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AUTHOR’S PREFACE.

IN the series of monographs published under the general
title of * The Fauna of British India,” the Nematoda have not
hitherto found a place. Our knowledge of this group,
as it occurs in India, Ceylon and Burma, is still rather scanty.
Until recently almost the only observations on record were
those made by British officials resident in India—usually
members of the medical and veterinary services who, in the
pursuit of their calling, were confronted with problems in
which parasites played an important part. Thus it came
about that a certain amount of information was accumnlated
concerning the Nematode parasites of man and the more
important domestic animals. These parasites are, as might
be expected, for the most part the same as those which occur
in the same hosts in other parts of the world. Lists of
records, principally based on material obtained from domestic
animals in the Punjab, were published by Gaiger in 1910
and 1915,

From time to time material collected in India, Ceylon or
Burma found its way into the hands of specialists such as
Cobbold in England, Railliet in France, Parona in Italy
and v. Linstow in Germany, and in this way a certain number
of species new to science, from both domestic and wild animals,
were described. The Museums at Calcutta and Colombo
have played a valuable part in thus extending our knowledge,
by forwarding material to European helminthologists for
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determination. A few enthusiastic officers of the Indian

Medical Service, such as Lt.-Col. F. H. Stewart and
Lt.-Col. ('layton Lane, have taken up the s*ud; of Nematodes
in India itself, working in more or less close conjunction with
the Indian Museum.

The Zoological Survey of India, with its headquarters at
the Indian Muscumn, ltas also done valuable work in preserving
tor study parasites obtained from animals that have been
inmates of the Zoological Gardens, Caleutta, as well as those
obtained by its own or other collectors from wild animals.
Two considerable collections of material from these sources
were entrusted to the writer by the late Dr. N. Annandale,
then Director of the Zoological Survey of India, and were
reported upon, in collaboration with Capt. R. Daubney,
M.R.C.V.S, in 1922 and 1923, In these two reports a
number of new species were added to the Indian faung,
and the known host-range of other species was extended.
Since that time a fruitful collaboration has been established
between the Zoological Gardens, Caleutta, and the Calentia
School of Tropieal Medicine, whereby two helminthologists
(Prof. A. (. Chandler and Dr. P. A, Maplestone), working
successively in the latter institution, have been enabled
to describe many new species and to extend still further our
knowledge of the subject.

A few Indian zoologists are now taking up the study of
helminthology, and a certain number of new forms of Nema.
todes have been described by them during the last decade.
There ix undoubtedly still room for a great deal of work of
this kind, for the rich fauna of India still remains largely
unexplored from the parasitological point of view.,

Concerning Indian free-living Nematodes scarcely anything
is yet known. H. J. Carter, an Assistant Surgeon in the
Bombay Medical Establishment, appears to have been the
first to devote any attention to them. Between the years
1855 and 1859 he described certain forms found in brackish
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ovater or among alge <%in open drains in B'omba_v, but
unfortunately his descriptions are of little modern value.
Nearly sixty years Iater Stewart described a few free-living
species from Chilka Lake. Apart from these there are very
few records, and there can be no doubt that the free-living
Nematodes offer a very wide and almost untouched field for
research. Little work, again, seems to have been done in
India on the forms that attack crops. One species, the cause
of the ** ufra ” disease of rice, was first discovered and described
by Butler, working at the Agricultural Research Institute,
Pusa.

Apart from the systematic aspect, much valuable work
has been done in India on Nematodes of definite economic
importance. Thus India has contributed a large share to the
literature of ancylostomiasis, filariasis, dracontiasis and other
human infestations, and species of importance in veterinary
and agricultural science have received a considerable amount
of attention.

From what has been said above it will be clear that the
foundation for a systematic aceount of the Nematode fauna
of India is as yet far from complete. The purpose of this
book is simply to summarize, from the systematic point of
view, the information at present available. The present
volume deals only with the orders Ascaroidea and Strongy-
loidea (these terms being used in a wide sense). Some de-

. scription is given of every species dealt with. In the majority

of cases this is derived from the descriptions already available
in the literature, and, when several descriptions of a species
exist, an attempt has been made to combine them in such
a way as to give the known extent of variation. A standardized
order and style have been adopted in the descriptions, in order
to facilitate reference and comparison. A brief summary
of the life-history of the species, where this is known, is
frequently added, and in some cases notes on its pathOlOgiO&l
and other aspects. No attempt, however, is made to deal
fully with these matters, the scope of the work being primarily
systematic.
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It has not been found practicabl: to give satisfactory keys
to the families and higher groups. Where keys to genera
and species are given, it should be understood that they
include only the genera or species of which descriptions follow,
their sole purpose being to aid rapid reference to the de-
scriptions, The keys themselves are of a purely artificial
nature, and are not intended to indicate phylogenetic
relationships.

It has been a somewhat difficult matter to decide what
species should be regarded as falling within the scope of the
work. Many parasites have been recorded outside India
from animals of Indian origin, or animals known to occur
in that country. Many species, on the other hand, have been
recorded in India from animals imported from clsewhere
and not indigenous.  In either case the hosts have usually
been kept in captivity, and the possibility cannot be excluded
that their parasites may have been acquired after importation.
Since some limit must be set to the extent of the work, it has
seemed best, as a general rule, to ignore speecies not known
to have been found in India, Ceylon or Burma, but to include
those definitely recorded as occurring within these geographical
boundaries, even when their hosts do not belong to the native
fauna.

The names used for host-animals in this volume are for
the most part those used in previously-published  volumes
of the * Fauna. of British India,” viz.,

Mammalia (First Kdition), by W. T. Blanford (Part I,
1888 ; Part 11, 1891).

Birds (Second Edition), by K. C. Stuart Baker (Nyn-
onymical Catalogue, Vols. VII and VIII, 1930).

Reptilia and Batrachia (First Edition), by G. A. Boulenger
(1890).

Reptilia and Amphibia (Second Kdition), by Malcolm A.

A :g'\ Smith (Vol. I, Loricata, Testudines, 1931 : Vol. II,

AUTHOR'S PREFACE, ix

w . The writer desires to express his thanks to the numerous

authors from whose descriptions material has been borrowed,
and who have kindly allowed their illustrations to be copied,
and in partlculdr to Prof. C. L. Boulenger, Lt.-Col. Clayton
Lane, Dr. P. A. Maplestone, D.S.0., and Prof. Warrington
Yorke, F.R.8. Thanks are also due to the editors and
publishers of the various journals and books from which
illustrations have been borrowed for their permission to
reproduce them ; and in particular to the Government of
India for permission to reproduce numerous figures from
reports originally published in the Memoirs and Records of the
Indian Museum, and to the Director of the Zoological Survey
of India for the loan of the blocks.

To the Director of the Colombo Museum the author is
indebted for enabling him to re-examine the type-specimens
of certain species described by v. Linstow. This oppor-
tunity is also taken of expressing appreciation of the care
and skill of Miss F. R. Mold in copying many of the illus-
trations, and finally of thanking the Kditor for his valuable
help and encouragement during the preparation of the work
for publication.

H. A. BAYLIS.
British Museum (Natural History),
London, S.W. 7.
March, 1936.



y
f

Viil AI'THOR'S PREFACE. )

It has not been found practicabl: to give satisfactory keyo”

to the families and higher groups. Where keys to gencra
and species are given, it should be undprstood that they
include only the gencra or species of which descriptions follow,
their sole purpose being to aid rapid reference to the de-
scriptions.  The keys themselves are of a purcly artificial
nature, and are not intended to indicate ph.\'lugvnvti(:
relationships.

[t has been a somewhat difficult matter to decide what
species should be regarded as falling within the scope of the
work. Many parasites have been recorded outside India
from animals of Indian origin, or animals known to oceur
in that country. Many species, on the other hand, have been
recorded in India from animals imported from clsewhere
and not indigenous. In either case the hosts have usually
been kept in captivity, and the possibility cannot be exeluded
that their parasites may have been acquired after importation.
Since some limit must be set to the extent of the work, it has
scemed best, as a general rule, to ignore species not known
to have been found in India, (‘eylon or Burma, but to include
those definitely recorded as occurring within these geographical
boundaries, even when their hosts do not belong to the native
fauna.

The names used for host-animals in this volume are for
the most part those used in previously-published volumes
of the * Fauna of British India,’ viz.,

Mammalia (First Edition), by W. T. Blanford (Pavt 1,
1888 ; Part 11, 1891).

Birds (Second Edition), by K. C. Stuart Baker (Nyn-
onymical Catalogue, Vols. VII and VIII, 1930).

Reptilia and Batrachia (First Edition), by G. A. Boulenger
(1890).

Reptilia and Amphibia (Second Edition), by Maleolm A,
7 ﬁ ’\ bmlth (Vol 1, Loricata, Testudines, 1931 ; Vol. II,

Day (Vols. 1 and 11, 1889),

AUTHOR’S PREFACE, ix
>

. The writer desires to express his thanks to the numerous

authors from whose descriptions material has been borrowed,
and who have kindly allowed their illustrations to be copied,
and in partloular to Prof. C. L. Boulenger, Lt.-Col. Clayton
Lane, Dr. P. A. Maplestone, D.8.0., and Prof. Warrington
Yorke, [*.R.S. Thanks are also due to the editors and
publishers of the various journals and books from which
illustrations have been borrowed for their permission to
reproduce them ; and in particular to the Government of
India for permission to reproduce numerous figures from
reports originally published in the Memoirs and Records of the
Indian Museum, and to the Director of the Zoologieal Survey
of India for the loan of the blocks.

To the Director of the Colombo Museum the author is
indebted for enabling him to re-examine the type-specimens
of certain species described by v. Linstow. This oppor-
tunity is also taken of expressing appreciation of the care
and skill of Miss F. R. Mold in copying many of the illus-
trations, and finally of thanking the Editor for his valuable
help and encouragement during the preparation of the work
for publication.

H. A. BAYLIS.
British Museum (Natural History),
London, S.W. 7.
March, 19306.



REFERENCES.

Note.—This list includes most of the more recent systematic
literature covered by the volume, but only the more important
of the older works. It does not, therefore, include the sources
of all the names and synonvms mentioned in the systematic
part. For these reference should be made to Stiles and
Hassall’s * Index Catalogue of Medical and Veterinary Zoo-
logy’: (1) * Authors "— U.R. Dept. of Agriculture, Bureau
of Animal Industry, Bulletin,” no. 3%, parts 1-36, 1902-1912,
and (2) * Subjects; Roundworms "— U.S. Public Health
Service, Hygienic Laboratory, Bulletin,” no. 114, 1920,

Ackgrr, J. E.

1931. The Morphology und Life History of the Fowl Nematode
Ascaridia lineatu (Scimeider),  Parasitol. xxiii, pp. 360-
379, pls. xiil, xiv,

ALESSANDRINI, G.
1905, Su di aleune Uncinarie parassite dellComo e di - altri
Vertebratt.  Boll. Soc. Zool. 1tal. xiv, pp. 2348, pls. i-iv.
1909, Su di nu raro Parassita dell'intestino del Majale e sul Genero
Globocephalus Molin. el Parasitol., Paris. xiii, pp. 438~
476,
Bakr, J. G.

71930, Deux  Helminthes  nonveaux,  parasites  de Uraotyphlus
oryurus  (tiray). Gymnophione de Ulnde  mdridionale.
Rer. Suisse Zool, xxxvii, pp. +3-532.

Bairp, W.
1853, Catalogue of the Species of Entozou. or intestinal WV orms.
contained i the Collection of the Britisi: Musewm.  London.
1859, a. Description of a rare Entozoon from the Stomach of the
Dugang.  £'roc. Zool. Soe. Lond. pp. 148-149, pl. Ivi.
l?es('l'ip(iull ol @ new Species of Entozoon Sclerostoma
f‘!)uuculzfornl('. from the intestines of the Flephant.  roc.
Zool. Soc. Lond. pp. 425-427.

1859, b.

Basrian, H. C.

1865. M:Jvll()gl'uph. on the Anguillulidie. or free Nematoids, &e.
Trans. Linn. Soc. Lond. xxv. pp. 73-184, pls. ix -xiii.



Xii REFERENCES,

Bavus, H. A,

1920.  On the Classitication of the Ascaridive=-1. The Systematic
Value of certain Characters of  the  Alimentary  Canal.
Parasitol. xii, pp. 253 264,

1921, On the Classification ot the Ascaridie.— LL. The Polydelphis
group, &, Parasitol. xi, pp. 411 426,

1923, On the Classification of  the Asearidw~-1H. .\ Revision
of the Genus Dujardinig Gedoelst. with o Deseription of
a new Genus of Anisakinge from o Crocodile. Parasitol,
X\, pp. 223-232.

1926, Some  DParasitic Worms  from Sarawak.  Sercoeal Mus,
Journ. iii, pp. 303 322,

1927.  On two new Spm-it-s of Owysomatiin (Nematodad, with some
Remarks on the Genuse Adnne & May, Nat. Histo (9) xix,
pp. 279286,

1929, A Manual of Helminthologu. Medical and Veterivary.  London.

1932, A Comparison of certain Species of the Nematode Genus
Amidostonnon. with a Deseription of a new Species, Ann.
> Mag. Nat. Hist. (10) x, pp. 281 286.

1933, 0. On a Colleetion of Nematodes from Malayan Reptiles.
Anmne e Mag. Nat. Histo (1) xic pp. 615633,

1933, h. A new Npeeies of the Nematode Genus Uneinaria trom
- Sea-lon, with some Observations on related  Speeies.
Parasitol. xxv, pp. 308-316,

1933, Two new Parasitic Nematodes from Cevlan, wn. & May.
Nead. Hist. (10) xvi pp. IS8T 192,

Bavies, H, AL and Davesey, R

1922, Report on the Parasitic Nematodes in the Colleetion of the
Zoological Sarvey of Tadin.  Mem. Ind. Mus.. Caleutta, vii,
pp. 263347,

1923, a.  Preliminary Descriptions of three now parasitic Nematodos.
Ao & Mag. Nat. Hist. (9) xi. pp. 333-335.

1923, 6. A turther Report on parasitic Nematodes in the Colloetion
of the Zoological Survey of Indin.  Ree. fnd. Mus., Caleutta,
XXV, pp. 01078,

1926, A Synopsis of the Families and Genera of Nematoda,  London
(British Muscumn (Nat. Hist.)).

BuaLerao, G. D.

1931. Two new Parssites trom the King Cobra (Nejo hannal).
Ann. & May. Nat. Hist. (10) viii, pp. 102 109,

1932. On some Nematode Parasites of Goats and Sheep  at
Muktesar.  Ind. Jowrn. Vet. Sei. &0 Anim. Husbh. i, pp. 242-
254, pls. xvii-xx.

1933, . On a fow Nematodes parasitic in Goats at Muktesar.
Ind. Jowrn. Vet. Sci. & Awim. Hush. i, pp. 163165, 1 pl.

1933.0. On two unrccorded Nematodes from the Abomasum
of Cattle in India. Ind. Journ. Vet. Sci. & Anim. Hush.
iii, pp. 166-173, 5 pls.

1434, On the Nomatode causing Stomach Tumours of the Indian
Crocodile, Crocodilus palustris.  Ind. Journ., Vet. Sci. &
Anim. Husb. iv, pp. 247-252.

REFERENCES. xidi

PY )

», BHALERAO, G. D. (cont.). .

™ 1935, ¢. Helminth Parasites® of the Indian  EKlephant from the
Andamans and Burma.  Ind. Journ. Vet. Sei. & Anim.
. Hush. v, pp. 1-14.
1935. 6. Helmintlk Pyrasjtes of the Domestieated Animals in Tndia.
Imp. Council o Agric. Res.. Delhi. Sei. Monogr. No. 6,
pp. 1 365,

Brocu, M. L.
Yi82.  Abhandluny von der krzeugung der lkingeweidewiirmer und
den. Mitteln wider dieselben.  Berlin.

BovLixger, C. L.

1916. Sclorostome Parasites of the Horse in Fngland.—I. '.l‘ho
Gonera Trivdontophorus and  (Esophagodontus.  Parasitol.
viii. pp. $20-439. pl. xxii.

1917. Sclerostome Parasites of the Horse in England.—II. New
Spocies of the Genus ylichnostomum. Parasitol. ix,
pp- 2()3——'.”:-)

1920. Intestinal Helminths in Indians in Mesopotumia,  Parasitol.
xii. pp. 95-97.

1921, «.  Strongylid Parasites of Horses in the Punjab.  Parasitol.
xiil. pp- 315-326.

1921, 6. On some Nematode Parasites of the Camel in India.
Perasitol. xiii, pp. 311-314.

1922, On Adscarts vitwdorum Goeze.  Parasitol. xiv, pp. 87-92,

1926. Report on a Collection of Parasitic Nematodes, mainly from

Cgypt.—TPart TV, Trichostrongylide  and Strongvlidive,
Parasitol. xviii. pp. 86--100, )

BuTLER, E. J.
1913.  Discases ol Rice.  Agrie. Res. [nst.. Pusa, Bull. No. 34
37 pp.. pls. i-iii. T

1919. The Rice \\’tm-m (’(’g/le;»cl)els angustus) and its Control.  Mem.
Dept. Agric. India, Botanieal Series, x, 1. pp. 1-37.

CaMERON, T. W. M.

4924, ¢. On G.(”"(/(’r?tl puc{:y.«:@l is Railliet & Henry, 1910, o Nematodo
Parasite of Ruminants.  Journ. Helminthol. i, pp. 41-45.

1924, b. On the Nomatode Cenus Globocephalus  Molin, 1861.
Journ. Helminthol. ii, pp. 65-76.

1925, Some recent Advancoes in Veterinary Helminthology. Ann.
Rep., Nat. Vet. Med. Assoc. Gt. Brituin & Iveland, 1925,
pp. 161183,

1927. Stu_dios on three new Genera and some little-known Specics
of the Nematodo Family rotostrongylida Leiper. 1926.
Journ. Helminthol. v, pp. 1-24. ’

CARTER, H. J.

1855. Note on Dracunculus in the Istand of Bombay. Tr. M. &
Phys. Soc. Bombay (1853-54) n.s. (2), pp. 45-46, pl. i,
tigs. 1-9.



Xiv REFERENCES.

CARTER, H. J. (cont.).

1858. Observations on Dracwnculus in istand of Bombay.  dnn.
Mag. Nat. Hist, (3) i, pp. 410-414,

1839, @.  Further observations on Draruncelus in the island  of
Bombay. [Samo as 18581 Tr. M« Phys. Soc. Bombay
(1857 38). n. 5. (4), pp- 215-220.

1850, b, On Dracunewlus and microscopic Filaridie in the island
of Bombay. Ann. & Mag. Nat. Hist. (3) iv, pp. 28-44,
O8-116, pls. i-iii.

CHANDLER, A, C.
1925, a. 'The Species of Strongyloides (Nematoda).  Parasitol. xvii,
pp- 426-433.
1423, b. The Helminthic Parasites of Cats in Caleutta and the
Relation of Cats to human helminthic Infections.  I'nd.,
Journ. Med. Res. xiii, pp. 213 227, pls. v-vi.
1926. New Heoterakids from lndian Galliform Birds.  Ind. Journ.
Med. Res. xiii, pp. 617-623, pls. xxxi xxxii.
1426-1928. 'The Prevalence and Epidemiology of Hookworm and
other Helminthie Infections in India.  Jnd. Journ. Med.
Res.
Part  T. Vol xiv, pp. 185 194 (1926).
WML . xiv. pp. 193218 (1926).
. L W Niv, pp. 431180 (1926).
V. ., xiv, pp. 481492 (1926).
VL xiv, pp. A93 504 (1926).
W VI L xivepp.s T3 T8 map (1929),
. VIL . Xivepp. 745759 (1927),
5, V1T L xiv. pp. 7612773 1 2 maps (1927).
o IXL L0 xiEv, pp. 955 871 (1927).
= X. ., xv, pp. H43-157 1 tables & map (1927).
W X1, ., xv, pp. 189=179+4 tables & map (1927).
. XII. .. Xv, pp. 695-743 1 3 maps (1928).

1931. New Genera and Species of Nomatode Worms.  Proe. 1J.S.
Nat. Mus. Ixxviii, Art. 23, pp. - nel. plsai & i

CaaTrera, R, C.
1933.  On a new Nematode, Darapharynyodon maplestoni, gen. nov.,
sp. nov., from a Burmeso Lizard.  Ann. Trop. Med. &
Parasitol.. Livierpool, xxvii, pp. 131-134.
1935. Nematodes from # common Indian  Lizard  (Uromastix
hardwicki) with Remarks on Kalicephalus parvus Maplestone,
1932, Rec. Ind. Mus., Caleutta, xxxvii, pp. 29-36.

Cuirwoop, B. G.
1930. The Structure of the Esophagus in tho Trichuroidea. Journ.
Parasitol. xvii, pp. 3542, pls. v, vi.
1932, A new Species of Hookworm from a Philippine Civet.
Philippine Jowrn. Sci. xlvii, pp. 259-263, pl. i.

CHITWOOD, B. G., and CHitwoop, M. B.
1934. Somatic Musculature in Nematodes. Froe.  Helminthol.
Soc. Washington, i, pp. )-10.

\ REFERENCES. xv
.
Lo, N. A. .

‘1891, Onyz and Dipeltis : “new Nematode Genera, with a Note

on Dorylaimus. Proc. Linn. Soc. N.S.W., Sydney, (2)
' vi, pp. 143-158.

1893. Nematoded, Mhocsly Australian and Fijian. Macleay Menm.
Vol., Linn. Soc. N.S.W., Sydney, pp. 252-308, pls. xxxvi-
xlii.

1894.  7Pricoma and other now Nematode Genera. Proc. Linn. Soc.
N.S.W., Sydney, (2) viii, pp. 389-421.

1898. Extract from MS. Report on the Parasitos of Stock. Agric.
Gaz. N.S.W., Sydney, ix, pp. 419454,

1913, New Nematode Genora found inhabiting Fresh Water and
non-brackish Soils.  Journ. Washington Acad. Sect. iii,
PP- 432-444.

Corrowp, T. 8.

1876. Notes on Entozoa.—Part 4. Proc. Zool. Soc. Lond. pp. 294
298, pl. xx1.

1879. Parasites; a Treatise on the lintozoa of Man and Animals.
London.

1882. The Parasites of Klephants. Trans. Linn. Soc. Lond.,
Zool. (2) ii, pp. 223-258, pls. xxiii, xxiv.

1884, Now Dlarasites from the Horse and Ass. Veferinarian,
London, Ivii, pp. 4-7.

ConnaL, A.
1912, Some Nematode Worns from Lagos. Journ. L Y
Trop. Med. 1, 3, pp. 220-237,  © . Lond.. Seh.
CrePLIN, F. C. H.

1845. Nachtrasge zu Gurlt’s Verzeichniss der Thiere, bei welchen
Entozoen gefunden worden sind. Arch. f- Naturg. xi, i,

pp. 3256-336.
Dausney, R.
1923. '[‘h'o Kidney-Worm of Swine; a short Redescription of
Stephanurus dentatus Diesing, 1839. Journ. Comp. Pathol
& Therap. xxxvi, pp. 97-103. o
DgsLongenamrs, K, E.
1824.  Art. ** Ascaride.”  Kneyel. méthodique, VYaris, ii, pp. 83-112.
Dirsing, K. M.
1839. Neoue Gattungen von Binnenwirmern, &c. Ann. Wien
Mus. Naturg. ii, pp. 219-242, pls. xiv- xx. )
1851. Systema Helininthum.—11. Vindobonz.
1857. Sechzehn ‘Arten von Nematoideen. Denkschr. K. Akad.
Wiss. Wien, Math.-Naturw. CI. xiii, 1 Abt., pp. 6-26, pls. i-iv.
DrascHe, R. von

1883. Re}/‘ls}llon der in der Nematoden-Sammlung des k.k. zoolo-
EII)“?C ten  Hofcabinetes befindlichen Original-Exemplare
1e8img’s und Molin’s. Verh. der k.-k. Zool.-bot. Qes.,

Wien, xxxii, (1882) pp. 117-138, pls. vii-x.



xvi . REFERENCES.

DuninNi, A.

1843, Nuovo vermo intestinale umiano (Aychylostoma duodenale).

&e. Ann. Unie. Med., Milano. evi, pp. 3-13, pls. i. ii.

Dursarpin, F. o U

Ia42. Mémoire sur los Gordins et les Mermis.  Compt. rend. Acad.

Sei.. Paris, xv, pp. 117-119.
1845, Histoire naturelle des Helminthes.  Paris.

Ercovani, (. B.
1859, Nuovi Elementi  teorico-pratici  di Medicinag  Veterinaria.
Bologna.

Evans, G. H., and Re~~os T
1908. Notes on some [Parasites in Burmah.---1l. Journ. Trop.
Vet. Sci.. Caleutin, iv, pp. 134-143, pls. v—viii.
1910. Notes on some Parasites in Burmah.—I1. A few common
parasites of Elephants.  Journ. Trop. Vet. Sei.. Caleuttas,
v, pp. 240250,

Faust, K. C.

1933, Experimental Studies on Human and Primato Species of

Strongyloides.—11. The Development of Strongyloides in the
Experimental Host.  Amer. Journ. Hyg. xviii, pp. 114132,

FrOLicH, J. A. voxN

1802, Beytrige zuar  Naturgeschichte  der  Bingeweidowiirmer.
Naturforscher, Halle, xxix, pp. 5-96.

GalGer, S, H.

1910. A Preliminary Check List of thoe Parasitos of Indian
Domesticated Animals.  Journ. Trop. Vet. Seci., Culeutta.
v, pp. 65-71.

1915. A l{(\.\'isml _Chm-k List of the Animal Parasites of Domesticated
Animals in India.  Jowrn. Comp. Pathol. &: Therap. xxviii,

pp. 67-76.
GEBAUER, Q.

1932, Zur Kenntuis der Parasitenfauna der Gomse. Zeitschr. f
Parasitenk., Berlin, iv, pp. 147-219.

IBDOELST, L.

1916. Notes sur la Faune parasitaire du Congo belge.  Rev. Zool.
Africaine, v, Fase. 1.

GENDRE, E.

1911. Sur quelques espoces d'Hétérakis du Dahomey. Proc..verd.
Soc. Lann. Bordeaux, 1xv, pp. 68-78.

Gies, G. M.
1892, «. On a new Sclerostome from the large intestino of Mules.

Scient. Mem. Med. Off. Army of India, Caleutta, pt. 7,
pp- 25-30. 1 pl.

©ant
REFERENCES. ,"74‘/\(/‘ o .

xvii
«Gies. G. M. (ront.). . *

189286. A Description of  two new Nematode Parasites found
in Sheep. Sci. Mem. Med. Off. Army of Indsa. pt. 7.
pPp. 45 19. {Also addendum appended to the reprint.]

Yy

GMELIN, J. F,

1790. Caroli & Linné ... Systema natura, &ec. Editio decima
tertia.  Part 6, pp. 3021-3910.

GonFRrEY, (. H.
1931, The Host Plants of the ** Burrowing =~ Nematode, Tylenchus
similis.  Phytopathology. xxi. pp. 315-322.

Gouzg, J. A, K.
1782. Versuch einer Naturgeschichte der Eingeweidewirmer thier-
ischer Kirper. Blankenburg.

Gomez DE Fawia. )
1910. ContribuicRo para a Sistematica helmintolojica brazileira.—
111, Ankylostomum braziliense, n. sp., Parasito dos Gatos
e Cais. Mem. Inst. Oswaldo Cruz, Rio de Janeiro. ii,
pp- 286-293, pl. xxii.

Goongy, T.

1924, (Esophagostomes of Goats. Sheep and Cattle.  Journ.
Helminthol. ii, pp. 97-110.

1925,  Esophayostomum longicaudum 0. sp. from the Pig in New
Juinea. Journ. Helminthol. iii, pp. 45-50.

1932, a. On the Nomenclature of the Root-gall Nematodes. Journ.
Helminthol. x. pp. 21-28.

1932, b. The Genus Anguillulina Gorv. & v. Ben.. 1859, vel
Tylenchus Bastian, 1865,  Journ. Helminthol. x, pp. 75-180.

1933.  Plant Parasitic Nematodes and the Diseases they cause. London.

1934.  Anquillulina cecidoplastex n. sp.. a Nomatode causing Galls
on the Grass, Andropogon pertusus Willd.  Journ. Helmin-
thol. xii, pp. 223-236.

Harr, M. C.

e 1916, Nematode Parasites of Manunals of the Ordors Rodentia.
Lagomorpha, and Hyracoidea. Proc. U.S. Nat. Mus.,
Washington, 1. pp. 1-258. pl. i. :

1921, Two new Genera of Nematodes. with a Note on a neglected
Nematode Structure. FProc. U.S. Nat. Mus. lix, pp. 541-
H46.

1922, Oxyuris compar Leidy. 1856, a synonym of Ozyuris ambigua
Rudolphi, 1819. Journ. Parasitol. ix. p. 44.

Hsi, H. F.

1933. Some Specios of Porrocecum (Nematoda) from Birds in
China. Journ. Parasitol. xix, pp. 280-286, pls. ii, iii.

Intg, J. E. W.

1919. Ueber Ancylostoma pernicioswm v. Linst. und die Strongyliden
s des Elefanten. Bijdragen tot de Dierk. Afl. xxi, pp. 97-103.
NEM. b



xvii , REFERENCES.

IHLE, J. B. W. (cont.). .
1919. Notiz zu mcinem Autsatz = Ueher Aneylostoma perniciosum
von Linstow und die Strongyliden des Elefanten.”  Centralbl.
J. Bakt. &e., 1 Abt., Orig., Ixxxiil, p. 350
1922, The Adult Strongylids (Selerostorfiesy inhabiting the Large
Intestine of the Horse,  Report of the Conmission appointed
to inqudare into the Sclerostom teasis in Hollend - 1. Zuul()gicnl
Part. Vol. I. The Hague (National Printing  Office).
IR pp.

IMPERIAL BUREAU OF AGRICULTURAL PARASITOLOGY.
1931, The Root-infesting  Felworms  of  the  tienus  Heteradera.
A Bibliography and Host List, pp. viii {99, 2 pls.

[ssuikt, O.
1933. On a Nematode (Hamonchus similis Travassos, 1914) from
Corean Calves.  Jowrn, Jap. Soc. Vet Sci. xii, pp. 251-263,
pls. xix. xx.

Ivencar, M. O, T.
1929,  Parasitic Nematodes of Anopheles in Bengal.  Trans. Far
Fast. Ass. Trop Med., Tth Congr.. India. (Dece. 1927) i,
pp. 128135, pl. vii.

JAackson, J. B. S.
1847. A deseviptive Catalogue of the Anatomical Muscum of the
Baston Society for Medical Lnprovement. Boston.

KAMENSKY, S, M,
1905. |The Systematic Position of tho Genera  Metastrongylus,
Wost. and  Protostrongylus g n. among  the  othor
Strongylida.]  Sborn. Truwd. Kharkor. Vet. Inst. [N.V.]

Kanrve, J. N,

1927, . A new Nematodoe from a Burmese Tortoise (Testudo emys).
Ann. Trop. Med. & Parasitol,, Liverpool, xxi, pp. 343-350.

1927, 5. A Redescription of the Species Oxysomativm macintoshii
(Stowart, 1914) (Nematodu).  Ann. & May. Nat. Hist.
(9) xx, pp. 620-628.

1930.  Some Parasitic Nematodes of Frogs and Toads.  Ann. Trop.
Med, dr Parasitol., Liverpool, xxiv, pp. 481 491,

KENDRICK, J. F.
1920. The Correlation between the Size of Hookworm Egg-counts
and the Degreo of Anwemia in two Groups in Southern India.
Trans. Fur East. Ass. Trop. Med., Tth Congr.,, India,
(Dec. 1927) iii, pp. 216-238.

KHALIL, M.
1922, ¢. A Preliminary Noto on some new Nematodo Parasites from
the Elophant. Ann. & May. Nat. Hist. (9) ix, pp. 212-2186.
1922, . A Revision of the Nematode Parasites of Elephants,
with a Description of four new Species. Proc. Zool. Soc,
Lond., pt. ii. pp. 205-279.

R REFERENCES. Xix
Korxeg, V. T. 3 *
19286. ()bsexj\'utinns on Ankylostomiasis in some Arcas in British
India.—Part ITl. Ankylostomiasis in the Bilmr Areca
Ind. Journ. ;'Ue(i. Fes. xiv, 2, pp. 383-407, 1 sketeh map.

Kruis, H. A,

1932, Studies on the CGenus Strongyloides (Nematodes).  Amer
Journ. Hyy. xvi. pp. 450—491. '

Lany, €.
1913, a. Agchylostoma ceylunicum, a new Human Parasite.  [nd.
Med. Gaz. xIviil, pp. 216-218, 1 pl.
1913, b, Trichostrongylus  colubriformis  (Giles. 18%2), a Human
Parasite.  Ind. Med. Gaz. x)viii, (4) 1 pl.
1914, . Bursate Nematodes fromn the Indian Elephant. Ind.
Journ. Med. Res. ii, pp. 380-398, pls. xlix-Ix.
1914, b, Suckered Round-worms from India and Ceylon. Ind.
Journ. Med. Res. ii, 2, pp. 653-669, pls. Ixxiv—Ixxxi.
1915, a. A further Note on Bursate Nematodes from the Indian
Elephant. Ind. Jowrn. Med. Res. iii, pp. 105-108,
1915, b. Falcaustra faleata. An Investigation ot O,
, X . ysoma faleation
von Linstow, 1906. Ind. Journ. Med. Res. iii, ]{p. 109~
115, pls. iv, v.
1916. The Genus Ancylostoma in India and Ceovl .
Med. Res. iv, pp. T4-92, pls. i-iii. ¢ Coylon. - Lud. Journ.
1917, a. Bunostomum  kashinathi and the Ancvlost o
Journ. Med. Res. iv, pp. 414-43Y, pls. \\(\);12::::l(l‘ Lnd.
1917, 6. Gireterakis  girardi (n 2., N, sp '
. . . . Sp. v S Suckere
Nema@odes. Ind. Journ. Mm(.} )I{t:s“( i\,”““ ’ ;13(4,1\01‘(:]
pls. xliii-xlviii, ) PP TH-T65,
1917, ¢.  Ancylostoma duodendale as a Parasite of &
Journ. Med. Res. v, pp. 210-216, pl. xxxi
1921. Some Bursate Nematodes from Indian and
Ind. Journ. Med. Res. ix, pp. 16

clis tigris. Ind.

chan African Elephants.
- ) o P 3-173, pls. xi-xvi.
V22, a.  dncylostoma braziliense.  Ann. T g + ‘asi
Liverpool, xvi, pp. 347-352. o Med & Larasisol,
1922, 6. A 1"{'0liminury Note on two Strongylata, from Swinoe in tho
Pacitic.  Adwn. & Mag. Nat. Hist, (9) ix, pPp. 683-685
1923.  Some Strongylata. Parasitol. xv, pp. 348-364,

Lrivy, J.

1891.  Notices of Entozoa. [’ree. Adead, N el P'hi ;
(1890) pp. 410415, . Nat. Sci. Phitadelphia,

Lewper, R. T.
¢ m . ‘e
1907. lwo.nuw Genera of Nematodes oceasionally parasitic in Man.
Brit. Med. Journ., June 1st.

Lewis, E. A.

1926. Observations on the Incidence of M elastronyylus brevivaginatus
and M etastrongylus clongatus in Pigs in Central Wales.
N Journ. Helminthol. iv, pp. 123-126.
b2



.~

XX , REFTERENCES.

Linstow, O] vox
1879,  Helminthologische Studien. Areh. fo Natwrg, sIve i pp. 165 -
185, pls. xi ~ii.
1884. Helmintholomisches,  Areh. f. A\'ululr'_v/. Lo pp. 125-145,

pls.vii x. K
1885, Beobachtunwen an bekannten und neuen Nematoden und
Trematoden. . Areh, fo Neatorg lioiopp. 235 255, plse xiii xv,

1899, Nematoden aus der Berliner Zoologischen Samunlung. M.
Zool. Mus. Berlin, i pp. 1 28 plsoio v

1901, Helminthen von dens Utere des NvassasSeeso eine Beitrag zur
Hebminthen-Fauna  von Sl Adrikea, Jena, Zr'li._\'l‘hr. f.
Netwre, xxxv. (i Foxxvii, pp. 400 425, pls xin, xiv,

1902,  Beobachtungen an neuen and bekannten Nemathelminthen.
Avch. [ mikr. Anat. I pp. 217 2320 plL xiii.

1903, . Parasiten, meistens Hehoiuthen, aus Siane Ared foonikr,
Anat. Ixii, pp. TO8-1210 plov.

1903, b, Entozoa  des  zoologischen Muscums  der Kaiserlichen
Akadomio  der Wissensehalten  zu St0 Petersbuarg, 20
Aun. Mus. Zool. Aewd. Linp, 0 Seo de St-Détersh, i,
pp. 263294, pl< xvit xav

1904. Nematode in the Collection of the Colombo Maseun. Spolia
Zeylanica i, pp. 91 04, plee il i

1905, . Hehminthen  ans Ceylon und aus arktischen Breiten.
Zedtsehr, foaviss, Zool Isxxian ppe 182193, plo i,

1905. 6. Neue Helminthen.,  drehe fo Naturg, Ixxic i pp. 207 276,
pl. x.

1906, ¢«. Nematoden  des zoologisehen Mu=eams  in Konigsherg.
Arch. fo Naturg, Isxin, i pp. 20 258,

1906, b, Ascaris  halicoris  Baivd.  Jowrn. 0 Proe. Asiat. Soc.
Bengal, Caleutta, 1. pp. 255 260, pl. xi.

19006, ¢, Parasites from the Ghavinl (Geaeiadis googeticus, Geofir.).
Journ. & Proc. Asiat. Soc. Bengal, Caleatta, i, pp. 269 271,
pl. iii.

1906, .  Helminths from the Colleetion of the Colombo Musemm,
Spolia Zeylanien i, pp. 163188, pls. i il

1907, «.  Nematoden aus dem Koniglichen  zoologisehen Musenm
in Berlin,  Mitt. Zool. Muas. Berlin, i, pp. 249250, pls. vi,
vii.

1907, 6. The Fauna of Brackish Ponds at Port Canning, Lower
Bengal.—Part 11. A new Nematodo of the Genus Oncho-
lainus.  Ree. Ind. Mus. Caleutta, i, pn. 45 16,

1907, ¢ Ascaris lobulata, Schueider. ein Parasit des Darms von
Platanista yangetica.  Journ, & Proe. Asiut. Sove. Bengal,
Caleutte, iii. pp. 37 38.

1908.  Recent Additions to the Colloction of Fuatozon in the lndian
Museura,  Rec. Ind. Mus., Coleutta, i, pp. 108109,

Looss, A.

1900.  Die Sclerostomen der Plerde und Esel in Egypton.  Centralbl.
f. Bakt., &c., | Abt., xxvit, pp. 150 -160, 184192,

1902. The Sclorostomidar of Horses and Donkeys in Egypt.  Rec.
Eqypt. Govt. School. Med., Cairo, i pp. 26139, pls. i-xiii.

1905, a. Das  Genus  Trichostrongylus. n. g., it zwei  noeuen
gelegentlichen Parasiten des Menschen, Centralbl, f. Bukt.,
&e., T Abt., Orig.. xxxix, pp. 404 422, pls. i i

R REFERENCES. xxi

?

‘Looss, A, (cont.). v .

1905, 5. The Anatomy and Life History of dgchylostoma duodenale

. Dub. Rec. kgypt. Govt. Sch. Med., Cairo, iii, pp. 1-158,
pls. i*ix-‘ - . .

1911. e Anatomy add Life History of Agchylostoma duodenale

Dub.—11. The Development in the free State. Rec. Eyypt.

(tovt. Sch. Med., Cairo, v, pp. 159-613, pls. xi—xix.

Lucrr, A, and Hesnry, A
1911, La Typhlite verrugueuse des Faisans et son Parasite (Heterakis
isolonche v. Linstow).  Bull. Soc. centr. Méd. veét. July 30,

1911,

Luxbanw, C.
1848. Bemerkungen tber zwei neue Strongylis-Arten. Notis.
Séllsk. pro Fawia et Flora Fenn. Forl., Helsingfors, 1 Haft.,
pp. 283-287.

Macrig, J. W. S.
1922, The Axcaris of Cattle. Ann. Trop. Med. & Parasitol.,
Liverpool, xvi, pp. 311-313.

MarLusTONE, P. AL

1929, q. 'Two new Speeies of Nematodes from Indian Hosts. Rec.
Ind. Mus., Caleutta, xxxi, pp. 87-92.

1929, b. The Species Distribution ot Hookworms in India. Ind.
Med. Gaz. 1xiv, pp. 159-164.

1930, a. Nematode Parasites of Pigs in Bengal. Rec. Ind. Mus.,
Calcutta, xxxii, pp. 77-103.

1930, b. Parasitic Nematodes obtained from Animals dying in the
Caleutta Zoological Cardens.—Parts 1-3. Rec. Ind. Mus.,
Caleutta, xxxii, pp. 383-412,

1931, Parasitic Nematodes obtained fromn Animals dying in the
Caleutta Zoological Gardens.—Parts 4-8.  Rec. {nd. Mus.,
Calcutta, xxxiii. pp. 71-171.

1932, «.  The Genera Heterakis and Pseudaspidodera in Indian Hosts.
Ind. Jowrn. Med. Res. xx, pp. 403-420, pls. xii-xiv,

1932, 6. Parasitic Nematodes obtained from Animals dying in the
Caleutta Zoological Gardens.—Parts 9-11.  Rec. Ind. Mus.,

o Calcutta, xxxiv, pp. 229-261.

Mavras, E., and Seuxar, L. G.
,

1912, Sur un Nématode de Pintestin gréle du Dromadaire.  Compt.
rend. Soc. Biol., Paris, Ixxiii, pp. 628-632.

Mayye, W. W and Suskradsanyad, V. K.

1933. Nematode Worms in Relation to the Cockehafer and Mealy
Bug_ Problem in Coorg. Mysore (offee Kxper. Stat., Dept.
Agric, Bull. 11, 34 pp.

MEYER, A.

1896. Neue ceylonische Nematoden aus Siugetieren (Filaria,
Sfmngylus) und aus Julus (Ozyuris). Anatomisch-histolo-

gische Untersuchungen. _drch. f. Naturg. Ixii, i, pp. 54-82
> pls. iv, v,



xXxii REFERENCES.

Muaskagn, K. S,

18924, Report of the Ankylostomiasis Inquiry in Madras.  {ndian
Med, Bes. Memoirs [Supplementary Sevies to Ind. Journ.
Med. Res.|. No. 1, pp- i vio 495,
Mirza, M. B aned Seven, SON,
1934, Syplacia seinri, n. Sp.otonew Oxyurid-Worin from Seiuris
plmarvn,  Current Seicpee i pp. 345 316,

MiTrEr, S, N.

1912, Some Entozon of Indian Elephants. Journ, Comp. Pathol . &
Therap. xxv, pp. LT 1501 pl.

Morin, R.
I838,  Prospeetus helminthung, qpue in prodromo faunae helmin-
thologicie  Venetie  continentur. Sz b Adkad, Waiss,
Wien, xxx, pp. 127138,
1860,  'Trenta speeie di Nematoids,  Site, b dkad. Wiss,, Wien, xl,
pp- 331 358,
1861, 11 Sottordine degli Acrofalli, &, Mem. I Ist, Veneto ix,
(1860) pp. 427633, pls. xxv-xxxiii.
Monnia, H. O,
1931, Wild Antelopes ns Carviers of Nematode Parasites of Domestic
Ruminants.  Port Lo 15t Nep. Dir. Vet. Sere., Pretoria,
pt. i, secto v, pp. 233 254,
1932, . The Genus Agriostonon with a Deseription of o, cursoni
wespe Jowrn oS A fries Vet Med Ass. (1) i, pp. 16-21.
1932, 6. Syngamons indicus : N new Nematode from the Indian

Elephant. St Rep Dire Vero Nereo e Anim. Indnst.,
Uviion of S0 Africa, pp. 173175,

MonTacu. G
I8EL.  Account of o Species of Faseiold which infests the T'rachea
of Poultey, with o Mode of Cure. Mem. Werner. Nat.
Hist. Soe., Bdinburgh. i pp. 194198, pl.vii,
MonTaomvenry. R, K.
1906,  Observations  on Billwrziosis among Animals  in India.
Journ. Trop. Vet Sci.. Caleattad o pp. 15 16, 2 pls.
Monraan, . O,
1932, Owxyuris  stroma  Linstow, sS4 Jowrn,  Helminthol. X,
pp. 15-20.
MULLER, A.
1897. Helminthologiseho Mitteilungen.  Areh. f. Naturg. Ixiiie i,
pp- 1-26, pls. i i,
Nagary, H. F.
1932.  Thoe Genus Trichostrongylus Loossc 1905, . Trop. Med.
& Parasitol., Liverpool, xxvi, pp. 437 318,

Orr, A.
1932,  Das Ancuryvsma verminosum des Pferdes und seine unbekann-

ten Bezichungen zur Kolik.  Dewtseh. Tievirzt. Wochenachr.
x1, pp. 326--332.

REFERENCES. xxili

ORLOFF, I. W. ! .

1933, Sur la reconstruction 'de la systématique du genre Ostertayia
Ransom. 1907. Ann. Parasitol., Paris, xi, Pp. 96-114.

A

OrtLepp, R.J, ~ N »

1923, (bservations on the Nematode Geners Kalicephalus, Dia-
phanocephalus, and ()r:mpthdontus g n. and on the
Larval Development of Kalicephalus philodryadus, sp. n.
Journ. Helminthol. i. pp. 165-189.

Owex, R, ,
1833.  Descriptive and dllustrated Catalogue Qf thg’ Physiological
Series of Comparative Anatomy contained wn the Museum
of the Royal Colleye of Surgeons in London. Yol.1. London,.

Panona, C.

1889, . Intorno all’dscaris halicoris Owen., ed a quachhe altro
Nematode raccolti in Assab dal Dott. V. Ragazazi. Ann.
Mus. Civ. Stor. Nat. Genova. (2) vii (Xxvil)., pp. 751-764,
pl. xiii. .

1889, b. Sopra alcuni Elminti di Vertebrati Birmani raccolti da
Leonardo Fea. Ann. Mus. (e, Stor. Nat. Genova, (2)
vii (xxvii), pp. 765-780, pl. iii.

1896. Di aleuni Nematodi dei Diplopodi. At Soc. Ligust. Sci. Nut.,
Genova, vii, pp. 108-113, pl. i.

1898. Elminti raccolti dal Dott. Elio Modigliaui alle Tsole Mentawoi,
ingano ¢ Sumatra. Ann. Mus. (ée. Stor. Nat. Genove
xxXix, pp. 102-124, pl. i,

PATWARDHAN, S. S.

1935, . On a new Oxyurid from a Squirrel.  Rec. Tnd. Mus.,
Caleutta, xxxvii, pp. 11-13.

1935, b. Nematodes from the common Wall Lizard Hemidactylus
favoviridis (Ruppel).  Proc. Indian Acad. Sei. i, pp. 376~
380.

Pia~a, G. P., and Srazz, Y.
1900. Ehwinti intestinali di una Elefantessa.  dreh.  Parasitol.,

Paris, iii, pp. 309-524.
Y

Price, E. W.
1930.  Wellcomia compar (Leidy) the correct name for Oxyuris
compar Leidy. 1856. Jowurn. Parasitol. xvi, p. 159.

Quier, G.

1919, Poteriostomum n. g.. eine noue. beim Porde parasitierex}de
Nematodengattung. Centralbl. f. Bakt.. &c.. 1 Abt., Orig.,
Ixxxiii, pPp. 466--472.

RAILLIET, A,

1885.  Eléments de Zooloyie médicale et agricole. Paris. )

1896. Sur les variations morphologiques des Strongles de 'appareil
digestif. et sur un nouveau Strongle du Dromadaire. Compt.
rend. Soc. Biol.. Paris, xlviii, pp. 540-542.



XXiv REFERENCES.

RAILLIET, A.s(cont.). ¢

1899. Syngame laryngien du Bauf.  Compt. rend. Soc. Biot.,
Paris. li, pp. 174 176.

1902, Sur quelques Selérostomicns parasites des Ruminants et des
Porcins.  Compt. rend. Soe Biol., avi Ly, pp. 107110,

1918, Sur un Strongylidé vivant dans des kystes intestinaux chez
les grands Félidés  Idl. Soe. Path.exot., Paris, xi, pp. 93-98,

1923, Les Strongyvles (anciens Sclerostomes) et les Strongyloses
proprement dites.  Ree. Méd. Vet Paris, xeix, pp. 377 396,

RamLvier, A., and HENRY, A,

1902.  Sur les Sclérostomiens des I:]quidl'-.\'. Compt. rend. Soc. Biol.,
Paris, liv, pp. 110112,

1907, Sur les Variations des Strongyles de Pappareil respiratoire
des Mammifores. Compt. rend. Soe. Biol., Paris,  Ixiii,
pp. 701 -753.

1909, a.  Sur la classification des Strongylidie, 1. Metastrongyvlinae.
Compt. rend, Soc. Biol., Paris, [xvi, pp. 85 88,

1909, 6. Sur la classification des Strongylida. 11 Ankylostomine.
Compt. rend. Soc. Biol.. Pavis, Ixvio pp. 168 171,

1910, . Sur quelgues helminthies da * Python sebw ™ (Gelin).
Bull. Soc. Path. exot.. Paris, iii, pp. 91 98,

1910, b, Quelques Helminthes nouveaux ou pen counus du groupe
des Bunostomicnus.  Bull. Soe. Puth. exot., Parvis, iii. pp. 311 -
315,

1911, Recherches sur les Asenvides des Carnivores, Compt. rend.
Noc. Biol.. Parvis, Ixx, pp. 1215,

1912, 2. Observations sur les Strongylides du Genre Nematodirus.
Bull. Soc. Path. exot., Pavis, v, pp. 35 39,

1912, 6. Quelques Nématodes parasites des Reptiles. Bull. Soc.
Path. cxot., Paris, v, pp. 231 254

1912, ¢, Les (Fsophagostomicns  parasites de UHomme. reh.
Parasitol., Paris, xiv, pp. 962 583, pls. xxii xxiv,

1913, Sur les  (Esophagostomiens  des Ruminants.  Bull. Soc.
Path. exot., Paris, vi, pp. H06 311,

Ranuier. Ao Hexwy, AL and Bavenr, J.
1914, Sur les Helminthes de UEléphant d"Asie. 1L Ball,
Soc. Path, exot., Paris, vii, pp. 129 131, 207 210,
1915. Sur les Helminthes de Eléphant d'Asie. Note  complo-
mentaire.  Bull. Soc. Path. ceot., Paris, viii, pp. 117- 114

1919. Un nouveau Strongylidé du Pore.  Bull. Soe. Puath. cxot.,
Paris, xii, pp. 324-332.

RarmLLirr, A, Hexny, A, and Jovevx, (.

1913, Un nouveau Strongyvlidé des Singes.  Bwdl. Soe. Path. cxol.,
Pavis, vi, pp. 264-267.

RaxsoMm, B. H.

1907. Notes on Parasitic Nematodes, inclading  Desceriptions of
new Genera and  Species, and Observations on  Life
Histortes.  {7.8. Dept. Agric., Bur. Anim. Indust., Circular
116, 7 pp.

REFERENCES. . XXv
’
R,_ANSUM, B. H. (conl.). R h
1911. The Nematodos parasitic i}l tho Alimentary Tract of Cattle,
Shoep, and other Ruminants. U.S. Dept. Agric., Bur.
Anim. hndust, Budl. 127, pp. 1-132.

N -

A

Raurnaey, M.
1918, Mitteilungen zut Nematodenkunde.  Zool. Jahrb., Anat. u.
Ontog.. sl pp- 441-314, pls. xx—xxiv. .
1930, vViepte Klasse des Cladus l\"(‘.nmt'l‘l_olmm(hcs. Nematodes.
Nematoiden = Fadenwirmer @ 1 Kiikenthal and _l'\run')l)‘uuh,
Handbuch der Zoologie, Betlin and leipzig, ii, Licf. 8,
Pp- 249-402.

Rubovens, ¢. A o o
1808_1810, Kntooorwm sive Vermiwm intestinalium Historia natur-
alis. Vols. Lo 11 Amsteledami.

. tosoorut Synopsis.  Berlin,
g, snfozoort !

Sanvcrouny, J. H. )
1929, Some new parasitic Nematodes from Yucatan (Mexico),
including & new Genus ot Strongyle from Cattle. vl)'a_:_ll.
Mus. Comp. Zool. Harvard Coll. 1xix, pp. 515-324, pls. i i

ScaNEIDER, A,
1866. Monographic der Nematoden. Berlin.

ScHULTZ, .

1899. TUber das Austreten einer bisher unbekamnten Mermis-Art
(Mermis indica nov. spec.) aus einem exotischen Dutenfalter.
Hlust. Zeitschr. f. Kntom., Neudammm, iv, pp. 132--133.

