoelst, 1916 ; Echinuria hargile Cram, 1927.

Host :—Adjutant-stork (Leptoptilos dubius) ; Caleutta.

The male measures 11-11-5 mm. in length and about
023 mm. in maximum thickness, the female 13-15 mm.
and about 0-36 mm. respectively. The cuticular striations
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are at intervals of about 4pu. Cuticular spines are dbsent.
The cordons extend back for a distance of 0-95-1-1 mm.
from the anterior end, and are 0-02 mm. wide. Their trans-
verse connections bend forward slightly as they cross the
lateral lines. The cervical papille are situated a little behind
these lateral bends. The pharynx is 0-3-0-31 mm. long,

@
S

Fig .

o-1rmn.

Fig. 19~—dcuaria (Echinuria) hargilz. Anterior end of femals;
lateral view. ¢., cordon; e., excretory pore; #n.f., nerve-
ring; @el, s @3’ three divisions of wsophagus,

(After Bayliz and Daubney.) y

Fig S0.—Acuaria (Echinuria) hargilee.  Left spiculo ; lateral view,

2 (After Baylis and Daubney.)

the anterior portion of the wsophagus 0-41 mm., and jts
posterior portion 2-3 mm. The nerve-ring is situated at about,
(-27 mm., and the excretory pore at about 0-54 mm., from the
anterior end.

The caudal end of the male forms several turns of a spiral,

o
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The #le extend for a distance of about 0-7 mm. from the
posterior extremity. The tail is about 0-115 mm. long. There
are nine pairs of caudal papille, of which four are preanal,
about equidistant from each other and close to the cloacal
aperture. Of the postanal papille four pairs form a group
occupying the posterior half of the tail, and one pair is about
mid-way between this group and the cloacal aperture. All
the papille have slender peduncles, those of the preanal
papille being much longer than those of the postanal, and
mcreasing in length anteriorly. The right spicule is slender
and measures about 0-65-0-675 mm. in length. The left
spicule is 0:19-0-21 mm. long, and is much curved, irregularly
twisted and flanged, with an expanded root. Its edges
are faintly serrated in the distal portion. The coils of the
testis extend to within 3:5 mm. of the anterior end. r

The tail of the female is 0:05 mm. long. The vulva is
situated at about 0-17 mm. from the posterior qnd. Its
anterior lip forms a prominent swelling. The vagina runs
straight forward from it for a distance of about 1-4 mm.,
then bends transversely to join the uterus. The posterior
branch of the uterus is represented by a blind sac which
runs back to the vicinity of the vulva. The anterior branch
runs forward to within 175 mm. of the anterior end before
joining the ovarian tube, which runs posteriorly. The eggs:
measure 0:028 x 0-018 mm.

Subgenus RUSGUNIELLA Seurat, 1919 *.

Cordons very short, non-recurrent but anastomosed in pairs
S0 as to form two crescentic *‘ epaulettes.” Male }\-u_h _ﬁve
pairs of postanal papille. Spicules very unequal and d_lssumlal'.

Type-species :—A. (Rusguniella) elongata (Rudolphi, 1819).

L1. Acuaria (Rusguniella)brevis (Maplestone, 1931) 1. (Fig. 3L.)
Synonym :—Rusguniella brevis Maplestone, 1931,
Host —Kingfisher (Ceryle aleyon) (gizzard) ; Zoological
Gardens, Calcutta.

* Except for the extreme shortness of the cordons, it appears doubtful
whether this subgenus can be distinguished from Fehinuria.

t Chitwood and Wehr (1934) regard the Rusguniella of Maplestone
as distinet from Rusguniella Seurat, 1919, and synonymous with
Aviculariella Wehr, 1931. Although in the posterior position of the
vulva Maplestone's species agrees more closely with Aviculariella
aleyona Wehr than with the genotype of Rusguniella (R, elongata (Rud.)),
Williams (1929, a) has shown that the vulva is not always in front
of the middle of the body in Rusguniella. Wehr's species is certainly
not identical with Maplestone's, and the differences between Avicwlariella
and Rusguniella are so slight that they may be of specific importance
only. For these reasons Maplestone’s gpecies is allowed to remain
in the subgenus Rusyuniella.
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The male measures 475 mm. in length and 0:116* mm.
in maximum thickness, the female 73 mm. and 0:14 mm.
respectively. The body is tapering anteriorly. The lips
are conical and pointed. The cordons extend for a distance
of 0-044 mm. from the anterior end in the male, and of 0-15 mm.
in the female. They are concentrically striated. TImmedi-
ately behind the cordons there is *“ a transverse groove in the
cuticle which is most marked laterally on account of the
narrow lateral flanges.”” The pharynx is 0-196 mm. long,
and is somewhat funnel-shaped at its anterior end in lateral
view. Its wall is finely striated. The total length of the
@sophagus, in the male, is 1-4 mm. The nerve-ring is situated
at 0-23 mm. from the anterior end in the male, and at 0-31 mm.

0.0smm, it

A =
Fig, 81.—Acuaria (Rusquniella) brevis. A, anterior end, dorsal view ;
B, posterior end of male, lateral view. (After Maplestone.)

in the female. In the latter the excretory pore is at 0-36 mm.
from the same point. The cervical papilla were not observed.

The caudal end of the male is curved ventrally. Caudal
alm are present. There are seven pairs of pedunculate caudal
papille, two preanal and five postanal. The spicules are
very unequal and dissimilar. The longer spicule measures
0-5 mm. in length, and is slender, with a pointed tip and
an expanded root. The shorter spicule is 0-14 mm. long,
and is stout and curved.

The tail of the female is about 0-11 mm. long, and is straight,
ending in “a blunt point surmounted by a cuticular cap.”
The prominent caudal papill are situated at about the middle
of the tail. The vulva is situated at about 0-15 mm. from the
posterior end. The vagina is stout, and curves posteriorly
for a short distance from the vulva to join a wide ovejector
which runs posteriorly to a point more than half-way between
the vulva and the anus, then becomes narrower and turns
forward, giving off the two uterine branches just in front of the
vulva. The eggs measure (006 X 0-036 mm.
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» SUBGENUS UNCERTAIN.

12. Acuaria macrolaima (v. Linstow, 1906) Railliet, Henry and
Sisoff, 1912.
Synonym :—Dispharagus macrolaimus v. Linstow, 1906.

Host :—Indian darter (Anhinga [Plotus] melanogaster)
(stomach) ; Wirawila, Ceylon.

Of this species the type-specimens are apparently not in the
Colombo Museum, and the only available description is that
given by v. Linstow (1906, d), which is as follows :—

“ Females only in the collection, 7-:3-11-4 [mm.]x 028~
047 [mm.]; cuticle annulate, with elevated lateral lines ;
head with two small, conical, rounded lips ; the mouth leads
into a long vestibule ; @sophagus very long, 1/2:6 [of total
length] ; tail 1/37 [of total length], terminating in a small
finger-shaped point; the nuchal pleats [i.e. cordons] run
0-80 mm. backwards, rather beyond the first section of the
@sophagus ; immediately before their termination there
18 on each side a cone-shaped nuchal papilla; eggs very
numerous, with a double shell, 0:031 x 0-011 [mm.].”

Subfamily TETRAMERINA * Railliet, 1915.

Sexes dimorphic, the body of the male being filiform,
that of the mature female greatly distended, so as to become
fusiform or subglobular. In the latter case the cesophageal
and caudal regions remain normal. A short buccal capsule
present, without thickenings. Male without caudal alw.
Caudal papill sessile or replaced by spines. Spicules unequal.
Accessory piece absent. Vulva towards the posterior end
of the body.

Key to Genera.
Body of mature female subglobular. Male

usually with rows of spines............... TETRAMERES, p. 142,
Body of mature female spindle-shaped and [p. 144.
spirally coiled. Male without spines ...... MICROTETRAMERES,

* The systematic position of the worms included here is somewhat
uncertain. Travassos (1914, ¢) erected a family Tetrameride for their
reception, but it is felt that there iz little justification for separating
them from the Spiruride. Baylis and Daubney (1926) placed them
in an appendix to the subfamily Acuariine, a group with which they
seem to have fairly close affinities. They also, however, show some
resemblances to Oxyspirura, a genus usually referred to the Thelaziin®.
The marked sexual dimorphism exhibited by them, and the absence
of caudal ale and pedunculate papille in the males, suggest that they
should be treated as an independent subfamily.
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1. Genus TETRAMERES Creplin, 1846 % ¢

Synon —Tropisurus Diesing, 1835; Tropi i
y183g:l:::c Neuwli:d, 1824 ; Turg)idofcrca Diesi{))tgd.ul"ggl :‘ ::5;?,2:::
Schlotthauber, 1860; Acanthophorus v. Linstow, 1876 ;
Echinurioides Thwaite, 1926, e
Male whitish and slender, typically with four longitudinal
rows of cuticular spines. Mature female usually blood-red,
with the middle portion of the body subglobular and divided
into quarters by four longitudinal grooves in the lateral and.
median lines. Lips small, paired T, overlapped by dorsal
and ventral cuticular shields, at least in the male. (Esophagus
divided into two portions. Intestine of female wide afnd
sac-like. Caudal papille of male few, small and sessile,
or replaced by spines. In the female a saccular diverticulum
of the vagina may be present. Adult worms in the pro-
ventriculus of birds ; the males free in the lumen, the females
partly buried in the gastric glands, with their posterior ends
protruding.
renotype —T'etrameres paradora (Diesing, 1835).

1. Tetrameres spinosa (Maplestone, 1931). (Fig. 82.)
Synonym :(—FEelinuria spinosa Maplestone, 1931.

Hosts :—Pochard or dun bird (Nyroca [Aythya] ferina)
and an unidentified duck ; Zoological Gardens, Caleutta.

Of this species the male only was obtained. This measures
4:7 mm. in length and 0-12-0-4 mm. in thickness. The body
bears spines which are irregularly arranged at the anterior
end, then in four longitudinal rows on each side. Behind
the excretory pore these are reduced to two rows, one on each
side of the lateral ala. The spines become smaller and more
widely separated posteriorly. The lips are thick and bilobed,
and each bears two papillie. Dorsal and ventral cephalic
shields are present. The lateral al® arise at the bases of
the lips and extend throughout almost the whole length
of the body. * Cordons ™ are also said to be present. These
*“ arise from elongate oval prominences on each side of the

* There appears to be a consensus of opinion that T'etrameres is the
correct name for this genus, and Baylis and Duubney’s (1926) retention
of the earlier name 7'ropisurus has not been generally accepted. The
position is that, under the International Rules of Zoological Nomen.
clatiire, the emendation by Wiegmann of Tropisurus to Tropidurus
was justifiable, but Tyopidurus was a * dead™ homonym, and the
emendation therefore could not stand. Strict application of the rules
appears to lead to the somewhat absurd coneclusion that in these
circumstances Tropisurus must disappear and be replaced by tha
noxt earliest name, Tetrameres (see Stilea and Baker, 1930, Joury
Parasitol. xvi, p. 163). - ¥

4 The statement sometimes mmle..c. ¢ by Travassos (1914, ¢) ang
by Cram (1927), that there are three lips is erroncous,
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head, from which they pursne a wavy posterior course, being
roughly parallel. They fuse just anterior to the cervical
papille, and curving ventrally to these structures they
gradually become less well-defined and finally disappear
in the lateral flanges.” The * vestibule *’ is thick-walled
and measures about 0-032 mm. in length and 0-02 mm. in
width. The anterior portion of the cesophagus is 0-32 mm.
long, the posterior portion about 1 mm. The cervical papille
are large and well defined, and are situated at 0-14 mm. from

01 mm.

A Vi v

Fig. 82.—Tetrameres spinosa. A, anterior end, lateral view ;
B, posterior end of male, lateral view. (After Maplestone.)

the anterior end. The excretory pore is at 0-28 mm. from
he same point.

th('i‘hc miIl)ois straight and has a rounded tip. From Maple-
stone’s figure it appears to be about 0-2 mm. long. There
are no caudal ale or papillze, but subventrally on each side
there is a row of five spines. In front of the cloacal aperture
there is a single row of spines in the mid-ventral line. The
spicules measure respectively 0-4 mm. and 0-044 mm, in length.
The longer spicule 18 stout. Its point is * shaped like a foot.”
and its root rounded and followed by a bulbous swelling.
The shorter spicule is slender, curved and sharply pointed,
with a rounded, knob-like root. '
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2. Genus MICROTETRAMERES Travassos, 1915%%,

Closely resembles Teframeres in general structure. Male
whitish, slender or relatively stout, without cuticular spines.
Mature female usually blood-red, with the body relatively
elongate, spindle-shaped and spirally coiled. Caudal papille
of male few, small and sessile. Adult worms in the pro-
ventriculus of birds ; the males free in the lumen, the females
in the gastric glands.

Genotype :—Microtetrameres cruzi (Travassos, 1014).

1. Microtetrameres spiralis (Seurat, 1915) Cram, 1927.

Synonyms —7Tropidocerca spiralis Seurat, 1915 ; Tetrameres (Micro-
tetrameres) spiralis Travassos, 1915.

Hosts :—This species was originally recorded from the
crop of Bubulcus lucidus in Algeria. Maplestone (1931)
records it from wild examples of the cattle-egret (Bubulcus
ihis coromandus) picked up dead in the Zoological Gardens,
Calcutta.

According to the original description by Seurat (1915, ¢)
the male is white and measures 4:75 mm. in length and
0:13 mm. in maximum thickness. The female is of a light
cochineal colour, and its body is coiled in a spiral of three and
a half turns. It measures 2:5 mm. in length and 2 mm.
in width. The buccal capsule is eylindrical in the male and
shaped like an amphora in the female. In both sexes it is
0:03 mm. long. The cesophagus of the male occupies a quarter
of the total length, and its anterior portion one-fifth of the
whole. The anterior portion of the cesophagus in the female
is 0:175 mm. long. The cervical papille, in the male, are
situated behind the nerve-ring, at a distance of 0-3 mm.
from the anterior end. The excretory pore is at 0:275 mm.
from the same point. 2

The tail of the male is conical, with a pointed tip, and
measures (-31 mm. in length. The lips of the cloacal aperture
are prominent, especially the posterior lip. There are two
pairs of preanal and two pairs of postanal sessile papilla.
The left spicule is slender and measures 2:3 mm. in length
(almost 2/3 of the total length). The right spicule is
0:145 mm. long.

The cuticle of the female is transversely striated, and
forms a loose sheath in the posterior region, from which the
tail protrudes for a distance of (:18 mm. The tail is
0-225 mm. long, and tapers rapidly. Its tip is rounded,

* Proposed as a subgenus of T'etrameres by Travassos, but raised
to generic rank by Cram (1927).
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but has a small terminal spike. The vulva is situated
at 0-13 mm. from the anus. The combined length of the
vagina and the unpaired portion of the uterus is 2:6 mm.
The oviducts measure 0-3 mm. in length, and the slender
ovaries 6:5 mm. The eggs measure 0-05x0-03 mm. Their
shells are thick and oval, with one side flattened.

Subfamily PHYSALOPTERINA Stossich, 1898.

Lips simple, relatively large, with one or more forwardly-
projecting teeth on their inner surfaces, and frequently
followed by a cuticular collar, which is entire and does not
form dorsal and ventral cephalic shields. Pharynx or buccal
capsule usually absent. Accessory piece absent.

Key to Genera.

PRATYNX PreSent & ....oceevevicrasasssnnsens THRUBUNEA, p. 160
Pharynxabgent ........ccocvecicsancnrans 1.
1. Caudal alm of male joined ventrally in front

of cloacal aperture. Vulva in anterior half [p. 145.
O DO o < siire siee bralors)ta s aia e piwiasarniplals e v\ ble oip PHYSALOPTERA,

Caudal alw of male not joined in front of cloacal 162
aperture. Vulvanearanus ............... ProLeEPTUS, P. 10=

1. Genus PHYSALOPTERA Rudolphi, 1819.

) 2 nema & Hegt, 1910; Abreviala
y?‘?:moﬁg?(;" ;yd%cp!f)mg:o'rl‘ﬁ?%ssos. glt92(). nec Whitman,
1886 ; Turgida Travassos, 1920.

Head usually more or less retractile within a collar or
sheath of cuticle. Each lip armed with a variable number
of teeth; typically a large, external, median tooth and
three internal teeth. In addition there may be a row of small
denticles on the inner surface. Pharynx or buccal capsule
absent. Caudal end of male with inflated lateral ale which
are continuous across the ventral surface in front of the
cloacal aperture. Several (typically four) pairs of pedunculate
lateral papille form a group in the cloacal region. A variable
number of sessile subventral papille also present (usually
three pairs preanal and five pairs postanal). Spicules unequal,
subequal or equal. Vulva in the anterior half of the body-
Uterus with two, four or many branches. Adult worms
in the stomach or intestine of mammals, birds, reptiles and
amphibians.

Genotype —Physaloptera clausa Rudolphi, 1819.

NEM. I1. L
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Key to Species.

¢

Parasito of birdsof prey  ............. .. ... alala, p. 151;
Parasitesof reptiles .......... ... ... 00 1.
Parasitesof mammals ..............coo0u.. 2.

1. Inner surface of each lip with a median simple
tooth and two bifid teeth ; the four uterine
branches originate by dichotomous branching. varani, p. 153.
Inner surface of each lip with marginal rows of ‘
small denticles in addition to the larger teeth ;
the four uterine branches originate at the same

L R e e S R R R TR O R S Sk paradoxa, p. 155,
2. Posterior end of body without prepuce-like
cuticular sheath ; parasite of mouse ....... musculi, p. 158.
Posterior end of body with a prepuce-like
cuticular sheath ; parasites of Felide....... 3.
3. Median precloacal papilla of male smaller than
Bho OthertWo, . iivin e saie s oiasianasossss masoodi, p. 148.
Median precloacal papilla of male larger than
the OtHOr BWO0 v - vic 0 vv s s v v e neisssseeisesesn 4.

4. Ventral surface of caudal region in male with
longitudinal rows of tubercles in its middle

POXTIONY v -0 ot ale:0 218 0 0rrts 1ores & 0,018 0 0 0,519, @10, 8 .. praputialis, p. 146.
Ventral surface of caudal region in male with o [p- 149,
continuous longitudinal ridges only ........ brevispiculum,

1. Physaloptera preeputialis v. Linstow, 1889. (Fig. 83.)
Synonyms :—Chlamydonema felineum Hegt, 1910 ; Chlamydonema
preputialis Travassos, 1917 ; Physaloptéra preputialis Travassos,

1917 ; Chlamydonema praputiale Yorke and Maplestone, 1926.

Hosts :—This species was first recorded from the domestic
cat, without mention of locality, by v. Linstow (1889). It has
since then been found in this host and in many wild Felida
in several parts of the world (Asia, Africa, South America).
It has been recorded from the domestic cat in India by Baylis
and Daubney (1923, 6) and by Chandler (1925, b), and in
Ceylon by Ortlepp (1923, a), while there are specimens in the
British Museum (Natural History) from this host from
Rangoon, Burma. Other Indian hosts include the fishing
cat (Felis viverrina), jungle cat (F. chaus), leopard cat (F. ben-
galensis) and leopard (F. pardus) (Baylis and Daubney, 1922).
Korke (1928) and Chandler also record the parasite from the
leopard in India, Ortlepp (1923, a) and Chandler from the
clouded leopard (Felis nebulosa) in India, and Thwaite (1927)
from © Felis tigrinum " * at Colombo, Ceylon. The worm
occurs in the stomach of its hosts, usually firmly attached
to the walls by the mouth. Chandler, who found it in about
two per cent. of the domestic cats examined by him in Calcutta,
says ‘it appears to be a distinctly pathogenic parasite, for
every one of the seven cats we have found infected, and also

¥ Felis tigrina i8 & South American species, and is not indigenous
to Ceylon.
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the ldopard, showed an inflamed and eroded stomach wall,
and distinet evidence of gastro-intestinal irritation. There
seems to be little doubt but that a histolytic substance is
excreted by the worm.”

The male measures about 13-45 mm. in length and 0-7-
2 mm. in maximum thickness, the female about 15-55 mm.
and 1-2-5 mm. respectively. The cuticle has fine transverse
striations (at intervals of 164, according to v. Linstow).
At the posterior end of the body, in both sexes, the cuticle
forms a large, loose, prepuce-like fold which more or less

Fig. 83.—Physaloptera praputialis, Posterior end of male ;
ventral view (semi-diagrammatic). (After Travassos,)

completely envelops the tail. The lips are relatively large
and conical. Each bears a blunt external tooth and three
flattened and more pointed internal teeth, of the same height
as the former. The @sophagus occupies about one-ninth to
one-fifth of the total length, its anterior portion forming abolit
one-eighth of the whole. The nerve-ring is situated at about
the posterior third of the anterior portion, the cervical papille
at about (-75-095 mm. and the excretory pore at about
0-99-1-1 mm, from the anterior extremity.

The tail of the male is about 1-3 mm. Jong according to the
figure given by Ortlepp (1923, @), about 2 mm. according to

L2
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Travassos (1917, a), 29 mm. according to v. Linstow, or
35 mm. according to Korke (1928). The median ventral
surface of the candal region is ornamented with numerous
rounded tubercles arranged in longitudinal rows. Towards
the lateral margins of the tail, and on the al®, these rows
of tubercles are replaced by more or less continuous longi-
tudinal ridges. The usual four pairs of pedunculate lateral
papill2 are present. On the anterior lip of the cloacal
aperture there are three sessile papille, the median papilla,
according to Boulenger (1923), Ortlepp and Korke, being much
larger than the other two. Immediately behind the cloacal
aperture there are three pairs of papille close together. These
may form a triangle or a straight longitudinal series on each
side. A little behind the middle of the tail there is an isolated
pair of subventral papillz, and between this pair and the tip
of the tail another pair. Both v. Linstow and Boulenger
find a transverse row of three papill® in this position, but
Travassos regards the median ** papilla 7 described by the
former author as the nucleus of a large cell *. The left spicule
appears to vary in length from 1 mm. to nearly 2 mm., the
right spicule from 0-43 mm. to 0-9 mm.7

The tail of the female is conical, with a blunt tip, and
occupies, according to Ortlepp, 1/66-1/53 of the total length.
According to Travassos it is about 0-87 mm. long. It bears
a pair of papillee (or * caudal pores ) at about its posterior
quarter. The vulva, which is not prominent, and is frequently
concealed by a ring of dark-coloured cement from the cement-
glands of the male, is situated somewhat in front of the middle
of the body. There is a thick-walled vagina about 1-:6 mm.
long, leading to a large, somewhat pyriform egg-chamber.
Near the posterior end of this chamber, and somewhat laterally,
the two uterine tubes originate directly. there being no common
uterine trunk. The eggs are oval and measure 0:045-0-06 %
0:03-0-042 mm.

2. Physaloptera masoodi (Mirza, 1934).
Synonym :—Chlamydonema masoods Mirza, 1934,

Host :—Jungle cat (Felis chaus) (stomach and intestine).

The male measures 18-33 mm. in length and 0:9-2-3 mm.
in maximum thickness, the female 19-29 mm. and 0-9-2-2 mm.
respectively. The cuticle of the posterior end of the body,

* v. Linstow appears to have seen only seven ventral postanal
papill@, but admits that owing to the opaque condition of his single
male specimen all the papill® may not have been observed. Hegt
(1910) appears to have thought that there were eight pairs of subventral
postanal papille and one median preanal papilla.

+ According to Travassos, the spicules are equal and measure about
1:18 mm,

-
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in both sexes, forms a prepuce-like sheath, as in P. praputialis.
This may extend considerably beyond the posterior extremity.
The lips are large and conical, and each bears a conical external
tooth and three internal teeth. At the base of each lip
two conical prominences are said to be present. The
esophagus occupies about one-fifth of the total length.
The excretory pore is situated at 0-92 mm. from the anterior
extremity, and the nerve-ring surrounds the anterior portion
of the esophagus in its posterior quarter.

The male is described as having, in addition to the usual
four pairs of lateral pedunculate papille, ten sessile ventral
or subventral papille. Three of these are on the anterior
lip of the cloacal aperture, forming a transverse row, of which
the median papilla is the smallest. Immediately behind the
cloacal aperture there are four papille, also forming a trans-
verse row, of which the two outer are larger than the two inner.
Near the tip of the tail there is a transverse row of three
papille. The left spicule, in two specimens, measured respec-
tively 1-28 mm. and 252 mm. in length, the right spicule
0-82 mm. and 1-31 mm., the latter being somewhat stouter
than the former.

The tail of the female is pointed and slightly curved towards
the ventral side. The vulva, which was covered by a ring
of cement in adult females, was situated at 10-1 mm. from the
anterior end in a specimen 23 mm. long, and is thus slightly
in front of the middle of the body. The female genital organs
are similar to those of P. praputialis, there being two uterine
branches. The eggs are not described.

From Mirza’s (1934, b) description this species appears to be
very similar to P. praputialis, and may be identical with it.
It is treated here as a distinct species because of the differences
in the number and arrangement of the caudal papille of the
male. It is to be remarked, however, that the number of
papille is the same as that described by v. Linstow for
P. praputialis.

3. Physaloptera brevispiculum v. Linstow, 1906. (Fig 84.)

Synonyms :—Physaloptera malayensis Ortlepp, 1923 ; Chlamy-
donema malayeme Yorke and Maplestone, 1926 ; Chlamydonema
fuelleborni Mirza and Singh, 1934.

Hosts :—P. brevispiculum was very briefly described+ by
v. Linstow (1906, d) from the stomach of the rusty-spotted cat
(Felis rubiginosa) from Kandy, Ceylon. Through the courtesy
of the Director of the Colombo Museum the writer has been
able to examine v. Linstow’s original material, and is satisfied
that it belongs to the same species as the specimens described
by Ortlepp (1923,a) under the name of P. malayensis.
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Ortlepp records his species from the jungle cat (Felis chaus),
tiger (F. tigris) and © tiger cat ”’ from the Federated Malay
States, and from a * bush cat " and a hyzna from Nigeria.
Chandler (1925, b) records P. malayensis from the golden cat
(Felis temmincki) in the Zoological Gardens, Calcutta. The
form described under the name of Chlamydonema fuelleborni
by Mirza and Singh (1934), which also seems in all probability
to be identical with P. brevispiculum, is recorded from the
domestic cat in India.

v. Linstow’s specimens, which are considerably smaller
than those described by the more recent authors, are not
in very good condition, but it has been possible to make out the
candal papille and spicules in several males. In these charac-
ters the specimens agree with Ortlepp’s description and nof

Fig. 84.—P hysaloptera brevispiculum. Posterior end of male ;
ventral view. (After Ortlepp, in Proc. Zool. Soc.)

with v. Linstow’s., The following account is based, for the
most part, on that of Ortlepp.

The male measures 11:1-30 mm. in length and 0-9-1-2 mm.
in maximum thickness, the female 11:4-45 mm. and about
1-2-1 mm. respectively. There is a prepuce-like sheath of
cuticle at the posterior end in both sexes, as in P. praputialis.
“ The lips are rounded, and each bears a large triangular and
glightly recurved outer tooth, internal to which is the foliaceous
and tripartite inner tooth of equal height ” (Ortlepp). The
@sophagus occupies about one-fifth of the total length in the
male, and one-sixth in the female. Its anterior portion forms
one-tenth toone-seventh of the whole organ, and the nerve-ring
surrounds it in its posterior third. The cervical papilla
are situated about 0-13 mm. behind the junction of the two
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portiofs of the msophagus, and the excretory pore about
0-1 mm. further back.

The tail of the male is about 1-5 mm. long. The ventral
surface, from in front of the cloacal aperture to near .t,he
posterior extremity, is covered with continuous longitlldm“l
cuticular ridges, instead of the rows of tubercles of P. pre-
putialis. In addition to the usual four pairs of pedlmcumte
lateral papillz, v. Linstow describes only eight sessile sub-
ventral postanal papille. There are, however, in his specimens
thirteen sessile ventral and subventral papille, as described
by Ortlepp. Three of these, on the anterior lip of the cloacal
aperture, are arranged in a transverse row, of which the
median papilla is the largest. Immediately behind the
cloacal aperture there are four papillse, which form a crescentxg
row, as figured by Ortlepp, and not ** successive couples
as described and figured by v. Linstow. On the posterior
portion of the tail there are three pairs of papill®, the first
two close together and situated within the longitudinally
ribbed area, the last a little behind the posterior limit of this
area. Mirza and Singh describe and figure four pairs of
papille on the posterior portion of the tail in Chlamydonema
fuelleborni, but one of these may perhaps represent ** caudal
pores.” v. Linstow describes the spicules as ““ very short,
feebly curved, -79—-81 [mm. long].” In four males in his
original material, however, in which the spicules could be
measured, the left spicule was approximately 1-2-1:75 mm.
long, and the right spicule 0-55-0-66 mm. According to
Ortlepp, and Mirza and Singh, the left spicule measures
1:4-2:89 mm., and the right, which is slightly stouter, 0-58-
0-957 mm.

The vulva is slightly prominent, and is situated just in
front of the middle of the body. It is frequently covered
by a ring of dark cement. * The vulva leads into a vagina,
which progressively thickens posteriorly to join a progre&ﬂivcl."
thickening egg-chamber ; . the hind end of the egg-
chamber is 330 & in diameter : the whole organ is straight,
and measures about 3-3 mm. long. From the basal end of
this organ the two uteri take their origin like two horns in
the same manner as in Ph. praputialis ™ (Ortlepp). The
eggs, according to v. Linstow, Ortlepp and Chandler, are
almost round and measure 0-033-0-036 % 0-028-0-032 mm. v

4. Physaloptera alata Rudolphi, 1819. (Fig. 85.)

Synonyms :—Vermis dubius faleonis nisi Rudolphi, 1810 ; Spiro-
ptera physalura Dujardin, 1845; ? Physaloptera megalostoma
Creplin, 1820.

Ho:sls :—This parasite has been recorded from the stomach
and intestine of a great variety of hawks and eagles, and
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appears to be of world-wide distribution. Baylis and Daubney
(1922) record a single immature female specimen, which
was assigned to this species, from Montagu’s harrier (Circus
pygargus [=C. cineraceus]) in India.

Several very similar species of Physaloptera occur in birds
of prey, and there has been a good deal of confusion between
them. The identity of the form named alata by Rudolphi
cannot, in fact, be considered very well established. Its
type host, however, was the sparrow-hawk (Accipiter nisus),
and specimens from this host described by more recent
authors (Schneider, 1866 ; v. Linstow, 1877 ; Seurat, 1915, d;
Li, 1934) may perhaps be assumed to belong to it. Ortlepp
(1923, a), though he examined some material of Rudolphi’s,
did not base his description on the specimens from the type

Fig. 86.—Physaloptera alata. Tosterior end of male ; ventral view.
(After v. Linstow.)

host, and there is some ground for thinking that he was dealing
with a different species. This is unfortunate, since we are
compelled to rely upon other and much less complete
descriptions.

According to these, the male measures 17-23 mm. in length
and 0:6-0:65 mm. in maximum thickness, the female 19-
34 mm. and (0-8-0-9 mm. respectively. Each lip bears g
triangular external tooth and three smaller internal teeth,
The cesophagus occupies about one-fifth to one-quarter of
the total length, According to Li its anterior portion measures
0-51-0-59 mm. in length, and its posterior portion about
3-3-4 mm. The nerve-ring is situated somewhat behind
the middle of the anterior portion (at 0-35-0:45 mm. from the
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anteriot end, according to Li), the cervical papille at about
the level of the junction of the two portions, and the
excretory pore somewhat further back (at about 0-7-0-9 mm.
from the anterior end, according to Li).

The tail of the male appears to vary in length from about
0:65 mm. to 1 mm. The number and arrangement of the
caudal papille are indicated in fig. 85. The group of lateral
papille with Jong peduncles contains five pairs instead of the
usual four. Of the three papill# on the anterior lip of the
cloacal aperture, the median is smaller than the others. The
spicules are slender and equal or subequal. They appear
to vary considerably in length, measuring, according to
Seurat, 0-28 and 0-265 mm., and according to Li 0:54-0-59 mm.

The tail of the female is relatively long and tapering.
According to Seurat it is 1/21 of the total length, or according
to Li 0:45-0-7 mm. long. The vulva varies considerably
in position. According to Seurat it is situated at about the
anterior fifth of the body, according to Li 2:9-5 mm. and
according to Schneider 7 mm. from the anterior end (the
last in a specimen only 19 mm. long). Seurat describes
the vagina as a narrow, muscular ovejector, 1:5 mm. long.
The common trunk of the uterus forms an egg-chamber
much longer than wide, behind which there is a narrow portion,
0-3 mm. long, which divides to form the two uterine branches.
The ovarian tubes occupy the posterior region of the body.
The eggs measure (0-045-0:055 X 0-02-0-027 mm.*

5. Physaloptera varani Parona, 1889. (Fig. 86.)
Synonym :—Abreviata (Abbreviata) varani Schulz, 1927.

Hosts :—This species was described by Parona (1889, b)
from the stomach of the Indian monitor (Varanus monitor
[ = V.bengalensis]) at Palon, Pegu, Burma. A fuller description
of the worm has been given by Ortlepp (1923, a), whose
material was obtained, apparently in the Zoological Gardens,
London, from Varanus bengalensis from Ceylon and from
“ V. indicus ” T from India. v. Linstow (1904) records the
species I from V. bengalensis at Bolgoda, Ceylon, but gives
no description. Seurat (1917) has given a description of what
he considers to be P. varani, from various North African
reptiles, but the determination of the species appears to be

* v. Linstow, probably erroneously, gives 0-125 x 0078 mm.

t The true Varanus indicus is not an Indian species.

1 The writer has, through the courtesy of the Director of the Colombo
Museum, seen the material referred to by v. Linstow., This consists
of a single female, now in so darkened a condition that it was impossible
to make out the form of the uterus. The lips, however, aigeawd
to atﬁg;oo with those of F. varani, as no small denticles could seen
on them.
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open to doubt. Hsii and Hoeppli (1931) have also described,
under the name of P. varani, specimens from a snake (Zaocys
dhumnades) in China. Here, again, the determination seems
somewhat uncertain. The following description is, therefore,
derived from Parona and Ortlepp.

Parona gives no measurements of the worms. According
to Ortlepp the male measures 12-24 mm. in length and up
to 0-8 mm. in thickness, the female 17-35 mm. and 0-53—
I mm. respectively. The body tapers towards both extremi-
ties, and the cuticle has fine transverse striations. The lips
are relatively large. * Each is provided with a large external
tooth whose tip is slightly recurved ; attached to it on its
inner surface there is a small and membranous spike-like

Fig. 86 —Physaloptera varani. Posterior end of male ; ventral view.,
(After Ortlepp, in Proc. Zool, Soe.)

tooth, and on each side of it, towards the angles of the lips,
there is a small bifid tooth” (Ortlepp). The @sophagus
occupies about 1/6 of the total length. The nerve-ring
is situated about 0-08 mm. in front of, and the cervical
papille and excretory pore a short distance behind, the
junction of the two portions of the esophagus.

The caudal “ bursa ™ of the male is nearly twice as long
as broad. The tail, from Ortlepp’s figure, appears to be
about 125 mm, long. A considerable area of the ventral
surface, in the cloacal region, is covered with small cuticular
elevations. The caudal papille, according to Ortlepp, are
arranged as shown in fig. 86. Parona states that the median
preanal papilla is oval, the two outer papille round. He ajso
describes and figures only four instead of five pairs of sub-
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ventral» postanal papillee, having apparently missed one of
the two pairs immediately behind the cloacal aperture, while
he says that the three posterior pairs are equidistant, whereas
Ortlepp finds that the first two are close together and widely
separated from the last. According to Parona the spicules
are unequal and very long. Ortlepp finds that the left
spicule is filiform and 2-1 mm. long, the right * broad, with
almost parallel edges except for its posterior tenth,” and
0-342 mm. long. Both spicules are sharply pointed.

Parona states that the tail of the female is blunt and the
anus subterminal. According to Ortlepp the tail is pointed,
occupies 1/80 of the total length, and has a pair of ** caudal
pores ’ just behind its middle. The wvulva, according to
Parona, is situated at 4 mm. from the anterior end. According
to Ortlepp it is at the anterior quarter of the body. The
vagina, according to the latter author, passes gradually
into an egg-chamber, and this is followed by the common
uterine trunk, which returns anteriorly and divides dichoto-
mously to form four uterine branches. The eggs, according
to Parona, measure 0-042 % 0-028 mm. ; according to Ortlepp,
0:053 % 0-032 mm.

As Ortlepp observes, Parona’s description might apply
to many species of Physaloptera. P. varani is probably
a somewhat variable form, but it must be admitted that there
are a good many discrepancies between the two authors’
accounts of it, and it seems possible that they may not refer
to the same species.