Scawanrz, B.
1928, Two new Nematodes of the Family Strongylida, parasitic
in the intestines of Mamals.  Proe. U1.S. Nat. Mus. 1xxiii,
Art. 2, pp. -5, pls. i, ii.
1931.  Nodular Worm Infestation of Domestic Swine. Vet Med.,
Chieago, xxvi. No. 11,

ScHWARTZ, B, and ALwcara, J. K.

1930, Two new Specios  of  Nodular Worms ((Ksoplagostoniiomn)
parasitic in the Intestino of Domestie Swine.  Jown.
Agrie. Res., Washington, xl. pp. 517-322,

SEuraT, L. G.

1916, Sur les Ocyures des Maunmiféres.  Compt. vend. Soc. Biol.,
Paris, Ixxix, pp. 64-68.

SuBATHER, A. L.

1919, A new Nematode causing Parasitic Gastritis in Calves.
A!ﬂ"l.l'/- Res. Inst., Pusa, Bull., Caleutta, No. 86, pp. 15,
pls. =,

SHEATHER, A. L., and Suiustox, A. W.
1920.  Syngamus larynyens in Cattle and Buffaloes in India. Ayric.

. Res. Inst., Pysq, Bull., Caleutta, No. 92, pp. 1-8, 8 pls.



XXVi REFERENCES.

Suirney, AcEL and Horsernn, ).

1904, The P’arasttes of the l’ourl"().\'stur: in Herdman, W. AL
oy, Soc. Rep. Pearl Fisheries. pt. i, pp. 77 106, pls.i-iv,

StEBROLD, (. voN o

1836, Helminthologisehe Beitrage.  Zweiter Beitrag. Syngamus
trachealis.  Ein doppelleibiger Eingeweidewurm,  drch. f.
Natury. i, i, pp. 105-1146, pl. i,

SkrraniN, K. J.
1916 Nematodes des Oiseaux dn Turkestan russe. Ann. Mus.
Zool. Petrograd, xx. pp. 457 557, pl. viii
Parasitic Trematodes and Nematodes, &c. Sefentific Results
of the Zoological Erp. to Brit. F. Africa and Uqanda made
by Prof. V. Dogiel and [, Sokolow in the Year 1914, Petro-
grad. Vol L. No. . Russinn, pp. U 9%, English translation,
pp- 99 157, plso i x.
1933, Sur la Position systématique des Nématodes  du Genre
Oslerus Hall, Y920, Bull. Soe. Zool. Franee, Wi, pp. 87 R

Swyioer, HL

1906, Ueher cinen nenen. beim Gibbon - getunedenen Strongilus
(Ntrongulus oratus v, Linstow).  Ceatralhl, J. Bakt.. &e.,
I Abt., Orig.. xli. pp. 646 651,

SMrrH, AL Jo Fox, He and Waee, CL Y.

1908, Contributions to Systematic Helminthology.  ni, Pennayle.

Med. Bull. xx, 12, pp. 283 204, pls. i x (preceding text).

SerenN, O
31 Ascaridin lineata (Schneider, 1866) dor hantigsto Spulwurm
der Hulwer. Berl. tivvirstl, Wockenschr. slvii, pp. 220-230.

STADELMANN, H.

1894, Ueber Strangglus cirevomeinetus, cinen nouen  Parasiton aus

dem Labmagen des Schafes,  Nitz, Ges, Naturf. Fr. Berlin,
pp. 142 146,

STrKHOVEN. J. H. Seutvrmass, Jr,
1928, Ucher Strongyloides stercoralis Bavay.  Pijdschr. Ned. Dierk.
Fer., Leiden, (3) i, pp. 48 49,
SteEwant, I, H,
914, ¢, Studies in Indian Helminthology.- -No. 1. fee. Ind. Mus.,
Caleutta, x, pp. 165 193, pls, xviii -xxiii.

Report on a Collection of free-living Nematodes from the
Chilka Lake on tho East Coast of Indin.  Kee. Ind. Mus.,
Caleutta, x, pp. 245254, pla. xxx—xxxii.

1914, b,

Srines, W,
1902, A new Species of Hookworny (Uneinaria americana) parasitic
in Muan.  tier. Med., Philadelphin, i, pp. 777-778.

REFERENCES. XXVit
A ] L ]
StiLes, C. W. (cont.). / :

1903. Clinical Diagnosis of Intestinal Parasites. Journ. Amer.
Med. Ass.. Chicago. xli, pp. 310-313.

hl
STILES, C. W., and HAsSALL, A. .
1905. rmination of Generic Types, and a List ot Round-
’ T}\l:b Il)ne teCvener'a. with their Original and Type Species.
U Z' Dept. Agric., Bureau of Animal Industry, Bull. No. 79,

150 pp-

Stossic . ) ) )
1896.H’I§cerche elmintologiche.  Boll. Soc. Adriat. Sci.  Nat.
Trieste xvii, pp. 121-136, pls. iii, iv. V ' »
1899. Strongylide. Lavoro monografico. Boll. Soc. Adriat. Sci.
Nat. Trieste Xix, pp. 53-152.

SweeT, W. C.
1929. A Survey of Mysore State for Enlargod Spleens a.mi for
o Hookworm and other Helminthic Infections. Mysore
Dept. Health, Bull. No. 7, 53 pp.

Tavror, E. L. i .
1924. On the Ascarids of the Dog and Cat. Awn. Trop. Med. &
Parasitol., Liverpool. xviii, pp. 243-251. ‘
1925, a. The Genus Kiluluma. Ann. Trop. Med. & Parasitol.,
Liverpool, xix, pp. 53-54. ‘
1925, b. Notes on some Nematodes in the Museum of the Liverpool
’ School of Tropical Medicine.—I11. A4nn. Trop. Med. &
Parasitol.. Liverpool, xix, pp. 57-69.

THAPAR, G. S.

1925. Studies on the Oxyurid Parasites of Reptiles. Journ.
Helmunthol. iit, pp. 83-130.

1929. Preliminary Observations on  Ankylostomiasis in  Pariah
Dogs. Trans. Far East. Ass. Trop. Med.. Tth Congr.. India,
iil, pp. 265-267.

& THEILER, GERTRUD,

1923, The Strongylids and other Nematodes ])(ll'(l.s"ét'l'c in the Izthsttfml
Tract of South African Equines. Pretoria: Govt. Printing
and Stationery Office, pp. 1-175. (Ao 9th 'aud I.Oth
Rep. Dir. Vet. Educ. and Res., Union of 8. Africa (1924),
pp- 601-773.]

Taomas, L. J.

1924. Studies on the Life History of Trichosomoides crassicauda

(Bellingham). Jowrn. Purasitol. x. pp. 105-136, pls. xiv—
XViil,

THORNTON, H.

1924. A Review of the (Ksophagostomes in the Collecti,on of the
Liverpool School of Tropical Medicine. Ann. Trop. Med.
& Parasitol., Liverpool. xviii, pp. 393-408.



XXVitll REFERENCES.

THWAITE, J. W.

1927, On a Colleetion of Nematodes trom Ceylon, dun. Trop.
Med. (& Puarasitol., Liverpool, xxi, pp. 223-244.

N

s
Travassos, L.

1014, . Trichostrongylinge  beazileiras.  (Nota prévia.) Irazil
Medico No. 17.

1914, b, ‘Prichostrongy linee hrazileiras. (2. Nota  prévia.)
 Hamonchus similis” n.osp.o Brazil Medico No, 1),

1917, "Trichostrongyline  brazileiras.  (3a. Nota préviay  Brazd
Medico xxxi, No. .

1921, Contribui¢des para o conhecimento da Faunn hehmintolojicn
brasileitn. — X 1L Ensaio monogratico dn Familia Tricho-
strongvlidio  Leipor, 1909, Mem, Inst. Osiwealdo Cruz,
Rio de Janeiro, xiii, pp. 5135, pls. i Ivi,

1927, Nota sobre o Ascaris eitidorion. Bol, Biol (S, Paalo, Fase, 5,

p- 22

1933.  Contribui¢iao no conhiecimento do > Deletroce phalus dimidiatus
Diesing.”” 183k parasito da  Bhea  american ™ Lath,
Arch. FEse. Sup. Agrie. ¢ Med, Veto Rio de Janeiro, X,
pp- 89-97, plso xxii-xxvii.

Travassos, L., and Voarrsana, K.

1932, Pesquizas holminthologicas  roalisadas e Hamburgo.- -
X. Contribui¢ao no conhecimento das especies de (Ksophago-
stomum. dos  Primatas. Mem. Inst. Oswaldo Cruz, Rio
de Janeiro, xxvi, pp. 251 328, pla. v aei.

Vivers, (1. M.

1920, Report on Entozoa colleeted trom Animals which died in the
Zoological Gardens of London during eight months of 1919-
1920, Proe. Zool. Soc. Lond., pp. 405 410,

Voerr, R.

1925 Zur Kenntnis der Fortpflanzung,  Eireifung,  Befruchtung
und  Furchung  von Oryiris obrelata Bremser,  Zool.
Jahrb., Allg. Zool., &e., xlil, pp. 243 271, pl. i

Warton, A. C.

1923. Some new and little known Nematodes,  Jowrn, Parasitol.
X, pp. H8-70, pls. vi, vii.

Wans, F.
1924, Two Bursate Nematodes from the Tndian Elephant.  Journ.
Comp. Pathol. & Therap. xxxvii, pp. 278 256,
1925, Two uncommon Parasites of Cattle. Jowrn. Comp. Pathol.
& Therap. xxxviii, pp. 83-89.

WebL, K.

1862, Zur Helminthenfauna x'igyp(cns. Sitz. k. Adlad. Wiss.,
Wien. xliv, Abth. i, pp. 463-482, pls. i-iii.

REFERENCES. XXIX
v ’
WITENBERG, C. / »
* 1925, Notes on  Strongyudda:  of  Elephants. Parasitol.  xvii,
pp. 284204

YoRrxkE, W., and MacTie,~). W. 8.

1918, gtrongylide in Horses. ;_hm. Trop. Med. & Parasitol.,
Liverpool, Xi. pp- 399-416. .

1919, 4. Strongylide in  Horses. V1. Cylicostomum pseudo-catin-
atum sp-n.  Ann. Trop. Med. & Parasitol., Liverpool, xii,
PP- 973-278. .

1919, 5. Strongylide in Horses.—V1I. (Y_I/Izqosto771u;'rb pateratum
sp. - Ann. Trop. Med. & Parasitol., Liverpool, xiii,
PP- 57-62.

Yorxke, W., and MAPLESTONE, DAL
1926. 7The Nematode Parasites of Vertebrates. London.

Zepew, J. G. H. . o
1800. [Erster Nachtrag zur Naturgeschichte der Eingeweidewiirmer,
&c. Leipzig.



SYSTEMATIC INDEX.

Page

Order ASCAROLIDEA  Railliet
& Henry

1. Fam. Ascarida Cobbold - ...

Subfam. Ascaring Travas-
508
1. Gen. Ascaris Linn&us
1. lumbricoides Linnaus

2. equorum (ocze
3. vitulorum Goeze
4.8P. - RERE

2. Gen. Ophidascaris Baylis

1. filaria (Dujardin)
2. gestri (Parona)
3. naim (Gedoelst) . .......
3. Gen. Polydelphis Dujardin. .
1. anoura Dwjardin ... ...
2. attenuata (Molin) .. ...
. oculata (». Linstow)

. brachycheilos (2.
stow) ool
5. sewelll Baylis & Doubney
6. rotundicaudata (v. Lin-

e TS

Lin-

L. canis (Werner)

2, mystax (Zeder) .......

3. clophantis (Rudol phi) . .
5. Gen. Toxascaris Leiper

1. leonina (. Linstow) .. ..

2. transfuga (Rudolphiy . . .

Subfam. ANISAKINE Raillict
& Henry .. ... ...

1. Gen. Belanisakis Maplestone.
1. ibidis Maplestone

2. Gen. Raphidascaris
& Henry

Railliet

43

Lago

3. Gen. Porrocwcum LRaillict o
Henry..............
. crasswn (Deslongechan ps)
. depressum (Zeder) ... ..
. angusticolle (Molin) ...
.ardewxe (Frilich) .......
. reticulatum (v. Linstow).
. pristis Baylis & Daubney
. galeocerdonis Thwaite . .
B < N
. [Ascaris]  quadrata 2.
Linstow ... .......
Contracaecum Railliel o
Henry.......oooo..
. spiculigerum (Rudolphi).
. microcephalum  (Rudol-
phi) ool
3. rosarium (Connal) .. ...
4. haliacti Baylis & Daub-
MY e
. tricuspe (Gedoelst) o .. ..
cengomium - Baylis &
Dawbney. ...
7. lobulatuin (Schneider) .
8. incurvam (Rudolphi}
9. plagiostomorum (v. Lin-
slow) oo,
trichiurt Thwaite ... ...
balistis (¢. Linstow) .. ..
[larval forms] ........
5. Gen. Paranisakis Baylis .. ..
. pastinacie (Rudolphi). ..
. [ Asearis] meleagringe o
Linstow
.| Asenris|
Linstow ..o,
6. Gen. Dujardinia Gedoclst . ..
. helicina (Molin)
. woodlandi Baylis
3. halicoris (Qwen) ......
7. Gen. Multicacum Baylis . ..
1. agilo (Wedl)

R A I

4. Gen.

18—

» Ln

=g

1o,
L.

[ S

balisticola .

W

1o —

69
69
70
71
73
74
75
ki)
78

78

9

70

81
82

83
84

85
87
83

H0
91
02
92
92
92



XXXil

8. Gen, Polyeweam Maplestone

Vo gangeticon Mapleston

Y. Gen, Typhlophoros ». Lin-

Ston Lo L.
1. unellaris » Linstonr .
10. Gen, Amplicieeum Baylis

Lovavani Baylis & Danbney

V. Gen, Goezia Zeder ...
1. cavialidis .‘/llll,t slone |
Appendix to Fam, Ascaridie ..
1o Asearis &

dis Parona 0.0
20 Asearis T brachyura e,

Linstow ... 0.
3.0 Asenris T tigeidis

CGmelin oo 0.

2. Fam. Heterakidae Raidlict o

Henry o000

Subfnm. Hwrenaasy Rail.
liet &> Henry ..o

1. Gen, Heterakis Dajardin . .
Cgallinee (el ing

2. iadien Mapdeston

3o prvonis Vapdestion

$opusilln oo Linstow L
Sobosin Lawe o000
6. vulvolabiata Chapdler .
T.oparva Maplestone . ., ...
S olonelie v, Livstow | .

9. papillosa (1#och)
10, beramporin Lane .. .. .
L hamlus o0 Linstow ...
120 spumosa Sehoneider L
13. givardi (Lane)
4, govindi (Karee) ...
2. Gen. Pseudaspidodera Baylis
L Doy 000000
L. pavonis Baylis & Deh-
ney
2. voluptnosa Chandler ., .
3. mpinosa Maplestone
3. Gon. Ascnvidin Dwjardin, .. .
cgalli (Sebvanky 0
. compar (Seliranf)
Ceolambie (GGmefiny ..
ceristata (v Linstowy .
cstroma (e Linstowy .
6. trilabiun (e, Linstow)
4. Gen. Strongyvluris Miiller .. .
1. chamaleonis  Baglis o«
Davbney....... .. ..
2. calotis Baylis & Dawnb-
RO o
5. Gen. Spinicauda Trarassos . .
1. cophotis Baylis ... ...
6. Gen. Africana Trarassos
1. varani Maplestone

SR W -

[

cynonyeteri-

Pagee
102
102

o4
o4 !

105
o0
o7
107
108

1o
1

e

s
1R
116
[NE
s
LS -
tig
120
122
123
123
125

126

128
131
132
133
133
136
137
139
110
141

142

SYNTENMATIC

3
l.

.G

INDEX,

Subfam, Seovnveisy Tra-

PINNOS

voSubulura Maolin 0L
candersani (Cobbol 1y L.
- marasinovum (Meyer)
cpalloperdicis Raglis o
Deavibey .. ...
L tarnicis Maplestone ||
Cmultipapillata (Chand-
ler)

o
|
9
3

-

ot

- Fam, Kathlanilde T'ramsssos.

Gons Ketldoamin Lane ...
L depturm (Rudolphi)

2oehilosexilio Theaite ...

2. Gon, Tonaudia Travassos ., .

o tonnudin (Lane)

3. Geng Spivonourn Leidy

ot

te

CGen, Creazin Trarmgssos

Lotestudinis (Baylis o
Duhnenyy o000
2 obaebi (Baglis &« Daub-
Ned) oo
3. leptoeephala (Baylis o
Dby 000 0L
o tdenta (o Linstow) .. ..
Sobrevispiculata Baglis ..
6. stewartt (Maylis
Deaubneyy .
Toonma Karee (0.
Gen, Zanclophorus Baylis o
Davchpey. o000
Loannandalei Baglis o
I )uu’nn'_l/ ............
2o Kkempi Baylis o Daubney
3 Heternkis] fows Parona.

Loorientalis Maplestone

CGon, Cissophylus Radllict o

Hewry.o o000 0000,
Lo laverani Radllict & Henry

- Gen. Probstmayrin Ransom .

Losimize Maplestone

. Fam, Oxyurides Cobbold . . . .

Subfum. Oxvvwmsas Hall

SGen. Oxyuris Rudolphi

Loequ (Selhranky ..o ...
2. pocwlum e, Linstow

CGien, Enterobius Leach ... ..

1. vermicualaris (Linnwus) .
2o anthropopitheei  (Cedo-
elat)y, oo

. Gon. Tholandros Wedl

L. micruris Rauther .. ...
2, baylisi Chatterfi ... ...
3. taylovi Chatterji oo
4, kasauli Chatteryi ... ...
5. maplostoni (Chatteryi) . .

174
177
179
174
180

181
181
182
183

184
184
185
185
188
188
189

191
192
192
194
194
1956
195

-

]

—

-

SYSTEMATIC

Pay)
* 6. hemidactvlus  Patward-
han ..o oo 96
7. Oxyuris ”* megaloon v.
Lin.\‘m'n' T R ]‘.\7‘
. Gen. Syphacia Scorat ... 198
1.seiuri Mirza & Singh .. 198
DURPP. e 199
Subfam CosMocERCINE
Railliet .......... 200
. Gen, Oxysomatium Railliet &
Henry oo onn 200
1. macintoshii (Stewart) .. 201
len. Syphaciella Minnia .. 202
1. indien Maplestone ... .. 203
Oxyuridic of nuncertain posi-
tion (¢ Oxyuaris " sens.
laty oo 204
1. Oxyuris sciuri Hall ... 204
2. Oxyuris longicaudata
Meyer. .. .ooviiv e 20.?
3.0xvuris sp. e 205
4, Oxyuris sp. ... 205
Appendixto Fam. Oxyvuridie. 205
1. Oxyuris compar Leidy . 205
5. Fam. Atractidee Trarassos .. 206
ten. Atractis Dwjardin .oo207
1. granulosa  (Raillict A
Henry) .. oo 207
2. opeaturn Leidy ... 208
. Gen. Crossocephalus Raillict. 204
1. brevieaudatus Baylis
Danbney. ..o 210
. Gen. Monhysterides Baylis -
Daubyey. . ... ... 210
1. piscicoln Baylis & Daub-
RO o 2
2. kachuge (Steieart) 213
. Wan. Rhabditide Micoletzby. 214
Subfam. Ruasmrina Mico-
letzhy oo oo 214
, Gen. Rhabdias Stiles > Has-
sall .o 214
Looschori Baer o000 215
. Gen. Strongyloides Grassi .. 215
1. stereoralis (Baray) 216
2, felis Chandler .. ... ... 219
3. papillosus (Wedly ... .. 220
. ¥am. Mermithidee Braun ... 221
. Gen. Mormis Dujardin .. ... 222
1. nigrescens Dwjardin. ... 222
BLSP. e 224
3. indica ». Linstow ...... 225
NEM.

INDEX. XXxiit
)
' Page
8. Fam. Anguillulinidee Baylis
& Daubney ....... 225
Subfam. ANGUILLULININE
Baylis & Daubney 225
1. Gen. Anguillulina Gerrais o
w. Beneden ... ... .. 296
1. tritici (Steinbuch) .. .., 226
2 similis (CobbYy .. .. .. ... 228
3. angusta (Butlery ..., 229
1. prut(\ns‘.is (de Man) .... 230
5. covidoplastes Goodey 231
2 (len. Hoterodera Selonidt 231
1. mariont (Cornu) ... .. 232
Subfam. DoRYEAIMIN.E Bay-
lis & Dawhney. .. 233
1. Gen. Dorylaimus Dujerdin.. 2;34
1. palustris (Carter) ... - 2:}4
B T 234
2, Gen, Hoplolaimus Daday ... f‘l'y
1. squamosus (Cobb) ... 235
9. ¥am. Trilobide Micoletzky . 236
t. Cien. Monhystera Bastian 23(_3
1. megalaima Stewart . ... ‘_’ih
2, urin Stewart ... 237
2, Con, Fimbrilla Tobb ... ... 238
1. tenuis (Cobb). ... ... 238
3. Gen. Symplocostoma Bastian 239
1. barbatum (Carter) ... .. 239
10. ¥am. Alaimidee Micoletzky. 240
1. Gen. Diplopeltis €fobb ... ... 240
1. minor (Cobh) ......... 240
11. Fam. Oncholaimidae Baylis
& Daubney ... ... 241
Subfam. ONCHOLAIDIINE
Micoletzky ... .. 241
1. Gen. Oncholaimus Dujardin. 241
1. indicus . Linstow ... .. 242
2. chilkensis Stewart ... .. 243
2. Gen. Chromadora Bastian .. 243
I. ocellata (Carter) ... .. 244
sSubfam. DuEsMODORINE Bay-
Iis o Davbiey. .. .. 244
1. Cien. Thoracostoana Marion. 244
1. indicuun (Stewart) 245
Order STRONGYLOIDEA !
Weinland. ......... 246
12. Fam. Strongylide Baird 246
Subfum. StroNGYLINE Rail- _
et ovvvnennnn 247
1. Gen. Strongylus Miiller .. .. 247

[



Xxxiv

(&4

Subgen. Strongylus Railliet
L. equinus Modler ..., |
Subgen. Alfortia Raillict
2. edentatus (Looss)

Subgen. Delafondin Railliet | 2;

3. vulgaris (Looss) .
Subgen. Decrusia Lane .. ..
4. additicius Raillict, Henry
& Bauche

- Gen. Triodontophorus Looss.

1. minor Looss
)

3. brevieauda Bowlensger .

. Gen, Bsophagodontus Rail-

lict & Henry ........
I. robustus (Giles) ... ..

. Gen. Kquinurbin Lane ... ..
1. sipunculiformis (Baird). 2.

coserratus (Looss) oo, R

Page

24N

5. Gen. Choniangiumy  Baillier,
Henry o Bauehe (.0 259
1. epistomum (Diana) . ... 260
2U8P. e 261
¢. Gen. Delotrocephalus
Diesing............. 241
1. dimidiatus Diesing. .. .. 262
Subfam. TricuoNEMINg
Railliet . ....... 264
1. Gen, Trichonema (‘obbold. .. 264
Subgen. Trichonema Cobbold. 265
1. longibursatum (Y orke o
Macfie)............. 265
2, calicatum (Looss) ... .. 267
3. minutum (Yorke & Mae-
fie) 267
4. poculatum (Looss) .... 208
Subgen. Cylicostomum Thle . 268
5. wgyptiacum Railliet ... 264
€. coronatum (Loosa) ... 270
7. labintum (Looss) ... ... 270
Subgen. Cylicocyelus Thie 271
8. insigno (Bowlenger) ... 271
9. nassatum (Looss) ..... 272
Y a. var. parvum Yorke
Macfie ............ 272
Subgen. Cylicocercus Thle 272
10. catinatum (Looss) ... .. 273
10 a. var. psoeudo-catina-
tum (Yorke & Mac-
fie) oo 274
11. goldi (Bowlengyery ... ... 274
12, pateratum  (Yorke o
Macfiey............. 275
2, Gen. Poteriostomun Quiel 276
1. imparidentatum Quiel.. 2706
3. Gen. Murshidia Lane. ... ... 278
1. murshida Lane ....... 278

BYNTEMATIC

-

=

—

INDEX
Page
2. faleifera (Cobboldy ... .. 280
3oindiea (Ware) .00 281

. Gens Khahlin Neven-Lemaire, 282
Lo pilenta (Kaillict, Henry
o Bauchey (o000 282
Gen, Quilonin Lane ... ... 284
1. rennien (Railliet s
Henry) o000, 284
2 travanern Lane ... 284
. Gen. Kilubuma Skrjabin . 286
Loatylosn (v, Linstow) . ... 287
cGen, Bourgelatin Raillict,
Henry o Bauehe ... 288
1. diddueta Railliet, Henry
de Bavehe ..o 288
Subfam, (FsOPHAGOSTOMINE
Radllict ... .. 200
. Gen, (Ksophagostomum
Molin ..o 00, 201
Lo dentatum (Rudolphi) .. 292
2. quadrispinulntim (Mar-
COREY e e 204
3. brevieaudum Seloearts &
Alicates ... ... .. 204
4. maplestones Seliwartz .. 203
Sovenulosimn (Rudolphi) . 208
6. asperam  Radliet &
Henryooooo oo 207
7. columbinoam (Curtice) . 297
Ko indicum Maplestone. ... 209
9. blanchardi Raillict &
Henry, o ooooo oo 300
10. ovatum (. Linatow) ... 302
11 tridentatum Maple-
SONE e e 303
12 tenguli (Maplestone) ... 304
Gen, Bosicoln Sandground .. 305
1oendintus (Rudalphi) ... 308
2 carvatus (Mapleatone) . 307
3o teaguli (Chandlery oL 307
Lten, Chabertin Radliet o
Hewry.ooooooooo Jos
Voovina (flmelin) oo .. 308
Subfium, STEPHANCRING
Padlict, Henry o
DBawche o000, 3048
. Gen, Stephannrus Diesing .. 309
I dentatus Diesing ... ... N3 1Y)
Sublfiun, Synaasana Baglis
& Davwbney oo 312
. Gen. Syngamus v Nicbold . 312
L. trachea (Montagu) . 312

SYSTEMATIC INDEX. xxxv
h ] ) .
Pikeo .
- K P
* 2. laryngeus Railliet ..... 1-? 2. indicus Ortlepp ....... g«%’?
3. indicus Monnig - .. .... 315 ;3 longior Maplestone. . . .. 348
N . . elongatus Maplest ..
13. Fam, Ancy]ostolzlld’w (Looss) 317 5. brac%nyeepha.l\lxos Xl’:ze le- 349
Lane .7 Meas stone P 350
Subfam, AxcyLOSTOMINE 6. minutus (Baylis & Daub-
(Looss) Stephens . 317 - ngy) ............... 351
1. Ge Dubini . fimbriatus (Orele 3:
- A(nvjz\,’i?l_s;()mf‘: ) (Iub . .) 317 8. ersilia: (Sto.(?aich)}.)}.).) ceen ggg
1. ‘lll()(l()]nulo (Dubim:) ... 318 L) < T 356
2. caninum (Ereolani) ... ;«:(l’
3 Minirmum ""(Ig,’o'f;?e"zw) @ 0 | 15 Amidostomid® Baylis &
. f;;li;f;l;w ............ 391 Daubney.......... 356
5. malayanum (Alessan- 1. Gen. Amidostomum Railliet
dring) ...+ SRR 322 & Henry ........... 356
2. Gen. Galoncus Ratlliet . ... 323 1. skrjabini Boulenger . ... 357
L. perniciosus (2. Linstow). 323 | 2 Gen. Psoudamidostomum
3. Gen. Agriostomum Railliet. . 3:.24 | Boulenger. . ......... 359
1. vryburgi Railliet -..... 324 1. boulengeri Maplestone. . 359
Subfam. NzcatoriNA Lane. 326 ! 3. Gon. ]“gzllr}l(liliostomum 360
1. Gen. Necator Stiles ...-... 326 1 unAcirm{:ulrﬁ (Iun!](lh[) .. 360
1. americanus (Stides) ... 327 ) ) s
2. Gen. Globocephalus Molin . 328
1. urosubulatus  (Alessun- i 16. Fam. Trichostrongylidee
Aring) ..o coeeee 328 Leiper ........... 361
2. connorfilii Lane ....... 3;9
3. samoensis Lane . ...... 330 .
3. Gen. Bunostomum Railliet . 331 | Subfam, TR;J(;?()):'TRONG& LIN}Esﬁl
1. trigonocephalum (Rudol- : PO e
phi) oo 331 : 1. Gen. Trichostrongylus Looss. 862
2. cobi Maplestone . ... ... 333 L. colubriformis (Giles) ... 362
3. bovis Maplestone . . .. .. 334 | 2. probolurus (Railliet) ... 364
4. phlebotomum (Railliet) . 334 ‘ 3. pigmentatus (v. Linstow) 365
4. Gen. Gaigeria Railliet &> i 2. Gen. Ostertagia Ransom ... 366
Henry ... 335 ¢ 1. ostertagr (Stiles). ... ... 366
L. pachyscelis  Railliet & 2. circumcineta  (Stadel-
Henwry.. ... .. 335 MANNY L 367
A, Gen. Uncinaria Fralich ... 336 3. murshalli Ransom ..... 369
I. stenocephala (Railliet). . 337 4. oceidentalis Ransom ... 370
2. longespiculum Maple- ; 5. mentulata  Railliet &
stone ..o 0 ..., 338 Henwry. ..o .0 372
6. Gen. Tetragomphins  Baylis " 3. Gen. Ornithostronylus  T'ra-
& Davbney ......... 339 VASEOE  © e ve e e enaons 372
L. procyonis  Baylis  d 1. travassosi Maplestone .. 373
Dauwbney. .. ... ... 339 4. Gen. Hemonchus Cobb . 373
7. Gen. Grammocephalus Rail- 1. confortus (Rudolphi) .. 374
liet & Henry ... ... .. 341 2. similis Travassos ...... 378
1. varedatus Lane . ... ... 341 3. longistipes  Railliet &
8, Gen. Bathmostomum Railliet ‘ Henry..oooivvinnnns 378
d& Henry ... .. . .. 343 5. Gen. Nematodirus Ransom. . 379
1. sangeri (Cobboldy . . .. .. 343 1. filicollis (Rudolphi) .. & 380
2. itanicus Maupas
14. Fam. Diagphanocephalidae "“.Is";:::; ........ pa .. 381
Travassos .. ... ... 344 ! g Gen. Mecistocirrus Railliet &
1. Gen. Kalicephalus Molin ... 344 | Henryf. oo ovvvnennnns 382
1. willeyi v. Linstow ... .. 345 | 1. digitatus (v. Linstore) .. 382



.

XNAvl SYSTEMATIC INDEX.

Page
7. Gen. Oswaldoeruzia Travas.
SO8 v BNE
1. filiformis ((Gocze). ..o .0 384
Appendix to Subfam. Tricha-
strongeviitee .o L 38D
SOStrongyius T costatus :
Megyero oo o ... 38D
17. Fam. Metastrongylidese .
Leiper oo 186
1. Gen, Motastrongylus :\Iu/iu. EHZ
1. clongntus (Dujardin) .. 387

Page

2 vien. Dictvoenulus Raillict
- I’I';U']I......4...‘... 38y
Lo Blarin (Rudolphiy o000 388
2 uneg s Bhalerao o0 39
S.oviviparas (Blocky oo 391
4. arntieldi (Cobboldy .00 392

3. Gen. Varestrongylus Bhalerao R{1R4
1. pncumoniens Bhalerao . 393
4. Gen. Protostrongylus Kamen -

sk oo RYLE}

1. rufescens (Lenekart). ... 394

A Gon, Oxlevas Hall o000 Rith
1ooslert (Cobboldy o0 RIUT

A

INTRODUCTION.

GENERAL ACCOUNT OF THE CLASS NEMATODA.

THE Nematodes or Threadworms are a group .of animals
whose relationships to the rest of the animal kingdom are
extremely obscure. In text-books of zoology the group is
commoniy treated as part of a phylum NEMATHELMINTHES,
along with the ACANTHOCEPHALA and the NEMATOMORPHA
or GorpiAacEA. There is, however, no real evidence that the
Nematodes are at all closely related to these groups, from which,
in structure and in development, they differ widely. Certain
arguments have been advanced in favour of considering them
remotely related to the ARTHROPODA *, but it must be ad-
mitted that the evidence is very unconvincing. In short,
no useful purpose seems to be served by speculation con-
cerning the origin or affinities of the group, and the only course
open to us at present is to regard them as an independent
class of animals.

GENERAL MORPHOLOGY.

Body-wall.

A typical Nematode is a cylindrical or spindle-shaped,
more or less elongate, unsegmented animal, tapering some-
what towards each end. The body is covered externally
with a tough, resistant cuticle, which is eclastic and flexible,
but only to a very small degree extensible. This cuticle can
g‘énerally be seen to be composed of two or more layers, and
is almost invariably marked throughout the body with a
regular series of annular grooves, known as striations. In a
living Nematode the cuticle is usually firm and taut, but in
some species it may show a certain amount of transverse
wrinkling, allowing of additional flexibility. The cuticle
may form local excrescences of very various kinds, such as
bristles, spines, scales or bosses. Bristles are most frequently
present in free-living forms, in which they oceur chiefly at or
near the extremities, and generally appear to be sensory

* For a discussion of this question see Baylis, 1924, Ann. & Mag.
Nat. Hist. (9) xiii, p. 165.
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organs, connected with fine néd-ve-terminations. Npines or
scales, almost always arranged in transverse rings, occeur on
the cuticle of many parasitic species, belonging to various
families, and probably serve cither as clinging organs or ax
aids in creeping or burrowing. At the sides of the body the
cuticle is often raised into a pair of longitudinal ridges or
flanges, termed lateral alwe. These probably serve as * fing,”
and assist in the eel-like swimming type of locomotion.
Frequently the alae are confined to the anterior region of the
body, or become much narrower posteriorly.  When con-
spicuous ounly in the “neck 7 region they are often called
cervical ale. Occasionally an ala is present on one side only,
or one is more highly developed than the other.  Multiple
longitudinal ridges or crests occur on the cuticle of certain
forms, particularly among the Trichostrongylid, in addition
to, or instead of, lateral ale. In the males of many Nema-
todes there arve special lateral expansions of the cuticle
near the posterior end of the body, known as caudal ale.
These assist in copulation, being applied to or wrapped round
the body of the female. In the StRoNeyLoibEA the caudal
ale assume a highly specialized form, being developed into
a more or less bell-shaped expansion which surrounds the
posterior extremity and is called the bursa,

The cuticle is the produet of the secretion of the subeuticular
layer. This is a syneytium, or sheet of nucleated protoplasm
without definite cell-boundaries.  Immediately below this is
the main musculature of the body. This consists of a single
layer of muscle-cells whose contractile fibres are arranged
longitudinally, in such a way as to produce, by their con-
traction, dorso-ventral bending of the body. Locomotion is
effected in all Nematodes by successive undulations, the worms
“ swimming " in the surrounding liquid or semi-liquid medium
in a manner suggestive of that of cels or snakes, but differing
from it in that their undulations are always in an ** up-and-
down ” and not in a lateral direction.  When placed in a drop
of liquid on a flat surface, a living Nematode invariably lies
on its side, and after death its body almost always assumes the
same position. The muscle-cells take various forms and show
various types of arrangement. Fundamentally each indi-
vidual cell consists of a contractile portion and a non-con-
tractile protoplasmic portion. Schneider, in 1860, dis-
tinguished two main types, which he named ** platymyarian
and “ ceelomyarian.” In the former the contractile substanee
forms a flat, rhomboidal sheet on the surface of the cell nearest
to the subcuticular layer. In the latter the non-contractile
or medullary protoplasm of the cell is partly enclosed in the
contractile substance, which forms a spindle-shaped tube or
groove, allowing the medullary protoplasm to project only
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in the middle, wherc the nitcleus is also situated. In both
types of muscle-cell the medullary portion may give off pro-

+ cesses which connect it with neighbouring cells or run obliquely
or transversely to ke inserted into the body-wall at the mid-
dorsal or mid.ventral line, where they are possibly connected
with one of the main longitudinal nerves. Schneider, in
later publjcations, replaced the terms platymyarian and
celomyarign by others, and attempted to use the types of
musculatyre as & basis of classification. In his * Mono-
¢raphie der Nematoden  (1866) he recognized threc types.
The first, © polymyarit_m,” corre§pond.s with .the former
celomyarian type, and is that familiar in dscaris, where the
muscle-cells are numerous and irregularly fm‘anged. The
second, or ‘‘meromyarian,”’ corresponds  with the platy-
myarian type. Here the musculature is composed of a small
number (at most eight) of longitudinal rows ()f”ﬂnttened,
rhomboidal cells. In the third, or ** holomyarian,” type the
muscles were said by Schneider to be undivided, or divided
only longitudinally. o

As a systematic basis Schneider’s types of musculature have
proved unsatisfactory, and have now been generally dis-
carded. The forms placed by him in the ** holomyarian
group have been found to show in reality modifications of the
polymyarian arrangement, while the polymyarian and mero-
myarian types are found to occur in closely.related forms or
even together in a single species. There is, however, some
reagon for regarding these two types of musculature as stages
in evolutionary development, as has been suggested by
Rauther (1930) and by Chitwood and Chitwood (1934). Some
species which are ceelomyarian (polymyarian) as adults have
been found to be platymyarian (meromyarian) as larvee, and
this fact agrees with the supposition that the platymyarian
type is the more primitive.

The musculature of the body-wall is divided, in almost all
Nematodes, into four sectors by four longitudinal ** chords ”
or internal thickenings of the subcuticular layer. Two of
these thickenings, known as the lateral fields, run along the
sides of the body, and are usually well developed, broad and
prominent. The others, situated in the mid-dorsal and mid-
ventral lines, are narrow and less conspicuous. In a few
forms there are eight muscle-sectors and eight * chords.”

The musculature encloses a body-cavity, filled with fluid,
which is traversed by the alimentary canal and contains also
the reproductive organs. The body-cavity is not a com-
pletely clear space, but is crossed in places by strands of a
kind of fibrous connective tissue, and by some muscle-fibres
connecting parts of the alimentary canal and other organs

swith the body-wall. The connective or mesenter;c ” tissue
B
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covers the  musculature internaJy and the outer surface of

the alimentary canal and other ‘organs in the body-cavity.

which are thus supported and kept in place by it, ’ ‘
LA ’
Adimentary Canal.

Th-v mouth is situated at the anterior end of the body,
fvrm.nml.l‘v or subterminally, and may or may not be surrounded
by lip-like structures. It appears probable that the most
primitive types are those in which three lips are present, one
being dorsal and two subventral.  Triradial symmetry, of
which the three-lipped condition is an expression. ix a feature
constantly appearing in the morphology of the group. It is,
e all existing forms, combined with a bilateral svimetry,
and it seems possible that the latter was, at some remote
ancestral period, superimposed upon it. It has even been
suggested that the Nematodes are the descendants of a1 sessile
type of organism, the habit possessed by many free-living
forms of anchoring themselves by the tail, by means of a
sticky secretion, being regarded as a survival of an ancestral
mode ot life.  When three lips are present, each usuadly
carries on its outer surface two of the six sensory papillae
with which the heads of almost all Nematodes are -prm‘idwl.
In other forms the three lips are replaced by a pair of lateral
lips, ench carrying theee papille. In others, again, the lips
have disappeared, but the papille are still present. on the
surtace of the cuticle surrounding the mouth. In some
forms secondary lip-like structures, independent of the papille,
have been developed.,

The mouth may lead directly into the wsophagus, or anterior
portion of the alimentary canal.  Frequently., however, it
does w0 indirectly, through a special eavity or vestibule,
which may have thickened cuticular or chitinoid walls, and
in which various kinds of tooth-like projections or other
glab()ruti(ms of structure may be present.  When this vestibule
18 o cuticular structure without a surrounding  muscular
coat, it is conveniently termed a * buceal capsule.”™ 1t may,
however, be of the nature of a modified portion of the wso-
phagus itself, and be enclosed in part. of the asophageal
musculature.  fn such cases it is convenient to refer to it as
a " pharynx.”  An @sophagus is present in all Nematodes,
and in the majority of them this organ, or at least its anterior
portion, is provided with powerful muscular walls, surrounding
a three-sided cuticular tube. This tube is a stomodweum—
t.e., is continuous with the external integument—and is
moulted with the latter at cach of the larval ecdyses. The
muscles of the wsophagus are so arranged that when they
contract the lumen of the organ is dilated. 'The asophagus

thus acts ag a suction-pumyp for Laking, W \\(\\(\\\ ol T
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walls of the cesophagus connionly contain three @lands, one
dorsal and two subventral. The dorsal gland usually opens
velose to the mouth or within the vestibule, the others into the
lamen of the wsoph3gts further back. Each of these glands,
as a rule, coptains & single nucleus.  In exceptional cases,
however, the glands may be multinucleate, or the three glands
may be fuged into @ syneytial mass. ‘ .

In some forms there are also CC})h‘dl}C glands, lying mullnly
frec in the pody-cavity and opening into the buccal cavity.
In blOO(]-su(‘kin'g species such as the members of the family
Ancylostomide, in Which they are often highly developed,
these glands appear to produce a hamolytic or anticoagulant
secretion, NSimilar functions are usually attributed to the
It has also been suggested that in some

w@sophageal glands.  digestive
ges

cases their secrction has an * extra-intestinal
action. . .

In some Nematodes there is at the }30§tcr\m' end of'tho
«sophagus & muscular ~ bulb > containing a thre.e-s.ld(’(l
valvular structure. In others there may be a specialized,
nearly solid, posterior portion of the cesophagus, of a non-
muscular and possibly glandular structure, which it is con-
venient to distinguish as a ™ ventriculus.” This ventriculus
may give off one or more blind processes or appendices of
similar histological appearance to itself. [n the Ascaridew,
when a veontriculus is present, it usually contains the nuclei
of the aesophageal glands.  When, however, a single appendix
is present, this contains the nucleus of the dorsal gland.

The wsophagus assumes unusual forms in certain gronps.
In the TRICHINELLOIDEA, for example, only its anterior portion
is of the ordinary type, and for the greater part of its length
it is a very narrow tube embedded, or partly embedded,
cecentrically in a chain of peculiar cells (the = cell-body ).
According to the observations of Thomas (1924), and of
Chitwood {1930}, however, even in its narrow portion
tie wsophageal tube still possesses a muscular wall and a
triradiate lumen, and is not, as usually described, a mere
cuticular tube forming the lumen of a series of ** drain-pipe
cells. In adult Mermithide the osophagus is represented
by a slender cuticular tube, and has lost its connection
posteriorly with the intestine, which is modified in this group
into a solid ** fat-body.”

The cesophagus is connected posteriorly with the intestine,
into which it commonly opens by means of a = valve ’’ com-
posed of three semicircular flaps. The intestine is, in almost
all Nematodes, a straight or slightly sinuous tube, with simple
or more or less folded walls. In rare cases it is considerably
longer than the body, and therefore is disposed in loops.
The walls of the intestine consist of a single layer of colummar
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i
cells, whose inner ends frequertly, if not always, have a
" Stibchensaum " or striated border. This border may
assume the appearance of a bunch of cilia, and it has been
thought by some observers that a ciliated epithelium actually
oceurs in the intestine of certain species. No movement
of the supposed cilia, however, scems to have been observed.
At the posterior end of the alimentary canal there is a ** procto-
deeum ™ (i e, an invagination of the external enticle).  This
takes the form, in the female, of a relatively short rectum,
and in the male of a cloaca, or common atrium into which
open both the intestine and the ejaculatory duct, or terminal
portion of the genital tube. The posterior opening of the
alimentary canal is usually referred to as the anus in the female
and as the cloacal aperture in the male. In the majority
of Nematodes there is a postanal or posteloacal prolongation
of the body, commonly called the tail. In the males of the
STRONGYLOIDEA the bursa projects bevond the posterior end
of the body, and there is no tail.  In certain other forms the
anus or cloacal aperture is terminal, so that in these again
a tail is absent. -
Crudal Glands.

In many free-living Nematodes the cavity of the tail
contains three unicellular glands whose duets open at the tip.
often through a specially developed tube, which has been
called by Bastian the * caudal sucker ™ and by Cobb the
" spinneret.”  The function of these glnds is to produce a
sticky secretion, which may become soliditied in the form
of a thread on contact with water, and serves to attach the
animal to solid objects. This babit of anchoring themselves
by the tail is particularly common among species which live
in streams or on the sea-shore. Some forms have been ob-
served to progress somewhat after the manner of a * looper
caterpillar, by attaching themselves alternately by the month
and tail to the substratum. In some parasitic genera (e, g,
Physaloptera, and certain Heterakida and Oxyuridie) a single
caudal gland has been described, opening by a subterminal
ventral pore.

Nervous System.

The nervous system is entirely enclosed in tissue belonging
to the subcuticular layer. Its main centre is in the form of a
ring of fibres (the *‘ nerve-ring ") surrounding the esophagus
and connected with a number of ganglia from which longitudinal
nerve-cords are given off. Six such nerves run anteriorly
to the sense-organs of the head. The number of nerve-cords
given off posteriorly seems to be subject to some variation in

ifferent groups. In Ascaris, in which the nervous system is
‘est known, there are eight posterior cords—as median ventral
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(which is the largest), a median dorsal (the next in size), two
lateral and four sublateral. These longitudinal nerves are
connected at intervals by a number qf asymmetrically-arranged
transverse commyjsqures. The median and sublateral nerves
are probably mainly motor in function, the lateral nerves
purely sensory. The latter send branches to the cervical
papillee, and are connected with the same ganglia as the two
lateral anterior nerves, which supply the lateral cephalic

sensor . :
o t‘}l’l eor;gsﬁ: there is a special development of the nervous

3 erior end of the body, in connection with
:izte(z}:ltl ;tl(l)iypozgp&mtus and its associa:ted seqs?-orgax;is.
The ventral nerve-cord is here cpnnected thh specia’ gatqgua.
and with a secondary nerve-ring surroundmg,1 or. flxar ially
surrounding, the cloaca. The lateral and sEb atera. nerve-

h side combine to form a large “ bursal nerve,
eohr;ii O'f each :l(zted by & number of commissures with the
:,Ven:ralliecr(::;nand gives off a branch to each of the preanal

‘ jllee. . .
ang R?Ss;&rz;{‘fggic ” nervous system has been desclrlbed in
certain forms (e.g. Ascaris, Owyuris, and Ancylostoma).
This is situated in the wsophagus, and consists of three
longitudinal nerves lying in the three sectors of the cesophageal
wall, connected by one or more transverse commissures, and
giving off a network of fine fibres by which the cesophageal
muscles are innervated.

The only sense-organs universally present are apparently
of a tactile nature, and are in the form of papille (or, in many
free-living forms, prominent bristle-like cuticular structures),
situated chiefly towards the two extremities of the body and
cach supplied with a fine nerve-ending. The cephalic sense-
organs are typically six in number, but may be more numerous
and arranged in several rings. A pair of lateral sense-organs
is almost invariably distinguishable by some peculiarity of
structure from the rest. When papilla-like these _latewl
organs are usually larger than the others, which, in the
majority of parasitic forms at least, are situated subdorsally
and subventrally. Often, however, the lateral organs are
pore-like rather than papilla-like, and in free-living genera
they are commonly very highly specialized, and appear to
consist essentially of tubular channels in the cuticle. T'heiie
may assume a variety of forms, being sometimes straight,
sometimes spiral, or of various intermediate types. These
lateral cephalic organs of free-living Nematodes have been
termed by Cobb the * amphids,” to distinguish them from
the other cephalic organs. The lateral organs of some lp&l‘*ll-
sitic forms, especially in their free-living larval stages, ¢ osely

- resemble them, and it may probably be assumed that the
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lateral orguns or lateral cephakic papille are holomogous
throughout the group. though their function may not in all
cases be identical.

In almost all parasitic Nematodes there is o pair of cervieal
papille (the * deirids © of (obb). situated in or near the
lateral lines in the wsophageal region. In some forms there
s also a pair of lateral or subdorsal papille in the middle
region of the hody, called by Seurat the " intestinal papillie.”
Ex('eptionully the cervieal papille may be multiplied so as
to form two extensive series, or there may be numerous
papillie arranged in more or less regolar longitudinal rows
throughout almost the whole length of the body. The tail,
in both sexes, usually bears a pair of lateral sense-organs
which are often rather pore-like than papilla-like, and have
been called by Seurat the = caudal pores.” and by Cobb the
* phasmids.”  In addition to these, the caudal end of the
male is usually provided with special papilla, doubtless
concerned in copulation.  These vary greatly in number in
different genera, but their number 18 more or less constant for
a given species. They are mainly arranged in bilaterally
symmetrical pairs and subventral or sublateral in position,
but median ventral papillke are also sometimes present in
the vicinity of the cloncal aperture. In the males of the
STRONGYLOIDEA the papille are limited to about six or seven
pairs, and form the terminations of the rays of the bursa.
Some of them may be situated on the inside and some on the
outside of the bursal membranc. Frequently there is an
additional pair of ** prebursal ** papille just in front of the
bursa, or within the bursa just behind its attachment to the
body. In the females of some Nematodes there is a pair
of papille in the neighbourhood of the vulva.

In many free-living Nematodes ** eve-spots,” or ocelli,
are present.  These consist of masses of pigment within the
body-cavity, in intimate connection with the wsophagus,
and sometimes surmounted by a hyaline body acting as a
lens.  Such organs are unknown among the parasitic forms.

Excretory System.

In its simplest form the excretory apparatus consists of a
single unicellular gland-like organ, termed by C(obb the
“renette,” usually situated in the cesophageal region, and
connected with the exterior by a very narrow ventral duct.
Such a simple excretory cell occurs not only in many free-
living forms, but also in some of the more primitive parasitic
genera, and even in the larve of some of the more highly
specialized forms. In the majority of the Iatter, when adult,
there is a pair of lateral excretory canals, embedded in or
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closely connected with the lateral fields. These tanals run
throughout almost the entire length of the body, and are
*connected in the asophageal region by a transverse ventral
" bridge,” t¢ open into a narrow ventral duct leading to a
small excretory pore. In some forms (e.g. some of the
Oxyuridi) there is a relatively large bladder-like expansion
connected with the terminal excretory duct. In some cases
the canal of one side (usually the left) is larger than that of
the other, while in certain highly specialized forms (the
Anisakinge and some Anguillulinide) only one canal js
normally developed. In the Anisakine the canal .of the
right side is more or less rudimentary or absent, wl‘nle that
of the left side is partly modified into a ribbon-l}ke * gland,”
and the pore is gitnated very far forward, sometimes actually
between the bases of the subventral lips. Both canals appear
to be absent in the DiocTOPHYMOIDEA and TRICHINELLOIDEA,
and occasionally in other groups *.

In certain Rhabditidee additional lateral canals have been
described in the posterior part of the body, opening by separate
pores and sometimes having contractile ampulle at thoir
blind ends.

The protoplasmic covering of the whole canal system almost
invariably contains only three nueclei. Two of these are
connected with the terminal duct, while the third belongs
to the two lateral canals, and, when these are paired, is
situated asymmetrically (usually on the left side) near the
opening. The excretory system appears to contain no cilia
or flame-cells,

' Phagc_)cytic organs,” in the form either of giant cells or
of branching }')la‘smodm projecting from the lateral fields into
the .body- avity, have been described in  certain species,
particularly among the Ascaridwe. These orzans are said to
act as filters for the removal of bacteria or other foreign
pe:rticles from the fluid of the b()dy-(‘zwity.

3

Respiration.

Special circulatory and respiratory systems are entirely
lacking in the Nematodes. The fluid of the body-cavity may
possibly carry oxygen to the organs bathed in it, but the
oxygen requirements of most parasitic species (or at least of
those which live in the lumen of the intestine) appear to be
almost negligible.

* A system of classification, based on the presenco or absence of
the oxcretory canals, wag proposed by von Linstow (1903), but has not
been generally adopted.  He divided the Nematodes into three groups :
Secernentes. hl}vmg canals in the lateral ficlds; Resorbentes, having
lateral fields without canals ; and Pleuromyarii, in which lateral fields
were absent. A
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Reproductive. System.

With few exceptions, the sexes are separate among the
Nematodes. Hermaphroditism and parthenogenesis, however.
occur in certain genera. In the bisexual forms the males are
almost invariably smaller and less numerous than the females.
I many cases the difference in size ix so pronounced that the
males are liable to bhe overlooked in colleeting, or mistaken
for immature forms. The habits and habitats of the sexes,
among parasitic species, may also be different.  The female
may live almost completely buried in the wall of an organ,
such as the crop of a bird, while the male does not burrow,
but wanders freely in the lumen.

The reproductive glands in both sexes are elongate and often
much convoluted tubular or sac-like organs, closed at the free
end and continuous at the other end with the ducts by which
their products reach the exterior. In the males of some
forms which may probably be regarded as primitive (chiefly
among free-living genera) there is a pair of testes, running
in opposite directions or parallel, but both connected with a
common duet.  In the majority of Nematodes, however, the
testis is single. At the free end of the testis the eells destined
to give rise to spermatorzoa usually form a solid column.
Towards the other end spermatocytes in successive stages
of development. are found, attached, in most families, to a
central axis, or rhachis,  The spermatozon are only exception-
ally elongate and tailed, like those of most other groups of
animals. More commonly they are rounded, conical or rod-
like cells, usually with some power of amaboid movement.
Specialized regions of the make duet may often be distinguished,
and are sometimes referred to as a vas deferens, a seminal
vesicle and an ejaculatory duct, the latter being n muscular
posterior portion opening into the cloanea. A pair of ™ cement
glands i sometimes present, opening into the ejaculatory
duet, and producing a substance which serves to attach the
male firmly to the female during copulation. This ** cement ™
often remains for some time after copulation as a kind of
operculum over the vulva of the female, or even as a complete
ring surrounding the body.

In connection with the cloaca there is nsually a sheath, or &
puir of such sheaths, containing a copulatory spicule or
spicules. These are chitinoid structures, varying greatly in
form in different families and genera, and serving as intro-
mittent organs, though not directly connected with the
ejaculatory duct. Their chief function is probably that of
** holdfasts ”” during copulation, or instruments for expanding
the lumen of the vagina. In many cases they probably act
as *‘ gutters” for the conveyance of the sperm, while it has
been suggested that they are also used as organs of excitation.

(3
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Their extrusion and retraction are brought about® by special
extensor and retractor muscles connected with the sheaths.

* In many genera the two spicules are equal in length and similar
in form. "They ma?, however, be of different shapes though of
approximately equal length, while in many cases (particularly
among the FypariolDEA) they show a more or less pronounced
inequality jn gize and at the same time a marked dissimilarity
in shape. As a rule in the FILARIOIDEA the left spicule is
the longer_ In the family Heterakidae, on t}le other hand,
when the spicules are unequal, the right spicule is usually
longer than the left. In some families an(‘l genera there is
only one spicule, or spicules are entirely lacking.

In the males of many genera there is, in addition to the
spicules, another chitinoid structure (or one or more pairs of
such structures) formed as a thickening of the dorsal wall
of the cloaca, and often appearing to serve as a guide for the
spicules. This structure is usually called an * accessory
piece ” or *' gubernaculum.”” A further chitinoid supporting
structure is sometimes developed in connection with the
ventral wall of the cloaca, especially in the STRONGYLOIDEA,
and has been named by Hall the * telamon.” Unfortunately
there has been a good deal of confusion in the application of
these terms, and the structures for which different authors
have used the same name are clearly not always homologous.
It seems best, therefore, in most cases to retain the old term
‘ accessory piece.”’

In some free-living forms there are modified preanal or
postanal papill on the ventral surface of the male (usually
in a median row), having frequently a more or less complex
chitinoid framework. These are probably clinging organs
assisting in copulation, and are commonly referred to as
*“ supplementary organs.” Of a somewhat similar nature is
the preanal sucker or sucker-like organ met with in the
Heterakideae and Kathlaniida, and occasionally in other groups
of parasitic Nematodes. This is a depression in the cuticle
supplied with special muscles, and provided, in the Heter-

akin®, with a well-defined ring-like supporting structure of
thickened cuticle. ‘

The genital tubes of the female are, in the majority of cases,
pmrgd. .Genemlly speaking, there is a muscular vagina,
leading into an undivided portion (often called the ** common
trunk ’) of the uterus, and the latter divides to form two
branches, each ending in a separate ovary. In what may be
considered the more primitive types, the vulva (which is
always ventral) is situated in the middle region of the body,
and the two genital tubes, communicating with it by a short
vagina, extend towards the opposite ends of the body. The
position of the vulva, however, has been shifted, in various
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groups, towards one or other of the extremities, and this has
led to many modifications in the arrangement of the wenital
tubes. It is, of course, obvious that a number of arrangements
are possible.  The two tubes may. as already deseribed, diverge.
more or less at right angles to (h.(‘ vagina, in opposite directions.
In this case they are commonly spoken of as being = opposed,”
or by Railliet and some other authors as " divergent.”  On the
other hand. they may be connected with the vagina in such a
way as to run, lmrzillcl to each other, towards the anterior
or posterior end of the body. In this case they are usually
said to be  parallel” * - Each of these two main types of
arrangement is susceptible of various modifications, for which
Seurat has elaborated a system of terminology.  The opposed
type he names  amphidelphy,” and forms in which it occurs
are called * amphidelphs.” The condition in which the
genital tubes are parallel is termed * opisthodelphy ™ or
“ prodelphy,” according to whether the tubes rim backward
or forward from their junction with the vagina. Seurat
considers that * prodelphy ™ is the primitive condition, and
that it has been preserved in such forms as Heterodera and the
majority of Oxyuridar. In certain other groups, in his view,
“ prodelphy " has been secondarily acquired (presumably by
way of * amphidelphy *'). Whatever their arrangement, the
female genital tubes, like those of the male, show a differentia-
tion into various regions. At the distal end of cach is an
ovary, which varies in form from a relatively short cone to
an enormously long and coiled thread. In the ovary the
oocytes are formed in the same manner as the spermatozon
in the testis. There is a distal germinative zone in which
the cells are packed together in a solid mass, or in a single row,
and a proximal zone of growth in which they are usually
attached for some time to a central rhachis.  Passing further
along the ovarian tube, the germinal cells become free. Ulti-
mately they pass through an oviduet (often of narrower
calibre) into the uterine branch. At the distal end of this
there is sometimes a specialized receptaculum seminis, in
passing through which the ova are fertilized. [In any case,
fertilization takes place in the uterus, and after this, as a rule,
a firm shell of a chitinoid substance is secreted round the egg.

The wall of the ovary is composed of an outer membrane
(tunica propria) and an epithelium of elongate, spindle-
shaped cells. The walls of the oviduct and uterus are pro-
vided, in addition, with a layer of transverse muscle-fibres
between the outer membrane and the lining epithelium.

.

* The term * convergent,” somotimes used in this sense, seems
unfortunate and liable to be misloading.

.
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The lining of the uterus sometimes consists of Very large,
elongate, flattened cells with several nuclei. The uterine
.pranches, and their ovaries, are occasionally more than two
In number (ysually a multiple of two), and occasionally
numerous, in forms in which they are parallel. :

_The displacement of the female genital aperture towards
either end of the body, in forms in which the genital tubes
Were presumably originally opposed, has led in some cases
to the great reduction or complete disappearance of one of
the tubeg. This is most frequent where the vulva is near the
Posterior end. The posterior uterine branch sometimes
remains in a vestigial condition as a short egg-reservoir,
without an ovary. In two small orders of parasitic Nematodes,
the TricmingLLOIDEA and DIocToPHYMOIDEA, the genital
tube is invariably single in both sexes. In the former the
female is opisthodelphous,” in the latter “prodelphous.” In
both groups the germinative area of the testis or ovary extends,
according to Rauther, along its whole length as a tube or as
a strip along one side, and there is no rhachis. These peculi-
arities are considered by Rauther of such importance that he
places the forms possessing them in a special group, which
he names HorocoxNia, while all the rest of the Nematodes
(in which the gonads have a terminal germinative zone) are
classed together by him as TELOGONIA.

The vagina, in its simplest form, is a cylindrical duct with
a cuticular lining which is continuous with the external
cuticle of the body, and having a muscular coat consisting
of one or more layers of circular fibres and an inner layer of
longitudinal fibres. 1t is of very variable length in different
groups, and frequently becomes very complex in structure.
The term “ ovejector ” has been applied by Seurat to the
whole of the organ here called the vagina. This name, how-
ever, is better restricted to certain special structures often
connected with it, which appear to control the passage of egys,
¢t to prevent them from returning in the direction of the uterus.
There may be only one such ovejector, situated near the vulva
and taking the form of a specially modified portion of the
muscular duct, as in many Firariovea. In many of the
STRONGYLOIDEA, however, there are paired ovejectors con-
necting the two uterine branches with the unpaired portion
of the vagina. These generally consist of a glandular portion,

nearest to the unpaired duct, and a muscular portion or
sphincter.

DEVELOPMENT.

Nemz'itodes may be oviparous (producing eggs which hatch
some time after deposition), ovoviviparous (producing eggs
svhich may or may not have firm shells, and which hatch
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immediateiy after deposition) or viviparous (producing eggs
which hatch while still contained in the uterus).  The majority
both of free-living and parasitic forms are oviparous.  In the
former and in the more primitive parasitie genera the number
of eggs produced by an individual female is usually relatively
small, and their size relatively large.  In the more highly
specialized of the paragitic forms, however, a very much
farger number of eggs is usually produced, and these are very
much smaller relatively to the size of the parent worm.

The eggs are usually of a regular ovoid shape, but show
much variation in difterent families, being sometimes nearly
evlindrical, sometimes barrel-shaped, sometimes subglobular
or quite spherical, and occasionally lenticular.  Among the
Oxyuridae they often have one convex and one more or less
flattened surface, and may even sometimes be deseribed as
** banana-shaped.” In the eggs of certain families and genera
polar plugs or opercula are present at one or both ends of the
shell, and in other casex there may be at one or both poles o
filament or a bunch of filaments.  The function of such fila-
ments is probably in some cases to keep the eggs together
in clumps, 5o as to ensure multiple infection of the host-animal
which swallows them ; in others they are known to serve for
the attachment of the cpps to vegetation.  The surface of
the egg-shell may be smooth or variously sculptured or
ornamented.  The origin of the egg-shell has not yet been
satisfactorily explained. lmmediately after fertilization the
ovum secretes round itself a thin vitelline membrane.  Somo
authorities think that the formation of the more or less stout,
chitinoid shell is merely & continuation of this process, while
others believe that the shell is secreted by the walls of the
uterus. While an additional coat is apparently, in some
species, deposited on the shell by * varnish glands ™ situated
in the vagina, it is doubttul whether glandular cells capable of
sccreting the shell-substance exist in the uterus.

In ovoviviparous and viviparous forms the eggz-shell s
usually represented by a thin, elastic membrane, which may
clongate and adapt itself to the shape of the developing
embryo.

1t is not intended here to deal with the embryology of the
Nematodes, the details of which may be found in general
text-books of invertebrate zoology and embryvology. [t will
be sufficient to state that Nematodes do not undergo any
pronounced metamorphosis in the course of their development.
A young Nematode, at birth, or on hatching from the egg,
has the typical external form of the group. It may, in fact,
be said that at this carly stage the larva is often a more typical
Nematode than its parents, for considerable modifications

«in shape may occur in the adult.
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. The development of the embryo within the eg is not, in
the majority of forms, completed until some time after ovi-
» position, the contents of the eggs, when laid, being either in
an unsegmented coirlition or in the early stages of segmentation.
In such cages the cggs usually reach the exterior with the faces
of the host, and a period of time varying from a few days
to several weeks, and partly dependent upon conditions of
temperature and moisture, must elapse before the embryos
are ready to hatch. In some of the more highly specialized
parasitic forms an embryo is already fully developed in the
egg before oviposition. These are commonly forms requiring
an intermediate host for the development of the larva, and their
eggs do not, as a rule, hatch unless first ingested by a suitable
host.

The young Nematode, on leaving the egg, is usually what is
termed a ‘* first-stage larva.” The larval period is divided
into a succession of stages by moults or ecdyses, of which there
are usually four. At each moult the outer cuticle becomes
detached, together with the linings of the mouth, cesophagus
and rectum. As each new cuticle is formed beneath the old
one about to be moulted, various changes may occur in the
structure of the mouth and other cuticular parts of the larva,
while the gradual differentiation and development of its
internal organs are also proceeding. The second of these
moults is often of special importance in the life of a Nematode.
If a parasitic form, it is at this point that it reaches the
*“ infective  stage, and, ceasing to live and feed like a free-
living form, awaits the opportunity of entering a host. This
infective stage is, in certain genera, reached before hatching
from the egg. Generally speaking, however, it follows two
periods of active feeding and growth, separated by the first
moult. The nature of the food taken by larval Nematodes
has not yet been very fully investigated, but there is evidence
that in many cases it consists principally of bacteria. At all
eVents, cultures of Bacillus coli have been found to provide
very suitable food for the larve of several kinds of STRONGY-
LOIDEA.

Frequently the second cuticle is not shed at once, but is
retained as an additional protective envelope or sheath which
enables the larva to withstand many adverse conditions.
The third-stage larva, in its sheath, may be able to with-
stand apparent desiccation for long periods, and to *‘ come to
life ” again when exposed to moisture. This extra power of
resistance in the third.stage larva is extremely useful to many
parasitic forms, enabling them to survive on vegetation or in
comparatively dry soil until an opportunity occurs of invading
a host. It also assists them in the dangerous passage through
the stomach of the host, by protecting them against the action
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of the gastric secretion. In the safer alkaline medium of the
intestinal contents the old second cuticle is usually promptly
shed.

The genital organs, represented in the carlier stages l?y a
small mass of cells ( genital rudiment ™). undergo ht.tlo
development, as a rule, until the fourth stage.  The genital
rudiment, in both sexes, then becomes elongated and takes
on the form of a tube, or paired tubes, gradually acquiring
the disposition and differentiation into various regions found
in the adult. The sexes are thus often distinguishable during
the fourth larval stage. The rudiments of the accessory
sexual organs of the male (spicules and accessory picee) are
usnally laid down towards the end of this stage as solid masses
of colls.  After the fourth moult the development of the whole
of the genital organs proceeds rapidly, and the worms quickly
assume the character and funetions of adults.

B1ONOMICS AND LIFE-HISTORY.

A very large number of species of Nematodes are free-living.
Broadly speaking, these comprise forms inhabiting the soil,
fresh water, and the sea or its shore, and are mostly of very
small size.  The terricolous and freshwater forms include many
which live in decomposing organic matter of the most varied
kinds, and others which show various degrees of association
with other organisms, both vegetable and animal, as temporary
parasites or as commensals.  Many, such as the \'in(-gur-(:('l
(Anguwillula  acett), probably subsist chiefly on l):'u-t‘(‘rm.
Aquatic species seem to feed mainly on alge and dintoms.
The Anguillulinidee attack the roots or other parts of plants
by means of a specially developed piercing organ or stylet.
Some species only pierce the outer cortex, presumably for
the purpose of feeding on the juices.  Others penetrate more
or less deeply into the tissues, while some are responsible for
the production of galls and other deformations of the plart.
Some free-living forms, notably the members of the genus
Mononchus, are carnivorous, and their prey often consists of
other Nematodes. Many species live in more or less close
association with other invertebrate animals, as commensals—
in the cavities of sponges and corals, for example, or in the
galleries formed by the larva of wood-boring beetles. Some
forms appear to make use of inscets as means of transport,
being often found, for example, under the wing-cases of beetles.
A remarkable case of apparent commensalism with a verte-
brate is that of Odontobius ceté, which oceurs in colonies on
the surface of the baleen-plates in the mouths of whulos.. .

From such associations itisan easy step to genuine parasitism,
and of this all degrees may be found. With the development

3
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of the parasitic habit, many Nematodes seem to havd assumed
the power of growing to a much larger size, while the parasitic
forms also show a much greater range of variety in structure
and adaptive spegirdization than their free-living relatives.
Th.e most striking sPecialization has taken place in the direction
of increaged fertility, as is often the case with internal parasites.
It has been estimated that a single hookworm may produce
as many ag 9 (00 eggs a day, and a single Ascaris between
230,000 and 250,000 a day. This high rate of reproduction,
of course, tends to compensate for the high rate of mortality
In creatures which depend so much upon chance for their
entry into sujtable hosts. Of the “ degeneration ”” which is
commonly said to result from parasitic habits there is little
trace among the Nematodes, beyond the loss of * eyes”” and
prominent sensory bristles, which would be of no service to
them in the interior of the host. Such organs, however, are
not always possessed by the free-living forms.

The Nematode parasites of invertebrates fall into several
categories, according to their different types of life-history.
Some (such as Allantonema, Spharularia) have an adult stage
in the body-cavity of an invertebrate host, but pass the rest
of their life-cycle (which may include a bisexual generation)
as free-living organisms. Others, such as the Mermithide,
Pass only part of their larval period as parasites in the body-
cavity, the adults being free-living. Others again (chiefly
Oxyuride), which inhabit the alimentary canal of such
creatures as centipedes, cockroaches and beetles, are parasitic
thropghout all their stages, only the eggs having any existence
outside the host. Lastly, there is a large assemblage of forms
whose larva are found encysted in invertebrates, and cannot
develop into adults until ingested by a vertebrate.

_The Nematode parasites of vertebrates exhibit the greatest
diversity in specialization and adaptation to their hosts, in
habitat, in mode of life and in developmental history. The
mcdt primitive types, probably, are those which have a direct
development, without the intervention of an intermediate
host.  These are forms such as the Oxyuride and Heterakidze,
some Ascaridee and most of the STRONGYLOIDEA. They
inhabit the lumen of the alimentary canal, and many of them
feed on partly digested organic matter, on mucus, or on
bacteria and Protozoa, being thus comparatively harmless so
far as the host is concerned. Some of them, however, have
developed the habit of clinging by the mouth to the mucous
me{llpx:ane, and this has led in some cases to more injurious
activities, through the partial destruction of the membrane.
Many of the STRoNGyLowDEA, for example, ingest cellular
elements from the mucoga, itself, or feed on blood escaping

from damaged capillaries. There is evidence that some of
NEM. o
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them produce histolytic and anticoagulant secretions, and
that external digestion plays a part in their feeding processes.

Many forms, instead of living free in the lumen, or merely
attaching themselves to the walls of thr .alimentary canal,
burrow into glands or excavate galleries in or beneath the
lining, or even cause the production of tumours in the thickness
of the walls.

Apart from the alimentary canal, there is hardly an organor
tissue of the body that may not be the habitat of some kind of
Nematode. Thus the trachea, bronchi, bronehioles and lung
tissue may be invaded by lungworms,”* the heart and blood-
vessels by TFilariids and other forms, the scrous cavities,
peritoneal, subcutancous and intermuscular connective tissue,
and the urinogenital system, by worms belonging to various
familics. Adult worms rarely occur in situations from whioh
their eggs or larvae have no means of escape to the exterior,
and when they do so occur must be regarded as * erratie ”
pamsites. Larval forms, however, usually in an eneyvsted
condition, may be found in almost any situation.

In the direct type of life-history the infection of the host
may take place either by means of eggs or by means of larviv,
In the former case a period of exposure in the open (usually
a matter of some weeks) is necessary for the development
of the contained embryos to the infeetive stage. The eggs,
on being swallowed by the host, generally do not hateh in the
acid environment of the stomach, but. do so on reaching the
upper part of the intestine, where they meet with an alkaline
medium.  In a comparatively small number of cases the lavve
remain  within the intestine, undergoing their remaining
moults there and growing to maturity. The larvae of somo
species burrow temporarily into the mucosa or submucosa,
and may form cysts there, to emerge later into the lumen.

Probably in the majority of cases, however, a much more
complex course is followed between the hatehing of the larvee
and their arrival in their tinal habitat.  After hatching. ‘he
larvie proceed at once to burrow into the walls of the intestine
and penetrate into the small mesenterie veins or into lymphatie
vessels. Thence they are usually carried by the blood-stream
of the portal system to the liver, on again to the heart, and by
way of the pulmonary arteries to the lungs.  Forms which
live in the blood-vessels may, of course, proceed no further
in their migration. In other cases the larvie ultimately rupture
the capillary vessels in the lungs and escape into the alveoli
and bronchioles.  Should the habitat of the species be the
air-passages, the cowrse of migration may stop here: but
many intestinal parasites follow the same route, and continue
it, further. Passing up the bronchi and trachea, they enter
the mouth and are swallowed a sccond time. Some growth
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and development have usually taken place during the passage
through the lungs, and the larvee now remain in the alimentary
«canal and, having undergone the final moult, become sexually
malture}; o ®

n the case lacental mammals, the migrati ;
of the blood_st(;iﬁn involves the possibility gof p(;':n:‘tsfal“i‘;)t
fection, ang this oceurs, for example, in dogs and ‘cats, should
Fhe female, a few days before the birth of the young, have
Ingested the eggs of Ascarids or become infected with the
larva of hookworms.

AS has already been mentioned, infection may take place
by means of Jarve. The infective (third stage) larve may be
Ingested passively by the mouth, as is the case, for example,
With many of the STRONGYLOIDEA parasitic in herbivorous
animals. The larve of these forms frequently have the habit
of climbing up on to the grass when it is wet with dew or rain.
The infective larvae of certain other forms, such as the hook-
worms and Strongyloides, have the power of actively pene-
trating the skin of the host. Thug infection may take place
through contact with soil which contains the larvae. After
entering the skin, the larvie find their way into the blood-
stream, and follow a course of migration within the body
similar to that which has been described above. .

A quite different type of life-history is that in which develop-
ment is indirect, and the larvae pass through one or more
intermediate hosts before entering the definitive host. As
has already been mentioned, encysted larval forms are'very
common among the tissues of both invertebrates and verte-
brates. So far as is known, the whole of the family Spiruride
(.IISII};_{ this term in a wide sense, corresponding with thg super-
fm}nly Spiruroidea of many aunthors), have a life-l)istrg)r\l’) of
this kind, their normal first hosts being invertcbrates. 'The
cggs are swallowed by the invertebrate host, and the larvee
!1;1t('}}i11g from them in its alimentary canal make their way

inlo its body-cavity or connective tissue, where they genera]fy
become surrounded by a capsule or cyst derived from the
host’s tissues.  They undergo the first two moults, and await,
ag third-stage larve, the chance of the first host bein;g devoured
by th(.e second or definitive host. In many cases the animal
to which the first host is most likely to fall a prey is a verte-
brate to which the parasite is well adapted, and in which it
can complete its development to maturity. Sometimes,
howeyer, ‘the normal second host is a herbivorous animal,
and in this case it seems that the fortunes of the parasite
must depend upon the chance of the first host being ingested
accidentally by the second with the vegetation upon which
it feeds.. Even when the normal second host is a carnivorous
animal, it frequently happens that the larva, contained in its
c2
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final host, is ingested by some other vertebrate in which it is
incapable of attaining maturity, This may often prove fatal
to the parasite, but is not necessarily so, since the larvae of
some forms, such as Spirocorea, are capeble of becoming re-
encysted in various kinds of small vertebrates. The latter
may thus act as second intermediate hosts, and may, in their
turn, fall victims to a suitable final host,

Certain other groups, such as the subfamily  Anisakina
of the Ascaridae, and the family Dioctophymidie, appear to
have a life-history very similar to that of the Spirurida.
Their encysted larvie oceur chiefly in fishes or batrachians,
and their adults in animals which prey upon these hosts.
Some of them appear also to make use of an invertebrate as
first intermedinte host, but it is not vet known whether this is
the general rule.

Finally, the highly specialized life-history characteristic of
the Filariidee must be mentioned.  In this family the inter-
mediate hosts, or vectors, are usually mosquitoes or other
blood-sucking flies. The adults live in the connective tissue,
blood-vessels, lymphatic system or serous cavities of verte-
brates, and the females are viviparous or ovoviviparous.
The first-stage larvie, or microfilarie, find theie way into the
blood-stream or into the lymphatics, whenee they may be
taken up by the vector in the act of suction.  Unless so taken
up by a suitable insect, they are unable to develop beyond
the first stage. Within the inseet they usnally migrate from
the stomach to the thoracic muscles, and here continne their
development, undergo at least one moult, and may grow to
many times their original size.  Ultimately  they  migrate
towards the head of the insect, and many of them colleet
in the labium. When the insect bites they travel down this
organ and emerge from it on to the skin of the animal bitten,
They then at once proceed to penetrate the skin, enter the
lymphatics or blood-vessels, and are thus carried to the site
in which they are able to develop to maturity, :

THE RELATIONSHIPS BETWEEN PARASITIC NEMATODES
AND THEIR Hosrs,

There is a common belief that all parasites, and more
especially internal parasites, are injurious to the health of
their hosts. Though this idea may contain an clement of
truth, it certainly requires much qualification. Parasitic
worms of one kind or another oceur in nature in almost every
species of vertebrate, and often in almost every individual
of the species. They are frequently present in large numbers
without producing any visible signs of disease or discomfort.
All the available evidence points to the conclusion that internal
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parasites are a normal feature of the life of most animals,
and thatin the process of evolution certain parasites and certain
‘hosts have become mutually adapted to each other. There
clearly exists betwen the parasite and its host a certain state
of equilibrium, and so long as this is not disturbed by any
abnormal cireymstances the well-being of the host is not,
as a rule, geriously affected. When, as is often the case with
domestic anjmals, diseased conditions do make their appear-
ance as g regult of parasitic infection, this if} generally due to
some interference with the normal conditions of nature.
Most of the parasitic diseases of farm stack, for which Nematodes
are often responsible, are directly due to overcrowding,
insanitary housing, malnutrition and the lack of adequate
provision for frequent changes of pasture. In consequence
of these conditions abnormally heavy infections are acquired,
the resistance of the hosts is lowered, and their health may be
very seriously affected by parasites which appear compara-
tively innocuous when present in smaller numbers, or when
they occur in closely-related wild animals.

There are a number of ways in which internal parasites may
do damage to their hosts. Broadly speaking, the kind of
damage done falls into two categories—mechanical and
physiological. Mechanical damage to the tissues may be
done by larval Nematodes in the course of their migration,
and also, in exceptional cases, by adult forms which wander
about the body. Occasionally the duets of important organs
may be blocked ; Ascaris, for example, may block the bile-
duct, with more or less serious results, ‘Sometimes skin-
penet'mting larvae, or worms burrowing and migrating among
the tissues, may introduce, or pave the way fOl?, bacteria and
other pa‘tl}ogenic organisms, and thus in(liréctlv cause disease.

A strl'kmg example of the effects that mémy follow upon
what might be called * parasitic starvation ” is furnished by
the Mermithidee. The larve of these worms, which live in
t!ie body-cavity of insects, and there grow to a very large
size, appear to feed by the absorption of the body-fluid (blood)
of their hosts. In so doing they deprive the organs of the
insect of thcif proper nourishment, with the result that the fat-
body of an infested insect is often found to be almost non-
existent. Further, in many cases the development of the
genital glands is arrested and the insect rendered sterile.
This physiological castration may even show itself in changes
in the extern_al. appearance of the insect. Among ants, for
example, individuals infested with Mermis are sometimes
deprived of the power of flight, and changes in the outward
appearance of infested males, females and workers have led
to such individuals being distinguished as ‘‘ mermithaners,”
““ mermithogynes >’ and ‘“ mermithergates.”
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A cleat distinetion between mechanieal and physiological
effects is not alwavs casv to make in the caxe of p:lrusih‘s‘
of the alimentary canal. The mere abstraction by the
parasites of a certain amount of partial'y digested food may
have little or no appreciable ill-effect. . however, the
parasites feed at the expense of the host’s hlood, or upon the
cellular elements of its tissues, their attacks may  produce
lesions which are primarily of a mechanical nature, but lead
to more or less profound physiological disturbances, To take
an example, human infestation with hookworms may  lead
not only to uleeration of the intestinal walls, but to a severe
form of anwemia.  Further, especially in children and adoles-
cents, it may have still more tar-reaching effects, leading to
a general arrest of development, both physical and mental.
Here, thercfore, it seems almost necessary to assume that
something more than mere mechanical injury is involved.
There is, in fact, a growing mass of evidence to the effect
that many parasitic worms prodnce toxice substances which
may, in given circumstances, be absorbed into the blood
of the host and affect its physiological constitution.  How and
why such toxins are produced by the parasites are questions
which have not yet been satisfuctorily answered.  We know,
however, that worms, in the same way as bacteria and other
micro-organisms, can act as antigens and cause the production
of antibodies in the blood of the host. Not only can the
presence of parasites often be detected by appropriate comple-
ment-fixation and other serological tests, but a light infection
with a given parasite is often found to confer a certain degree
of immunity against subsequent infection with the same
parasite.

It has already becn mentioned that histolytic and anti-
coagulant secretions appear to be produced by the wso-
phageal or cephalic glands of some Nematodes,  Many species
which simply attach themselves by the mouth seem to produce
a kind of liquefaction of the host’s tissues near the point’ of
attachment, and apparently feed on them in this predigested
form. Others also, such as Spirocerea, which cause the forma-
tion of nodules or tumours, apparently feed on an amorphous
mass produced by the liquetuction of the interior of these
growths.

The host’s tissues frequently behave towards an invading
parasite in the same way as towards any other foreign body.
That is to say, a local inflammatory reaction is sct up, lenco-
cytes (mainly eosinophil in the case of a worm parasite) swarm
round the offending object, and by the organization of these
cells a capsule of fibrous tissue is formed. A ** worm-nodule ”
thus usually consists of a more or less hard fibrous eapsule
surrounding a caseated mass in the centre of which lies the
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parasite. Tf the parasite dies, and sometimes even before its
death, the magss usually becomes calcified, and this process
>ultimately inyolves the parasite itself.

The inflammatios set up by tissue-invading Nematodes
does not, however, always l(‘i‘ld to the forn}atioxl of nodules.
It may lead (o hypertrophy of the invaded tissue, and to more
or less marked changes in its nature. Tl.le new growth of
tissue may eyen become malignant, andvtlns brings us to the
vexed question of the part played by Nematodes (as well as
other worm pamsites) in the causation of cancer. This is
hot the place for a discussion of this question, and it will be
sufficient to say that, while suspicion utt-aches to a number of
species of Nematodes, the evidence against most of them is
still incomplete. The two best-autl‘lent‘wuted cases are
Gongylonema neoplasticum and  Capillaria  gastriea, both
parasites of the cardiac portion of the stomach of m‘tvs, and
both apparently capable, under natural nnd_experlmental
conditions, of inducing carcinoma. But even in thf?se cases
we are as yet ignorant of the other factors that may l)g involved,
and it cannot be assumed that the worms are directly re-
sponsible for the formation of the new growths.

SPECISICITY.

The limitatjon of a given parasite to a certain kind of host,
or to certain closely-related hosts, is a phenomenon met with
in varying degrees in all groups of parasites, and usually
called specificity. Among the parasitic Nematodes some
genera and families show a very marked degree of specificity,
while others have a wide range of hosts which may not be at
all closely related.  There is a tendency, as might be expected
on the hypothesis of parallel evolution, for highly-specialized
hosts to harbour parasites which are themselves highly
specialized and do not oceur in other hosts. In elephants,
for example, we find o whole series of genera of Nematodes
which are peculiar to these animals.  Representative species
of the genera frequently occur in both the Indian and the
African elephants, but not identical species. From this it
seems reasonable to conclude that the common ancestor of
the two types of elephant must have harboured a series of
Nematodes which were already diverging from those found
in other animals, and which were the ancestors of the forms
existing to-day. The gradual divergence of the hosts must
have been accompanied by a similar divergence of the para-
sites. In such a case as this it seems evident that the pre-
dominant factor in determining the range of the parasites
must be the blood-relationship of the hosts. .

Such clear cases of specificity are, however, comparatively
rare among Nematodes, While it is true that few genera
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occur in Losts belonging to different orders of vertebrates,
and still fewer in hosts belonging to different classes, neverthe-
less instances do occur in which the habits of the hosts seem
to have had a greater intluence on the dist«ibution of the para-
sites than their relationships.  Among  the Ascaridie, for
instance, species of certain genera such as Porrocacum and
Contracivcum, whose larvae occur chietly in fishes, are fnun.d as
adults in fish-cating animals of all classes (mammals, birds,
reptiles and fishes). .

In a discussion of this subject published some years ago ™,
the writer brought forward evidence which seemed to show
that Nematodes having a direct life-history are, on the whole,
more strictly limited as to their definitive hosts than those
whose life-history is indirect.  As a tentative explanation
of this it was pointed out that the larvie of the former enter
the final host at an carlicr stage of development than those of
the latter, and are therefore, perhaps, less tolerant of hosts
to which they are not perfectly adapted. )

Baer , who has recently attempted to analyse the distribu-
tion of the genera of Nematodes among the principal orders of
vertebrates, finds that the figures form an ascending scale
from the lowest class (fishes) to the highest (mnnmmls).
While little significance, perhaps, can be attached fto this
result (the analysis takes no account, for instance, of the
relative numbers of species, genera and families in the host-
groups), it lends some support to the view that as the hosts
became more highly specialized, so did their Nematode para-
sites, thus necessitating the formation of more numerous
generic concepts.

TECHNIQUE.
It may be useful to describe some simple methods of collee-

ting and preserving Nematodes, and of preparing them for
microscopic exammination.

(a) Collecting.
Free-living Forms.

Some of the species living in soil or fresh water, or in sand
and among seaweeds on the sea-shore, are large enough to
be easily seen. Mud, sand, weeds and the roots of plants
may be washed in water, and the washings examined in a
flat dish. Sometimes it is useful to pass the washings first
through a wire sereen in order to remove the coarser particles.
The dish in which they are to be examined should preferably
be of glass, so that it may be examined over a dark or a light

* Journ. Linn. Soc. Lond., Zool. xxxvi. p. 13 (1824).
1+ Bull. Soc. Neuchatel. Sci. Nat. lviii, p. 57 (1934).
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background, or by transmitted light, as may be required, and
only a shallow dépth of water should be examined at a time.
. The majority of the free-living forms, however, are so small
that a lens, or preferably a binocular dissecting microscope,
must be employed in order to find them. The worms may be
picked out ith a fine glass pipette or with a needle mounted
in a handle., For very small specimens a mounted bristle
or, better sti]l, a flat barb from a feather is more useful than
the finest needle. ) .

henit is desired to collect small specimens in large num_bers,
the material may be sifted through filters of increasingly
fine-meshed wire or muslin. When the worms are compara-
tively free from coarse material, they should be wa_shed Qﬁ‘
into a tall vessel of water, in which the l]ea}'ler parrt-l‘(‘les will
rapidly sink, and since the worms, being lxghtey, will settle
more slowly, they may be quickly decanted off into another
vessel. The worms in their turn may now be allowed‘to
settle, and the supernatant muddy water poured off. 'l}le
 Baermann apparatus ” may also be used for cxtructmg
Nematodes from soil and other materials. The method is
as follows :—A funnel, having attached to its neck a short
piece of rubber tubing, closed by a clamp, is supported on a
stand, and partly filled with warm water (about 40°-42° C.,
or 104°-108°F.). A portion of the material, tied up in muslin*,
is then placed in the funnel, so that the water is in contact
with its lower surface. The warmth will stimulate the worms,
which will migrate out into the water, and in the course of an
hour or so will gravitate down the neck of the funnel, and may
be drawn off into a centrifuge-tube or other vessel.

Parasitic Forms.

When dissecting an animal in order to search for internal
parasites, as thorough an examination as possible should
be made not only of the alimentary canal, but of the whole
bddy. Intestinal worms should always be collected and
preserved as soon as possible after the death of the host, as
the process of decomposition may cause them to deteriorate
very rapidly.

When parasites are found in nodules or tumours in the walls
of the alimentary canal, or embedded in the tissues, it is
desirable to make an attempt to extract them while fresh,
as this may become very difficult after the tissues have been
hardened by preservatives. Some of the nodules should,
however, be cut out and preserved intact, with a portion
of the surrounding tissue.

* If the muslin is new, the dressing should first be removed from
it by soaking it in water and wringing it out.



26 INTRODUCTION,

In ordev to scarch for intestinal parasites, the gut of the
host should be removed and slic up with scissors (prvﬁ-ruhl_\'
blunt-ended, to avoid damace to the worms), and after the
removal of the gross contents and any okvjous parasites, the
mucous membrane should be washed with a1 per cent.
solution of common salt, and carefully examined for the less
conspicuous forms that may be adhering toit. If salt =olution
s not available, plain water may be used, but it ix hable to
damage delicate species if they are left in it for more than
a few minntes,

If the host he a small animal, the whole of the gut may be
opened in a dish of salt solution or water, or opened and then
shaken up in a partly filled jar, but care should be taken, if
possible, to note the region of the gat in which parasites occur.

Some small worms are not easily detected unless the lining
of the part under examination (¢, ¢. the cwca of a bird) be
seraped with an instrument such as the back of a knife, and
the scrapings shaken up in the washing fuid. This may
then be turned out, a little at a time, into o fat dish, and the
worms picked out as deseribed above, A better plan in some
cases is to use atall jar, and allow the mixture to stand in it
for a few minutes, The worms will sink to the bottowm,
and most of the dirty fluid may be gently poured off.  Clean
fluid is then added, and the process repeated until the worms
are comparatively free from other matter.

Small worms may be colleeted by this method of sedimenta-
tion from the stomach and intestines of large animals. 1t s
best to deal with the stomach, smallintestine and large intestine
separately.  The intestine should be freed from the mesentery,
straightened out and opened.  Its gross contents  having
first been washed and sedimented, parasites still adbering
to the lining may be obtained by seraping the wall or stripping
it between the fingers, and washing the material thus coliected.
The Baermann apparatus may be used, ax deseribed above
for free-living forms, for extracting small Nematodes frem
ficcal matter, or even from chopped-up hing, liver and other
tissues.

All Nematodes inhabiting the alimentary canal should be
thoroughly washed before being preserved, in order to free
them from mucus and other matter.  This is best done by
shaking them up in a tube or jar of salt solution or water.
Vigorous shaking will not, as a rule, damage the specimens,
and will often remove mucus and débris from the mouth-
cavity or bursa, which it may be very difficult to clean after
preservation.  Some long, slender and active species tend to
become much tangled during the washing proceas, and to
prevent this the individuals should be kept apart and killed
as quickly as possible.
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(b) Preservation. .

Owing to the resistant nature of the cuticle of most Nema-
‘todes, hot fluids are almost indispensable for preserving them,
if good specimens are to be obtained. There are, however,
certain forms, such as the tissue-inhabiting Filariids, for which
cold fluidg appear to be better, as heat is liable to cause them
to burst. (jeperally speaking, elaborate fixatives are un-
necessary, and ﬂuir'is containing corrosive sublimate should

e avoided for Nematodes. The most useful fluids are
formalin (3-5 per cent.) aud alcohol (70-80 per cent.). To the
latter, for small forms, it is often useful to add glycerine in
the proportion of about 5 per cent. )

The larger kinds of free-living Nematodes may be killed

vV immersion in hot or cold formalin, or in hot alcohol or
glycerine-alcohol. Yor Mermis the writer has found cold
5 per cent. formalin very successful. After a very short
immersion in this (for a few seconds only), and pefore they
have become stiff, these worms should be straightened by
gently drawing them between the fingers, or by layving thel}l
on a glass plate and stroking them with two camel-hair
brushes dipped in the formalin. Once they have become stiff
they may be permanently stored in formalin.

The most convenient method of killing small free-living
forms is to apply heat to the water containing them. 1f only
a few specimens have to be dealt with, they may be placed
in a drop of water on a glass slide, and the slide then heated
over a small flame, or by any other convenient method.
When straightened out and immobile, the worins may be
transferred to formalin.  If a large number of such small
worms are to be killed, a very convenient method is to place
them in a small quantity of water in a test-tube or centrifuge-
tube, and apply heat to the tube. The worms mav then be
allowed to settle to the bottom, or be oontrifuged‘down, as
much as possible of the water may be poured off, and formalin
may be added. If it is desired to use hot aleohol or glycerine-
aleohol as the killing fiuid, the worms mav be placed in a
vessel of water. As much as possible of the water is then
drained off, and the hot fluid poured over the worms. When
this has been allowed to cool, the specimens should be stored
in a fresh supply of the same fluid.

For killing parasitic Nematodes hot water is not recom-
mended, as it is liable to cause excessive stretching of the
cuticle. Hot alcohol or glycerine-alcohol, and hot formalin,
will give good results in most cases. The fluid should be kept
steaming, but not quite boiling, a temperature of 70°-80° C.
(or roughly 160°~180° ¥ being high enough. If of moderate
size, the worms, after being washed, should be dropped
separately into the fluid. Enamelled iron vessels, of a width
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sutlicient {o allow the speeimens to straighten out, are very
suitable containers in which to heat the fixatives, It should,
of course, be remembered that the vapour of aleohol is in-
flammable.  The risk of fire will be lessertd if the vessel used
be not too shallow.  After the tluid has been allowed to cool,
the specimens should be stored in fresh fluid of the same
kind.

If the worms are small and numeronus, it may be easier,
after draining off as mneh ax possible of the washing Huid,
to pour the hot fixative over them. When cool, the whole
may be poured into a tube or bottle and allowed to settle.
The used fluid should then be replaced by fresh.

(¢) Preparation for Microseopic Examination.

Here again elaborate methods, as a rule, possess no advan-
tage over simple procedures.  Staining is, in most cases, hoth
unsatisfactory and unnecessary,  For all ordinary  purposes
simple clearing is sufficient to enable the structure of the
worms to be made out. The most useful clearing agents are,
in the writer's expericnce, glveerine, lactophenol and beech-
wood creosote. Which of these reagents should be used
depends partly on the size of the specimens and partly on the
method by which they have been preserved.  Generally
speaking, for small, naturally translucent forms glyveerine
will be found to give suflicient transpareney. 11 a0 slightly
higher refractive index is required, lactophenol is often nseful,
while for relatively stout, opaque forms creosote is admirable.
Provided that certain precautions be observed, none of these
reagents will injure the specimens seriously, even if they are
repeatedly subjected to them,

Glyccrine —Specimens which have been preserved in the
glyeerine-alcohol mixture may be left in a shallow dish (such
as a ** solid wateh-glass 7') of this fluid, and the alcohol and
water allowed to evaporate. It is undesirable to hasten this
process by heat, as too rapid concentration of the glycerine
will cause serious shrinkage. The best method is to allow
the evaporation to take place at room temperature.  After
two or three days the specimens will be in almost pure glycerine,
and can be transferred to pure glycerine with safety.

It is, of course, possible to transfer specimens which have
been preserved in formalin to glycerine-aleohol or any other
aleoholic medium, provided that the change be gradual.  This
may be accomplished by passing them through alcohols of
gradually increasing strength—30, 50 and 70 per cent. being
usually sufficient.

Small specimens may be mounted permanently in glycerine.
The principal difficulty is to cement the edges of the cover-
glass securely enough to prevent leakage. After a little

By
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practice it will be found possible to adjust the drop ef glycerine
to such a size that it will spread just to the edges of the cover-
.glass and no further. If the slide be perfectly clean, the
preparation may then be *ringed 7 at once with gold-size,
and this wi]] ysually be sufficient, especially if the ringing
be repeated after a day or two. As an additional precaution,
the ringing may be done first with melted glycerine-jelly, and
later with go[d:size or other cement. _ )

Instead of mounting them permunently in glycenqe, S_peoi-
mens may be transferred from this to melted glycerine-jelly.
This medjum, thongh not giving quite equal transparency,
has the advantage of setting solid, so that the preparations
are more easily cemented and there is no risk of leakage.
Such prepamtions must, however, whgn set, be carefully
ringed with some kind of cement, gold-size being one of the
best.

Lactophenol (Amann).—ThiS re.agent has spccial advantages
owing to its property of softening the cuticle and countet-
acting shrinkage. The mixture is made up as follows :—

Al

Carbolic acid crystals.. 1 part by weight.
Lactic acid .......... 1l part ,, .
Glycerine ........... 2parts ’
Distilled water ....... 1 part ,,

3

The use of lactophenol for large or opaque species is not
recommended, but it is excellent for the smaller forms. These
may be transferred to it direct from either alcohol or formalin,
and indeed the writer has found it a very good fixative for
living worms of certain kinds, such as Capillaria and Tricho-
strongylids. These should be picked up by one end on a
needle or bristle, gently drawn through the lactophenol in
order to straighten them, and then left in it.

Violent shrinkage often occurs at first in specimens placed
in this reagent, but it will be found that after twelve hours
o so they have * plumped out ” to their natural proportions.
Permanent preparations in lactophenol are rather difficult
to cement satisfactorily. Perhaps the best method is to
ring them first with glycerine-jelly and afterwards with gold-
size. Specimens may also be transferred from lactophenol
to pure glycerine or glycerine-jelly. It is, in fact, often useful,
when it is desired to bring them into glycerine, to pass them
through lactophenol, and so avoid the necessity for the
slow process of evaporation described above.

Specimens, especially if too large to be mounted permanently
by any of these methods, should not be left too long in lacto-
phenol, as, after its prolonged action on the cuticle, there is
a great risk of their bursting when transferred to other fluids.



)

30 INTRODUCTION.

When it iv desired to return lactophenol-cleared specimens to
formalin, they may first he simply washed in water, The same
procedure may be followed if they are to be brought into alcohol,
the strength of the spirit being increased  pradually. An
alternative method is to wash the specimens directly in acid
aleohol (7080 per cent. alcohol acidulated with hydrochlorie
acid), before storing them in spirit. This tends to prevent
subserguent darkening of the specimens.

Creosote (heechwaood).—-This is by far the best clearing agent
for medium-sized and large species, as it hax a relatively
high refractive index, and causes little or no shrinkage.  Speci-
mens may be transferred to it direetly from aleohol of any
strength, or even from formalin or water. It o large amount.
of water ix present, it may be necessary to change the ereasote
once or twice.  In elearing aleoholie specimens care must be
taken to immerse them completely and at onee in the ereosote,
as otherwise there is a danger of air-spaces being formed and
causing opacity.  There are several simple ways of preventing
this. The specimens may be simply plunged into a dish or
wateh-glass of ereosote, and a cover-glass, or a picee of thicker
glass, immediately placed over them : or they may be pushed
down with a loose plug of cotton-wonl into a tube of creosote.
Another method, very useful in some eases, is to pour creosote
into a tube, and with a pipette to run a layer of aleohol on
to the surface of the ereosote. The specimens are then dropped
into the aleohol, and will shortly begin to sink into the ereosote.
As soon as they have done this, as much as possible of the
aleoliol which has not diffused into the creosote should be
removed with the pipette.

small and medium-sized speeimens ape cleared very rapidly
by creosote, and even large worins will hecome guite trans-
lucent if allowed to soak in it overnight.  Should there be
any trace of glycerine in the specimens, this must be washed
out before attempting to clear them,

Iv iy, unfortunately, impossible to mount  preparatioss
permanently in creosote, and specimens lett in it too long
are very liable to become darkened, especially it transferred
afterwards to aleohol.  In order to prevent discoloration,
they should be transferred from the ereosote to acid aleohol
The writer uses 80 per cent. aleohol (o which hivdrochlorie
acid has been added in the proportion of about & per cent.
The specimens are usually left in this overnight, and washed
in a fresh supply of the same Huid, and then in plain 80 per
cent. aleohol, before being returned to their bottle, bt is
not advisable to leave them indefinitely in acid aleohol con-
taining any trace of creosote, as this seems to intensify the
darkening action,

Al
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Portions of gpecimens cleared in creosote can, if tesired, be
mounted as permanent preparations in Canada balsam.
For this purpose it is probably best to use balsam dissolved
in creosote, though xylol-balsam can also be used.

If, for any reason, it is desired to stain specimens in bulk
before clearfng them, the cuticle should first be punctured in
several places with a fine needle, in order to allow the stain
to penetrate more readily. The writer has occasionally
obtained fairly good results with Mayer’s paracarmine, differ-
entiated afterwards in the usual way with acid alcohol.  The
usefulness of this method is limited, but it sometimes brings
out details, more particularly of the genital organs, which
are difficult to see in unstained specimens.

(dy Manipulation.

It may, in some cases, be necessary to cut off portions of
specimens for separate mounting and examination. If, for
instance, it is desired to obtain an end-on view of the hc_ad
of a Nematode, this is usually best accomplished by cutting
oft the head with a very small knife, or with a ground necdle,
and rolling it into the desired position under a cover-glass.
Small “fect” of plasticine at the corners of the cover-glass are
a very useful aid in this process, and are better than the
strips of paper, glass and other material often recommended,
because their thickness can be reduced to the required degree
by slight pressure with a needle.

Much can be accomplished with cleared specimens, without
damage to them, by simply rolling them into the desired position
un(le'r a cover-glass. It may require great perseverance to
ob.tzun a ventral view of the coiled tail of a male Nematode in
t!ns way, but even this can often be done without amputation.
'11.10 head usually presents much less difficulty. The worm is
laid lengthwise on a slide, and a square cover glass applied so
that only a short pertion of the worm is covered by one of its
edges, while the rest of the body is uncovered, or has a second
yover»glass placed over its other end. 1t is usually best to run
in the creosote or other temporary mounting medium with a
pipette after the cover-glass has been applied. The slide is
then placed under the microscope, and with two fingers of
one hand the cover-glass is pushed one way or the other until
the worm assumes the required position. It is a good plan
to use a large slide, to reduce the risk of the creosote or other
fluid overﬁO\Ving on to the stage of the microscope. If the
specimen 1s very ““wiry” and there is difficulty in keeping
it in position, the cover-glass may sometimes be held down by
means of small lumps of plasticine. The somewhat unpleasant
action of creosote on the human skin may be mitigated by
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previously rubbing glyeerine into the finger-tips.  For manipu-
lating specimens in ereosote it is advisable to avoid, as far as
possible, the use of metal instruments, which will become
corroded and may cause some discoloration.

CLASSIFICATION,

The parasitic Nematodes, being for the most part larger,
more conspicuons and more easily studicd than their free-living
relatives, have, on the whole, received a greater amount of
attention from systematists.  But there is reason for believing
that the free-living forms, most of which are of very small
size, may be quite as numerous, and though, with a few notable
exeeptions, they appear to be of little or no ceonomie -
portance, they have been the subject of a great deal of study
during the last century.  Unfortunately the systematists who
have done most to advanee our knowledue of the parasitic
forms have wsually been unable to devote an equal amount
of attention to the freediving forms, and eice versa. The
result is that there has been a tendeney for two quite different
systems of clussitication to develop side by side  one in which
the parasitic forms vreceive full consideration, while the free-
living forms are treated ax an insignificant appendage ;. and
another, of more recent growth, in which the positions are
reversed, and the free-living forms are given a quite dispropor-
tionate share of attention. It scems obvious that neither
system is likely to stand the test of time, and certainly neither
of the view-points which have led to the two systems is
caleulated to dissipate the fog of obscurity in which the group
has been enveloped by the writers of almost all general zoo-
logical text-books,

Clearly the ideal to be hoped for is o system in which the
group will be shown to be n harmonious whole,  "T'he number
of genera and species already known is so lurge that this is by
no means an easy task, but, zoologically speaking, the group
is in reality so homogeneous that there is no excuse, except
that of convenience, for the continuanee of the present fashion
of keeping it, as it were, in two separate ** water-tight coms
partments.”  The more this practice is followed the greater
is the tendency for each school of workers to adopt methods
and even a language of its own. Even now a specialist
accustomed to dealing with deseriptions of parasitic species
may meet with works on free-living forms written in terms
which are almost wholly unintelligible to him.  Fo the writer,
at least, this state of affairs seems highly unsatistactory, and
it appears desirable that strenuous efforts should be made to
prevent the further divergence of the two branches of what is,
after all, merely one relatively small department of zoologieal
science.
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It is unnecessary to review here the manvy s 3 ifi
cation that have been proposed. Some oty tsllcetls(:am}f.:\f)ef:}{rigzgl;
Jbeen referred to in the foregoing discussion of the mor holo r.\'
of the group. There is still little uniformity in the E'stcr{;))
adop?ed by different authorities, but in a general wa)".i)b nia%
:,):esi}d that the basis of most of the recent attempts to Clase;ifgv
R'li “-e;nft‘)d(fs is the series of superfa‘mlilies ” employed by
it(h‘ let * Qince Railliet dealt only with the parasitic forms,
& (}r:@ been necessary to extend his system to include the
f?e- 'Ving Nematodes. An attempt to do this was made by
i‘dr‘yhs and Daubney (1926}, and it is this classification which
S adopted in the present work.  The order (or superfamily)
SCAROIDEA was enlarged to include all the forms having
t ree lips, or obvious modifications of threc lips. The super-
family Oxyrorioea thus disappeared, and accommodation was
foun(‘i for the vast majority of the free-living forms. This
Cer.tamly makes the ASCAROIDEA a very large order comprising
as 1t does fourteen families, or nearly ‘a8 many as ;LI‘G assigned
;c:)) ttl};e rest of the orders together. Objections have been made
¢ system by various writers ¥, principali ialists
free-living Nematodes. The modiﬁTca.E)ions g:lgg);szgscf(l)l;?vgf
usually consist in little more than the raising of some of the
free-hvmg'fa.milies to the rank of orders, and if these orders
must be dls’x’tmguished by such small points as the form of the
c]amphlds or the ornamentation of the cuticle, it is not
lear that they represent any great improvemeht th
simpler arrangement. o e

* For a summary of R '11"“’ o
vét. xcii, p. 517 (19{6). @1 iet’s system see his Paper in Ree. Méd.

T e.g. Filipjev, 1934, Smithsonian Mise. Collections, lxxxix, no. 6

NEM.
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SYSTEMATIC ACCOUNT OF lNDlAEl NEMATODES. .

Order ASCAROIDUEA Railliet and Henry,
1015.