6. Physaloptera paradoxa v. Linstow, 1908. (Fig. 87.)

Synpnyms‘ i—Leptosoma varani Monnig, 1924 ; Abreviata (Abbre-
wiata) paradora Schulz, 1927 ; ? Physaloptera achari Mirza, 1935.

Hosts :—This species was originally described by v. Linstow
(1908, a) from the stomach of Varanus albigularis and from
the intestine of Varanus sp. in South Africa. Ortlepp (1923, a)
and Ménnig (1924) have also described material from V. albi-
gularis, the latter assigning it to P. varani Parona. Seurat
(1914, b) has desecribed, under the name of P. paradoxa,
Algerian material from Varanus griseus. Cerastes cornutus
and a chamzleon. Later, however (1917), he assigns the
same material to P. varani Parona, and regards P. paradoxa
as a synonym of that species. Ortlepp does not accept

* Ortlepp considers that the speciez deseribed by Gedoelst (1916) as
P. affints from Psammophis sibilans in the Belgian Congo is identical
with P. paradora. Through the kindness of Dr. H. Schouteden, of the
Belgian Congo Museum, Tervueren, the writer has been able to examine
the types of Gedoelst's species, and finds that it is quite distinet from
the form described by Ortlepp as P. paradoza.
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this synonymy, but it is difficult to determine with which
species Seurat was actually dealing. Since he describes the
uterus as having four branches which originate at the same
level, it seems more probable that it was P. paradoxa than
P. varani.

There appear to be no Indian records* of P. paradoza, as
such, but Mirza (1934, @) records an unnamed species from
“ Varanus indicus.”” He states that he is unable to decide
whether it is P. varani or P. paradoxa, and from his description
it appears to show some of the characters of both species.
The uterus is described as branching dichotomously, as in
P. varani. On the other hand, the lips are armed with rows
of denticles in the manner described by Ortlepp for P. paradoxa
and not for P. varani. Moreover, Mirza has collected what

OSmm,

Fig. 87.—Physaloptera paradoxa. Posterior end of male ;
ventral view. (After Ortlepp, in Proc. Zool. Soc.)

he regards as the same species from a palm-squirrel (Funam-
bulus [Sciurus] palmarum), and his description is apparently
based on the material from both hosts. It is extremely
doubtful whether the same species would be found as an
adult in a monitor and in a squirrelf, and it appears likely,
therefore, that two species are here inextricably confused.

* Since this was written, specimens from Varanus monitor in
Hyderabad, received from Prof. B. K. Das, have been determined as
P. paradoza.

T It is also doubtful whether (as Mirza suggests) larval forms encap-
suled in the tissues of the squirrel could belong to the same species as
the adults in the stomach.
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Mirza §1935) further describes Physaloptera achari from the
stomach and intestine of Calotes versicolor in Hyderabad,
and here again the description appears insufficient to dis-
tinguish the species from P. paradoza. The following descrip-
tion is based on the above-mentioned accounts by v. Linstow,
Ortlepp and Monnig.

The male measures 14-23 mm. in length and 0-45-0-8 mm.
in maximum thickness, the female 18-37 mm. and 0-75-1 mm.
respectively. The cuticle has fine transverse striations.
The lips are relatively large. Each bears a large, wedge-
shaped external tooth, slightly curved outwards and having
a small, simple * internal tooth springing from its base. Near
the dorsal and ventral angles of the lip there are two bifid
teeth, and between these and the median tooth, and also
dorsally and ventrally to the bifid teeth, there are rows of
small marginal denticles on the inner surface of the lip. The
wsophagus is relatively short, occupying about 1/8 to 17
of the total length. The nerve-ring is near the hinder end
of its anterior portion. The cervical papill® and excretory
pore are situated behind the junction of the two portions
of the cesophagus, at 0-54-0-75 mm. from the anterior extremity.

The caudal ale of the male are well developed and wide
anteriorly. The ventral surface, over a consiglembl(-. area
surrounding the cloacal aperture, is covered with cuticular
elevations. These extend posteriorly for some distance
at the sides of the tail, but cease comparatively far forward
in the mid-ventral region. The lips of the cloacal aperture
are prominent. The tail is about 0-65-0-85 mm. long.
In addition to the usual four pairs of lateral pedunculate
papille, there are at least 13 ventral and subventral sessile
papillee. Three of these are in front of the cloacal aperture.
the two outer papille slightly in front of the median papilla,
Ortlepp describes five pairs of postanal sessile papille,
v. Linstow six and Ménnig seven pairs. v. Linstow figures
three instead of two pairs just behind the cloacal aperture,
forming a triangle on each side, while Ménnig appears
to have seen two extra pairs on the more posterior region
of the tail. Two pairs, at about the middle of the tail.
are close together (fig. 87). The left spicule is slender and
measures about 1:76-2-S mm. in length, or, according to
Monnig, 3-2 mm. The right spicule is stout, with a conical
point, and about 0-15-0-27 mm. long.

The tail of the female appears to vary between about
0:26 mm. and (-5 mm. in length, and bears a pair of papille
(or “caudal pores”) just behind its middle. The vulva,
_whioh is not prominent, is somewhat variable in position.
It may be as far back as the anterior third of the body, or as

* According to Monnig (1924) this tooth is trifid.
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far forward as the anterior quarter. The vagina is about
2 mm. long, and passes into an egg-chamber about 1-1:5 mm.
long, followed by a short and narrow common uterine trunk.
From the posterior end of this four uterine branches originate
at the same level, but their cavities, according to Ortlepp,
" arise by a double subdivision of the unpaired duct.”* The
eggs, according to v. Linstow, measure 0-039 x 0-031 mm., but
according to the other authors 0:05-0-052 x 0-:03-0-035 mm.

7. Physaloptera musculi Thwaite, 1927. (Fig. 88.)

Host :—" Domestic mouse *’ (intestine) ; Colombo, Ceylon.
The male measures 23-8-28 mm. in length and 0-9-1 mm.
in maximum thickness, the female 38-50 mm. and 1-5-
I-7 mm. respectively. The body is more tapering in front

Fig. 88 —Physaloptera musculi. A, anterior end, dorsal view ;
B, cloacal region of male, ventral view. (After Thwaite.)

than behind. * The cuticle, which is marked by very fine
fransverse striations, is somewhat inflated round the anterior
end of the worm. ... The inner face of each lip iz armed

* In a young specimen seen by the writer the branches originated
dichotomonsly.
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with a relatively large, median, external triangular tooth,
which does not project beyond the anterior border of the lip ;
a smaller median internal tooth is present. Kach lip, in
addition, is armed on its internal face, and on each side, with
three small teeth ; these are irregular in size and shape, and
occasionally only two appear to be present.” The total length
of the msophagus is 44-6-4 mm. Ifs anterior portion
measures 0-4-0-53 mm.

The tail of the male is about 1-8-2-2 mm. long. * Its
ventral surface is ornamented with small cuticilar elevations
arranged in longitudinal rows, giving it a scaly appearance.”
The ale are similarly ornamented. The papill® in the cloacal
region are arranged as shown in fig. 88, B. In addition to these
there are three pairs of papille, equally spaced, on the more
posterior portion of the tail. The left spicule is slender and
measures 1-42-1:83 mm. in length. The right spicule is
much stouter, tapers sharply to a point, and measures 0-344—
0-368 mm.

The tail of the female is short (about 0-6 mm.) and conical.
The cuticle of the posterior end is somewhat inflated. The
vulva is inconspicuous, and is situated near the posterior
end of the wsophagus, at a distance of 5-5-7 mm. from the
anterior extremity. The uterus is described as having at
least five branches, the common trunk giving off at first
two, which almost immediately subdivide, one into two and
the other into three branches. The eggs measure, on an
average, 0:051 X 0-032 mm.

8. Physaloptera spp.

The following larval or indeterminable forms of Physalo-
plera are recorded from India, Ceylon or Burma.

Parona (1889, b) records larval forms from an unnamed
snake in Burma (Carin Mountains). These were 25-53 mm.
long, and had mucronate tails. One of them was enclosed
m a connective-tissue capsule measuring 15x5 mm. No
other characters of diagnostic value are mentioned.

v. Linstow (1904) records two specimens of an undetermined
species of Physaloptera from the intestine of Calotes versicolor
at Colombo, Ceylon. He gives only the following details
concerning them :—" Length 126 to 13-6 mm. ; diameter 0-59
to 112 mm. ; lips with three conical projections, of which the
central is the highest and carries a tooth at its apex ; the
@sophagus is equal to 1/5:7 of the body length : the tail,
rounded behind, 1/16th of the entire length.”

Stewart (1914, a) records a larval form encysted in the wall
of the urinary bladder of Bufo stomaticus [=B. andersoni]
at Lucknow. One of the two specimens measured 1-739 mm.
in length and 01184 mm. in maximum thickness. Each
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lip carried a truncate (“ nipple-shaped ') apical tooth, A full
description of the morphology of these larva is given by
Stewart.

Baylis and Daubney (1922) record a single female specimen
of an undetermined species of Physaloptera from the stomach
of the Indian fox (Vulpes bengalensis).

The same authors record immature specimens of Physalo-
ptera, about 5-7 mm. in length. from the intestine of a
** raket bausi ' (Coluber sp.).

Rahimullah and Das (1933) record an undetermined species
of Physaloptera from Vipera russellii in the Deccan.

Karve (1938) records immature specimens of Physaloptera
encysted in the muscles of the dorsal body-wall of Hemi-
dactylus flaviviridis at Poona.

2. Genus THUBUNZEA Seurat, 1914.

Head not retractile within a cuticular collar. Lips sym-
metrical or asymmetrical. In the former case each lip is
armed with three teeth; in the latter case the smaller lip
only may be armed. A short pharynx present. A consider-
able area of the ventral surface of the caudal end of the male
is covered with small papilliform cuticular elevations. Among
these are the terminations of the true papille, which vary
considerably in number and are often asymmetrical. At
least three pairs are preanal. Spicules short, subequal,
usually feebly chitinized. Vulva towards the anterior end
of the body. Vagina and two parallel uterine branches run
posteriorly. Adult worms in the stomach or intestine of
lizards and snakes.

Genotype :—Thubunaa pudica Seurat, 1914.

1. Thubunzea dactyluris Karve, 1938, (Fig. 89.)
Synonym :—Thubunwa asymmetrica Patwardhan, 1935, nec Baylis,
1930.

Hosts :—Hemidactylus flaviviridis (stomach and intestine),
Nagpur, Central Provinces (Patwardhan) and Poona (Karve) ;
Calotes versicolor (stomach), Poona (Karve). :

Patwardhan (1935, b) briefly described spccxmens'of Thu-
bunza which he assigned to T. asymmetrica Baylis, 1930,
a species originally described from Mabuya maculilabris in
Africa (Uganda). Karve (1938) has given a fuller description
of what he regards as Patwardhan’s species, which he con-
siders distinct from 7'. asymmelrica and names T. dactyluris.
The characters differentiating this form from 7. asymmetrica
are very slight, and it seems possible that it may be no more
than a race or variety of the latter.
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_ Themale measures 6-8:7 mm. in length and about 0-19 mm.
in maximum thickness, the female 11-:5-19-4 mm. and 0-23-
0-31 mm. respectively. The lips are unequal, the left being

Iz, 89.—Thubunwa dactyluris, A, anterior end of female, doreal
view. C., cuticular collar; 0., cesophagus; Ph,, pharynx;
7', middle tooth. B, posterior end of male, ventral view.
R., cuticular ridge (confluent tubercles): S., left spicule.
(After Karve.)

smaller than the right, and each bears three papille. The left
lip is armed on its inner surface with three forwardly-directed
NEM. 11, M
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teeth, the middle tooth being stout and somewhat <curved
outwards, the other two teeth shorter and more slender.
Behind the bases of the lips there is a slight cuticular collar,
and just behind this a ring of papille, six of which are visible
in dorsal or ventral view, and four in lateral view. The
distance from the anterior extremity to the end of the pharynx
is about 0-024-0:034 mm. according to Karve, or 0:05 mm.
according to Patwardhan ; to the end of the anterior portion
of the esophagus about 0-26-0:35 mm. ; and to the end of the
entire @sophagus 2:06-3-55 mm. The nerve-ring is situated
at about 0-2-0-23 mm., the prominent cervical papille at
about (-2-0-24 mm., and the excretory pore at about 0-26-
(-3 mm., from the anterior extremity.

The male has ten pairs of caudal papille, of which four
pairs are preanal and six postanal. The tuberculated area
of the ventral surface stops short of the two most posterior
pairs. The left spicule measures 0-07-0-105 mm. in length,
the right 0:045-0-075 mm.

The tail of the female is conical and measures about
0-2 mm. in length. It bears a pair of papille at about
0-06-0:08 mm. from the tip. The vulva is situated at
3-3-9 mm. from the anterior end, according to Karve, or at
1-21 mm. according to Patwardhan. The muscular vagina
expands, at a distance of about 0-19 mm. behind the vulva,
into an egg-reservoir which measures about 0-38 mm. in length
and gives off the two uterine branches at its posterior end.
The eggs have thick shells and contain embryos when ready
for laying. They measure about 0-03-0:032 x 0-018-0-022 mm.
according to Karve, or 0:037X0:025 mm. according to Pat-
wardhan. 7

3. Genus PROLEPTUS Dujardin, 1845.

Synonyms :—Spiropterina v. Beneden, 1858 ; Coronilla v. Beneden,
1871 ; Histiocephalus Molin, 1860 (part).

Anterior end closely resembling that of Physaloptera ;
the head usually retractile within a cuticular collar. Each
lip armed with a median conical tooth, and sometimes with
other smaller teeth and denticles, on its inner surface.
Pharynx or buccal capsule absent. Caudal end of male
spiravlly coiled and provided with wide alm, not continuous
anteriorly, into which project eight to ten pairs of pedun-
culate papille, Spicules unequal. Vulva near the anus.
Uterine branches two, parallel.  Adult worms in the stomach
or intestine of fishes (chiefly Elasmobranchs). Larve en-
capsuled in Decapod Crustacea.

Genotype :i—Proleptus acutus Dujardin, 1845,
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1. Proleptus obtusus Dujardin, 1845. (Figs. 90 & 91.)

Synonyms :—Coronilla scillicola v, Beneden, 1871 ; Spiropterina
scillicola v. Linstow, 1901 ; Proleptus scillicola Lloyd, 1920 ;
? Spiropterina coronata v. Beneden, 1858 ; ? Proleptus coronatus

Yorke and Maplestone, 1926.

Hosts :—This species is very common in the stomach
and intestine of European dogfish (Seyllium catulus, S. canicula)
and has been recorded from unnamed *‘ sharks ” off the coast

Fig. 91.

Fig. 90.

Fig. 90.—Proleptus obtusus, Anterior ond. (After Lloyd, in Proc.
Zool. Soc.)
bt Posterior end of male ; ventral view.

Fig. 91.—Proleptus obtusus.
{(After Seurat.)

of South Africa. Shipley and Hornell (1906) record it from

Aétobatis marinari, and Taylor (1925, b) from Acanthias
vulgaris, off (Ceylon. The imperfectly-described species
M2
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Spiropterina coronata v. Beneden, which may be identical with
P. obtusus, is recorded from Secyllium canicula and from
Raja radians. The worms are commonly found with their
anterior ends * firmly attached to, or partly buried in, the
mucous membrane of the host.

The following description is derived from those given by
v. Linstow (1901, a), Seurat (1919, ), Lloyd (1920) and
Miiller (1925). The male measures about 32-38 mm. in
length and 0-55 mm. in maximum thickness, the female
about 32-69 mm. and 0-73-0:91 mm. respectively. The
body is somewhat tapering anteriorly. The lips are somewhat
rounded, and each carries a single conical tooth. In young
individuals there is an annular cuticular thickening just
behind the lips. In the adult the outer cuticle of this thickening
becomes separated from the underlying layer and forms
a prominent circular fold or collar which may be turned
back like an umbrella, or forward so as to surround the lips
like a cup. The sophagus measures about 3-6—4-9 mm.
in length in the male, and 3-7-6:9 mm. in the female. The
nerve-ring is situated at 0:4-0-65 mm., the cervical papill®
at 0-46-0-54 mm., and the excretory pore at 0:67-1-17 mm.
from the anterior extremity.

The tail of the male is about 1-1:76 mm. long. There are
wide caudal alz, about 2 mm. long, into which project eight
pairs of lateral pedunculate papille. Three of these are
preanal or adanal and five postanal. The anterior and
posterior of these papille on each side are isolated, while
the remainder form three pairs, one adanal and two postanal.
Seurat figures, in addition, a pair of subventral papille with
shorter peduncles, a little behind the cloacal aperture, and
a pair of small lateral papille (or ** caudal pores ') close to
the tip of the tail. The ventral surface of the body, for
some distance in front of the cloacal aperture, is covered
with elongate, quadrangular, cuticular elevations arranged
in longitudinal rows. The left spicule measures about
1:32-2-13 mm. in length, and is slender, transversely striated
and pointed. At about its distal third it carries a small
tubercle on its dorsal surface. Proximally this spicule con-
sists of a tubular shaft. Distally to the tubercle the shaft
becomes much narrower, and bears a pair of inflated ale
which are folded inwards over its ventral surface, for the greater
pert of their length, so as to form a tube. The right spicule
18 0:36-0-41 mm. long. It usually lies almost at right angles
to the longitudinal axis of the body, and is of a very

* Lloyd makes the curious statement that the worms, when attached,
are always attached by the tail-end.
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characteristic shape. Its proximal half is stout m}d of nearly
uniform thickness (about 40 ), but distally it is tapering.
Its tip is bent towards the left side, almost at right angles
to the main shaft, and appears to form a guide for the left
spicule. :

The tail of the female is about 0-4-0-7 mm. long, and is
constricted behind the anus to form a digitiform process,
which is bent towards the dorsal side. It has a small termmz:!
spike and bears, according to Seurat, a pair of ** caudal pores
at 0-042 mm. from its tip. The vulva is sitnated at about
0-89-1 mm. from the posterior extremity. The cuticle
surrounding it is often much inflated. The vagina is short,
and consists of a pyriform, muscular ovejector, about 0-35 mm.
long, and a narrower cylindrical portion of about the same
length. The unpaired trunk of the uterus is also very short.
The uterine branches run forward parallel to each other
as far as the anterior region of the intestine, and then turn
posteriorly. At their posterior ends they pass into short,
narrow oviducts which turn forward to join the anteriorly-
directed ovaries. The eggs have very thick shells measuring
about 0-047-0:052 x 0-029-0-037 mm.

Larval forms, possibly belonging to this species, have been
recorded from various crabs (Carcinus maenas, Portunus mar-
moratus [=P. depurator], Pagurus bernhardus, Hyas arancus').
Seurat (1919, a) suspects that an Amphipod of the Gammarid
family also serves as an intermediate host.

Subfamily THELAZIIN A& Baylis and Daubney, 1926.

Lips inconspicuous or absent. Dorsal and ventral cephalic
shields absent. A buceal capsule usually present, without
spiral or annular thickenings. Preanal papille of male
typically numerous. Accessory piece usually absent.

Key to Genera.

Cuticular annulations with prominent edges.
Buccal capsule relatively short ,........
Cuticular annulations not prominent. Buc-
cal capsule elongate and tubular, with an
expansion anteriorly ..... . . .. . .. . ..... 3.
1. Edges of annulations without spines . ... . . THELAZIA, p. 166.
Spines present on edges of annulations ... 2
2. Uterine branches opposed
Uterine branches parallel ., . . .....
3. Buceal capsule with longitudinal ribs in wall
of expanded anterior portion, and with
toeth anteriorly . .iu. i iioiiions RHABDOCHONA, P- 136'
Buccal capsule without ribs or teeth ... .. . QuasiTHELAZIA, P. 177

;PL\']TECIUS. p. 171
THYLACONEMA, p. 174
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1. Genus THELAZIA Bosc, 1819. .
Synonym :(—Thelazius Bosc, 1819,

Cuticle with relatively coarse transverse striations or
annulations, the posterior edges of which are usually prominent,
giving the body a serrated appearance in profile. A buccal
capsule present, of variable shape, but usually more or less
cup-shaped, and having its anterior edge cut into six festoons.
Tail of male short and blunt, without ale. Preanal papilla
numerous, frequently including an unpaired precloacal
papilla. Two to four pairs of postanal papille present.
Spicules unequal. Accessory piece absent. Tail of female
bluntly rounded. Vulva in anterior region of body. Uterine
branches parallel, running posteriorly. Female viviparous.
Adult worms in the lachrymal ducts or beneath the eyelids
of mammals (oceasionally in the aqueous humour of the eyes),
or under the nictitating membranes of birds.

Genotype :—Thelazia rhodesii (Desmarets, 1828).

Key to Species.
Outside diameter of buccal capsule greatest at

A o N e s R M O T St s L
Qutside diameter of buccal capsule greatest at its
middle or anteriorly . ...... it 24
1. Longer spicule of male 0-3 mm. or more in
length ; parasite of camels ................. leeset, p. 170.
Longer gpicule of male 0-2 mm. or less in length ;
parasite of Equide [and cattle (?)] .......... lacrymalis, p. 167
2. Longer spicule of male about 2 mm. in length ;
parasite of dog and man . ....... oL il callipada, p. 169.
Longer spicule of male less than 1 mm. in length ;
parasite of cattle and Equidme .............. rhodesii, p. 166.

1. Thelazia rhodesii (Desmarets, 1828) de Blainville, 1828.
(Fig. 92.)

Synonyms :—Thelasius rhodesii Desmarets, 1828 ; Thelazia rhodii
Gurlt, 1831 (part); Filaria lacrymalis Gurlt, 1831 (part);
Filaria bovis Baillet, 1858 ; Filaria palpebrarum Baillet, l§53;
Thelazia rhodesi Railliet and Henry, 1910 ; Thelazia floresiana
Smit and Noto-Soediro, 1930.

Hosts —This is a common parasite of the eyes of cattle
and buffaloes in many parts of the world. It has also been
recorded from the horse in the Island of Flores (Netherlands
East Indies). In India it has been recorded from cattle or
buffaloes in Bombay, Madras, Central Provinces, United
Provinces and Bengal, and there are specimens from Ceylon in
the British Museum (Natural History).

The male measures 7-3-14 mm. in length and 0-4-0-46 mm.
in maximum thickness, the female 12-21 mm. and about
0-47-0-5 mm. respectively. The annulations of the cuticle
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are prominent, and are at intervals of 12-22u. The buccal
capsule is short and wide, being widest near its anterior
end. It measures 16-22p in length "and 20-30z in width.
The cesophagus is about 0-47-0:65 mm. long. The nerve-
ring is situated at about 0-49-0-54 mm., and the prominent
cervical papille at about 0-63-0-77 mm., from the anterior
extremity.

The tail of the male is blunt and measures 0-078-0-092 mm.
in length. There are 12-14 pairs of preanal and two or three
pairs of postanal papille. The left spicule is about 0-62
093 mm. long, and is filiform, with a thickening at about
its anterior third. The right spicule is relatively stout and
measures about 0:1-0-15 mm. in length.

Fig, 92.—Thelazia rhodesii. Anterior end of female ; lateral view.
(After Baylis.)

The tail of the female iz about 0-08-0-:083 mm. long, and
is bluntly conical, with a small terminal spike. The vulva
is sitnated at about 0:9-1-2 mm. from the anterior end. The
embryos in ufero measure about 0-2 mm. in length and 3-7 ¢
in thickness.

2. Thelazia lacrymalis (Gurlt, 1831) Railliet and Henry, 1910.
(Fig. 93.)

Synonyms (—Filaria  lacrymalis Gurlt, 1831 (part); Thelazia
rhodii Gurlt, 1831 (part) ; Filaria mlpvbruliu Wilson, lS-‘-‘_.
nec Pace, 1866, nec Houghton, 1917 ;. Filaria lachrymalis Marehi.
1860 ; Filaria lacrimalis Moroni, 1864, nec Dubini, 18305
Spiroptera lackrymalis  Cobbold, 1874: Filaria lakrymalis
Schneidemithl, 1896 (part),

Hosts -—This is a widely-distributed parasite of the eyes
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of horses. 1t seems probable that the records of its occrrrence
in cattle by some authors (e. g. Gaiger, 1910) may have been
due to confusion with 7. rhodesii. It has been recorded from
horses in India by Lingard and by Gaiger, and a form which
was probably this species is recorded from Ceylon by Nicholls
and Crawford (1925).

The male measures 8-12 mm. in length and 0-3 mm. in
maximum thickness, the female 14-18 mm. and (according
to Nicholls and Crawford) 0:37 mm. respectively. The
cuticular annulations are prominent, and are 7p apart
according to Travossos (1918), or 20 p according to Nicholls
and Crawford. The buccal capsule is widest at its base,

wW |0

Fig. 93.—Thelazia lacrymalis. A, anterior end of male :
B, posterior end of male, lateral view. (After Travassos.)

and measures about 0-01 mm. in length and 0-021 mm. in
width. The @sophagus is about 0-3-0-4 mm. long. The
nerve-ring is situated at 0-2 mm. and the excretory pore
at about 0-28 mm. from the anterior end.

The tail of the male is bluntly conical and measures 0-07 mm.
in length. There are about 10-12 pairs of preanal and two
or three pairs of postanal papille. Both spicules are stout
and bear ale distally. The left spicule is 0:17-0-19 mm.
long, the right 0-13-0-14 mm.

The tail of the female is 0-07 mm. long, according to Nicholls
and Crawford. The vulva is situated at 0-56-0:98 mm,
from the anterior end.



THELAZIA. 169

3. Thelazia callipeeda Railliet and Henry, 1910. (Fig. 94.)
Synonyms :—Filaria palpebralis Houghton, 1917, nec Wilson,
1844 ; Filaria circumocularis Ward, 1918 ; ? Filaria palpebralis

Pace, 1866 ; ? Agamofilaria palpebralis Castellani and Chalmers,
1910.

Hosts :—This species was originally recorded from a dog
at Rawal Pindi, Punjab. It is reported to be common 1in

Fig, 04 —Thelazia callipada. A, anterior end, lateral view ;
B, posterior end of male, ventral view. (After Hsii.)

dogs in Burma (Evans and Rennie, 1910) and in China, where
several cases of human infestation have been recorded.

The original description has been largely supplemented
by Faust (1928) and by Hsii (1933). The male measures
about 4:5-13 mm. in length and 0-27-0:44 mm. in maximum
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thickness, the female about 6-25-17 mm. and 0-3-:8 mm.
respectively. The cuticle is rather finely striated, buf the
edges of the striations are prominent. The head bears an
inner circle of six small papille, and an outer circle consisting
of two lateral and two pairs each of subdorsal and subventral
papille. The buccal capsule measures about 0-:02-0:033 mm.
in length and 0-024-0-038 mm. in maximum width. It is
cup-shaped, the greatest diameter being in the middle of its
length, and the least at its posterior end. The cesophagus
is about 0:5-0-86 mm. long. The nerve-ring is situated at
about 0-27-0-47 mm. from the anterior extremity.

The tail of the male is blunt and measures 0:054-0-1 mm.
in length. There are, according to Hsii, from eight to ten
pairs of preanal and five pairs of postanal papillz. all of which
are subventral except the most posterior pair but one, which
is laterally situated. The left spicule measures about 1-87—
242 mm. in length, and has a pointed tip. The right spicule
is about 0-12-0-16 mm. long, and is alate, with a blunt tip.

The tail of the female is bluntly conical and measures
0:045-0:094 mm. in length. The vulva is situated at about
0-37-0-67 mm. from the anterior end. The vagina, according
to Faust, runs posteriorly for a distance of 1-4 mm. and then
expands into a bulb. From this the common trunk of the
uterus runs back for a distance of (-7 mm. before giving off
the uterine branches. The coils of the ovarian tubes extend
almost as far as the anus. The embryos in utero measure
about 0-4 mm. in length and 13-3-18 y in thickness. According
to Faust, the membranes in which they are enclosed swell
up after their deposition in isotonic fluids, forming a balloon-
like expansion at one end which causes them to float. They
can also resist desiccation for several days.

4. Thelazia leesei Railliet and Henry, 1910,
Synonym :—Thelazia leesi Neveu-Lemaire, 1912,

Host —This species occurs in the eyes of camels, and was
first found by Leese in the Punjab. Badanine (1938) has
recorded it from Turkmenia.

The male measures about 12 mm. in length and 0-21 mm.
in maximum thickness, the female 15-2] mm. and 0:4 mm.
respectively. The cuticle is relatively finely striated. T_hc
buccal capsule is narrowed gradually anteriorly, but its
walls are thickened posteriorly so as to reduce _the lumen.
In the female it measures, according to Badanine, 0:0125 mm.
in length and 0-025 mm. in width at the base. The cesophagus
is about 0:29 mm. long in the male and (-32-0-36 mm. in the
female. The nerve-ring is situated at about 0:2-0:2§ mm.
from the anterior end.
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The ‘male has at least 25 [pairs of ?] preanal papille. The
spicules measure respectively 0-34 mm. and 0-105 mm.

The tail of the female, according to Badanine, is 0:07 mm.
long. The vulva is situated at 0-425-0-44 mm. from the
anterior end, according to Railliet and Henry, or at 0-63 mm.
according to Badanine.

2. Genus SPINITECTUS Fourment, 1883.

Synonyms :—Goezia Zeder, 1800 (part); Liorhynchus Rudolphi,
1801 (part) ; Cochlus Zeder, 1803 (part).

Body armed with transverse rings, usually closer together
anteriorly, bearing backwardly-directed spines. Head re-
tractile, with inconspicuous lips. A short ecylindrical or
funnel-shaped buccal capsule present. Tail of male bluntly
rounded, with narrow ale. Caudal papille usually not more
than about ten pairs, of which four or five are preanal.
** Denticulate crests *’ sometimes present in front of the cloacal
aperture. Spicules usually very unequal. Vulva in the
middle or posterior region of the body. Uterine branches
opposed. Female oviparous. Eggs (in the genotype) with
polar filaments. Adult worms in the alimentary canal of
fishes.

Genotype :—Spinitectus oviflagellis Fourment, 1883.

Key to Species.
Male about 6 mm., female 9 mm. long ; both spicules

DR D B T e A S e R 1 indicus, p. 172.
Male less than 2 mm. long; female undescribed ;

spicules about (-4 mm. and 0-09 mm. long ..... minor, p. 171,
Male undescribed ; female less than 2 mm. long ... corti, p. 173.

1. Spinitectus minor (Stewart, 1914).

Sf";“‘.’;‘i\"" ==Spiroptera denticulata [Rud.] var. minor Stewart,

Host —Wallago attu (stomach) ; Lucknow.

This form was described by Stewart (1914, a) from two
male specimens only. It differs so greatly from the species
now known as Spinitectus inermis (Zeder, 1800), of which the
Liorhynchus denticulatus * of Rudolphi is considered a
synonym, that it is here treated as a distinet species.

The male measures 1-88 mm. in length and 0-068 [ 0:68 "]
mm. in maximum thickness. The body is thickened anteriorly,
and shows a series of prominent annulations, the edges of
which, in the anterior third of the body, are armed with
large spines, measuring up to about 0:024 mm. in length.

* —Spiroptera denticulata (Rud., 1809) v. Linstow, 1909.

-
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The first ring bears 26 spines, the second 22, and the third 20.
The distance between the rings decreases from 17 u anteriorly
to 7 p in the middle of the body. The mouth is at the apex
of a conical structure, and there appear to be no lips. There
is a tubular buccal capsule, about 0-03-0-048 mm. long. The
@sophagus extends to a distance of about 0-13-0-2 mm.
from the head end. It is *‘ broadest at its anterior extremity,
where it expands like the capital of a pillar, and decreases
steadily in its first third. The second two-thirds are uni-
formly cylindrical. Before joining the intestine it forms
one complete loop by curling upon itself.”” The nerve-ring
and excretory pore were not seen.

The tail is 0-059-0-068 mm. long. The caudal al® begin
at a distance of 0-277 mm. from the posterior extremity.
There are from four to six preanal and from five to six post-
anal papille on each side. The left spicule is about: 0-44 mm.
long, and has a * foot-shaped ”’ terminal portion measuring
0:015 mm. in length. The right spicule is pointed and about
0-08-0-094 mm. long.

2. Spinitectus indicus Verma and Agarwala, 1932, (Fig. 95.)

Hosts :—Siluroid fishes—Pseudotropius garua, Eulropiicthys
vacha (intestine, often attached to the wall and usually in
the hinder part) ; Allahabad.

The male measures, on an average, 6 mm. in length and
¢-11 mm. in maximum thickness, the female 9 mm. and
0-39 mm. respectively. The cuticle of the body bears more
than 150 spiny annulations, the anterior 20-30 of which
are conspicuous. The annulations grow less marked pos-
teriorly, and disappear near the anus. The distance between
them gradually increases posteriorly, but behind the anterior
third of the body they become almost equidistant. The
number of spines on each annulation is 22-28, and their
length is about 25 in the male and 235 in the female.
The mouth is “ bounded by four inconspicuous papille or
valves.” The buccal capsule is narrow and tubular, and
measures 0-3 [? 0-03] mm. in length. The csophagus is
1-5 mm. long, and is narrow anteriorly, but widens to a dm‘mcter
of 0-12 mm. near its posterior end. The nerve-ring, in the
female, is situated at 0-19 mm. from the anterior extremity.

The tail of the male is slightly bent, and measures 0-16 mm.
in length. There are nine pairs of caudal papill, of which
five are preanal and four postanal. They decrease in size
posteriorly. The spicules are said to be equal in length
(0-11 mm.) and similar in shape. * The anterior part is
rod-like and outwardly inclined, almost at right angles to the
main axis; but the main body is somewhat depressed and
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benrs_, ,n'.!)out. its middle, a minute tubercle along the outer
margin.

The tail of the female is 0-2-0-3 mm. long, and has a pointed
tip. The vulva is slightly in front of the middle of the body.
The vagina is a narrow muscular tube, running posteriorly
from the vulva. The uterine branches are reflexed, the
anterior branch doubly.

eimm.
olmm,

Fig. 95.—Spinitectus indicus. A, anterior end of male; B, posterior
end of male, lateral view. (After Verma and Agarwala.)

3. Spinitectus eorti Moorthy, 1938.

Host Z—-OP’!@O“P’IHIHS gachua (intestine) ; Chitaldrug Dis-
trict, Mysore State.

Of this species Moorthy (1938, a) obtained only females.
These measured 1:4-1'9 mm. in length and 0-14-0-18 mm.
in maximum thickness. The body tapers slightly towards
both ends, and bears 45-51 rings of prominent spines,
beginning at about 0-07 mm. from the anterior extremity.
The first two rings are closer together than the rest. The
number of spines increases from 22 in the first ring to about
30 in the rings near the middle of the body, and then decreases
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gradually to about six in those near the tail, which are not

complete circles. There is a short, funnel-shaped mouth,

leading into & narrow, tubular buccal capsule. The anterior

portion of the esophagus is 0-13-0-14 mm. long, the posterior

ortion 0-28-0:37 mm. The nerve-ring is situated at (-12—

0-14 mm. from the anterior extremity, and the excretory
re at the level of the fourth ring of spines.

The tail is 0:1-0-13 mm. long, and bears a pair of caudal
pupillze not far from its tip, which may be acute or rounded.
Spines may or may not extend to the tip. The vulva is situated
in the posterior third of the body, at 1-23-1:6 mm. from the
anterior end. The muscular vagina runs forward for a dis-
tance of about 0:-18 mm. from it, and the uterine branches
extend anteriorly to the middle of the posterior portion of
the csophagus. The eggs measure 0:028-0-031 x 0-016-
0:018 mm., and are said to be without polar filaments.

3. Genus THYLACONEMA Chandler, 1929,

Cuticle (in female) with coarse annulations, the edges of
which are armed with numerous backwardly-directed spines.
Buccal capsule with a wide, cup-shaped anterior portion and
a narrow posterior portion. [Male * with broad caudal ala
and several pairs of pedunculate preanal and postanal papille.
Spicules unequal, both relatively long and slender. An
accessory piece present.] Vulva in the esophageal region.
Uterine branches parallel. Adult worms in the peritoneal
cavity of birds.

Genotype —Thylaconema sigmura Chandler, 1929,

1. Thylaconema sigmura Chandler, 1929. (Fig. 96.)

Host :—Argus pheasant (Argusianus argus) (pcritoneal
cavity) ; Zoological Gardens, Caleutta,

The female measures about 15 mm. in length and 0-4 mm.
in maximum thickness. The diameter of the head is about
0:065 mm. The cuticular annulations are about 12 p apart
in the cesophageal region, the interval increasing to 25-30 p
in the posterior part of the body. They are armed with
small spines, which are most marked in the anterior half
of the body. The anterior portion of the buccal capsule
measures about 0:025 mm. in width and 0:015 mm. in depth.
The csophagus is about 0-88 mm. long, and has an
almost uniform diameter of about 0-055 mm. The nerve-
ring is situated at about 0-45 mm. from the anterior end.