Free-living or parasitic forms having nurmu'll:\' three lips,
of which one is dorsal and two subventral. The hps. may
be subdivided so as to form a multiple of three, or subsidiary
lip-like structures (interlabin) may  be developed lwt\\l'(‘on
them. In some cases the lips may be nnAwh.rq-(lucm or
apparently absent, but more or less clear in(ln-:\t‘mn:; 01" tqm?,lt.‘
original presence can ',{(‘n‘vru.llfv be traced.  (Esophagu o
variable form ; in some families and genera provided \\.l‘ l
a posterior bulb.  Posterior extremity of male u_xunlly '(-m_ll;él!c
or tapering, with or without Iateral alw and with a variab \
number of sessile or pedunculate papillie, but without n true
bursa.

Family ASCARIDE Cobhold, 1864,

Relatively large, stout, parasitic forms in which there ure
three well-defined lips.  Musculature of the body of the
polymyarian type. The dorsal lip bears onits outer sur'f;n.(;o
a pair of papille, frequently with double terminations, whilo
ench of the ventro-lateral lips also has, as a rule, two papilla,
of which that towards the ventral side is large and often
double, while that of the other side ix small and often vxtro.m(\ly
inconspicuous. There may or may not ‘lw,‘ on the inner
surface of cach lip, a transverse series of minute denticles,
known as a dentigerous ridge. Between lAlw l»:ls}-s of 7_!\0
main lips three smaller, conieal, subsidiary lips, or interlabia,
may be present. There is no chitinoid buceal capsule ()(!i‘
pharynx. The wsophagus is usually simple, \.-lul)-shup(\
and muscular, but may be conneeted posteriorly with a s_nmll,
muscular, spherical bulb, without internal \'nl\'('s: or \ni.h iy
specialized granular structure, possibly glnmlul:.nr in hm'(-tmn.
termed a ventriculus. In certain forms this \’(‘nll‘l(‘l!llm
gives rise to one or more solid appendices of similnr.histulngu'-uI‘
structure, while there may also he one or more l)l.md anterior
prolongations, or ceea, springing from the intestine !mnw‘dl-
ately behind its junction with the wsophagus or ventriculus. ‘

Caudal alz usually absent or very slightly developed in the
male. A large number of caudal papille usually present,

and s. . Vulve

mammals.
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of which the majority are preanal, Spicules paired and
equal or subequal in length, with or without lateral flanges
or ale. Accessory piece usually absent. Vulyg usually
somewhat in frony df the middle of the body. Vagina and
uterus run posteriorly from the vulva, the uterus having
a8 a rule, two parallel branches (occasionally four or six):
Worms oviparous, producing very large numbers of eggs,
the contents of which are unsegmented at the time of laying,

Subfamily ASCARINA Travassos, 1913,

(Esophagus without well-marked ventriculus, though a small
muscular bulb, or a small granular posterior portion, may be
present. Accessory piece absent. Life-history typically direct,
no intermediate host being necessary.

Key to Genera,

Adults parasitic in mammals ... ... ... .. 1.
Adults parasitic in reptiles . ... ... .. P

1. Cervical ale absent .................... ASCARIS, p. 3.
Cervical ale present ............... . ceen 2,

2. Anterior end of body bent ventrally;
wsophagus  with muscular bulb pos-
teriorly ...... ... oo,

Anterior end of body bent
eesophagus without bulb ..., ... . " | Toxasc 3 P

3. lnterla.biai) and interlabial grooves present ; OXASCARIS, p. 62.

uterine branches two ..., ... . . . v > $C
Interlabia and interlabial grooves absent ; Oruaseats, p- 4.
uterine branches four or six ;

Toxocara, p. 33.

............ Povybrrrhis, p. 48.

1. Genus ASCARIS Linnseus, 1758.
Synonyms :—Stomachida Percboom, 1780 : FPusaria Zed
18 - , , s Fusaria Zeder, 1800 ;
Lombricoides Mérat, 1821 ; Parascaris Yorke Man] ;
! ; : : aind ) ]
1926 ; Neoascaris Travassos, 1927. uid Muplestone,
Cervical ale absent.  Lips with dentigerous ridges. Inter-
labia absent or extremely reduced. No interlabial grooves
at pases of lips. Male with five or six pairs of postanal
papﬂ!a!, of }Vlugh one or more of the anterior pairs have
doub'> terminations. Preanal papille numerous and irregu-
larly  ranged. Spicules non-alate, tubular, relatively short

‘ a near middle of body or anterior to it.
Uterine branches two. Adult worms in small intestine of

Genotype :—Ascaris lumbricoides L., 1758.

Key to Species.

Head not distinetly marked off from neck. . . .

lumbricoides, p. 36.
Head wider than neck

.................... equorum, p. 39.
e vitulorum, p. 41.
D2
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’
1. Ascaris lumbricoides Linnwus. 1758, (Figs, 1 & 2).

Synonyms - [Lumbricus teres Tyson. 1683, pnul.nnn'unl : .f‘l.vmr:js
gigas Goeze, 17820 Ascaris swnm Govze, 17820 dlacarts Suie
Gmeling 179 ;. Fusaria Qonbricoides domoninn and P 1. suis
Zeder, 1800 Fusaria Dopbricoides s Rudolphi, l"(l“!)':
Lumbricws teves hominis Rudolphic 1809 0 Lsearns !/'f'/vmthmms
mnd ALy sids Rudolphi, 18095 dsenris orie Rudolphi, IS8T

Ascaris suillae Dujarding 18450 Asearis bifari Paird, 1S3,
Hosts :—Man (infestation very common in Tndin) * o pig (Sus
serofa) ;. Indian wild boar (Sus eristafus) (Baylis and l).-mlm(-‘_\'):
large Indian squirrel (Seiurus indicus) and Treawaddy H(]llll‘l‘(.‘l
(Seiurus  pygerythrusy, Zoological Gardens, Cualentta (H.’l:\'llﬁ
and Daubnev). The species is of cosmaopolitan distribution,
and occurs also in the larger apes, oceasionally in sheep and
cattle, and apparently rarely in the dog. The forms found

= SV

Fig. 1.—Ascaris lumbricoides. A, anterior end, ventral view ;. B, lips,
en face s C, ogg,  d., doranl lip ; s.e, subventral lip. (From
Baylis, after Yorke and Maplestone).

in man and the pig, although morphologically indistinguishable,
are regarded by some authorities as physiologienlly distir-et
varieties or races.

Ascaris lumbricoides, the common “ roundworm = of man,
is probably the most familiar of all parasitic worms. It has
been known from very early times, its lurge size and extremely
common occurrence having naturally  caused it to be one
of the first specics to attract attention. The male attains
a length of 150-250 mm. (exceptionally as much as 310 mm.)
and the female of 200-400 mm. or even more. The maximum
thickness is about 3-5 mm. The lateral fields appear as

* A recent report by Sweot (1929) gives the average incidence among
the population of different districts of tho Stato of Mysore as 34-2 per
cent., while in certain districts the incidonee was as high as 74-4 por cont.

) ASGARIS, . 37
1]

@ pair of whitish lines running throughout the ledgth of the
worm. The body tapers gradually towards each end. At
‘the anterior end it passes without any sudden change of
diameter into the " head,” which consists of three lips of
semicircular or somewhat quadrangular outline, - The dorsal
1P bears o)) jty outer surface a pair of large, lozenge-shaped,
double papillze, while each of the ventro-lateral lips carries
one double pn,pi”'d ventrally and two very small, simple
Papille, close together, laterally. The pulp of each lip is
produced anteriorly into a pair of blunt lobes, and there
18 also a pounded median lobe situated towards the inner
surface of the lip. The wsophagus varies in length from about
65 to 15 mm. : :
The caudal end of the male is conical and almost invariably
curled towards the ventral side. The tail itself is flattened

Fig. 2.—dscaris iunbricoides.  Posterior end of male ; ventral view.
D C: .
’ {After Schneideor.)

ventrally. There are about 70 to 75 pairs of caudal papille,
of which five pairs are postanal. Of these the two anterior
pairs are lm"ge papille with double terminations, while the
three posterior papille are arranged in a triangle on either
side. The preanal papille are very irregularly arranged,
forming a single longitudinal row on each side for a short
distance in front of the cloaca, then several confused rows,
and finally, anteriorly, single rows again. At some little
distance from the cloaca there is constantly a pair of double
papille in the series, though these are usually very asym-
metrical in POSlf'i‘Dn- A large, median, cushion-like papilla
is also present just in front of the cloacal aperture. The
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spicules are equal in fength about 2 mm.) and are broad.
dorso-ventrally flattencd. somewhat widened in their distal
half and without ale.

The tail of the female is short, straighc and conieal. The
vulva is situated at about the anterior third of the body.
frequently in a shallow annular constriction. Phe vaging
i narrow and about 6 mm. long. I usually runs forward
for a short distance from the valva, then doubles back sharply.
close to the ventral body-wall, and passes into the unpaired
portion of the uterus, which widens gradually and is about
10 mm. long. This gives off two relatively wide uterine
branches which run back, parallel to cach other, to within
about 20-30 mm. from the posterior end, where they turn
forward and pass into the narrower ovarian tubes, These
form several antero-posterior loops ol are also  thrown
into innumerable sccondary loops in o transverse direction.
Their convolutions ocenpy ahuost the whole of the hody-
cavity between the anus and the valva. The length of the
uterine  branches, when  stretehed  out. may reach about
200 mm., and that of the ovarian tubes, with their duets,
about 1230 mm. .

The eggs are very characteristic. They are oval, and have
thick shells which are covered before I:l\'}ng with an irregular
coat of a viscid albuminous substance, giving them a coarsely
mammillated appearance.  This albuminous cont, which is
transparent and  colourless while the egps remain in the
vagina, becomes stained  brown by the bile-pigment in the
host’s fieces after the egus are laid. The size of the egus
varies very considerably, measurements given by different
authors ranging from 0-043 to 0-O875 mum. iu length and from
0:035 to -0575 mm. in width., The contents of the eggs are
usually unsegmented at the time of laving.,  Unfertilized
eges, without the albuminous cont, are not infrequently
observed. These are generally longer and narrower than the
normal eggs. ;

The life-history of this species, thanks to the researches
of Stewart, Ransom, Yoshida and other investigators, is now
well known. Ax it is probably typieal of those Ascarids
which do not require an intermedinte host, a bhrief summary
of it may be given here. The eges reach the infective stage
after lying in the open for some weeks, during which period
they are extremely resistant to environmental conditions
such as cold and dryness, and to chemical substances.  They
can remain alive and infective for several vears, [If ingested
by a suitable mammal, they hateh in the small intestine,
and the larvee burrow into the wall of the intestine and pene-
trate into the small mesenteric veins or Ivmphatic vessels.
Carried by the blood-stream of the portal svstem, they reach
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the liver, and arc thence taken to the heart and by way of
the pulmonarv arteries to the lungs. Here thev rupture
+the capillaries and escape into the alveoli, grow and uzoult
and finally migrate’ up the bronchi and trachea. Reaohing:
the mouth, they are swallowed a second time. The foﬁrth
and.last moult takes place soon after the young worms reach
the intestine, where they now rapidly develop to maturity.

2. Asearis equorum Goceze. 1782, (Fig. 3.)

Synonyms :— Fusaria Lumbricoides equorwm Zeder, 18005 Asearis
gigas equi Rudolphi, 1800 ; Ascaris megalocephala Cloguet,
1824 ; " Ascaris levissima Baird, 1833: Parascaris cquorumn
Yorke and Maplestone, 1926.

Hosts :—This species oceurs chiefly in cquine animals
(horse, donkey, mule and zebra), and is of world-wide dis-
tribution. In India it has been recorded from horses by
Gaiger and by Baylis and Daubney. According to Gaiger
it is very common in the Punjab. Ascaris equorum hals
occasionally been recorded from cattle, though there 1s
possibly some doubt ax to the specific determination. Baylis
and Daubney (1923,5) refer to a single female specimen,
possibly of this species, in the collection of the Zoological
Survey of India, which was labelled as “ from the intestines
of cattle.” The type-specimen of Ascaris lavissima Baird,
which is regarded by the present writer as a synonym of
A. equorum, was of Indian origin, but its host is unknown.

Ascaris equorum is very similar in general appearance
to A. lumbricoides, and has about the same range of size,
though its average size is perhaps slightly larger. The male
varies in length from about 150 to 280 mm., the female from
180 to 370 mm. The worm is rather stouter than 4. umbri-
coides, the female attaining a thickness of about 8 mm.
An easily recognized difference from other species is to be
found in the relative size of the head.” In A. equorum
the ** head  is distinctly wider than the * neck *’ immediately
behind it. The lips are relatively large, and of characteristic
shape. Each lip has a well-marked and rather narrow
anterior lobe, separated from the very broad basal portion
by deep transverse grooves at its sides on the inner surface.
The pulp of the lip has paired anterior lobes which are slightly
emarginate at their ends. Between the lips there are slight
rudiments (}f interlabia. These structures are absent in
A. lumbricoides and in A. vitulorum, the common Ascarid
of cattle.

The tail of the male is flattened ventrally and its cuticle
is expanded laterally to form slight ale. There are,
according to Schneider, from 79 to 105 pairs of caudal
papille.  Of these, five pairs are postanal, the two anterior
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pairs of postanal papillae
first four pairs of pre
to these for
confused and
anteriorly (fro

having double terminations. The
anal papilke form single rows.  Anteriorly
some distance the papille form two or three
wregular rows on each salz, and still more
n about the 40th pair onwards) single rows

Fig. 3.—Ascaris cquorim.  Posterior end of male ; ventral view,
(After Schnoider.)

again. There is a small median papilla on the
of the cloacal aperture,

The vulva of the female is situated at about the anterior
quarter of the body. The vagina is relatively short, and
the uterus has the same general structure ay in A, lu«m.[n-[c’uidcs.
The eggs are almost spherical, and have finely pitted shells
measuring about 0-09-0-1 mm. in diameter, _

anterior lip
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3. Ascaris vitulorum Gocze, 1782, (Figs. 4-6.) ¢

Synonyms :— [umbricus teres vituli Rudolphi, 1809 : Ascrris yigas
' vituli Rudolphi, 1809 : Ascaris vituli Neumann, 1883, rec
G i 90 -» Yeoascaris vitulorum Travassos, 1927.
melin, 1790 ;» e
Hosts -—_This species has been recorded from cattle and
B . N S .
buffaloes jn various parts of Asia, Hurope, Africa, the
PhilippineS, West Indies and America. 'lt is usually found
in calves. [pdjan records are : domestlcgte(.i buffalo (Bos
balus), Punjab (Boulenger) ; zebu (Bos indicus), Co‘l_ox'nbo,
Ceylon (v. Linstow): = calf (probably Bos indicus), Siripur,
Bibar (Byyi; bney)
aylis and Daubney). . L
n &lccgunt of the discrepancies bet.\veeq various ({)&}stmg
descriptions of this worm, based on material frorfl different
Parts of the world, it has been suggested that two or more

Fig. 4.

—
o1rmm.

i i i i an-
Fig. 4.—Ascaris vitulorum. Dorsal lip, viewed from exterior. a.,
“ terior lobe of pulp; d.., dentigerous ridge; i, xl}terna(i
process of anterior lobo; p., papilla. (After Baylis an
Daubney.)

closely related species may have been confused. 1t appears
more probable, however, that A. witulorum is a somewhat
variable species. The following description is based on the
accounts given by Boulenger, Macfie, and Baylis and Daubney,
as well as the summary given by Ransom (1911) of the
description by Neumann,

The length of the male varies from 85 to 250 mm., that qf
the female from 155 ¢, 300 mm. The maximum thickness is
3-5 mm. in the male, 56 mm. in the female. The intervals
between the cuticular striations appear to be very variable
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Vig. 6.

Fig. S.—dscaris vitwdorwm,  Part of @sophagus and intestine. 1., in-
toatine ; m., muscular portion of asophagus ; v, vm\tri('l'l]uﬂ-
(After Baylis and Daubney.)
Fig. 6.—Ascaris vitulorum. Postorior ond of male ;
(After Boulengor.)

ventral viow.
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(30-90 k). The “head ™ has a diameter of 0-3-893 mn..
and is distinotly nurower than the “neck,” which forms
a kind of * ghoulder " behind the lips. These are broad
at the base and wirrower in front. The dorsal lip bears
& pair of large, simple papille, cach ventro-lateral lip a large,
lozenge-ﬂhape(l papilla towards its ventral margin and a small,
round papilla |aterally and more anteriorly. The pulp of
each lp sends out two rounded lobes anteriorly, and from
the inney surface of each lobe a blunt, inwardly-directed
process originates. The two processes converge slight'.ly
towards the middle line of the lip. There are no interlabia.
The wsophaeus js abont 3-3 mm. long, and has a maximum
thickness ofb()-s—ﬂ!) mm. It is modified at its postenor'cn‘d
to form o vepy gmall ** ventriculug,” or granular hu!h. _I‘hls
measures 0-35-0-¢ mm. in length and 0-43-0-8 min. in \\'1d.th,
and is not distinetly constricted off from the m'uscular portEou
of the oesop}mgu,q: but is preceded by a slight narrowing
of its diameter. The nerve-ring surrounds the cesophagus
at about 0-8 mm. from the anterior extremity. '

The tail of the male is 0-33-0-45 mm. long. There is a
constricted-off terminal appendage, with slight Itheravl_ alee.
On this appendage there appear to be usually four pairs of
papille, two ventral and two dorsal.  Between the appendage
and the cloaca there is a pair of very ]arge,‘ doul?le papilla.
The preanal papille are apparently very variable in number.
Baylis and Daubney found abont nine pairs, Boulenger
I3 pairs and Macfic 30 to 40 pairs. The spicules are equal
or subequal and measure about 0-9-1-25 mm. in length.
Their maximum thickness anteriorly is 0:04-0-043 mm., and
they taper posteriorly to end in blunt points.

The tail of the female is conical and 0-6-1-1 mm. long. The
vulva is situated at about one-ninth to one-seyenth of the
total length from the anterior end. The vagina is 10-11 mm.
lopg, the unpaired portion of the uterus 12-20 mm. The
uterine branches are relatively short (about 70 mm.).
Boulenger observed swellings at their junctign with the
oviduets, while in the specimens examined by Macfie these
swellings appeared to be absent. The coils of the ovarian
tubes return anteriorly as far as the level of the vulva. The
cggs are oval and have thick, coarsely granulated -shells
measuring 0-075-0-095 x 0-06-0-075 mm. Their contents are
unsegmented at the time of laying.

4. Ascaris sp.

Baylis and Daubney (1922) have recorded a small, immature
female Ascaris from the intestine of a wild pig (Sus cristatus
[bengalensis]) near Dinapore, Bihar. It was uncertain whether
this was referable to 4 umbricoides.
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2. Genus OPHIDASCARIS Bavlis, 1921,

Cervical alie absent., Lips almost square @ dorsal lip shightly
smaller than ventro-lateral lips.  Dentigerous ridges present.
Interlabia usually well developed.  Deep transverse interlabial
grooves run from the interlabia partially round the bases
of the lips. (Esophagins without bulb or ventriculus., Male
typically with six pairs of postanal papilla, the most anterior
pair frequently having double terminations.  Preanal papillae
nomerous.  Spicules subegual, alate. Volva usually in pos-
terior half of body.  Genttal organs in both sexes usually
confined to posterior region of body, which often shows
a fusiform thickening,  Uterine branches two.  Adult worms
m alimentary canal of reptiles,

Genotype :—Ophidascaris filaria (Dujardin, 1843).

Key to Npecies,
Parasito of pythons 0000000000 filuria, p. 4.
Parasite of Tropidonotus .. . . ‘estri, p. 4G,

..................... neaia, P 46,

I. Ophidascaris filaria (Duj.. 1545) Bavlis, 1921, (Fig. 7.)

Synonyma s - Ascarix filaric Dujardin, 1845 ; Ascaris rubicunda, 3,
Nchooider, 1866 ;¢ Asearis fafundibulicola v. Linstow, 1903,

Hosty :—A * large serpent,” probably python, Pondicherry
(Dujardin) 5 Python molurus, Bengal (Schneider) 5 Python
molurws, P.reticulatus, Python sp.. Zoological Gardens, Calentta
(Baylis and Daubney).

This species is extremely common in pythons and  has
a wide geographical distribution, oceurring not only in the
Asiuti(: forms, but also in Python scba in Afriea and in
P. spilotes in Australin. It has also heen recorded from
a monitor (Varanus sp.) in Zanzibar (Bavlis, 1921). The
adult worms are found in the intestine,  Jmmature forms
have been found on severnl oceasions in the lungs of Python
molurus and P. reticulatus.  Fromr this it may be inferred
that the larva go through a course of migration within the
'b‘()(ly of the host before settling permanently in the intestine.
Pheir sojourn in the lung appears to be of considerable
duration, as they may grow to a length of some 60 mm.
in this situation. They do uot, however, appear to acquire
the definitive structure of the lips before leaving the lung.

The adult worms attain a length of about 110 mm. in the
male and 170 mm. in the female, The maximum thickness
is about 1 mm. in the male and -5 mn. in the female. The
cuticular striations are about 3 u apart.  The body is greatly
clongate and a little more tapering in front than behind.  Each
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lip bears two papilim. Those of the dorsal lip haye double
terminations, while cach ventro-lateral lip has a large papilla
towards the ven(ral and a smaller papilla towards the lateral
margin. The Jopg? lip has a slightly emarginate anterior
border and rounded free angles. The free end of each lobe
of the pulp is pyltiradiate, with an antler-like lobule directed
laterally anq postcrim‘ly. The interlabia are short and
bluntly conjeq), There are well-developed grooves at the
bases of the lips. The cesophagus is 5-7 mm. long apd is
somewhat swollen post(\,riorly. The excretory pore is at
about 1-4 mm. from the anterior end. .
The tail of the male is bluntly conical. There are six paurs
of postanal papilla, of which the most anterior palr are

|
A
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Fig. 7.—Ophidascaris filaria. Head ; dc:rsal view.
(After Baylis, in Parasitology.’)

gituated a little behind the cloaca and have double terminations.
The other five pairs form an almost circular group on either
side near the tip of the tail. The spicules are slightly qnequa.l
and measure about 4—4-8 mm. in length. Their tips are
rounded. The width of the spicules, including the shaft
and alz, is 0-06-0-07 mm. _
The tail of the female is bluntly conical and about 0-3 mm.
long. The vulva is situated considerably behind the middle
of the body, dividing the total length in the proportion of
about 7:4. The vagina is simple and muscular, 0-15 mm.
in diameter. It sometimes runs forward at first from the
vulva, then doubles back with a sinuous course and passes,
a little behind the level of the vulva, into an oval swelling
measuring 2bout 0-4x0-27 mm. This is followed by a
straight, unpaired portion of the uterus, about 4 mm. lpng
and having 8 maXimum width of 04 mm. The uterus divides
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into two vide branches which run posteriorly. paratlel to cach
other, and pass suddenly into two short, narrow, muscular
ducts which, after a4 course of about 0-7 mm., expand in.to
fusiform swellings and then join the oviduets.  The ovaries
turn forward soon after their orizin, the anterior limit of their
coils being at about the level of the biturcation of the uterus,
from which point (hey return to the posterior ened, terminating
at about 15 mm. in front of the anus. The egus are nearly
spherical and measure 04063 0073 mm. in diameter.

2. Ophidascaris gestri (I>arona, 1884) Baylis, 1921,
Syvnonym s Lsearis gester Pavonn, 1889,

Host - —-Tropidonot s piscator T quincunciatusy, Northern
Tenasserim  (Pa.ona) : Botanieal Cardens, Caleutta, and
Dibrugarh, Assam (Baylis and Daubney).

La this species, according to Parona’s deseription, the length
of the male is 55 67 mm., that ot the female 53-78 mm.
The maximum thickness is 1 mn., and the cuticular striations
are fine. The body is elongate and slender, not tapering
much at the extremities. The dorsal lip bears two small,
rounded, marginal papillic. The ventra-lateral lips have two
{7 two each] small papille on theie marging anteriorly, and have
an indentation on each side at their bases,

The tail of the male has o terminal spike. The ‘eaudal
papille are small and sessile, and consist ot two pairs of
postanal and ten pairs of preanal papille.  The spicules are
long and equal, with rounded tips.

The tail of the female is very short and has a terminal spike.
The vulva is in the anterior third of the body.

The specimens recorded by Bavlis and” Daubuey (1923)
were in poor condition. and their determination is somewhat
doubtful.

3. Ophidascaris naiee (Goedoelst, 1916) Bavlis, 1921, (Figs. 8
&9.) '

Synonym :-—dscaris naia Gedoelst, 1916,

Hosls : —Cobra  (Nuju  tripudians), Sura  Ghat © kraits
{Bungarus  fusciatus, B. bungaroides), Zoological  Gardens,
Caleutta (Baylis and Daubney).  Originally  recorded  from
Naja nigricollis, Belgian Congo.

The length of this species, according 1o Gedoelst, is 62 mm.,
in the male and 56:7 mm. in the female, and the maximum
thickness is 1-1-07 mm. The cuticular striations are 2:5-3 p
apart. The body is more tapering in front. than behind.  The
dorsal lip, in material from Naja tripudians, bears two double
papille.  The pulp sends out two lobes, cach of which is
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prolonged in opposite directions into two points, one running
forward and towards the middle line of the lip, the other
backward and towards the margin. The interlabia are small
and narrow, with rqunded extremitics, and about one-third
the length of the lips. The cesophagus may attain a length
of 3:256 mm. or more in the female (Gedoelst gives 2:9 mm.).
The nerve-ring is situated within its anterior fifth.

INg. 8.

1 g.1mrmy, I

Fig. 9.

¥ig. 8.-—Ophidascaris naix. Dorsal lip of {emale, viewed from exterior.
(After Baylis and Daubney.)

Vig. 9.—Ophidascaris naiz. Posterior end of male; ventral view.
(After Baylis and Daubney.)

The tail of the male is about 0-2 mm. long. There are six
pairs of postanal papille. The three nearest to the tip of
the tail on either side form a triangle, two being lateral or
subdorsal, the third smaller and subventral. A little more
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anteriorly, there are two ventral pairs, and at the sides of the
cloacal aperture, somewhat widely separated from the rest,
a pair of very large papille apparently having double ter-
minations.  There are about 35 pairs sof preanal papillae.
The spicules have blunt tips and are slichtly unequal in length.
iedoelst gives their lengths as 5:04 and 464 mm. Ina male
from  Neaja tripudians they measured 43 and 3-25 mm.
respectively, the longer being the left spicule.

In the female the tail is 0-24 mm. long and has a conieal tip.
The vulva, according to Gedoelst, is in the middle of the
body. In Indian material it was found to be considerably
behind the middle (at 21-7 mm. from the posterior end in
a specimen just under 51 mm. long.). The vagina is long,
narrow and sinuous, and passes gradually into the unpaired
portion of the uterus. This and the two uterine branches
are very short. The branches, after a sinnous course oceupying
about 10 mm. in the 51 mm. specimen, pass suddenly into
short, narrow, muscular canals, and these again into the
wider oviducts, The coils of the ovarian tubes extend
backward to about 4 mm. from the posterior end and forward
to the level of the vulva. The eggs are clliptical and have
thick, finely punctate shells incasuring 0-08 % 0-072 mm.

3. Genus POLYDELPHIS Dujardin, 1845,

Synonym :—Hexzametra Travassos, 1920,

‘ervical alae absent. Lips oblong or more or less hexagonal,
frequently longer than broad and usually broader at tho base
than at the frec edge. Dorsal lip usually smaller than the
ventro-lateral lips. Pulp of ventro-lateral lips asymmetrical.
Interlabia and interlabial grooves absent.  (Esophagus without
bulb or ventriculus. A rudimentary intestinal  cwcum
oceasionally present. Spicules  subequal, alate.  Caudal
papille of male typically as in Ophidascaris. Vulva usually
in anterior region of body, rarely behind the middle.  Uterne
branches four or six. Adult worms in alimentary canal
of reptiles.

Genotype :—Polydelphis anoura Dujardin, 1845.

Key lo Species.

Parasites of pythons. Uterine branchos
four ... o 1.
Parasites of other reptiles ............... 2.
1. Length up to 116 mm. (&), 144 mm. ().
Postanal papille of ¢ 6 pairs. Spicules
10-5 mm. Vulva at about anterior third. anoura, p. 49.
Length up to 190 mm. (&), 2568 mm. (4).
Postanal papille of & 5 pairs. Spicules
7-9 mm. VYulva at about anterior tifth.. attenuats, p. 51.

N POLYD lJLPHIS. ) 49

Length 58 mm. (¢). 63 mm. (¥). Postanal "
papille of 3 2 (?) pairs. Spicules 54 mm.
Vulva at anterior third ................ oculata, p. 52.
2. Uterine branches sixy . ......cooveeeenn.. .
Uterine branches Tour. Parasite of Colu-
brine snakes (Tropidonotus) . ........... brachycheilos, p. 52.
3. Parasite of snakes (Tropidonotus, Bungarus). sewelli, p. 54.
Parasite of lizards (Calotes) . ............. rotundicaudata, p. 56.

1. Polydelphis anoura Duj., 1845. (Figs. 10 & 11.)

Synonyms :—Ascaris (Polydelphis) anoura Dujardin, 1845 ; Ascaris
anoura Creplin, 1848 ; Ascaris attenuata of Stossich, 1896 (part) ;
Ascaris attenuata, &. of v. Linstow, 1899 ; Ascaris pythonis
“ Retzius, 1830 " of Railliet and Henry, 1910 (part); Ascaris
(Polydelphis) pythonis ** (Retzius, 1830) 7 of Gedoelst, 1918.

Host :— Python molurus. This species is common not only
in the Indian python, but also in the African species, Python
seba. 1t is said also to occur in a variety of other African
and even American snakes, but the determination of the
parasite must, in some cages, be regarded with suspicion.
Indian localities for its occurrence in P. molurus include
Nepal Terai and Kichha, Naini-Tal district (Baylis and
Daubney, 1923).

The male attains a length of 116 mm., the female of 144 mm.
The maximum thickness is about 2-1-2-8 mm. The cuticular
striations are 4-10 u apart. The body is tapering in front
and stout posteriorly. The lateral fields are wide and more
transparent than the rest of the cuticle. The lips are small,
rather longer than broad, and somewhat emarginate in front.
The dorsal lip has two large, double papille, the ventro-
lateral lips each a large double papilla towards the ventral
side. The pulp of each lip sends out two inwardly and
forwardly directed processes with flattened and expanded
terminations. The expanded portion has somewhat the
outline of a human foot. The cesophagus is about 10 mm.
long.

The tail of the male is blunt, with a small terminal spike,
and measures about 0-35 mm. in length. There are six pairs
of postanal papillee, of which the three most posterior form a
triangle on either side near the tip of the tail. The most
anterior pair consists of large, double papillz situated near the
corners of the cloacal aperture. In addition to the two
sublateral rows of 25 or more preanal papillee, there is a
median double papilla in front of the cloaca. The spicules.
are equal, 10-5 mm. long and conically pointed.

The vulva is at a little less than one-third of the total
length from the anterior end. The vagina passes gradually
into the unpaired portion of the uterus, which has a fusiform
swelling at about its middle. The combined length of this.

NEM. E
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anteriorly, there are two ventral pairs, and at the sides of the
(‘loa(:f\l aperture, somewhat widely separated from the rest,
a pair of very large papille apparently having double ter-
'n‘nnutu'ms_ There are about 35 pairs of pn-:mul pnpilla‘.
{hv ‘*I”"“l(}\' have blunt tips and ave slichtly unequal in length.
(_'(“l”("lh’f gives their lengths as 504 and {4 mm. In a male
from ‘.\"./"' ripudians they measured 43 and  3:25 mm.
"""‘l""'“\‘t"l_\'. the longer Iwin‘g the left spicule.
. In the female the tail is 0-24 wmm. fong and has o conical tip.
Fhe vulva, according to CGedoelst, is in the middle of the
body. In Indian material it was found to be considerably
[)(‘hlll(l. the middle (at 21-7 mm. from the posterior end in
a specimen just under 51 mn. long.).  The vagina is long,
narrow and sinuous, and passes gradually into the un]mired
portion of the uterus. This and the two uterine branches
are very short., The branches, after a sinuous course occupying
about 10 mm. in the 31 mm. specimen, pass suddenly into
N}[()l‘t, narrow, muscular eanals, and these again into the
wider oviduets. The coils of the ovarian tubes extend
backward to about 4 mm. from the posterior end and forward
to the level of the vulva.  The eges are clliptical und have
thick, finely punctate shells measuring 0-08 - (-072 mm.

3. Genus POLYDELPHIS Dujardin, 1845,

(I
Synonym :— Hezrametra Travassos, 1920,

Cervical alw absent.  Lips oblong or more or less hexagonal,
frequently longer than broad and usually broader at tho base
than at the frec edge.  Dorsal lip usu;nlly smaller than the
ventro-l{tteml lips. Pulp of ventro-lateral lips asymmetrical.
Interlabia and interlabial grooves absent. (]')sophn.gun without
bulb _or ventriculus. A rudimentary intestinal - cacum
occasionally present.  Spicules slllw(ilml, alate.  Caudal
papille of male typically as in Ophidascaris.  Vulva usually
in anterior region of body, rarely behind the middle.  Uterwne
branches four or six. Adult worms in alimentary canal
of reptiles.

Genotype :— Polydelphis anoura Dujardin, 1845.

Key to Species,

Parasites of pythons. Uterine branchos
four ... l

Parasites of other reptiles ............... 2

1. Length up to 116 mm. ($), 144 mm. ().
f’(?itanal peg)illlm of 3b0 puirs.  Spicules
-6 mm. ulva at about anterior thi

Length up to 190 mm. (a),‘l:.’l;m“n:ntn?"r“.\l).. anoura, p. 4.
Postanal papille of & 5 pairs. Spicules
7-9 mm. Vulva at about anterior fifth.. attenuata, p. 51.
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Length 58 mm. (3). 63 mm. (¥). Postanal »
papillee of § 2 (?) pairs. Spicules 5-4 mm.
N Vulva at anterior third .. .....oovn oculata, p. 52.
2. Uterine branches 8i¥a oo cvoeamvon v 3
Uterine branches Your. Parasite of Colu-
brine snakes (Tropidonotus) ............ brachycheilos, p. 52.
3. Parasite of snakes (Tropi(lonotwv. Bungarus). sewelli, p. 4.
Parasite of lizards (Calotes) .............. rotundicaudata, p. 56.

1. Polydelphis anoura Duj., 1845. (Figs. 10 & 11.)

Synonyms :— Ascaris (Polydelphis) anoura Dujardin, 1845 ; dscaris
anoura Creplin, 1848 ; Ascaris attenuata of Stossich, 1896 (part) ;
Ascaris attenuata. 3. of v. Linstow, 1849 Ascaris pythonis
“ Rotzius. 1830 7 of Railliet and Henry, 1910 (part) ; Ascaris
(Polydelphis) pythonis ** (Retzius, 1830) 7 of Gedoelst, 19186.

Host :— Python molurus. This species is common not only
in the Indian python, but also in the African species, Python
seba. It is said also to occur in a variety of other African
and even American snakes, but the determination of the
parasitc must, in some cases, be regarded with suspicion.
Indian localities for its occurrence in P. molurus include
Nepal Terai and Kichha, Naini-Tal district (Baylis and
Daubney, 1923).

The male attains a length of 116 mm., the female of 144 mm.

The maximum thickness is about 2-1-2-8 mm. The cuticular
striations are 4-10 u apart. The body is tapering in front
and stout posteriorly. The lateral fields are wide and more
transparent than the rest of the cuticle. The lips are small,
rather longer than broad, and somewhat emarginate in front.
The dorsal lip has two large, double papille, the ventro-
lateral lips each a large double papilla towards the ventral
gide. The pulp of each lip sends out two inwardly and
forwardly directed processes with flattened and expanded
terminations. The expanded portion has somewhat the
outline of a human foot. The esophagus is about 10 mm.
long.
The tail of the male is blunt, with a small terminal spike,
and measures about 0:35 mm. in length. There are six pairs
of postanal papille, of which the three most posterior form a
triangle on either side near the tip of the tail. The most
anterior pair consists of large, double papille situated near the
corners of the cloacal aperture. In addition to the two
sublateral rows of 25 or more preanal papille, there is a
median double papilla in front of the cloaca. The spicules
are equal, 10-5 mm. long and conically pointed.

The vulva is at a little less than one-third of the total
length from the anterior end. The vagina passes gradually
into the unpaired portion of the uterus, which has a fusiform
swell;lg at about its middle. The combined length of this.

NE. . E
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portion and the vagina is about 3¢ mm.  There ;11»9.four
relatively very short uterine branches.  These  originate
in an oval cgg-reservoir, and run st raicht huek to end suddenly
in narrow muscular canals ahout 3 mm. long.  The latter
are separated from the oviducts by globular or fusiform

i 10,

Iig. 10.—Polydelphis anoura. Dorsal lip of male, viewed from exterior.

{After Baylis and Daubuey.)
Fig. 11.—Dolydelphis anora. Posterior end of male ;s

(After Baylis and Duubney.)

swellings.

measure 0-066-0-072 mm. in diameter.

ventral view.

The four genital tubes bend forward soon after
the termination of the uterine branches, the ovaries occupying
the greater part of the posterior region of the body between
the vulva and the anus. The cgus are nearly spherical and

1] 4 . JF g Y 5}
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2. Polydelphis attenuata (Molin, 1858) Gedoelst, 1916.
(Fig. 12))

Synonyms :— -Lseasis attenuata Molin, 1858 ; i ‘e
S('hr}nider, 186’6? Ag.ef(;rz'o-”p_l/tionis %‘Sl)ibiézi‘?x:?alrg%éI’t’b%fl‘“{ggfuié
ill:]nll(.l-lvnry, 1910 (part) ; Ascaris (Polydelphis) attenuata Gedoelst,

. ).

Hosts ——Python molurus, P. reticulatus. Mainly recorded
from pythons in various zoological collections in Europe.
Stossich has recorded the species from Python sp. at Madras,
and v. Linstow from Python molurus in India. It appears
to occur in P. reticulatus in the Malay region, and has been
recorded from Python sebie and other snakes in Africa.

This species is very similar to the preceding, but attains
a considerably greater length. The male may measure up
to 190 mm., the female up to 253 mm. The maximum
thickness is about 2 mm. in the male and 3 mm. in the female.
The cuticular striations arc about 3 pu apart. The lips are
relatively small and oblong, somewhat longer than broad,

T Ad AT
O-lmm (

fig. 12 -Polydelphis attenuata. Head ; dorsal view,
o (After Baylis, in ‘Parasitology.”)

with slightly emarginate anterior border and rounded angles
The cesophagus is relatively long, occupying one-elevgntl;
to one-ninth of the total length of the body. The nerve-rin
is situated at about its anterior eleventh, and the e\ccretorg
potie a little behind this level. ) Y
The tail of the male is conical. There : r i
I;((.)sta,!ml fpapi]lae l(two subventral, three ela,iz(;aﬁ\(;n%algf)rl?g
36 pairs of preanal papillze. The spi ar . .
7—9pmm., a{id have} bllunt tipsl.‘ © spicules ave equal, measuring
fl‘he tail of the female is very blunt, but has a small terminal
spike. There is a pair of caudal papille at ().ll75(‘mm froin
the extremity. The vulva is situated at about the a,r;terior
fiftth of the body. The vagina widens gradually into the

T2
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undivided*portion of the uterus. Thix runs back to a point
about 35 m. from the anterior end of the body. where it
gives off four wide branches. These run hack and narrows
suddenly behind into short musealar canads, about 145 mm.
fong, separated by small swellings from the oviduets,  The
coils of the ovarian tubes extend back nearly to the posterior
end of the body, and then run forward to a point about 5 mm.
behind the vulva., The eygs are roundish-oval and measure
0-075 -0-09 ~ 065 0-07 mm.

3. Polydelphis oculata (v. Linst.. I8¢ Railliet and Henry 1910,

Synonyms :~ Awcaris oculata v Linstow, 1809 dsearis {Poly.
delphis) oculata Raillict and Heney, 190,

Hosts :—Recorded from Python reticulatus {Berlin Museum)
by v. Linstow, and from the Mfrican python (P. sebe)
by Railliet and Henry. Baylix and Daubneyv (1922) refer
to two female specimens from a python (2 2. molurus or
P, oreticulatusy from Assuan, which possibly belonged to this
species.

The status of this species appears somewhat  doubtful,
As has been pointed out by Bavlix and Daubney (1923, b),
v. Linstow’s  figure of the dorsal lp of dscaris oculata
shows a close resemblance to the lip of P anowra.  Apart
from ity wmaller mensurements, it seems possible that this
form may be identical with . anoura. The following
deseription is taken from v. Linstow’s acecount, supplemented
by that of Railliet and Henry.

Length, male, 5% mm.: female, 63 mm.  Thickness,
male, 2 mm.; female, 241 mm.  Body tapering in anteriot
third, stout and cylindrieal posteriorly.  Lips nearly square,
with free angles rounded.  Dorsal lip slightly  broader than
long (0-18x0-14 mm.). Cephalic papillie very large, Each
lobe of pulp of lip gives off an inward projection.  (Esophagug
6 mm. long. Tail of male 1 265 of total length, with a sigall
terminal digitiform appendage. Two pairs of postanal and
six pairs of preanal papillac present. Spicules 54 mm. lm‘lg.
Tail of female 1/53 of total length, blunt.  Vulva at anterior
third of body. Vagina at first simple, slender, sinuous, with
a fusiform swelling near its origin, and giving off, at 11 mm.
from ity origin, four wide branches 20 mm. long, which run
backwards. Ova  0:06- 0067 . 00535 0-06  mm.  Larvie on
hatching measure 0-4-0-425 mm. in length.

4. Polydelphis brachycheilos (v. Linstow, 1906). (Figs. 13& 14.}
Synonym :—Ascaris brachycheilos v, Linatow, 1904,

Host :—Tropidonotus  piscator |T'. asperrimus| (i““‘-"ti".e);
Colombo, Ceylon.

POLYflELPHIS. 53

This species was very briefly and so
described by v. Linstow. Through t
‘Director of the Colombo M
to re-examine the type-
(one of which lacks the

mewhat itaccurately
he kindness of the
Museum the writer has been able
specimens. These consist, of two males
anterior end) and one female,

The male measures 55 mm. in len é
1 : . gth and about 0-9 i
maximum thickness, the female 104 mm. and about llgn:nnl]n
respectively. The diameter of the head is 024 mm. in the

Fig. 13.
T T

Fig. 14.

Fig. l3.-1’olyde{phis brachycheilos.
. Pe.;tenor._ (Original.)
Fig. 14— ziyotvi:'lph(zsril)gr&;}igf)clz,ezlos. Posterior end of jngle ;

Dorsal lip of female, viewed from

ventral

male, 042 mm. in the female. The lips are somewhat emar-

ginate in front. The “small conjcal interlabia » i
and figured by v. Linstow appear to have oo ot

writer. The dorsal lip is 0-17 mm. wide in th
in the female. A prominent marginal den

resent anteriorly. The main pulp.mass of
indented in front, and antler-like branchin
very similar to those of P. sewell; 3nq oth

e male, 0-26 mm.
tigerous ridge is
the lip is deeply
g pulp-processes,
er species, appear
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to be present, though in the material available they are
not. very well defined. The cuticular striations on the body,
if present, are extremely fine. The csophagus measures
3:5 mm. in length in the male, 5 mm. is. the female. No
intestinal caecum wag seen.

The tail of the male is blunt and rounded, but bears a small
terminal spike. Excluding the spike, the tail measures
0-21-0-23 mm. in length. The spike itself measures 0-03 mm.
v. Linstow mentions only two pairs of postanal and three
pairs of preanal papille. The writer finds that there are
five pairs of postanal papille (fig. 14). The most anterior
papilla on each side is double, and lies some distance behind
the cloacal aperture. Behind the middle of the tail there
are two pairs of smafl subventral papille, and at the extremity
of the blunt portion two pairs, one of which is subdorsal.
The preanal papille, of which there appear to be at least
39 pairs, are small and arranged in a faitly regular series
on each side. Both spicules appear to be incomplete in one
specimen. In the other the right spicule is apparently
complete and measures about 125 mm. in length. The
spicules are provided with ala.

The tail of the female measures (without the terminal
spike, which has been broken off) about 0-4 mm. in length,
and is extremely blunt and rounded. The vulva is situated
behind the middle of the body, at about 49 mm. from the
posterior end, and not, as stated by v. Linstow, near the
end of the anterior third. The vagina turns forward at first
for a short distance from the vulva, then doubles back and
passes into a short uterine trunk. This widens rather suddenly
into an oval egg-chamber measuring about 12 mm. in length
and 0-7 mm. in width, which gives off posteriorly four uterine
branches. Thesc run almost straight backwards for a distance
of only about 15 mm. before passing into the ovarian tubes.
The coils of the latter extend posteriorly only to within about
20 mm. of the hinder end, and anteriorly to a point about
2 mm. in front of the vulva. The eggs are subglobular and
have a maximum diameter of about 0:08-0-09 mm. According
to v. Linstow, their shells are ' closely beset with small
granules.”

X

5. Polydelphis sewelli Bavlis and Daubney, 1922. (Figs. I
& 16.)
Hosts :—Originally recorded from the Montpellier snake

(Ceelopeltis monspessulana) from Palestine (Baylis and Daubney,
1922) ; subsequently from Tropidonotus stolatus, Lakhimpore,

Assam : T. piscator, Dibrugarh, Assam: and (probably)

Bungarus fasciatus, Dibrugarh (Baylis and Daubney, 1923).

, POLYI{ELPHIS, 55
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tl‘he worms are relatively slender and of almost uniform
thickness tyhroughm.lt. The male measures about 66 mm. in
Jength and 1-2 mm. in thickness, the female 78 mm. and 1-4 mm.
respectively.  The vuticular striations are exceedingly fine.
The diameter of the head is (-3-0-34 mm. The lips are
somewhat hexagonal in outline and slightly broader than
long. Their anterior and lateral borders are somewhat
emarginate. The pulp of the dorsal lip has two well-developed
antler-like anterior lobes, each having two main divisions.
The dorsal lip carries two simple lateral papille, each ventro-
lateral lip one large ventral and one very small lateral papilla.
The esophagus is somewhat enlarged posteriorly and measures
about 5 mm. in length. There is, at least in some individuals,
an intestinal cecum, which may reach a length of about
0-6 mm. or may be quite rudimentary and not more thap
0-125 mm. long. A pair of very small cervical papille is

o-l mn.

Fig. 15.—Polydelphis sewelli. Dorsal lip of female, viewed fronr
exterior. a.l., anterior lobe of pulp ; d.r., dentigerous ridge ;
p., papilla. (After Baylis and Daubney.)

present at about 1-4 mm. from the anterior end. The nerve-
ring is situated at 0-7-0-85 mm. from the same point.

The tail, in both sexes, is very short and rounded, and
terminates in a small spike about 0-05 mm. long. The tail
of the male is 0-25 mm. in length. There are six pairs of
postanal papillz. The most posterior papilla on each side
is relatively large and dorsally placed ; the second is very
small and lateral ; the third, fourth and fifth form a triangle,
two being ventral and one more lateral ; the sixth is a large,
double papilla near the cloaca and separated by a considerable
space from the rest. The preanal papille are arranged in
a single fairly regular and close series of about 43 on either
side. There is also one papilla, more laterally situated,
at about the same level as the fourth of the series, on each
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side. The spicules are short, subequal and broadly alate.
The right spicule measures 1-35 mm., the left 1-4 mm., and
the dorso-ventral diameter of each is about 0-06 mm.

In the female the tail is 0-3 mm. ‘ong. The vulva is
situated at about 34 mm. from the posterior end, dividing
the body in the proportion of about 19 :17. The vagina
is narrow, muscular and irregularly coiled, and leads into
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Fig. 16.—Polydelphis sewelli. Postorior end of male ; lateral view.
(After Baylis and Daubney.)

a uterine chamber about 1-6 mm. long, which gives off
posteriorly six parallel uterine branches. These run back
to a point about 15 mm. from the posterior end, where they
pass into the ovarian tubes. The coils of the latter extend
back to 10 mm. from the posterior end, and then run forward
to the level of the vulva. The eggs are roundish-oval or
nearly spherical, and have thick, finely-granulated shells
measuring 0-09-0-1 x 0-075-0-087 mm.

6. Polydelphis rotundicaudata (v. Linstow, 1904). (Fig. 17.)

Synonym :—Ascaris rotundicaudata v. Linstow, 1904.

Host :—Calotes calotes [C. ophiomachus] (stomach and
intestine) ; Colombo, Ceylon.

-~

)
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Through the kindness of the Director of thes Colombo
Museum the writer has been able to examine the type-
gpecimens of this species. These include one male and
several females. The species proves to belong to the genus
Polydelphis, and is very closely related to P. sewelli, from
which it differs only in very slight characters. It seems,
in fact, possible that the two forms may be identical, but
the material at present avail.ble does not enable this question
to be definitely decided.

The male measures about 45 mm. iz Yorgth and =eanly -

1 mm. in maximum thickness, the females up to 73 mm.
and about 1-2 mm. respectively. The diameter of the head
is about 0-25-0-3¢ mm. The dorsal lip is more rectangular

C
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Fip, 17.—Polydelphis rotundicaudata. Posterior end of male; lateral
view. (Original.)

than in P. sewelli, but appears to have very similar branching
pulp-processes anteriorly. The cesophagus is much shorter
than in P. sewelli, measuring only 2:8 mm. in the male and
about 3-5 mm. in the largest female. No definite intestinal
cecum was observed. The nerve-ring is situated at about
0-7 mm. from the anterior end in the female.

The tail of the male is about 024 mm. long. Its tp,
however, has been damaged and the terminal spike (if originally
present) has been broken off. There are six pairs of postanal
papille, arranged as shown in fig. 17, the most posterior pair
being subdorsal. There is one pair of rather Jarge adanal
papille, with double terminations, and about 40 pairs of



With
) e tail or 08 my,.
;Lb.Out 0-36_ 45 ¢ femaje g biy .
I:g)d(f‘&bout 12:”". in f(*ngth, I,n,t(l,‘, rzg."‘i’nx'w(l and measures
Sttuateq 4p -y 0 long. Siuding a minute terminal
About 2+~ cae vulva, in a 73 mm. speeimen,
l i H ‘ ‘ L+ mn. from the anterior end, and is
thus considerably in front of the middle of the body. The
vagina is short, narrow and rather convoluted. At a distance
of a little more than 2 mm. behind the vulva the uterus
divides into six branches, which run straight back for a dis-
tance of about 20-25 mm. and then pass into the narrower
oviducts. The eggs are roundish-oval or subglobular, and
have a greatest diameter of about 0-08-0-09 mm.

Tlleir dorgo-vencral

7. Polydelphis sp.

Baylis and Daubney (1922) recorded two female specimens,
one in very poor condition, taken on separate oeccasions
from examples of the common chamileon of India (Chamirleon
wylanicus |C. calearatus|). They belonged to the seetion
of the genus in which there are six uterine branches, but it was
impossible to determine whether, or not, they were identical
with Polydelphis hexametra (Gedocelst, 1916), a species recorded
from Chameeleon dilepis in the Belgian Congo.

8. Polydelphis sp.

Baylis and Daubney (1923, b) also recorded two male
specimens of an undetermined species of this genus from the
stomach of Lachesis (T'rimeresurus) gramineus.

4. (jenus TOXOCARA Stiles, 1905,
Synonym :—Belascaris Loiper, 1907,

Cervical ale present, coarsely striated.  Body bent ventrally
anteriorly. Lips with pulp forming two deeply separated
anterior lobes and an unpaired internal lobe.  Interlabia
absent. (Ksophagus with a distinet musecular bulb  pos-
teriorly. Tail of male with a terminal digitiform appendage,
marked off by a constriction. On cach side a group of tive
postanal papille on the terminal appendage (two subdorsal,
one lateral, two subventral), one double subventral papilla
between the cloaca and the base of the appendage, and about
20 preanal papille. Spicules subequal, alate.  Vulva towards
anterior quarter of body. Unpaired portion of uterus
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b
relatively long.  (‘ils of female genital tubes extendsthrough.
out almost the whole length of the body. Kgos rrlobutiu.r
or subglobular, with thin shells, the surfuce of which i pitted
Adult worms chietly? in the small intestine of carnivorous
mammals,
Genotype :—7'oxocara canis (Werner, 1782).

Key to Species.
Parasite of dog tribe ... ............ ... ... .. canis, p- 59.

Parasito of cat tribo ..o mystaz, p. 0.
Parasite of elephant ........................ elephantis, p. 60.

1. Toxoeara canis (Werner. 1782) Stiles, in Stiles and Hassall,
1905, (FKig. 18.)

Synonyms i—Lwmbricus  canis Werner, 1782,  Adscaris vulrp?’.\-
¥rolich, 1789; Ascaris triquetra Schrank, 179v; Fusaria
triquetra  Zeder, 1800 : Ascaris marginata Rudolphi, 1802 ;:
Belascaris marginate Raillict and Henry, 1911; Belascaris
vulpis Raillict and Henry, 1911,

Hosts :—This species, which is a cosmopolitan parasite of
dogs, is recorded in India from the following animals : dog,
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Fig. 18.—Toxocara .cam‘.«r. A, anterior end, ventral view; B. lips,
dorsal view ; C, posterior end of male, lateral view ; D, ogg.

a., cervical ala ; ., spicules. (From Baylis, after Yorke and.
Maplestone.)
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Punjab, common (Gaiger), Calcutta (1 i .

Colombo, Ceylon (v.g L)instow) * ;( )jég:ilm(gnd'Daubney),

Indian wolf (Canis pallipes) and Indian fox (Vul e‘;’;;w aureus),

Zoological Gardens, Calcutta (Baylis ana’ Daug:le engalensisy,
This species reaches a length of 50-100 mm,yi),; th

and 50-180 mm. in the female. The cuticular str?a?ale

are 9-37 p apart. The anterior lobes of the pulp of t;hel{)ins

are digitiform, tapering and convergent. The cervical ale ag:

long and narrow, and diminish gradually in width posteriosl-—

The spicules of the male are about 0-75-1 mm. long.

eggs measure about 0-075-0-08 mm. in diameter.

2. Toxoeara mystax (Zeder, 1800.)

Synonyms :— Ascaris cati Schrank, 1788 (part): Fusaria mystat
Zede:, 1800; Ascaris mystax Rudolphi, 1802 ; Belascarts
mystax Castellani and Chalmers, 1910 ; Belascaris cati Railliet
and Henry, 1911 ; 2 Asearis globulus v. Linstow, 1899

Hosts :—This is a common parasite of the cat tribe all
over tghe world. In India it has been recorded from the
following : domestic cat, Punjab, common (Gaiger), Caleutta (?)
(Baylis and Daubney) ; Siamese domestic cat, tiger (Felis
tigris), jungle cat (F. chaus), fishing cat (Felus viverrina) an
leopard cat (F. bengalensis), all in the Zoological (Giardens,
Calcutta (Baylis and Daubney) ; leopard (F. ])ardus),Wimwila,
Ceylon (v. Linstow) and in the Zoological Gardens, Calcutta
(Baylis and Daubney).

The male measures about 30-70 mm., the female 40-108 mm.
The cuticular striations are 10-37 p apart. The pulp of the
lips has two long, digitiform anterior lobes. The cervical
ale are relatively broad, increasing to a maximum widt
towards their posterior ends and then diminishing rather
suddenly. The transverse striations on the ale are very
conspicuous. The spicules of the male are much longer
than in 7T. canis. They are slightly unequal and measare

1-6-2 mm. The cggs have a diameter of 0-065-0-075 mm.

3. Toxoecara elephantis (Rud., 1819).

Synonyms :—=Strongylus elephanti Rudolphi, 18193 h’lroﬁ!/.'([“"
elephantis indici Diesing, 1851 ; Ascaris lonchoptera Diesings,
1851 ; ** Ascaris elephantis Jackson ™ Diesing, 1851 Strongylus
elephantis Cobbold. 1879 ; Relascaris lonchoptera Leiper, 1R
Khalil, 1922.

The worm does not appear

Host :—Indian elephant.
The two records

to have been actnally observed in India.

* . Linstow’s record of ** Ascaris mystax’ from a * young sucking

puppy ” probably refers to this specics.

-
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rring to its occurrence concern elephants

apparently refe !
pp the United States of America, the other

in captivity, one in
im Europe.

This species is ve}'y imperfectly known, only the female

having been described. and th'at very inadequately. Jackson
(1847) records ' a small species of Ascaris ” * from the gall-
ducts of a young East-Indian Elephant that died in this
city [Boston, US.ALY Hf‘ states that immense numbers
of the worms were found in t_he' ducts, and a few in the
duodenum. He gives no descr}ptlon of the worm, nor does
he name it. Diesing (1851‘).g1ves a very brief description
of the female gpecimens originally referred to by Rudolphi,
which were in the Vienna Museum and had been collected
from the bile-ducts of an Indian elephant at Geneva. Diesing
recognized that the worm was not a Strongyle but an Ascarid,
and changed its name to Asqams lon.choptera. In an addendum
he also refers to Jacksons specimens, under the heading
<< Agearis Elephantis Jackson.’ I‘t‘ seems probable that
this is not intended as a name, since Jackson, as already
stated, did not give the worm a name, fmd it seems clear that
Piesing considered the species identical with his Ascaris
lonchoptera. [n 1857 Diesing refers again to A. lonchoptera,
adding nothing to his former description, but giving some
figures. VoD Drasche (1883), who re-examined the original
specimens, s Diesing’s diagnosis .and adds to it some
observations on the structure of the lips, and a new figure,
making it quite clear that the for!n in question is an Ascarid.

K halil (1922, b) states that Leiper also examined the same
in the Vienna Museum and came to the conclusion
pelonged to the genus Belascaris. If this is so,
since Belascaris 18 8 synonym of Toxpcam, the species must
be referred to thg latter genus, .and, since t_he earliest specific
name a,pplied .to it was elephanti Rudolphl,_lt seems legitimate
to emend this obvious lapsus (as ‘was, in effect, done by
Diesing and by Cqbbold) to elephantis, and to name the worm
T'oxocara elephantis. ] ] ]

Putting together thq mfgrmatxon given by Diesing and by
v Drasche, the following is all that can be said at present

; hology of the worm :—

quote:

gpecimens
that they

he morp. -
of ¢ ferpale, three inches or more. Thickness three-
uarters of a line (1/ 16 in.). Body tapering anteriorly and
o ith cervical al®. Lips oval, their pulp having
g air of deeply-separated anterior lobes and an unusually
unpaired lobe, which is slightly emarginate in front.

Fine dentig 3
o the middle of the lip a short groove, open behind. Tail

Length of

vided Wi
proad ;cerous ridges present on the margins of the lips.
conical and pointed. Male undescribed.
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5. Genus TOXASCARIS Leiper, 1907.

Jervical ale present, finely striated. Body bent dorsally
anteriorly. Lips as in Toxocara, but with the anterior lobes
marked off from the main pulp by a deep groove and broad
and bilobed at their extremities. Interlabia absent. (Hso-
phagus without bulb.  Tail of male conical, without. digitiform
appendage. On each side a group of papille near the tip
of the tail. A double subventral papilla between these and
the cloaca, and a row of 25 or more papille, most of which are
preanal.  Spicules subequal, non-alate. Vulva at about the
anterior third of the body. Unpaired portion of uterus
relatively short. Coils of female genital tubes lie between
vulva and posterior end of body. Kggs subglobular, with
thick, smooth shells. Adult worms in the small intestine
of carnivorous mammals.

Genotype :—Toxascaris leonina (v. Linstow, 1902).
Key to Species,
Purasite of cat and dog tribes .. ... L leonina, p. 62,
Parasite of bears. ... . . transfuya, p. 63.

1. Toxascaris leonina (v. Linst., 1902) Railliet and Henry,
1911, (Fig. 19.)

Synonyms s—dAscaris cati Schrank, 1788 (part); Ascaris leptoptera
,R'udolphl: 1809 (part); Ascaris leonina v. Linstow, 1902 ;
Toxascaris marginata of Leiper, 1907 ; Ascaris canis of Glauo,
1909 2 Toxascuris limbate Railliot and Henry, 1911 i 7 Ascaris
crenulate Bremser, 1824 : 7 Asecaris nn’(:)'()p!('m, Rudolphi,
1819 7 Toxascaris microptera Raillict and Henry, 1911.

‘Hosts :—Taylor (1924) has shown that no morphological
difference can be recognized between Toxascaris limbata
of dogs and 7. leonina of cats. It was formerly supposed
that these were two distinct species, the former being a
parasite of Canide, the latter of Ifelidie. Both have bden
recorded from a considerable variety of hosts and from
many parts of the world. On the view that all the Indian
records refer to one and the same species, the following
is a list of hosts :—Lion (Felis leo), tiger (F. tigris), leopard
(F. pardus), ounce, or snow leopard (F. uncia), fishing cat
(F. viverrina), leopard cat (F. bengalensis), hunting leopard,
or cheetah (Cynwlurus jubatus), ? Indian fox (Vulpes bengal-
ensis), probably all in the Zoological Gardens, Caleutta (Baylis
and Daubney).

The male is about 20-70 mm. long, the female about
30-100 mm. The body is relatively slender. The cuticular
striations are 4-14-6 u apart. The cervical alae are long and
narrow, and decrease gradually in width behind.

4 .
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The caudal end of the male bears on cach side a’ group of
five papille near the tip of the tail (two subdorsal, one lateral,
two subventral), a double subventral papilla between these
and the cloaca, arl a row of 25 or more papille, the first
of which is behind the cloaca, the seccond at the level of the
cloacal opening and the rest preanal. The preanal papille

Fig. 19.—Toxascaris leonina. Posterior end of male ; lateral view.
(After Taylor.)

are conspicuous near the cloaca, but become smaller anteriorly.

The spicules are slightly unequal and measure 0-7—-1-5 mm.
in length. ) ]

The tail of the female is sharply pointed. The eggs measure
0-06-0-085 mm. in diameter.

9. Toxasearis transfuga (Rud., 1819) Baylis and Daubney,
1922. (Figs. 20 & 21.)
Synonym —Ascaris transfuga Rudolphi, 1819.

Hosts ~—In India this species has been recorded from the
following animals :—Himalayan black bear (Ursus torqualtus),
[7rsus sp., sloth-bear (Melursus ursinus) and red ca‘t-beafr
(Hlurus fulgens), in the Zoological Gardens, Calcutta (Baylis
and Daubney). It also oceurs in the brown bear and polar
bear in other parts of the world.

The male attains a length of 92 mm. and a thickness of
1-8 mm. The length of the female is 115-240 mm., and its
maximum thickness 2-8—4-5 mm. The cuticular striations
are 8-3-11 p apart. The anterior end of the body is usually
curved towards the dorsal side. The head measures
0-5-0-6 mm. in diameter. The lips are roughly semicircular
in outline, and each carries two papille, those of the dorsal
lip being equal and symmetrically placed, while those of each
ventro-lateral lip are rather unequal and asymmetrical,
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the papilla towards the ventral margin being large, the more
lateral papilla smaller and situated slightly further forward.
The pulp of each lip sends out five processes, two in a trans-
verse direction, near the ends of which:are the papille, and
three anteriorly. Of the anterior processes two form large,
paired lobes which expand slightly and have a shallow longi-
tudinal groove on their inner surfaces distally. The third
is the unpaired median lobe, which appears to end in short
rays that spread out beneath the cuticle of the inner surface.
The dentigerous ridges are composed of relatively large teeth.
The cervical ale are well developed and 3-5 mm. long.
The csophagus is club-shaped and very stout posteriorly
(0-5-0-95 mm.), and measures 4-5 mm. in length.

4

.
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olmin.

Fig. 20.—Toxascaris transfuga. Dorsal lip, viewed from exterior.
d.r., dentigerous ridge; m.l.. median lobe of pulp: p.,
papilla ; p.l., paired anterior lobe; ¢., transverso process
of pulp. (After Baylis and Daubney.)

The caudal end of the male is curved ventrally, but the
extremity is usually recurved towards the dorsal side. The
tail measures 0-4-0-5 mm. in length and is bluntly conical,
but ends in a short spike which has a small terminal papilla-
like button. The caudal papille consist of (1) four pairs
near the tip of the tail (two small and subventral, two larger
and more lateral) ; (2) an isolated lateral pair; (3) a pair
of large double papillee ; (4) thirty or more pairs of papille
extending for a considerable distance in front of the cloaca.
This last series begins just behind the cloaca, and the papille
in each row are at first close together and tend to form two
alternating rows, but further forward the rows become single
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and the papille wider apart. The spicules are very short
and stout, measuring about 0-33-0-65 mm. in lenp;rth and
0:054 mm. in thickness. Their surfaces are covered with
small granulations.

The tail of the temale is bluntly conical and almost rounded
posteriorly, but has a small papilla-like termination, as in
the male. [t measures up to 1-4 mm. in length. The vagina
is narrow and convoluted and measures about 4 mm. in length.

)

Al
Fig. 21-—Toxascaris transfuga. Posterior end of male; ventro-lateral
view. s.. right spicule ; w., wall of depression surrounding
cloacal aperture. (After Baylis and Daubney.)

[t leads into a uterine chamber, not exceeding 5 mm. in
length, which gives off posteriorly the two uterine branches.
The eggs are oval and measure 0-077-0-09 x 0-06-0-075 mm.
When ready for laying, the smooth shell appears to become
covered, as in Ascaris lumbricoides, with an irregular coat of
a yellowish albuminous substance, which possibly led Dujardin
to describe them as punctulated. ’

NEM. F
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Subfamily ANISAKIN K Railliet and Henry, 1912
emend. Baylis, 1920 '

(Esophagus May or may not he divided jng
muscular portion” 4ng 4 posterior ventrieylyg
.hlstnlogu'ul structure, or g muscular bulb. When
18 absent, and frequently when it js present, thepe
cxeum springing from the intestine
wsophagus, A posterior appendix,
such appendices, some of which m

Aaw - Mmay also be developed in conpe
of aquat.. It worms in the g

and lving Paralle} ¢
or oceasion
4y be directed anterjop|,.
| ction with the ve
hmontur.\' e

Liﬁ'-histor_\',

! 4 ) where know.
a fish. AVInganintermedinte host, most (‘()llll\llll](l))‘l‘];]:
T A
Ry .
T )
Ventriculus without appendix, .. | lo Genera,
Ventriculus with an appendix, or sevepal ! . 1.
appendices 00T T A 4. -
L An intestinal caeum present .o 2 A .
Intestinal cwcum absent ., 3.
2. Dentigerous ridges  present ; ventrieulus
oblong ... T Pornoc.rer s, p. G4,
Dentigerous ridges absent in adult. bt

tooth-like  structures present

surfaces  of lips ;

globular bulb. . /7 T Draarnixia, p. vs.
3. Dentigerous rid

Res present . ..., Parasieaks, p. 92,
Dentigerous ridges absont ... . Brraxtsakis, p, 66.

4. Ventriculus with a single appondix .., . 5.
Ventriculus with soveral appendices | 7.

5. Intestinal cmoum abwont ... 00 Rarmipascanrs, p. 67.
An intestinal czeum present ... . . 6.

6. Cuticle with transve Gorzia, p. 107,
Cuticle without, spines ... 0 CoNTrACACUM, p. 79,

7. A longitudinally-folded collnr prosent bohingd

on inner
ventriculus  a sub.

’
the lipe .0 T Tyrirornonros, p. 104,
No Iongit\ulinally-ful(lod coll  behind the
lips ... S 8.
8. Interlabia and interlabin] Bre ves present. . Muenmicasey, p. oo,
Interlabia and interlabial greoves absent .. Ponyesera, p. 102,

l. Genus BELANISAKIS Maplestone, 1932,

Lips without dentigerous ridges.
pbagus with an oblong ventriculus. FEsophageal appendix
and intestinal caecum absent. An accessory  picce  present
in the genotype. Adult worms parasitic in birds,

(Fenotype :—Belanisakis ibidic Ma plestone, 1932.

Interlabia present. (Eso.

an antepjgy
of (Iiﬂ'or(-nt
Aventricy]y,,
s an antepjgy.

the
ally 8every)

. YV,

ntricy|y,

. 8,

; " X . . anal of vertebrates, mgjne
indirect, inve “¢ or hsh-cutmg animals,
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. Belan is ibidis Maplestone, 1932.

ibi kiornis  [Ibis] melano-
t - -Black-headed ibis (Zhres
gz;us) (iﬁ;:stjne)“; Zoological Gardens, Caleutta.

j th and about 0-54 mm.
he measures 23 mm. in leng !
Ii,‘eo:/’- thickness, the female 34 mm. and 0-71

0, ¢

vex'y, . .,. Broad cervical alae are present, eXtﬁndl:;g n%alulréy
to {llle level of the posterior end of thef ﬁi%p n{:rgnl L th}é
have a maximum width (in the n}ale) o o leligth the.
male the cesophagus measures 27 n}11m g me’a,sure
ventriculus 0-79 mm. ; int'th(f female these org
. : mm. respectively. ) )
’ lTKlemiu;?dot! the malg is 0-24 mm. long. lIt 1srttlll€;gm:§§
rather suddenly a little behind the c}o}zlxqaf bi}):'dv iy
slightly swollen again before the tip, whic 1; o papille
The postanal papillee consist of a palr o Je Sl
a little behind the ct}o:;ca}c z}ll)errtfl}fgreagdats\zgeg of 18 papille
i the tip of the tail. 1
E:gfllczleh?; aJfl"orwardp from the clo‘acayl aperture ’[“)}? anCha;‘i(]i]:
the most poster(ilorl oo tb((imagnt:;ii?)?l};}' a'ndehextsnd to
become more widely separate ,terior extromity,
a distance of about 4 mm. from the pos oxtromity,
i stout, equal and bluntly pointed, ;
E:a;s:rpelcgl-gs n?rr:. ;n lengtg. There is an accessory piece
in the form of a chitinoid nodule, 0-:06 mm. lo‘ng.l b and is
The tail of the female measures Q-79 mm. in leng ci‘st,ance
tepering and pointed. The vulva is s(;iltua,{%(i a‘trazin ; ance
‘7 mm. from the anterior end. T ]
;f)stlei'iorly for a distance of about 2 mm. “A shﬂortf: port;(})lré
of the vagina at its commencement is divided o 1;(()311_1 .
rest of the organ by a valvular structu}‘e,.and pos rlo1 gfé
just before dividing into the two uteri, it takes a g:ol
S-shaped curve.” 'The uterine branches extend posberlo_ri
almost as far as the anus before passing into the ov;u‘;gd
trbes, and the latter run forward with a very con}xlrou
course to within a short distance of the vulva. The eggs
measure 0-06 X 0-048 mm.

2. Genus RAPHIDASCARIS Railliet and Henry, 1915.

. ; ; i t.
Lips without dentigerous ridges. Interlabia presen
(Esolghagus with a small ventriculus, from which Springs
a posterior appendix. No intestinal cecum. Adult worms

in the stomach and intestine of fisheg,

Genotype :—Raphidascaris acus (Bloch, 1779).

r2
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1. Raphidascaris diadonis Thwaite, 1927. (Fig. 22

!-{ost —Diodon kystrix ; Negapatam, South India
. The mulo measures 38-32 mm. in length and ab;,m, 1 n
In_maximum thickness, the female 45-62 mm. ang ab
I-5 mm. respectively.  The body is more tapering ante(
t.hzu] posteriorly, and the cuticle is finely striated
lips are 0-24-0-34 um. long and 0-18-0-25 ‘mm. wide. "El?
interlabia are 0-092-0-138 mm. long. The oesopha. us s
49-6-7 mm. long, excluding the ventriculus, which m«fxsur ls‘
0-215-0-365 mm. in length and 0-3-0-36 mm. in width. T}i:
@sophageal appendix is 0-86-1'46 mm. long. The cervical

Fig. 22— idascaris di ;
g. 22. Ifa{)lmlaacarm diadonis. A, head. dorsal view ; B, portion
ot wsophagus and intestine, showing  ventriculus snd

appendix ; C, postorior end of male, lateral view. (Aftor
Thwaite.)

papille and excretory pore are at about I mm. from the
f:}lllterlor end, and the nerve-ring is about (-1 mm. in front of
em.

The tail of the male is conical and 0-15-0-23 mm. long.
Its tip may be sharply pointed and apparently smooth
or may be.covez:ed with minute spines. * There are ubout;
three to six pairs of minute postanal papille and about
30 pairs of preanal papilla. These latter appear to vary
somewhat in ‘number in the various individual worms, the
numbers ranging from 23 to 35 on each side. In the vicinity

riior 7
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of the anus the papille are extremely small, but become
progressively larger as the distance from the anus increases.
A median preanal papilla is usually present, but apparently
not constantly so.”” The spicules are equal and alate, and
measure (-276-0-35 mm. in length. They terminate distally
in small knobs.

The tail of the female is conical and 0-46-0-54 mm. long.
The vuiva is situated at about the anterior third of the body.
The average dimensions of the eggs are 0-063 X 0-056 mm.

3. Genus PORROCZCUM Railliet and Henry, 1912.
Synonym :—7Terranova Leiper and Atkinson, 1914

Lips with dentigerous ridges. TInterlabia usually present.
(Bsophagus with an oblong ventriculus, which is short in
the genotype and in some other species, but in others is often
long and bent so as to open into the intestine laterally.
An intestinal cacum present. No cesophageal appendix.
An accessory piece (gubernaculum) is rarely present in the
male. Adult worms in intestine or stomach of birds, reptiles,
fishes and marine mammals.

Genotype :—DPorroceecum crassum (Desl., 1824).

Key to Species.

Parasites of birds ........ ... ... o iatn 1.
Parasites of fishes ........... .. .0t 4.
1. Parasito of ducks. . ....... .o i crassum, p. 69.
Parasites of birdsof prey......... ... ... 2.
Parasitos of herons, egrets, cranes, &c. .. .. 3.
2. Pulp of dorsal lip with two bifurcated
anterior lobes ........... ... ... ... depressum, p. 70.

Pulp of dorsal lip with two rounded anterior
lobes, each bearing a flattened and

oxpanded Process ... oo, angusticolle, p. 71.
3. Malo with about 15 pairs of preanal papillse.
~ Spicules about 125 mm. fong .......... ardez, p. 73.
Male with five pairs of preanal papillze.
Spicules about 05 mm. long ........... reticulatum, p. 74.
4, Parasite of sawfish ........ ... . ... ... pristis, p. 75.
Parasite of shark . ..................... galeocerdonis, p. 71.

1. Porroczecum crassum (Desl., 1824) Railliet and Henry, 1912.
Synonym :—Ascaris erassa Deslongeharmps, 1824,

Hosts :—This species occurs in ducks, both wild and
domestic, in Kurope and other parts of the world, and has
also been recorded from the guineafowl. In India it has
been recorded by Baylis and Daubney from a domestic duck
at Bombay.

The male measures 12-30 mm. in length, the female
43-53 mm. The greatest thickness is 0-5-1-2 mm. in the
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male and*up to 22 mm. in the female. The ventriculus
is very short and almost globular. The tail of the male is

about 1/46 of the total length and is conlcal, with a terminal

spike. The spicules are 0-52-0-7 mm. long and are alate,
with blunt tips.

The tail of the female is pointed and about 1/55 of the
total length. The vulva is slightly behind the middle of the
body, dividing it in the proportion of about 13:11. The
eggs are globular ar'd have a diameter of about 0-1 mm.

2. Porroczcum depressum (Zeder, 1800) Baylis, 1920.
(Fig. 23.)

Synonyms :—Fusaria depressa Zeder, 1800 ;

: Ascaris  depressa
Rudolphi, 1809.

Hosts :—This is a common parasite of birds of prey in
many parts of the world. [t has been recorded in a large

ml,
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Fig. 23.—Porroczcum depressum. Dorsal lip of female, viewed from
exterior. d.r., dentigerous ridge; wm.l., median lobe of
pulp; p., papilla. (After Baylis and Daubney.)

number of species of hawks, eagles and vultures. In India
it has been recorded by Baylis and Daubney from the
cinereous vulture (Lgypius | Vultur] monachus). Its inter-
mediate hosts are, in all probability, shrews and moles, larval
forms found in these animals, and originally described by
Rudolphi in 1802 as Ascaris incisa, probably belonging to this
species.

PORROCECUM. / , 71

This is a rather slender form. The male® measures
24-100 mm. in length, the female 30-112 mm. The pulp

‘of the dorsal lip hay two bifurcated anterior lobes and a large

median lobe which projects anteriorly beyond the ' saddle ”
separating these lobes. The interlabia are small. ' '
The tail of the male has a conical terminal prolongation
bearing five pairs of small papille. There is also a pair of
large, double papillze behind the cloacal aperture. The preanal
ille consist of about 17 pairs. )
paL'II)‘he vulva is situated a lIi)ttle in front of the middle o{ the
body, dividing the latter in the proportion of about 10 : 6.
The eggs have finely punctate shells, thickened at the poles.

3. Porroczcum angusticolle (Molin, 1860) Baylis and Daubney,
1922. (Figs. 24 & 25.)
Synonym :— Ascaris angusticollis Molin, 1860.

Hosts :—Like P. depressum, this species has been I:ecordqd
from a variety of species of birds of prey, not only in India

o-Immu
Fig. 24.-—Porrocacum angusticolle. Dorsal lip of female, viewed 'from
exterior. ¢., cuticalar ridge; d.r., dentigerous ridge ;
p. papilla.  (After Baylis and Daubney.)

but in Burope and Africa. Its Indian hosts include the kite
(Milvus migrans govinda) and a vulture, both recorded by
Baylis and Daubney, the latter from Satpara, Chilka Lake,
Orissa. The British Museum (Natural History) also possesses
a specimen obtained from a “ fish-hawk *’ at Poona.
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Relatively to its length this is & somewhat more slender
form than P. depressum. The male measures up to 55 mmn.
in']ength and 1-1 mwm. in thickness, the fepale 40-90 mm. ands
l‘_"’ mm. respectivelv. The dorsal lip is almost hexagonal,
with rounded angles. The pulp sends out two rounded
anterior lobes, from the inner surfaces of which spring two
ﬂattqnvd and expanded processes. Towards the base of
t!l(} lip there is on either side a rather conspicuous longitudinal
rldge or fold of cuticle. There are small, tri:muul’:u' inter-
labia. The cuticular striations on the bodyv are about 17 p
apart. Anteriorly the body tapers to form a long, slender
nc:el.(. The head ls small, its diameter being about 0-24-
0-26 mm. There is a slight constriction at its junction with

&

Mg 25— Porrora ; ; : i
Fig. 25.— Porrocaccum angusticolle.  Posterior end of male: ventral view.
(After Baylis and Daubney.) ¢

the neck. Th_e wsophagus is -8 mm. long, ineluding a short,
?blong ventriculus  measuring 06 mm. in length. The
intestinal cecum is 2:7-3 mm. long. The nerve-ring is
situated at about 0-85 mm. from the anterior extremity.
At about 17 mm. from the anterior end there is a pair of
large, sessile cervical papilla.

The tail of the male is conical and measures 0-3% mm.
in length. About half-way between the cloaca and the
tip of the tail there is a distinet constriction. There are
four pairs of papille on the portion behind the constriction,
a pair of double papille just behind the cloaca and about
20 pairs of preanal papille, the most posterior of which is

> PORROCECUM. 73
. .
just in front of the cloacal aperture. The spicules*are non-

alate and equal, measuring 0-95 mm. in length.
. The tail of the female iz blunter than that of the male

and measures 0-7 mm. in length.  There is a pair of caudal
papille at 02 mm. from the tip. The vulva is situated
in the anterior half of the body, dividing the latter in the
proportion of 3:5. The eggs measure 0-085-0-093 x 0-0538—

0-074 mm,
(Fig. 26.)

1802, mec Smith, Fox and
Rudolphi. 1809 (not 4. arde-

4. Porrocsecum ardez (Frolich, 1802).
Synonyms :— dscaris ardea Frolich,
White., 1908 ; Ascaris serpentulus

arum Rud.. 1819).

Hosts :—Herons and cranes in various parts ‘of the‘world ;
also recorded from the flamingo. Recorded m'Indla- from
the common crane (Grus grus) and demoiselle cralll.e
(Anthropoides virgo) in the Caleutta Zoological Gardens (Bayhs
and Daubney). ) .

The size of this species appears to be very variable. The
male usually measures about 40-55 mm. in length and 1 mm.

~

Fig. 26.—Porroczecum ardex. Posterior end of male ; lateral view.
(After Baylis and Daubney.)

in thickness; the female may measure up to 160 mm. in length,
and its thickness varies between 2 and 4 mm. Specimens
from cranes appear to have a relatively shorter and stouter
build than those from herons. The pulp of the dorsal lip
has two bifurcated anterior lobes. The interlabia are
relatively large. There is a pair of lateral ale extendi‘ng
throughout the length of the body, and particularly wide
for a distance of about 3 mm. from the head.  The cesophagus,
in a specimen 53 mm. long, measures 3-4 mm., the ven-
triculus 0'4 mm. and the intestinal eecam 3 mm.
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a . . . .
long. Thére is a pair of prominent, rounded cervical papille
at 0-65-0-67 mm. from the anterior extremity. The nerve-
ring is situated at 0-46-0-53 mm. from the same point.

Fig. 28.

Fig. 28.—Porroczecumn  pristis. Head of female; dorsal view. d.l.,
dorsal lip; p., right papilla of same. (After Baylis and
Daubney.)
Fig. 29.—Porrocecum p(rz‘sh'.s-. Posterior end of male; lateral view.
. (After Baylis and Daubney.)
Fig. 30.—Porrocacunm pristis. Posterior end of male ; ventral view.
(After Baylis and Daubney.)

PORROCACUM. 77
3

The tail of the male is conical and ineasures 0-38 mm.
in length. It is provided with slight caudal ale. There
are seven pairs of postanal papille, the fifth on cach side
from the posterior ehd being large and double. The second
and third are more laterally placed than the others. There
are about 40 pairs of preanal papille, beginning with a pair
at the corners of the cloacal aperture.  There is also a median
papilla on the anterior lip of the cloaca. The spicules are
equal, non-alate and 0-9 mm. long.

The tail of the female is bluntly conical and measures
0-44 mm. in length. There is a pair of caudal papille at
0-162 mm. from the tip. The vulva is somewhat behind
the anterior third of the body (at 12-3 mm. from the anterior
end in a specimen 342 mm. long). The muscular vagina,
which runs posteriorly, is only about 0-7 mm. long, expanding
in its posterior half to a diameter of 0-19 mm. This swollen
portion forms an egg-reservoir, and is followed by a \\"1(16
unpaired portion of the uterus, about 2 mm. long, which gives
off posteriorly the two uterine branches. These run almost
straight towards the posterior end. The posterior limit
of the coils of the ovarian tubes is about 1-5 mm. from the
posterior end. The eggs are spherical and have thin shells
measuring 0-0475 mm. in diameter.

7. Porrocacum galeocerdonis Thwaite, 1927. (Fig. 31.)

Host :—A  shark (Galeocerdo tigrinum) ; Twynams Paar,
Pearl Bauks, Ceylon.

This species appears to be extremely closely related to
P. pristis. The male measures 17-7-32:6 mm. in length and
0-67-0-89 mm. in maximum thickness, the female 22-2-44 mm.
and 0-83-1-4 mm.respectively. The body is tapering anteriorly,
and bears a pair of cervical papille at about 0-6 mm. from
the anterior end. A pair of narrow lateral ale extend from
the base of the lips to the posterior third of the body in the
male, and to about the level of the vulva in the female. The
diameter of the head is about 0-18 mm. Each lip, as in
P. pristis, has a narrow anterior projection bearing two
tooth-like processes and, between these, fine denticles. The
dorsal lip has two large papille, each ventro-lateral lip a
larger ventral and a smaller lateral papilla. The pulp of the
dorsal lip forms two rounded anterior lobes. Interlabia
are absent. The cesophagus is 2-3-3-1 mm. long, the
ventriculus 0-6-0-83 mm. and the intestinal cecum 1-1-
1-8 mm. The nerve-ring is situated a little in front of the
cervical papille.

The tail of the male is sharply pointed and measures about
0-275 mm. in length. On its ventral surface hehind the
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cloaca there are a number of small cuticular spines. There
are about eight pairs of postanal papillie, the sixth pair
from the posterior end being large and double. The preanal
papillee number 47-70 on each side, and'chere is also a large,
median papilla on the anterior lip of the cloaca. The spicules
are equal or subequal, 0-52-0-774 mm. long and rather

sharply pointed.
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Fig. 31.—Porrocacum galeocerdonis. A, head, dorsal view ; B posterior
’ ’ i

end of male, ventral view. (After Thwaite.)

The tail of the female iy shar .
) ale is sharply pointed and measures
0-4 mm. The vulva is situated at 8-12-8 mm. fr(?n: oS

{;rftgréor (lmd’» dividing the body in the proportion of
: to 1:3:8. The vagina is about 0-8 mm. long, and its

posterior portion is expanded to fi i
. . ! r ' -r Y
The eggs have a diameter of 0-041 mmf) moan eggmresemolt

8. Porroczecum sp.

a SB ?c,il:; z?(ihl')auhney (1923) have recorded larval forms of
magulatus n }113 genus from the mesentery of a fish, Otlolithus
. ey have also recorded larval forms, which may

have belonged to this genus or to Anisakis, from the body-

(éi;ltggnoélg %%e’)p gﬁmﬁﬁ?i {,‘)f?{gai?tus alcocki (Marine Survey,
’ R , rom either Calli ‘,
or Wallago attu (part of “L. 33" of St:\f‘var(glhlc(.;llrzui)?alzdﬂi

from Lucknow).

9. Il;scaris quadrata v. Linstow, 1904 (not 1905)
ost .—Crocodilus porosus (stomach) ; Bolgoda, Ceylon.

¥ . .
forniorirtl ;h)eegleagre details given in the description of this
POW‘OC%C?I}IIF F’flhposslble that it may belong to the genus
is the stated ab e only character that seems to be against this
species doos nOtsenee of dentigerous ridges on the lips. The
DS Soeh ot correspond with Porrocizcum crocodii Taylors

: as been recorded from crocodiles in Africa and

Australia, and apparently it is not a Dujardinia
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v. Linstow’s description is based on a single immature

fem&le. This measured 158 mm. in length and 055 mm.
in thickness. The cuticle was finely striated. There were
idges Or interlabia. The dorsal

said to be no dentigerous rid 2
lip was 0-088 mm. long an 0-132 mm. wide and of quad-

rangular shape, with the anterior angles roundgd. The
pulp was produced into two quadrangular lobes in front.
The @sophagns occupied a quarter of the total length, and
the intestine wave off a ventral cecumm two-thirds as long as
the Oesophaglfs, The tail was short and conical, measuring

1/57 of the total length.

4. Genus CONTRAC/ECUM Raillieb and Henry, 1912.

Synonyms —Kathleena Leiper and Atkinson, 1914 ; Cerascaris
Cobb, 1929. )

Lips without dentigerous ridges. Iq:flrlab;il };ﬁessgz,t ;;?:1‘13“ gf

v : with a ,

S o open An intestinal c®cum

giving off a solid osterior appendix. :
present. Adult on;ms in intestine or stomach of fish-eating
m . ; f fishes.

ammals and birds, an¢ % *0 jculigerum (Rud., 1809).

Genotype :—Contracecum spi

Key to Species.
lobulatum. p- 87
1.

Parasito of Ganges dolphin

Parasitos of birds .- -c---- 777 y
Parasitos of fishos - «--o---sc0 7 spiculigerum, p- 79.

1. Parasite of cormorants ----+ =77 7" spicude s,
Parasito of birds of prey ««<-=2° e """ he

Parasites of herons, egrets.
2. Interlabia without transverse

Interlabia with transverse processis' apille
3. Malo with six pairs of postans papriitc icrocephalum, p- 8l

Spicules 2-3-2+-8 mm. long .
Ma{)e with nine pairs of postanal papille.
+Spicules 3-28 mm. .- 1c ottty e
Malo with ten pairs of postanal p.a .Pill.l?e.' engoniuin,

Spicules 1-8 mm. .----" caeeines ]
d-fish and peacock sncurvum, P- 88.

3.
ricuspe, P- 84

rosariun, p- 82

p- 85-

4. Adult parasitic in swor o0
fish .....oonenn- B um, B p. 90.
Ad?ﬂt parasitic in shark and skate.- .-~ zlzdc%(:; Z ; 1'
Adult parasitic in Trichiurus .- 707"
t and Henry»

1. Contraceecum spiculigel'\lm (R,ud., 1809) Raillie
1912. (Fig. 32.) .
era Rudolphi,

.—Ascaris spiculig

1809 ; Ascaris variegatd

Synonyms rires
Rudolphi, . oceurs
. qely distributed form
Hosts .—This extremelyrm":’)lr‘;‘;é in all parts of the world.

in almost all species of co
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It has also been recorded from a variety of other fish-cating
birds, including pelicans, gulls, divers, guillemots and
mergansers.  In India it has been recorded from the little
cormorant (Phalacrocorax niger | P. javamicus], at Samal Island,
Lake Chilka, Orissa, and the Indian shag (Phalacrocorax
Suscicollis) (Baylis and Daubney).  v. Linstow also records it
(though this record may possibly refer to (. (ricuspe or
another species) from the Indian darter or snake-bird (Anhingn
[Plotus] melanogaster) at Wirawila, Southern Provinee, Ceylon.

The external appearance of this species appears to be very
variable, some specimens being relatively long and slender,
others short and stout. 1t is possible that there may be
a number of geographical races or host-races, but the differ-
ences between them do not appear to be of sufficient
importance to be regarded as specific.

The average length of the male is about 30-45 mm., and
that of the female rather greater. The male attains a

Pig. 32.—Contraczcum spiculigerum. Head of female; dorsal view.
(Original.)

maximum thickness of about 0-9 mm., the female of 1-8 mm.
The head is relatively small, and is followed by a wider neck,
the cuticle of which is thrown into deep transverse folds,
giving it a serrated appearance. The cuticular striations
on the body are about 62-92 p apart. The lips are rather
small, and each is produced anteriorly to form two forwardly
and laterally directed processes. The interlabia are large
(almost as long as the lips) and falciform, with their tips
bent inwards. The wesophagus is narrow and occupies about
1/9 or 1/8 of the total length. The wsophageal appendix
measures 1:2-1:86 mm. in length, and the intestinal caecum,
which is very voluminous, runs forward for a very con-
siderable portion of the length of the cesophagus. :

The tail of the male is conically pointed and measures
0-25 mm. or more in length. There are seven pairs of post-
anal papille (four subventral, three lateral) and 38 to 56 pairs
of preanal papille. The spicules are of relatively great

, CONTRACECTUM. 81
length, measuring in some specimens as much a% 8 mm.,
and have well-developed ale.

. The tail of the fenale is conical and about 0-4 mm. long.
The vulva is situated at about the anterior third of the body.
The eggs are spherical and measure 0-05-0-052 mm. in diameter.

2. Contraczcum microcephalum (Rud., 1809) Baylis, 1920.
(Fig. 33.)
Synonyms ;—Ascaris wicrocephala Rudolphi, 1809 ; Kathleena

arcuatqg OGedoelst, 1916 ;  Contracecum quadricuspe Walton,
1923 : ? Ascaris coronalta v. Linstow, 1906.

Hosts :—This species has been recorded from a number of
species of herons, egrets, bitterns and storks in Europe,
Asia, Africa and North America, and even in the domestic
duck. The determination of the species may, in some cases,
be open to question. In India it has been recorded from the
pond heron (Ardeola grayii) at Samal Island, Lake Chilka,
Orissa (Baylis and Daubney), while v. Linstow’s record of
Ascaris coronata from the same host at Tissamaharama,
Ceylon, very probably refers to C. microcephalum.

Ve >
4 >
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Fig. 33.—Contracwcum microcephalum. A, head, dorsal view ; B, pos-
- terior end of male, ventral view. (After Gedoelst.)

The male is 1545 mm. long, the female 23-70 mm. The
maximum thickness is 0:9-1 mm. in the male and about
1-1 mm. in the female. The lips are relatively small and
have paired anterior processes. On the inner surface of each
lip there is a longitudinal groove. The interlabia are large
(nearly as long as the lips), and have slight indentations at
their tips. The cuticle of the neck is deeply folded, as in
€. spiculigerum. There is a pair of cervical papille at
0-4-0-72 mm. from the anterior end. The cesophagus is
2-8-3-6 mm. long, the cesophageal appendix 0-8-1-25 mm.,
and the intestinal ceecum about three-quarters of the length
of the cesophagus.

NEM. G
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_The tall of the male is 0-23-0-24 mm. long. There are
six pairs of postanal papille (four subventral, two lateral)
and 20 to 31 pairs of preanal papille. The spicules, which have
well-developed alx, measure 2-3-2-8 mm."in length.

The tail of the female is 0-44-0-5 mm. long and is conical.
It bears a pair of papille at 0-24 mm. from the tip. The
vulva is in front of the middle of the body, which it divides
in the proportion of 2:3 or 1:4. The eggs are subglobular
or oval and measure 0-064-0-072 % 0-048-0-064 mm. Their
shells are thin and have a rough surface.

3. Contraczzeum rosarium (Connal, 1912) Baylis, 1920.
(Fig. 34.) o

Synonym :—Ascaris rosarius Connal, 1912,

Hosts :—Originally recorded from a night heron (Nycticorazx
sp.) n West Afrlea, this species has been recorded from
Nycticorax mnycticoraxr [N. griseus] in India by Baylis and
Daubney. v

O-L M,

Fig. 34.—Contracawcum rosarium. Posterior end of male ; ventral viow,
(After Baylis and Daubney.)

This form is very similar to C. microcephalum, but differs
from it in the number of caudal papillz in the male. The male
measures about 26 mm. in length and 0-6 mm. in maximum
thickness, the female 30-8 and 0-7 mm. respectively. The
width of the head (in the male) is about 0-2 mm. The neck
widens abruptly to 0-3 mm. The cesophagus is 3-9 mm. long
(in the male), its appendix 0-7 mm. and the intestinal cecum
2-46 mm. The nerve-ring is situated at 0-5-0-57 mm., and
the excretory pore at 0-51-0-59 mm., from the anterior end.
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The tail of the male is 0-22 mm. long, according fo Connal.
In the Indian material referred to above it measured only
about 0-1 mm. Acgording to Connal’s description there are
only three pairs of postanal papille. Baylis and Daubney
found niné\pairs, the fifth from the posterior end being double
papille. The preanal papille are numerous. The spicules
are alate anc Mmeasure 3-28 mm. in length.

The vulyg Yof the female is situated at 1-59 mm. f:rom the
anterior enq Waccording to Connal, .and the vagina is about
017 mm, Jgug- The eggs, according to the same author,
are roundex ovoid, measure 0-026x0-021 mm., and have

thick chells.

4. Contracsecum haliagti Baylis and Daubney, 1923.

Synonyms :—Ascaris equillzz Smith, Fox and White, 1908, nec
Ascaris aquilax Gmelin, 1790 ; ? Ascaris ceylanica v. Linstow,
1904 ; ? Ascaris ceylonica v. Linstow, 1907 ; ? Ascaris zeylanica
v. Linstow, 1907 ; ? Ascaris fissicollis v. Linstow, 1906.

Hosts :—Ascaris aquille Smith, Fox and White, which was
renamed C. haliaéti by Baylis and Daubney, was originally
recorded from a sea-eagle (Haliaeetus leucocephalus) in the
Zoological Gardens at Philadelphia, U.S.A. Baylis and
Daubney recorded what was believed to be the same species
from the white-bellied sea-eagle (Haliaeetus leucogaster)
at Barkuda Island, Lake Chilka, Orissa. The speci~= des-
cribed by v. Linstow under the name of Ascaris .uica
(of which ceylonica and zeylanica are simply ve ants) was
recorded from the fish-eagle (Icthyophaga [Poliaéus] ic ‘hu-
asétus) at Kalpitiya, and from the Brahminy kite (Haligscur
indus) at Colombo, in Ceylon. The species described by the
same author as Ascaris fissicollis was also recorded from
Haliastur indus at Nedunkeni, Northern Province, Ceylon.
All ;these supposed species are imperfectly described, and,
with the exception of A. ceylanica, known from females only,
but there seems to be some justification for thinking that
they are all one species. Pending a definite solution of this
question, however, the name haliaéts is retained.

The material described by Smith, Fox and White consisted
of two females only, one of which was damaged. The complete
specimen measured 50 mm. in length and 1-5 mm. in thickness.
The head was 025 mm. wide at the base. The dorsal lip
measured 0-11 mm. in length and 0-15 mm. in width at the
base, and had two large anterior projections, The cesophagus
had a posterior appendix, and a large intestinal ceecum was
present. The vulva was in front of the middle of the body.
The eggs, which had thin shells, covered with small tubercles,
measured 0-08-0-09 X 0-05-0-06 mm.

a2
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In his sdeseription of Ascaris ceylanica v. Linstow states
that all the specimens were fragmentary. He mentions
thaj; there were no dentigerous ridges and that large inter-
labia were present, so that, although no mention is made of
the structure of the alimentary canal, it seems probable
that he was dealing with a species of Contraciecum. The
male had a thickness of 1-22 mm., the female of 1-5 mm.
The dorsal lip was 0-073 mm. long and 0-099 mm. wide.
The tail of the male was 0-22 mm. long, and the spicules
measured 5-53 mm. in length. The tail of the female was
0-32 mm. long, and the eggs are described as thick-shelled
and spherical, with a diameter of 0-062 mm.

In descx_‘ibing Asearis fissicollis v. Linstow again mentions
that dentlgerotl‘s ridges are absent and interTabizL present.
The latter are “ obtusely conical, attenuate from the middle,
with an outer groove.” The material included three females,
measuring 15, 34 and 36 mm. respectively in length and
9~79-1'-2o mm. in  thickness. The cuticle is annulate.

Behind the lq’),s t'he annulation is so deep that the contours
appear fringed.” The dorsal lip ix semicircular in outline,
and measures 0-983 mm. long and 0-11 mm. wide. The
eesophagus occupies 1/6 of the total length. The tail measures
1/49 of the total length. The cogs are thin-shelled and
spherical, with a diameter of (-065 mm.

MThroughh the kindness of the Director of the Colombo
] l;zfl?rlrlllélnst f(?Awrltq has b(:on able to examine the type-
a?ld N hg i . {‘issz'colhs. These are in rather poor condition,
s missin a T}(x) what was probably the 3+ mm. specimen
v Linétov%.make Smallest_ specimen is not quite mature.
G o 1 es no mention of t}}e presence of an intestinal

n cesophageal appendix. Both these structures
%rethpresent, and the species is a typical Contracacum.
TIL e 36 mm. specimen the cesophagus is about 5 mm. long.

e wsophageal appendix is short {(0-6 mm.), and the intestinal
;a;g;‘rir(l)reie(rt](zinds’rf;orwarii to a point about 1-6 mm. from the

. e vu is situated a little i ‘
middle of the body, va is situated a little in front of the

5. Contraccum tricuspe (Gedoelst, 1916 ¢ p
(Fig. 35.) pe ( oelst, 1916) Baylis, 1920.

Synonym :—Kathleena tricuspis Gedoelst, 1916.

. Hosts :—Originally recorded from a heron (Ardea sp.)
in the Belgian Congo. Recorded by Baylis and Daubney
from the Indian darter or snake-bird (Anhinga [Plotus] melano-
gaster) at Calcutta.

The male is 13-8 mm. long, the female 12-1-17-5 mm. The
maximum thickness is 0-785 mm. in the male, 0-96-1-28 mm.
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in the female. The cuticle of the meck is deeply folded
transverselv. The lips are notched laterally, and each of
the interlabia has two transverse processes which fit into the
The cesophagus is 3-8-3-9 mm. long
and the w@sophageal appendix 16-2 mm. The intestinal
coecum extends forward as far as the anterior quarter of the
cesophagus.  The cervical papille are situated at about

0-7 mm. from the anterior end.
"The tail of the male is 0-14 mm.
appendage.  There are 8.X piirs of post

notches of the lips.

long, and has a terminal
anal, one pair of adanal

A, head, dorsal view; B, posterior

Fig. 35.—Contraciecun tricuspe.
end of male, ventral view. (After Gedoelst.)

and about fifty pairs of preanal papillee, arranged in regular
series. The spicules measure 4-6 mm. in length.

The tail of the female is conical and 0-35-0-44 mm. long,
and has a pair of papille at 0-18 mm. from the tip. The
vulva is situated at about 25 of the total length from the

antsrior end. The type-specimens contained no mature

eggs.

6. Contracacum engonium Baylis and Daubney, 1922, (Figs. 36
& 37.)

Host .—Black stork (Ciconia nigra) ; Zoological Gardens,
Calcutta.

The description of this species was based on a single male
specimen. This measured 13 mm. in length and 0-57 mm.
in maximum thickness. The original description is as
follows :—

The head measures 0-19 min. in diameter, and is constricted
off from the body. The interlabia are simple and undivided
at the tip. The dorsal lip is rounded anteriorly and carries
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a pair of Houble papille. The pulp roughly follows the shape
of the lip, but is indented on its anterior edge. Kach lip
is provided with a pair of tlattened processes springing from
the internal surface and projecting anteriorly like two small
horns at the shoulders of the lip. The muscular portion
of the @sophagus measures 2-75 mm. in length and 0-14 mm.
in thickness, The intestinal cmcum is broad and reaches

Fig. 36.

Fig. 37.

Fig. 36.—Contracacum engonium. Head; dorsal view. 4., interlabium.
Fie. 37 (After B.ﬂylis and Daubney.)

18. 37.—Contracacum engoninm. Posterior end of malo: ventral view,
(After Baylis aud Daubnoy.)

to within 0-69 mm. of the head-end. There is a short ven-
triculus, measuring about 0-14 mm. in length and about
as broad as long. From this is given off a posterior appendix
which is 0-7 mm. in length and 0-15 mm. in thickness.

) The spicules are equal, long and slender, measuring 1-8 mm.
in length and 0022 mm. in breadth. Thev consist of a
cylindrical shaft with narrow lateral ale. The cloaca is
situated at 0-125 mm. from the tip of the tail, which is abruptly
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attenuated to a conical point. There are ten pairs of postanal
papille, of which the first, four?;h, fifth and seventh are
latero-ventral. The, remaining six pairs are lateral and
pedunculate, and fall into two groups : a group of two pairs
(the second and third) close to the .tlp, and a group of four
pairs extending from about the middle of the tail almost

to the cloaca.

7. Contraceecum lobulatum (Schneider, 1866) Baylis and
Daubney, 1923. (Fig. 38.)
Synonyms :—dscaris lobulata Schneider, 1866 ; ? Ascaris delphini
Rudolphi, 1819.
Host :—The Ganges dolphin (Platanista gange{ica) (recorded
from the mouth, stomach, small and large intestines) ; Ganges
and Hooghly Rivers.

Fig. 38.—Contraczcum lobulatum. Head of female; dorsal view.
7., #’., interlabium. (After Baylis and Daubney.)

The length of both sexes is about 3040 mm., and the
maximum thickness about 1-1 mm. The lips are rather
longer than broad, and have paired, outwardly-directed
anterior lobes which form acute angles. The dorsal lip is
about 0-2 mm. long and 0:17 mm. wide. TIts pulp has two
main lobes which extend into the anterior lobes of the lip
itself and are separated by a deep ‘“saddle” on the inner
side. Kach of the main lobes also gives origin to a rounded
accessory lobe which projects inwards and downwards when
the lip is viewed from the dorsal surface. The interlabia
are nearly as long as the lips. Each has its free end com-
pressed into a narrow cuticular flange and curved inwards
between two of the lips. A well-marked * shoulder” is
formed at the point where the compression occurs. The
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cuticle of'the neck is thrown into deep transverse folds. The

cesophagus is about 1/15 of the total length. There is a very

short cesophageal appendix and a very lonyr and wide intestinal

ceecum. ' i

IQT}]_]);irt:llof")f tl)g male is 'about ():2 mm. long. _There are

arranged rou(golsyta_nal papillee, which are very irregularly

pairs of, re‘b-l I) in t'wo FOWS Oh (‘uc'h snlcz and about seven

on each ‘%iI()ie &Il:h pap}llm, arranged in a smgle regular row
side. 1e spicules measure 2-37 mm. in length.

. T.he tail of the female is about 0-5 mm. long. The vulva

Is situated at about the anterior quarter of the body. The

eggs measure 0-052 x 0-042 mm.

8. Contraczeeum incurvum (Rud., 1819) Baylis and D
. " aylis aubney,
1922, (Figs. 39 & 40.) ) By Y

Synonym :—Ascaris incurva Rudolphi, 1819.

Hosts :—The type host of this species i
{ost ¢ st s species i3 the sword-fish
{Xiphias gladius), from which it has been recorded in various

) odmm.