* The male specimen described by Chandler was incomplete, and
he expresses some doubt as to whether it belonged to the same genus

and species as the female.
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The infestine is of the same diameter as the cesophagus,
from which it is very indistinctly marked off.

The posterior end of the body is curved S-wise. The tail
is curved ventrally, finger-like and almost cylindrical, with
a blunt tip, and measures 0-155 mm. in length. The anus

Soo M

Fig. 96.—Thylaconema sigmura. Anterior end of female ;
lateral view, (After Chandler.)

and vulva are somewhat prominent. The latter is situated
at 0-30 mm. from the anterior extremity. The vagina forms
an elongate sac, about 1-4 mm. long and widening gradually
to a diameter of 0:155 mm. posteriorly. The common trunk
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of the uterus is very short and about 0:035 mm. in diameter.
The uterine branches narrow suddenly in the posterior region
of the body, and end in slightly coiled ovaries.

[The single male seen by Chandler was without its anterior
end, and it could not, therefore, be determined whether it
belonged to the same species, or even genus, as the female.
Its characters, as described and figured, seem suggestive
of Habronema rather than of a member of the Thelaziinz,
especially as regards the caudal ale, papille, spicules and
accessory piece. The maximum thickness of this specimen
is 027 mm. The tail is 0-175 mm. long. The caudal ale
form a spoon-shaped structure measuring 0-4 mm. in length
and about 0-3 mm. in width, marked with fine striations.
There are two pairs of lateral preanal papille with long
peduncles, an adanal pair and two postanal pairs of similar
papillze, and three or possibly four pairs of smaller papille
near the tip of the tail. The longer spicule, which is apparently
that of the right side, measures 1-35 mm. in length, the shorter
0:59 mm. The ‘accessory piece consists of * two convergent
chitinized bars connected by a delicate membrane.”]

4. GGenus RHABDOCHONA Railliet, 1916.
Synonyms :—Dispharagus Dujardin, 1845 (part): Ii_is!-{orlplfall(.v
Diesing, 1851 (part); Pseudancyracanthus Skrjabin, 1923
(part) ; ? lehthyospirura Skrjabin, 1917,

Lips small. Buccal capsule funnel-shaped anteriorly, and
supported in this region by longitudinal ribs, which project
as teeth anteriorly. Tail of male conical, without ala.
Numerous preanal and five or six pairs of postanal papille
present. Spicules unequal. Vulva in middle region of
body. Uterine branches opposed. Adult worms usually
in the intestine of freshwater fishes.

Genotype :—Rhabdochona denudata (Dujardin, 1845).

1. Rhabdochona uca Pearse, 1932.

Host -—Fiddler crab (Uca manii) (intestine) ; Port Canning.

This species is tentatively assigned by Pearse to the genus
Rhabdochona. The male is unknown. The following is
Pearse’s description :—

“ Body length of female: 12 mm.; width, 0:03 mm.
Lips with three teeth; buccal cavity supported by eight
longitudinal thickenings ; muscular cesophagus, 024 mm.
long ; glandular msophagus, 0222 mm. long. Tail: 0-14 mm.
long ; tapering, obtuse. Uteri apparently opposed ; anterior
one showing eggs increasing in size posteriorly : vulva near
middle of body.”
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5. Genus QUASITHELAZIA Maplestone, 1932 *.

Conical lips present, surmounted by cuticular caps. Buccal
capsule elongate, thick-walled, cylindrical, but expanded
dorso-ventrally in front. Male with well-developed caudal
ale and numerous small caudal papillz. Spicules unequal
and dissimilar. Accessory piece absent. Female undescribed.
Adult worms in the gizzard of birds.

Genotype —Quasithelazia tenuis Maplestone, 1932.

1. Quasithelazia tenuis Maplestone, 1932. (Fig. 97.)
Host :—Kingfisher (Halcyon [Ceryle] smyrnensis) (gizzard) ;
Zoological Gardens, Calcutta.

o.0s mm

Fig. 97.—Quasithelazia tenuis. A, anterior end ; B, posterior end
of male, ventro-lateral view. (After Maplestone.)

This species is known only from a single male specimen.

* The systematic position of this genus is very doubtful. Maplestone
places it in the Schistorophine of Travasszos, 1918, a group which
18 itself of doubtful status. He points out, at the same time, that the
genus has resemblances both to the Acuariine and to the Thelaziine.
1t is here placed provisionally in the latter group.

NEM. II. N




178 SPIRURID.E,

This measured 848 mm. in length and 0:12 mm. in maximum
thickness. The length of the buccal capsule was 0-16 mm.,
that of the anterior portion of the cesophagus 0:396 mm.,
and that of its posterior portion 0-931 mm. Between the
buccal capsule and the cesophagus ° there is a swollen,
slightly lobate structure, which is probably glandular in
function.”

The caudal end is curved ventrally. The tail is 0-1 mm.
long. There are twelve pairs of preanal and four pairs of
postanal papille. The papille are said to be pedunculate,
but Maplestone’s figure does not indicate this. The spicules
measure 0:54 mm. and 0-11 mm. in length respectively.

Subfamily RICTULARIINA Hall, 1913 *.

Lips absent. Mouth subterminal, opening dorsally by
a transversely elongated aperture bordered with small
denticles. A small, well-chitinized buccal capsule present,
armed at its base with teeth or spines. Cuticle of body
armed with two longitudinal subventral rows of large,
flattened, comb-like spines, at least in the anterior region,
the spines becoming scarcer and smaller posteriorly. (Eso-
phagus gimple and club-shaped. Caudal end of male conical,
with or without somewhat bursa-like ale. Several pairs
of preanal and postanal papille present. Spicules short,
equal or subequal. An accessory piece present. Vulva
near the posterior end of the esophagus. Uterine branches
parallel, running posteriorly. Females oviparous. Eggs con-
tain embryos when laid. Adult worms in the small intestine
of carnivores, bats and rodents.

1. Genus RICTULARIA Frilich, 1802,

Synonyms —Ophiostoma  Rudolphi, 1801 (part): Ophiostomun
Creplin, 1839 (part) ; Laphyctes Dujardin, 1845 ; Pterygodermats
ftes Wedl, 1861 ; Diserratosomus Mirza, 1933,

With the characters of the subfamily.
xenotype :— Rictularia eristata Frolich, 1802,

* Hall (1913) regarded Rictwlaria as belonging to the Strongyloidea,
and placed it, with Rictularioides, in a subfamily of the Metastrongylidze,
There can be no doubt, however, of its Spirurid affinities. Baylis
and Daubney (1926) placed it in an appendix to the Thelaziinw, while
Yorke and Maplestone (1926) adopted the family Rictulariide of
Railliet, which they placed among the Spirurcidea. The writer iy
unable to accept the family Rictulariidm as a natural group, but feels
that the peculiar characters of Rictularia mark it off quite distinetly
from the Thelaziine. Hall's subfamily is therefore ’rotmmvd in a re-
stricted sense, redefined 2o as to include only Rictularia, and transferred
to an entirely different position in the system,
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Key to Species.
Parasite of carnivores ......... ... ... . 0 . cahirensis, p- 179,
Parasite of sqUirrel. .. covvve it i e e elviras, p- 181,

1. Rictularia cahirensis Jagerskisld, 1904. (Figs. 98 & 99.)

Hosts :—This is a parasite of cats and dogs. It was
originally recorded from Egypt by Jigerskisld, and is known
to oceur also in Turkestan, Bokhara and Armenia (Massino,
1925). Vevers (1923) has recorded it from the South American
Azara’s fox (Canis azar@®) in the London Zoological Gardens.
In India it has been recorded from a civet (Viverricula malac-
censis) by Baylis and Daubney (1923, p).

FEM

cahirensis.  Antarior end ; lateral view.

Fig: 98.—Rictudars® “Baylis, after Jiigerskisld.)

(From

The male measures _ﬁb(’“t' 37-6:8 mm. in length and
0:18-0-38 mm. in masimum thickness, the female about
8-8-19-6 mm. and 024046 mm. respectively. The male
has 95 or 96 pairs of subventral * combs,” extending almost
as far as the cloacal aperture. The last two pairs are larger
than the others. The female has 46-52 pairs of prevulvar
% combs *’ and 78-87 pairs of postvulvar “ combs " or spines,
extending to within 1-2-2 mm. of the posterior end. The
male has, in addition, & TOW of seven or eight mid-ventral
“ combs ”* or ““fans ” in front of the cloacal aperture. The
cuticle, according to Jagerskiold, is thickened dorsally for
a short distance behind the head-end. According to Massino
there is a dorsal ala, beginning a little behind the anterior
end and extending throughout the anterior third of the

N2
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a@sophageal region. The mouth is bordered internaly with
conical denticles, except on the ventral side. The buccal
capsule has a maximum width (at its base) of 0-048 mm.
dorso-ventrally, or 0-042 mm. laterally. Its floor is flat
or slightly convex. The ventral wall of the capsule is more
than twice as long as the dorsal wall. A large dorsal and
two smaller subventral teeth project forward into the capsule
from its floor. The dorsal tooth, according to Jagerskiold,
has a large median cusp and two very small accessory cusps.
The @sophagus is 0-95-1-71 mm. long in the male, and
2_3.71 mm. in the female. Its wider posterior portion is
about six times as long as the narrower anterior portion.

Fig. 99.—Rictularia cahirensis. Posterior end of male ;
ventral view. (After Massino.)

The nerve-ring is situated at about the middle of the anterior
rtion, and the cervical papille a little behind the junction
of the two portions and at the level of the twelfth pair of
“ combs "’ (at about 0-21 mm. from the anterior end in the
male, or 0-37-0-68 mm. in the female). The excretory pore
is about half-way between the nerve-ring and the junction
of the two parts of the @sophagus (at about 0-1 mm. from the
anterior end in the male, or 0-24-0-29 mm. in the female).
The tail of the male is about 0-13-0-24 mm. long. There
are two pairs of caudal al®, the anterior pair large and
longitudinally striated, the posterior pair smaller and bordering
the tip of the tail. There are ten pairs of caudal papille,
of which three are preanal and seven postanal. They are
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arranged, according to Massino, as shown in fig. 99. According
to Jigerskiold the most anterior pair, like the two following
pairs, have long peduncles. According to Massino thgy are
sessile. The cloacal aperture is situated on a prominence
covered with minute spine-like elevations. The spicules
are equal and measure about 0:17-0-19 mm. in length. '];he}'
have rounded roots and pointed tips. The accessory piece,
according to Massino, is slipper-shaped.

The tail of the female is about 0-14-0-2 mm. long, and ends
in a small spike, near the base of which there is a pair of very
small papille. The vulva is situated at about 2-2-3-9 mm.
from the anterior extremity. The vagina runs posteriorly
and, after a course of about 0-4 mm., gives off the two uterme
branches. The eggs measure about 0-039-0-043 X 0-026-

0-034 mm.

2. Rictularia elviree Parona, 1889. (Fig. 100.)

Host :—Red-cheeked squirrel (Dremomys [Sciurus] rufigenis)
(intestine) ; Mt. Mooleyit, Dana Mts., Tenasserim.

Of this species the male is unknown. The female measures
39-47 mm. in length and 1:25 mm. in thickness. According

Fig. 100.—Rictularia elvirae, A, antorior end of female, dorsal v_iewf:
B, anterior extremity of female, dorsal view. more highly
magnified. (After Parona.)

to Parona (1889, b) there are 19 pairs of small spines in the
cervical region, followed, after a short interval, by a secon

series of 32 pairs, increasing in size and becoming more “’idel.\'
separated posteriorly, and extending to within 8-5 mm. of the:
posterior extremity. According to Jagerskiold (1909), how-
ever, who re-examined the type-specimens but adds nothing
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else to the original description, there are 26 [pairs of] ** combs ™
and 32 [pairs of ] spines. The mouth has a transverse diameter
of 0014 [70-14] mm., and has three projections on its
anterior and three on its posterior border. Within the buccal
capsule there are also two rounded papilliform projections.
The @sophagus is short and is said to measure **(0-021
[? 0-21] mm. in thickness. There is a pair of lateral cervical
ale, beginning a short distance from the anterior end and
measuring about 1-5 mm. in length. The cervical papille
are situated at about the anterior third of the ale.

The vulva is situated between the first and second series
of ** combs *’ or spines. The eggs measure 0-056 X 0:028 mm.

3. Rictularia sp.

Baylis and Daubney (1922) record a single female specimen
of an undetermined species of Rictularia from the intestine
of a palm-civet (Paradoxurus hermaphroditus bondar) caught
in the Museum compound, Calcutta.

4. Rictularia sp.
Synonym :—Diserratosomus mungoosii Mirza, 1933,

Host :—Mongoose (Herpestes mungo) (intestine) ; India.

Mirza (1933) describes a specimen which was evidently
the anterior portion of a Rictularia. This fragment measured
8-9 mm. in length and 0-253 mm. in maximum thickness, and
showed 42 pairs of ** combs ”’ or spines.

Rictularia sp.

Rahimullah and Das (1933) record three female specimens
of an undetermined species of Rictularia from the intestine
of a Russell’s viper (Vipera russellii) in the Deccan. These
were probably ‘* pseudoparasites  derived from some animal
swallowed by the snake.

SPIRURIDE OF UNCERTAIN POSITION.
(““ Spiroptera, ™ sens. lat.)

Vnder this heading are placed certain species which have
not been described in sufficient detail to enable t‘helr systematio
position to be determined. The name Spiroplera .(sem:m
stricto) is a synonym of Acuaria, and is therefore invalid
as a generic name. It may, however, conveniently be .usefl,
as it has been used by many authors, to designate any Spirurid
of uncertain status.
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1. ** Spiroptera ” feal Stossich, 1897.

Host —Hawk-owl (Ninoz scutulata) (orbital cavity) ; Bhamo,
Burma. oy

This species was erected by Stossich for a worm described
under the name of ** Spiroptera sp.” by Parona (1889, b).
According to Parona, the single female specimen examined
by him measured 16 mm. in length and 1 mm. in thickness.
The head had a rounded outline and two conical papilla,
measuring (-018 mm. in length. The tail was very blunt,
with a short prominence but without a terminal spike.

2. * Spiroptera” friangulum v. Linstow, 1904.
l Host :—Calotes ophiomachus (body-cavity) ; (Colombo, Cey-
on,
Of this species the type-specimen does not appear to
be available in the Colombo Museum. v. Linstow (1904)
describes the worm as follows :—
“One male specimen, 41 mm. long, 0-51 mm. broa.d;
cuticula annulate : at the junction of cesophagus and intestine
there is a deep circular constriction of the body wall. X
“The head is rounded, and presents on each side a trian-
gular mark with a small papilla at the apex; the mouth
leads into a small vestibule ; the spicula (cirri) are sub-{:qual
and measure 0-41 mm.; they are attenuated and point
at the end, and show externally a reticulate design: the
@sophagus is equal to 7.17, the tail to I]z‘ﬂ of the entire length :
the tail is flattened dorsally ; on each side of it are four
pra-anal and two post-anal papille ; the former increase
in size from before backwards, and the first post-anal papill®
are finger-shaped.”
The figure given by v. Linstow of the posterior end is some=
what suggestive of Stromgyluris, though from the description
it does not appear possible to identify the worm with S. calolis
Baylis and Daubney, 1923 (see vol. i, p. 145). In any €asé
1t is probably not a Spirurid.

3. * Spiroptera ” secretoria v. Linstow, 1906.

Host :—Indian darter (Anhinga [Plotus] melanogaster )
(cesophagus and stomach) ; Wirawila, Ceylon.

The type-specimens of this species do not appear to be
available in the Colombo Muscum. v. Linstow’s (1906 d)
description ig as follows :—
~ " Dimensions up to 32x1-6 [mm.], but all specimens
immature ; both ends strongly attenuated ; cuticle annulate ;
some are larvae in process of exuviation. At the heac &
dorsally placed obtusely conical papilla; in a circle behin
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this are six roundish papille, and behind these in the sub-
median lines four truncate papille with a very small one at
the inner side. Alongside the esophagus runs a long gland
containing a long granular secretion often projecting through
the orifice which lies close behind the papille. Tail short
with small finger-shaped appendix: lateral lines strongly
developed, one-fifth of the diameter of the body, enclosing
a lateral canal.”

Apart from the prominent cone projecting anteriorly,
v. Linstow’s figure of the head of this species is somewhat
suggestive of Habronema.

4. ““ Spiroptera ” spp.

v. Linstow (1904) mentions under the name of * Spiroptera
spec. ! 7 an immature form from the peritoneum of Bufo
melanostictus at Colombo, Ceylon. This measured 35 mm.
in length and 1-18 mm. in thickness.

Undetermined species of *“ Spiroptera ™" are also mentioned.
without description, by v. Linstow (1906, d) from the intestine
of the long-tailed robin (Kittacincla malabarica [=Cittacincla
macroura]) at Nedunkeni:; from the wsophagus of Pawo
cristatus at Buttuwa ; and from the peritoneum of Funambulus
[Sciurus] palmarum at Colombo, all these localities being
in Ceylon.

4. Family GNATHOSTOMIDZE Railliet,
1895.

Lips large, trilobed, having the cuticle of their inner surfaces
thickened and usually raised into longitudinal tooth-like
ridges which meet or interlock with those of the opposite
lip. No pharynx or buccal capsule. The vagina runs forward
from the vulva. Uterine branches two or four. Females
oviparous. Eggs with thin shells, ornamented with fine
granulations. Adult worms in the alimentary canal of
vertebrates, usually attached to or burrowing in its walls.

Subfamily GNATHOSTOMINAE Baylis and Lane, 1920,

vips followed by a cuticular head-bulb provided either
with prominent transverse striations or with transverse
rows of backwardly-directed hooks, and containing foup
membranous submedian *“ ballonets,” the cavity of each of
which is in communication with one of four elongated, blind
cervical sacs which run back parallel to the wsophagus,
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Key to Genera.

Head-bulb not armed with hooks ...... TANQUA, p- 198.

Head-bulb armed with rows of hooks ... 1. ;
1. Body unarmed . ., ECHINOCEPHALUS, p. 191.
(NATHOSTOMA, p. 185,

1. Genus GNATHOSTOMA Owen, 1836.

Synonyms :—Cheiracanthus Diesing, 1838 ; Cheiranthus v. Linstow,
1893 ;  Cheiriacanthus Schneidemihl, 1896: Gnathostomum
Mitter, 1912,

Head-bulb armed with transverse rows of hooks, and
showing no external evidence of the presence of the ** ballon-
ets.” No cuticular collar behind the head-bulb. Body armed
with numerous transverse rows of bnckwardly-c}irected
cuticular spines. Anteriorly these spines are scale-like and
have their free edges denticulate : posteriorly they become
gradually less subdivided and ultimately simple. Caudal
end of male with slight ale. Four pairs of large latcj.ral
papille and two or more pairs of small snb\'ent-»ml papille
present. Spicules unequal. Vulva behind the middle of the
body. Uterine branches two. Adult worms in the stomach-
wall of mammals,

Genotype :—Gnathostoma spinigerum Owen, 1836.

Key to Species.
Spines present only on the anterior two- -
thirdsof the body .............c.oveveeen spinigerwm, p. 185.
Spines present throughout the body ........ 1.

1. Longer spicule of male less than 1:5 mm. long ;
shorter spicule up to 04 mm.; eggs with
wart-like cap at one pole .. ..........0...

Longer spicule of male more than 1:5 mm.
long ; shorter spicule 0:6-0:7 mm.; eggs
with wart-like caps at both poles ......... doloresi, p. 190,

hispiduom, p. 188.

1. Gnathostoma spinigerum Owen, 1836. (Figs. 101 & 102.)

Synonyms :—Cheiracanthus robustus Diesing (1838) 1839 ; Cheir-
acanthus socialis Leidy, 1859 ; Filaria radula Schneider, 1866 :
Cheiracanthus siamensis Levinsen, 1889 : Gnathostoma paronai
Porta, 1908 ; Guathostomum spinigerum Mitter, 1912,

Hosts :—The normal hosts of the adults of this species are
carnivores of the families Felida, Canide and Mustelide. It
has been recorded from many oriental countries, from Noith
and South America and from Australia. Its Indian hosts
include the tiger, leopard and domestic cat. Thwaite (1927)
records it from ** Felis tigrinum ™ * at Colombo, Ceylon, and

* Felis tigrina iz a South American species, and is not indigenous
to Ceylon.
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there are specimens in the British Museum (Natural History)
from a dog from Rangoon, Burma. Immature forms, probably
belonging to this species, have been recorded on several
occasions as accidental parasites of man in Siam, the Malay
States, China and Japan, while Maplestone (1929, e) records
a similar case in India *. The parasite has, in these human
cases, been found in the subcutaneous tissue, sometimes in
tumours or abscesses. In its final hosts the worm burrows
in the wall of the stomach, where it causes the formation
of dense tumours. These may ultimately open into the
abdominal cavity, and the death of the host from peritonitis
not infrequently results. Each tumour may contain one or
several worms. Chandler (1925, b) found such tumours fully
formed in eleven out of thirty-five cats examined in Calcutta
between August and November, but none in 156 cats examined
from November to February. From January to April only
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Fig. 101.—Gnathostoma spinigerum. Anterior end; dorsal view.
A.b., head-bulb ; 2, lip; s., spines on body ; s.n.p., sub-
median papilla, (After Baylis and Lane, in Proc. Zool. Soc.)

immature worms, as a rule, were found, and these were usually
burrowing in the liver, peritoneum, mesentery or diaphragm.
Chandler concludes that the incidence of the parasite in cats is
seasonal, and that it is ** consistently lethal ** to them.

The male measures about 10-25 mm. in length and 1-1-9 mm.
in maximum thickness, the female 9-31 mm. and 1-2-5 mm.
respectively. The lips have a dorso-ventral diameter of
0-13-0-25 mm. The cuticular lining of the inner aspect of
each lobe of the lips is thickened to form a longitudinal ridge
which meets its fellow of the opposite side. The head-bulb

s Maplestone suggests that the worm in this case was not . spini-
gerum but a different species. It does not seem clear from his des-
cription, however, that it differed specifically from the forms from man
described by other authors, or from the larve found in snakes and
other vertebrate intermediate hosts. A constant feature of these
larvwe is that the head-bulb bears only four rows of hooks, while the
development and distribution of the body-spines appear to vary,
probably with the age of the larvee,
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has a transverse diameter of about 0-45-0-6 mm., and bears
fronL six to eleven rows of hooks. These measure 0-015-
0025 mm. in length. The body is covered for about the
anterior two-thirds of its length with flattened spines, the
more anterior of which end in three or four denticulations.
In ‘the wsophageal region the spines have three points, of
which the median is usually longer than the others. Behind
the esophagus the spines ‘becm;:;e two-pointed, and towards
the middle of the body single-pointed. The more posterior
spines become gradually shorter, so that they are ultimately
reduced to mere points protruding beyond the striations O
the cuticle. The wsophagus extends to a distance of about
3:1-4 mm. from the anterior extremity, and the cervical
sacs to 1:8-2 mm. The nerve-ring is situated at about
0:5 mm., and the cervical papille at 0:7-0-75 mm., from the
anterior end.

0-3mm,

ventral

Fig. 102.—Gnathostoma spinigerum. Posterior end of male; h
f the

view. (On the left-hand side of the drawing most ©
spines have been omitted.) (After Baylis and Lane
in Proc. Zool. Soc.) 3

The caudal end of the male is surrounded by an alar expan-
sion, and the ventral surface in the alar region is cOVErt™
except for a Y-shaped central area, with transverse rows ¢
small spines. The cloacal aperture is situated at the fork
of the * Y. The tail is about 0-22 mm. long, and ends in &
blunt, papi]ln-like process which does not project be_vond the
alar expansion. The four pairs of large lateral papille have
swollen peduncles. Two pairs are preanal and two postanal.
The most posterior papilla on each side is the smallest. Near
the bases of this and the next pair there are two pairs of small,
sessile, subventral papille. The left spicule measures about
1:1-2:6 mm. in length, the right 0-4-0-8 mm. The former is
somewhat narrowed in its middle third, while the latter is
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narrowed for the greater part of its distal half. The left
spicule ends in a small hyaline knob.

The tail of the female is blunt and measures about 0-15 mm.
in length. It bears a pair of large lateral papille. The vulva
is situated at 48 mm. from the posterior end. The muscular
vagina runs in a generally anterior direction from it, and
is very long, extending as far as the posterior end of the ceso-
phagus, where it turns posteriorly again. The eggs measure
up to 0:06<0:035 mm.* Their shells are provided with a
thin cap at one pole.

From the researches of Prommas and Daengsvang (1933,
1936, 1937), Yoshida (1934), Africa, Refuerzo and Garcia
(1936, @ & b) and Yoshida, Onohara and Tomiha (1936) it
appears that the life-history of G. spinigerum involves two
intermediate hosts, the first of which is a Copepod crustacean
(Cyclops), the second a freshwater fish, frog or snake. Clarias
magur [=C. batrachus] and Ophiocephalus striatus, both Indian
fishes, were infected experimentally by Prommas and Daengs-
vang, who were also able to infect cats by feeding them with
these fishes. Glossogobius givrus, Therapon argenteus, the gold-
fish, the ““ green frog ” and a snake (Hurria rhynchops) are among
the second intermediate hosts recorded by the other authors
in the Philippines and Japan. Chandler (1925, ¢) found larval
forms of Gnathostoma encysted in the mesentery of snakes
(Python reticulatus, Naja hannah [=N. bungarus], N. tri-
pudians) in the Zoological Gardens, Calcutta, These larve
underwent some development in experimentally-infected cats,
but no fully adult worms appear to have been recovered.
Chandler therefore did not attribute the larvae definitely to
G. spinigerum, but expressed the opinion that they were
identical with G. pelecan: (Chatin, 1874), a larval form recorded
from the pelican. In the light of more recent work, however,
it seems not improbable that they were larva of (. spinigerum.
The same observation applies to a larva described by Pearse
(1932) from a cyst in the mesentery of Saccobranchus fossilis
at Calcutta.

2. Gnathostoma hispidum Fedchenko, 1872. (Fig. 103.)

Synonyms :—Gnathostoma hispidum suis Csokor, 1882 ; _(—"‘?i"
acanthus hispidus Csokor, 1882 ; Cheiranthus lispidus v. Linstow,
1893 ; Gnathostoma hispidium Bhalerao, 1935,

Hosts :—This species was originally described by Fedchenko
from the wild boar (Sus scrofa ferus) in Turkestan and from
the domestic pig in Hungary. It was subsequently recorded
from pigs in Hungary and Rumania, and redescribed, by

* Tang (1936) gives the dimensions of the eggs as 0:0591-(0-0862
> 0-0422-0:0455 man,
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Csokor (1882), v. Linstow (1893), v. Ratz (1900), and Ciurea
(1911, b). It has also been found in swine in Austria, French
Indo-China, India and China, and there are specimens in the
British Museum (Natural History) from a wild boar (Sus
cristatus) from Ceylon. This parasite, like @. spinigerum,
burrows in the wall of the stomach of its normal hosts, causing
the formation of cavities containing blood-stained fluid.
Immature specimens attributed to this species have occasion-
ally been recorded as “* erratic *’ parasites in the subcutaneous
tissue of man in China and Japan.

The male measures about 15-25 mm. in length and 1-2-
2 mm. in maximum thickness, the female about 22-45 mm.
and 1-8-2:5 mm. respectively. In the fresh condition the
anterior portion of the body is blood-red. The head-bulb
measures up to 0-75 mm. in transverse diameter, and bears
from nine to twelve rows of hooks. The entire body is covered
with spines. The most anterior of these have from seven to
nine subequal points. More posteriorly a median point tends
to become longer than the others, which gradually disappear,
the spines becoming simple at about the level of the posterior

Fig. 103.—Gnathostoma hispidum. Spines from esophageal region.
(After v. Ratz.)

end of the msophagus, which is about 3-4-5-5 mm. from the
anterior extremity. The cervical sacs extend back to a distance
of 0-7-0-88 mm. from the anterior end.

The tail of the male is about 0-3 mm. long. Its tip, as in
@. spinigerum, resembles a terminal papilla. Of the four
pairs of large lateral papille, according to Ciurea, the most

terior are the smallest and are separated by an interval
rom the other three pairs, which lie close together and are
of about the same size. Fedchenko figures one pair of sessile
subventral papille between the bases of the two posterior
pairs of lateral papille. v, Linstow omits these, but describes
a pair in front of the cloacal aperture, while Ciurea finds five
pairs of sessile papille, two in front of and three behind tl_le
cloacal opening. The left spicule measures 0-88-1-29 mm;
length, the right 0-32-0-4 mm. \

The tail of the female is about 0-3 mm. long. The vulva is
situated in the middle region of the body, but its position
appears to be rather variable. The eggs measure about
0-072-0-074 % 0-030-0-042 mm., and have a wart-like cap at
one pole.
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3. Gnathostoma doloresi Tubangui, 1925. (Fig. 104.)

Host -—Like the last species, this is a parasite of swine.
It was first recorded from the domestic pig in the Philippines.
Maplestone (1930, @) records it as being present in eleven
out of forty-nine pigs examined in Calcutta. According
to Tubangui (1925) only the head of the worm is buried in the
gastric wall, but Maplestone says  the worms cause extensive
damage to the stomach wall, in which they burrow deeply.”

Tubangui had only female specimens at his disposal, but
Maplestone obtained both sexes, and gives a fuller description.
He found considerable variation in the size of the worms.
The extreme measurements given by both authors are included
in the following description.

The male measures 19-7-38 mm. in length and 1-1-2-6 mm.
in maximum thickness, the female 27-52 mm. and 1-46—4-9 mm.

Fig. 104.—Gnathostoma doloresi. Female (x 3), (After Tubangui.)

respectively. The cuticle of the posterior two-thirds of the
body is considerably inflated, so that the anterior third appears
much more slender. The head-bulb measures about 0:32—
(0-46 mm. in length and 0:63-1 mm. in transverse diameter.
Tt bears ten rows of hooks. The entire body is coveroc} with
spines. The most anterior two or three rows, uc.cordmg to
Maplestone, contain spines with three or four points. Pos-
teriorly to these the number of points on the spines increases
gradually but irregularly, reaching a maximum of six or
seven subequal points at about the level of the _cer\'mz.!l
apillz (i. . in the 15th to 18th rows of spines). Behind this
level the spines again become three-pointed, the median

int being longer than the others. The outer points, more
osteriorly still, gradually diminish and eventually disappear
(at about 9-11 mm. from the anterior extreml_t._v, according
to Tubangui), leaving long, simple spines which gradually
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become narrower until they are mere bristles. The esophagus
extends to a distance of 3-9-7 mm. from the anterior end, and
the cervical sacs, according to Tubangui, are about 2 mm.
long. The nerve-ring and the blunt cervical papille are situ-
ated at 0-75-1-38 mm. from the anterior extremity.

The cuticle of the caudal end of the male is much inflated
dorsally and laterally. Of the four pairs of stout lateral
papille one is preanal and three are postanal. Between
the first and second, and between the second and third,
pairs from the posterior end there are two pairs of smaller
subventral papille. Maplestone also describes ** two crescentic
prominences behind the cloaca.”” The tail has a papilla-like
termination, as in other species. The spicules are stout and
curved, and taper evenly from root to tip. ** In cross section
the spicules are seen to be circular, and to consist of a central
core surrounded by a clear chitinous layer "’ (Maplestone).
The left spicule measures 1:85-2-08 mm. in length, the right
0-6-07 mm.

The tail of the female is blunt and, like that of the male,
15 surrounded by a large cuticular inflation. It measures
(-336 mm. in length, according to Maplestone, and bears
a pair of subterminal papille. The vulva is situated behind
the middle of the body (at 10:-4-19 mm. from the posterior
end, according to Maplestone). The eggs measure 0:052-
0:067 % 0-031-0-037 mm., and have a thickened cap or wart-
like process at each pole. .

2. Genus ECHINOCEPHALUS Molin, 1858.

He.ad-bulb armed with transverse rows of hooks, and
showing no external evidence of the presence of the bal-
lonets.” No cuticular collar behind the head-bulb. Body
unarmed. Caudal end of male with slight ale. Eight pairs
of caudal papille present, the most anterior pair separate
by a long interval from the rest. Spicules slightly unequal.
Vulva near the posterior end of the body. Uterine branches
two. Adult worms in the intestine (usually in thespiral valve
region) of Elasmobranch fishes.

Genotype :—FEchinocephalus uncinatus Molin, 1858.

Key to Species.

Head-bulb with not more than six rows 1
O ROURBIA S atais o & oo i A7 S B A O uncinatus, p. 192.
Head-bulb with more than six rows of
O R A a1y R ars L o e 1.
1. Dorsal and ventral lobes of lipa each with
eight or moreteeth ...... .. ..., ... ... multidentatus, p. 197-
Dorsal and ventral lobes of lips each with
O AT S e Rt AT e e s e o 7o 2,
2. Head-bulb with 15-18 rows of hooks. .. .«- outhwelli, p. 195.

Head-bulb with 3040 rows of hooks....-- spinosissimus. p. 193.
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1. Echinocephalus uncinatus Molin, 1858, sensu Baylis and
Lane, 1920. (Fig. 105.)

Synonyms :—Cheiracanthus uncinatus v. Linstow, in Shipley and

Hornell, 1904: Cheiracanthus (Echinocephalus) uncinatus v.

Linstow, 1905 ; FEchinocephalus gracilis Stossich, in Shipley and
Hornell, 1906 ; ? Echinocephalus aetobati MacCallum, 1921,

Hosts :—DMolin’s original description of this form appears
to have been based in part on specimens of E. spinosissimus
(vide infra). 1t was originally recorded from Trygon brucco
in the Adriatic, and has been found also in 7'rygon pastinaca
and in Myliobatis nieuhofi off Ceylon, where immature forms
were also recorded by Shipley and Hornell (1904) in the trigger-
fishes Balistes mitis and B. stellatus. The single immature

Fig. 105.—Echinocephalus uncinatus. Anterior end of larval specimen ;
lateral view. b&., ballonet; c.s., cervical sac; h., hooks;
Iub., head-bulb ; 1., lip; n.r., nerve-ring ; @s., oesophagus.

(Aftor Bayliz and Lane, in Proc. Zool. Soc.)

form recorded by MacCallum (1921), under the name of
E. aelobati, from Aetobatis narinari off Java was also prqbub]y
referable to E. uncinatus. Larvae have been rccc‘)rgled in the
pearl-oyster (Margaritifera margaritifera) by bhxplg,y and
Hornell, and in Pinna sp. by Baylis and Lane (1920), off
Ceylon. In the pearl-oyster the larva are occns‘l’on&ll.y found
« entombed in the nacreous lining of the shell,” their shape
being wonderfully preserved.

Unfortunately no adequate description of the adult worm
is available. Molin (1858 ; 1861, a) gives only a very brief
diagnosis, consisting mainly of generic characters. The male
attributed by him to this species was, as shown by Baylis
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and Lane (1920), probably E. spinosissimus. The specimens
described by Baylis and Lane and by MacCallum were
immature, and no more recent.description appears to exist.

The female, according to Molin, measures 7 mm. in length
and 0'7 mm. in thickness, and no other measurements are
given by him. An immature specimen described by Baylis
and Lane from Myliobatis nieuhofi measured 14 mm. in lgngth
and 0-4 mm. in thickness. The head-bulb, in this specimen,
was 0-3 mm. long and 0-4 mm. wide. gt bears six rows of
hooks, according to all the describers. Bach row, according
to Baylis and Lane, contains between 40 and 50 hooks. These
measure up to 0-055 mm. in length, their size incgmsmg
from the anterior to the posterior row. According to
MacCallum ** the mouth [of E. aetobati] npparently.ls studdgd
with spines. The anterior semi-circular lip has spines on its
inner surface, and the lower triangular-shaped lip also has
spines on it.” The cesophagus, according to MacCallum,
is nearly half the length of the alimentary canal. In Baylis
and Lane’s specimen it extended to a distance of 3:5 mm.
from the anterior end, and the cervical sacs to 2 mm. from the
same point. The nerve.ring was situated at 0-4 mm., and
the excretory pore at 0-62 mm., from the anterior extremity.
The tail measures 0-3 mm. or a little more in length.