Fig. 39.—Contrqc:ecum incurewm. Head of male; dorsal view. a.,
cervical ala: g., mterlabial groove; ., interlabium ;
p., papilla. (After Baylis and Daubney.)

parts of the world. Linton has also recorded adult or
Immature forms, considered by him to belong to this species
from several other fishes in American waters (Scom()cromoru;
maculatus, Tetrapterus imperator, Seriola zonata, . lalands,
Hippoglossus platessoides). In Indian waters adult but
probably' not quite full-grown specimens have been recorded
by Baylis and Daubney from the stomach of the peacock-
fish (Histiophorus gladius).
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The size of this species appears to be very * variable,
measurements given by different authors varying between
34-3 and 90 mm. foy the male and between 22 and 122 mm.
(or even 267 mm., according to Linton) for the female. The
thickness: of the male is given as 0-55-0-75 mm., and that
of the female as 0-75-3 mm. The body is somewhat tapering
anteriorly. The cuticular striations are coarse (8-12-5 )
and prominent, giving the outlines of the body a serrated
appearance in optical section. The dlamet_er of the he_ad
is about 0-2-0-4 mm. The lips have smuous margins
anteriorly and laterally, and their hinder portions are pI:odueed
into broad cuticular flanges. The ventro-lateral lips are

z

o

N

Fig, 40.—Contracacum incurvunt. Posterior end of malo ; lateral view
(After Baylis and Daubney.)

asymmetrical in shape, their ventral angles being considerably
produced. The interlabia are rather short and compressed
between the lips. Well-marked interlabial grooves run
from them round the bases of the lips. There is a pair of
cervical alw, originating just dorsally to the lateral interlabia
and extending back to a point about 2 mm. from the anterior
end. They are about 0-05 mm. wide at the widest part. The
conspicuous cervical papille are situated dorsally to the
alw, at 0-65 mm. from the anterior end in a specimen 34-3 mm.
long. In the same specimen the nerve-ring is at 0-55 mn.
and the excretory pore at 0-68 mm. from the anterior end,
while the cesophagus measures about 3 mm. in length,
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including® the ventriculus.  (According to  Dujardin, the
wesophagus at.tnms a length of 7-2 mm.) The ventriculus
measures 0-16 mm. in diameter. The @sophageal appendix
is relatively long (about 3 mm.). The length of the intestinal
cecum varies_ between 2 mm. and 6-2 mm.b
The posterior end of the male is usually coiled into one or
two turns of @ spiral.  [ts ventral surface, from about -7 mm.
m.fmnt' of the cloaca forward for about 2 mm., has the cuticle
raised into pronounced longitudinal ridges, interrupted by
trgnsvcrse grooves at intervals of 0-03 mm. The tail is about
0-2 mm. long, sharply tapering, curved ventrally and drawn
out at the tip into a slender spike. The caudal papille are
all rather small. There are four pairs of postanal papille
(th ventral and two lateral), one pair of double adanat
papille and about 15 pairs of preanal papille, small and
close together near the cloaca, but becoming larger and
more V\'l(}ely spaced anteriorly. The spicules Tnoaw:rc 4-1-
4-4 mm. in length and about 0:05 mm. in width Tlhcv have
broad alx except for a short portion at the tip. . t
()‘:;I(“hfi.‘f,?ml of the female is straight and pointed, and measures
The)re i ;n;xl:;ldl;l lcng‘t‘h",.z}('cor(hn'g to different accounts.
LThe n constriction behind the anus. The vulva
is situated at about the anterior third of the body. According
to Dujardin the vagina is 3-5 mm. | widoning into an
unpaired y 8 35 . long, widening into an
1patred portion of the uterus, 20 mm. long and 1-7-2-4 mm
Wld'(‘,“(ll!l a specimen 122 mm. long). 'l‘hi:uivos off ;ha two
{:}::,32 e }:‘l‘tefme F)mnches, which are 46 mm. long and 1-7 mm.
e 'I(‘L}(;gl bchh doubles forward at 57 mm. from the
. > Ovark . 3 straight
level of the vu]va,lg(:;'xltll;lz)(;;or;'l(:}d:;t;‘iu:qu h-t ‘f()li“'ill‘(l st '“10
back again towards the o folds. ere, .‘m( then run straight
fovo BB ; 8 the posterior end of the body, where they
o glol;EﬁLS: <L) ;‘()ﬂs behind -thc utorjne bru‘n(*hcs.. The eggs
thin and and measure 0-07x0-05 mm. Their shells are
membranous and are covered with minute depressions.

9. Contracmeum plagiostomorum (v. Linst., 1905). (Fig. 41.)

T L — ;o Y
Synonym :—Ascaris plagiostomorum. v. Linstow, 1905,

ofe W ‘ .
| I‘{{‘?éts n Stomach of Celorhinus [Selache] maximus (the
)a:\ ing shark), Ceylon ; gills of Raja radiata
i 17“0“1“11% to v. Linstow’s description the male of this species
- ’lnf;; ong and 0-75 mm. in thickness, the female 28 mm.
f‘lt“"‘ dd mm. respectively. The cuticle is transversely
b‘l‘lx}tc . The lips are very short and broad, and have their
pdpllla}dp(liaced anteriorly. On the inner side of each lip is
a rounded projecti g \ c i
“ topth.” ‘Llf)ru ])tl 10;1, at the apex of which there are two

eth,” @ ptly truncate in front and bearing denticles.
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Dentigerous ridges and interlabia are said to be absent. The
cesophagus is about 1 /12 of the total length, and has a posterior
appendix, longer than the cesophagus itself, lying ventrally
to the intestine. The latter has an anterior caecum measuring
5/12 of the length of the cesophagus. There is a pair of rounded
cervical papillee close in front of the middle of the cesophagus.

The tail of the male is 1/86 of the total length, and has a
finger-shaped terminal appendage. There are six pairs of
postanal papille, three of which are subventral (two close

Fig. 41.—Contracxcum plagiostomorum. Head.
(After v. Linstow.)

to the cloaca, one near the tip of the tail) and three lateral,
of which the anterior is the largest. The preanal papille
number about 70 on each side, in a single row, gradually
becoming smaller and closer together posteriorly.

The tail of the female is blunt and measures 1/175 of the
total length. The vulva is in the middle of the body. The
eggs are spherical and measure 0-039 mm. in diameter.

10. Contracecum trichiuri Thwaite, 1927,

Host :—Trichiurus savala, Ceylon.

The description of this species is based on two males only,
the female being unknown. The lengths of the two specimens
were 33-7 and 344 mm., and the maximum thickness about
1-1 mm. The body tapers towards the anterior end. The
head is about 0-22 mm. wide, the dorsal lip measuring about
0-16 mm. wide and 0-14 mm. long. The interlabia are 0-06 mm.
lohg, and the greater part of them appears to be hidden by
the lips. The body has a pair of well-developed lateral ale
which originate immediately behind the lips, are transversely
striated and have a maximum width of 0-07 mm. The
cesophagus is about 3 mm. long, and has a ventriculus measuring
about 0-16 mm. in diameter. The @sophageal appendix
measures about 0-95 mm. in length and the intestinal cecum
only 0-36 mm. The cervical papille are situated at 0-63 mm.,’
and the excretory pore at about 0-76 mm., from the anterior
end. The nerve-ring is just in front of the cervical papille.

The tail is conical and measures 0-14-0-205 mm. in length.
Its tip is covered with minute cuticular spines. There are
numerous inconspicuous postanal papille on the ventral
surface ; Thwaite was unable to determine their number.
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The preaifal papille number about 24 pairs, and become
larger and more widely spaced anteriorly. The spicules
are .subequa,l, slender and alate. Thew measured in one
specimen 0-82 and 0-835 mm., and in the other 0-875 and
0-925 mm. in length.

11. Contracaecum balistis (v. Linst., 1905).
Synonym :—dscaris balistis v. Linstow, 1905,

Hosts -—Balistes mitis, B. stellaris, Ceylon. Position in
ll(),s‘t not mentioned by v. Linstow. i

_)l-hls is a larval form measuring 10 mm. in length and
’0‘--2 mm. in thickness. The cuticle is said to be smooth.
There are three indistinet lips. The wsophagus is 1/12-5
of the total length, and has a posterior appendix, as long
as itself, lying ventrally to the intestine. Thoré is also
ft\(lorsa} intestinal cecum one-third as long as the (bqoplmuus‘
The tail is slightly knobbed at its tip and nm'ls'luro»; f/")l
of the total length. e

Larval forms of Contracwcum.

. gi?g;lis fm;ﬁ‘ Daubney (1923) record larvae of one or more
hﬂhés ;_? i3 genus from the peritoneum of the following
Barilfus bola. Localities : Tharai River ; Gandak River
Saran, N. Bengal. ’
Callichrous pabda. ~Locality : Lucknow.
Wallago attu. Locality : Lucknow.

The material from Callichrous and W
. n Ce 1§ A _H(l[lngo way part of
LT l:;::sriiegrf‘('i 3t(()) by Stewart (1914, p. 179) under the numbers

5. Genus PARANISAKIS Baylis, 1923.

]Llps with dentngerQuS ridges. Interlabia present. (Eso-
phagus _“"lt/h a ventriculus, but no w@sophageal appendix
or intestinal caecum.  Adult worms in the intestine of fishes.
Genotype :—Paranisakis squatina Baylis, 1923.

1. Paranisakis pastinace (Rud., 1819). (Fig. 42.)

Synonyms :—Ascaris pastinaca Rudolphi ;
e . g phi, 1818 Ascaris quadrata
v. Linstow, 1905 (nec 1904) ; Paranisakis taninrw 'I‘hwuitlo, 1927,
. 1, .
Hosts ..—7 rygon pastinaca (recorded by Rudolphi) ; Taniura
sp. (v. Ll.nst'ow) ; Tee_mum melanospilos, Ceylon (Thwaite).
There is, in the writer’s opinion, little doubt that the forms
recorded by Rudolphi, v. Linstow and Thwaite arc all

PARANISAKIS, 93
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identical. Rudolphi did not describe the worm, but his
type-specimens were re-cxamined by v. Drasche (1883),
who gives figures of the dorsal lip, which is very similar to
that of the genotyp%, P. squatinz.

According to v. Linstow’s description of Ascaris quadrata,
the male is 43 mm. long and 0-87 mm. thick, the female
58 mm. and 1-38 mm. respectively. The lips are described
as quadrilateral, with a narrower base. The presence of
dentigerous ridges and interlabia is mentioned. The cesophagus
occupies 1/18 of the total length, and ends in a small ““ bulb.”

The tail of the male is 1/215 of the total length, and,
according to the figure, is bluntly rounded, but possesses
a terminal spike. There are, on each side, five postanal,
one adanal and cight preanal papille. The spicules measure
0-53 mm. in length.

Fig. 42.—Paranisakis pastinace. Posterior end of male; ventral view.
(After v. Linstow.)

The tail of the female is 1/123 of the total length and is
teapering, with a rounded tip. The vulva is said to be in the
middle. of the body. The vagina is 3-8 mm. long, relatively
stout (0-14 mm.) in the quarter nearest to the vulva, and
more slender (0-06 mm.) for the remainder of its length. The
uterine branches are 0-1 mm. wide at their origin. The eggs
are globular, measuring 0-068 mm. in diameter, and have
thin, membranous shells covered with fine granulations.

Thwaite gives a somewhat fuller deseription of the female,
but his material included no males. The four females
examined by him measured 46-61 mm. in length and
0-83-1-2 mm. in maximum thickness. The cuticular striations
were at intervals of 10-12 u. Narrow lateral ale, according
to Thwaite, are present, beginning at about 0-15-0-33 mm.
from the anterior end and running posteriorly along the
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body. The cervical papilla are situated at -73-0-86 mm.
from the anterior end, and the nerve-ring just in front of
them. The head measures 0-115-0-16 mm. in length and
0-22-0-28 mm. in width, The neck is wider than the head.
The anterior portions of the lips, with the characteristic
inwardly-curved anterior lobes of the pulp, appear to have
been turned inwards in Thwaite’s material, so that they
escaped  observation. The dentigerous ridges also  were
not seen. The interlabia are deseribed as rectangular in
outline, measuring 0-045-0:07 mm. in length and having
a triangular pulp. The wsophagus measures 3-3-8 mm.
in length, including the ventriculus, which has a diameter
of about 0-33 mm. and is almaost spherical.

The conical tail measures 0-63-0-73 mm. in length. The
vulva is inconspicuous, and is said to be situated almost
exactly at the anterior third of the body. The eggs measure
about 0-07x0-04 mm., and their shells are covered with
finely corrugated markings.

2. ¢ Ascaris ” meleagrina v. Linstow, in Shipley and Hornell,
1904.  (Not Ascaris meleagrina * Kollar,” in Orley,
1882 (nomen nudum).)

Hosts —The larval form to which this name is applied
is stated to occur in cysts in the tissues (usually the gonad,
less frequently the tissues of the mantle) of the pearl-oyster
(Margaritifera vulgaris) in the Gulf of Manaar. According
to Shipley and Hornell (1904) the adult form oceurs in the
intestine of file-fishes (Balistes mitis, B. stellaris) in the same
locality, while Platax teira is also said to be a host of the adult
by the same authors (1906).

The adult worm has not been described, and the systematie
position of the species is very doubtful. The very  brief
description of the larva given by v. Linstow suggests that it
may possibly belong to the genus Paranisakis, but it might
also be a Porrocwecum. According to v. Linstow the greatest
length is 29 mm. and the width 0-55 mm. The dorsal lip
has two large papille directed forward (in the figure these
appear to be double). Dentigerous ridges and interlabia
are present, the latter, according to the figure, being well
developed and rather more than half as long as the lips. The
cesophagus is said to occupy 1/813 of the total length, a figure -
in which an error must be suspected. No mention is made
of the presence of ventriculus or caca. The tail is 1/116
of the total length. *“A pair of anal glands occurs in the
end of the alimentary canal.”
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3. ¢ Ascaris * balisticola v. Linstow, 1905,

Hosts -—This is a larval form, recorded from the file-fishes,
Balistes mitis and B. stellaris, off Ceylon. Its position in
the hosts is not given. The species is mentioned here because
of its possible connection with ““ 4.” meleagrinae. There
is even less indication in this case of the genus to which
the species should be assigned, though it is stated by
v. Linstow that the cesophagus and intestine are without
caca. _

According to v. Linstow’s description the worm 1s 7-4 mm.
long and 0-22 mm. thick. There is a ¢ borlr}g-tpoth at
the anterior end, so that it is evidently a guite immature
form. The esophagus occupies 1/9 of the total length. The
tail is very short (1169 of the total length) and conical,
with a rounded tip.

6. Genus DUJARDINIA Gedoelst, 1916.

Lips, at least in the adults, without dentigerous rldges,
but with the cuticle of their inner surfaces produced into
large tooth-like structures, apparently capable of being
interlocked. These structures are carried by three main
cuticular lobes on the anterior border of each lip. Interlabia
present. Well-marked interlabial grooves run from them
to the bases of the lips. (Esophagus with a small subglobular
bulb. No cesophageal appendix. An intestinal c@cum
present. Excretory pore at level of nerve-ring. Caudal
end of male with rather well-developed lateral ale extending
for a short distance in the region of the cloaca. Caudal
papille few. Spicules equal and slender. An accessory
piece usually present, of characteristic shape, with an expanded
and solid head at the proximal end, and hollow and tapering
distally. The lumen of the distal portion has an opening
on the posterior surface of the organ. Female with vulva
in anterior half of body, opening, in the genotype, into a
muscular, almost sucker-like ‘ atrium,” from which the
very long and slender vagina runs posteriorly. This ends
in a small, expanded egg-chamber, from which are given off
posteriorly the two uterine branches, narrow and coiled
at first, voluminous and thin-walled more posteriorly. Eggs
with very thin, membranous shells, roundish-oval or sul?-
globular. Adult worms in the alimentary canal of aquatic
vertebrates (crocodiles, fishes, d}xgong). ]

Genotype :—Dugjardinia helicina (Molin, 1860).
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Key to Species.

Parasite of dugong ......................... halicoris, p. 99.
E’urasxtos of erocodiles .................. .
1. Spiculos of male about 8 mm. Accessory
prece with trifid tip ... ................... . kelicing, p-. 96.
S}’lf’UIes_ of male 125 mm. Accessory piece
with simplo tip ..., 0000 L woodlandi, p. 97.

L. Dujardinia helicina {Molin, 1860) Gedoelst, 1916.  (Fig. 43.)

Synox}ym t—Ascaris helicine Molin, 1860, (Not Trispiculascaris
helicina (Molin) of Skrjabiu, 1916.)

Hosts :—This species has been recorded in Africa from
Crocodilus niloticus and C. cataphractus, in America from
O". amerrcanus, and in India from Crocodilus porosus (Port
Canning, Ganges Delta ; Baylis and Daubney).

a-1mm.

Fig. 43.—Dujardinia helicina.—A, head, dorsal view ; B, posterior
end pf male, lateral view. a.p., accessory piece. (After
Baylis, in ¢ Parasitology.’)
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The length of the male is about 18 mm. and its maximum
thickness 06 mm. The female measures 35-40 mm. and
about 2:2 mm. rceSpqcti\'el_y'. The posterior part of the body,
especially in the female, is helicoidally twisted, invariably
with a right-handed spiral. The diameter of the head is
0-15-0-3 mm. The dorsal lip has two bifurcated anterior
pulp-processes projecting into the middle lobe. These
processes are carried at the swollen ends of two club-shaped
masses of pulp. The wsophagus, including the bulb, is about
3-4 mm. long in the male, 44 mm. in the female. The bulb
measures 0-14 mm. in length and 0-13 mm. in width in the
male and 0-3x0-25 mm. in the female. The intestinal
cwcum runs forward to a point about 0-8 mm. from the
anterior end. The cervical papille are situated at 0-55-0-8 mm.,
and the nerve-ring at 0-45-0-65 mm., from the anterior end.

The tail of the male is about 0-11 mm. long. There are
four pairs of postanal papillze, of which the three pairs nearest
to the tip of the tail are small, the most posterior being
lateral, the others subventral. One large pair projects into
the caudal ale just behind the cloaca. The preanal papille
consist of five pairs, two just in front of the cloaca and three
more pairs of large papillie more anteriorly at rather wide
intervals. The spicules are very long, measuring about
8 mm. The accessory piece, which is 0-3-0-32 mm. long,
has a median and two lateral prongs at its free end, which
is slightly curved forward. Its solid proximal end is expanded
and has a posterior process.

The tail of the female is 0-3 mm. long. The vulva is situated
at about 16 mm. from the anterior end. The diameter of the
eggs is about 0-075 mm.

2. Dujardinia woodlandi Baylis, 1923. (Fig. 44.)

Host :—Gharial (Gavialis gangeticus) (stomach).

The male of this species measures about 24-25 mm. in
length and 0-6 mm. in maximum thickness, the female up
to 60 mm. and 2-5 mm. respectively. The body is apparently
not twisted in the regular helicoidal manner of D. helicina,
but irregularly coiled. The anterior lobes of the dorsal
lip are well developed. The pulp of the median lobe appears
to be without bifurcated processes. The diameter of the
head is 0-14 mm. in the male and 0-3 mm. in the female.
The cesophagus, including the bulb, is 2-5-3 mm. long. The
bulb measures 0:1-0-15 mm. in length and 0-12-0-22 mm.
in width. The intestinal czcum runs forward to a point
0-77-1'1 mm. from the anterior end. The nerve-ring is
situated at 0-5-0-6 mm. from the anterior end, and the
cervical papille are some distance behind it.

NEM. H



98 ASCARID &.

The tail of the male is about 0-1 mm. long. There are
ten pairs of caudal papillze, of which four are postanal, one
adanal and five preanal. The four posterior pairs are small,
the first and fourth being lateral, the second and third
subventral. The spioules are relatively short (1:25 mm.).
The accessory piece is almost straight and has a simple tip.

Q-1mm.

Fig. 44.—Duyjardinia woodlandi. A, head, dorsal viow; B, posterior
end 9f male, lateral view. a.p., accessory picce ; 8., terminal
portion of right spicule. (Aftor Baylis, in ¢ Parasitology.’)

It measures 0-3 mm. in length. Its solid proximal end is not
expanded and has no posterior process.

The tail of the female is 0-6-0-7 mm. long. The vulva
is situated at about 17 mm. from the anterior end. The eggs
have a diameter of 0:06-0-065 mm.

. DUJARDINIA, 99

3 . - » . . . -
3. Dujardinia halicoris (Owen, 1833) Baylis, 1920. (Fig. 45.)
Synonyms :—Ascqgis halicoris Owen, 1833 ; Dujardinia halichoris
Baylis, 1920.

Host :—Dugong (Halicore dugong) (intestine). Recorded
by v. Linstow from the Gulf of Manaar. Specimens in the
British Museum (Natural History) from Tirapalakudi, near
Ramnad, S. India.

Fig. 46.—Dujardinia halicoris. Head of magje, A, dorsal view ;
B, ventral view. (After Baylis and Daubney.)

H2
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The malc measures up to 115 mm. in length and 3-16 mm. in
thickness, the female up to 144 mm. and 3-95 mm. respectively.
The (l}au.leter of the head is about 0-7 mm. A well-marked
C.Ol’lslt[‘l(‘,tl()n separates the head from the neek. The dorsal
lip is a:lmost, octagonal in outline, and has two moderately
large, simple papille. 1ts pulp hax two small, conical, anterior
processes which project forwards and inwards.  The pulp
of_each ventro-lateral lip is asvimmetrical, the ventral lobe
belpg relatively short and earrying a large, double papilla,
}vhde the lateral lobe is long and has a very small papilla at
its extremity. There are well-developed interlabia, broad
and rounded externally and bluntly conical at their free
ends, which converge between the bases of the lips. The
@sophagus occupies one-eighth to one.seventh of the total
length. Its posterior bulb measures 0-55 mm. in length and
0-6 mm. in width. The intestinal cacam runs forward to a
point about 6 mm. from the anterior end. The nerve-ring
18 situated at about 1-15 mm., the excrefory pore at about
1:2-1-3 mm,, and the cervical papille at about 1-4-1-3 mm.,
from the anterior end.

The tail of the male is about 1 146 of the total length. The
numbg&r of caudal papilliec appears to be normally eight pairs.
of which four are postanal and four preanal. The spicules
are relat_ively very short, measuring only 1-1 mm. in length.
Each spl.cule has a tubular shaft, expanded into a funnel at
_the proximal end, and a pair of ale, broad distally and much
inrolled on the ventral side of the spicule. There is no
accessory piece.

The tail_of the female is about 1,89 of the total length.
The vulva is situated at about the anterior third of the body.
The eggs measure about 0-13 mm. in diameter.

7. Genus MULTICAECUM Baylis, 1923.

Lips with dentigerous ridges. Small interlabia present.
Well-marked interlabial grooves run from them to the bases
of the lips. (Esophagus with a small ventriculus, from which
spring two anterior and three posterior appendices. An
intestinal caecum present. Male with an accessory piece.
Adult worms in the alimentary canal of crocodiles.

Genotype :—Multicecum agile (Wedl, 1862).

I. Multiczecum agile (Wedl, 1862) Baylis, 1923, (Fig. 46.)
Synonym :i—Ascaris agilis Wedl, 1862,
Hosts :—This species is at present definitely known only

from African crocodiles (Crocodilus niloticus, €. cataphractus).
Maplestone (1930), however, has rccorded the occurrence

¢ MULTICECUM. 101
of immature specimens of @ species of Multiceecum in the
stomach of a gharial (Gavialis gangeticus) in the Zoological
Gardens, Calcutta, wnd states that, although they were only
about half the size of adult specimens of M. agile, they appeared
to agree in all essential points with that species. It is
possible,” he says, " that the present specimens may represent
a new species of Multicaecum, but in the absence of mature
worms it is not possible to be definite on th1§ point.” _

The following description of African specimens of M. agile
is given by Baylis (1923) :—

* Length, male, 34-6 mm. ;
thickness, male, 0-65 ; female, 0-67 mm.

female, 31-6 mm. Maximum
(In cach case the

0-Smm

Fig, 46.— Multicacwm agile. A, portion of the alimentary canal,
showing the posterior part of the wsophagus (ws.), the
intestine (i.) with its crecum (¢.), and the ventriculus (2.)
with its anterior (a.) and posterior (p.) appendices; B,
posterior end of male, lateral view. (After Baylis, in ‘ Para-

sitology.”)

specimen was slightly flattened as the result of having been
mounted in glycerine-jelly). Diameter of head (0-18-0-19 mm.
Length of cesophagus (from anterior extremity) 4:0-4-2 mm.
Cervical papille at 1-13, nerve-ring at 0-82, excretory pore at
0-85-0-86 mm., from anterior end. Intestinal cacum
extends to 1-4-1-43 mm. from anterior end. Length of ceso-
phageal appendices : anterior, 0-2-0-3¢ mm.; two outer
posterior, 0:42-0-6 mm. ; middle posterior, 0-15-0-22 mm.
Cuticular striations 4-5 u apart.

«sTail of male 0-22mm.long,gently curved ventrally,conically
tapering, with suddenly narrower tip. Spicules 1-2 mm. long,
rather sharply bent near their roots, which are thickened.

\\(\ L \abqow
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Accessory “'picce about (-2 mme long, with simple tip and a
small solid knob at the proximal end. Caudal papille ten
pairs, five pairs being postanal (of which the first, second,
tourth and fifth are subventral, the third lateral) and five
preanal. Of the preanal series the first, third and fourth are
fairly close together and subventral ; the second ix large and
lateral. The fifth is separated by a considerable interval
from the fourth. There is also apparently a median papilla
on the anterior lip of the cloaca, but this has not been definitely
established, as the male specimen could only be examined in
lateral view. .

“Tail of female 0-32 mm. long, straight, sharply conical,
with suddenly narrower tip. A pair of caudal papille at
0-05 mm. from the extremity. Vulva at 152 mm. from
the anterior end of the body. Ova measurc about 0-12Xx
of 0-085 mm.”

8. Genus POLYCZECUM Muplestone, 1930.

The following definition of the genus is given by Maple-
stone :~—*“ Mouth surrounded by three lips not separated from
the rest of the worm by grooves, and without interlabia.
Immediately behind the lips there is a cuticular ¢ollar bearing
coarser striations than the rest of the body. The wsophageal
ventriculus gives off two anterior and three posterior ceeen,
and there is an intestinal czcum running forward dorsal to
the cesophagus. The vulva opens near the middle of the
body. Male unknown.”,

Genotype :—Polycacum gangeticum Maplestone, 1930.

1. Polyczeeum gangeticum Maplestone, 1930, (Fig. 47.)

Host :—Gharial (Gavialis gangeticus) (intestine) ; Zoological
Gardeng, Calcutta.

The following description, based on a single immature
female, is quoted from Maplestone (1930). The author notes
that the dimensions of fully.grown specimens would probably
be greater than those given.

“The worm is 11-5 mm. in length and 0-226 mm. in greatest
diameter. The mouth is surrounded by threc lips not marked
off by a groove from the body, and there arc no interlabia.
The dorsal lip is triangular in shape and the subventral lips
are broad and crescentic, the tips being formed by clear
cuticular caps. Immediately behind the lips there is a
circular swelling, which is more pronounced dorsally and
laterally than it is ventrally. The whole cuticle is covered
by transverse striations, which are distinctly coarser on the
cephalic swelling than they are on the rest of the body. The
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excretory pore opens 0-416 mm. from the anteriorsend. The
@sophagus is long and straight and measures 2:675 mm. n
length. It ends in a short ventriculus, which gives off five
ceca ; the two anterior ceca are very unequal, and of the three
posterior ceca the central one is much shorter than the other
two. The longer anterior ceecum and the two longer pOSteI‘lO!“
cmcn are about 0-396 mm. in length. There is also a long
intestinal cwcum running forward dorsal to the cesophagus and
about 1-98 mm. in length. The vulva opens exactly in t}:ie»
middle of the body, being 5756 mm. from the ant(}alrmr gln_,
The vagina runs posteriorly from the vulva. The tail is

straight and ends in a blunt tip

surmounted by a fine cuticular

Fig. 47. Fig. 48.

% mm.

] i d intestine,
i, 47 —Polycsecum gangeticum. Portion of cesophagus an
Fig sh{)wing ventriculus and apper}dnces. (After Mgplestone.)
Wg. 48.—Typhlophoros lamellaris. Anterior end ; ventral view. (After
Maplestone.)

point. The distance from the anus to the tip of the tail 1s
0-176 mm., and there is a long cuticular rectum connecting ’l’t-
with the termination of the intestine. No eggs are present:

The reasons for erecting a separate genus for this species
were presumably the structure of the head, the apparent
absence of interlabia and the presence of a cuticular swelling
behind the head. It may be observed, however, that as rggards
the rest of its structure this worm is extremely sxm}lal" .to
Multiczcum, and it even seems possible that the pecuha,rltxe's
mentioned may be larval ch.al.'acters, and that the speci-
men may be an immature individual of Multiceecum agile or
of a closely-related species.
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' .).‘ Genus TYPHLOPHOROS v. Linstow, 1906,
Lips without de

ntigerous ridges PR
body by a groove gerous ridges, not ~eparated from the

widened i by but. n;l‘rr(m_'vd at their bases and with pulps
outioner O()”.u(‘)ntr. l'nt_(\rlnbl:lv absent. Behind the lips a
T < (' “ " 3 AN LV4Y H “\ i
longitudina) fuls (mlsx\tmg of sixteen transversely striated
phagus with . s, ,u‘t('ml‘alzv present on the hody.  (Eso-
gives off t\m(l M:m}l ventriculus which, as in Multicorcum,
{ : ante : , steri i
mtostinnl (“wl‘l erior and three posterior appendices.  An
papille S(i(;llll present. Male with four pairs of preanal
botly or & I}it’:ll es equal. Vul'vu at about the middle of the
oty or le in front of it. Kggs thick-shelled. Adult
s In stomach of gharial. A
renot, — ;
vpe —Typhlophoros lamellaris v. Linstow, 1906,

1. Typhlophoros lamellaris v. Linstow, 1906. (Fig. 48.)

Host :—Ghari; mr .
Gardens, (l‘;l’::‘:’tlt‘(ta’l?"flw i’/"".’]l’lzcus) {stomach) ; Zoological
Maplestone), recorded by v Linstow and by

Maples . .
this S}I))E]Bi:ggnsnl(lvgdo) obtained a few female specimens  of
thus ablo ’t() ‘.V 011](; of which appeared to be mature.  He was
v. Linstow indlgelz‘tlﬁ’n or correct the description given by
Offihe s[()iqcies is yet “Vilvil}a):ll;izu."'“rs’ but no full description

ccording t, g
031 Hlm.inéthti((:k:’). ‘Lm.sto“, the male is 11 mm. long and
tively. The ce 'ha;’f’”,lthe female 16 mm. and 0-32 mm. respee-
Specilmen the poe lc}(,ollar 18012 mm. long. In Maplestone’s
The ventriculus S(;p. 1agus  measured 178 mm. in length.
esophagus me:qW]:iCh “;080 fr()n.l the ventral surface of the
to the en’ds ofu:f 5 0-128 mm. from the ends of the anterior
caeenm, which ace ](Li' posterior appendices.  The  intestinal
anterior end 0;, tl'(x)é g:)?(fi;o V. lLlllmtow extends right to the
. Ame 2 Yy, ended i ; A :
dt,l(,)h47‘)t n_llm- from the smyerion o in Maplestone™s speeimen
o .

of the to?z:,l lgflgtt?leofzréﬁlei) aceording to v. Linstow, is 1 141

v. Linstow states th'et ody.  The spicules are 046 mm. long.
preanal projecti ’b(L ~in the female there are two roundish
these. TheJta'llo?‘S’ ut Maplestone was unable to observe
according to :’hg Fhe female oceupies 1/80 of the total l(;ngth
to Maplostone. T ormer author, or 0-208 mm. according
antericl))r enge‘in 20 vulva is situated at 7-65 mm. from th%x

4 specimen 15 m 1 Y ‘
Manples ) . .mm. long, according t
of fh‘:’tno)?séuzr . fdctglordl:n{i t()lv. Linstow, smt;lewhat in lft:mn(t)

I e body, dividin : tots i

proportion of 4:5. The eggs afo(:r}'l;' T
measure 0-073 X 0-062 mm. ording to v, Linstow,

) ]
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10, (Genus AMPLICZECUM Baylis, 1920.

Lips with dentiglrous ridges. Small interlabia present.
Uisophagus without ventriculus or distinct bulb. No ceso-
phageal appendix. A wide intestinal ceecum present. Adult
worms in the alimentary canal of birds of prey, reptiles and

amphibians.

(lenotype :— dmpliczcum colurum (Baylis, 1919).

1. Ampliczeeum varani Baylis and Daubney, 1922. (Figs. 49&

50.)

Host —The common water-monitor (Varanus salvator)
{intestine) : Zoological Gardens, Calcutta.

The male measures 22-2-24:9 mm. in length, the female
24.75 mm. The greatest thickness is (-73 mm. in the mal(;'.,
0-8 mm. in the female. The diameter of the head 18
0-25-0-29 mm. The cuticular striations are fine (about
5 p apart). The lips are nearly square in outline. They have
a deep indentation on the inner surface at the anterior margm.
The interlabia are very small, and are almost hidden by the
lips. There are well-marked interlabial grooves, which
nearly meet on the outer surface of the base of each lip.
The grooves have prominent, membranous, cuticular borders
posteriorly. The dorsal lip has two moderately large papill.
Each ventro-lateral lip has one large, lozenge-shaped papilla
towards the ventral side and one very small papilla laterally.
The wsophagus measures 3.5-4-7 mm. in length. The well-
developed, but rather narrow, intestinal ceecum is 0-9-1 mm.
long. The cervical papillee, which are very small, are situated
at about 09 mm., the nerve-ring at 0-7-0-74 mm., and the
excretory pore at 0-9 mm., from the anterior end.

The tail of the male is conical and 0-16 mm. long. There
are five pairs of postanal papillee, of which the first and third
from the tip of the tail are ventral, the rest lateral in position.
"There are about 32 pairs of preanal papille, those nearest
to the cloaca being very small, the more anterior much larger.
There is also a small, median papilla on the anterior lip of the
cloaca. Thespicules are equal and remarkably short (0-5 mm.)
and are simple, eylindrical, slightly tapering rods.

The tail of the female is conically pointed and 0-32
long. There is a pair of caudal papille at 0-065 mm.
the tip. The vulva is situated at 6-5 mm. from the a
end of the body (a little behind the anterior quarter).
is a long, muscular vagina, which follows a very ir
course in a generally posterior direction. The two
branches are wide and thin-walled, and run backwar
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Fig. 49.—Amplicecum varani.

Head of female; dorsal view. d.r.,

dentige.rous ridge ; ¢., interlabial groove: <., interlabium ;
p-, papilla. (After Baylis and Daubney.)

Fig. 50, —Ampliczecum varani.
c., cloacal aperture.

Posterior end of malo; lateral view.
(After Baylis and Doubney.)
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a rather sinuous ,course. The coils of the ovaries occupy
the posterior reci.on of the body, as far back as about 1-5 mm.
from the tip. of the fail. The eggs are oval and have rather
thin shélls measuring 0-0675-0-075x 0-05 mm.

11. Genus GOEZIA Zeder, 1800.

Synonyms :—Cochlus Zeder, 1803 ; Prionoderma Rudolphi, 1810,
nec Cuvier, 1817 ; Lecanocephalus Diesing, 1839.

Lips flattened anteriorly and expanded outwards, separated
from the body by a constriction. Cuticle with a series of
transverse rings bearing backwardly-directed spines on their
posterior edges. (sophagus slightly constricted in the
middle and swollen gradually into a bulb behind, and giving
off posteriorly a long appendix. A short intestinal cecum
present. Tail rounded and in both sexes prolonged into an
appendage. Spicules subequal. Vulva a little in front pf
the middle of the body. Eggs globular. Adult worms In
the alimentary canal of fishes [and crocodiles (?)].

Genotype :—Goezia ascaroides (Goeze, 1782).

1. Goezia gavialidis Maplestone, 1930. (Fig. 51.)

Host :—A single female specimen is recorded by Maplestone
from the stomach of a gharial (Gavialis gangeticus) in the
Zoological Gardens, Calcutta. He suggests, with some prob-
ability, that the worm may have been a ° pseudoparasite,”
having merely been liberated by digestion from some fish

‘eaten by the gharial. The hosts of all the other known

species of Goezia are fishes.

Maplestone describes the specimen as follows —

** The worm is 6:6 mm. in length, and 0-6 mm. in maximum
diameter, which is well behind the middle of the worm. The
antérior end is bluntly rounded and it is surmounted by three
large lips. The dorsal lip appears as a large oval pulpy
mass surrounded by thick cuticle, and two pointed papille
arise from its inner surface. The subventral lips each have
a prominent angle which curves outwards and backwards.

“ The cuticle is covered with prominent circular striations
about 0-048 mm. apart and which bear on their posterior
borders rows of finely pointed spines directed backwards.
These striations and spines extend for the whole length of the
worm, and are of approximately the same size, exeept on the
tail itself where the striations are closer together and the
spines are very minute. The vulva opens 2-8 mm. from the
anterior end. The vagina is a much convoluted tube which
curves forward only a little distance in front of the vulva.



ASCARIDE.

rit'th<511 “bends  backwards and divides ixlto,the two uteri.
These tubes pursue a posterior course and finally enter the
ovaries, which run a very convoluted wourse u‘.'m"”'_"_t" the
posterior end of the worm. The wsophagus is (-7 mm.
i length with a very slightly marked posterior bulb. There
ix a long thin glandular appendix, which arises from the
posterior end ot the w@sophagus and is 13 wmm. in length.

—
' O Mm, !

Fig. Sl Goesia garialidis.  Head : dorsal view.
(After Maplestone,)

There 1s also a short diverticulum, which arises from the
intestine at its junction with the wsophagus and which runs
forwards for about (-2 mm. The intestine is thin-walled
with a very wide lumen. 1t ends in an anus which is 02 mm,
from the tip of the tail. The worm is broad to behind the
anus, a little distance posterior to which it suddenly becomes
narrower fo end in a relatively long thin point.”

APPENDIX TO THE FAMILY ASCARID.E.

Certain forms are placed here whose systematic position
it is at present impossible to determine.

1. ““Asearis > eynonyeteridis Paroni, 1889,

Host :—A bat (Nawtharpyia |Cynonyeteris) am plexicaudata)
(stomach) ;  Farm (aves, Moulmein. Northern Tenasserim,
Burma.

The only description of this species available appears to be
that of Parona (I889).  According to this the male is 50 mm.
long, the female 6065 mm. The thickness is 2 mm. in the
largest female. The body is more slender in front than
behind, and is quite smooth. The diameter of the head
(in the female) is 0-098 mm. The dorsal lip is " not
denticulate,” but has ** oval anterior projections ” and two
papille.  The ventro-lateral lips have two conical tubercles
(the figure shows a pair of what appear to be prominent
papille, one on cach side of the head). The wsophagus
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(called by Peu‘ot’{fu, the “ pharynx ) is about 2 mwm. long,
“ con bulbo q reéi nullo.”  The intestine is wide.

The tail of{ the mgale is mucronate and bears one pair of
prominent pojstanal papille. There are also four pairs of
preanal par<¥le. The * spicule-sheath ” measures 0-042 mm.
and contyt ks two equal spicules which are curved and pro-
truded, 214 about twice as long as the sheath.

The § Pl of the female is blunt but mucronate. The vulva
is Sit}lfiited at 5 mm. from the anterior end.

2. ¢ Asecaris ” brachyura v. Linstow, 1904.

Host :—The ** bloodsucker > (Calotes versicolor) {intestine) ;
C'olombo, Ceylon. '

Of this species the only description nvaila.ble is that of

v. Linstow. The male measures 31-6 mm. in length and
0-91 mm. in maximum thickness, the female 34-3 mm. and
0-86 mm. respectively. The cuticle is broadly a'nnulatei
The lips are provided with dentigerous ridges haymg 10?{.1
and sharply pointed denticles. There are no 1nteElab1a.
The dorsal lip measures 0-097 mm. in length and 0-176 mm.
in width, and has a concave anterior margin. Its papille
are large and obliquely placed. The ueso.ph‘agus occupies
1/15-1/14 of the total length. The description makes no
mention of a ventriculus or of an cesophageal appendix or
intestinal ceecum.
! The tail, in both sexes, is very short and rounded. In the
male it occupies 1/267 of the total length, and has a ﬁpe
terminal spike. There are two pairs of postanal and 22 pairs
of preanal papille. The spicules measure 0-62 mm. in length
and are falciform, with rounded tips.

The tail of the female occupies 1/200 of the total.length
and is without a terminal spike. The vulva is situated
somewhat in front of the middle of the body, dividing the
tota? length in the ratio of 3:5. The genital tubes are
confined to the posterior two-thirds of the body. Fully-
formed eggs were not observed.

3. « Asearis ** tigridis Gmelin, 1790.
Synonym :—Fusaria tigridis Zeder, 1803.

Host ——Tiger (Felis tigris). '

It is quite impossible to identify this species, which Gmelin
based on a figure given by Redi. This purports to show the
alimentary canal of the worm, which is provided near the
posterior end with two rather long, blind appendages. There
is no further description. Rudolphi (1819) states that he
has seen a specimen of the worm in the Vienna Museum.
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This wa. five lines long and had a blun o the twg

a

specimen was the female of some Strorgylid. 1:'"“’“_;
refers 4. tigridis to Toxascaris, but there is ncis O-7o

\

pointed tail. Diesing (1851), however, statally en

support this view of its position. wlb.
s from
in lengt
2. Family HETERAKIDA Raillict and Heq
1914.

Medium-sized or rather small parasitic forms.  Musculature

of the body of the polymyarian type. Lips typically well
defined, but sometimes much reduced. Wither a chitinoid
buccal capsule is present or the anterior portion of the
cesophagus is differentiated as a small muscular pharynx.
The posterior end of the cesophagus is almost always enlarged
to form a subglobular muscular bulb containing a three-sided
valvular apparatus. There is a more or less well developed
preanal sucker in the male, with or without a chitinoid bordet,
and provided with special musculature. There are usually
two spicules, but one or both of them may be imperfectly
chitinized or occasionally absent. An accessory picce may
be present or absent. The vulva is typically near the middle

is

of the body. The worius are oviparous. The life-history

direct, without intermediate host.

Subfamily HETERAKIN.E Railliet and Henry, 1912.

Lips well defined. Buccal capsule absent. (Esophagus

with a pharynx and a posterior bulb, except in Ascaridia.
Preanal sucker nearly circular, with chitinoid border. Vulva

in or near the middle of the body. Eggs usually unsegmented
when laid.

Key to Genera.

(Esophagus without posterior bulb

....... ANCARIDIA, p. 133,
(Esophagus with a posterior bulb

1. Caudal papillee of male sessile ........... 2.
Caudal papille of male mainly pedunculate. 3.

2. Male with an accessory piece ............ SPINICAUDA, p. 147
Male without accessory picce ............ AFRICANA, p. 149.

3. Lips with “cordons ™ * .. ............... PSEUDASPIDODERA,
Lips without *“ cordons ™ ............... 4. [p. 127.

* (rooves, tubular channels or festoon-like ornaments in |,
cuticle.

. Caudal end of male tapering; pharynx

relatively short, with straight lumen .... HuTeEraxis, p. 111 y
Caudal end of male obliquely truncate ; 9]

pbarynx relatively long, with a ventral v

“ Kkink ** in its lumen posteriorly ....... STRONGYLURIS T

- ¥
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1. ¢ Mus HETERAKIS Dujardin, 1845,

Synonymg S —Garguleterakis Lane, 1914 ; Gireterakis Lane, 1917 ;
yMczZ;e;“k” Karve, 1430. ’

Lips writhout  “ cordons.” Body wusually with well-
developed: lateral alee. Anterior end usually curved dorsally.
Caudal /ale of male very well developed and supported by
severalf. pairs of pedunculate papille. Spicules equal, subequal
or arkedly unequal in length and sometimes dissimilar
in ¢form. No accessory piece. Branches of uterus either

- actually or apparently opposed *. In some species papilla-

like protuberances may be seen in the neighbourhood of the
vulva in mature females. These are probably produced
by the action of the sucker of the male. FEggs with thick
shells, their contents unsegmented at the time of laying.
Adult worms in the alimentary canal of birds, mammals
and batrachians.

Genotype :——Heterakis galline (Guelin, 1790). )

Lane (1914, b; 1917, b) proposed the genera Ganguleterakis
and Qircterakis for the reception of certain species which
differed from the genotype of Heferakis mainly in having
an atypical number and arrangement of caudal papille
in the male. As a generic character neither the number
nor the precise arrangement of the papille appears to be
satisfactory. All the species that are typical in the sense
of having twelve pairs of papillee are parasitic in birds, but
a number of species from birds have been described as having
more or less than this number of papille, and even when the
number is typical there is considerable variety in the arrange-
ment. This being so, although the type-species of Lane’s
genera are both parasitic in mammals, the validity of the
genera seems very questionable. A better case might be
made out for the retention of the genus Meteterakis Karve,
1930, in whose genotype (which is a parasite of a batrachian)
not,®nly are there at least 17 pairs of papille, but their arrange-
ment is very unusual, with several pairs placed anteriorly
to the caudal sucker. In the absence of more important
characters, however, the writer prefers for the present to
regard all these forms as belonging to the old genus Heterakss.

Key to Species.

Parasite of Amphibia .................... govindi, p. 126.
Parasitesof birds .......... ... ......... .
Parasites of mammals ................... 11.
1. Spicules of male markedly unequal in length. 2.
Spicules of male equal or subequal ........ 8.

* In the latter case the branches are parallel at their origin, but one
almost immediately doubles back upon itself and runs in the opposite
direction. .
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2. Longeg spiculo about 2 mm, long ... ... oy t]’ alate
Louger spicule about 1 mun. long, or fewms L. o, allvites
3. Shortor spicule with a double curve near the ¢ 1o Bei
TP e s va galling Y
Shorter spicule with a barb near the tip ... ) Y
1. Longer spicule with simple point o barb of _ N
shorter spicule small oo o0 preronisopl
Tip of longer spicule shaped like a spear- e
head 3 harh of shorter spicule large and
TASHIVE L e bosia, p.
S Longer spicule about T mm. long: shorter ]
spicule about 0-3 04 mm. long oo fnddica, po 11
Longer spicule constderably less than o
8 L 0.
6. Longer spicule little over 023 mn long L parva. p. L8
Longer spicule 045 mm. or more in length. .. 7. )
7. Shorter spicule about -3 v, lome oo valvolabiata. 1 I8,
Shorter spicule O-15 mm long. o000 pusilla, p. 116
R, Spicules about 2 . long oo oo fsolorche. iy,
Npicules mueh less thao 2 mm. long oL .
0. Spicules about 04 06 ime. long @ dinmeter
of preanal sucker over -l nun. Lo puipillosa, pe 121,
Spicules loss than 04 mm. long ¢ dinmeter of
preanal sueker less than -1 mm. oo o,
10, Left spicale with a promunent ventral angle
nearthe tip oo oo o oo beram porie, e 122,
Left spicule without ventral angle .00 hegmuldus, p. 123,
1. Parasite of eats ..o 0 o L spumosa, p.o 1245,
Parasite of porcupine ..o girardi,. p. 120

|. Heterakis gallinse (Gmelin, 1790) Freeborn, 1923, (Figs. 52
& 53.)

Synonyms * - —Asearis galling Cmelin, 1790 Ascaris vesicularis
Frolich, 1791 (part):  Heterakis eesicularis Dujarding 1845
Heterakis longecandata v, Linstow, 1879 Heterakis papillosa
auctt. (not Raillict, 1885 Asearis papillosa Bloch, 1782 (part).
nee Moling 1860) : ¥ Heterakis parisi Blane, 1913,

Hosts -—This species s of cosmopolitan distribution, and
is one of the commonest parasites of domestic poultry (fowl,

* The spocies H. longeeanduta v, Linatow, originally recorded from
Megacephalon maleo, a bird found in Celobes, was rogarded by Bayhis
and Daubney (1922) ns distinet from H.ogalline. Maplestone (1932, a)
considers these species identieal, and  hefore his paper appeared  the
writer had comoe ta the same conclusion. Some oxperiments were
made in preserving specimens of Hoogalling: by different methods,
and the results soggested that the charneters supposed to be distinetive
of H . longeeandate were sitnply due tao lixation in cold aleoliol, Tnomale
Hp(‘(‘illl(‘llH w0 preserved the tail s su!nm\hut contracted, and the ale
appear relatively broader, while the dintueter of the suckoer seoms to be
greater than in worms killed in hot alechol. HL parisi Blane is recorded
from Rhee americana in eaptivity in France.  Ax Maplestone has also
pointed out, i does not appear to differ in any important respect from
H. gollina. The writer has examined specimens of Heterabis from
a rhen in eaptivity in England, and was unable to distinguish them from
H. galline.
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turkey, guineafowl, peafowl, and occasionally duck and
goose). 1t has Dbeen recorded from the fowl in Caleutta
by Maplestone, and also from a considerable number of other
birds, moestly Galliformes, in the Zoological Gardens, Calcutta,
by Bavlis and Daubnev, Chandler, and Maplestone. These
hosts ipude the following :—Ring-necked pheasant (Phasianus
torquares), kalij (Gennaus leucomelanos), mondl (Lophophorus
impejanus), crimson horned pheasant (T'ragopan satyra), silver
pheasant ((Gennaus nycthemerus), golden pheasant (Chryso-
lophus | Thaumalea) pictus), red spur-fowl (Galloperdix spadicea),

Fig. 53.

Al

. e

Vig. 52.—Heterakis jalline.  Anterior end; dorsal view. g., cervical
ala; b., wsophageal bulb; c.p., cervical papilla; n., nerve-

. ring.  (From Baylis, after Yorke and Maplestone. )
Fig. d3.—Heterakis galline.  Postorior end of male; ventral view.
cl., cloacal aperture ; s., sucker. (From Baylis, after Lane.)

crested  fire-back  (Lophure  rufa), common hill-partridge
(Arborophila torqueola), swamp-partridge (Francolinus gularis),
chukar partridge (Alectoris graca chukar), vulturine guinea-
fowl (deryllivmn  vulturinum) and  houbara (Chlamydotis
undulata macquoent).

The male measures about 7-13 mm. in length, the female
about 8-15 mm. The maximum thickness is about 0-24-
0-4 mm. The cuticular striations are extremely fine. The

NEM, 1
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esophngys, including the bulb, is about 1-1-1 mm. long.
Of this length the pharynx, which is narrower than the
wsophagus proper, occupies about 0-08-0-09 mm.  The bulb
it O-18-0-23 mm. in diameter. The nerve-ring is situated
at about (-3 mm., the excretory pore at 0-45-0-5 mm., and
the cervical papillae at about 0-55 mm.. from the antesior end.

The caudal alae of the male are broad.  The tail (i. .
the postanal portion of the body) is about -3-0-5 mm. long,
and tapers beyond the ale to o fine filament.  The chitinoid
border of the preanal sucker measures about 0-06-0-1 mm.
in outside diameter, and has a small indentation on its inner
side posteriorly. The sucker is situated at o distanee of
0-1-0-2 mum. from the cloaeal aperture. There are twelve
pairs of caudal papillae, of which five pairs have long peduncles
and project into the ale. The arrangement of the papille,
which is typical of most of the species of Heferakis occurreing
in birds, will be best understood from the figure (fig, 53).
Following the nomenelature of Lane (19144 1917, 4), the
two pairs at the sides of the sucker mav be calted the
“ parasuctorial 7 papillie, the group surrounding the cloacal
aperture the ** paracloncal.”™ the group near the posterior
end of the ale the  caudal.” and the isolated pair between
these and the paracloacal group the  intermedinte papille.

The spicules are unequal and dissimilar, the vight being, ax
in most species of this genus, the lonser. Both are alate.
The left spicule is 0-6- 13 mm. long, and has very broad
ale which do not extend quite to the distal end. s tip forms
avery characteristic double enrve. The right spicule is about
E6-2:6 mm. Jong, and has narrower akv and a simple. conienl
tip.

The tail of the female is tapering and sharply pointed, and
measures about 1-1-2 mm. in length, There ix a pair of
candal papilla at about 0468 mm. from the posterior end.
The vulva is situated stightly hehind the middle of the body,
at 3-7—4-75 mmn. from the posterior end. 'The vagina is long,
its terminal portion running  posteriorly  from  the valva.
After forming severat antero-posterior loops, the uterus mns
straight back to a point about -5 mm. from the anus, where
it divides into two  apparently opposed  branches. The
greater part of the coils of both ovaries lies in the anterior
region of the body, between the valva and the hinder end of
the wsophagus, The eges are somewhat oblong, with a thick
shell which may be slightly thickened at one pole.  They
meastre about 0:063-0-075 . 0-036G 0-048 man.

. gallinee usually lives in the caea of its hosts, but is
sometimes found in the small and large intestines. The
cggs, when passed in the droppings, have unsegmented con-
tents.  Under favourable conditions an infective embryo is

»
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Jieveloped in seven to twelve days, and if the egg be nwallowed
yy a suitable host thisembryo hatches and develops to maturity
o 24 days. For the' first few days ';tft‘er infection the young
wlorms are chiefly found burrowing in the mucous membrane
oft the ceca, or in the cwcal glands. Later they emerge
live in the lumen.

eterakis indica Maplestone, 1932.

Flosts —This species was found by Maplestone in fowls
obtained in a market in Caleutta, and occurred , In association
with H. gallinze, in four out of thirty infected birds.

Mapleston~ states that, apart from measurements, the
only characters in which he found this form to differ ftom
H. gallinz were the shape of the tip of the shorter gpicule
(which is figured as being bifid) and the fact that the caudal
ale of the male met on the ventral surface in front of the sucker.

The male measures 5-6-7-2 mm. in length and 0-22-0-28 mm.
in maximum thickness, the female 7-12-7-38 mm. and 0-25~
0-32 mm. respectively. )

The caudal papille of the male are as in H. gallinz. The
sucker has a diameter of (-064-0-076 mm. The spicules
measure respectively 0-297-0-396 mm. (approximately 0-3-
0-4 mm.) and 0-99-1-19 mm. (approximately 1-1-2 mm.).

The eggs measure 0-062-0-068 X 0-032-0-036 mm.

3. Heterakis pavonis Maplestone, 1932.

Host :—Silver pheasant (Gennaus nycthemerus) Zoological
Gardens, Calcutta.

Maplestone states that this species superficially resembles
H. gallinz, but that the shorter spicule has a barb similar to
that described in Pscuduspidodera pavonis (vide infra). “ No
other morphological differences between this worm and
H. gldlina could be discovered, except that possibly the notches
at the bases of the lips appeared to be slightly better marked,
and the dorsal lip appears to be more rounded in H. pavonis,
but these differences are so slight as to be of doubtful value as
distinguishing characters.”

The male measures 6-8-7-2 mm. in length and 0-25-0-27 mm.
in maximum thickness, the female 8:8-10-1 mm. and 0-36—
0-44 mm. respectively. The length of the cwsophagus is
0-94-1 mm. in the male and 1-3-1-4 mm. in the female. The
diameter of the esophageal bulb is 0-14-0-16 mm. in the male
and 0-22-0-26 mm. in the female.

The tail of the male is (0-44-0-475 mm. long. The suck'er
has a diameter of 0-068-0-072 mm., and is situated at a dis-
tance of 0-11-0:12 mm. from the cloacal aperb;re. The

I
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.
spicules dneasure respectively O-594-0-673 mm. and 1-68
1-89 mm. {or approximately 0-6-0-7 mm. and 1-7-1-9 mm.).

The tail of the female is 0-01-1-07 qm. long. The (*.u’l’
measure 0-068-0-076. 0-038-0-044 mm. ;‘
4. Heterakis pusilla v. Linstow. 1906. f

Host —Jungle fowl (Gallus lafuyetity  (caen) . Mnmnl‘,.:
Northern Province, Ceylon. );I

The only existing description of this species is that origing,
given by v. Linstow. The male measures 5 mm. in l(-lm'_
and 0-19 mm. in maximum thickness, the female 513 n ¢
and 0-24 mm. respectively.  The dips are small and rounc,
The cuticle is said to be smooth. The wsophagus '
“ thickened, club-shaped behind,” and oceupies in the ma
1/5, in the female 1/5-8, of the total length,

The tail of the male is 1/12 of the total length and is finely
pointed. The size of the preanal sucker is not given.  The
onl}{ caudal papillee mentioned are four pairs of lateral postanal
papitle, the most l)().\'!(‘ri()[' papilla on cach side separated
})I)(f";: irl((%.:}lit(-urt}(11(1:!:\11711-‘(}\1 fn‘m} ‘thv third than are the !irsl three
the left measuring (;.r‘; spieules are very unequal in length,

The ol ‘)f ”'f f'-')' .mm‘., the right U;I.‘) mm.
and I)()l'l(l'(‘(; 'l‘]l(m i,:];‘l.!(‘lfs‘l(mg .“/‘”'" of ”".' total lm.""zth)
of 1ho b()dy- divies ](: \t(; \I(‘.\ (~m|sul<'r:lbl:\' behind the l‘lll(l(“('.
12 5. Th(‘-’crr' 'r-s‘ 1¢ t“'.‘.‘l length in the proportion of

P eges measure 0-065 - 0-031 mm.

5. Heterakis bosia Lanc, 1914. (Fig. 54.)

of - 1.1
, {1”\( .~‘(,.r|msnn horned  pheasant (Tragopan satyray . Zioo.
ogical Gardens, Caleutta  (Lane  Bavlis and  Daul
.Mélpk‘stnm-,) # avhs  an anoney,

The male measures al - i y
05111 ;“m 'f‘}llxr( h‘ .1'.)0\11 8 ."3 mm. in length, the female
The (‘““(.“I.l.r » ‘.1(( .m.l.'\l‘mum t!m-km-ss s l.lli()ll( 026 O-17 mm.
Al are })]‘(*\"(nn‘[ x;;: :finh‘ (urv‘ at 1111(-1'\';1!:4 of :nlui»ul 2 l,ull-!’:nl
end and x"t- ”l' ginning at about 042, from the anterior

extending in the male to about the level of the
sucker, u.nd in the female to within about 0-03 mm. of the tip
of the tail.  The wsophagus measures 13 1-55 mm. in length,
f‘}}O pharynx occupying 0-1 mm. and the bulh 0-45 mm. The
d‘uun('tvr <>f!hu latteris given by Maplestone as 0-22 0-34 mm.
The nerve-ring, according to Lane, is situated at 0:33 mm.,
the exeretory pore at 0-6 mm.. and the cervieal papilla at
0-65 mm., from the anterior extremity.

The tail of the male isabout 0-55 0-69mm_Jong.  The =ucker
has a diameter of 0-11-0-128 mm., and is situated at a distanee
of about 0-15 mm. from the cloacal aperture. The twelve
pairs of caudal papille are arranged as in H. gallinae. "The

lett spi('ulq' NMEeASUres
puint

(Latne).
it last O-0 mn.

head,

into a fairly lon
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about 0-0-1 mm. in length!? At a

¢ of its length from the point, it expands

about it quarte LA 0
. ‘” - on one side Snly, 0 that a one -sulfd barb is f()rth
abruptiy X about 1:5-1-85 mm. long. or

The right spicule %
it expands into @
is not quite

a portion shaped like a spear-
symmetrical, measures
and is then projected

which however .
0-075 mm. in width, narrows ahdrp‘l_\
¢ sharp point (Laney.

Heterakis bosia, posterior ond of mz}h:; ‘Vle\lt"tu“l 'Z:ﬁ:t
V- ghowing point of vight spicule. 13, tip ot lett spy H

dorsal view, (After Lane.)

P o4

is about 1:2-1:5 mm. long, :md. bears
L. trom its tip. The vulva 18 just-

Papilla-like tubercles may
icinity *.  The eggs measure

The tail of the female

a pair of papillie at -8 mn

behind the middle of the body.

or may not be present in its v
0-008-0-08 X 0-035-0-04 m. L
spovies
ften presont near the vulva of M-y ¥
l?ublv i)mdu(-(\d by the sucker of the male.

» Such tubercles ure
of Heterakis, aicl are pro
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A
i. Heterakis vulvolablata Chandler, 1926,
Synonym :—~Hetcrak (s culeolabite Chandler, 1924
~ Host -—Black-throated hill partridge (Arborophila torgueola)
{eeen and large

intestine} : Zoologien| Gardens, Caleutta
(Chandler, Maplestone).

The male measures about. 6-7 mm,
0-25 mm. in maximum thickness, the female 7-8 mn. and
0-265 mm. respeetively.  The diameter of the head (in the
male) is about 0-055 mm. The lips are semiglobular, without.
prominent papille. The lateral ale are narrow.  The awo-
phagus is about 0-78-0-875 mm. long, the pharynx 007 mm.
and the bulb 0-21-0-235 mm. The Intter is 0-13-0-17 mm.
wide.

in length and abont

The tail of the male messures O0-23-0-82 mm. in length,
the slender portion behind the papilla: oceupying only 0-07 mm.
The preanal sucker is small, measuring only about (0-035 mm.
in diameter, and is situated at 0-08-0-096 mm. from the cloacal
aperture. There are thirteen pairs of caudal papillie.  Their
arrangement is as usual in the genus, except that the = para-
cloacal ' group includes seven pairs. Two of these are
subventral and five lateral.  OFf {he Intter the first and fourth
are smaller than the others. The spicules are very unequal
and dissimilar. The left is 0-29-0-32 mm. long and about
0-018 mm. wide, "The right is extremely slender and bristle.
like, 0-535-0-6 mun. long and only 34 thick at its middle
and about 94 at its root.

The tail of the female is ahout (-

a distance of about 0-39 mm. and then ending in o thin
sharp point. The vulva is considerably  behin the mi(hll(“
of the body, dividing the tota] fength “in the proporti f
about 7:55. |ty lips are prominent )m'(-(-g", ,'f. o l“
hm{(y-wull for a distance of about 0.2 ‘min N 'lpllt. (:::',1: ,l( (l,(‘:
makes a prominent loop in the region of the vulvy gi\s'in

the effect of 4 more o i i
r less homlsphvncul body ™ (¢ .
he eggs measure about, 0055--0-0¢ > 0035 ! (handler).

S mm. long, tapering for

7. Heterakis parva Ma
Host —Silver phe
Gardens, Ca,](}llttlll. et (Gennay

T}fe male Measures 4.6y mm
maximum thiokness, ]

plost(mc, 1931,

ws nycthemerusy Zoological

the f i h:i h‘;‘ﬂth and O0-247 m. in
respectj 2 emate 603 mmy, 4 0-376 mm.
agfo :Vg.’elyl;hez‘eh: lips are hot separated fron, the h()(l\'lb\'
the bulb, s 0'6341%31;73,’“0""“"“- The @nophagus, inc!l'ulin.g
0-044 mm, mm. long, the pharynx occupying
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, al sucker
e I'he pl‘t‘ﬂh‘ll SUC
o ale ix 0356 mm. long. 18 .
The tail of the ",Mh o na. and s situated at O-118 ml 1
has a diameter of Q0623 'l'i;(-(*x‘ are fourteen pairs of eauda
U s cloaeal aperture. LR : ven alrs
from the “‘"‘“ ll l}” wloaeal 7 group lemhnui bS(/\,f\‘l \lp;)air
1. . rac ’ a S subventrd
papillie. the ! . snbventral), and a sma it between
(four lateral. three s v of the isolated lateral pair bet a0
heing present near the hivses ¢ roup. " The spicules are similar
~ sterior Lr y r 0-277 mm.
! and the posterior oy 1e other V-2
tln.\l:.'mll{) ‘:”ulnvq“'}' one being 0-317 and tl
in shape bu e The vulva
L - _ A 1 VU
in tength. f the female is €504 nun. l'()"c'(nd and has
Ay s . R . stertor end, :
Ihe tail o i from the posterior 322 0-032-
o atunted at 2-63 mm. are 0-06-0-06="
0 -*‘lltlll-\ l minent lips.  The egus measure
shightly pro

O-034 mn).

i - 1906 Fig. 93.)
.. Heterakis isolonche v. Linstow, 1906, (I A
N ] alis  Lane. alt i
deralis  ptanstralis ) P e 1926
."«_\'nuuy.ns’} . I'I:h‘:"‘i' m{"i; Heterakis Iu:...vlalfl, -(',,lll,i[i.q o andlor
urnplll.vlf(-u.] W ’!H':"'I:m.ullur. 026 : Heterakis cari
Heterakis lanci
o i isease kuown
l associnted with the dise lli:})k(\ciallv
. etirs pore especiadi
asants. 1t oec st
i : v golden and
anecies, such as the golden and e
: . amental speeies, o golden anc AU
T ”lm‘\‘\“‘hivh are frequently k(lxpt(.m l( a(ll\i)llll(r )
Mmen in 1. isolonche (including 1t 5 yms)
. In India /.18 I e
A wded by Baylis and Daubney, :h(: Z()()]E)gi(';l
wn et 3 3 u | : ' |
has been l(ﬁ-()ln various  Galliform bx.rds’ i e phmm“t
M"l’ll‘h‘“"(“"l utta. These include the erimson A e
de aleutta. , o e ianis),
(’:Il'mll “H;n L~mh/ru). monal (Implmpl;ni)‘u.sb::{{{1 (J]J(,I,h“,-,, i,
{(Tragopan SAtyral. tus). crosted fireb phure rufu),
" GERIS Craen . : ' o (’l.nn(
l)’"‘"-"\;‘\( (l“Im.\,n( (Polyplectron. bicalcaralum), kaliy (
MeoCK -pheast !
pencock-]

This parasite is
Hosts =This paras i
as nodular typhlitis phe

phes

i synonyms of
1032, @) considers H. hastatae {\xul I'llllf:f'i:;qz?‘r » \mu!\le
* Mapleatone I. - sriabilis n distinet species. e rating
iolencle l' -l‘"n of H. rariubilis suflicient grounus the other two
to tind in the deserip m“‘l 2 et o ‘Iﬂnmmm.i"’ (Vide
it (o I8 "w’“m'h;‘in‘-lr hand, Maplestone {ronts "l-'l‘)jq':l good gpocios.
-"‘l““'i‘”" o “| of H. prtaustralis, which he mnf:,:‘l‘ |).1nm0m\vﬁ A
intr) a8 .“_VINIII.V.I“. ix unable to agree,  Some of May cstonc’s (o
With i e ““'““‘ tx from Lane’s description of H. be MGG
tiown ) ““‘“M““““\:l“l‘l: writer has re-examined '(h(\‘ t‘y‘l)i(;-ilt‘ish Muscunm
q“hl“' N‘:.'(I‘’l"'l"“'l""m‘;''"l H. "“I"'“‘\.“‘"“ﬂl. ‘t‘ih"‘ltl' 1'(]],‘1(1\1\:21)‘("{‘01 Clayton I‘(tynﬁ,
Naturm int rough the ki VU ieale collection,
:N‘mm‘l ”lN“;':()\::::i:l::‘lT:;l ::::‘ (‘»lﬁnt'l' material, in h.l‘q‘ l)ll\:s“‘af l;‘l(\sulb of
has boen able to e as belonging to these two species. A (1)H.bc1’aln-
B th h"'!‘ a has come to the following conclusions D earately
this study the W‘[lf‘(‘l“.tl from H. prtaustralis, and was .‘“"“.lqlmble utely
e q‘lm'"l(ul:n"~ (2)y H. pum:mlmliu. Lmu.\ is md!s.:,‘:gin sha! eiginal
(l(‘s‘:l'l)ll):)':ll("li;\ m‘ui the moasurements ;')ft{\t: ;Y::tt::‘(;:lg:\\\ en in (e
1N . 3 o ’
(’ll(;soript,im\ d(.) not ngr;se tw)::(}‘\ i:]ll;,};(:bub]y [matorial exen
H. putaustralis of Maplostc
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lewcomelanss) and
The worms inhabit. (e
forms being found in the
in nodular thickenings
lumen.

The asur i i
i n;c.x.smom(\ms of thix species are vepy variahle, and
s fac ably i ing heo il
undor(~ probably accounts for its having heen deseribod

T S0 many names. The male measures 7-13

weea of t_hvir hosts, the immature
t,hl.('kn(‘ss of the ¢o cal walls, frequently
while the adults are found free in the

mm. in

Fig. 55.—Heterakis ia

) ) . .
solonche.  Posterior end ol male; v

: entral view
(After Lucet and Henry,) nerud view.

i(lalng;;‘{l 'd]ml"' :}bnut 0-25-0-55 mm. in maximum thickness
he female 7:3~17 mm. and about 0-35-0-6 . respectivel )
The cuticular s.triuti(ms are at intervals of a lmul..3/‘l ! Nu‘r:’u‘z\‘
lateral ale begin at about 0-] mm. from the amtvriu.r end and
extend for the greater part of the length of the body. The
cesophagus, inchiding the bulb. is about 0-91-2-1 mm. (
The bull‘) measures about 0-24-0-45 mn. in lo p
0-3 mm. in width. The nerve-ring is situated

mm. long.
ngth and 0-16-
atabout 0-27mm .,

S‘ - . R
ilver  pheasant (Gennarus wyethen risi.
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the exeretory pore at 0-38 mm., and the cervical papille at
03 mm.. from the anterior extremity.

The tail of the raale ix O-4-0-8S mm. long. The sucker
has a diameter of about 0-08-0-13 mm., and is situated at
a distance of 06 1:06 mm. from the tip of the tail. The
twelve pairs of caudal papille are arranged as in H. gallina.
The spicules are broadly alate and subequal. the right being .
slichtly longer than the left and having a thicker shaft and
broader ala.  The left spicule varies in length from about
0-72 to I*% mm.. the right from about | to 2:3 mm.

The tail of the female measures 0-83-1-75 mm. in length,
and is tapering and pointed.  The valva varies somewhat
in position. but is usually a little in front of the middle of the
body. One or more papilliform tubereles may  often be
observed in its vicinity,  These correspond in diameter with
the interior of the sucker of the male, and are probably caused
by if.  ‘The cggs measure 0-065-0-08 - 0-035-0-046 mm.

0. Heterakis papillosa (Bloch, 1782) Railliet, 1885,

sSynonvms : - Ascaris  papillosa Bloch, 1782 (part): Fusaria
papillosa Zeder, 1803 (part) ;. Heterakis monticelliana Stossich,
1802 ¢ Heterakis caudata v, Linstow. 1906 ;. Heterakis stylosa
v. Linstow, 1907, (Not Heterakis papillosa auctt. - H. galling.)

Hosts - =This species is recorded from the cieca and large
intestine of bustards (Otis tarda, Totrax lcirax) in Kurope
and Asia by Bloch, v. Linstow and other anthors.  Maplestone
(1932, a) records it from the silver pheasant (Kuplocamus niycthe-
merus) and cercopsis goose (Cercopsis novae-hollandia) in the
Zoological Gardens, Caleutta. The specimens from the goose
are recorded under the name of H. caudata, but Maplestone
states that he believes this to be a synonym of . papillosa.
H. caudata was originally recorded by v. Linstow from a duck
(Lanepronessa | i} sponsa) in Burope. The following de-
seription includes the measurements given for both forms.

The male measures 7-3-13 mm. in length, the female 8:9-
20 mm.  The maximum thickness is 0-22-0-63 mm. Narrow
lateral alae (broader in the asophageal region) extend through-
ont almost the whole length of the body. The wsophagus
occupics /9 to [;7 of the total length,  According to Maple-
stone it is 1-12-1-:56 mm. long, and its bulb has a diameter of
0-18-0-25 mm.

The tail of the male has broad ale and a long terminal
filament.  The sucker is of a very characteristic shape, being
unusually deep and having a broad base and a narrow opening.
[ts dizmeter is about 0-11-0-22 mm., and its distance from the
cloaca 0-18-0-3 mm. There are usually twelve pairs of
papille, whose arrangement is typical except that the lateral
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l)tum(“lo;cul papille wre unusually widely separafed.  Maple-
;)foillbm(l)“S(‘:'L\')(;(lll‘()l?(! specimen in \‘\'hich.th(-rc was an extra pair
0l .}‘(‘;‘ «I‘ at the bases of the intérmediate pair. The
}T} es are equal and measure 0-39-0-61 mm. in length.

lmw:ﬁ t(;lrll.()f. thl(? female oceupies 15 to 19 of the total
;m(T i:.z. ﬁl;o(]uy?mr(_lng to .}{2![)[(‘Hl(lll(‘. measures 0-79-1-36 mm..,
i Y pointed. l.ho vulva is somewhat variable in
position, but is usually situated towards the posterior third
01‘ the body. Cuticular tubercles, ('()l‘l‘(‘-\'])()lll“l;!' in shape
w.n_h.th(‘ peculiar sucker of the male, may be present i s
viemity.  The eggs measure 0-068-0-075  ()1-042 1])-1)'1‘:‘11;:::‘ "

10. Heterakis beramporia Lane, 1914,
Rynonym ™ - Meterakis potanstralis of Maplestone, 1032

; Ho.v/lo —This speetes was originally  pecorded
rom : 10 (.lonu*slu- fowl at Berbampore, Bengal
o ) - . N ‘ . Y
;;zu)tri( ulpf;('n.n t.h(' sime host in Caleutta by Muplestone, and
N . gy . N : ) |
m’lt(:.(i,' rllll])[)l{l(“\. Phe writer has also mot with it in
1],((; q“‘;m‘[nr}nﬂx‘[uln.\-;n,.v Maplestone further records it from
t ver pheasant (Gewnarus nycthemerus) and S )
Jungle-fowl  (Gullus souncraliiy in i S0 G Sonnerat
Jie-lo in the Zoological Gurdens,
o
I'he male s
measures about 5 6 i

026 mm T iz abont mn. o length and up to
el i e ximum thickness, the female about 6 8 mm
et q()‘m'(”\l\)»;; lrl(-.x[;(-(-tl\l'(l-ly. I the female the body curves
) Y somewhat abruptly at about. the level of the
Py hat va ut the level of the vulva,
A ‘u‘l(l.tl(lllelr Sf‘l]d,tl.(lllﬂ' are at intervals of whout 2. Lateral
m;d tm(lprt:oxlti: beginning at about 0-8 mm. from the anterior
nd and extending in the male t .

. . ! o ibout the level of :
e Nending » b vel of the sucker,
) ‘lb(l)l::u“fil:ml(. almost to the tip of the tail.  The uwnph'l;:llﬂ
N f ‘e 4 ( \ ‘
o bul[l):) glm. 'UI,I;‘:, the pharynx occupying O-045 mm.
ane O“imt 2 mm. The nerve-ring is situnted at 0-223 fam
o “ retory pore at 0-35 mm., and the cervieal papille at

» nn-glfr(nn the anterior extremit v ‘

e tall of the male i 37 .

k , ¢ s (O T
a diameter of 0-055 mm am‘fl‘ i,:nn'i I():]gl' ke
o : ! . s situated at o distance of
::fl-ln_llr;). from the cloacal opening.  There are twelve pairs

R N . . . . )

papitia, arranged axin H. galline.  "The spicules are almost
(’(b{lml m length but of different shapes.  The e .ft(*l'il(ull:):
o i ] t | .., Y . » e 18
;1](“1);12 '(l)(‘3t.mm. long, expanded in its distal third, and bears
Th(o o ip a }a,t‘hcr prominent angle on its ventral surtaee
> right spicule is about 0-35 mm. | apering
c righ ' . - dong, and has a 'ring
point with a slight ventral curve. ® pering

by Lane
It has been

* Qoo diconaal .
See discussion under H. isolonche (p. 119, footnote).
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The tail of the female is 0-66 mm. long and bears a pair of
papille at 0-33 mm. from the tip.  The vulva is at about the
middle of the body®ind is sometimes covered by a flap which
projects from its anterior or posterior lip. ‘The eggs measure
0-05-0-086 - O-03-0-038 mm.

11. Heterakis hamulus v. Linstow, 19086,
Hoxst o -This species was recorded by v, ro
species of poufm\'l (Pavo muticus 1P spiciferusi)
The specimens

Linstow from the

cieen of a
which oceurs in the Malay region and Burma.
deseribed were in the Zoologieal Museum, Konigsberg, Germany.
The worm does not appear actually to have been tound in the
Indian region. )
According to the briet’ deseription given by v. Linstow,
the male is 7-3 mm. long and 0°41 mm. in thickness. the f(“lllzllc
7.6 mm. and O-46 mm. respeetively.  The cuticle is finely
strinted.  The asophagus oceupies 19 to 1,8 of the total length.

The tail of the male measures 1,21 of the total length.
071 mm. There arc

The preanal sucker has a dinmeter of -
two pairs of pedunculate papille at the sides of the sucker,

five puirs in the neighbourhood of the cloaca, the most posterior
of these being ventral. the others Jateral. and three pairs

situated more posteriorly.  The right spicule is slender and
0:37 mm. long, and is eurved info a hook at the tip. 'The l('*ft
spicule is straight, 0-32 mm. long, and alate except at the tip.
(:According to the description it is surrounded by a chitinoid
<heath from which only the tip projects).

Tho tail of the female measures 1/8 of the total length.
The vulva is situated at about the middle of the body. The

cggs measure 0-067 0042 mm.

|22 Heterakis spumosa Schneider, 1866, (Fig. 56.)

Heterakis dahomensis Gendre, 1911 Gangulcterakis

Synonyms :-- :
Ganguleterakis spuniosa Lane, 1917.

gangula Lane, 19142
Hoats :~—This species oceurs in the ceeum of rats of various
species, and is widely distributed in many parts of the world.
In India it has been recorded from the brown rat (Rattus
norvegicus | Mus decumanus]) at Berhampore, Bengal (Lane).
The male measures 6-4-9-85 mm. in length and 0-26-
0-33 mm. in maximum thickness, the female 7-13 mm. and
0-3-0-62 mm. respectively. The cuticular striations are abou t
10 p apart. Lateral alw are present, beginning at about 0-2 mm.
from the anterior end and extending in the male to the level
of the preanal sucker, in the famale to the tip of the tail.
In the cervical region the ale are comparatively wide
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(0-07 mm.j, but at about the
they become narrow.
0-07-0-08 mm. The
0-875-1 mm. long,
and the buib 0-25

The diameter of the head ix about

N

The nerve-ring is situated at 0-33 mm.. th
about 0-45 mm., and the cervical papilla
fr(:rp the anterior end,

The t;ti‘l of the male is 0-25-0-3 mm. lone
ale are wide anteriorly, but diminish rather Su(rl‘('h‘nl\‘ in widtl
at about the middle of the tail. The preanal suckoer | o
nent, and has an antero-posterior diameter ()f{.M)t')';f'l)-ll’;%l‘)’m"”-
Fts transverse diauneter is greater (0:086-0-1 mm ) ' atcker
I8 situated at 0-435-0-6 mm. from th "

¢ exceretory pore at
at 0:225.0-5 mm.,

The caudal

01 The sucker
¢ tip of the tail and abont

7o )
/ ‘Q©\)
|

[wjo
G ey
ALY

g

Fig. S6.—Heterakis spumosu.  Postorior ond of male ; i
(After Lanc.) Coventead view,
0:2 mm. from the cloacal aperture.  There ar s of
(-,ul.xda,l papillie.  The “[)Ill'll('l():l("l.l b |I:~“ B i, ol
pairs, of which three are lateral ;m‘(d l\\'(:::‘ll)l\" : mf.h“lm e
lateral papillee the anterior on ewch Ni(l(-.iu v(‘nlvml. V! l{h(-
a stout, granular base. The next is Slllll.”(‘l'( r.:;lllt‘.”;ﬁ:)“inlh
o So : ba : . s0 has
;Ll;rlll(lltél:cn(,'i!lbusc, '\\ fl.l.l("th.(‘ posu-r.mr s long but comparatively
ler. 1e posterior group, situated on the more slender
p(\rt_l(m of the tail, consists of three pairs, of whicl lln' terior
papilla on each side is the most slender and {he n:i l«ll(l , ill
th.e stoutest.  The spicules are subequal and m:--m: 'l-mt;]-""
0-37 mm. (or, according to Gendre, 0-4 mm.) in len :tll - Ti oy
are ﬂuttm.md, gradually tapering and l(m"ilu(iinnll\%\'llr.'iulv(;(.\
The tail of the female is 0-68-0-9 llll:l. long, 1'|u;l lm:v\rs-n‘

pair of papille at about 045 mm. from the tip. The vulva

anterior

posterior end of the asophagus

wsophagus. including  the  bull, s
the pharynx occupyving 0:063 0-075 mm.
20-0-3 m,  The latter is 0-125-0-2 . wide.
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ix situated slightly behind the middle of the body wd has
rather prominent lips, each of which bears a pair of papille.
Cuticular protuberanees may be present in jts vicinity. The
eges have mammillated shells measuring 0-055-0-065 X 0-04-
0-05> mm.

133, Heterakis girardi (Lane. 1917).
Synonym o Girdorakis girardi Lane, 18917,

Host -~ Porceupine (Hystriv ()(,ngul(,nsis)(int(‘stinv): Zoological
Gardens, Calentta,

The male measures 18-21 mm. in length, the female 24—
a6 mm.  In both sexes the maximum thickness is 09 mm.
The anterior end of the body is curved ventrally. The cuticular
otriations are 13 apart. The lateral ale begin near the
anterior end. and are at first narrow.  They expand rather
widdenly at about the level of the nerve-ring, and reach
their maximum width of 0-037 mm. at the level of the w@so-
phageal bulb. From  this point  they  diminish gl‘:}(hl;l“)‘
in width. and extend in the male to a point just behind the
bewinning of the caudal alwe,and in the female to the tip of the
tail.  The awophagns is about 2-1 mm. Jong. the pharynx
oceupying O-125 mm, and the bulb 0-6 mm.  The latter s
035 mm wide,  The cervical papille are situated at 025 mm.
and the exeretory pore at (6 mm. from the anterior end.
The nerve-ring is a littde in front of the exeretory pore.

The tail of the male is 066 mm. long.  The caudal ale.
which are joined by a continuous membrane across the ventral
wrrtaee anteriorly, begin at about 1-35 mm. from the posterior
end, and continue nearly to the tip of the tail.  The preanal
sucker is oval, its fonger axixz (O-11 mm.) being antero-posterior.
lts transyerse diameter is 0L mm. - i situated at O 175 mm.
from the cloacal aperture. There ave 15 pairs of caudal pupi”:l'.
of Shich four are lateral, ten subventral and one subdorsal.
"The subdorsal pair is the fourth from the posterior end. The
largest papillie are a lateral pair at the level of the cloacal
opening.  The spicules are equal or subequal, measuring about
15 mm. in length, At 023 mm. from their roots they are
bent ventrally at an obtuse angle. At this point begins
an expansion on the inner side of each spicule which extends,
with a gradually diminishing width, 1o within some little dis-
tance of the tip of the spicule.  The terminal portion of the
spicules is rod-like,

The tail of the female is tapering and slightly curved dorsally.
1t measures 1'9 mm. in length and  bears a pair of papilla
at 0-% mm. from the tip.  The vulva is situated at 7-8 mm.
from the anterior end of the body.  The vagina runs posteriorly
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fr()nl the VulV(l f()l H hgt. o ) sre if ¢ 3
. i aneg ()t H l)() . A} H i ) =

. . 1 ut 2 mm. : 3

m (ll(l[l[()“(‘,l . At “brl t E. n.,w h( 1« .\[ L L

from the vulva tl
opposed erine  hy: L. Uva the apparently
0 ()}F . ';lt rin '-l”(',)('ﬂ originate r h(‘ oo l I . “
0570-037 mim. ’ ' J gusomeasire

4. Heterakis govindi (Karve, 1930).  (Fie. 57.)

S iy - :
nynonvin - Meteterqlis yorindi Karve, 1930,

Host me ]
A l.mlfz(g(:o/:uhnus_/'m[{ux (rectum) ;. Rangoon, Burma
d asures H-54 mm. in | (
029 mm, j . < dength and about 023
2¢ . maximum thickne [ "
P ) ness, the female 4466 mm. and
o m;:rl:mln'i resp(-..(-tlwly. I'he body ix * hent ventrally
b o e(] ((,;irreo in both sexes,™ Lateral alw are pres nt
' ' Vi ‘ e .
ot feo fVn( utclopod. In the female they begin at about
- trom the anterior end and extend to the tip of the

o1 mm,

Fig. 87.—Heteralsi o
: erakis gorind;. Posterior end of male :

( ‘ ventral view
ts ' l‘ N \ . (
atl. h(, Q,N()ph(]('"“ IS l)()ll(/ 0 .’~|

occupying 0-043-0-054 - long. the pharyna

latter is (. o and the bulb 0-19-(.: O
Observed_o %?;(iu]‘?.lim‘m. -wnd.e. Cervical pupi“,;..m‘:.l:"'_v :ll(l:t
the excrotory Poro’ 'Y(L'-rll:)g o m’."uu‘d at abont 0-3 mm. and
extromit at about 0-46-0.54 mm. from {he l )
The t::,j'[ of th " anterion
cloacal z( o ¢ male 18 aboyt, 0-17-0-2 . r. The
Well-develll());let:l‘lc(:wl:;-ﬁ.l];.lf‘g“' ‘und protruding lips, fﬂif;f‘(|-’,(. ',,';:.
O-041-0-044 5 0-024 (03 mln}um "}'fi”";” mwk“,"""'“"""” ithout
antero-posterior i oo DS donger dinmeter being
(:lonca‘]I:;)t(f;rtll(l):-(" Ir}}lﬂ situated at about 007 nnln.“flr()nll"l”l::
papille.  Four pairs l?w are at Jeast 17 paips of enudal
in front of the Iﬂ‘ml\ of smalf, sulf\-(-ntml papilla are situnted
threo nai ,“ sucker. At the sides of the sucker there are
pairs, the two anterior parrs being Inrge, the posterior
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pair small. At the sides of the cloaeal aperture, or just
anteriorly to it. there is a pair of large, lateral papille, and
also just in front of it there arve two pairs of small, subventral
papille which form ¥ transverse row. those of the inner pair
being very minute. Seven more patres of small papillie. mostly
subventral, are situnated on the tail. - In addition to the papilla
already mentioned, = the area surrounding the celoncal aperture
appears to be covered with minute papille.”  The spicules
are equal and similar. tapering and very delicate distally.
They measure about 0-27 mm. in length.

The tail of the female is 026 .0-34 mm. long. tapering and
pointed. There s a pair of caudal papille at 008 mm.
from the tip. The vulva is sitnated alittle in front of the middle
of the body (at 2:2.2-8 mm. from the anterior end), and ix
covered by a posterioriyv-directed flap. The vagina runs
posteriorly from the valva for a distanee of about 1-3 mm..
and here gives origin to the two uterine branches.  These
appear to be parallel. The coils of the ovarian tubes extend
anteriorly to a point about 0-34 mm. from the posterior end
of the wsophagus, wnd posteriorly to within about 0-67 mm.
of the posterior extremity, The eggs  measure  -075>
0-043 mm.

2. Genus PSEUDASPIDODERA Baylis and Daubney, 1922,

Lips with ** cordons,” opening in pairs at the interlabial
spaces, diverging and sometimes reeurrent, ending blindly on
the outer surfaces of the lips.  (Esophagus as in Heterakis, with
a short. pharynx and a well-developed posterior pyriform bulb.
Crudal alie of male well developed and supported by peduncu-
late papille,  Spicules unequal and dissimilar, the right long,
the left short and sometimes having a barbed tip.  No aeces-
sory picee.  Asin Hetcrakis, papilliform cuticular protuberances
are ®metimes seen in the neighbourhood of the vulva.,  These
are probably produced by the sucker of the male.  Uterine
branches opposed.  FKggs thin-shelled, with a slight internal
thickening at one pole.  Adult worms in the large intestine
and cweea of Galliform birds.

Genotype : —DPseudaspidodera pavonts Baylis and Daubney.
1922,

Key 1o Species,

Longer spicule of male more than 2 mn. long . roluptuosa. p. 131
Longoer spicule of male Jess than 1 mm, long. .
1. Longer spicule about 008 mm. long: shorter
spieule b mme. oo paronis, p. 128,
Longer spicule loss than 0-7 mm. long ; shorter
spiculo about O3 mm. ... ool spinosa, p- 132.
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I. Pseudauspidodera pavonis Bavlis and Daubney, 1922
(Figs. H8-60.)

Hosts :— Burmese peatowl (Paro mu("[cu.s-), peatowl (Pavo
cristatus) and argus pheasant (Argusianus wrgus); Zoolozical
Gardens, (alcutta,

The male measures about 6 mm. in length and 0-25 i, i
maximum thickness, the female 7 mm. and 0-3 mm. respee-
tively. The cuticular striations, if present, arve extremely tine.
The ** cordons ” on the head consist of tubular grooves ranning
below the surface of the cuticle and having a narrow exterual

W 70

Fig. 58.—DPweudaspidodera paconis.  Anterior end of female ; Iateral
view. ¢, ¢, cordons; A, dosal lip; op., papilla.  (After
Baylis and Daubney.)

opening along their length. The members of each pair of
“ cordons 7 diverge at once and, after running back for a short
distance, turn forward, each on to the outer surface of one of
the lips, where it ends separately. The diameter of the head
at the posterior limit of the " cordons ™ is about 01 mm.
Narrow lateral ale are present, running down the body frowm
a little in {ront of the nerve-ring nearly as far as the tail.
The wsophagus measures 1+4- 148 mm. in length in the male,
1-5-1-6 mm. in the female. The bulb is 0-25 0:26 mm. long
and 0-17-0-19 mm. wide. The nerve-ring is situated at 044
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,
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0-46 mm. and the excretory pore at 0-6-0-65 mum, from the
anterior extremity.

The tail of the male is 0-38-0-43 mm. long. The caudal

N M H . -
alie are wide and extend posteriorly nearly to the middle of

the tail. )
ending in a fine, tapering pomnt.

The distal portion of the tail is simple and slender,
P
Fhe preanal sucker has

c—_ -

o-3mm-.

UL ©-0

Fig. 59.—-Pscudaspidoders pavonis. A, posterior end of male, lateral
view : B, the same, ventral view. [, left spicule; 7., right
spicule.  (After Baylis and Daubney )

a diameter of 0:12-0-13 mm., and is situated at 0-15-0-17 mm,
from the cloacal aperture.  There are twelve pairs of eaudal
papillie, arranged as in typical species of Heterakis, two pairs
being situated at the sides of the sucker, six pairs (four lateral,

NEM. ~ K
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two subveptm]) forming a * paracloacal ” group, and three
pairs forming a group near the posterior limit of the ala.
with a rather large, isolated pair between this and the para-
cloacgl group. The spicules are very unequal and dissimilar.
'.I‘he right spicule is slender andsimple, and measures 0-78 mm.
in length. The left spicule is provided with broad alwe, has
a b;‘n'bod tip and is 0-45 mm. long. o

The .tuil of the female is tapering and measures about
1 mm. in length. At about the middle of it« length it bears
a pair of very minute papille.  The vulva is situated behind
the middle of the body, at about 3 mm. from the posterior end
The vagina runs forward at first for a short distance from lh(:
vulva, then, taking a characteristic turn to the right and
dorsally, doubles back and runs quite straight posteriorly to
a point about 0-8 mm. behind the vulva.  Here it doubles

otmm,.

. b T - ,

Fig. 60. Iaeud{mpzdml(ra patonis.  Vulva and vagina: laternl view,
;3:» plug of cement in vulva.  The arrow points in tho dipee-
ion of tho head. (After Baylis and Daubney.)

forward again, and at about 0-15 mm. behind the vulva gives
off the two opposed uterine branches. As in Heterakis
the two ()V}ducts, doubling upon themselves in the untvri(.u"
and posteriot halves of the body respectively, return
cross euc}_l other, so that the coils of the ovary 'hv]()n nng to
the anterior uterus are disposed in the posterior lmlanfL! he
body and those of the other ovary in the anterior half. The
eggs are somewhat oblong, with a shin shell m(‘usuring. about
0-07x< 0-04 mm., and usually showing a slight internal thickening
at one pole. One end of the shell, as seen in utero, is m-(-uﬂim:
ally drawn out almost to a point. The contents of the cxgs
are unsegmented at the time of laying. .

and
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2. Pseudaspidedera voluptuosa Chandler, 1926.

Svnonyms : ~Pseiddaspidodera voluptuosus Chandler, 1926 ;. [Hcter-
aleis longespieadim Maplestone, 1931,

Hosts :—Argus pheasant (A rgusicnus argus) and red-crested
wood-gquail  (Rollulns rowlowl)  (large intestine and cwca):
Zoological Gardens, Calentta.

The male measures 6:25-8-23 mm. in length and 0-325-
0-38 mm. in maximum thickness, the female 9:35-10-15 mm.
and 0-46 mm. respectively.  The cuticle is  very finely
striated.  The cephalic  cordons 7 are not recurrent, but
each ix curved so as to form a quarter of a eircle, its tip
nearly  meeting one of the cordons of the adjacent pair.
The lateral alwe are about 23p wide.  They begin at about,
O-15 mun. from the anterior end, and extend for about 3/5
of the length of the body in tho female and 3/4 of its length
in the male. The wsophagus is about 1-3 mm. long in the
male, 1-6-1-7 mm. in the female.  The pharynx is about
0-09 mm. long and the butbh 0-3-0-32 mm. The latter is
0-25 mm. wide. The nerve-ring is situated at about the
middie of the prebulbar portion of the esophagus.

The tail of the male is 0-36-0-39 mm. long. The caudal
alw and papille are similar to those of P, pavonis.  The pre-
anal sucker has a diameter of about 0-1 mm., and is situated
at 0:125-0-16 mm. from the cloacal aperture.  The spicules
are very long and unequalin length.  The left spicule, accord-
ing to Chandler, is the longer, and measures 2-7-3-45 mm,,
while the right measures 1-44=1-7 mm. The right spicule has
broad ale for its whole length and a simple, pointed tip.
The left spicule has narrower ale and tapers more gradually
to the tip.

The tail of the female is slender and tapering, and measures
1-05-1-25 mm. in length.  The vulva is situated considerably
behlnd the middle of the body, dividing the total length in
the proportion of about 6:4. The body is very slightly
narrowed immediately behind the vuiva. A number of cuti-
cular protuberances, probably caused by the sucker of the male,
may be present in the vicinity of the vulva, usually a shorb
distance behind it.  The vagina turns forward from the vulva
for some distance. The cgps are oblong and thin-shelled,
and measure 0:06-0-068 > 0-035-0-038 mm.

Chandler (1926, a) has deseribed o variety (var. minor) of
this species from the red-crested wood-quail (Rollulus rouloul).
It differs from the typical form only in size and in a few minor
characters. The male measures 5-5-5 mm. in length and
0-225-0-25 mm. in maximum thickness, the female 6-75-
7.85 mm. and 0-3] mm. respectively. The csophagus is

K2
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relatively & little longer than in the typicend form, oceupyving
nbou.t one-fifth of the total length. The tail of the male l:
relatively longer, reaching a length of 0-26 04 wmm.  This ix
(‘l.u(' to the greater length of the slender posterior portion.
‘Th(- bursa and papillie are similar to those of the tvpical
form except for a slightly better development of the third
])ilr:l('!(.)il('illﬂ. The spicules are not reduced in size as is the
.bo‘(l_\', The right spictule is about 13 mm. lone and the left
.‘5—3-4 mm.. or 3/5 to 5 8 of the total length. The tail of the
female is about 1 mm. long.  * The vulva is situated g little
farther forwards than in the typical form and divides the body
about 6 15 or even more nearly into equal halves” '

Maplestone (1932, a) states that on re-examination of his
species Heterakis longespiculum he has concluded that it l\
identical with P.voluptuosa var. minor, the cephalie ™ cordons
having been so indistinet in the original material as 1o ('\'l“lv w
his notice. Some of the measurements viven by Ma »I(-;t;wl‘ ,
(1931) for H. longespiculum are rather different from ¢ 'il‘!rulllt-l"l"
He gives the fength of the tail of the male as 0450 ll'lnl 'n:i
of that of the female as 15 mm.  The lengths of the s »‘i‘-‘ ll~'
are given as 2208 mm. and 41 mm, . e

3. Pseudaspidodera spinosa Maplestone, 1932,

) II«,w/.:‘Argus pheasant (lrgusianus argus) (intestine) ;
A()o‘lo;_rn'ul Gardens, Caleutta. ‘ R
("‘;l_l(l)(';;m::::' mv;'n:mr«-s 7-878-5 mm. .in length, the female about
9-3-0)-; . The maximum thickness is 0445 G40 mm
The cordons are well developed and are © armed for 1I|-':
whole length by a single row of relat ively stout spines.” 'l'l:«-l\"
("\'.)'(!nd back on the dorsal surface for a c“st:lm:v‘ of 02
:’,"‘4, mm., and on the subventral surfuces for 0:22 (197 nn-n
Cheir recurrent branches anastomose at about {he l~«-\1~l nf"
tvh(:—pm:('rmr end of the pharynx. The asophagus measures
()-(szﬁ'/l mm.in length, of which the pharyny n('('llpit‘;‘
0:08-0-11 mm. and the bulb 0-32 (-4 mm. The diamet
of the bulb is 0-25-0-28 mm. e
The tail of the male is -39 045 mm. long.  The candal
alas appear to be divided into three portions by one !‘rwn;‘-
VOTSC groove between the sucker and cloaca and i w(-nml.m.u'
just behind the posterior group of caudal p:npill;lv T There
are ‘t\\'('lw: ‘p:u'rs of caudal papilke, the arrangement u'f’ which ix
typical, N Fhe sucker is relatively large, having a dinmeter of
1‘)-247—0'2:) mi. and s situated at a distance of 014 0-18 mm
from the cloacal aperture,  The spicules are similar in form
but unequal in length. They measure respectively 00277
0-317 mm. and 0-614-0-673 mm. . )
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The 1ail of the female is FO9 . long, The valvawis situated
somewhat behind the middle of the body . at 3-745-4055 mn.
from the posteriors end. The vagina is similar to that of
L. paronis. The eggs measure 406 - 0-036 mm.

4 Genus ASCARIDIA Dujarding 1845,

Lips well developed, without 'ms‘d()ns." Slight  lateral
alie wsuadly present on the body. (]‘4.\'(')‘)]111.;'11.\‘ club-shaped,
without posterior buth.  Male \\'nl} shght caudal ale and
relatively large caudal papillie. le('ulvs.v([u:ll or subequal.
No aceessory picee. Vulva near the middle of th(‘.’l)o(l‘\'.
Uterine  branches  opposed. DTS thick-ﬁlu‘llv(l. with  an
appearance as of an internal thickening of the sholl‘alt‘ _(;nf%
pole. Adult worms in the small intestine i)iﬂl.)n‘(ls ;}-llf‘i reptiles.
Cenotype i—. Lscaridia hermaphrodita (Frélich, 1789).

Key to Npecies,
trilabion, p. 4L

Parasite of ** jungle crow 7 (Centropus) ..o o
Parnsite of PICONS oo colwmba p. 137,
Parasites of Galliformy birds. oo oo l,

Parnsites of CPIes oo

1. Third pair of caudal pupillie of male from
anterior end subventral cooooo oo .
Fhird pair of eaudal pupitlie of male from anterior

galli, p. 133,

compar, p. 136,
eristata, p. 139,
stroma, p. 140,

ond lateral oo EEEREERERTE IR
2 Male with six pairs of preanal papille oo
Male with three pairs of preanal papillie ..

l. Ascaridia galli (Schrank, 1788) Freeborn, 1923. (Kig. 61.)

Coeze, 1I82 (part) 1 Ascaris yall

Svnonvins * o cAdsearis teres pa I
' : 1 usaric

Sehrank, 1788 Asearis galloparonis Gmelin, 1790 ;
inflera Zoder, 1800 Ascaris perspicilhon - Rudolphi, 1803
Awcaris inflece Rud., 1804 ¢ dsearis gibbosa Rud., 158003 Awcaris
} (.‘I.W':U'i:lf:i] perspicillion Dujueding 1845 Ascaris (:’.\'(‘(U'li[l—(l)
inflera Duj., IR46 Asearis (Asearidia) gibbosa Duj.. 184-);
Heterakis ofleca Schneider, 1866 Heteralis lincata Schneider,
IR6G 2 Heterakis perspicilhon Railliet, 1803 ¢ Heteralis granulosa
v. Linstow. 1906 Ascaridia perspicithbon Railliet and flonry.
1912 :  Ascaridia lineate Raill. and Henry, 19123 Ascaridia
arenonlosa Rl and Henry, 19120 clscaridia hamia Lane, 1914

Hosts :—This species is of cosmopolitan distribution, and
oceurs in a considerable number of birds—chiefly Galliformes,
but also ducks. Its most usual host is the common fowl.
it also oceurs in the turkey, guineafowl and domestic duck.
Hosts from which it has been recorded in India include th.e
common fowl (Berhampore, Bengal (Lane) @ Caleutta (Baylis

* Sco Baylis, 1932, Anu. & Mag. Nat. Hist. (10) x, pp- 520-324.
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and  Daubney); Madras  (Ackert): Colombo, Ceylon (v,
Linstow)) and the blood pheasant (Ithaginis eruentus) (Zoo-
logical  Gardens, Caleutta : Baylis  an't Daubneyy. The
usual habitat of the adolt worms is the lumen of the small
intestine of the host.  They are. however, sometimes found
inthelarge intestine, and oceasionally wander into the oviduet.
In the latter case they may become enclosed in an epyg at the
time of the deposition of the shell. A considerable number of
instances are on record of the finding of such worms in egges,

The male measures 33-80 mm. in length and 049121 mm.
in maximum thickness, the female 60 123 mm. and 0-9-
186 mm. respeetively.  The dinmeter of the head ix 028
047 mm. The dorsal lip is somewhat broader than the sub-
ventral lips, and bears a pair of large, lozenge-shaped papillae.
Each of the subventral lips has one Jarge lozenge-shaped
papilla towards its ventral side. and a very small circnlar
papilla, more anteriorly placed, towards the other side.
On the inner surface of cach lip anteriorly there is a transverse
ridge, sometimes described as a dentigerous ridge. [t does not,
however, appear to bear teeth. A pair of feebly-developed
and extemely narrow lateral alie may sometimes be deteeted
in the cervieal region, but ale are not distinguishable at all
as a rule. The interval between the cuticular strintions
varies from 12:5 ., according to Dujardin, to 1004, according
to Ackert. The asophagus is 2:1-72 mm. long. its average
length, according to Ackert, being 3-3 mm. in the male and
3-9 mm. in the female. The nerve-ring is situated at 0-3-
1-5 mm., the excretory pore at 0:74-1-53 mm., and the cervieal
papille at about 0-9 mm., from the anterior end.  According
to Lane there may be five or six small * nuchal " papille
on each side close to the head. The writer has been unable
to verity this, but in certain other species of the genus a con-
siderable series of papille certainly occurs in the cervieal
region.

The tail of the male measures 0-48-0-85 mm. in length.
The preanal sucker has a diameter of (:2-0-28 mm. in mature
specimens, though in very young individuals it is sometimes
as small as 0:-14 mm. It is situated at o distance of 0-2-
0-24 mm. from the cloacal aperture. The ventral surface in
the neighbourhood of the cloacal aperture, and as far forward
as the sucker, is usually covered with small papilliform cuti-
cular bosses.  The normal number of candal papillie is ten
pairs, which are generally arranged as shown in tig. 61, There
is, however, a good deal of variation in the position of some
of the papillee, and even in their number.  Occasionally one
or both of a pair may be abseut, two papille may be fused,
or extra papille may be interpolated. The spicules measure
1-2-5 mm. in mature specimens (average length 194 mm,

according to Ackert).
only O34 mm.

[-56 mm.. Ackert).
-3 mm. from the tip.
Josition, but is usually som
body.  The eges have smooth,
Q-0R8 - O-04-0-00 mm. (average U
to Ackert). The thickening some
of the shell at one pole does not
to the

)
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In voung males thev may measure

T dof the o » is about 1-1:88 mm. long (average
The tall of ety 'm'll!;)clro is a pair of pupillmbnt, about
The vulva varies considerably in
ewhat in front of the middle of the
thick shells measuring 0-065—
076« 0-049 mm., according
times observed on the inside
, according to Ackert, belong

<hell itself, but to the vitelline membrane.
Fig. 82.

Fig. 61.

e et
oy

Posterior end of male; ventral viow.
(Aftor Boulenger.)

3 2 —Ascaruia compar. Posterior end of male;
Fig. 0 (After Baylis and Daubney.)

Fig. 61.—Axcaridia galli.
vontral view.

"The life-history of this species, which has peen extenleelg
studicd by Ackert (1931) and others, may be briefly summ_x(xirlzaer S
as follows :—The eggs, which are ur,lsogment'ed when 131 )
pa,saed to the exterior in the bird’s droppings, and d(?V t‘p
to the infective stage in 10 to 16 days or more, accor lllngw g
the conditions of moisture and temperature. 1If sw?i owe
at this stage by a suitable host they hatch in the du{) eﬁlutm};
Experiments have shown that eggs may occasionally hatc
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;lllwwfi_:‘z(‘l‘,]"-‘l.n'(l th'u‘tAinf(-.\'tutinn may follow the
the fr o (ulhl'. ‘lhl.\', I](.)\\'(-\'(‘r, probably rarely

» and the swallowing of cues s roe .
mode of infection. : irst nine o
the larvie [ive

happens an
During the tirst nine “”,INI ax the usual
i | hg tie tirst N davs after hatehing
either in the '”m'(‘.”‘ "_' IP‘M'(T“W portion .uf the duodenum,
about the tenth | (); wetween the villi of the linine. From
MUCONs e b ‘n.t 1 seventeenth day they peneteate the
ends buried th(\lfl."‘ ~E|l(| may he uhfrr\'c-nl with their anterior
jeeting im‘() ”(‘“I“l and ”"" 5'“*“""“11 badt of the bhody pro-
they ""4.“ e "l(“umvn. From the eighteenth dav onwards
fow tthdraw from the mucosa and live free in the |
" t0}\\ ll:'lrvzv may occastonally migeate into ot he e
s 4] . ‘« '
o I'(‘«:l(;l- lV(fr :lll(l‘ lupgs, b.u‘r S!I(‘h migration is apparently not
e lar feature of the life-history.,  Tho wortms reach s
maturity by about the fifticth day in chickens ; reen seaual
a month old. . ens infeeted when

r orvans, sich

n) M 4
3. Ascaridia compar {Schrank, 1790) Travassos, 1913 (K

Nynony : }

N ms —-Asearis e - N

Friheh 15t Caris  compaer Sehrank, 1790 .
Froli L ISO0Z Fusaria compar Zobor, 1503 ;
compar Dujardin, 1845 : N

1. 62}
Ascaris /u,/ulnnlfx

Asearis (Ascaridi
) i " B A i
o Heterakis compar Stossich, IS87 )

Hosts —Thixs s i
bt .( : l(}‘l.l.] species l!us been recorded from considerable
ety ) lnl lllfurm birds in LEurope, Asin, Am viea i
stralio N ”di“ lt l . AN, Criea ar
i - has been recorded f
Aetori o1 Atk : orded from the chakor
(B‘ i gricea chukar) in the Zoolovical Gardens (¥ |
( vl and Daubney). ) o Caleutta
. The l.llilvl(‘ measures about 36 54 mm
1 maxi icknes 1 '
rcvqpc((-tivl(l-;“n t’j:}ld\"‘(‘m‘ the female 65 96 mm. and 1-G mm
rospe l_nml_z/;” p e lips are somewhat trilobed, and cach haes
on 1t })mj(‘( Llr .;u- a p‘rmnnu-n! eaticular ridge, without tw-t‘h.
, ets beyond its anterior { ‘
nieh pro yon v border. The ax :
. cfliil[:uts (_le()fl.lt /14 of the total length vomephi
> tal Y i .
y pr()v;dp(({) \‘:-]ilt(hln(lllc is ;}lmut 1,66 of the total leneth, and
) alie of moderate  wij ding
‘ : width. COr
iw'ulfli(,r (1897), the preanal sucker measures 0434 ‘\1;(';’“““}»‘ "
us figure does not suggest so large u si and o
suspected in his measurement ; 1; e g e iy b
Boprated ' s s, In materinl examined by
. (gr(\nt;\r"(ljﬁl)d“bn(l‘v‘“"‘ sucker was much smaller 'l'l\"l)“\r
u K ml‘l lameter of about 015 mm.  Ther l. i
s e . e are te s
o 'L ]::lpl“‘l,, arranged as shown in fig. 62, T} il
m('l(‘llh“w 178 mm. in length o spienles
1e tail of the fo i '
*temale is about | n ’
: A mm. he egres
0.(')12:{"().()91 A 0:057-0-06 mm o fong The pa e
wre is very little diff
4. gull ,\:}(J.Ylj li)ttlt dlﬂ‘(_‘r(-n(-v between  this species and
4. gal i)-lf;i]kh fl.mmet.;uen from the figure, the third pair of
¢ w e anterior end w i i i
e pupilie n the end was, in this specimen
distin (l.\‘} lateral, while in A, galli it is subventral lIt. is not
ertain whether this character is constant . . |

m length and 1-2 mm.

imvestion of
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3. Ascaridia columbz (Cimelin, 1790) Travassos, 1913,
(Kig. 63.) .