2. Echinocephalus spinosissimus (v. Linstow, 1905) Baylis and
Lane, 1920. (Figs. 106 & 107.)

Synonyms :—FKchinocephalus uncinatics (3) Molin, 1838 ; Cheir-
acantlius spinosissimus v. Linstow, in Shipley and Hornell, 1905-

Hosts :—v. Linstow’s material was found in Myliobatis
aquila from the Gulf of Manaar. Molin appears to have
obtained this species, along with E. uncinatus, from Trygon
brucco in the Adriatic. Baylis and Lane (1920), who have
redescribed the worm, record it from Trygon walga and
[rogymnus asperrimus off Ceylon, while Taylor (1925, b)
records it from Trygon sephen from the Ceylon pearl-banks.

v. Linstow’s specimens, which were only 13:7 mm. in length,
appear to have been immature. Adult males measure 23—
35-4 mm. in length and 0-55-0-8 mm. in maximum thickness :
adult females about 31 mm. and 0-86 mm. respectively. The
cuticular striations on the body are about 2 apart. The
head-bulb is subglobular and has a diameter of 0-48-0-81 mm.
It is distinctly marked off from the * neck,” and bears from
30 to 40 transverse rows of very small hooks. These measure
12:5-15 p in length, and each row contains several hundreds
of them. The rows are not always perfect rings, but may be
incomplete and are sometimes branched. The lips are large,
prominent and massive, and measure 0-24-0-41 mm. in dorso-

NEM. 11, (8}
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ventral diameter. Internally each lip has a rounded, tooth-
less median lobe, and triangular dorsal and ventral lobes
each bearing two tooth-like ridges which interlock with
those of the opposite lip. The posterior surface of each
dorsal and ventral lobe bears a row of small tooth-like serrations.
The cesophagus extends to a distance of 3:7-5-1 mm. from the
anterior extremity, the cervical sacs to 1:9-3:8 mm. The
nerve-ring is situated at 0-6-0-8 mm., and the cervical papille
and excretory pore at 0-76-1-15 mm., from the anterior end.
The tail of the male measures 0-48-0:6 mm. in length,
Of the eight pairs of caudal papille two are preanal and widely
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Fig. 106.—Echinocephalug spinosissimus.  Anterior end ; lateral view.
Iib., head-bulp . Lp., lateral papilla; ser., sorrations:
&m.p., submedian papilla. (After Baylis and Lane, in
Proe. Zool, Soe.)

separated, one adanal and five postanal. Of the postanal
papille the most posterior on each side is laterally situated,
and the most anterior a little more laterally than the rest.
The adanal pair and the first three postanal pairs are all rather
close together. All the papille, except the most posterior
pair, have somewhat swollen peduncles. The spicules are
relatively stout and have smooth, conical tips. The left
spicule measures 1:55-1-9 mm. in length, the right 1-52-
1-875 mm. ‘

The tail of the female is 0:7-0:75 mm. long. and bears a pair
of papille at 0-27 mm, from the tip. The vulva is situated
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at 1-25-1-35 mm. from the posterior end. The vagina, to-
gether with the unpaired trunk of the uterus, runs forward
for a distance of nearly 5 mm. before giving off the uterine
branches. No fully-formed eggs were seen by Baylis and Lane .

Fig. 107-—EC_M"0C€PIqus Spinosissimus. Posterior end of male ;
ventral view. (After Baylis and Lane, in Proc. Zool, Soc.)

3. Echinocephalus southwelli Baylis and Lane, 1920. (Figs
108 & 109.)

Hosts :—This species was originally described from Uro-
gymnus asperrimus off Ceylon, and has also been recorded by
Taylor (1925, b) from a species of Urogymnus in the same region.

The male measures 21 mm. in length and 0-5 mm. in maxi-
mum thickness, the female 21-5 mm.and 0-55 mm. respectively.
The cuticular striations on the body are 7-10 « apart. The
head-bulb measures 0:37 mm. in l(sng.th and 0-55 mm. in width,
and bears 15-18 rows of hooks, which have a maximum
length of 0:035 mm. Each row contains probably about
150-200 hooks. The lips are somewhat depressed. Their
dorsal and ventral lobes bear two teeth each. The asophagus
extends to a distance of 2-4-2.8 mm. from the anterior end,
and the cervical sacs to 2-25-2-55 mm. The nerve-ring i8

02
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situated at 0-42-0-55 mm., the cervical papille at 0-62-0-65 mm.,
and the excretory pore at 0:7-0:75 mm. from the anterior
extremity.

The tail of the male is 0:-3 mm. long. Of the eight pairs of
caudal papillz three are preanal, one adanal and four postanal.
The third and fourth pairs from the posterior end are rather
nearer to the mid-ventral line, and the second and fourth are
smaller than the rest. The most anterior pair of preanal
papill® is separated by a long interval from the next. The

Fig. 108.

Fig. 109.

Fig. 108.—FEchinocephalus southwelli. Anterior end; lateral view.
a@., button-like appendage of cervical sac; ¢.s., corvieal
sac: h., hooks; &, lip; #n.r, nerve.ring; @s., esophagus.

(After Baylis and Lane, in Proc. Zool. Soc.)

Fig. 109.—Echinocephalus ROU”{IL’ﬁ”I. Posterior end of male; ventral

view. (After Baylis and Lane, in Proc. Zool, Soc.)

sf)icules are relatively slender and measure 2 mm. in length.
A little before the tip each spicule is narrowed, and then
somewhat expanded, before terminating in a conical point.
The tail of the female is 0-23 mm. long, and bears a pair of
apille at 0-11 mm. from its -blunt tip. The vulva is situated
at 0-55 mm. from the posterior extremity. The vagina leads
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into a very wide, sac-like uterine trunk, which gives off_the
two branches anteriorly. The eggs measure up to 0-052Xx
0-03 mm.

4. Echinocephalus multidentatus Baylis and Lane, 1920.
(Fig. 110.)

Host :—Urogymnus asperrimus ; off Ceylon.

The male measures 14:7-15-3 mm. in length and 0:55 mm.
in maximum thickness, the female 16-15-16-55 mm. and 0-6 mm.
respectively. The cuticular striations on the body are 5p
apart. The head-bulb is very conspicuous, being considerably
wider than the body. Its length is 0-47-0-55 mm. and its
width 0-85-0:86 mm. It bears 11-13 rows of relatively large
hooks, measuring 0:05-0:06 mm. in length. Each row contains
probably about 100 hooks. The inner surface of each dorsal
and ventral lobe of the lips bears 8-11 longitudinal tooth-like
ridges. The wsophagus extends to a distance of 1:9-2-3 mm.

Fig, 110.—FEchinocephalus multidentatus, Anterior extremity ; dorsal
view. (After Baylis and Lane, in Proe. Zool. Soc.)

from the anterior end, and the cervical sacs to almost the same
leve.]. The nerve-ring is situated at 065 mm., the cervical
paplllm' and excretory pore at 0:75-0-9 mm., from the anterior
extremity,

The tail of the male is (-3 mm. long. Of the eight pairs of
caudal papille three are preanal and five postanal. The tyo
anterior pairs, which are widely separated, and the middle
pair of postanal papille, are cbnspicuous]y larger than the
rest. The two most anterior pairs of postanal papille lie
at the same transverse level, one being more laterally situated
than the other. The peduncles of most of the papille have
swollen bases. The spicules are rather slender. The left
spicule measures 1:49 mm. in length, the right 1-4 mm. Their
tips are smooth and knob.like.

The tail of the female is 0-29-0-31 mm. long. It is bluntly
conical, and carries a pair of papille at 0-11 mm. from the tip.
The unpaired trunk of the uterus forms a voluminous sac.
The eggs measure up to 0:05 % 0-03 mm.
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3. Genus TANQUA Blanchard, 1904,

Synonyms —Ctenocephalus v. Linstow, 1904, nec Kolenati, 1857 ;
Tetradenss v. Linstow, 1904; Anomala Travassos, 1920, nee
Block, 1799.

Head-bulb without spines, but with prominent transverse
striations, and showing externally two or four swellings which
contain the “ ballonets.”” A cuticular collar present. behind
the head-bulb. Body unarmed. Caudal end of male with
well-developed alw. ‘Eight‘ pairs of caudal papille present,
some of which have large swellings on their pulps. Spicules
equal. Vulva in the posterior half of the body. Uterine
branches either two (opposed) or four (three anterior and one
posterior). Adult worms in the stomach of monitor lizards
( Varanus) and snakes. .

Genotype :—Tanqua tiara (v. Linstow, 1879).

Key to Species.
Head-bulb with four swellings; uterus with four

Dranchekiu7CRIINT - AR T s SO ST T tiara, p. 198.
Head-bulb with two swellings ; uterus with two
branches w2 iy AN RNy T o 11 anomala, p. 201.

1. Tanqua tiara (v. Linstow, 1879) Blanchard, 1904, (Figs.
111-113.)

Synonyms :—dscaris tinre v. Linstow, 1870 ; Ctenocephalus tiara
v. Linstow, 1904 ; Tetradenos tiara v. Linstow, 1904,

Hosts :—This species, originally described from Varanus
“ ornatus ” [probably V. albigularis] from Natal, occurs very
commonly in a number of other species of monitors in Africa,
Asia and Australasia. In India and Ceylon it has been recorded
from Varanus salvator, V. flavescens, V. nebulosus and V. moni-
tor [= V. bengalensis). 1t is usually firmly attached by the head
to the wall of the stomach.

The following description is taken mainly from Baylis
and Lane (1920), with whose account that of Monnig (1924)
closely agrees. The male measures 20-39 mm. in length
and 0-55-1-1 mm. in maximum thickness, the female
20-44 mm. and 0-9-14 mm. respectively. The cuticular
striations on the body are 4-5u apart. The head-bulb
has a transverse diameter of 0-33-0-52 mm., and is divided
(if mature specimens) by longitudinal grooves into four
submedian swellings. In immature specimens it shows
only two swellings, situated dorsally and ventrally. The
transverse striations on the head-bulb are about 10-17 po
apart, and are interrupted by the longitudinal grooves. The
lips are large and thick, and are somewhat flattened in front.
On its inner surface each lip is produced into five tooth-like
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longitudinal ridges, which interlock with those of the other
lip. In dorso-ventral view there is seen on the edge of ea_.ch
* tooth " a little projection which appears to be the expression
of a transverse ridge. There is a well-marked cuticular
collar behind the head-bulb which, when the head-bulb 1S
buried in the host’s mucous membrane and drawn back

Fig. 111,

Fig. 11}.—Tanqua tiara. Anterior end; dorsal view. €. cuticular
collar; h.b., head-bulb; 1. lateral papilla; 8M-F-
submedian papilla; £, %, teeth, (After Baylis and Lane,
in Proe. Zool. Soc.)

Fig. 112,

Fig. 112—Tanqua tiara. Anterior extremity, viewed en face.
(After Monnig.)

against it, forms a very effective holdfast. The cesophagts
occupies about one-fifth of the total length, extending tO
a distance of 4-5-9'5 mm. from the anterior extremity. The
cervical sacs extend to about 1-1:9 mm. from the same point,
being roughly a quarter of the length of the cesophagus.

he nerve-ring is situated at 0-6-0-93 mm., the excretory pore
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at 0-84-1-2 mm., and the cervical papille at 0-9-1:35 mm.

from the anterior end.

The tail of the male is 0-5-0-7 mm. long. Of the eight
pairs of caudal papillze three are preanal, one adanal and four
postanal. The adanal pair is the largest. The first, fourth
and sixth pairs from the posterior end are small, while the
rest have large swellings on their pulps. The spicules measure
1:2-1-72 mm. in length. They have a small, smooth, rounded
knob at the tip. ]
) The tail of the female is conical and measures 0:3-0:65 mm.
in length. Tt bears a pair of papille at 0-1-0:175 mm. from

Fig. 113.—Tanqua tiara. Posterior end of male ; ventral view,
(After Ménnig.)

the tip. The vulva is situated within the posterior quarter
of the body, at a distance of 4-8-7:8 mm. from the posterior
end. The vagina has a short terminal ovejector, and runs
forward from the wvulva. The uterus has four branches,
three of which at first run anteriorly and one posteriorly,
There is, however, considerable variation in their mode of
origin. They may originate by branching from a narrow
stem continuous with the vagina, or gimultaneously from
an enlarged uterine sac of variable shape. The eggs measure
0:056-0:075 X 0:036-0-045 mm.
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2. Ta;qtlu]\ anomala (v. Linstow, 1904) Baylis, 1916. (Figs. 114
; 115.)

Synonym —Heterakts anomala v. Linstow, 1904.

Hosts :—This species has been found on several occasions
in 7'ropidonotus piscator in India and Ceylon, and has also
been recorded from Homalopsis buccata in Siam.  v. Linstow's
?lr;'}g)i(u)l)nl description has been amplified by Baylis and Lane

The adult worms show considerable variation in size, males
measuring 26-5-50 mm. in length and 0-8-2 mm. in maximum
thickness, females 30:1-56 mm. and 0-95-2 mm. respectively.
The anterior portion of the body tapers considerably, and the
head-bulb is relatively small, having a transverse diameter
of (:23-0-42 mm. Tt is divided externally into two swellings

03mm.

Fig. 114—Tanqua anomala. Anterior end; lateral view. ¢, cull-
cular collar ; ¢.8., cervical sac; Ahb., head-bulb ; LP--
lateral papilla; s5.m.p., submedian papilla; ¢, £, teeth.

(After Baylis and Lane, in Proc. Zool. So¢.)

separated by lateral longitudinal grooves, and shows well-
marked transverse striations 7-5-16 x apart. As in 7. tiara,
there is a well-developed cuticular collar behind the llead-bl]‘b-
The lips are relatively large, prominent and somewhat conica
in dorso-ventral view. The msophagus extends back to
a distance of 3-5-3 mm. from the anterior extremity, and the
cervical sacs to 0:65-1-2 mm. The nerve-ring is situaf
at 0-4-1 mm.,, the cervical papille and excretory pore at about
0:73-1-3 mm., from the anterior end.

The tail of the male is 0-45-0-9 mm. long. The number and
arrangement of the caudal papille are as in 7. tiara. he
spicules measure 1:3-1-7 mm. in length. ;

The tail of the female is (0-4-1-3 mm. long, and bears a pair
of papille at 0:25-0-38 mm. from the tip. The vulva 18
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situated at about the posterior third of the body, at a distance
of 9-8-18-7 mm. from the posterior end. The vagina and the
:!l(l)lsl;ntllon trunkdof the uterus are very short. There are two
CUly opposed uterine branches. The eggs measure up to
0065 0-05 mm. o o

0-5mm.

Fig. 115.—Tanqua anomala. Posterior end of male; wventral view.
ép., spicules; [-8, papille of left side. (After Baylis
and Lane, in Proc. Zool. Soc.)

Subfamily SPTROXYINA Baylis and Lane, 1920.

Head-l.)ulb, *“ ballonets ” and cervical sacs absent. Lips
wide, with narrowed base and trefoil-shaped pulp. The
thickened internal cuticle of the median lobe of each lip pro-
jects anteriorly as a tooth.

1. Genus SPIROXYS Schneider, 1866.

Body unarmed. A cuticular collar may be present behind
the bases of the lips. Caudal ale of male inflated and con-
tinuous ventrally in front of the cloacal aperture, where
they form a vesicular swelling. Between this swelling and
the cloacal aperture there may be a sucker-like muscular
depression. Eleven pairs of caudal papille present, of which
four are preanal, Spicules subequal. Vulva in the posterior
half of the body. Uterine branches two, opposed. Adult
worms in the stomach of tortoises.

Genotype i—Spiroxys contorta (Rudolphi, 1819).
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Key to Species.
Each lip with six teeth in addition to the median

L AT G A T e A L S rery A ST Ak 2 4 gangetica, p. 203.
Each lip with a median toothonly ............. annwlata, p. 204

1. Spiroxys gangetica Baylis and Lane, 1920. (Figs. 116 &
117.)

Host :—T'rionyx gangeticus ; Ganges delta.
The male measures 3943 mm. in length and 0:75 mm.

Fig, 116.

==
Fig. 116.—Spirozys gangetica. Anterior end ; dorsal view.
(After Baylis and Lane, in Proc. Zool. Soc.)
Fig. 117.—Spirorys gangetica. Anterior end ; lateral view.
(After Baylis and Lane, in Proc. Zool. Soc.) f

in maximum thickness, the female 48-50-3 mm. and 0-85~
0:95 mm. respectively. The cuticular striations are 12-5-
17:5 pw apart. The anterior end of the body tapers more gradu-
ally than the posterior end, and is usually b(_mt at an ax}gle.
The lips have a dorso-ventral diameter of 0-11-0-13 mm. Close
to either edge and near its base each lobe of either lip bears
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a cuticular tooth on its inner surface. Thus each lip has
six teeth in addition to the median tooth. The inner surface
of each dorsal and ventral lobe is flattened against that of the
opposite lobe. A cuticular collar is present behind the bases
of the lips. The cesophagus (measured from the anterior
extremity) is 3-9-4-3 mm. long. The nerve-ring is situated
at 0-75-0:825 mm., the excretory pore at 0:9-1-15 mm., and
the cervical papille at 1-2-1-5 mm., from the anterior end.

The tail of the male measures 0-35 mm. in length. The
caudal ala are well developed, and inflated in such a way that,
the terminations of the lateral papille are deeply buried in
them. Of these papille there are nine pairs, three preanal and
six postanal. There are also two pairs of smaller subventral
papille, one in front of and one behind the cloacal aperture.
The pulps of these subventral papilla are cup-shaped or forked
at their ends. The left spicule is 2:25 mm. long, the right
2-1 mm. The granular ornamentations on their surfaces
tend to be arranged in transverse rows, and each spicule
has a blunt tip surmounted by a hyaline cap.

The tail of the female is 0-65 mm. long, and is conical and
slightly curved ventrally. It has a terminal spike forming
# small hook, and bears a pair of papill® at 0:32 mm. from the
tip. The vulva is sitnated at 20-27 mm. from the posterior
end. The eggs measure up to 0-06 x0:04 mm.

2. Spiroxys annulata Baylis and Daubney, 1922, (Figs. 118 &
119.)
Synonym :—? Spiroxys torquata Karve, 1928 *,

Hosts :—This species was described from the stomach of
Jhitra indica from Ludhiana, Punjab. The form described
by Karve under the name of 8. torquata is recorded from
Lissemys punctata granosa [=Emyda grancsa intermedia] at
Nagpur, Central Provinces.

The male measures 20-25-4 mm. in length and 0:5-0:6 mm.
in maximum thickness, the female 30-34 mm. and 0-8-0-85 mm.
respectively. The cuticular striations are relatively coarse
(up to 25 p apart) and have prominent posterior edges, giving
the outline of the body a serrated appearance in optical section.
The lips, in dorso-ventral view, are more wedge-shaped an-

* S. torquata differs only in very small points from S, annulata.
Karve (1928) distinguishes it on the ground that the median tooth-like
projections of the lips are more prominent, but this may be a variable
feature, and can hardly be regarded as a satisfactory specific character,
There are slight differences in the measurements, the most important
of which are in the length of the tail of the female (0-52-0-54 mm.
in 8. torquata) and the position of the vulva (6:7 mm. from the posterior
end in a specimen of S. forquata measuring 33 mm. in length). The
eggs of S. lorquata are satd to measure 0-09 % 0-067 mm.
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teriorly than in S. gangetica. They are without the six
pointed teeth present in that species. Their dorso-ventral
diameter is 0-16 mm. There is a well-marked cuticular collar

Fig. 118,

o1 mm.

¥ig. 118.—Spiroxys annulata. Anterior end of female ; dorsal view.
(After Baylis and Daubney.) g
Fig. 119 —Spirozys annulata. Anterior end of female ; lateral view.
¢., cuticular collar. (After Baylis and Daubney.)
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behind their bases. The sophagus (measured from the
anterior extremity) is 2-8-3-5 mm. long. Except for a short,
purely muscular portion at the anterior end, its walls contain
many pocket-like glands arranged in several linear series.
The nerve-ring is situated at 0:62-0:65 mm., the excretory
pore at 0-8 mm., and the cervical papille at a little more than
1 mm., from the anterior end. These papille resemble small,
backwardly-directed spines.

The tail of the male is about 0-2 mm. long. The inflation
of the caudal al® is very pronounced. Behind their anterior
junction there is a sucker-like muscular depression. The
number and arrangement of the caudal papille are as in
S. gangetica, but the small subventral pairs are sessile. The
spicules are nearly equal in length (1-6-2-3 mm.), slender,
cylindrical and finely pointed.

The tail of the female measures about 0:2 mm. in length and
is sharply conical, with its tip bent ventrally. The caudal
papille are situated at 0-17 mm. from the tip. The vulva
is situated slightly behind the middle of the body, at 13-8-
15-5> mm. from the posterior end. The muscular vagina is
very narrow and runs forward from the vulva. The eggs
measure about 0-075 % 0:06 mm.

5. Family CAMALLANIDZA Railliet and Henry.
1915.

Lips absent. Mouth a dorso-ventral slit. A buccal
capsule present, whose wall is either entire or sepm'a.te.d into
two lateral scallop-shell-like valves., (Esophagus consists of
two portions of almost equal length ; a club-shaped, muscular
anterior portion and a glandular posterior portion. Caudal
end of male with alw, into which project anumber of pedunculate
papille, Spicules unequal and dissimilar the right longer
than the left. Vulva prominent, in the middle region 'of the
body ; the vagina running posteriorly from it. Uterine
branches opposed ; the posterior branch ending blindly,

without an ovary. Females viviparous.

Key to Genera.,

Wall of buccal capsule entire .. ... ... PROCAMALLANUS, p. 218
Wall of buccal eapsule divided into
lateral valves, . . ...,..coerarsacsrrns

1. A pair of trident.shaped structures present
dorsally and ventrally to the bucecal
e L AL Lo b fe o R (O W N SN0 N
The trident-shaped structures replaced
by simple rods .., ... .cooooeeaiiinn

13

CAMALLANUS, p. 207.

CAMALLANIDES, p. 214,
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1. Genus CAMALLANUS Railliet and Henry, 1915.

Buccal capsule composed of two separate lateral valves with
rib-like longitudinal thickenings internally. A chitinoid ring
1s present at the junction of the valves with the cesophagus,
and opposite to the dorsal and ventral edges of the valves a
pair of trident-shaped chitinoid structures with backwardly-
directed prongs. Male without an accessory piece. Lips of
vulva prominent, but not forming a tubular appendage. Adult
worms in the alimentary canal of reptiles, amphibians and
fishes.

Genotype :—Camallanus lacustris (Zoega, in Miiller, 1777).

Key to Species.

Longer spicule of male nearly 1 mm. long;
parasite of tortoise ...............ciiiiuianan kachuge, p. 207.

Longer spicule of male less than (-5 mm. long. ...

1. Male 8-9-5 mm., female 14-20 mm. long ; parasite

VNG o ks S rh S8 SR NIRRT L baylisi, p. 210.
Male 3-3-9 mm., female up to 5:5 mm. long ; para-
) R R e A AT sweets, p. 212,

I. Camallanus kachugz Baylis and Daubney, 1922. (Figs.
120-122.)

'Host —Kachuga smithi ; Ferozepore, Punjab. b
The male measures 10-9-14-5 mm. in length and 0-3-0-37 mm.

o-1 mir

Fig. 120.—Camallanus kachuga. Anterior end of female; lateral
view. b., buccalvalve; n.r., nerve-ring; p., p., papill®;
¢, ' trident.”” (After Bayliz and Daubney.)
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in maximum thickness, the female 20:8-22 mm. and 0:45-
0-5 mm. respectively. The cuticular striations are not more
than 5p apart. The dorso-ventral diameter of the head, at
its anterior angles, is about 0-13-0-15 mm. in the male and
0:17 mm. in the female. The buccal valves are slightly

20

LU

Fig. 121.—Camallanus kachuge. Posterior end of mf‘k’; lf\loml
view. 1., intestine; L, left spicule; 7. vight spicule ;
s.d., sperm-duct. (After Baylis and Daubney:)

broader than long. Their length (excluding the posterior
ring) is 0-11-0-13 mm., and their width about 0:14-0:16 mm.
There are either eight or ten longitudinal ridges on each valve,
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the latter number oceurring only in large specimens. The
posterior ring of the buccal apparatus has a diameter of 0-1 mm.
The * tridents " are well developed, the middle prong measuring
0-08-0-1 mm. in length. The total length of the cesophagus,
measured from the extremity of the head, is 1-18-1-55 mm.
Its anterior portion, measured from the same point, is 0-54—
0-66 mm. long. The nerve-ring is situated at 0-2-0-23 mm.,
and the minute, bristle-like cervical papille at 0-5-0-55 mm.,
from the anterior end. The excretory pore is at about the
same level as the papille. The intestine is considerably
narrower than the wsophagus. )
The body of the male is somewhat thicker in the region
of the caudal al than in the portion immediately preceding it.
The ventral region between the al is probably capable of being

anugo

Fig. 122.—Camallanus kachugs. Vulvar region of female: lateral
view. (Intestine and uterus omitted. The arrow points
towards the anterior end.) (After Baylis and Daubney.)

depressed by the caudal muscles so as to form a sucker-like
organ. There are seven pairs of pedunculate preanal papille,
two pairs of adanal and six pairs of postanal papille. The
two posterior pairs are isolated, while the third, fourth and
fifth pairs form a group, all being close together. All these
are lateral, while the sixth pair is more ventrally situated,
just. behind the cloacal aperture. The right spicule is rele-
tively stout and measures about 0:97 mm. in length. Its tip
appears to be simple and finely pointed. The left spicule is
very slender and measures about 0-43 mm. in length.

The tail of the female is finger-shaped, rather blunt and
slightly bifid at the tip. It is about 0-3 mm. long, and bears
a pair of papille at 0:17 mm. from the tip. These papilla

NEM. I1. P
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are situated in slight depressions in the cuticle. The vulva
is situated in front of the middle of the body, at a distance of
9-1-10-4 mm. from the anterior end. It has exceedingly
prominent lips, the anterior lip being larger than the posterior
and overlapping it. Bach of the lips consists of a cuticular
swelling with granular contents, and has the appearance of
being divided internally into several compartments by cuticular
partitions. The vagina is very narrow and runs back almost
straight for about 2 mm. It gradually widens into the short
common trunk of the uterus, which continues to run posteriorly,

2. Camallanus baylisi Karve, 1930 *. (Figs. 123 & 124.)

Host :—Rana tigrina ; Nagpur, Central Provinces.

The male measures 8-9-5 mm. in length and about 0:26-
0-27 mm. in maximum thickness, the female 14-20 mm. and
about 0-4 mm. respectively. The cuticle is finely striated.

Fig. 123.—Camallanus baylisi. Anterior ond of female ;
lateral view. (After Karve.)

The dorso-ventral diameter of the head, at its anterior angles,
is about 0-083-0-098 mm. in the male and 0-12-0-17 mm. in
the female. The buccal valves are broader than long, and
Broader in front than behind. Their length (excluding the
posterior ring) is about 0-07-0-09 mm. in the male and 0-13-

* It appears very probable that thiz species is synonymous with
* Cucullanus '’ nigrescens v, Linstow, 1906, a form recorded from Rana
hezadactyla (locality not mentioned). From v. Linstow’s (1906, a)
description, however, the identity of the species cannot be established
with certainty.
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0:15 mm. in the female ; their width about 0-1-0-12 mm. and
0-14-0:19 mm. in the two sexes respectively. ** The number of
longitudinal ridges on each valve varies between nine and
eleven, the latter number being almost always found in fully
developed specimens.... Between two ridges is situated
a small chitinized tooth-like projection.” The posterior ring
of the buccal apparatus has a diameter of about 0-:066-0-07 mm.
in the male and of 0:08 mm. in the female. The ** tridents ™
are well developed, but show considerable variation in size
and shape. The middle prong varies in length from 0:027 to
0-:04 mm. The anterior portion of the cesophagus measures
about 0-48-0-52 mm. in length in the male, and 0-6-0-65 mm.
in the female. The posterior portion is about 0-43-0-54 mm.
long in both sexes. The nerve-ring is situated at about

wws00

‘wuw g
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Fig. 124 —Camallanus baylisi. A, posterior end of male, ventral

view ; B, variations in the appearance of the tip of the
right spicule. (After Karve.)

0:14-0-25 mm., the small cervical papille at about 0-19 mm.,
and the excretory pore at about 0-31-0-37 mm., from the
anterior extremity. The intestine is somewhat narrower
than the wsophagus.

The tail of the male is 0:16-0-18 mm. long, and has a bifid
tip. The candal ale extend for a length of about 0-7-0-8 mm.,
and have a maximum width of about 0-29 mm. There are
seven pairs of preanal, two pairs of adanal and six pairs of
postanal papille. Of the latter the most posterior on each
side is isolated, the third from the posterior end has a slender
termination and a thickened base, and the fourth, fifth and
sixth all lie close together, The right spicule is relatively
stout and measures about 0-47 mm. in length. It is alate

P2
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distally and has a lateral barb or prong near the tip. The
left spicule is slender and measures about 0-15-0-23 mm.
in length.

The tail of the female is about 0-13 mm. long, and is finger-
shaped, with three small spines at the tip. These spines are
larger in immature specimens. The vulva is situated in front
of the middle of the body, at a distance of 5:35-6:9 mm. from
the anterior end. The narrow, muscular vagina gives origin
to the uterine branches at a distance of about 1-5 mm from
the vulva. The posterior branch terminates at about 2:8 mm.
from the posterior end.

3. Camallanus sweeti Moorthy, 1937. (Figs. 125 & 126.)

Host - —Ophiocephalus gachua : Chitaldrug district, Mysore
State. Nearly 100 per cent. of the fish of this species taken
from step-wells were found to be infested.

The male measures 3-3-9 mm. in length and up to 0-13 mm.
in thickness, the female 3:2-5:5 mm, and up to 0:15 mm.

Fig. 125.—Camallanus sweeti,  Anterior end of fernale ; lateral view.
(After Moorthy,)

respectively. The cuticular striations are not more than
44 apart. The buccal valves (including the basal rmu)
measure 0:06-0-07 mm. in length. Kach vn]ve carries nine
internal longitudinal ridges, which have a beaded appearance,
and two quadrilateral external thickenings. The  tridents **

have a middle prong mnmmng about 0-046 mm. in length,
and oufer prongs measuring about 0-025 mm. The anterior
portion of the msophagus measures (0-31-0-42 mm. in length,
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the posterior portion 0-38-0-52 mm. The nerve-ring is
situated at the anterior third of the former, and the excretory
pore (in the female) at about 0:16 mm. from the anterior
extremity.

The tail of the male is 0-05-0-063 mm. long. In immature
specimens there are three subequal terminal spines, as in the
female. In mature males the median spine is relatively
very small, the two ventro-lateral spines large. There are
13-15 pairs of caudal papille, of which 4-6 are preanal,
one adanal and eight postanal. ** Numbering from the pos-
terior extremity, pairs 1 and 2, lateral and in a group ; pair 3,
ventro-lateral and isolated ; pairs 4 and 5, ventro-lateral

Fig. 126—Camallanus swecti. Posterior end of male.
A, lateral view ; B, ventral view. (After Moorthy.)

anfl in a group ; pairs 6 and 7, ventro-lateral and in a group ;
pairs 8 and 9, circumanal and isolated : preanal papill®
variable, 4-6 pairs, subventral to ventro-lateral ; in majority
of specimens 5 pairs present.” A sucker-like organ is present
at a distance of about 0-32 mm. from the posterior extremity-
The right spicule measures (-21-0-3 mm. in length. The
left spicule is much more slender and measures 0-1-(-18 mme

The tail of the female is 0-05-0-07 mm. long, and bears
three spines at its tip. The vulva is situated at 2-3 mm. from
the anterior end, and has prominent lips. In gravid females
the posterior lip is pushed to one side by the overhanging
anterior lip, forming a lateral projection. The vagina is
narrow and runs back for a distance of about 0:3 mm.
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According to Moorthy's (1937, b ; 1938, b) observations
the first intermediate hosts of this species are Cyclops leuckarti
and C. hyalinus, the second hosts small fishes (Barbus puckells,
B. ticto, Lepidocephalichthys thermalis) which occur in the
same wells and are preyed upon by the final host. The
larvie were also found in Gambusia sp., introduced from
Italy for the control of Ciyclops. In the second host the larvae
become encysted in the wall of the intestine.

Camallanus sp.

Chatterji (1936) records a single immature female specimen
of a species of Camallanus from the intestine of a freshwater
tortoise (Morenia ocellata) at Rangoon, Burma. The worm
measured 11:2 mm. in length. The buccal valves were.
broader than long, and each carried ten longitudinal ridges.
The vulva was situated in front of the middle of the body,
and had a prominent anterior lip.

Camallanus sp.

Moorthy (1938, b) describes a single third-stage larva of an
undetermined species of Camallanus from Cyclops leuckarti
in Mysore. He also describes encysted larvie of an undeter-
mined Camallanid from the body-cavities of Barbus puckelli,
Lepidocephalichthys thermalis and Ophiocephalus gachua.

2. Genus CAMALLANIDES Baylis and Daubney, 1922.

Buceal capsule composed of two separate lateral valves
similar to those of Camallanus, but each having two large
chitinoid thickenings externally. * Tridents ” peduced to
simple rods. An accessory piece present in the male. Vulva
carried on a tubular appendage. Adult worms in the ali-
mentary canal of snakes and frogs.

Genotype :—Camallanides prashadi Baylis and Daubney,
1922,

1. Camallanides prashadi Baylis and Daubney, 1922. (Figs.
127-130.)

Hosts —King cobra (Naja hannah [=N. bungarus]) *,

banded krait (Bungarus fasciatus) and rat-snake (Ptyas

[Zamenis] mucosus) ; Zoological Gardens, Calcutta (Baylis
and Daubney, 1922 1923, b). A single male specimen {

* See Bayliz, 1029, Ann. & Mag. Nat. Hist. (10) iv, p. 50.
1 This specimen was somewhat larger than the types, measuring
7-6 mm. in length.
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is recorded by Karve (1930) from the small intestine of Rana
tigrina at Nagpur, Central Provinces. (s

The male measures 5:8-6-6 mm. in length and 0-21-0-25 mm.

0-1 .

Fig. 127.—Camallanides prashadi. Anterior on(i of !'ama}?; .:lio::a'!
view. b., buccal valve; p., p., papillm; &, = trident.
(After Baylis and Daubney.)

o] . -

Fig. 128.—Camallanides prashadi. Anterior end of female; lateral
view. b., buccal valve; p., p., papille; ¢, * trident.
(After Baylis and Daubney.)

in maximum thickness, the female 14-2—17:7 mm. and 04~
0-47 mm. respectively. The cuticular striations are very
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fine and indistinet, at intervals of about 3-4 . The diameter
of the head, measured dorso-ventrally at the anterior angles,
15 0-08-0-09 mm. in the male and 0-12-0-13 mm. in the
female. The buccal valves present the appearance of four
separate brown chitinoid masses, [In reality each wvalve
has two large external thickenings, separated by a longitudinal
groove, and bears internally about 14 longitudinal ridges
terminating anteriorly in tooth-like projections. The * tri-
dents ™ are represented by simple chitinoid rods of rather
irregular shape and of a yellow colour. These are connected

i 29.—C, 7 shadi. Posterior end of male; lateral
“zefes Cg;::f{an:];i z:g:-o;smy piece ; [, left spicule; 7., right
spicule, (After Baylis and Daubney.)

at their bases with a dorsal and a ventral chitinoid body
lying opposite to the edges of the valves. The valves
measure 006 mm. in length in the male m.ul 0-09-0-1 mm.
in the female. Their width is 0:075 mm. in the n}ul@ and
0-1' mm. in the female. The length of- the rods is al:out
0:06 mm. in the male and 0-:07-0-1 mm. in the fmpule. I'he
posterior ring of the buccal apparatus ‘has a diameter of
0-033 mm. in the male and of 0:045 mm. in the female. The
anterior portion of the wsopha_gus measures (from the
extremity of the head) 0-38 mm. in length in the male and
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0-47-0-5 mm. in the female. The entire @sophagus (measured
from the head-end) is 0-8 mm. long in the male, and about
1 mm. in the female. The nerve-ring is situated at 0-15 mm.
in the male, 0-19 mm. in the female, from the anterior end ;
the excretory pore at 0-25 mm. (male), 0-31 mm. (female) ;
and the minute, bristle-like cervical papille at 0-28 mm.
(male), 0:35 mm. (female).

The male has well-developed caudal alz, The tail is very
short (a little over 0:06 mm.), sharply pointed and usually
curled ventrally, with its tip hidden by the al@. The caudal
papille are pedunculate and diminish in size posteriorly.
There are seven pairs of preanal papille, two pairs curving
towards the ventral surface at the sides of the cloacal aperture,
and five pairs of lateral postanal papille. Of the latter the
three anterior on each side are relatively large and close
together. The right spicule is stout and is provided with
alwe for the greater part of its length. - It is about 0-24 mm.

SULUL 0

Fig. 130.—Camallanides prashadi. Vulvar region of female; lateral
view. 4., intestine; v., vulva. (Uterus omitted. The
arrow points towards the anterior end). (After Baylis
and Daubney.)

long. Its tip is curled into a hook, but without a barb.
The left spicule is without al®, slender and tapering, and
measures about 0-14 mm. in length. The accessory piece
15 somewhat triangular and measures about 0-025 mm. in
length.

The tail of the female is 0-4-0-6 mm. long, and tapers
gradually, with the exception of a slight thickening just
before the conical tip. The lips of the vulva are modified
into a tubular appendage, somewhat flattened dorso-ventrally
and projecting freely from the body-wall in a posterior direc-
tion to a distance of 0-3-0-4 mm. This appendage originates
at a point a little behind the anterior third of the body,
at 5-9-6-1 mm. from the anterior end. The vulvar aperture
is sitnated on the ventral surface of the appendage near its
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extremity. The narrow vagina runs from the opening to the
base of the appendage, and then turns back just within the
ventral body-wall, running straight back for about 2 mm.
before opening into the uterus. The posterior uterine branch
is, as in Camallanus, without an ovary.

3. Genus PROCAMALLANUS Baylis, 1923.

Bucecal armature a continuous chitinoid capsule, not sepa-
rated into paired valves. Its wall may be smooth or provided
internally with spiral thickenings. * Tridents” absent.
Male without accessory piece. Vulva with prominent anterior
lip. Adult worms in the alimentary canal of fishes.

Genotype :—Procamallanus lzviconchus (Wedl, 1862).

Key to Species.

Male 16-19 mm., female up to 33 mm. long;

spicules of male 0-26 mm. long . ............ mehrii, p. 218,
Male about 4 mm., female 5-7 mm. long ; spicules
of male 0:12mm. long ... ... c.coouaan planoratus, p. 219.

1. Procamallanus mehrii Agarwal, 1930. (Fig. 131.)

Host -—Wallago attu. The worms are said to have been
found mainly in the posterior part of the body-cavity, but
one specimen was in the gas-bladder.

Fig. 131.—Procamallanus mehrii. Anterior end. A, male ;
B, female. (After Agarwal.)

The male measures 16-19 mm. in length and about
0-32-0-36 mm. in maximum thickness, the female 33 mm.
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and 0-425 mm. respectively. The cuticular striations are
3:6 1 apart. The buccal capsule measures 0-17 mm. in length,
and the same in width, in the male. In the female it is
0:35 mm. long and 0-2 mm. wide. The shape of the capsule
is quite different in the two sexes. In the male it is cup-shaped,
in the female much more elongate and barrel-shaped. TIts wall
is apparently without spiral thickenings. *° At the anterior end
of the buccal cavity there are present four chitinous plate-like
structures, of which the two median ones are much larger.
They are slightly separated from each other and are covered
on the sides by the leaf crowns which are special outgrowths
of the body-wall at the anterior end in the head region.
The leaf crowns in the neighbourhood of middle plates are
9-10 in number in the male and 12 in the female, whereas
those lying close to the outer plates are 6-7 in the male and
10 in the female. Their form also differs in the two sexes,
in the male specimen they are more or less conical, while
in the female they are elongated and more or less spindle-
shaped ” (Agarwal, 1930). The anterior portion of the
esophagus is 0-92-1-14 mm. long in the male and 1-61 mm.
in the female; the posterior portion 0-8-1-02 mm. and
1-41 mm. respectively. The nerve-ring is situated at about
0-27-0-32 mm. in the male, and 0-53 mm. in the female,
from the anterior end, while the excretory pore is at about
0-48-0-5 mm. and 0-96 mm. respectively from the same point.

The tail of the male measures about 0-1 mm. in length.
The caudal ale are 0-94-1-2 mm. long. There are said to be
eleven pairs of caudal papille, and an unpaired papilla near
the tip of the tail, but the arrangement of the papille is not
clearly deseribed or figured. The spicules are equal (0-255 mm.)
in length.

The tail of the female is 0-23 mm. long. The vulva is
situated at a distance of 10 mm. from the posterior end of the
body. The cuticle is thickened in the vulvar region, forming
a “ crenated *’ swelling ventrally immediately in front of the
vulva, and a larger swelling on the dorsal surface.

2. Procamallanus planoratus Kulkarni, 1935.

Host :—Clarias magur [=(0. batrachus] (intestine) ; Nagpur,
Central Provinces.

The male measures 3:85 mm. in length and 0-061 mm.
in maximum thickness, the female about 5-7-3 mm. &n
0-079 mm. respectively. The cuticle is said to be unstriated.
The buceal capsule measures 0-082 mm. in length and 0-061 mm.
il.l width, and is without ridges or ** leaf-crowns.” The basal
ring of the buccal apparatus is said to be represented by two
chitinoid masses, which are described as knob-like structures.
The cesophagus (measured from the anterior extremity)
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is 0-41 mm. long. The nerve-ring is situated at 0-24 mm.,
and the excretory pore at 0:31 mm., from the anterior end.

The caudal end of the male is slightly curved ventrally
and bluntly rounded at the tip. There are eight pairs of
pedunculate papillee, seven of which are preanal and one
postanal. The spicules are equal (0-12 mm.) in length.

The tail of the female is 0-11 mm. long, and has a blunt
tip. The vulva is situated at 1-4-3:38 mm. from the posterior
end of the body. Its anterior lip forms a prominent lobe.

6. Family CUCULLANIDA Cobbold, 1864.

Mouth a dorso-ventral slit bounded by large lateral lips.
(Esophagus club-shaped and composed of two portions, but
without a distinet glandular portion, and usunally dilated
anteriorly to form a large, muscular * false buccal cavity ™
without specially thickened lining. An intestinal cmcum
sometimes present. Male with rudimentary caudal ala,
or none, but usually with a muscular preanal sucker-like
organ. Spicules equal. An accessory piece usually present.
Vulva behind the middle of the body :; the vagina running
anteriorly from it. Uterine branches opposed. Females
oviparous.

1. Genus CUCULLANUS Miiller, 1777.

Synonyms :—Cucuwlanus Bloch, 1782 ; Plewrorinchus Nau, 1787 ;
Pleurorfiynehus Rudolphi, 1801 3 Cucullus Zeder, 1803 ; Stelmius
Dujardin, 1845 : Dacnitis Dujardin, 1845 * ; Dachnitis Cobbold,
1858 ; Dacnites v. Beneden, 1858 ; Serradacnitis Lane, 1916 ;
Bulbodacnitis Lane, 1916,

Mouth terminal or somewhat dorsally inclined, sometimes
bordered by a striated membrane. Intestinal cmeum absent.
Male with a preanal sucker-like organ. Adult worms in the
alimentary canal of fishes and tortoises.

Genotype :—Cucullanus cirratus Miller, 1777.

Key to Species.

R B SNEE OLLOYEIIBE. o, viors v » o Lo v BT im vk oA Tt A 5 serratus, p. 221.
Parasites of fishes ... o ol e Ll 1.
1. Head with o dorsal prominence : female up to
)8R LT e SO B L R e bulbosus, p. 222.
Head without dorsal prominence ; femals up to
BOOUE:ZINMEAONE 7 iole-siy s oaiollotamIoiois v o 1y callichrot, p. 223.

* Tornquist (1931) recogmizes Daenitis Dujardin as  generically
distinct from Cuweullanus. The genotype of Daenitis is D. esuriens
Dujardin, which is placed by Térnquist in the synonymy of Cucullanus
(5. 8.) heterochrous. Hence, if the genus Dacnitis of Térnguist were
to be retained, its name would have to be changed. The characters
by which it is separated from Cucullanus arve, however, very slight,
and the necessity for the separation appears doubtful.
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1. Cucullanus serratus (Lane, 1916) Barreto, 1918. (Figs. 132
& 133.)

Synonym :—Serradacnitis serrata Lane, 1916.
Host :—T'rionyx gangeticus.
Lane (1916, a) had only male specimens at his disposal *.
These measured 15-16 mm. in length. The body is laterally

compressed, and has a maximum dorso-ventral diameter
of 0-5 mm. There is a rounded *‘ head,” measuring 0-55 mm.

ig. 132. Fig. 133.

Fig. 132.—Cucullanus serratus. Anterior end ; lateral view,
(After Lane.)
Fig. 133 —Cucullanus serratus. Posterior end of male;
lateral view. (After Lane.)

in dorso-ventral and 0-45 mm. in lateral diameter, and
followed by a slight “ neck.” The cuticular striations are
5 p apart, and in addition to these there are coarse annulatigns,
0:095-0-4 mm. apart, with prominent posterior edges, giving
the outline of the body a serrated appearance. The cesophagus

* Térnquist (1931) records what he regards as this species from
Trionyr triunguis from the Sudan, but the males in his material were
much smaller, and had spicules less than half as long as those of Lane’s
specimens.  Although the forms deseribed by the two authors are clearly
very closely related, it seems uncertain whether they are identical.
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measures 145 mm. in length. The nerve-ring is situated
at 0-55 mm., the cervical papille at 0-75 mm., and the
excretory pore at about 1 mm., from the anterior end.

The tail is 0-35 mm. long, and is bluntly conical, with
a minute terminal spike. The sucker-like organ is situated
at a distance of 1-1-1-4 mm. from the posterior end, and
measures 0-3 mm. in length. There are eleven pairs of caudal
papille, five of which are preanal, two adanal and four post-
anal. The eight posterior papille on each side are grouped
m pais. The most anterior papilla is just in front of the
sucker, the next just behind this organ. The spicules are
3 mm. long, and are alate, the shaft and ale forming a
" gutter " which is U-shaped in section. The accessory
piece, which measures about 0-09 mm. in length, is flattened
ventrally and convex dorsally. It is ‘‘shield-shaped ™ in
dorso-ventral view, and has a striated appearance.

2. Cucullanus bulbosus (Lane, 1916) Barreto, 1918.  (Figs. 134
& 135.)
Synonyms :—Bulbodacnitis bulbosa Lane, 1916 ; Dacnitis bulhosa
Tornquist, 1931,

Host -—Caranx melampygus ; Cheval Paar, Gulf of Manaar,
Ceylon.

The male measures 13-3 mm. in length and 0-375 mm.
in maximum thickness, the female 14 mm. and 0-45.mm.
respectively. The body is laterally compressed. The cuticular
striations are 10 u apart. The “ head” measures (045 mm.
in dorso-ventral and 0-4 mm. in lateral diameter, and has
a hemispherical bulbous prominence, measuring 0-2 mm.
in diameter and 0-1 mm. in height, on its dorsal aspect. The
esophagus appears, from the figure, to be about 1-7 mm.
long. The nerve-ring is situated at 0-6 mm. from the anterior
end.

The tail of the male measures 0-425 mm. in length, and
ends in a small spike. The sucker-like organ is situated at
a distance of 1 mm, from the posterior end. Of the eleven
pairs of caudal papille five are preanal, one fu_lanal and ﬁyc
postanal. The adanal pair, is lateral in position, the third
pair from the posterior end subdorsal, and the fourth lateral,
The papille of this last pair are very small. The spicules
are 0-7 mm. long, and each is “shaped like a somewhat
battered kukri,” of which the proximal portion of the shaft
forms the handle, and the broad ale the blade. The accessory
piece measures about 0-11 mm. in length, and is spindle-
shaped in lateral view.

The tail of the female is apparently about 0-4 mm. long,
and is bluntly conical, with a terminal spike. The vulva
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is sitnated at 8 mm. from the anterior end, on a hemispbeﬂ}‘&'
prominence measuring 0-15 mm. in diameter. The vagina
runs forward nearly straight for a distance of 1 mm., an

then gives off the uterine branches, which at first, run anteriorly,
and after a course of 0:-45 mm. become wider. ‘° One uterus

eventually turns caudad, and uterine and ovarian coi_ls are
found at both ends of the body, reaching to within 0:25 mi.
from the caudad end of the esophagus, and 0-16 mm. from
the anus.” The eggs measure 0-075 % 0-05 mm.

Fig. 135.

Fig. 134.

Fig. 134.—Cucullanus bulbosus. Anterior end ; lateral view:
(After Lane.)
Fig. 135.—Cucullanus bulbosus, Posterior end of male ; lateral
view. (After Lane.)

3. Cucullanus callichroi (Stewart, 1914) Barreto, 1922.

Synonyms :—Dacnitis callichroi Stewart, 1914 ; Dacnitis callicrot
Lane, 1916.

Host —Callichrous macrophthalmus (intestine) ; Lucknow.
Of this species Stewart had at his disposal two fcn.la,le
specimens only, and these were in a contracted conditjon.
They measured respectively 6-63 mm. and 7-225 mm. n
length and about 0-39 mm. and 0-43 mm. in thickness. The
cuticular striations in the anterior half of the body are 24
apart ; those in the posterior half 1:2x. No striations were
seen in the anterior esophageal region. The body is narrowed
in the region corresponding to the anterior two-thirds of the
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cesophagus. The “ head ” is not curved dorsally, but the
mouth is tilted slightly towards the dorsal side. It is bordered
by a membranous fringe which bears 32-36 longitudinal
striations on each side. The csophagus measures (from
the anterior extremity) up to about 0-77 mm. in length.

The tail measures 0-17-0-203 mm. in length, and is conical
and pointed. Tt bears a pair of prominent papillz slightly
behind the middle. The anterior lip of the anus is prominent.
The vulva is situated at 2-72-3-14 mm. from the posterior
end. The thick-walled vagina runs forward for a distance
of 0-55 mm. The eggs measure up to about 0-085 % 0-056 mm.



Order DIOCTOPHYMOIDEA Railliet,
‘ 1916.

Parasitic forms of medium or large size. Mouth hexagpnal,
without lips, but surrounded by one, two or three (Eu'clcs
each of six papille. (Hsophagus relatively long and simple
or club-shaped. Cuticle of body sometimes spiny. Each of
the four muscular fields divided longitudinally into two by
the insertion of well-developed suspensory muscles of the
alimentary canal. Caudal end of male provided \\’lt.l] @
muscular  bursa-like expansion, without rays. A ‘smglc
long spicule present. Anus of female terminal. l'cn}ul’e
genital tube single. Eggs barrel-shaped, with a thuflx,
irregular albuminous coating and not containing embryos
when laid. Adults parasitic in mammals and birds. Larval
forms in an intermediate host.

7 F&mﬂy DIOCTOPHYMI DA Railliet, 1916.
With the characters of the Order.

Key to Genera.

Adults parasitic in mammals, Vulva near

anteriorend of body ..., ... ... . .. Diocrornyye, p. 225.
Adults parasitic in  birds. Vulva near -
posterior end of body .., .. . . . EUSTRONGYLIDES, p. 227.

1. Genus DIOCTOPHYME Collet-Meygret, 1802.

Synonym :—Eustrongylus Diesing, 1851.

Extremely large worms (female up to about 1 m. long;
male about one-third of this length). Body blood-red during
life, truncate posteriorly and somewhat tapering anteriorly.
Cuticle relatively thin and transparent, transversely striated
but without spines. Mouth surrounded by two ecircles of
papille.  Vulva towards the anterior end of the body. Adult
worms in the kidneys or serous cavities of mammals : larvee,
so far as known, in the musculature of freshwater fishes.

Genotype i—Dioctophyme renale (Goeze, 1782).

NEM. IL. Q
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1. Dioctophyme renale (Goeze, 1782) Stiles, 1901.  (Fig. 136.)

Synonyms :—Ascaris renalis Goeze, 1782 ; Ascaris canis Schrank,
1788 : Ascaris martis Sehrank, 1788 ; Ascaris visceralis Gmelin,
1790 ; Strongylus gigas Rudolphi, 1802; Fusaria wisceralis
Zeder, 1803 ; Fusaria renalis Zeder, 1803 ; Lumbricus renun
canis Rudolphi, 1809 ; Fustrongylus gigas Diesing, 1851 ;
Lumbricus canis renalis Diesing. 1851 ; Lumbricus martis renalis
Diesing, 1851 ; Lumbricus sanguineus Diesing, 1851 ;: Lumbricus
gulonis sibirici Diesing, 1851 ; Lumbricus renalis Kichenmeister,
1855 : Strongylus renalis Moquin-Tandon, 1860 ; Fustréngylus
gigante Perroncito, 1882 ; Fustrongylus visceralis Railliot, 1885 ;
Dioctophyme gigas Stiles and Hassall, 1804 : Dioctophyme
visceralis Stiles and Hassall, 1896 : Fustrongylus renalis Guiart,
1910 ;  Dioctophyme renalis Castellani and Chalmera, 1910 ;
t Dracunculus longissimus Césalpin (teste Blanchard, 1888).

Hosts :—This worm is most frequently found in the dog,
but occurs also in many other carnivores, including the

PO e,
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Fig. 136.—Dioctophyme renale. Posterior end of male ; ventral view.
{From Baylis, aftar Stefanski.)

wolf, fox, cat and seal, the otter and various other members
of the weasel tribe. It has also been recorded as an occasional
parasite of the pig, horse, 0X, orang-utan and man. Its
geographical range includes Europe, Asia and North and South
America. In India it has been recorded occasionally from
the dog (Punjab : Gaiger, 1910, 1915 ; Bihar : Roy Chaudhuri,
1731). The usual habitat of the adult worm is the pelvis
of the kidney, from which it may invade the body of the organ
and gradually destroy the renal tissue. Sometimes, however,
it is found either free or encapsuled in the abdominal or
thoracic cavity, or in the liver. Indogs its presence sometimes
induces nervous symptorms which simulate those of rabies.
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This is the largest known Nematode, the male measuring
14-15 cm. in length and 3-7 mm. in maximum thickness,
the female 15-103 em. and 5-12 mm. respectively. The
body is blood-red when fresh. Each lateral line bears a row
of papillze. These become closer together towards the extremi-
ties of the body. The mouth is surrounded by two crowns
of papille, those of the outer crown being situated on
relatigely large nodular swellings, while those of the inner
crown are small. On the ventral surface, behind the mouth,
there is a short longitudinal depression with rather prominent
borders. The esophagus is about 45 mm. long in the male
and 50-60 mm. in the female, and attains a thickness of about
2 mm. The intestine, according to Lukasiak (1930) shows
a division into three portions of different colours and thick-
nesses, the middle portion being short and narrow, the pos-
terior portion very wide.

The posterior end of the male is provided with a ** bursa ™
which is of a transversely-elongated oval shape, slightly
indented on its anterior margin, and covered on its inner
surface with small papilliform elevations. In the centre of
the ** bursa ”* there is a somewhat raised cone, at the summit
of which is the cloacal aperture. The spicule is bristle-like
and is usually said to measure 5-6 mm. in length. This,
however, probably refers only to the protruded portion,
since Lukasiak gives the total length of the spicule as 12-
14:5 mm., 7-5 mm. of this being retained within the spicule-
sheath.

The anus of the female is crescentic, and near it there are
some small papille. The vulva, which is transversely elongate,
1s situated at 14-80 mm. from the anterior extremity, according
to the size of the specimen, but usually behind the posterior
end of the cesophagus. The muscular vagina measures up to
about 30 mm. in length, and may run at first either anteriorly
or posteriorly from the vulva. The eggs have a thick, coarsely
pitted or mammillated albuminous covering when laid, and
measure (-064-0:084 < 0-04-0-052 mm. '

The life-history of this parasite is not yet fully known,
but evidence has been brought forward by Ciurea which
suggests that one of its intermediate hosts in Europe is the
freshwater fish Idus idus.

2. Genus EUSTRONGYLIDES Jagerskiold, 1909.

Forms of medium or rather large size. Body cylindrical,
or sometimes swollen in its middle. Cuticle coarsely striated,
at least towards the extremities, but without spines. Mouth
surrounded by two or three circles of papille. Vulva close

Q2
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to the anus. Adult worms in the alimentary canal of birds

(usually in the glands of the proventriculus); larve in the

connective tissue of fishes, and apparently in Crustacea.
Genotype :—FEustrongylides tubifex (Nitzsch, 1819).

1. Eustrongylides sp.

Baylis and Daubney (1922) tentatively refer to this genus
two larva taken from a prawn at Karachi. These mefisured
respectively 12:5 mm. and 13-25 mm. in length and 0-26 mm.
and 0-33 mm. in maximum thickness. The “ head” was
somewhat swollen and almost globular, and had a maximum
diameter of 0-21-0-22 mm. The mouth was situated in a
large depression, on the border of which only one ring of six
papillzz was seen. The cesophagus measured 7-9 mm. and
825 mm. in length (about two-thirds of the total length).
Tt had a short, narrow, muscular anterior portion, measuring
0-43-0-45 mm. in length, and a considerably wider, glandular
posterior portion. The tail was 0-13-0-15 mm. long, and was
bluntly conical, with a small terminal cuticular * button.”



Order TRICHINELLOIDEA Hall
: 1916.

Medium-sized or small forms in which the body is usu_a-lly
elongate and slender, and is more or less clearly dnnded_ into
an cesophageal portion and a posterior portion containing
the other organs. (Esophagus narrow and partially embedded
in a conspicuous * cell-body ” consisting of a single chain
of cells. Cloacal aperture of male and anus of female ‘termmal
or subterminal. Male with a single spicule or without a
spicule. Female genital tube single.

8. Family TRICHINELLIDA Stiles and Crane,
1910.
With the characters of the Order.

Subfamily TRICHINELLINA Ransom, 1911.

Male without spicule or spicule-sheath. Vulva in the
@sophageal region. Female ovoviviparous. Eggs spherical,
without a true shell but surrounded by a delicate membrane.
Adult worms in the intestine of mammals, giving rise to larva
which become encapsuled in the musculature of the same host.

I. Genus TRICHINELLA Railliet, 1895.
Synonyms :~T'richina Owen, 1835, nec Meigen, 1830 ’1‘_richfm
Bischoff, 1840 ; Trichinia Bischoff. 1840 ; Trichinus Bischoff,
1844),

With the characters of the Subfamily.
Genotype —Trichinella spiralis (Owen, 1835).

1. Trichinella spiralis (Owen, 1835) Railliet, 1895. (Fig. 137.)

Synonyms :—1T'richina spiralis Owen, 1835; Trichine spirelis
Bischoff, 1840; Trichinia spiralis Bischoff, 1840; Trichina
affinis Diesing, 1851 (part): Trichina spiralis hominis Kraemer,
1853 ; Trichina circumflera Polonio, 1860; Trickina l""""",la‘h.u“1
Dengler, 1863 : Pseudalius trickina Davaine, 1863 ; Trichine
spirale Bert and Blanchard, 1885; ! Trichina canis Kraemer,
1853,

Hosts :—This parasite has been recorded from a very wide



state.

230 TRICHINELLID 3.

variety of mammalian hosts. These include man, the pig,

ox, sheep, horse, dog, cat, rabbit, rat and many other animals.
The adult worms occur in the small intestine of the host,
and the larvee become encysted in the fibres of the voluntary
muscles. The distribution of the species is world-wide, and

Fig. 187.—Trichinella spiralis. A, adult male; B, adult female;

Y, larve encapsuled in muscle, (From Baylis, after
Fiebiger.)

it still occurs not uncommonly in man in countries where
pork or other flesh is eaten in a raw or very slightly cooked
Its incidence has, however, been materially reduced
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where a rigorous system of meat-inspection has been enforced.
Although this worm appears to have been known to occur
formerly in man in India, no recent references to it have been
found in the literature. It is to be presumed, therefore, that
it is by no means prevalent, or that infestations with it, when
they oceur, are so slight as to pass unnoticed.

The male measures 1-4—1-6 mm. in length and about 0-04 mm.
in maximum thickness, the female 34 mm. and (0-06 mm.
respectively. At the posterior end of the body, in the male,
there is a pair of relatively large, ventrally-directed, conical
processes at the sides of the cloacal aperture, and between
these two pairs of papille. The vulva is situated near the
middle of the wsophageal region of the body. The sub-
globular eggs measure about 0-04 X 0-03 mm. The embryos,
on hatching, measure 0-09-0-16 mm. in length and 6-9u in
thickness, the greatest diameter being near the anterior end.

The life-history of this species may be summarized as follows.
After copulation, which takes place in the small intestine of
the host, the male dies. The fertilized female burrows into
the mucous membrane by way of the glands of Lieberkiihn,
and makes its way into the lymph-spaces. Here it produces
a large number of embryos, which migrate by way of the
lymphatics and blood-vessels all over the body, many of them
thus reaching the connective tissue of the musculature. Those
which have entered the voluntary muscles (especially those of
the diaphragm, thoracic wall, tongue, throat and eyes) pene-
trate into the sarcolemma of the muscle-fibres, and grow to &
gize of 0-8-1 mm.x0:03 mm., their shape changing at the
same time so that the anterior end becomes slender, the
posterior thick and blunt. Finally they become enclosed in
lemon-shaped capsules, each of which usually contains a single
worm, but may occasionally contain as many as seven.
At.this stage the larvar are infective for any suitable host
which ingests the flesh containing them, and may remain
alive and infective for as long as eleven years, or possibly
longer. If not ingested during this period, the larve die
and their cysts become calcified.

When liberated from the capsule by digestion, the larva
undergoes its final moult and becomes sexually mature within
one to five days. Heavy infestation is dangerous because the
muscles invaded by the larva may undergo degeneration,
and death may occur from paralysis of the respiratory musc!es.
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Subfamily TRICHURINAE Ransom, 1911.

A ventral longitudinal “ bacillary band ™ present at least
in the esophageal region, composed of numerous unicellular
subcuticular glands with rod-like processes projecting through
the cuticle. Similar bacillary bands may be present on tﬁe
do.rsal and lateral surfaces of the body. Male with a single
spicule or, exceptionally, without a spicule. A protrusible,
membranous spicule-sheath present, the lining of which
(the outer surface when everted) may be smooth or spiny.
Vulva behind the junction of the wmsophagus and intestine.
Eggs barrel-shaped or lemon-shaped, with thick shells having
an opening at each pole, closed by a plug : their contents
unsegmented at the time of laying.

Key to Genera.

Posterior portion of body usually shorter and

stouter than msophageal portion. Caudal

L'n.d of male curled dorsally .............. Trrcavnis, p. 232
Posterior portion of body usually longer and

scarcely stouter than csophageal portion.

Caudal end of male straight or curved

ventrallydos L o A b S CAriLLARIA, p. 240.

2. Genus TRICHURIS Roederer, 1761.
Synonyms * :—T'richocephalos Goeze, 1782; Trichiuris Herbst,
1787 ; Trichocephalus Schrank, 1788 ; Mastigodes Zeder, 1800;
Tricuris Bradley, 1813; Mastigoides Lamarck, 1816 ; Tricho-
kephalus Baelz, 1883 ; T'richocefalus Wichmann, 1880 ; Trichurus
Fagge and Pye-Smith, 1002 ; Trichozephalus Kahane, 1907 ;
Trichuria Gage and Bass, 1910 ; [not Prichiurus Linnmus, 17568].
Body with slender wsophageal portion and thicker and
shorter posterior portion. A ventral longitudinal bacillary
band present in the cesophageal region. Posterior extremity
bluntly rounded in both sexes ; that of the male curled dorsally
and without als or bursa-like structure. A spicule present.
Adult worms in the cmcum of mammals, forming burrows

in the epithelium, in which the anterior end is buried.
Genotype :—T'richuris trichiura (Linnzus, 1771).

K(;y to Spe(.’ifs.

Parasite of Primates and swine ... ......... trichiura, p. 233.
Parasites of raminants .. .....-cccveiiiiiaas I.

1. Spicule of male less than 3 mm. long .. ....... discolor, p. 239.
Spicule more than 3 mm. long . .............. S,

2. Spines on distal expansion of everted spicule-
sheath shorter than the rest. Vagina long,
slender and sinuous; its lumen widening
gradually s o e A SR SN Tl ovis, p. 235.
Spines on distal expansion of everted spicule-
sheath longer than the rest. Vagina short
and stout ; its lumen forming angular bends
and expanding suddenly into an egg-chamber. globulosa, p. 238.

* Some obvious misprints are omitted.

G
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1t 'l‘rif:l;urls trichiura (Linnaus, 1771) Stiles, 1901. (Figs. 138&
9.)

Synonyms :—Ascaris trichiura Linneus, 1771: Trichoocpl:_ﬂllm
hominis Schrank, 1788; Z'richocephalus suis Schrank, 1788 ;
T'richocephalus apri Gmelin, 1700 ; Trichuris hominis Bruguitre,
1791 ; Trichuris vulgaris Hooper, 1799 ; T'richuris intestinalis
Hooper, 1799 : Tricocephalus hominis Lamarck, 1801 ; T'richo-
cephalus dispar Rudolphi, 1802 ; Mastigodes apri Zeder, 1803 ;
Trichocephalus crenatus Rudolphi, 1809 ; T'richocephalos hominis
Baird, 1853 ; Ascaris trichina Moquin-Tandon, 1860 ; Tricho-
cephalus trichiurus Blanchard, 1895; Tricocephalus dispar
Daniels, 1897 ; T'richocephalus trichiuris Simon, 1907 ; Tricho-
zephalus dispar Kahane, 1907; Trichuris suis Smith, 1908 ;
Prichuris crenata Gedoelst, 1011 ; Trichurus trichiura Castellani
and Chalmers, 1913 ; Trinchocephalus trichiurus da Matta,
1914; Trichocephalus trichiuria Mukerji and Dass, 1915;
Tricocephalus trichiuris Maxwell, 1916 ; Trichocephalus trichurus
Bhalerao, 1935,

Fig. 138.—T'richuris trichiura. A, male; B, female.
(Partly aftor Bremser.)

Hosts :—This species occurs in man, in various other
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Primates and in swine. It inhabits the cmcum, colon and
appendix, and is of cosmopolitan distribution. In India,
besides its common occurrence in man *, it has been recorded
" by Baylis and Daubney (1922) from a gibbon (Hylobates sp.)
and from a wild boar (Sus cristatus [=S. bengalensis]), the latter
near Dinapore, Bihar. Maplestone (1903, a) lists it among
parasites found in pigs slanghtered in Calcutta. The speci-
mens recorded by Chandler (1930) from the hanuman monkey
(Sf‘.rr-tmpitkccus entellus) were also presumably of Indian
origin.

Fig. 139.—T'richuris trichiura. Posterior end of male ;
lateral view, (After Sprehn.)

The male measures about 30-45 mm. in length and 0-45-
0-65 mm. in maximum thickness, the female 35-50 mm. and
0-5-0-85 mm. respectively. The slender msophageal portion
of the body occupies about two-thirds to three-fifths of the
total length. The spicule of the male measures 2-3:35 mm.
in length and about 0:056 mm. in maximum thickness (near
the root, which is slightly expanded). Its tip may be rounded
or pointed. The spicule-sheath is variable in shape when

* Sweet (1920), for example, records that about 14 per cent. of the
population of Mysore State are infested.
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extruded, being sometimes cylindrical, sometimes expanded
distally, and may be partly or wholly covered with spines.
The ejaculatory duct, according to Chandler (1930), is about
2:9-3-4 mm. long, and hardly more (sometimes much less)
than half as long as the vas deferens, with which it is connected
by a narrow duct about 0-5 mm. long. The testis is closely
convoluted throughout its length.

The vulva is not prominent. The eggs measure 0-05—
0:056 % 0:021-0-025 mm. When laid they are almost colour-
less, but when seen in fieces they are usually dark reddish-
brown.

The development of the embryos does not begin until the
eggs have left the body of the host. In cool climates develop-
ment to the infective stage may take from six to twelve
months, but in warmer climates it takes only from three weeks
to a month. The eggs are highly resistant to cold, and can
withstand freezing. They may remain infective for as long
as five years. If they are ingested, with food or water, by a
suitable host, the larvee hatch and are said to pass at once
into the mucosa of the intestine, reaching maturity within a
month after infection.

2. Trichuris ovis (Abildgaard, 1795) Smith, 1908. (Figs. 140 &
141, A.)

Synonyms :—7Trichocephalus ovis Abildgaard, 1795 ; Trichocephalus
affinis Rudolphi, 1802 ; Mastigodes affinis Zeder, 1803 ; T'rico-
“1;,""1"" affinis Francis, 1894; Trichuris affinis Stiles, 1902 ;
¥ Trichocephalus cameli Rudolphi, 1819 * ; ? T'richocephalus echino-
phallis Nitzsch, in Creplin, 1849 ; 7 T'michocephalus echinophyllus
Railliet, 1893 ; ? T'richocephalus alcocki v. Linstow, 1906;
;g’ll'l'l'ichuria aleocki Ransom, 1911 ; ? Trichuris cameli Ransom,

Hosts :—This is a common and widely-distributed parasite

of the sheep, goat, ox, camel and many other ruminants.

Gaiger (1910, 1915) records it as common in sheep, goats and
cattle (especially the first) in the Punjab. Bhalerao (1935, b)
records it, presumably from the same hosts, from Bombay,
the Central Provinces and Madras. Specimens were recorded
by Baylis and Daubney (1922) from an * antelope "—probably
the Indian antelope or black buck (dntilope cervicapra).
The thameng (Cervus eldi) is also a host for this species, since
specimens of 7. ovis were included in the material named
T. alcocki by v. Linstow (1906, e¢) and obtained from this

* 7. cameli Rud.” has been recorded from both the Bactrian
camel and the dromedary. According to Gaiger (1910) Leese found it
in the latter host in India. Rudolphi (1819) gives no deseription of
the worm. His species is therefore unrecognizable, and it is uncertain
whether the forms seen by later authors were the same. In all proba-
bility 7'. cameli is identical with either 7. ovis or 7', globwlosa.
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animal in the Zoological Gardens, Calcutta *. As the writer
(1932, a) has shown, Trichuris globulosa (v. Linstow, 1901)
is probably as common as 7'. ovis in domestic ruminants

Fig. 140—Trichuris ovis. A, posterior end of male, lateral view ;
B, egg. (From Baylis, after Ransom.)

in parts of Africa, and it is not improbable that the two species
have been confused elsewhere.

* Sprehn (1927) states that he has examined the original specimens
of 7. alcocki, consisting of one male and several females, deposited
in Berlin, and found them to be identical with 7. globulosa. Through
the courtesy of the Director of the Zoological Survey of India, the
writer has been able to examine a considerably larger number of
specimens, being that part of the original material which remains
in the Indian Museum, Calcutta. This proves to be a mixture of
T. globulosa and T. ovis. As v. Linstow states that the spicule of the
male in 7'. alcocki is only 3 mm. long and 7:8 y thick, it seems probable
that the male described by him was an immature specimen of 7', ovis
rather than 7. globulosa. However, the description is insufficient to
establish definitely of which species 7', aleocki is a synonym, and it is
accordingly mentioned under both.



TRICHURIS. 237

Both sexes of 7. ovis measure about 50-80 mm. in length.
The maximum thickness of the male is about 0-5 mm., that
of the female about 1 mm. In the male the slender cesophageal
region of the body occupies about three-quarters, in the female
two-thirds to four-fifths, of the total length. The marginal
rods of the bacillary band are larger than the rest.

The spicule of the male varies in length between 49 mm.
and 7-2 mm., with an average of about 5:8 mm., and is some-
what thickened distally before tapering to a point. The

4
5 mm.

7}

!

7

Fig. 141.—A, Trichuriz ovis; B, Trichuris globulosa, Vulvar
region of femalo; lateral view. For explanation of
lettering, seo text. (After Baylis.)

thickness of the spicule at about the middle of its length varies
between 10 x and 40 i, with an average of about 27 u. The
spicule-sheath, when fully everted, has a globular expansion
at its distal end. The whole sheath is covered with small
spines, those on the expansion being smaller than the rest.
The vagina is relatively long and slender, and pursues
a regular, sinuous course, its muscular wall gradually widening
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posteriorly. There is no sudden expansion into an egg-
chamber, as in 7'. globulosa. The lumen of the distal portion
is lined with fine spines for a distance of at least 1 mm.
(fig. 141, A, a), and part of this spiny lining is frequently
everted at the vulva. The eggs measure 0-07-0-08 mm. in
length, including the polar plugs, or 0-055-0-065 mm. without
them, and 0-03-0-042 mm. in width. When found in the
fieces of the host they are of a dark brown colour.

3. Trichuris globulosa (v. Linstow, 1901) Ransom, 1911.
(Figs. 141, B, & 142.)

Synonyms * :—T'richocephalus globulosus  v. Linstow, 1801
? Trichocephalus cameli Rudolphi, 1819 ; # Trichocephalus echinos
phallus Nitzsch, in Creplin, 1849; ? Trichocephalus echinos
phyllus Railliet, 1803 ; ¢ Trichocephalus alcocki v. Linstow,
1906 ; ? Trichuris alcocki Ransom, 1911; 2 Trichuris cameld
Ransom, 1011,

Hosts :——This species was originally recorded from the
dromedary, but is known } to occur also in cattle, sheep and

Fig. 142 —Trichuris globulosa. TPosterior end of male ; lateral view.
(After v. Linstow.)

goats, and in the European elk and chamois. The specimens
named T'richocephalus alcocki by v. Linstow (1906, e), from
a thameng (Cervus eldi) in the Zoological Gardens, Calcutta,
belonged partly, as already mentioned under 7'. ovis, to this
species. -

Both sexes measure about 40-70 mm. in length. The maxi-
mum thickness of the body in the male is about 0-71 mm. ;
in the female about 0-87 mm. The slender w@sophageal
portion of the body occupies about two-thirds of the total

* See foot-notes to 7', ovis, pp. 235 & 236.
T See Sprehn (1927) ; Bayhs (1932, a).
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length in the male, and three-quarters in the female. The
cuticular striations, according to v. Linstow, are at intervals
of about 3 .

The spicule of the male, according to the writer’s (1932, a)
observations, varies in length between 3-8 mm. and 5:7 mm.,
with an average of about 4-8 mm. Its thickness, at about
the middle of its length, varies between 32:5p and 50 pu *,
with an average of about 39-3u. As in 7. ows, there is a
considerable thickening of the spicule before the tip. The
 flare " at the root is usually less pronounced than in that
species. The spicule-sheath, when fully everted, has a globular
expansion at the distal end. The sheath is covered with
spines, which are longer and more closely set than in 7'. ovis,
those on the distal expansion being considerably longer than
the rest.

The vagina is relatively short, stout and muscular. The
lumen of its distal portion is lined with large, coarse spines, and
is thrown into three or four sharp, angular bends (fig. 141, B).
The portion of the vagina immediately behind this spiny
region forms, when not distended with eges, a narrow duct (a—),
lined with cuticle and curved so that its concavity is ventral.
This duct expands suddenly into a large egg-reservoir (¢-b),
with a folded cuticular lining. Eversion of the spiny lining at
the vulva, if it occurs, is not commonly observed. The eggs
appear to be indistinguishable from those of 7. ovis. According
to v. Linstow their length, including the polar plugs, is
(-068 mm., or without them 0:06 mm., and their width
0:036 mm.

4. Trichuris discolor (v. Linstow, 1906) Ransom, 1911.
(Fig. 143.)
Synonyms :—T'richocephalus discolor v. Linstow, 1906; Zricuris
discolor Taylor, 1024,

Hosts :—This species was briefly described by v. Linstow
(1906, d) and recorded from the zebu (Bos indicus) at Colombo,
Ceylon, It is said to have occurred in the stomach. The
type-specimens do not appear to be available in the Colombo
Museum. Taylor (1924, a) records the worm from a cow
in England, and gives a description which agrees closely with
that of v. Linstow.

The male measures about 45-59 mm. in length and
0:55-0-75 mm. in maximum thickness, the female abeut
43-52 mm. and 0:67-0-83 mm. respectively. The slender
@sophageal portion of the body occupies about two-thirds
of the total length in the male, and three-quarters in the
female. The cuticular striations are at intervals of about

* According to Sprehn (1927), 80-90 u.
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7591 p, and give the anterior portion a serrated appearance
in optical section. According to Taylor, there are two lateral
vesicular swellings at the anterior extremity.

The spicule of the male measures 1-76-2-3 mm. in length
and about 10-12 i in thickness, and has a rounded tip. The

Fig. 143.—Trichuris discolor. Posterior end of male ; lateral view.
(After v. Linstow.)

spicule-sheath is covered with spines, these being larger than
in T'. ovis but less closely set.

The eggs measure 0-06-0-073 mm. in length, including
the large, rounded polar plugs, or 0:043-0-046 mm. without

the plugs, and 0-03-0-033 mm. in width.

3. Genus CAPILLARIA Zeder, 1800.

Synonyms :—T'richosoma Rudolphi, 1819; ?'richosomum Creplin,
1820 : richostoma Westwood, 1851 ; Thomine Dujardin,
1845 ; Eucoleus Dujarding 1845 ; Calodium Dujardin, 1845 ;
Liniscus Dujardin, 1845 ; Hepaticola Hall, 1916 ; Hepaticula
Urioste, 1923.

Body typically very slender. (Esophageal portion usually
shorter and only slightly thinner than the posterior portion.
A ventral bacillary band present ; usually also a similar
dorsal band, and sometimes a pair of lateral bands. C(audal
end of male straight or slightly curved towards the ventral
side ; frequently provided with delicate ale or a bursa-like
structure, or both. A spicule usually present ; sometimes
very slightly chitinized or absent. Vulva close behind the

junction of the cesophagus and intestine ; often provided
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with a protrusible, membranous, funnel-like structure. The
egg-shells may be smooth or variously ornamented. Adult
worms in the alimentary canal, liver, urinary bladder or
respiratory passages of vertebrates.

Genotype :—Capillaria anatis (Schrank, 1790).

Key to Species.
Parasitic in the intestine of pigeons and other birds. columba, p. 241.

Parasitic in the liver of rodents and other mammals, hepatica, p. 242,
Parasitic in the abomasum of cattle ............ bilobata, p. 245.

1. Capillaria columbz (Rudolphi, 1819) Travassos, 1915.
(Fig. 144.)

Synonyms :—Trichosoma columba Rudolphi, 1819; .'gxlqdium
tenue Dujardin, 1845; Trichosomum (Calodium) tenuissimum
Diesing, 1851; Trichosomum tenwissimum Eberth, 1863, nec
Leidy, 1891; Trichosoma tenuissimum v. Linstow, 1874;
Trichosomum columba: Neveu-Lemaire, 1912 ; Capillaria dujar-
dini Travassos, 1914,

Hosts :—This species occurs in the small intestine of the
domestic pigeon, fowl and turkey in many parts of the world.

Fig. 144.—Capillaria columbm. Posterior end of male. A, ventral
view ; B, lateral view. (After Teixeira de Freitas and
Lins de Almeida.)

In India it has been recorded from the pigeon (Baylis and
Daubney, 1922), and there are specimens in the British
Museum (Natural History) from the same host from Colombs,
Ceylon.

Iho following description is taken mainly from Irwin-
S[mth (1920), Morgan (1932, 4) and Teixeira de Freitas and
Lins de Almeida (1936). The male measures about 84—
118 mm. in length and 0-025-0-064 mm. in maximum thick-

ness, the female about 10-5-19 mm. and 0:03-0-09 mm.
NEM. II. R
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respectively. A narrow ventral and two well-developed
lateral bacillary bands are present, each of the latter having
a width equal to one-quarter or one-third of the diameter
of the body. The wsophagus is about 4-6 mm. long. The
nerve-ring is situated at about 0-:08-0-16 mm. from the anterior
extremity.

The caudal end of the male is provided with a rounded
bursa-like membrane, supported by a pair of L-shaped pro-
cesses, each of which bears a terminal papilla. The spicule
measures 1:2-1-57 mm. in length and 5-12p in maximum
thickness. It has a bluntly rounded tip and an expanded
root. The spicule-sheath is transversely wrinkled but without
spines.

The posterior end of the female is bluntly rounded. The
vulva is situated at a distance of 0:06-0:17 mm. (or 0:026 mm.
according to Irwin-Smith) behind the junction of the cesophagus
and intestine. Its anterior lip is slightly prominent. There
is apparently no protrusible membrane. The eggs measure
0-041-0:056 % 0-022-0-036 mm. According to the writer's
observations they measure up to 0:056 mm. in length, including
the polar plugs, or 0-052 mm. excluding them, and the shells
are rather barrel-shaped and thick, with a granular pattern.
Miller (1937) records a maximum length of 0-072 mm.

This species appears to be, at times, highly pathogenie,
heavy infestations producing an enteritis which may cause
serious losses in pigeon-lofts.

2. Capillaria hepatica (Bancroft, 1894) Travassos, 1915.
(Figs. 145-147.)

Synonyms :—Trichosomum tenuissimum Leidy, 1891, nec Diesin‘g.
1851, nec Eberth, 1863; Prichocephalus hepaticus Bancroft,
1804 :  Trichosomum hepaticum Railliet, 1898 ; Trichosoma
hepaticum  Galli-Valerio, 1901 ; Capillaria leidyi Travassos,
1915 ; Hepaticola hepatica Hall, 1916; ? Hepaticola anthro-
popitheci Troisier, Deschiens, Limousin and Delorme, 1928.
Hosts :—This worm is known principally as a parasite of
rats, but worms or eggs which are probably attributable to
this species have been recorded from a wide variety of other
mammals, chiefly rodents. €. hepatica appears to occur
occasionally as an accidental parasite of man, the first case
of this kind having been recorded from India by Dive, Lafrenais
ond MacArthur (1924). The worms inhabit the liver of their
hosts, where they deposit masses of eggs, often visible as
yellowish patches just beneath the capsule. Frequently these
eggs are the only indication of infection, the worms dis-
appearing after oviposition.
Owing to the habitat of the worms and the difficulty of
extracting them without damage, complete specimens are
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rarely obtained. Bancroft (1894) gives their length as
14-2 inches (about 40-50 mm.). An immature female speci-
men obtained by the writer (1931) was about 38 mm. long.
The maximum thickness of the male is 0-:065-0-07 mm., and
that of the female 0-1-0-23 mm. The thickest portion of the
@sophageal region is followed, in the female, by a narrower

S
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Fig. 145—Capillaria hepatica. Posterior end of male, with spicule
and sheath protruded. A, dorsal view; B, lateral view.
p. papilla; s, spicule.sheath; asp., spicule. (After
Baylis, in * Parasitology.’)

region in which the vulva and vagina are situated. Well-
developed dorsal and ventral bacillary bands are present.
The cesophagus is about 5-2-6-7 mm. long in the male, and
6:3-9-9 mm. in the mature female,
The posterior extremity of the male is blunt and without
alie. It bears a pair of slight subventral lobes behind the
R2
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cloacal aperture, and at the base of each of these lobes there
is a papilla. As was shown by the writer (1931), there is a
well-developed though rather slightly chitinized spicule,
measuring 0-425-0-5 mm. in length. It is cylindrical for the
greater part of its length, but has a slight expansion at its
root. and a slight fusiform thickening towards its distal end.
Its tip tapers to a fine point. The spicule-sheath is mem-
branous and protrusible, and when fully everted may be
expanded distally into a large, funnel-shaped dilatation. The
sheath is apparently without spines.

The vulva is provided with a protrusible, membranous,
funnel-like structure. The average length of the eggs, in-
cluding the polar plugs, is about 0-063 mm., and their average
width about 0:032 mm. Their extreme measurements, as
given by various authors, are 0:04-0-078 % 0:026-0:045 mm.

Fig. 147.

Fig. 146.

w g0

Fig. 146.—Capillaria hepatica.* Posterior end of male, with spicule
and sheath retracted ; ventral view. p., papilla. (After
Baylis, in * Parasitology.’)

Fig. 147.—Capillaria hepatica. Egg. (After Baylis.)

The outer layer of the shell is traversed by numerous minute
rod-like structures, ending at the surface in refringent knobs
or points. These structures give the shell, in optical section,
a very characteristic radially-striated appearance. b ;
The life-history of this species is direct. Wheq mfcctlv.c
eggs are swallowed by a suitable host, they hatch in the ali-
mentary canal, especially in the cmcum. The larve then,
according to Fiilleborn (1924), burrow into the wall of the
intestine and are carried to the liver by the blood-stream.
1t is not fully understood how, under natural conditions, the
eggs escape from the liver of the host and reach the exterior,
but it has been suggested, with great probubl.lltyz that carni-
vorous animals play an important part in their dissemination
by means of their droppings. Cannibalism on the part of the

(4]



CAPILLARIA, 245

hosts may, in the same way, be a factor in the s.pread' of in-
fection. Momma (1930) considers flies the chief disseminating
agents. -He finds that the eggs are not affected by passage
through the intestine of flies or of cats, and that they can with-
stand drying for about a month. In eggs taken directly
from the liver of the host the embryos take five or six months,
at ordinary temperatures, to develop. Shorb (1931), however,
found that after passage through the intestines of rats or cats
they developed in 25-42 days at a temperature of 30° C.

3. Capillaria bilobata Bhalerao, 1933. (Fig. 148.)

Host :—Cattle (Bos indicus) ; Muktesar, United Provinces.
The worms were found in the abomasum, among the contents
and not attached to the lining.

—_—
005 mm. 00S mm.

Fig§148.—Capillaria bilobata, Posterior end of male. A, lateral
;}iew ; B, ventral view. (After Bhalerao, in Indian Journ.
et. Sci.)

The male measures 10-1-16-5 mm. in length and 0-05-
0-083 mm. in maximum thickness, the female 14-21-3 mm. and
0-072-0-085 mm. respectively, ** On the dorsal and ventral
side of the body are situated the bacillary bands, which are
narrow both anteriorly and posteriorly, but in the middle
portion of the body for a considerable distance they increase
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so much in width that they meet with each other and become
continuous. In some cases the bands remain separate through-
out the length of the body, and in others lateral bands have
been observed.” The @sophagus occupies less than half the
total length of the body, measuring 5-2-8 mm. in the male and
6:5-9-4 mm. in the female. The nerve-ring, in the male, is
situated at 0-173-0-177 mm. from the anterior end.

The caudal end of the male is provided with a bursa-like
expansion into which project, according to Bhalerao’s descrip-
tion, “ four papille or peg-like processes, the lateral two
of which are stouter and divided at their extremity into two
digitations, and the other two are situated between the former.™
From the figure it appears that the structures referred to
might be described as a pair of lateral processes each having
three digitations. In front of the ‘‘ bursa ™ there is a pair
of lateral alm measuring about 0:075 mm. in length. The
spicule is relatively very short, measuring 0-19-0-24 mm. in
length and 6-5-10 . in thickness at its root, and “ presents
light transverse striations.”” The spicule-sheath is without
spines or striations. When everted it is not more than
0-087 mm. long and “ appears to consist of two lobes, the
terminal ons of which is like an inverted bell and the other
is pear-shaped,” the narrow portion of the latter projecting
into the former.

The vulva is situated at a distance of 0-055-0-075 mm.
behind the junction of the wmsophagus and intestine. The
vagina is muscular and measures about 0-24-0-25 mm. in
length. The eggs measure 0:033-0:053 X 0-014-0-021 mm.

Capillaria sp.

Moorthy (1938, ¢) describes immature forms, considered
to be third-stage larve, of a species of Capillaria from the
intestines of Barbus puckelli, B. ticto and Lepidocephalichthys
thermalis in Mysore. They were found either embedded
in the mucous membrane or encysted in the peritoneal layer
of the midgut.
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APPENDIX.

(GENERA AND SPECIES OF UNCERTAIN POSITION.

I. Genus SCOLECOPHILUS Baylis and Daubney, 1922.

Body short and stout, tapering more gradually in front
than behind. Cuticle thin and smooth. Lateral fields very
conspicuous, broad, granular, increasing in width posteriorly
and bending towards the ventral surface near the tail. Head
truncate, without recognizable lips or papille. (Hsophagus
slender, with a large, oblong, glandular posterior bulb, con-
nected with the intestine by a narrow neck containing some
kind of valves. Intestine modified into a fat-body. Anus
a.bsqnt. Tail of male blunt, strongly curled ventrally. (Caudal
papille apparently absent. Two equal spicules present,
brpad at their roots and bent outwards at right angles in the
middle, with their tips deeply bifurcate. An accessory piece
present, with a triangular dorsal portion and two lateral
processes. Vulva near the anterior end of the body. No
muscular vagina. A single functional female genital tube
present, running posteriorly. A blind sac, lying parallel
to the anterior portion of this and acting as an egg-reservoir,
P{Ob&bly represents a second uterine branch. Eggs oval, -
with a thin shell, containing a crescentic embryo in utero.
Adult worms in the body-cavity of earthworms.

1 99;n0t'ype i—Scolecophilus lumbricicola Baylis and Daubney,

1. Scolecophilus lumbricicola Baylis and Daubney, 1922.
(Figs. 149 & 150.)

Host :—Perionyx m‘intoshi (body-cavity) ; Nepal Valley.

The male measures 3:65-4-15 mm. in length and 0-4-0-5 mm.
in maximum thickness, the female 6-6-5 mm. and 0-5-0-6 mm.
respectively. The width of the lateral fields is about 0:1 mm.
anteriorly, increasing posteriorly to about 0-22 mm. '."h_e
cuticle covering them, especially near the extremities, 18
thrown into strongly-marked transverse furrows. The mus-
culature is apparently of the meromyarian type. The total
length of the cesophagus is 0-7-0-76 mm. in the male and
0-8-0-9 mm. in the female. The bulb measures about 0-35 mm.
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in length and 0-17 mm. in diameter. The intestine appears
to terminate blindly behind. The nerve-ring is situated
at about 0-13 mm. from the anterior end. No excretory
pore was seen.

In the males examined, the spicules were protruded as
far as the angular bend, and had their tips directed laterally,
as shown in fig. 150. The tip of each spicule is bifurcated,
ending in two sharp points of slightly unequal length, separated

ov.

- i
i B s
e

T e

i My le: 3
Fig. 149.—Scolecophilus Iuml'"mwozll bulg?:: 'olateml Mol R
tine ; as.b., Q?HOPhagfm,m‘iom;l S vary ; r., rudimentary
uterine branch : "i)"aubnev) ®rine branch ; v., vulva.
(After Baylis and 47

by a deep cleft. The spicules measure 0-18 mm, in length.
The dorsal portion of the acCeSSOXY PIECe 1s roughly triangular,
broader behind than in front, a1d appears to send down lateral
processes at the sides of the SPICUI_E& )

The posterior end of the female is straight and conical. The
vulva is situated at about 0-18 mm. from the anterior end.
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The portion of the body anterior to it is nusnally much narrower
than the rest of the body. The uterus runs back almost
straight for about three-quarters of the length of the body,
and the coils of the oviduct and ovary are confined to about
the posterior third. A second uterine branch appears to

Fig. 150.—Scolecophilus lumbricicola. Posterior end of male; ventral
view. a.p., accessory piece; 4., left spicule, (After
Baylis and Daubney.)

be represented by a blind sac which may run back, in large
specimens, to a point about 2-5 mm. from the anterior end,

and is usually full of eggs. These measure about 0-065X
0:038 mm.

2. Genus UROLABES Carter, 1859.

Carter (1859, b) described a number of species which he
referred to this genus. The genotype, U. palustris, has
been doubtfully assigned to Dorylaimus (see vol. i, p. 234),
while U. barbata is regarded as probably a Symplocostoma
(see vol. i, p. 239) and U. ocellata a Chromadora (see vol. i,
pP. 244). There remain seven forms whose position is quite
uncertain, and, indeed, it is doubtful whether the species can
be recognized. All except one of them are free-living forms.
The following are summaries of Carter’s descriptions, supple-
mented by reference to his figures.
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1. Urolabes gleocapsarum Carter, 1859.

Habitat :—** The Glaocapsa which grows on walls and
(lJ)n the sides of gutters during the ‘rains’ "’ ; Island of Bom-

ay.

Length 1/54 in. Thickness 1/376 in. Head blunt, without
papille. Tail long, with a digital termination. Buccal
capsule cup-shaped anteriorly, narrow and cylindrical pos-
teriorly. (Esophagus with a median fusiform swelling and
a posterior bulb. Vulva a little in front of the middle of the
body. Female genital tubes paired, opposed.

2. Urolabes labiata Carter, 1859.

Habitat :—As for U. glewocapsarum.

Male unknown. Female 1/40 in. long and 1/774 in. thick.
Head * labiated and furnished with two papille.” Buccal
capsule tubular, cylindrical. (BEsophagus with median fusiform
swelling and posterior bulb. Vulva much behind the middle
of the body, at about the last quarter. Genital tube
“ probably unsymmetrical, there being no room for the pos-
terlior half, on account of the backward situation of the
vulva.™

3. Urolabes tentaculata Carter, 1859.

Habitat —As for U. glewocapsarum.

Male unknown. Female about 1/23 in. long and 1/26 [?] in.
thick. Head *‘ obtuse and furnished with two short, thick,
conical, tentacular prolongations, closely approximated at
their base and turned outwards " *. Buccal capsule narrow,
tubular. (Esophagus with slight median fusiform swelling
and posterior bulb. Vulva just behind the middle. Genital
tubes paired.

4. Urolabes cirrata Carter, 1859.

Habitat :—As for U. gleocapsarum. ;

Male unknown. Female 1/73 in. long and 1/1080 in. thlpk:
Head *“ obtuse and furnished with two linear short cirri
widely separated.” Buccal cavity, according to the figure,
a short, oylindrical pharynx. (Esophagus “ gradually increas-
ing in diameter backwards to its bulbous termination.” Vulva
in the posterior half of the body, a little in front of the pos-
terior quarter. Genital tubes undescribed.

* In the figure the structure looks like a membranous funnel sur-
rounding the mouth,
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5. Urolabes erythrops Carter, 1859,
Synonym :—Enoplus erythrops Eberth, 1863 *.

Habitat :—* Silty clots of Oscillatoria floating in the salt-
water main drain of the town of Bombay.”

Length 1/20 in. Thickness 1/470 in. Head * obtuse and
without papille.” Buccal cavity apparently a funnel-
shaped pharynx, with a globular posterior chamber. (Eso-
phagus simple and club-shaped. A pair of globular ocelli
present at about the anterior fifth of the mesophagus, * of
a rich carmine colour in their posterior three-fourths, and
the anterior fourth or corneal portion bluish opalescent.”
The caudal end of the male diminishes suddenly in thickness
at the cloacal aperture, and the tail is more slender than that
of the female. Spicules paired, broad. Tail of female
very long and tapering. Vulva at about the middle of the
body. Female genital tubes paired.

6. Urolabes infrequens Carter, 1859,

Habitat .-—As for U. erythrops.

“A little larger ” than U. erythrops, which it closely
resembles. Buccal cavity funnel-shaped, apparently without
posterior globular chamber. Ocelli as in U. erythrops, but
yellowish throughout. Tail of male short, conical and curved
ventrally, * presenting on each side of the inner curvature
a membranous expansion supported on setaceous ribs, which
extends from the tip of the tail to some little distance above
the anus.” Spicules paired, broad. Tail of female long
and tapering. Vulva and genital tubes as in U. erythrops.
“ Ova undergoing segmentation and the embryo developed
in the ovisac, but not liberated there.”

7. Urolabes parasitica Carter, 1859.

Synonyms :—* Filaria of Carter, 1858; Nematodum naidis
albide Diesing, 1861,

Habital :—" Found singly and in variable plurality in the
peritoneal cavity of Nais albida, which worm . ..was met
with . ..in a species of Glwocapsa . ..during the rainy
season '’ (Carfer, 1858, a) ; Bombay.

Male unknown. Female 1/43 in. long. Head * obtuse
and without papille.” (Esophagus apparently simple and
club-shaped, * commencing in an expanded oral oifice,
immediately becoming narrowed into a straight uniform
tube ; naked at the commencement ” [i.e. a buccal capsule].
Vulva a little in front of the middle of the body. Genital
tubes paired, opposed.

* Mentioned without description, but evidently Carter’s species.
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Family QUIMPERIIDA Baylis, 1930 *,

Ascaroidea. Musculature meromyarian. Lips small or
absent. Buccal capsule absent. (Esophagus muscular
throughout ; its anterior portion sometimes forming a
“ pharynx.” No distinet cesophageal bulb, but the posterior
portion of the cesophagus may be modified in structure and
wider than the anterior portion. A preanal sucker, without
chitinoid border, may be present in the male. Spicules
paired, equal. Vulva in the posterior half of the body.
Uterine branches opposed. Females oviparous.

1. Genus PARAGENDRIA, nov.

Mouth a shallow depression without definite lips. Teeth
not observed at its base. (Esophagus simple, club-shaped
posteriorly. Broad lateral ale extend throughout almost
the whole length of the body. A preanal sucker present
in the male. No accessory piece observed. Adult worms
in the intestine of fishes.

Genotype :— Paragendria macronis (Stewart, 1914),

1. Paragendria macronis (Stewart, 1914),

Synonyms :—Heterakis macronis Stewart, 1914 ; Subulura (1) macro-
nis Barreto, 1919.

Host -—Macrones aor (intestine) ; [Lucknow market].

The male measures about 3:65-7-41 mm. in length and
0-148 mm. in maximum thickness, the female about 6:6-
85 mm. and 0-129-0-153 mm. respectively. The worms
are described as delicate and hair-like. The anterior end is

* This family shows some evidences of relationship to the Kath-
laniid= (vol. i, p. 158).

+ From Stewart's (1914, a) description of the species placed here,
it does not seem possible to assign it to any of the genera (Quimperia
Gendre, 1926, Gendria Baylis, 1930, and Paraquimperia Baylis, 1934)
at present included in the family. It appears, however, to be fairly
closely related to Gendria.
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usually curved dorsally. The cuticle is apparently un-
striated. The ““head ” is rounded and very slightly wider
than the * neck,” having a diameter of 0-04-0-055 mm.
There is a pair of broad lateral ale, extending from the anterior
extremity almost as far as the anus. Anteriorly the margins
of these ale are supported by cuticular thickenings. They
attain a maximum width of about 0-048-0-067 mm. at the level
of the posterior end of the cesophagus. There are no lips.
The mouth is “ formed by a shallow funnel-shaped depression
in the anterior end of the cesophagus,” and is surrounded by
a ring of slightly thickened cuticle, which is somewhat thicker
ventrally than dorsally, and tilted slightly towards the dorsal
side. The wsophagus is about 0-75-0-85 mm. long, and is
simple and club-shaped, without pharynx or bulb. Its
walls are darkly pigmented behind the nerve-ring. This is
situated at 0-314-0:425 mm., and the cervical papille at
0-56 mm., from the anterior extremity.

The caudal end of the male is curved ventrally. The tail
measures 0-17-0-185 mm. in length, including a terminal
spike 0-073 mm. long. A pair of caudal ala extend from the
preanal sucker to the base of the caudal spike (a distance
of 0-44 mm.). There are five pairs of preanal and six pairs
of postanal papille, and two median preanal papille, one
of which is situated a little in front of the cloacal aperture,
the other somewhat further forward. The most anterior
pair of papille is situated considerably in front of the sucker.
The second and third pairs of papill from the posterior end
have very large and stout peduncles. The spicules measure
0:0765 mm. in length. They are hollow at their roots, where
they measure 6-8p in thickness. Distally each spicule is
flattened and “ bears five longitudinal ribs on its outer and
posterior surface,”

The tail of the female is tapering and measures 0:221-
0:259 mm. in length. The vulva is situated at about the
posterior third of the body (at 2:167-2-89 mm. from the
posterior end). The eggs measure 0:051-0-0629 % 0-037 mm.
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CLASSIFIED LIST OF HOSTS, with the Nematodes recorded
from them in India, Ceylon and Burma, and deseribed in
this Work.

Hosts marked thus (*) are not native animals.

MAMMALS.
Order PRIMATES.

(T AT Sy SRR e Ascaris lumbricoides, Enterobius ver-
micularis, Strongyloides stercoralis,
Ancylostoma duodenale, A. brazili-
ense, Necator americanus, Tricho-
strongylus ? colubriformis, Wuchereria
banecrofti, Microfilaria malayi, M. actoni,
Dracunculus medinensis, Gnathostoma
spinigerum (larva), Trichinella spiralis,
Trichuris trichiura, Capillaria hepatica.

Hylobates hoolock ........ Probstmayria simim, Strongyloides papil-
losus, (Esophagostomum blanchardi,
0. ovatum, Dipetalonema (1) digi-
tatum, Streptopharagus pigmentatus,
Physocephaloides primus,

Hylobatessp. .......vvues Trichuris trichiura,

Macacus rhesus ,......... Strongyloides papillosus.

Semnopithecus entellus ... Trichuris trichiura.

Semnopithecus obscurus ... (Esophagostomum tridentatum.

Loris lydekkerianus [L. gra-

(o)) [ - L e Py Subulura sarasinorum.
*Lemur ? brunneus ....... (?) Enterobius anthropopitheci.
*Lemur ruber ,....... .... Protofilaria furcata.

Order CARNIVORA.

Cat (domestic). . ....o...0 Toxocara mystax, Toxascaris leonina,
Strongyloides felis, Ancylostoma cani-
num, A, braziliense, Cylicospirura
felinea, Physaloptera praputialis, P.
brevispiculum, Gnathostoma spini-

gerum.

Cat, Siamese . (..., vee.en Toxocara mystax,

Felis bengalensis ......... Toxovara mystax, Toxasecaris leonina,
Ancylostoma braziliense, Physaloptera
preputialis.

Felis chaus. ..ooiivivaains Toxocara mystax, Physaloptera pra-
putialis, P, masoodi.

Rolin 180 d ¢ o srentait siiesns Toxascaris leonina, Ancylostoma brazili-
onse,

Felis nebulosa ... ....... Physaloptera praputialis.

o
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Felis pardus. .......

Felis rubiginosa ..........

Felis termmincki
Folis tigris

Felis uncia ..
Felis viverrina

Les s ssc s e

** Felis tigrinum ", ..

Cynwmlurus jubatus .. .., ..
Viverricula malaccensis . . .

Paradoxurus
ditas e s

Herpestes mungo . . . .

Dog (domestic) .. ....

hermaphro-

Canis aureus .. ,..........
Canis pallipes ...........

Cyon dukhunensis ..... ...
Vulpes bengalensis .

Vulpes leucopus ....... ...
Ursus malayanus .., . ...
Ursus torquatus . ... ..,

W T T R A
Melursus ursinus ......

ZElurus fulgens ... .....

*Procyon sp.

St e e e e,

Order INSECTIVORA.
Crocidura carulea,

Tet e

Toxocara mystax, Toxascaris leonina,
Ancylostoma caninum, A. braziliense,
Galoncus  perniciosus, Dracunculus
medinensis, Physaloptera praputialis,
Gnathostoma spinigerum.

Ancylostoma minimum,
brevispiculum.

Physaloptera brevispiculum.

Toxocara mystax, Toxascaris leonina,
' Ascaris "' tigridis, Ancylostoma duo-
denale, A. caninum, A. braziliense,
Gnathostoma spinigerum.

Toxascaris leonina,

Toxocara mystax, Toxascaris leonina,
Ancylostoma duodenale, A. caninum,
A. Dbraziliense, Physaloptera pre-
putialis,

Physaloptera praputialis, Gnathostoma
spinigerum.

Toxascaris leonina.

Ancylostoma braziliense, Uncinaria longe-
spiculum, Rictularia cahirensis,

Physaloptera

Rictularia sp.

Spirura narayani, Rictularia sp.

Ascaris lumbricoides, Toxocara canis,
Toxascaris leonina, (?) Ancylostoma
duodenale, A. caninum, Uncinaria
stenocephala, Oslerus osleri, Diro-
filaria immitis, D. repens, Dipetalo-
nema reconditum, Microfilaria lewisii,
(?) Dracunculus  medinensis, Spiro-
corca lupi, Thelazia callipeda, Gnatho-
stoma spinigerum, Dioctophyme renale.

Toxocara canis, Ancylostoma caninum.

Toxocara canis, Ancylostoma caninum,
A. braziliense.

Ancylostoma caninum, A, braziliense.

Toxocara canis, (?) Toxascariz leonina,
Ancylostoma caninum, Physaloptera
sp.

Ancylostoma caninum.

Ancylostoma malayanum,

Toxascaris  transfuga,
malayanum,

Toxasearis transfuga,

Toxascaris transfuga, Ancylostoma can-
inum, A. braziliense, (7) A, malayamam.

Toxascaris transfuga, Aneylostoma brazil-
iense,

Tetragomphius proeyonis,

Aneylostoma

Castronodus strassenii,
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Order CHIROPTERA.
Xantharpyia amplexicaudata. ** Ascaris ' eynonycteridis.

Order RODENTIA,

Sciurus atridorsalis........ ““Oxyuris " seiuri.
Sciurus indicus ........... Ascaris lumbricoides.
Sciurus pygerythrus ...... Ascaris lumbricoides.
RSO OIS B o o o s Subulura andersoni.
Funambulus [Sciurus] pal-

IOREUIN S s 30 e s Syphacia sciuri, Physaloptera sp, [? para~

doxa], ** Spiroptera '’ sp.

Funambulus pennanti . . . . . Subulura andersoni.
Dmm<_>mya [Seiurus] rufi-

R S R R Rictularia elvirme.
Mus musculus .. .......... Syphacia sp., Physaloptera musculi.
Rattus rattus ..,......... Syphacia sp., Protospirura muris.
Rattus norvegicus ,....... Heterakis spumosa, Protospirura muris.
Hystrix bengalensis ., ..... Heterakis girardi.
Lepus nigricollis . ......... Trichostrongylus pigmentatus,

Order UNGULATA.

Elephas maximus ........ Toxocara elephantis, Strongylus (Decru-

sin) additicius, Equinurbia sipunculi-
formis, Choniangium  epistomum,
Choniangium sp., Murshidia murshida,
M. falcifera, M. indica, Khalilia pileata,
Quilonia renniei, Q. travancra, Syn-
gamus indicus, Grammocephalus vare.
datus, Bathmostomum sangeri, Micro-
filaria sp., Parabronema indicum,
P. smithii,

Horse, donkey and mule .. Asecaris equorum, Oxyuris equi, O. pocu-
lum, Strongylus (S.) equinus, S.
(Alfortin) edentatus, S. (Delafondia)
vulgaris, Triodontophorus minor, T.
serratus, T. brevicauda, (Esophago-
dontus robustus, Trichonema (.51‘.)
longibursatum, T. (T.) calicatum,
T. (T.) minutum, T. (T.) poculatum,
T. (Cylicostomum) mgyptiacum, T. (C.)
coronatum, T. (C.) labiatum, T.
{Cylicocyelus) insigne, T. (C.) nassatum
& vwvar. parvam, T. (Cylicocercus)
catinatum & wvar. pseudo-catinatum,
T. (C.) goldi, T. (C.) pateratum,
Poteriostomum imparidentatum, Die-
tyocaulus  arnfieldi, (?) Onchocerca
roticulata, Parafilaria multipapillosa,
Setaria equina, (?) Dracunculus medin.
ensis, Habroneme musc®, H. micro-
stoma, Draschin megastoma, Gongy-
lonema pulochrum, Thelazia lacrymalis,

*Rhinoceros bicornis . ..... Neecator americanus,

Rhinoceros unicornis , . ... . Crossocephalus brevieaudatus, Kiluluma
stylosa, Necator americanus,

™~
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* Cattle "'

cluding B. faurus) ......

Hybrid * bison " (Bos fron-
talis X B. tawrus) .......
Bos bubalus. . .., A DA T

Sheep ..... 5y

Ovis hodgsoni . . . . .

e e

Ovis nahura. , ..., ...,
Owvis vignei

Capra faleoneri . . ., .
Capra sibirica , . .,

Antilope cervicapra .. .. .,
Gazella bennetti
*Cobus ellipsiprymnus . , . .
Cervus axis \........: T

Cervus elaphus , . .
Cervuseldi.. o o iiis.. ..

Cervulus muntjae .......,
Tragulus javanicus ,......

NEM. IT.

“att (mainly  Bos
indicus, but possibly in-

Asearis  lumbricoides, A. vitulorum,
(Esophagostomum columbianum, Bosi-
cola radintus, Chabertia ovina, Syn-
gamus laryngeus, Bunostomum bovis,
B. phlebotomum, (?) Gaigeria pachy-
scelig, Ostertagia ostertagi, Hemonchus
contortus, H. similis, Mecistocirrus
digitatus, Dictyocaulus viviparus, On-
chocerca gibsoni, O, lienalis, O. armil-
lata, (?) Parafilaria multipapillosa,
Setaria cervi, 8. marshalli, Gongylo-
nema pulchrum, G. verrucosum, Thela-
zia rhodesii, (?) 1. lacrymalis, Trichuris
ovis, T. discolor, Capillaria bilobata.

Bosicola radiatus.

Ascaris  vitulorum, Bosicola radiatus,
Syngamus laryngeus, Onchocerca gib-
soni, 0. armillata, Setaria corvi,
Gongylonema pulchrum, Thelazia rho-
desii.

Ascaris lumbricoides, (Esophagostomum
venulosum, 0. columbianum, Chabertia
ovina, Bunostomum trigonocephalum,
Gaigeria pachyscelis, Trichostrongylus
colubriformis, T. probolurus, Hmmon-
chus contortus, Nematodirus filicollis,
Dictyacaulus filaria, Protostrongylus
rufescens, Gongylonema pulchrum,
G, verrucosum, Trichuris ovis.

Dictyocaulus unequalis, Varestrongylus
pneumonicus,

Varestrongylus pneumonicus.

Gongylonemaq, pulchrum.

Bunostomum trigonocephalum, Proto-
strongylus rufescens, Gongylonema pul-
chrum, Trichuris ovis.

Hiemonchus contortus.

(Esophagostomum  venulosum, 0. as-
perum, Ostertagia  circumeineta, 0.
marshalli, O. oceidentalis, Hemonchus
contortus, Varestrongylus pneumoni-
cug, Gongylonema verrucosum.

(?) Trichuris ovis.

Dracunculus medinensis,

Bunostomum eobi.

Esophagostomum indicum, Bosicola cur-
vatus, (?) Hemonchus contortus.

(Esophagostomum indicum.
Trichuris ovis, T. globulosa.
Gongylonema pulchrum.

(Esophagostomum  traguli,
traguli, Papillosetaria veversi.

S

Bosicola
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Order UNGULATA (cont.).

Camelus dromedarius. . . ...

Pig (domestic) .........0n

Suscristatus ;... oivieinns

Order CETACEA.
Platanista gangetica . ... ..

Order SIRENTAL
Halicore dugong .,.......

Order EDENTATA.

Manis pentadactyla . ... ...

Order PASSERES.

Corvus Rplen(luns .........
B O L RIS i ate) Y r0: 8

Urocissa erythrorhyncha
occipitalis. .. ... AT e e

Urocissa flavirostris .. .....
Cisss chinensis. , . ... .. Ak

Dendrocitta rufa. ... .vvn--

Pyrrhocorax pyrrhocorax
[Graculus eremita] . .....

P'rochalopteron jerdoni
meridionale ... ... .. selen

Saxicola sp. ....... A3

Copgychus saularis ...

Kittacinela malabarica
[Cittacincln macrouraj ..

Ostertogin mentulata, Hemonchus longi-
stipes, Nematodirus mauritanicus, Dic-
tyoeaulus filaria, Dipetalonema evansi,
Onchocerca fasciata, Thelazia loosei,
** Trichuris camelt.”

Ascaris lumbricoides, Cruzia orientalis,
Bourgelatia diducta, (Esophagostomum
dentatum, 0. quadrispinulatum, O,
brevicaudum, O, maplestonei, Stephan-
urus  dentatus, Globocophalus  uro-
subulatus. G. connarfilii, G. samoensis,
Metastrongvlus elongatus, Ascarops
strongyling, Physocephalus sexalatus,
Gnathostoma  hispidum, G. doloresi,
Trichuris trichiura,

Ascaris lumbricoides, Ascaris sp., Ascar-
ops strongylina, A. dentata, Physo.
cophalus soxalatus, Gnathostoma his-
pidum, Trichuris trichiura.

Contracmeum lobulatum.

Dujardinia halicoris.

* Strongvius "' costatus, Habronema
zzchokkei. .

BIRDS.

** Filaria ” vivipara.
Chandlerella bosei.

Acunria (A.) anthuris.

Diplotrina urogissa, dodid

Hamulofilaria indica, araprocta brgvi_‘;.
caudn, Microfilaria viss®, M. vomma.

Paraprocta brevicauda, Acuaria  (AJ)
anthuris,

Diplotriwna graculi, D. dubia. Acuaria
(A.) anthuris,

Diplotriens tricuspis.

* Filarin "' abbrevista,

Aproctoides lissum, Paraprocta brevi-
cauda, Acuaria (A.) conica, A, (A
brovispicula.

'* Spiroptera "' sp.
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Dissemurus paradiseus .... Chandlerella bosei, Paraprocta brevi-
cauda, Microfilarin cophalocauda, 3.

colubroides.
Oriolus ¢ chinensis diffusus
[O.indicus] .........5: Paraprocta brevicaudn.,
Acridotheres ginginianus .. Diplotrizena tricuspis.
Acridotheres tristis. . ...... Diplotrizna tricuspis, D. nagpurensis.
Asthiopsar  [Acridotheres]
albocinetus ............ Diplotrimens bhamoensis.

Order CORACITFORMES.

Brachypternus benghal-
ensis (B, aurantius) ... .. Acuaria (Synhimantus) nana.
Centropus sinensiz ........ Ascaridia trilabium.
Coracias benghalensis indica  Paraprocte brevicauda, Habronema indi-

cum.
*Ceryle alcyon ........... Acuaria (Rusguniella) brevis.
*Haleyon [Ceryle] smyr-
nensis . ..... ety .+ Quasithelazia tenuis.
Otus sunin [Scops pennatus] Habronema imbricatum,
Ninox scutulata .......... “ Spiroptera "' feai.

Ordor ACCIPITRES.

Hgypius monachus . ...... Porrocecum depressum.

BV RIRIe 72, 0 . . Porrocmcum angusticolle.
Halimetus loucogaster ... .. Contracecum haliaéti,
Iethyophaga ichthyaétus .. Contracmeum haliaéti.
Iothyophaga nana plumbeus

[Polionétus plumbens] .. Habronema magnilabiatum,
foliastur AU O . Contraciecum haliaéti.
M'nlvus migrans govinda ... Porroceeum angusticollo.
Cireus macrours ., ...... . Habronemafsymmetricum,
Circus pygargus [C. cinora-

ceus]. . Yresetaueeo, .. Physaloptera alata.
‘%B('}ll' badius............. Acuaria (A.) indica.
R RbhawlcBA ST S D T angusticolle,

Order COLUMBA, L
* Pigeon " ...... sreseoa.. Ascaridia columbe, Microfilaria columbae
Capillaria columbae.
Crocopus phonicopterus .. Ascaridia columbse.
Chalcophaps indica ., .. .. +  Ornithostrongylus travassosi,
*Phlogeenas luzonica . . . . .. Ascaridia columba,

Order PTEROCLETES, ¢
Pterocles exustus ... ..., .. Syphaciella indica.

Order GALLINZE,
Pavo cristatus ........... Psendaspidodera pavonis, ** Spiroptera ™
ap.
52
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Order GALLIN A (cond.).

Pavo muticus

Argusianus argus .........

Polyplectron bicalcaratum .

Fowl (domestie) ..........

Gallus lafayetii ..........
Gallus sonneratii..........
*Phasianus torquatus

Chrysolophus pictus

Gennmus [Euplocamus]
leucomelanos

..........

Gennmus nycthemorus ... .

Lophophorus impejanus . ..
Tragopan satyra

Ithaginis cruentus
Galloperdix spadicea . .....
Rollulus rouloul

........

Arborophila atrogularis ...
Arborophila torqueola ...
Alectoris grieca chukar . ...
Francolinus gularis. .......
*Acryllium vulturinum . .

Order HEMIPODII.
Turnix dussumier
PUINIX BP: '+ s3's/4 60704 457 0ia sl e

Order GRALL/E.
Metopidius indicus
Grus grus
Antigone antigons
Anthropoides virgo
*Balgarica pavonina
Chlamydotis undulata mac-

CUEENIL - o4 #8 e sl evvedese

...............

.......

......

CLASSIFIED LIST OF HOSTS,

Heterakis hamulus, Pseudaspidodera
pavonis, Habronema bulbosum.

Pseudaspidodera pavonis, P. volup-
tuosa, P. spinosa, Thylaconema sig-
mura.

Heterakis isolonche, Paraprocta brevi-
cauda, Habronema euplocami.

Heterakis galline, H. indica, H. beram-
poria, Ascaridia galli, Syngamus
trachea, Gongylonema ingluvicola,
Acuaria (Cheilospirura) hamulosa, A,
(Dispharynx) spiralis.

Heterakis pusilla.

Heterakis beramporia.

Heterakis gallinwe.

Heterakis gallinm.

Heterakis gallinge, H. isolonche.

Heterakis gallinee, H. isolonche, Habro-
nema euplocami.

Heterakis galline, H. pavonis, H. parva,
H. i=zolonche, H. papillozsa, H. beram-
poria.

Heterakis gallinm, H. isolonche.

Heterakis gallinwe, H. bosia, H. isolonche.
Hoterakis isolonche, Ascaridia galli.
Heterakis gallinae, Subulura galloperdicis.

Pseudaspidodera voluptuosa, Subulura
multipapillata, Acuaria (A,) lata,

Paraprocta brevicauda.

Heterakis gallinm, H. volvolabiata.
Heteralkis gallinm, Ascaridia compar,
Heterakis gallinm.

Heterakis galline, Habronema diesingi.

Subulura turnicis.
Subulura turnicis.

Acuaria (Dispharynx) spiralis.
Porrociecum ardewm, Ascaridia stroma.
Ascaridia crigtata, A, stroma,
Porrocmecum ardea.

Ascaridia cristata.

Heterakis gallinge.

Order STEGANOPODES.

Phalacrocorax fuseicollis ..
Phalacrocorax niger

Contracgcum spiculigerum.
Contracecum spiculigerum.
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Anhinga melanogaster. .... (?)Contracweum spiculigerum, C. tri-
cuspe, Acuaria macrolaima, ** Spiro-
ptera ' secretoria.

Order HERODIONES.

Threskiornis melanocephalus. Belanisakis ibidis.

Ciconia nigra: ... ..oovuen Contracseumn engoniurm.
Leptoptilos dubius ....... Acuaria (Echinuria) hargile.
Ardea purpurea manillensis.  Porrocacum reticulatum.

Bubulcus ibis coromandus . Pseudamidostomurm boulengeri, Acuaria
(Synhimantus) invaginata, Microtetra-
meres spiralis,

A PR e e R S Porrocmeeum reticulatum.

Ardeola grayil ........ .+. Contracmeum microcephalum.

Nyeticorax nycticorax .... Porrocecum reticulatum, Contracecum
rosarium.

Order ANSERES.
_Sarkidiornis melanotos .... Epomidiostomum uncinatum.
Nottapus coromandelianus . Psendamidostomum boulengeri.
*Cereopsis nove-hollandim . Heterakis papillosa.

Casarca ferruginea . .., .... Epomidiostomum unecinatum,
Duck (domestic) ......... Porrocieum crassum.
Dafila acuta.............. Epomidiostomum uncinatum,

Querquedula querquedula . Amidostomum  skrjabini, Epomidiosto-
mum uncinatum.

Nyroca forina ... ......... Amidostomum  skrjabini, Tetrameres
Spinosa.
Nyroca fuligula ......... . Amidostomum skrjabini.

Nyroca rufa [N, nyroca] ... Epomidiostomum uncinatum.

Order RHETFORMES.

*Rhea americana . ..., ... . Deletrocephalus dimidiatus.

Order CASUARIIFORMES.
*Casuarius bicarunculatus. . Habronema casuarii.

REPTILES.
Order EMYDOSAURIA.

Gavialis gangeticus. ... .. .. Dujardinia woodlandi, (?) Multiceecum
agile, Polycmecum gangeticum, Typhlo-
phoros lamellaris, Goezia gavialidis,
Micropleura vivipara.

Crocodilus porosus .,..... Asearis quadrata, Dujardinia helicina.

Order TESTUDINES,

Chelonia mydas. ........., Kathlania leptura, Tonaudia tonaudia.
Geoemyda trijuga ........ Spironoura falcata.
Morenia ocellata ......... Camallanus 8p.

Hardella thurgi .......... Spironoura stewarti.
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Order TESTUDINES (cont.).

Kachuga kachuga.........
Kachuga smithi ,.........
Testudo elongata .........
Testudo emys .. .........,

Teatudo travancorica
il enttido spl R doy, ~2!
Lissemys punctata granosa
[Emyda granosa inter-
i ]: & O T LTS
Chitra indica ...,...

Trionyx gangeticus .......

Order SQUAMATA,
Suborder SAvRIA.
Hemidactylus flaviviridis . .

Hemidactylus leschenaulti .
Cophotis coylanica . ...... .
Lyriocephalus scutatus . , . .

Calotes calotes [C. ophio-
IMaOhTe] S S il

Calotesemma ...........,
Calotes nigrilabris. .. ......
Calotes versicolor . .. .. S

Calotessp. ......... .0 ...
Uromastix hardwickii ... ..

EUANA BP: civveiandinaa
*Chama:leon chamsakleon . . .
Chamsleon zeylanicus ...

Mabuya carinata . ........
Varanus flavescens ., ,....
Varanus indious .. ........
Varanus monitor [V. bengal-

i, O e

Varanus nehulosus .. .....
Varanus salvator .........

Varanus 8P oiacvaseees sy

Spironoura falcata, Monhysterides ka-
chuge,

Spironoura  stewarti, Camallanus ka-
chugme.

Spironoura  testudinis, Zanclophorus
kempi, Atractis granulosa.

Spironoura onama, Cissophyllus laverani.
Atractis granulosa.

Zanclophorus annandalei.
* Heterakis " fewm,

Spiroxys torquata [?=5. annulata].
Spiroxys annulata.
Spiroxys gangetica, Cucullanus serratus,

Thelandros hemidactyius, Ph{vsu]optera
sp. (larva), Thubunwea dactyluris.

* Oxyuris " megaloon.
Spinicanda cophotis.
Spinicauda cophotis,

Polydelphis  rotundicaudata, * Spiro-
ptera ” triangulum.

“ Filaria ** emma,

Strongyluris ealotis.

** Ascaris " brachyura, Thelandros maple-
stoni, Conispiculum flavescens, P V-
saloptera achari [?=P. paradoxal,

Physaloptera sp,, Thubaniea dactyl-
1ris,

* Oxyuris ” gp,

Thelandros micruris, T, baylisi, T taylori,
T. kasauli,

Atractis opeatura,

Strongyluris chamsmleonis.

Polydelphis sp.

** Filaria " tuberosa.

Tanqua tiarg,

Physaloptera varani, P. ? paradoxa.

Africana vargni, Kalicephalus h:(licug.
Tanqua tiara, Physaloptera varani,
P. paradoxa.

Tanqua tiara,

Ampliciecum  varani, Hastospiculum
macrophallos, Tanqua tiara,

(?) Dracuncnlus medinensis.
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Suborder SERPENTES.
Typhlops braminus ....... (?) Kalicephalus willeyi.
Python molurus .......... Ophidascaris filarin, Polydelphis anoura,
P. attenuata, (?)P. oculata, Kali-
cephalus ersilim,

Python reticulatus ........ Ophidascaris filaria, Polydelphis attenu-
ata, P. oculata, (#) Gnathostoma spini-

gorum (larva).
CGongylophis conicus ...... Kalicephalus longior.

Ptyas [Zamenis] mucosus .. Kalicephalus indicus, K. elongatus, K.
brachycephalus, Camallanides prashadi.

Coluber helens < ccvvvvrns (?) Kalicephalus willeyi.
Coluber sp.: s deatiii ca Physaloptera sp. (larva).
Tropidonotus piscator ... .. Ophidascaris gestri, Polydelphis brachy-

cheilos, P. sewelli, Kalicephalus indicus,
Tanqua anomala.

Tropidonotus stolatus . .... Polydelphis sewelli.

Dryophis mycterizons ... .. Kalicephalus indicus.

Bungarus bungaroides .... Ophidascaris nai®.

Bungarus fasciatus ....... Ophidascarisnai, (1) Polydelphis sewelli,
{?) Kalicephalus willeyi, Kalicephalus
longior, K. minutus, K. fimbriatus,
(7)" Filaria '’ haje, Camallanides pra-
shadi.

Naja hannah . ..o..... ... Kalicephalus indicus, K. longior, (?) Gna-
thostoma spinigerum  (larva), Cam-

: allanides prashadi.

Naja tripudians. . ...... .+~ Ophidascaris naiw, Kalicephalus indicus,
K. longior, K. elongatus, K. minutus,
Kalicephalus sp., () Filaria * haje,
* Filaria ' sp.. (?) Dracunculus medin-
ensis, (?) Gnathostoma  spinigerum

A i (larva).
Vipera russellii ..., ......, Kalicephalus willeyi, Physaloptera sp.
Trimeresurus graminens ... Polydelphis sp.
- 1"
TR PO e v+« Physaloptera sp. (larva).
AMPHIBIA.
Order SALIENTIA.
Rana hexadactyla ....... . Spironoura brevispiculata.
Rana tigrina .....oo.. ... Oxysomatinm macintoshii, Camallanus
: baylisi, Camallanides prashadi.
Bufo melanostictus........ Hetorakis govindi, Oxysomatium maein.

toshii, Oswaldocruzia filiformis, ** Spiro-
ptera ' sp. (larva).
Bufo stomaticus .......... Oxys=omatium macintoshii, Physaloptera
sp. (larva).
Order GYMNOPHIONA,

Urawotyphlus oxyurus ..... Rhahdias escheri.
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FISHES.

Order PLAGIOSTOMATA.
Galeocerdo tigrinus ... ... . Porrocecum galeocerdonis.
Cot:.orhinus maximus ....., Contracmcum plagiostomorum.
Chiloseyllium indicum .... Kathlania chiloscyllii.
Acanthias vulgaris ... ... .. Proleptus obtusus.
Pristis perrotteti ........, Porrocmcum pristis.
Rajaradiate ..........,., Contracwecum plagiostomorum.

Urogymnus asperrimus . . . . Echinocephalus spinosissimus, E. south-
welli, E. multidentatus.

Urogymnus sp. ........... Echinocephalus southwelli.

Prygon pastinaca ... .., «.. Paranisakis pastinace, Echinocephalus
uncinatus,

Trygon sephen ........... Echinocephalus spinosissimus.

Trygon walga ............ Echinocephalus spinosissimus,

Tw=niura melanospilos . . . .. Paranisakis pastinacwe,

Teniurasp. ............. Paranisakis pastinacwe,

Myliobatis nieuhofii . ... ... Echinocephalus uncinatus,

Agtobatis narinari . ..., .. Proleptus obtusus.

Order PHYSOSTOMI.
Clarias magur [C. batrachus] Gnathostoma spinigerum  (larva), Pro-
camallanus planoratus,
Saccobranchus fossilis . . ... Gnathostoma ? spinigerum (larva).
Wallago attu .....,...... (?) Porrocmeum or Anisakis sp. (larva),
Contracmeum sp. (larva), Spinitectus
minor, Procamallanus mehrii.

Eutropiichthys vacha ..... Spinitectus indicus.

Callichrous macrophthalimus Cucullanus callichroi.

Callichrous pabda . ....... (?) Porroccum or Anisakis sp. (larva),
Contracmcewn sp. (larva),

Pseudotropius garua ...... Spinitectus indicus.

Macrones 8or ,,,......... Paragendria macronis,

Lepidocephalichthys  ther-

7 B e A R Camallanus sweeti (larva), Camallanid

larva, Capillaria sp. (larva).

Barbus puckelli........... Camallanus sweeti (larva), Camallanid
larva, Capillaria sp. (larva).

Barbok iebo ety e 2 Camallanus sweeti (larva), Capillaria sp.
(larva).

Barbustor .............. Spironoura barbi, §. leptocephala, Mon-
hysterides piscicola.

Bariliusbola ............. Contracacum sp. (larva).

*Gambusiasp. ........... Camallanus sweeti (larva).

Order ACANTHOPTERYGIL
(?) Lethrinus sp. ......... ** Filaria " piscicola.
Otolithus maculatus. ...... Porroceeum sp. (larva).
Histiophorus gladius ...... Contracecum incuryum.
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Trichiurus savala .. ... +-+. Contracecum trichiuri.
Caranx melampygus «..... Cucullanus bulbosus.
Platax teira ....-cssivaes ** Ascaris "' meleagring.
Dyzalotus alcocki +....--- Porrociecum or Anisakis sp. (larva).

Ophiocephalus gachua .... Spinitectus corti, Camallanus sweeti,
Camallanid larva.

Ophiocephalus striatus ... Gnathostoma spinigerum (larva).

Order PLECTOGNATHI,

Balistes mitis o« .ocoeeenens Contracmeum balistis (larva), ** Ascaris ™
meleagrinme, *° A" balisticola, Echino-
cephalus uncinatus (larva),

Balistes gtellaris ««c...v oo Contraceeum balistis (larva), ' Ascaris ™
meleagringe, ** A." balisticola, Echino-
cephalus uncinatus (larva).

Balistes sp. «-covee-sreons Philometra sp.
Diodon hystrix ......c.... Raphidascaris diadonis,
INSECTS.
Order DIPTERA.

Musca domestica ... ... Habronema musca (larva).
Anopheles barbirostris .... Mermis sp. (larva),
Anopheles annularis [A. fuli-

FINOBUB] s +0 vo v airireess Mermis sp. (larva).
Anopheles sundaicus [A. lud-

JOWR]| aiaiais s aiaraibinslaiaois v Wuchereria bancrofti (larva).
Anopheles varuna. ... ... Mermis sp. (larva).
Anopheles ramsayi [A. pseu-

dojamesii] «..vv0rresenn Mermiz sp. (larva).
Anopheles  hyrcanus  var.

(T T o S S AN Mermis sp. (larva).
Anopheles philippinensis .. Me:'mis sp. (larva), Wuchereria bancrofti

(larva).

Anopheles subpictus ...... Mermis sp. (larva).
Anopheles tessellatus ..., Mermis sp. (larva).
Culex fatigans ........... Wuchereria  banerofti  (larva), Coni-

spiculum flavescens (larva).
Order LEPIDOPTERA.

Papilio helenus ... ........ Mermis indica (larva).
MYRIOPODA.
Julussp, ......eeiiiine ** Oxyuris ”' longicaudata,
CRUSTACEA.
TUcamanii ........ v++++5+  Rhabdochona uca.
“Prawn’ L.l (1) Bustrongylides sp. (larva).
Cyclops hyalinus.......... Dracunculus medinensis (larva), Camal-

lanus sweeti (larva).
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CRUSTACEA (cont.).

Cyclops leuckarti ......... Dracunculus medinensis (larva), Camal-
lanus sweeti (larva), Camallanus sp.
(larva).
Cyclops vermifer.......... Dracunculus medinensis (larva).
Cyelops 8p: 55 wae sfas aaiaia s Gnathostoma spinigerum (larva),
MOLLUSCA.
Margaritifera vulgaris ..... * Ascaris "' meleagrine (larva), ** Oxy-
uris V' gp., HKchinocephalus uncinatus
(larva).
AR D et TN e P Echinocephalus uncinatus (larva).
ANNELIDA.
Naisalbida .............. Urolabes parasitica.
Perionyx m‘intoshi........ Scolecophilus lumbricicola.

CORRECTION TO VOL. L
In the key to species of Subulura, p. 151, for  spicules
(lines 3, 4, 8, 7) read * tail of female  ; for ““ ten ” (line 6)
read * eleven.” .
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Amularia, 29,

Anchilocephali, 29,

annulata (Spiroxys),
204,

Anomala, 198.
anomeala  (Heterakis),
201.
anomala
201.
anthropopitiecs {Hepa-

ticola), 242.
Anthuris, 124,
anthuris (Acuaria),

125,
uu;h)uric (Dispharagus),

25

(Tanqua),

anthuris (Filaria), 125,
(m;h)uris (Spiroptera),
20.
apri { Mastiqodes), 233.
apri  (Trichocephalus),
233,
Aproctinze, 46.
Aproctoides, 24,
Avdvenna, V6.
Arduennina, 96.
armatus  (Streptophar-
agus), 101, 103,
uru,lillnta (Onchocerca),
20,
Ascarops, 06,
.-\scm'upsiuu'. 96.
Astomum, 142,
asymmetrica (Habro-
nema), 86,

asymmetrica  (Thub-.
nea), 160,
asymmetricum (Habro-

nema), 86.
Aviculariella, 139,

banerofti (Filaria), 11.
bmlu;rofn' (Microfilaria),

baneroiti
oria), 11.

barbata (Urolabes),
249,

baylisi (Camallanus),
210. J

bhamoensis  (Diplotri-
wna), 38.

thamoensis (Filaria),
38.

bidentata (Filaria), 32.

bidentata (Salaria).' 32

bilobata (Capillaria),
245.

bosei (Chandlerells),
26, 50, 57.

basei (Filaria), 26.

bovis (Filaria), 166.

brauni (Spiroptera),
69,

Breinlia, 7. y

brevicawda (Filaria),
440

(Wucher-

brevicauda (Para-
procta), 49, 57.
brovis (Acuaria), 139.
brevis (Rusguniella),
139. N
brevispicula (Acuaria),
o
brevispiculum (Phy-
saloptera), 149.
tnbali (Filaria), 32-
bubali  (abdominalis)
(Filaria), 32.
Bulbodacnitis, 220.

tnlbosa (Bulbodacnitis),
299

bulbosa (Cyrnea), 78.

hulhosa (Dacnitis), 222.

bulbosa  (Habronema).
T8,
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bulbosa (Physaloptera),
78

bulbosum (Habro-
nema), 78,

bulbosus (Cucullanus),
299

v

buxi (Setaria), 32.

cahirensis (Rictularia),
179.

callichroi (Cucullanus),
223.

callichroi
223.

callicroi (Dacnitis), 223.

callipeda (Thelazia),
169,

Calodivwm, 240,

calotis  (Strongyluris),
183.

Camallanida, 206,

Camallanides, 214,

Camallanus, 207,

Camallanus sp., 214.

camelensis  (Micro-
filaria), 8.

cameli (Deraiophoro-
nema), 8,

cameli (T'richocephalus),
235. 238

cameli (Trichuris), 235,
238,

canis (Ascaris), 2206,

canis (T'richina), 229,

cants cordis (Filaria),
3.

canis renalis (Lumbri-
cus), 226.

Capillaria, 240.

Capillaria sp., 246.

capillaris (Vermiculus),
63

(Dacnitis),

Castronodus, 112,

casuarii (Habronema),
88,

Cephalacanthus, 68,
104.

cephalocauda  (Miero-
filaria), 27, 50, 57.

cervi (Filaria), 32,

cervi (Setaria), 32,

cervi claphi (Filaria),
9

cen:;':'al'ia (Onchocerca),
15.

cervina (Filaria), 32.

chamoensis (Diplotri-
ana), 38.

Chandlerella, 26,

ALPHABETICAL INDEX.

Cheilospirura, 130.

Chetracanthus, 185,

Cheiranthus, 185,

Cheiriacanthus, 185,

Chlamydonema, 145.

cincinnata (Filaria),
15,

cincinnata (Spiroptera),
15.

circumflera (Trichina),
29

eireuwmocularis (Filaria)
169.

cirrata (Urolabes), 250.

cissw (Microfilaria), 57.

clava (Eulimdana), 58.

Cochlus, 171,

colubroides  (Micro-
filaria), 27. 50, 57.

columbz (Capillaria),
241.

columbme (Microfilavia),
58,

columbm (Trichosoma),

columbaw  (T'richoso-
i), 241,

comma (Microfilaria),
i

confusum (Gongylo-
nema), 117,

conica (Acuaria), 127,

Conispiculum, 44,

contortum (Gongylo-
nema), 117,

coraci (Cyrnea), 80.

coronata (Spiropterina),
163.

coronatus (Proleptus),
163.

Coronilla, 162,

corti (Spinitectus), 173.

crami (Gongylonema),
123.

crenata (Trichuris),
233.

crenatum  (Gongylo-
nema), 120,

crenatus  (Tricho-

cephalus), 233,
Crino, 29.
Crinon, 29,
Ctenocophalis, 198,
Cuculanus, 220,
Cucullanid=, 220,
Cucullanus, 220,
Cucullus, 220,
Cylicospirura, 113,
Cyrnea, 71.

Dachnitis, 220).

Dacnites, 220,

Dacnitis, 220,

dactyluris (Thu-
bunma), 160.

dentata (Arduenna), 99.

(len;am (Ascarops), 97,
99.

dentata  (Spiroptera),
29

dtnli;:rdam (Spiroptera),

7l.

denticulatus  (Liorhyn-
chus), 171,

Deraiophoronema, 7.

dermathemica (Filaria),
11.

Dermofilaria, 71, 81,

diesingi (Habronema),
84,

digitata (Dirofilaria),
10.

digitata (Filaria), 32.
digitata (Setaria), 32.
digitatum (Dipetalo-
nema), 10.
Dioctophyme, 225,
Dioctophymidse, 225,
Dioctophymoidea, 225.
Dipetalonema, 2, 7.
Dipetalonematida, 2,
Dipetalonemating, 2.
Diplotrizena, 36.
Diplotrignia, 30.
Diplotriznins, 36,
Dirofilaria, 2.
Dirofilariing, 2,
discolor (Trichocepha~
lus), 239,
discolor  (I'richuris),
discolor (Tricuris), 239.
Diserratosomus, 178.
dispa;' (Trichocephalus),
233.
dispar (Trichozepha-
{us), 233.
dispar (Tricocephalus),
233.
Dispharagus, 124, 176.
Dispharynx, 132,
doloresi (Gnatho-
stoma), 190,
Dracunculidas, 58.
dracunculoides (Di-
petalonema), 57,
Dracunculus, 63,
dracunculus (Vena), 63.
Draschia, 89.

<2
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dubm (Diplotrizena),
dubm (Diplotriaznia),
40.

du;ardtm (Capillaria),
241,

Echinocephalus, 191,
echinophallus  (Tricho-
cephalug), 235, 238,
echinophylius (Tricho-
cephalus), 235, 238,

Echinuria, 137,

Fehinurioides, 142,

egrettae  (Dispharaguss),
135.

elongata (Acuaria),
139.

elvire  (Rictularia),
181.

emme (' Filaria '),
53.

equi (Filaria), 30.

equina (Filaria), 30.

equina (Seta), 30.

equina (Setaria), 30.

equinus (Gordius), 30,

erythrops (Enoplus),
251.

erythrops (Urolabes),
251.

esuriens  (Dacnitis),
220.

Fucoleus, 24,

cuplocami  (Habro-
nemalj, 82,

Eustrongylides, 227,

Eustrongylides sp.,
228,

Eustrongylus, 225,

ecvansi (Acanthoches-
lonema), 8.

evansi (Dipetalonema),

emmn (Filaria), 8.

evansi (Microfilaria), 8

fasciata (Onchocerca),
-

feai (** Spiroptera "),
183.

felmen (Cylicospirura),

113,
Selinewm (Chlam ydo-

nema), 1
fch‘rw’;u (Spirocerca),
113.

ALPHABETICAL INDEX.

** Filaria "' sp., 53.

Jilaria (Wuchereria), 11.

Filariidwe, 1

Filariinw, 1, 2

Filarioidea, 1.

Sfiliforme (Gongylo-
nema), 117.

flavescens (Conispicu-
lum), 46.

Mavescens (Filaria), 46.

JSloresiana (Thelazia),
166.

Juelleborni  (Chlamy-
donema), 149.

Fuellebornius, 63.

furcate (Protofilaria),
-)8

Furia, 63.

gangetica
203.

Gastronodus, 112,

gastrophila  (Spirura),
68

(Spiroxys),

Gendria, 252.

gibsoni (Filaria), 18.

gibsoni (Onchocerca),
18

yl’yau'fo (Bustrongylus),
226.

gigas (Dioctophyme),
226,

qigas (Eustrongylus),
226.

gigas (Strongylus), 226,
globocaudatus (Masto-
phorus), 104,
globulosa  (Trichuris),
236, 237, 238.
globulosus (Trichoce-
phalus), 238,
gloeoeapsarum  (Uro-
labes), 250
Gnathostoma, 185.
Gnathostomid=, 184,
Gnathostominm, 184,
Gnathostomum, 185.
(foezia, 171,
Gongylonema, 116,
gordii (Helminthus), 30,
gracilis  (Echinocepha-
fusg), 192,
gn;((:)uh (Diplotrizena),

gracwli (Diplotriania),
graicorum

(Dracuncu-
Tus), 63.

269

guindiensis (Conispicu-
lum), 46.

Guinea-worm, 63.

guineensis (Filaria),
63

gulonis sibirict (Lum-
bricus), 226,

Habronema, 71.

hamatica (Filaria), 3

hamatica cameli (Fi-
laria), 8.

hwmorrhagica (Filaria),
22,

qu'morrhagica (Micro-
Jilaria), 22,

haemorrhagica (Setaria),
20

haje (** Filaria '"), 53.
Hamannia, 137.
Hamwlaria, 29.
Hamulofilaria, 25.
hamulosa (Acuaria),
130.
hamulosa (Cheilospir-
uraj, 130.
hamulosa (Filaria), 130.
hamulosa (Spiroptera),
130.
hamulosus
qus), 130.
hargil® (Acuaria), 137
hargilee  (Kchinuria),
137.
Hastospiculum, 42.
Helminthus, 29,
hepatica (Capillaria),
242.

(Disphara-

hepatica  (Hepaticola),
242,

Hepaticola, 2410,

Hepaticwla, 240.

heptmcum (T'richosoma)

prahcum (T'richoso-
mum), 242,
hepaticus  (Trichoce-
phalus), 242,
heterochrous (Cucul-
lanus), 220,
hispidium (Gnatho-
stoma), 188,
hispidum  (Gnatho-
stoma), 188,
hispidum suis (Gnatho-
stoma), 188,
hispidus (Cheiracan-
thus), 188,
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lispidus (Cheiranthus),

Histiocephalus, 162,
176.

lominis (Gongylonema),
117.

hominis (T'richocepha-
los), 233.

hominis  (T'richocepha-
lus), 233,

homints  (Trichuris),

hominis (L'richocepha-
lus), 233.

houdemeri (Dracun.
culus), 64,

Tchthyonema, 59.
Lehthyospirura, 176,
imbricata (Habronema),
83.
imbricatum (Habro-
nema), 83,
immitis (Dirofilaria). 3.
57.
vmmitis (Filaria), 3.
immitis (Microfilaria),
immnitis (Spiroptera), 3.
indica (Acuaria), 125,
128.
tndica (Dirofilaria), 3.
indica (Habronema), 80.
indica (Hamulofilaria),
25.
indica (Onchocerca), 18.
indicum (Habronema),
80,
indicum  {Parabro-
nema), 92,
indicus (Spinitectus),
172,
inermis  (Spinitectus),
171.
infrequens  (Urolabes),
261,
ingluvicola  (Gongylo-
nemas), 123,
intermedius (Strepto-
pharagus), 101, 103,
" intestinalis (Trichuris),
233.
invaginata (Aeuaria),
135.
invaginata (Synkiman-
t1s), 135.
invaginatus (Acuaria),
136.

ALFPHABETICAL INDEX.

invaginatus (Disphara-
gus), 135.

irritans (Dermofilaria),
71, 75, 89.

wrritans  (Filaria), 71,
75, 89.

kachugw (Camallanus).
207.

labialis (Filaria), 117.
labiata (Urolabes),
250.
labiato  papillare
laria), 32.
labiato  papillosa  (Fi-
laria), 32.
labiato-papillosa (Fi-
laria), 32.
laliato-papiliosa  (Se-
taria), 32.
lachrymalis {Filaria).
167,

(£

lachrymalis
plera), 167,

lacrimalis (Filaria),
167.

lacrymalis (Filavia),
166, 167.

lacrymalis  (Thelazin),
167,

lakrymalis (Hilaria),
167.

Laphyctes, 178.

lata (Acuaria),

(Spiro-

1235,

leesoi (Thelazia), 170.

leesi (Thelazia), 170,

leidyi (Capillaria), 242,

leptoptili  (Acuaria),
137.

Leptosoma, 145,

lewisii (Microfilaria),
56.

lienaliz (Filaria), 19,

lienalis (Onchocerca),

].ini:;cus. 240,
Liorhynchus, 171,
lissum (Aproctoides).

longissimus ( Dracunowu-
Tus), 226.

lnmbricieola  (Scoleco-
philus), 247,

lupi (Spirocerca), 106,

lupi (Strongylus), 109,

macrolaima (Acuaria),

macrolaimus (Disphara-
gus), 141,
macronis (Heterakis),

IR

-

macronis  (Paragen-
dria), 252.

macronis (Subulura),
262,

macrophatlos (Filaria),
43.

macrophallos  (Hasto-
spiculum), 42, 48,

magmilabiata (Habro-
nema), 85,

magnilabiata (Sicarius),
8.

magnilabiatum (Ha-
bronema), 85.

magnus (Streptophara-
gus), 101,

malayense  (Chilamy-
donema), 149,

malayensis (Physalo-
ptera), 1449,

mualayi (Filaria), 55.

mulayi (Microfilaria),
b,

manidis (Ascaris), 76,

mansoni (Filaria), 52,

marshalli  (Setaria),
33.

martis (Ascaris), 220.

martis renalis (Lumbri-
cus), 226,

masoods  (Chlamydo-
nema), 148,

masoodi (Physalo-
pteraj, 148,

Mastigodes, 232,

Mastigoides, 232,

Mastophorus, 68, 104

medina (Vena), 63.

medinensis (Dracuneu-
lus). 63, .

medinensis (Filaria),

medinensiz  (Fuelle-
bornius). 63.

medinensis  (Gordius),
6.
medinensis  (Miero-

filaria), 63.
medinensis (Vena), 63.
medinensiz (Vermis),

63,
megalostoma  (Physalo-

ptera), 151,

b))



megastoma (Draschia),
89.

megastoma  (Filaria),
89,
megastoma
nema), 89,
megastoma  (Spiro-
plera), 8H.
megastoma (Spirura),
849,
megastoma  major
(Spiroptera), 75.
mehrii  (Procamal-
lanus), 218,
Microfilaria sp., 58.
Microfilarie, 54.
* Microfilarium.’’ 5a.
Micropleura, 59.
microstoma (Filaria),
756.
microstoma  (Habro-
nema), 75.
microstoma
plera), 75,
Microtetrameres, 144,
minor (Spinitectus),
171.
motacilla (Filaria), 51.
motacillarum (Filaria),
B

(Habro-

(Spiro-

LUl Y
multidentatus (Echi-
nocephalus), 197,
anultipapillosa (Filaria)
u‘jg

multipapilloss.  (Para-
filaria), 22.

muris (Ascaris), 69,

muris (Filaria), 69,

muris (Fusaria), 69,

wnvris (Lwmnbricus), 09,

muris  (Protospirura),
039,

muris domestios minors
(Lumbricus), 69.

musca (Filaria), 71,

musce  (Habronema),
7l

musea (Sperura), 71,

musculi(Physaloptera),
158,

myotheras chrysopygs
(Filaria), 51.

Myzomimus, 116.

nagpurensis  (Diplo-
trisna), 42.

naidis albida (Nemato-
dum), 251.

ALPHABETICAL INDEX,

nana, Acuaria, 137.

narayani, Spirura, 68,

naswla (Acuaria), 132,

naaul:s (Cheilospirura),
132.

nasuls
132,

naswia (Filaria), 132,

nasuta (Spiroptera),
132,

nasutus (Dispharagus),
132, 134,

nigrescens  (*° Cucul-
lanus '), 210.

winndi (Filaria), 37.

nocturna (Microfilaria),
11.

(Dispharynz),

natasoedironis(Gongylo-
nema), 123.
nudicawda (Setaria), 32.

olbitusa (Ascaris), 69.
obtusa (Filaria). 64).
obtusa (Spiroptera),
69,
obtusus (Proleptus),
63

ocellata (Urolabes),
249

ochmanni (Filaria), 5.
ochmanni  (Microfi-
laria), 5.
oculi (Filaria), 30, 32.
Onchocerca, 14,
Ophiastoma, 178,
Ophiostomum, 178.
orea (Spiroptera), 76.
avis  (Trichocephalus),
235.
ovis (Trichuris), 235,
Oxyspirura, 141,

palpetralis (Agameo-
filaria), 169,

palpelralis (Filaria),
30, 167, 169,

palpebrarum (Filaria),
166

pﬂlu-_vl;'is (Urolabes),
249,

papillare (Filaria), 30.

papillosa (Filaria), 3.
30, 32,

papillosa. hamatica
(Filaria), 3.

papillosa  hamatica
canis-domestici
(Filaria), 3.

papillosa oculi (Fi-
laria), 30.

Papillosetaria, 34.

papillosus (Gordius),
30.

Parabronema, 92.

paradoxa (Abreviata),
155,

paradoxa (Physalo-
ptera), 155,

Parafilarin, 21.

Paragendria, 252,

Paraprocta, 49.

Paraquimperia, 252,

parasitica  (Urolabes),
251.

paronai (Gnathostoma),
185,

pelecani  (Gnatho-
stoma), 188,

perforans (Spiroptera).
130.

persarum (Dracuncte:
lus), 63.

perstans  (Dipetalo-
nema), 56. B

philippinensis (Filarial
11

philippinensis (Micro-
filaria), 11,

Philometra, 69,

Philometra sp., 59

Philometridm, 58,

Physaloptera, 145.

Physaloptera spp., 15%
160

Physalopterinm, 145.
physalura (Spiroptcm)-
151.
Physocephaloides, 107.
Physocephalus, 104,
107.
pigmentata (Spiro-
ptera), 101,
pigmentatus (Strepto-
pharagus). 101..10’?.
piscicola (** Filaria "),
o4, 4
planoratus (Procamal-
lanus), 219,
Plewrorhynchus, 220,
Plewrorinchus, 220,
powelli  (Filavia),
11

powc.lli (Microfilaria).
11.



preputiale (Chlamy-
donema), 146.
praputialis  (Physalo-
ptora), 146,
prashadi (Camalla-
nides), 214,
preputialis (Chlamydo-
nema), 146, -
preputialis (Physalo-
ptera), 146.
primus  (Physocephal-
oides), 107, 108.
Procamallanus, 218.
Proleptus, 162,
Protofilaria, 28.
Protospirura, 68.
psewdalivg, (Trichina)
229.
Pseudancyracanthus,
Pterygodermatites, 178.
pulchrum (Gongylo-
nema), 117.

Quasithelazia, 177,
Quimperia, 252,
Quimperiidme, 252,

radwla (Filaria), 185,

rar;alolni (Gongylonema),
4.

rcc;mdila (Dirofilaria),

recondita (Filaria), 7.
reconditum (Acantho-
cheilonema), 7.
reconditum, (Dipetalo-
nema), 7, 57.
renale (Dioctophyme),
renalis (Ascaris), 226.
renalis  (Dioctophyme),
226.
renalis (Eustr
s { ongylus),
renalis (Fusaria), 226.

renalis  (Luwmbricus),
226,

renalis  (Strangylus),
226.

renwm  canis (Lumbri-

cus), 226.
repens (Dirofilaria), 5.
repens (Filaria), b,
reticulata (Filaria), 15.
reticulata  (Oncho-
cerca), 15.

ALPHABETICAL INDEX.

veticulata (Spiroptera),

reticwlata (Trichina),
15.

reticulata equi-caballi
(T'richina), 15.

Rhabdochona, 176.

rhodesi (Thelazia), 166.

rhodesii  (Thelazia),

166.
rhodesii  (Thelazius),

166.
rhodii (Thelazia), 166,
167.
Rictularia, 178,
Rictularia sp., 182.
Rictulariide, 178,
Rictulariinm, 178.
Rictularioides, 178.
robustus  (Cheiracan-
thus), 185.
Rusguniella, 139,
ry tipleurites (Spirura),
63,

Sanguinens (Lwmbri-
cus), 226.

sanguinis (Filaria), 3,
11,

SANGUInLS equil Filaria),
30.

sanguinis equi (Micro-
filaria), 30. \

sanguinis honinis (F%-
laria), 11.

sanguinis hominis noc-
turna (Filaria), 11.

sanguinolenta (Filaria),
109. p

mnm:imlc:da (Spiro-
cerca), 109,

sanguinolenia (Spiro-
ptcm}. 109, :

sanguinolenia (Spirura)
109.

Sehistorophinee, 177,

seillicola (Coronilla),

163.
soillicola (Proleptus),
163. y
soillicola (Spiropterina),

163.
Scolecophilus, 247,
seutata (Acuaria), 125,
126.
scutata (Filaria) 117,
acut;uo (Spiroptera),
117.

sewtata  esofagea bovis
(Filaria), 117

scwlata esophagea bovis
(Spiroptera), 117.

scwlatum  (Gongylo-
nema), 117.

sowtatue (Myzomimus),
117.

secretorin  (** Spiro-
ptera '), 183.

Serradacnitis, 220.

serrata (Serradacnitis),
221,

sorratus  (Cucullanug),
221,

Setaria, 29.

Setariine, 2.

Seuroeyrnea, T

seralata (Filaria), 104,

sexalata  (Habronema),
104,

sexalata (Spiroptera),
104.

sexalatus  (Physoce-
phalux), 104, 107.

siamensgis  (Cheiracan-
thus), 185.

sigmure (Thylaco-
nema), 174,

smithi  (Spiroptera),
95,

smithii (Filaria), 95.

smithii (Parabro-
nema), 95.

socialis  (Chefracan-
thus), 185.

southwelli  (Echinoce-
phalus), 185,

spinigerum (Gnatho-
stoma), 185,

gpinigerum (Gnathosto-
mum), 185.

spinigerum  (Hastospi-
culum), 43.

Spinitectus, 171

spinosa (Echinuria),
142,

spinosa {Tetrameres),
142,

apinosissimm (Chetra-
canthuz), 193,

spim)sisaimus (Echino.
cephalus), 192, 193,

spt"r;r_{e (Gongylonema),

5
spirale (Trichine), 229,
spiralis (Acuaria), 132,
gpilr;l,ia (Dispharagus),

<o
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apiralis  (Dispharynz),
132,

spiralis  (Microtetra-
meres), 144,

spiralis (Tetrameres),
144,

spiralis (Trichina), 229.

spiralis (Trichine), 229,

spiralis (Trichinella),
229,

spiralis  (T'richinia),
229.

apiralis (Tropidocerca),
144

spiralis columbae (Dis-
pharags), 132,
spiralis hominis (Tri-
china), 229.
Spirocerca, 108,
Spiroptera, 124.
** Spiroptera,' 182,
* Spiroptera ™ spp..
184,
Spiropterina, 162.
Spiroxyinze, 202,
Spiroxys, 202.
Spirura, 67.
Spiruridae, 67, 182,
Spirurinm, 67,
Spiruroidea, 1.
Squamanema, 92,
Stelmius, 220.
stomaoxeos (Filaria), 75.
stomoreos (Spiroptora),
75

N
strassent (Gastronodug),
2
atrassenit  (Castro-
nodus), 112,
Streptopharagus, 101,
strigis (Filaria), 104,
strigis (Spiroptera), 104,
strongyliformis (Spire-
ptera), 97,
strongylina (Ardusnna),
97.
strongylina (Ascarops),

97,

strongylina (Filaria),
97, 104,

strongylina  (Habro-
nema), 97,

strongylina  (Spiro-
ptera), 97,

strongylinag  suis. labi-
ati (S{n'roplera). 104,

Strongylunis, 183.

suwhawqualis (Cylicospir-
wra), 113,

N:BM. ir.

O“Q' .

ALPHABETIOAL INDEX.

mdi-'fgualix (Spirocerca),
8!61{1;'18 {Gongylonema),
7s

8"!.8'3 3 (Prichocephaliss),

swis (Trichuris), 233.

lmrlnam' (Gongylonema),
22,

aweeti (Camallanus),
212

Synhimantus, 134.

Tanqua, 1908,

Tentacularia, 29.

tentaculata (Filaria),
32

tentaculata (Urolabes),
250,
tenue (Calodium), 241,
tonlllif (Quasithelazia),
.
tenwissimum (Tricho-
soma), 241,
tenwisgsimum (Trichoso-
mum), 241, 242,
terebra, Filaria, 32.
Tetradenos, 198,
Totrameres, 142.
Tetrameridme, 141.
Tetramerinw, 141.
Thelazia, 166,
Thelaziinm, 141, 165.
Thelaziues, 166,
Thominz, 240.
Thubunma, 160.
Thylaconema, 174,
tiara (A4secaris), 198.
hal'gs((-'m'occphalu*)'

t!'aru. (Tanqua), 198.

;mm (Petradencs), 198.

orquata  (Spirozys).
204, o

friengulum (** Spiro-
ptera 7). 183.
Triching, 229.
triching (Ascaris), 233.
fng{;ts;:a (Psewdalivs),

Trichine, 229,
Trichinella, 229,
Trichinellidm. 229.
’I‘rgchinellime, 229,
Trichinelloidon, 229,
Trichinia, 229.
Trichinus, 229,

273

trichiura (Ascaris),
233.
trichiura (I'michuris),
233.
trichivra
233.
trichiuria  (Trichoce-
phalus), 233.
Trichiuris, 232.
trichivris (Tricocepha-
Tus) 233.
trichivrus (Trichocepha-
lus), 233.
trichiwrns  (Trincho-
cephalus) 233.
Trichocefalus, 232,
Trichocephalos, 232.
Trichocephalus, 232,
Trichokephalus, 232,
Trichosoma, 240.
Trichosomum, 240,
Trichostoma, 240,
Trichozephalus, 232,
Trichuria, 232.
Trichurine, 232,
Trichuris, 232.
Trichurus, 232.
trichurus (Trichocepha-
Tus), 233.
Tricuris, 232
tricuspis (Aprocta), 37
tricuspis (Diplotrimnal,
36, 37. 2
tricuspis (Filaria), 37.
Triplotricena, 36,
tropica (Filaria), 63.
Tropidocerca, 142.
Tropidurns, 142
Tropisurus, 142.
tuberosa (** Filaria ™),
52.
turdorum (Filaria), 51.
Turgida, 145.

(Trichurus),

uen  (Rhabdochona),
176

uncinata  (Trichina),
30.

uncinatus (Cheiracan-

thus). 192.

uncinatus (Echiroce-
phalus), 192, 193.

urocissm (Diplotri-
mna), 41,

urocissme  (Diplotri-
ania), 41.

Urolaboes, 249,

T
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urst  (Gongylonema),
117.

ursi (Spiroptera), 117.

varani (Abreviata), 153,

varant (Filaria), 43.

varani (Hastospicu-
lum), 42, 43.

varani (Leptosoma),
155.

varani (Physaloptera),
153, 155, 156.

Vena, 63.

vena medinensis
(Furia), 63.

Vermiculus, 63.

ALPHABETICAL INDEX.

verrucosa (Spiroplera),
120.

verrucosum (Gongy-
lonema), 120,

verrucoswm  (T'richoso-
mum), 120.

veversi (Papillose-
taria), 34.

visceralis (Auscaris),
226,

visceralis  (Diocto-
phiyme), 226.

visceralie (Eustrongy-
fusg), 226,

visceralis  (Fusaria),
226,

vivipara (** Filaria '),
h4.

vivipara (Micropleura),
60,

vulgaris  (Trichuris), .
233.

wuchereri (Filaria), 11,

Whuchereria, 11,

wuchereria (Filaria),
11.

zscholkker (I'ilaria), 76.
zschokkei  (Habro-
noma), 76.
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(Those marked * are out of print. Exzcept where publication s known

to have been earlier, dates quoted are those on which the
volumes were first recesved at the India Office.)

VERTEBRATA,
MAMMALIA.
[Fmsr Eprrion.] By W. T. BLANFORD.

*Part I. [Primates, Carnivora, Insectivora). Pp. i—xii, 1-250, text-ﬁgs;‘ug' 31, 1888,

*Part II. [Chiroptera, Rodentia, Ungulata, Cetacea, Sirenia, Edentata]. P;sa I-XX.
251-617, toxt-figs, Dec. 18 1891.
SEconD Eprriox.
Vol. I. [Primates and Carnivoral. By R.I. Pocock. Pp. i-xxxiii, 1-464, 31 pls.,
map, text-figs. 30/ March 31, 1939,
This edition will probably DY three volumes ]

BIRDS.

[Fmsr Eprrrox.]

*Vol. I. [Passeres]. By Eueene W. Oares. Pp. i-xx, 1-556, text-figs.
Dec. 30, 1889.

*Vol, II. [Passeres, concluded]. By Everxe W. Oates. Pp. i-x, 1-407, text-fige.
Dec. 8, 1890.
Vol. ITI. [Eurylmmi, Pici, Zygodactyli, Anisodactyli, Macrochires, Trogones,
Coceyges, Psittaci, Striges, Accipitres]. By W. T. Brasrorp.  Pp. i—xiv,
1-450, text-figs. 21/- Oct. 2, 1895,
Vol. IV, [Columbm, Pterocletes, Gallinm, Hemipodii, Gralle, Limicolm, Gavie,
Steganopodes, Tubinares, Herodiones, Phanicopteri, Pygopodes]. By W. 'T.
Braxvorp. Pp. i-xxi, 1-500, toxt-figs. 21)- April 25, 1898,

SecoND EptTioy. By E. C. STUART BAKER,
Val. 1. [Passeres, Fam. I. Corvide—VTII. Troglodytide]. Pp. i-xxiii, 1-479, 8 col.

pla., text-figs. 30/- Aug. 24, 1922,
Vol. I1. [Passeres, Fam. IX. Cinclidm—XVTII. Regulide]l. Pp. i-xxiii, 1-561, 8 col.
pls., text-figs. 30/- April 30, 1024,
Vol. III. [Passeres, Fam. XVIII. Irenide—-XXXIII. Eurylaimide]. Pp. i-xx.
1-489, 7 col. pls,, map, text-figs, 30/. March 20, 1926,
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Vol. IV.[Coraciiformea]. Pp.i-xxiv, 1-471, 7 col. pls., text figs. 30/- July 28, 1927.

Vol. V. [Accipitres, Columba, Pterocletes, Gallinw, Hemipodii]. Pp. i—xviii, 1-469,
6 col. pls., text-figs. 30/- March 21, 1928.

Vol. VI. [Grallw, Charadriiformes, Steganopodes, Tubinares, Herodiones, Pheni-
copteri, Anseres, Pygopodes]. Pp. 1-xxv, 1-499, 3 pls., text-figs. 30/-

March 26, 1929,
Vol. VIL. [Synonymical Catalogue, Passeres—Grallm]. Pp. i-viii, 1-484. 30/.
March 30, 1930,

Vol. VIIL. [Synonymical Catalogue, Grallie—Pygopodes ; Corrigenda and Addenda;
Index]. Pp.i-iv, 485-801. 15/- Sept. 25, 1930.

REPTILIA and BATRACHIA. ’
[*Fmrst EpIrioN, complete in 1 vol.] By Georcr A. BOULENGER.
Pp. i—xviii, 1-541, text-figs. Sept. 4, 1890,
SEconp EpirroN. By Marcorat A. SamiTH.
Vol. I. Loricata, Testudines. Pp. i-xxviii, 1-185, 2 pls.,, map, text-figs. 15/-

March 27, 1931.
Vol. IT. Saurin. Pp. i-ix, 1-440, 1 pl., 2 maps, text-figs. 30/- I'eb. 7, 1935,

[Vol. 111., Ophidia, by Dr. Marcory A. SviTH, is in course of preparation.]

FISHES.
[Fmst Epmion.] By Fraxcis Day.

Vol. I. [Chondropterygii, Teleostei (Physostomi; Acanthopterygii: Percidm)].
* Pp.i-xvili, 1-548, toxt-figs. 28/ July 11, 1889,

Vol. II. [Teleostei (Acanthopterygii excl. Percidm ; Anacanthini ; Lophobranchii;
Plectognathi), Leptocardii]. Pp. i-xiv, 1-600, text-figs. 28/- Sept. 21, 1889,

[A second edition, by Dr. Sunper LAL HORA, is in course of preparation, It is
anticipated that this edition will extend to at least five volumes. )

ARTHROPODA.
LEPIDOPTERA.
MOTHS. By G. F. Haymrsox.
Val. T. [Fam. 1, Saturniide—23, Hypside]. Pp, i-viii, 1-527, text-figs. 28]
Jan. 10, 1893,
Vol. 1I. [Fam. 24, Arctiide; 25, Agaristidm; 26, Noctuide]. Pp. i-iv, 1-609,
text-figs. 28/- g March 9, 1804,
Vol. TII. [Fam. 26, Noctuide (Subfam. Focillinm, Deltoidina);

97, Epicopiidee §
28, Uraniide ; 20, Epiplemide ; 30, Geometridm], Pp. i—xxviii, 14_54};_ l::f:g;
28/-

Feb. 21, 1895,
Vol. IV. [Fam. 31, Pyralide ; additions and corrections to Fam. 1-30]. Pp. i=xxviii,
1-594 text-figs, 28§/.

Dee. 1, 1896,
(Dates of publication as stated in MS. notes by Sir G. H
“teste Taylor & Fru.nci;."!; = = et

Vol. V. [Sphingide]. By. R.D. Brotand F. B. Scorr, Pp i-xviii, 1-537, 15 pls.,
toxt-figs. 32/6. June 15, 1937,
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BUTTERFLIES. [Fimst Epmmion.] By C.T. Binamas.

*Vol. I, [Nymphalide, Nemeobiidw], Pp. i-xxii, 1-511, 10 col. pls., text-figs.
March 2, 1905.

Vol. II. [Papilionide, Pieridm, Lycwmnide (part)]. Pp. i-viii, 1-480, 10 col. pls.,
text-figs. 28/- March 25, 1907.

(Vol. I11. of the first edition was never completed. |
[Secoxp Epirion.)

Vol. I. [Papilionidme, Pieride.] Pp. i-xxix, 1-600, 3 pls., map, text-figs. 35/-
March 8, 1939,

[This edition, by Mr. G. TarLsor, will embrace all the Bulterflics and will probably
extend to five volumes.]
COLEOPTERA.
ADEPHAGA.

General Introduction, and Cicindelide and Pausside. By W. W, Fowrer. Pp. i~
xx, 1-529, text-figs. 28/- Received in Brit. Mus. (Nat. Hist.) Feb. 18, 1912.

Carabidw: Vol. L. Carabine. By H. E. Axprewes. Pp. i-xviii, 1-431, 9 pls,

toxt-figs. 22/6 May 15, 1929.
Carabide: Vol. II. Harpaline—I. By H. E. ANprewes. Pp. i-xvi, 1-323, 5 pls,,
map, text-figa. 22/6. Oct. 23, 1935.

[A volume on Dytiscidw, Gyrinidm, and Haliplidse, by Mr. J. BALroUuR BROWNE,
i8 in preparation,)
STAPHYLINOIDEA,
Staphylinide. By Marcors CAMERON.

Vol. I. [Subfam. Micropeplinm, Oxytelinm, Oxyporine, Megalopinz, Stenin®,
Enwmstheting.] Pp. i-xvii, 1-471,'8 pls., map, text-figs. 30/- March 31, 1930.

Vol. 1L [Subfam. Pederine.] Pp. i-viii, 1-257, 2 col. pls., text-figs. 15/
Feb. 28, 1931.

Vol. III. [Subfam. Staphylinin®, Trichophyin®, Termitodiscine, Pygostenina,

Tachyporinm.] Pp. 1-xiii, 1-443, 4 col. pls., text-figs. 30/- March 30, 1932,
Vol. IV. Part L [Subfam. Pseudoperinthinm and Aleocharine (part)]. Pp. i-
xviii, 1-410, map, text-figs. 25/- Aug. 11, 0939,

Part IL [Aloocharine.] Pp, 411-601, 3 col. pla., map, text-figs. 15/~
Aug. 11, 1939.

CLAVICORNIA.
Erotylide, Languriide, and Endomychidm. By G. J. Arrow. Pp. i-xvi, 1-416,
1 col. pl., map, toxt-figs. 30/. March 21, 1925,
PHYTQPHAGA.

Corambycide. By C.J. GAHAN. Pp, i-xviii, 1-329, text-figs. 14j- Nov. 9, 1906.

Chrysomelidz.
Vol. I. [Eupodes, Camptosomes, Cyclica). By MArTIN Jacosy, Pﬁ' i-xx, 1-534,
2 col. pls., text-figs. 28/ arch 14, 1008,

Vol. IL. [Hispin® and Cassidine]. By 8. Mavik. Pp.i-xi, 1-430, text-figs. 21/.
Aug. 9, 1919,

Vol. I1L. [Chrysomelin® and Halticinm]. By 8. Maviik. Pp. i-—xiv, 1-442, map,

text-figs. 25/- May 20, 19286.
Vol. 1V. [Galerucinxe]. By S. MAvrik., Pp. i-xvi, 1-648, 1 col. pl,, map, text-figs.
35)- Jan. 30, 1936,
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RHYNCHOPHORA.
Curculionidm. [Part I. Brachyderin®, Otiorrhynchine.] By Guy A, K. MArsmarL,
Pp. i—xv, 1-367, text-figs. 21)- Nov. 28, 1916,

[4 volume on Platypodid=, by Dr. C. F. C. Beesox, is in preparation, and will
be followed by a volume on Scolytida. ]
LAMELLICORNIA.
Scarabmide By G. J. Arrow.
Part I. Cetoniing, Dynastine. Pp. i-xiv, 1-322, 2 col. pls., text-figs. 14;-
Sept. 13, 1910.
Part I1. Ruteline, Desmonycin®, Euchirinm. Pp. i-xiii, 1-387, 5pls., text-figs. 21/.
May 6, 1917.
Part II1. Coprine. Pp. i-xii, 1-428, 13 pls., map, text-figs. 30/- Dec. 15, 1931,
[4 volume on Lucanidm and Passalide, by Mr. G. J. ARROW, i in preparation.)

HYMENOPTERA.
Voi. I. Wasps and Bees. [KFossores, Diploptera, Anthophila.] By C. T. Bincuax.
Pp. i-xxix, 1-579, 4 col. pls., text-figs. 2§/ March 29, 1897.
Vol I1. Ants and Cuckoo-Wasps. [Formicidw, Chrysidide.] By C. T. Brncmax.
Pp. i-xix, 1-5086, 1 col. pl., text-figs. 28/- April 7, 1903,

Vol. IIL. Ichneumonide : I. Ichneumones Deltoidei [Pimpline, Tryphonins, Ophio-
nine} By Cravor Morrry. Pp.i-xxxvi, 1-531, 1 col. pl., text-figs. 28/-
March 28, 1913,

DIPTERA.
[Vol. 1.] Nematocera, éxcluding [Cecidomyiid®], Chironomide, and Culicidw. By
E. Broxerri. Pp. i-xxviii, 1-581, 12 pls., text-figs. 28/. Dee. 17, 1912,

[Vo1. 1i.] Brachycera, Vol. I. [Stratiomyiide, Leptids, Nemestrinidse, Cyrtida, Bomby-
liide, Therevide, Scenopinide, Mydaids, Empide, Lonchopteridm, Platy-
pezide]. By E.Bruxerri, Pp.i-ix, 1-401, 4 pls., text-figs. 35/- May 28, 1920.

Vol. I11. Pipunculids, Syrphidw, Conopide, (Bstride, By E. Bruserrr. Pp. i-xii,

1424, 6 pls., text-igs. 30/- March 1, 1923,
Vol. IV. Culicid=, tribe Anophelini. By S. R. CanisToPHERS. Pp. i-xi, 1-371,
3 pls., text-figs. 22/6 Oct, 27, 1933.
Vol: V. Culicide, tribes Megarhinini and Culicini. By P. J. BARBAUD-
Pp. i-xxvii, 1-463, 8 pls., text-figa. 30/ March 14, 1934.

[Vol. VI., Calliphoride, by Mr. R. Sexior-WmTe, Miss D. AUBERTIN
and Dr. J. SMART, is in_the Press, and further volumes on Asilids, by Dr. B. ML
Hossy, Tabanide, by Mr. H. OLoroyp, and Muscide, by Dr. F. vaAx EMDEN,
are in course of preparation.)

APHANIPTERA,
[A4 Volume on the Fleas, by Dr. M. 85ARIy¥, is in course of preparation.
RHYNCHOTA,
By W. L. Distaxr.

Vol.1. Heteroptera [Pentatomid:e, Coreidm, Berytidm). Pp.i-xxii, 1-438, texi-figs.

28/- Aug. 18, 19062,
Vol. I1. Heteroptera [Fam. 4, Lygwide—16, Capside,] Pp. i-xvii, 1-503, 'ﬁ;‘ags&
28/. -4,

irst published in two parts : Part I, pp. 1-242,4n Dee. 1903; Part II, pp. 243-508,
[F':,, April, 1904. T'he two parts later re-issued as one volume with fresh proface.
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RHYNCHOPHORA.
Curculionide. [Part I. Brachyderin®, Otiorrhynchin®.] By Guy A, K. MARsHALL.
Pp. i—xv, 1-367, text-figs. 21/- Nov. 28, 1916,

{4 volume on Platypodid=, by Dr. C. F. C. BEESON, i3 in preparasion, and will
be followed by a volume on Scolytide.]
LAMELLICORNIA.
Scarabmide: By G. J, Arrow,

Part I. Cetoniins, Dynastine. Pp. i-xiv, 1-322, 2 col. pls., text-figs. 14/-
Sept. 13, 1910.

Part I1. Ruteline, Desmonycin®, Euchirine., Pp.i-xiii, 1-387, 6 pls., text-figs. 21/-
May 6, 1917.

Part 111, Coprine. Pp. i-xii, 1-428, 13 pls., map, text-figs. 30/- Dee. 15, 1931.
[4 volume on Lucanid® and Passalide, by Mr. G. J. ARROW, is in preparation.]

HYMENOPTERA.

Voi. I. Wasps and Bees. [Fossores, Diploptera, Anthophila.] By C. T. BiNonam.
Pg. i-xxix, 1-579, 4 col. pls., text-figs. 28/. March 20, 1897.
Vol I1. Ants and Cuckoo-Wasps. [Formicide, Chrysididee.] By C. T. BiNcmam.
Pp. i-xix, 1-506, 1 col. pl., text-figs. Z8/- April 7, 1903.
Vol. I, Ichneumonids : I. Ichneumones Deltoidei [Pimpling, Tryphoninm, Ophio-

nine] By Craupk Morrey. Pp.i—xxxvi, 1-531, 1 col. pl., text-figa. 28;.
March 28, 1913.

DIPTERA.

[Vol, I.] Nematocera, excluding [Cecidomyiid®], Chironomid=, and Culicide. By
E. BrungrTl. Pp. i-xxviii, 1-681, 12 pls,, text-figs. 28/- Dee. 17, 1912,

[Vo. I1.]Brachycera, Vol. I. [Stratiomyiidw, Leptide, Nemestrinids, Cyrtida, Bomby-
liidze, Therevide, Scenopinidm, Mydaide, Empidw, Lonchopteridm, Platy-
pezid®]. By E.Brunerrr. Pp.i-ix, 1-401, 4 pls,, text-figs. 35/- May 28, 1920.

Vol. II1. Pipunculids, Syrphide, Conopidu, (Bstridee. By E. Brusertr. Pp. i-xii,

1-424, 6 pls., text-figs. 30/- March 1, 1923.
YVol. IV. Culicide, tribe Anophelini. By S. R. CaristorHERS. pp_ i-xi, 1-371,
3 pls., text-figs. 22/6 Oct. 27, 1933.
Vol. V. Culicide, tribes Megarhinini and Culicinii. By P. J. BARRAUD.
Pp. i-xxvii, 1-463, 8 pls., text-figa. 30/ March 14, 1934.

[Vel. VL, Calliphoride, &y Mr. R. Sextor-Wuire, Miss D. AUuBERTIN
and Dr. J. SMART, is in the Press, and further volumes on Asilide, by Dr. B. M.
Hosry, Tabanide, by Mr. H. OLDROYD, and Muscidaw, by Dr. F. vAx EMDEN,
are in course of preparation.]

APHANIPTERA,
(A Volume on the Fleas, by Dr. M. BHARIF, is in course of preparation.]
RHYNCHOTA,
By W. L. Distaxy,
Vol.1. Hou.amptem [Pentatomidse, Coreida, Berytidm]. Pp.i-xxii, 1-438, texi-figs.

28/- Aug. 18, 1002,
Vol. IT. Heteroptera [Fam. 4, Lygmide—186, Capside.] Pp. i-xvii, 1-503, text-figs,
28/. 1903-4,

! blished in two parts : Part I, pp. 1-242,4in Dec. 1903; Part 11, pp. 243-503,
[Ft:_': K;ril, 1004. The two parts later re-issucd as one volume with fresh preface.]
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Vol. 1II. Heteroptera—Homoptera [Anthocoridm, Polyctenide, Cryptocerata,

Cicadidw, Fulgorid=]. Pp.i-xiv, 1-503 stext-figs, 28/ March 19, 1906.
Vol. IYV. Homoptera [Membracide, Cercopide, Jasside] and Appendix [to Pentato-
midm, Coreide, and Berytide], Pp. i-xv, 1-501, text-figs, 28/- 1907-8.

[ First published in two parts: Partl, pp. 1-264, in Nov. 1907 ; Part II, pp. 265-501,
in Aug. 1908. Laler re-isswed as one volume.)

° Vol. V. Heteroptera: Appendix [Lyg®ide to Cryptocerata]. Pp. i-xii, 1-362,

text-figs. 14/- Jan. 24, 1911.
Vol. VI. Homoptera : Appendix [Cicadide, Fulgoridm, Membracide, Cercopida,
Jassidm (pt.)]. Pp. i-viii, 1-248, toxt-figs. 14/- March 31, 1916.
Vol. VII. Homoptera : Appendix [Jasside (pt.)): Heteroptera : Addenda [Penta-

tomidm, Coreids, Berytide, Lygmid=s]. =i, 1-210, text-figs. 14;-
May 9, 1918.

ORTHOPTERA.

Acridiidew. By W. F. Kmepy. Pp. i-ix, 1-276, text-figs. 14/ June 9, 1914.

[A second edition of the Acridiidz, by Dr. B. P. Uvaroav, is being prepaved, and will

be followed by volumes on the Gryllide, by Dr. L. Caorarp, and the Tettigoniida,
by Mr. G. M. Hexrv.]

DERMAPTERA.
(Earwigs). By MarcoLm Burr. Pp. i—xviii, 1-217, 10 col. pls., 2 text-figs. 14/
. : Feb. 3, 1910.
ODONATA.
Vol. I. [Ceenagriide]. By F. C. Fraser. Pp. i-xiii, 1-423, map, text-figs. 25;.
March 1, 1933.
Vol. IL. [Agriide and Gomphid®]. By F. C. Fraser. Pp. i-xxiii, 1-398, 4 col, pls.,
text-figs. 25/- Oct. 29, 1934,
Vol. I11. [Cordulegasteride, Ashnidw, Libellulidw]. By F. C. Fraser. Pp. i-xi,
1-461, map, 2 pls., text-figs. 30/- Dec. 21, 1936.
ARACHNIDA.
Scorpiones, Uropygi, Amblypygi, Solifugm, Arane=m (pt.). By R. 1. Pocock.
Pp. i-xii, 1-279, text-figs. 14/. Deec. 21, 1900.

[4 volume on the Ticks, by Dr. M. SHARLE, is in course of preparation.)

CRUSTACEA.

[4 volume on the Cirripedia, by Dr. C, A. N1LssoN-CANTELL, a volume on Brachyura
(Oxyrhyncha), by Dr. B. N. Caopra, and a volume on Copepoda (Calanocida), by
ﬁ Dr. R, B. BEYMOUR SEWELL, are in course of preparation.]

ECHINODERMATA.
[A volume on the Echinoidea, by Dr. Tr. MORTENSEN, is in course of preparation.)

- ! MOLLUSCA.

Vol. L] Testacellide and Zonitide. By W. T. Branrorp and H. H. Gonwis
& e Pp. i-xxxii, 1-811, text-figs. 14/ Shd B 8 Conim.

Dec. 7, 1908,
Vol. g} Trochomorphide—Janellide. By G. K. Guon. Pp. i-xii, 1-520, text-figs

Nov. 24, 1914,

(a1



Vol. III. TLand Operculates (Cyclophoride, Truncatellidse, Assimineide, Helici-
nide). By G.K.Gups. Pp.i-xiv, 1-386, 2 pls,, text-figs. 35/- April 5, 1921,

[Vol. IV.] Freshwater Gastropoda and Pelecypoda. By H. B. Presrox. P

p. i-xi,
1-244, text-fgs. 14/-

March 31, 1915.
[4 fifth volume, by Dr. B. PraSHAD, dealing with l;elecypoda, is in active preparation.]

WORMS. !
OLIGOCHETA.

[In 1 Vol.] By J. SreruensoN. Pp. i—xxiv, 1-518, text-figs. 30/- June 30, 1923,

POLYCHZZETA.
[A volume on the Polychmta, by Prof. Prerpe FAUVEL, i8 in preparation.]

HIRUDINEA.

[In 1 Vol.] By W. A. Harpine [Rhynchobdell®] and J. PErcy Moore [Arhyncho-
bdellz]. With an Historical Preface by the Editor, A. E. SurrLEy, Pp. i-xxxii,
1-302, 9 col. pls., map, text-figs. 25/- March 23, 1927.

CESTODA.
By T. SournwseLL.

Vol. ;.zl[Cos&od&rin, Eucestoda (exel. Twniocidea)]. Pp. i—xxxi, 1-391, map, toxt-figs,
6

May 29, 1930,
Vol. IL. [Twnioidea). Pp. i-ix, 1-262, toxt-figs. 15/- Dec. 29, 1930.
. TREMATODA.

[4 volume on Trematoda, by Dr. D. (. BHALERAO, is in preparadion.]

NEMATODA.

Vol. I. Agecarcidea and Strongyloidea. By H. A. Bavyus.

Pp. i—xxxvi, 1-408,
map, text-figs. 25/-

March 23, 1936.
Vol. IL. Filarioidea, Dioctophymoidea and Trichinelloidea, By H. A. Baviis.
Pp. i-xxviii, 1-274, map, text-figs. 17/6 Aug. 18, 1939,

CELENTERATA, etc.

Freshwater Sponges, Hydroids and Polyzoa. By N. ANyanvare. Pp. i-viil,
1-251, 5 pls., text-figs. 14/. Sept. 21, 1011,
PORIFERA.

| volume on Marine Sponges, by Mr. M. BURTON, is in preparation.]

PROTOZOA.
Protozoa : Ciliophora.

By B. L. Baatia. Pp, i-xxii, 1-493, 11 pls.,, map, text-
figs. 30/-

- Aug. 7, 4936.
Protozoa: Sporozoa. By B. L. Bratia. Pp. i-xx, 1-407, 2 pls., map, text-figs.

30/~ Nov. 29, 1038,

TAYLOR & FRANCIS, LTD., FLeer StrEET, LONDON, E.C.4.
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