Synonvis : Asearss colinha Gmeling 17900 Awecaris maculosae
Rurlolphi. 1802 0 Fusaria maculosa  Zoder, 1803 . Ascaris
Dujardin, 1845 Heterakis  maculosa

(Awearidia) e ndosa
Sehneidor, I8t Heterakis columba Railliet, 1885 Ascaridia
maenlosa Baillict and Henry. 1912,

cosmaopolitan distribution, and
cies, including the domestic
rocorded from the Bengal
s). Phloganas luzonica and

Zoological Gardens,

Hosts - —This species s of
oceurs i pigeons of many spe
varieties,  In India it has been
green pigeon (Crocopus phanicopleru
other pigeons (species unknown) in the
Caleutta (Bavlis and Daubuney).

The male measures 16-70 mm. in length and about 0-7-
1-1 mm. in maximum thickness, the female 20-95 mm. and
1-2 2.5 mm. respectively.  The head has a diameter of about
0-18-0-23 mm. There are very pronounced cuticular striations
on the budy, at intervals of about 25u.  Lateralalweare present
in the corvical region only. There is a series of 26 to 30 pairs
of corvieal papill, extending backwards from near the posterior
end of the ale, the first two or three pairs being situated within
the aliv. The nerve-ring is situated at about 0-5 mm. from
the anterior end.  Numerous rounded or oval vesicular
bodies are usually present within the body-cavity, and it is
from these that the name maculosa originated.

The 1ail of the male is about O-48 mn1. long. The caudal
alie are slight.  The sucker has a diameter of 0-15-0-2 mm,,
and is situated at a distance of 0-48 mm. from the cloacal
aperture. The caudal papille are subject to considerable
variation in position and in number. Typically there are
14 pairs.  Five of these are definitely postanal, the third
from the posterior end being subventral, the others lateral.
An gdanal group consists of four pairs, of which one is large
and lateral, the other three smaller and arranged in a trinngle
on cach side.  The preanal series includes three pairs of sub-
ventral papille between the cloaca and the sucker, a pair more
laterally placed at about the level of the anterior margin of
the sucker, and a pair in front of the sucker. This last pair

is sometimes duplicated.  The spicules are equal and measure
1-2-1-9 mm. in length.

The tail of the female is conical, with a terminal spike, and
mensures 11-1-2 mm. in length.  The vulva is gituated at
about the middle of the body. The cggs measure 0-06—
0:09 '« 0-04-0-05 mm.

The life-history of this species appears to be similar to that
described for A. galli.
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4. Ascaridia cristata (v. Linstow. 1901) Railliet and Henry,
1914, (Fig. 64.)
Synonyvm H«Irrul.?i.v cristata v. Linstow, 1901,
Hosts - - <This species was originally recorded from a crowned

crane (Balearica requlorum) in East Africa. It has also been
recorded from the West African crowned crane (Bualearicu

Fig. 64.—Ascaridia cristata. Posterior end of male ; ventral view.
(Aftor Baylis and Daubney.)

pavonina) and the sarus crane (dAntigone antigone) in the .
Zoological Gardens, Calcutta (Baylis and Daubney).

The male measures 35-38 mm. in length and 1-1-1-34 mm.
in maximum thickness, the female 38-57 mm. and 1-1-
1:76 mm. respectively. The head is 0-27-0-28 mm. in diameter.
The dorsal lip is shorter and broader than the ventro-lateral
lips. Each of the latter bears, according to v. Linstow, two
blunt teeth. The cervical ale extend back for a distance of

Fig. 63.—Ascaridia columba.
view, showing variations in papilla.

Posterior onds of three males; ventral

(After Baylis and Daubnoy.)
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l...d min. fl(')lll the anterior end. Ther
pairs of cervical
09 mm. from the
anterior pairs ape

I~ a ~eries of 27

head vml. for a distanee of 6 63 mm. The
and the distance | .lf";_‘""‘l Just ‘l.“""«'l“.\: to th_v cervical alwe
0-3 mm e “)( ween Nl'll'(‘l,'s.\'l\';" paars varies from (10 to
b u\nph:!y_flls 520 23 mms fone. The nerves
NE B srtiated al 046 mm., and the o
O "I‘;"m”'fm‘m the anterior end.
062 l(mf'(lllll (]:fl tlh‘(‘ l’ltl;ll(' l;s"shnrt and r.nniw.-yl. l! measiures about
of \V}li(-}; \‘“(‘“F‘ ' Phere are 13 pairs of caudal papilla,
d(»s(-rib(x(l-l.(]\((".l .ml- postanal uful SN preanal (v Linstow
o '_“(, tgured only two pairs of preanal papilley. The
PE("U S ar slender and alate, am measure -0 mne. in denetd
LThe tail of the female is 07 mm . . =

dong. The vulva is sito
ats " ¢ . e, itk situated
lt: ;,l‘)()llt 2() mm. hm'n the anterior end in specimens 38 40 mm,
ength, and is slightly salient.  The owes measure 0-083
O-091 -2 0-038-0-062 nym. R h

Xeretory pore at about

5. Ascaridia stromg (v.
1914 (Fig. 65)

.
Synonym ;- et rakis strome v, )

Linstow, 1899) Railliet and Henry,

dAnstonw, 1s00,
Hosts ——The host

. from which
recorded w

this species was orivinally
the . ; s was orivinally
as Crus povad s, )

It has adso been recorded from

i, 65,

Fiw. 66,

\ H
\\\L v »:.‘
n ) i

\
\'\ o
\\" )
\
¥

Fig 6.~ L wearids s =
. B Awearidia strome ‘ostoertor e ) 1
. Posterior end of male ooventral view,

Fig. 66 . i " (After v, Linstow,)
1g. 66.——Ascaridia trilabiun, > o . .
1. Posterior end of male; ventral view.

(Original.)

papillie. extending back from point about
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1

the common crane ((frus grus) and the sarus erane G(edntigone

antigone) in the Zoological Gardens, Caleutta (Bavlis and

Daubney). .

The following characters are taken from v. Linstow's
deseription:—The male measures 25mm. in length and 0-8$ mm.
in maximum thickness, the female 56 mm. and 1-7 mm.
respectively.  Broad cervieal alwe are present. The cesophagus
occupies, in the male. 1716 of the total length.

The tail of the male is 147 of the total length.  There are
ten pairs of caudal papille. of which six are postanal, one
adanal and three preanal.

The tail of the female is 17117 of the total length, and has
a digitiform terminal process.  The eggs are exceptionally
large, measuring 0172 0-146 mm.

6. Ascaridia trilabium (v. Linstow, 1904) Raillict and Henry,
1914, (Fig. 66.)

Synonym i --Heterakis trilabivm v, Linatow. 1904 %,

Host :— Jungle  crow ™ (Centropus  sinensis):  Horana,
Cevlon.

The writer has been enabled, through the courtesy of the
Director of the Colombo Museum, to examine the type-
specimens of this species. These consist of one male and two
females, besides some fragments.  As the writer’s measurements
and other observations differ considerably from those of
v. Linstow, it scemy advisable to give a new desceription of the
species.

The male measures 27 mm. in length and about 0:75 mm. in
maximum thickness, the females 38-39 mm. and about
0:9 mm. respeetively.  The diameter of the head is about
0-2-0-25 mm. The cuticular striations are at intervals of
abouy 25, Wide cervical ala begin immediately behind the
lips and extend back to about the middle of the wsophageal
region, where they rather suddenly disappear.  Their maximum
width, in the female, is about -1 mm. The wsophagus is
1-:95 mm. long in the male, 2:3 mm.-in the females. A pair of
stout. cervical papillae is situated immediately behind the
base of the lips.  The nerve-ring is situated at 0-5-0-55 mm.,
and the exceretory pore at (0-6-0-7 mm., from the anterior end.

* 1t appears possible that dscaridia | Heterakis] circutaris (v. Linstow,
1903), recorded from Centropus sinensis in Siam, may be identical with
A. trilabium, but this question cannot be determined without a re-
examination of the typespecimens of A circularis. According to
v. Linstow’s description this species has only ecight pairs of caudal
papille in tho male.
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The tail of the male ix 0-5 mm. long. The sucker has a
dinmeter of about O-14 mm., and is situated at about 0-25 mm.
from the cloacal aperture.  There are thirteen pairs of caudal
papille, arranged as shown in fig. 66, The spicules are equal
and measure about 2-3 mm. in length.

The tail of the female is 0-77 mm. long, and has a pair of

papillze at about 0-25 mm. from the tip.  The vulva i situated
at abont 19 mm. from the posterior end in a specimen 39 mm.
long.  The eggs measure 0-0825-0-0875 - 0:05 0-055 mm.

4. Genus STRONGYLURIS Miiller, 1804,

Lateral fields conspicuous, composed of a single row of large
cells. Lips well developed.without * cardons,” but expanded
in front and at the sides into a cuticular flange.  (BEsophagus
with a relatively long pharynx, the lumen of which forms a
ventral “kink ™ at its posterior end, and with o well-developed
posterior bulb.  Tail of male obliquely truneate ventrally
and with a short terminal spike.  Caudal alie well developed
and supported by stout, pedunculate papillae, giving them the
appearance of a burse. Spicules relatively long, equal or
subequal.  No accessory piece.  Uterine branches parallel.
The eggs may he segmenting before oviposition.  Adult
worms in the alimentary canal of lizards and chameleons,

Genotype :—Strongyluria brevicaudata Miller, 1804,

Key to Species,

Parasite of chameloon ............ ... .. ... chanueleonis, p. 142,
Parasite of lizard (Calotes) ................... calotis, p. 145,

1. Strongyluris chameleonis Buaylis and Daubney, 1922,
(Figs. 67-69.)

Host :—Chamaleon chameleon (', vulgaris|; Zoological
(ardens, Calcutta.

The male measures 6:3 mm. in length, the female 84 -
8:75 mm. The maximum thickness is 0-5-0-7 mm, The euti-
cutlar striations are exceedingly fine.  There are no lateral ale.
The lateral fields are broad, and each consists of a single row
of about 70 large, granular cells with clear, rounded nuelei.
Cervical papille have not been observed, nor do the longi-
tudinal rows of small papille on the body, which occur in
some species of the genus, appear to be present. The dia-
meter of the head is about 0-06 mm. The wsophagus is
about 1-1 mm. long (including the bulb) in the male, 1-45 mm.

, § STRONGYLURIS. 143
Of this length the pharynx occupies 0-18-
bulb. which is almost spherical, measures
The nerve-ring is situated at
pore at 0-6-0-85 mm.,

in the female.
0-22 mm., while the
0-2-0-25 wmm. in digncter.
0-37-0-39 mm.. and the excretory

from the anterior end. ' ’

The tail of the male iz about 0-13 mm. long, including
a terminal spike measuring 006 mm. 'Tho caudal ale form
circular bursa-like expansion. The sucker has

108t Y
an ol and its aperture is directed somewhat

a diameter of 0-09 mm,,

Wujo

Fig. 67.—Strongyluris chamaleonis.  Antorior ond_ of femalo; lateral
o viow. d.l., dorsal lip; nor., nerve-ring; ph., pharynx.
(After Baylis und Daubney.)

. rlv. There are apparently nine pairs of caudal
gg:)tic"r;(,)r(l))t'_ which seven projglct more or less laterally into the
alm, while two are situated ventrally behind the cloacgl
aperture. The spicules are 1-1 mm. long and 0-0275 mm.lln
maximum thickness, are covered Wl_th rather coarse granula-
tions, and taper gradually from their roots to slender points.



Fig. 65, =Strongyluris chamaleon is,

anus, then returning towapds 1he
of the ovaries are situated in the

The cgas ave oval, with o thick she
ually and thickened ingern
about 0-0875 - 0-055 wy
at the time of laying,
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The tail of the fermale is conieal

and measures 03 mm.
in length, and beary

pair of smadl papitlae at 014 mm. from
the tip.  The vulva js situated at 3 33 vam. from the posterior
end. The vagina is Jong and narrow, and pursues a rather
L.nrtuous course, the general direetion of which is posterior
from the vulva, The branches of the uterns are

p:lru”(‘I,
running at first poste

riorly to within a short distance of the

Postorior vl of manle; Interal view,

(After Bavhia and Dutibricy )

anterior ond. The cotls
anterior half of the lmt’_\'.
I, slighll_\‘ Hattened exter-
ally at each pole. "They measure
and their contents are unsegrmented

.
b
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Fig. 69.—Stron’ (After Baylis and Daubney.)

jll‘is calotis Baylis and Daubney, 1923,  (Figs. 70 &
2. Strongyh!

71.) ‘alof..s nigrilabris (rectum) ; Pattipola, Ceylon.
Host -—(3 ;

3 measures 8-9-11-1 mm. in length and 0-4-0-5 mm.
The mal¢m thickness, the female 11-13-65 mm. :m_(l ()-.').3—
in maXim""'“Sp(‘(-tivolv. The diameter of the head is ()-‘0()—
O-75 mm. g0, lip‘h;m broad lateral cuticular expansions
0-08 mm. her cuticular flange projecting anteriorly.  The dorsal
andafurti farge marginal papille, cach ventro-lateral lip
lip carviosdy “Gityated further from the margin and towards
ona Implla‘ side, The neck is wider than the head, f()rmm(,;:’
thf vent,r:l"_” behind the base of the lips. A second *shoulder
a “shouldc

‘ sb little further back by the commencement of a cuti-
is formed &, .

; ion which covers part of the pharyngeal and ceso-
cular inflat .

phageal re S1ONS. The cuticular striations erve cxtr"cnz_clyjl f)llllll(;0
o syl papillie were observed, nor any rows of paj fee
oo servic Y- The wsophagus, including the bulb, is 1-75
?n.)rthe boc‘: E)ng. Of this length the pharynx occupies about
(Z)E(:.:;l;rgnniyn The bulb 1nlo.us,u‘rcs_0-25—-l)-3.mrfl, m“ .l((lilgftohr
and 0-28-0.3.3 mni. in width. The intestine 17 'ver‘?' wide for
a shortdje ™ € from its unction wit h the msopfmglﬁ),(: ne ther
becomese > T wirrow until a short distance before the ,

where sEthe C. lgput again into an expanded bulb. '{“hc nerve-
» ming a |;- N
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ring is sit
I1-1-45 Hl‘;gte(fi' at 0-5-0-55 mm., and t
. - 1ro - . N < an .
th;fhe ]tall, in bo?il t:le anterior end. e
Y_na e the ta 1 sexes, has a mi i 1y o In
end is so abpy :511 neasures 0-1-0-12 lll::mt? erminaiy Il'f}“}\ﬁ-'mdal
ilngl(}s to p vt n. in k‘ngth, " ‘ltl( :( ”
29 dpst at Y

runcat
the tuncate as to appear
longitudina appear cut off aly Psucker an
sucker
he sUu
[&) I

i

o
R . pore ab
ex“‘iref tory 1

laxis of the body. T

Fig. 70,

nee
]
}
Fig. 70.—Strong
X Yluri 3
| gy m(zz ic;{z(fol'z.v. Anterior ond of ¢
Fig. T1.—Strongyluris ¢ lr i D“;;l; oy !
(Af?e ots.  Posterior ongoy.) |
| r Baylis and Daubne()f)ma]e PV -
the cloaca ) ’
relatively Vef};ug OPen almost poster; F
0-14-0-17 mm j(ilep» _Measuring U'lz‘of?gly. Tl}‘
papillee, seven of mgﬁ There are tenmm. ‘ i :;
ar ’
€ postang], T}I‘) arc s g‘:‘"l:;'
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«

Subequal, (0.8 mm. in length, the left being slightly

onger thap, right
b The tailrj'hg%;ﬁah is very short (0-2-0-25 mm.), and 13
langly rced behind, with the exception of the little
termina] . There is & pair of papille at 0-05 mm. from
ne tip, - .vulva is a transverse slit with ratl}er prominent
lips, sityq. gt 4-7-5-63 mm- from the posterior end. The
Vagina pyforward for 2 short distance from the aperture,
and thep ps back upon itself to run posteriorly. The
eggs are ‘ong-oval and measure 0-0875—(}0970)(0-05—
0-0525 mm Vhen ready for laying they contain an embryo

which ig juét?ginning to elongate.

5. 8\1'12 SPINICAUDA Travassos, 1920.

Synonym .2 inia Baylis and Daubney, 1922.

La \pspicuous, com osed of single rows of large
ce]ls-telﬁilpgelds .:ngular, expzmged anteriorly and laterally
as in S Sus's's, without cordons.” (Esophagus “_nth
a short ph::m and a posteripr bulb. Tail of male tapering,
without ales Papille small and sessile. Sp}cules short,
subequa], ) accessory piece present. Uterine branches
Parallel, jgs with thick, <ometimes rugose shells. Adult
Worms jn tp alimentary canal of lizards and cha_meleons. )
lg?g;lotch——Spinicauda spinicauda (Olfers, in Rudolphi,

1. Spinicagg cophotis Baylis, 1035. (Fig. 72.)
Hosts ~Cophotis ceylanica and Lyriocephalus  scutatus
g‘&mld izards) ; Gammaduwa, Ceylon.
']_he m a

i as’ures 6-4-8 mm. in length and 0-25-0-34 mm.
:)r-l37mathlllemr\“ethickness, the female 7-3-9 mm. and 0;12'4—
the mn respectively (the last mgasurement exclu mdg
&nd":;lllllvg‘r prominence). The cuticle 18 Very ﬁnely strlateh,
head aet nteral ale are very narrow. T}}e _gggéeter of ';hz
OBSOP’ha he base of the lips, 18 about 9-006 -068 mm. e
cludin gt}la’ measured from the anterior extrermlty an tlhe
male agnd ie posterior bulb, is about 0-9_—1 mzn._ ong du:zhere
is a phar _1.16 mm. in the female. A-tO 1%5831\ erior enl ther
The diamevyDX measuring about 0-07-0 !nmil in f %,nd
0-19-0-21 myer of the bulb is 0-15-0-17 mm. 1n t e male
i in the female. The nerve-ring, 1n both sexes,

0-5-0-57 mraxt ‘about 0-3-0-36 mm- and the excretory pore ab
T the anterior extremity. .
5 C&Uda\%gﬁ;n of ‘Shz; male is curved ventrally. The .ta:l
The lips of the d\m. long, and tapers rapidly to & fine I:azniloi'
lip forming a \loaca.l aperture are very pron.nnent,, the poster i
yrge hemispherical swelling. The2 greates

N L

is 0-29-0-38
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tside di iy
outside diametep of the chitinoid i e Y opr
o wbout 006000 e (}'lll‘;’l(l\l;()}l(‘ ring of th pre
pairs of ¢

appear to b )
some of they
actual numbe,
two of them being
papillw, one pair with \'(:"y

IS situated on the anteri
atively large angd two

ot caudal papille, byt
and jt jg bossible thay the
Ve pairs  gpe postanal,
Sttuated. Qf the preana)
ristle-like terminationg
lip. hree pairg of rel
Papille are more

are v
may

pair
or less latora) the remgj

. al, , inder
In frong of the sucker there is a yopiey offive (2 pairs ¢
Small papilla,., The spicules measure 0-64-0.g) mn

ht spicule ;
Fig. 72.~Spinic¢_zudu end of male ; g
a., thlckcmmg represonting aceessory pieco , ~, righ found
Su. sucker, (Afier Baylis ’ li)f)t‘ bent
¢ appear
ated structyre and are of the f"“S of the
in other membersg of the genusy, with ghe CXpanded -ccessory
at an obtuse angle towards the ventral surfaee, Them- long.
to be thickenings of both the dorsal anqg ventral gyis of an
cloaca. The former, whien probably repregents o
piece, but is apparently not chitinized, jg abou'c ,, and bears
The latter appears to be partially chitinivm the tip. The
irregular shape.

The tail of the female ig about 0-4-0.55 m
a pair of small papille at about 0. mm. f

cophotis. Posteriop

They have 3 tessel]

cral view.
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The male measures about 4 mm. in length and ()
maximum thickness, the female about 6 mm. and
respectively. Lateral al are present, meesuring (in
about 0-016 mm. in width. The cesophagus, inel
bulb, is 0-83 mm. long in the male and 1-01 mm. in t}.
The cervical papillee are situated at 0-43 mm. (in the
and the excretory pore at about 0-49 mm. (in the ma
the anterior end.

The posterior end of the male shows a fusifornt
whichreaches its greatest width at about the level of #i
‘There are 13 pairs of caudal papille and a smsit
papilla in front of the sucker. The spicules are
measure about 0-34 mm. in length. The proximaso
spicules is relatively stout, the distal half slender.nn

The tail of the female is sharply pointed ¢
0-376 mm. in length. The vulva is situated at
the anterior end of the body, and the vagina n

from it. The eggs are oval and measure
0-036-0-041 mm.

Y

Subfamily SUBULURINA Travassos, \0

Lips much reduced or absent. A cylindrical bu( “Co
present. (Esophagus usually without distinct. ph
portion, but with a posterior bulb. Preanal sucker
antero-posteriorly elongated, fusiform or elliptical,
without chitinoid border. Vulva usually at about the,

of the body, occasionally posterior. Eggs usually
embryos when laid. /{
1. Genus SUBULURA Molin, 1860.
Synonym —Allodapa Diesing, 1861 ; Latibuccana Pata
1935.

tat
Lips rarely apparent. Mouth usually oval or heig

with its long axis dorso-ventral. Buccal capsule wi ;"

teeth at its base. Lateral cervical ale frequently )

~

of m
us u(\.h
m“‘(l\e

! onta“n

‘N [).Ydha'“,

X a,gollall '

th t}ll'ec
resent.

. C&“d al

Tail of male with more or less well-developed alwe. ff 1 les equa\

papille sossile, usually eleven pairs or fewer. Npicwed”
or unequal, slender and alate. An accessory plccl‘l
Preanal sucker fusiform. Eggs subglobular usyl

taining embrvos when laid. Adult worms in thes a

e presene

a\'““entm‘y

rly. uelly SO
6r

canal of mammals and birds. te\'
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spine - continuoyy and Nearcely distinet The o
nearly  spherjeq) and  megepe l/”:,')()()*lﬂ('ll in. (m'h‘ul).
0-05-0-063 mm.j iy diameter, < :

’J.‘h\\‘uito (1927) hag Qven « much fulley account of , Speciess
which he regards gy probably identicg] with ('()bb()ld's. I’
this form the male Measures 13-5_14.q mm, jp lenget), an
0-36-0-43 mm., jp maximum thi(»kn(-ss, the f'onml: 15-9.
231 mm, and 04053 mm. Fespectively, n o hotj ROX 0
the anterjop end is curved in the form of @ hoolk. The cutic
has tine tfransverse striations, Cerviey] ala extend from
interior en for a distance of about 09 . (in the Male)
and have g maximum widtp ot about 0.¢75 mm. The apertupe
of the mout]) e fusiform, The bueea) capsile is()~()57~0-()7 mm.
long, and has a dorsal und two subvenry) teeth a¢ its bage:
There is o distinet pharynx, which jy Somewhyt, thicker thay;
the anterior bart of the @sophagys Proper.  The latter py'
B ('hlb-shzlped swelling bosterior]y, Jjoined by a narrow pee
to the bulp, which measuroes -24-).287 M. in Jengy, .
0-207-0-276 mm, inwidth, p total lengtj, of the wso}'
inchuding the pharynx ang the hull, ju 1-68-2.4 i C pagus
papille wepe 44 observed, The tXeretory pore jy
at about, 0-46-0-56 mm. from the anterior end, and th,
ring somewha in front of the txeretory pore,

The posterio end of the male is curled, The tail

0-25-0-3 1y in lengih, im-luding @ short termingg eastires
The su('qu is about (-] 15 mm, long, and situated g Splke_'
tance of 0-5-0-62 1np,. from the cloacal aperture.  ThHi a dis
ten pairs of caudal papiifq (fig. 74, B). The spicules ardgere g;e
or subequal, and measuype from .85 mm. to just over A equl
in length. They are provided  wigp, ale.” The e Mt

piece is 0-155-0-175 mm. long,
The tail of the female measures up to .13 mm. in le;
and has , terminal spike. The vulva jg situated at 6.-5-g
from the anterior end. The vagina at first rupg forward.
it for a short distance and then turns Dosteriorly, om
gravid female the uterine brancheg extend fropm In the
of the ©s0phagus o the bosterior end of the' ;1o bulb
CE85S measure about 0-078 x (10 mm., and o body. The
when laid. in embryos
The form described under the name of Ly#ita
NS b, Patwardhap (1935) seems to brl\ nambu-
il((lenti(-al with that described by 'l.‘hwalt‘e, }f’fﬁf“gg f; z,tel-t,ajnly
the anterior pair or breanal papillee apq’ ¢

ker,
av uthough the suc
papille in the male appear to have been three gther pairs ©
‘

overlooked.

J ) SUBULURA.

v
3 illiet, an enry,
2. Subulura sarasinorum (Meyer, 1896) Railliet antl Henr,
1914,
i) inorum Meyer. 1896.
Synonym :—Filaria sarasinorum ' . . .
o (Loris | Stenops] lydekkerianus | Loris

Host :—Slender loris Zoological Gardens,

17 i oy Mever) ;
gmczlm]) (intestine), Ce 3 l()u'\( A ;
et oy and Dm’]bmi'\)'.ripfion the male meafx.lrﬁs

ordi Moyer's  dex 2 m i aximum thick-
75 ;;9":31:1‘3 ilz(;(‘nn't It and 0-45-0-52 l',:'m(; 11lnl]?;]lkmspectively.
ness t';w Ifol;mlv, I(;:] {-25 mm. and 0';”1- ]/](\n(rth, poctively.

L ‘C("’“I‘\'i("l/l ‘;]‘1‘ extend for 1/6 of the toT(; ) i-)?t(xr or 1o, bout
th / t i z‘ ((nd of the wsophagus. 10 e
e posterior e
ing : ely
! i api apering and finely
ol'ﬁ-m tail of the male is straight, r.(wl(ll);tt};} Thiu-e ¢ fmely
Ointe’d‘(’mnd measures (25 mm. in len‘h o empop ure ton
P.lirg /of: ;-‘uxdal papillae, of which if;()_l'lr (u;l/ }i“ emath and
&)St;mal (Tho spicules measure 2-5 mm.
1. ‘ hat of
T width. » gradually than tha _
’ (a‘l}?entl‘lllill- ::;’ the female tapers m]or(, ]%r;lxizljl;llieg o that o
3 Y . inted. as 3§ e
& s also finely poin Te of the borly,
lthe nlm‘le"l‘ll)llt 'll:]:il is situated at about th)(;)f'n::}ﬂl
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3. Subuiura galloperdieis Baylis and Daubney, 1 . (tO:tim‘).

. N N e mtes ] s
Host :—Red  spur-fowl (Galloperdix spadicea) (

ost —Red spur- ‘ )
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eylindrical axis of the spicule measures about 0-011 pun. in
fhametgr. The edges of the two ale with which each spicule
18 provided are finely serrated. The accessory piece is slender
and curved. Tt measures about 0-18 mm. in length and has
a spur at about 0-06 mm. from its anterior end.

~"‘rv?y/z),

Iiig. 75.—Subulurg gallopem;icis. Posterior end of male ; latoral view.
\ G.p., accessory piece. (After Baylis and Daubney.)

The tail of the female is 1-1 mm. long. The vulva is situated
n the anterior half of the body, dividing the total length in

the ratio. of 3:4. The eggs measure 0-065%0-035 mm.,
and contain fully-formed embryos when laid.

4. Subulura turnicis Maplestone, 193] . (Fig. 76.)

Hosts :—Little quail (7urnixz dusswmicri) (intestine) (Maple-
stone) ; button-quail (Turnix sp.) (Baylis and Daubney) :
Zoological Gardens, Calcutta. |

According to Maplestone’s description, the male of this
species measures 13 mm. in length and 0-42 mm. in maximum
thickness, the female 17-5 mm. and 0-42 mm. respectively.
The cervical ale are about 0-8-1 mm. in length. The mouth
is surrounded by six lips, each of which bears a papilla.
The buccal capsule is 0-056 mm. long and 0-032mm. in width,
and has three broad teeth at its base. The cesophagus is

4
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about 1-1-2 mm. long, including the bulb, whioh has a
i j -17-0-18 mm. '
dle}l‘r?liti;i(l)fo? the male is 0-22 mm. long. The sucker is ov:(:
and has a length of about 0-12 mm. It is situated at a dlSta/I(ll e
of about 0-36 mm. from the cloacal aperture. Nai'lrow c:u lal
ale extend from a little in front of the cloac‘alml to tfe Ep:heg or
end. There are twelve pairs of caudal papiliz, of whi ,

]

Fig. 76.—Subulura turnicis. Posterior end of male ; ventral view.
& (After Maplestons.)

: even postanal. The most anterior pair of
M: i{)llf;:airslailu:tn?n Sfront c?f the sucker. The spicules are equq]
gng measure -84 mm. in length. The accessory piece 18
. . long.

0 l'i‘}hr;utl;illof %he female is 0-5 mm. long, an§ DArTows suddgnz‘
near the tip to form a fine terminal spike. * There is a '}tm:ted
papille at about 0-13 mm. from the tip. The vulva is situ ed
at about 7-8 mm. from the anterior end of the body.

eggs measure 0-068-0-074x 0-056 mm.
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Maplestone
> regards the speei
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9. Subuly ipapi Ll A
lura multipapillata (Chandler, 1926).  (Figs. 77 & 78
) . . YS. «' .
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« 120,
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Fig. 75,

Fig. 77.—Subwlura ] l
i K ra multipayilata,
Fig. 718.—Subulura mulripr}tp’illala. Head.

. tead (After Chandler.)
view. (After Maplestone.) erterior e of mule venteal

. The rpale measures 6-7 mim. in |

in maximum thickness
- ;"’ > AL’

0-:35 mm. respectively,

ength and 0-26-0-28 n

: ‘ 2 1.

'E}hb fgmdle 810 mm. and about
e diameter of the head is 0-07—

he bll(‘('(‘ aps i ons,
()db ‘lll consisty %% i V
I l] sule S Of t o pOrthllS, the allterior
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portion being narrow and eylindrical, with very thick walls,
the posterior portion wider and subglobular. The latter
contains three teetll, 0-015-0-016 mm. long, at its base.
The length of the buccal capsule is 0-056 mm., its width
0022 mm. anteriorly and 0-032 mm. posteriorly. The
asophagus measures 1-12-1-25 mm. in length, including the
bulb, which is 0-2-0-24 mm. long and 0-2-0-25 mm. wide.
The nerve-ring is situated at about 0-26 mm. from the anterior

end.

The tail of the male is 0
at a distance of about 0-43 mmn.
The caudal alz, according to Maplestone ¢
two portions separated by a gap, one portion being situated in
the cloacal region, the other towards the tip of the tail. There
are 15 pairs of caudal papille, of which seven are postanal.
The most anterior pair of papille is well in front of the sucker.
Two pairs of papille project laterally into the two portions
of the alz. one being near the cloaca, the other the third pair
from the posterior end. The spicules are equal and tubular,
and measure about 0-78 mm. in length and 0-022 mm. in width.
The accessory piece, according to Chandler, is ** apparently
in two parts, a narrow stout chitinous piece dorsal to the
tips of the spicules, about 145 » long, and a thin flat piece
ventral to the tips of the spicules, about 170 long.”

The tail of the female, according to Chandler, is about 2mm.
long, < the anterior half of it tapering very little, the posterior
fourth tapering very rapidly.” The vulva is inconspicuous,
and is situated in front of the middle of the body, dividing
the total length in the ratio of about 3:5. The eggs measure
0-056-0-063 % 0-034-0-042 mm., and contain fully-formed

embryos when laid.

93 mm. long. The sucker is situated
from the cloacal aperture.
(1931), are composed of
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3. Family KATHLANIIDAS Travassos, 1918,
emend.

Medium-sized or small parasitic forms. Musculature of
the body usually of the meromyarian type. Lips well developed,
entire or subdivided. (Esophagus preceded ecither by a
chlt.moid buccal capsule or by a muscular pharynx with a
cuticular lining, unarmed or containing tooth-like structures.
At the posterior end of the cesophagus there is a prebulbar
swelling and also a large muscular bulb, separated from the
former by a rather narrow “ neck,” the two swellings and
the neck together giving the appearance of a dumb-bell-
shaped or flask-shaped bulb. Tail of male without ala.
The ventral muscles in the preanal region of the male are
frequently aggregated to form one or more fusiform sucker-
like organs without chitinoid border. Spicules two, equal or
subequal, usually falciform and broadly alate. An ’aceessory
plece usually present. Vulva at about the middle of the body
or somewhat behind it. Uterine branches generally opposed
The worms may be oviparous or viviparous. ’ ‘

Key to Genera.

Lips simple or bilobed .......... e 1.
Lips divided into several lobes, or complex. 4.
- Pharynx  containing threo longitudinal

series of teeth ... ................ ... .. Cruzra, p. 179.
2.

p—

............................. PROBSTMAYRIA, p. 182.

............................. 3.

........................ SPIRONGURA, p. 163,
J

horseshoe-shaped supports at its angles. .
4. Dorsal lip trident-shaped; ventro-lateral
lips armed with groups of lancet.like

teeth ... ... . .. ... ... L CIssoPHYLLUS 181
Each lip divided into five or more lobes .. 5. P ’

lcules of male relatively short. ..... ..., KaTtarania, p. 158.
Spicules of male about as long as the body.. ToxauDIA, p- 162.

ZANCLOPHORUS, p. 174.

1. Genus KATHLANIA Lane, 1914,

Synonyms :—~Pseudoheterakis Travassos, 1917 ; Ozysoma Schneider,
1866 (part).

Head separated from body by a slight constriction. Lateral
ale present. Each lip is subdivided into a large main lobe
and several smaller accessory lobes. In the mid-ventral

KATHLANIA. o 159
’ )
i iti i interlabium.
ition there is an additional unpa.lred Iobe or mtm:la,
%%S;tltovrxlro lateral and four submedian cephalic papille are
situated on certain nf the accessory lobes of: the hRS, Yvhlle
each main lobe has a pair of very sm@ll paplll?e on its inner
surface. A buccal capsule present, tljlangular in section anfl
;vith three tooth-like structures at its entrance. The tail
of the male ends in a long spike. A muscular preanal sucker-
like organ present. Caudal papillze sessile. Spicules sub-
equal, broadly alate. A large Y-shaped accessory piece
present.  Vulva behind the middle of the body. The anterior
eri anch turns to run posteriorly parallel w1 e .
%ter;niv?g}:nthin, finely striated shells, containing embryos
wﬁin laid. Adult worms in the alimentary canal of marine
turtles and fishes. )
u?}enotvpe -— Kathlania leptura (Rud., 1819).

Key to Species.

i ... leptura, p. 159.
te of turtle ... ) . .
gi:z:;te of Elasmobranch fish .............. chiloseyllii, p. 160

1. Kathlania leptura (Rud., 1819) Travassos, 1918.
:—Ascaris leptura Rudolphi, 1819 ; Ozysoma lepturum
Syé‘g}?rigger,' 1866 ; Kathlania kathlena Lane, 1914; Pseudo-
heterakis leptura Travassos, 1917.

Host .—Green turtle (Chelonta mydas) (intestine) ; recorded
from Ceylon (Lane), a8 well as other parts of the w?rld. ;

The following description is taken from Lajnes (1914, 3
account. The male measures about 13 mm. in length and
0-6 mm. in maximum thickness, the ferpale about 15 mm. an
0-7 mm. respectively. The “ head_” is about 0:08-0-1 mm.
long and 0-17-0-21 mm. wide ?,t its base. The transverse
striations of the cuticle are at intervals of about 2 - The
lateral ale begin at 0-55-0-65 mm. from the anterior enc!,
and measure 0-01-0-025 mm. in width. Each of the lips is
divided into a main lobe and four accessory lobes. Of the
three tooth-like structures at the entrance to the buccal
capsule, the dorsal is broad and low, the two subventral more
prominent and triangular. The total length of the cesophagus
is about 567, mm., the buccal capsule measuring 1-6 mm.,
the cylindrical portion of the cesophagus 3-75 mm., the pre-
bulbar swelling 0-12 mm. and the bulb 9-2 mm. The nerve-
ring is situated at 0-6 mm., and the cervical papille at 4 mm.,

anterior end.

fro’i‘rllxgl::ﬁl of the male is 2 mm. long. The sucker measures
0-4 mm. in length and is situated at a distanc_e of 1 mm.
from the cloacal aperture. There are eleven pairs of caudal
papille and ong unpaired papilla, which lies in front of the
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cloacal onening. The three most posterior papille on cach side
form a group of which the first and second may coalesee to
form a double papilla. and arve subventral.  The fourth and
fifth are lateral and smaller. The next three are preanal,
subventral and situated close together. The three anterior
preanal papille are larger and more prominent. One lies
at the level of the sucker, the other two between the sucker
and the cloaca. The spicules are about 0-35 mm. long and
have & maximum width of about 0-06 mm. Lane describes
them as having ** their more solid portions arranged in such
a manner as to give the impression, at first sight, of there
being two spicules on each side, one dovetailed into the other.”
The accessory piece is massive and measures (-35 mm. in length.
Its bifurcated portion oceupies about half its length.

The tail of the female is 4°5 mm. long, and bears a pair of
papillee at 0-53 mm. from the anus.  Immediately behind the
vulva the cuticle of the ventral surface is raised into a series
of transverse ridges, of which there are from seven to fifteen.
These ridges form, according to Lane, * a ladder-like patch
0-1 mm. wide and from 0-07 to 0-18 mm. long.”  The vagina is
I-1-75 mm. long. and may be somewhat dilated just hefore
giving off the two uterine branches. The anterior of these
turns posteriorly after a course of about 1 mm. The egus
measure 0-09 % 0-045 mm.

2. Kathlania chiloseyllii Thwaite, 1927. (Figs. 79 & 80.)

Host =—A  dogfish (Chiloseyllium indicum); Ceylon Pearl
Banks.

The male measures 8:3-10 mm. in length and 0-4-0-46 mm,
in maximum thickness, the female 10-12-6 mm. and 0-43-
0-53 mm. respectively. The cuticular striations are very fine.
The lateral ale begin at about 0-65 mm. from the anterior end,
and end in the male just in front of the sucker, and in the
female at about the level of the vulva. The * head 7 is about
0-055-0-07 mm. long and 0-13-0-16 mm. in width. Each
of the lips consists of a main lobe and a variable number of
accessory lobes. According to Thwaite, the number of accessory
lobes between two of the main lobes may vary between six
and nine. The teeth in the buccal cavity are roughly pentagonal
in outline. The total length of the wsophagus is 2:15-2-92 mm.
The buccal capsule is thick-walled and triangular in section.
Its length is about 0-07-0-11 mm. The bulb measures about
0-23x0-3 mm. The cervical papille are situated at about
1-78 mm. from the anterior end.

The tail of the male measures 1-25-1-5 mm. in length. The
sucker is oval and measures (-2 mm. in length and about
0-1 mm. in depth. It is situated at a distance of about
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0-35 mm. from the cloacal aperture. There are eleven pairs
of caudal papille, of which six are preanal and five postgmal.
The spicules measue 2-2:6 mm. in length and are relatively
slender and sharply pointed. 5 )

The tail of the female is 2:77-2:95 mm. lIong. 'l:‘he vulva is

situated at 4-58-5-7 mm. from the posterior end. From this

)

Fig. 80.

Fig. 79.
() L]

=

]

ed

Fig. 19.—Kathlania chiloscyllit. Anterior end ; dorsal view. (After
Thwaite.)
Fig. 80.—Kathlania chiloscyllii. Posterior end of male; ventral view.
(After Thwaite.)

poin? the vagina proceeds backwards for a short distance,
then curves round and passes forwards where it divides into
two uteri at a point 2:13 mm. from its commencement.”” The
eggs measure about 0-08x0-045 mm., and contain embryos.
when laid.

NEM. M
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‘2. Genus TONAUDIA Travassos, 1919.

Head separated from body by a well-marked constriction,
the posterior margin of the head forming a sharp angle.
Lateral ale present. Lips and buccal capsule as in Kathlania.
Tail of male ends in a long spike, which is directed dorsally.
A muscular preanal sucker-like organ present. Spicules
extremely long and slender, reaching anteriorly to the middle
of the cesophagus when not extruded, and with narrow ale.
A Y-shaped accessory picce present, not strongly chitinized.
Vulva slightly behind the middle of the body. Vagina very
long and coiled. Female organs in other respects as in
Kathlania. Adult worms in alimentary canal of marine
turtle.

Genotype :—Tonaudia tonaudia (Lane, 1914).

1. Tonaudia tonaudia (Lane, 1914) Travassos, 1919. (Fig. 81.)
Synonym :— Kathlania tonaudia Lane, 1914.

Host :—Green turtle (Chelonia mydas) (intestine) ; Ceylon.

The male measures 11-5 muny. in length and 0-6 mm. in
maximum thickness, the female 15 mm. and 0-65 mm. respect-
ively. The head is 0-08 mm. long and 0-2 mm. wide at its base.
The cuticular striations are 2 apart. The lateral alwe begin
at 0-5-0-7 mm. from the anterior end, and have a maximum
width of 0-025 mm. The oral cavity contains three teeth,
of similar shape, at its base. The total length of the cesophagus
is about 4 mm., the buccal capsule measuring 0-11 mm.,
the prebulbar swelling 0-2 mm. and the bulb 0-3-0-35 mm.
The nerve-ring is situated at 0-5 mmn., and the cervical papillae
at 2:5 mm., from the anterior end.

The tail of the male is 1-5 mm. long and curves at first
ventrally, then sharply dorsally. The sucker measures 0-22 mm.
in length and is situated at 0-5 mm. from the cloacal aperture.
There are eight pairs of caudal papille and a large, median
preanal papilla. The sixth and seventh papille from the pos-
terior end on each side may coalesce to form a double papilla.
The spicules are extremely long and slender, measuring
12 mm. in length and 0-03 mm. in width. They are provided
with al@ except for a distance of 0-11 mm. from the tip. The
accessory piece is thin and delicate and measures 0-25 mm. in
length.

The tail of the female is 2-5 mm. long, and bears a pair of
papillze at 0-6 mm. from the anus. The vulva is situated at
about 1 mm. behind the middle of the body. Its anterior lip
is somewhat prominent. The vagina is long and coiled,
measuring 8 mm. in length. The eggs measure 0-1:< 0-045 mm.
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j ; ; lateral view.
g, 81.—1onaudia tonaudia. Malo;
h Fie (After Lane.)

3. Genus SPIRONOURA Leidy, 1856.

; jesi i Fal-
.—Spirura Diesing, 1861, nec Blanchard, 1849 ;
Syg,:g{::sLane,pwlS; Florencioia Travassos, 1919,

equently wider than neck, occasionall}_r not d1§tmct.

La}tle?;(]i ffgecllds w%lde. Lateral ala absen}:. Lips .entlreT}or
bilobed, each bearing two outer and two inner papillee. 5 13
ulp of each outer papilla sends a branch to the correspon lxrtllu

inner papilla. Oral cavity supported by a contmuoufs cten-
cular ring. A muscular pl}arynx presept, with narrow ! tuhmt .
Tail in both sexes tapering 'amd pointed. Male wi ‘en
or more pairs of caudal papille (of w_hlch three pa,u'fs 3‘-‘91
preanal) and an unpaired preanal papilla. Pre;,r}zal cauda
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muscles of male sometimes aggregated into one or several
fan-shaped sucker-like organs. Spicules equal, relatively
short, sickle-shaped, usually broadly alate. An accessory
piece usually present, sometimes imperfectly chitinized or
absent. Vulva towards the posterior third of the body.
Egus usually large, thick-shelled, oval, laid at various stages
of development, aceording to species. Adult worms in the
intestine of reptiles, batrachians and freshwater fishes.
Genotype :—Spironoura gractle Leidy, 1856

Key to Species.
Preanal sucker-like organ present ........ .. 1
Preanal sucker-like organ absent :
1. Parasite of fish............ .. ... ... ..., barbi, p. 165,
Parasite of freshwater tortoise .. ... ... .. .., onama, p. 173.
2. Spicules of male more than 0-6 mm. long ... 3.
Spicules of male not more than 0-5 mm. long. . 4.
3. Spicules about 1 mm. long ; asophagus con-
siderably more than 2 mm. long
Spicules about 0-8 mm. long ;
about 2mm.long ...... ... ... L. testudinis, p. 164,
4. Caudal papille of male 16 to 18 pairs ... ... stewarti, p. 171.
Caudal papillee of male ten pairs 5.
5. Parasito of freshwater tortoises
Parasite of frog

2.

.......... leptocephala, p. 167.

............ Sfaleata, p. 168.
.......................... brevispiculata,p. 170.

1. Spironoura testudinis (Baylis and Daubney, 1922) Yorke
and Maplestone, 1926.  (Fig. 82.)

Synonym :—Falcaustra testudinis Baylis and Daubney, 1922,

Host :—Testudo elongata ; Assam (Tura, foot of Garo Hills).
 The male measures 10-2-10-4 mm. in length and 0-6 mm.
in maximum thickness, the female 9-2-11-5 mm. and 0-6-
0-75 mm. respectively. The diameter of the head is 0-15-
016 mm. This is followed by a slightly narrower veck.
The buccal cavity measures about 0-05 mm. in length and
0-03 mm. in diameter. The total length of the eesophagus is
1-7-2-1 mm., the pharynx measuring 0-13-0:-14 mm., the
prebulbar swelling and the bulb together 0-4—0-45 mm. The
diameter of the lat*er is 0-26-0-27 mm. The nerve-ring is
situated at 0-44-0-45 mm., the prominent cervical papilla
at 1-03-1-1 mm., and the excretory pore at 1-22-1-26 mm.,
from the anterior end.

The tail of the male measures 0-81 mm. in length. There
is no preanal sucker-like organ. There are eleven pairs of
caudal papille and a median preanal papilla. The spicules
measure 0-8 mm. in length and 0-07 mm. in greatest width.
The chitinized portion of the accessory piece is 0-15-0-17 mm.
long.
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latoral view.

Posterior end of male; lateral view.
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constricted off both from the preceding portion of the ceso-
phagus and from the bulb. The nerve.ring is situated at
0-+-0-5 mm., the small, but prominent, cervical papille at
1-2-1-4 mm., and the excretory pore at 1-55-1-9 mm., from
the anterior end.

The tail of the male is about 0-6 mm. long. There is a single
fan-shaped sucker-like organ, situated in front of a long series
of oblique caudal muscles. The caudal papillee are very small
and inconspicuous. There are ten pairs and an unpaired
preanal papilla. The spicules measure 113 mm. in length
and 0-1 mm. in dorso-ventral width at the widest part, which
is near the root. The accessory piece is well chitinized and
measures 0-2 mm. in length.

The tail of the female is 0-65-0-8 mm. long, and carries a
pair of inconspicuous papillee at 0-35 mm. from the tip. The
vulva is situated at 6-25-7-3 mm. from the posterior end.
The vagina is short (about 1 mm.) and nearly straight. The
eggs are roundish-oval and measure about 0-075 < 0-05 mm.

3. Spironoura leptocephala (Baylis and Daubney, 1922).
(Fig. 85.)
Synonyms :—Falcaustra leptocephala Baylis and Daubney, 1922 ;
Spironoura leptocephalum Yorke and Maplestone, 1926.

Host :—Mahseer (Barbus tor); Torsa River, Falakata,
Eastern Bengal.

This species is easily distinguished from 8. barbi, which occurs
in the same host, by its very narrow head and the absence
of a “neck.” The male measures up to 19 mm. in length
and 1-3 mm. in thickness, the female up to 27 mm. and 1-4-
1'8 mm. respectively. The cuticular striations are about
2 u apart. The diameter of the head is 0-1-0-12 mm. The
cesophagus measures up to 3:5 mm. in total length, the buccal
cavity measuring about 0-05-0-06 mm., the pharynx 0-14-
0-17 mm., and the prebulbar swelling and bulb together 0-6—
0-67 mm. These are not separated by a sharp constriction.
The diameter of the bulb is 0-45-0-47 mm. The nerve-
ring is situated at 0-45-0-5 mm., the cervical papills, which are
prominent and almost bristle-like, at 1-3-1-4 mm., and the
excretory pore at 2-2-15 mm., from the anterior end.

The tail of the male measures 0-7-0-85 mm. in length.
There is no preanal sucker-like organ. There are ten pairs
of caudal papille and a median preanal papilla. These are
arranged as in 8. barbi. The spicules are about 1 mm. long
and 0-09 mm. wide. There appears to be no chitinized accessory

iece.

The tail of the female is 1-1-1-3 mm. long, and bears a pair
of very inconspicuous papille at 0-6 mm. from the tip. The
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vulva is situated at about 11 mm. from the
The vagina is narrow
The uterine branches

.o g,
posterior (‘nd.!
and runs forward from the vulva,
are wide, nearly illing the body-cavity.

Fig. 85 —Spironcura leplocephala.  Postorior end of male; lateral view.
(After Baylis and Daubney.)

.
The eggs are numerous and subglobular

© ! > ineasuring -075
0-05 mm. _Their contents appear to be unsegmented at the
time of laying.

4. Spironoura faleata (v. Linstow, 1906). (Fig. 86.)

Synonyns —Qzysoma  falcatum .
Jaleatg Lane, 1915 ; Spironoura faleatum Yorke
1926 ; ! Ozysoma kachuyw Stewart, 1914 ;
Baylis and Daubney, 1422,
Maplestone, 1926,

Linstow, 1906 ;  PFaleanstra

» and Maplestono,
Faleaustra kachuga
Spironoura kachuyga: Yorke and

Hosts :—Geoemyda [Nicoria] trijuga (intestine) ;5 Colombo,
Ceylon (v. Linstow) ; locality not given (Laie).  Kachuga
kachuga [ K. lincata) (intestine) : Lucknow (Stewart).

v. Linstow gave a somewhat incomplete and in some respeets
inaccurate description of this species.  Lane (1915, ) gave a
fuller account of specimens from the same host, which in all
probability belonged to the same species.  The following
description is taken mainly from the latter author.
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The maie measures 11-6-14 mm. lin l]?%tlll;md mOoi:l(()l 6 ()1131(151—
i i ickness, the female 14-1-17 mm.
in nmxnnumqt)'}c‘:t’;(‘i\fl;ﬁ" t'l‘ﬁe cuticular §trlat10ns . ar‘fla. }flit?e:
().;7 .m'A“'t) re"}‘hcre are no lateral ale. The head‘ 1shsalgu€‘iys
(""PIL (LI:‘i:"Llll the neck. The topal length Qf .t‘hg Oezoé?osgn{m.
:f)t)irt i-‘iB mm., the buccal camf)y lltx)leas:vvx‘:;%nag 8‘-116 08 min
arv }05 mm., the prebulbar elling . and
e }l))h(H)} 3)(2(() m)m. The latter has a dldnTet‘?;'e Sog .?25 .
?1!1}?0 cl\l/]indricul portion'Of t'he }fs'() ‘Pel;ld ‘gl}tls()l'gezlsm.g the cervical
in wid The nerve-ring is situated : ) : " from the
- [‘)&l;ld(ﬂ;t lrmm and thg excretory pore at 1 3 mm
papille at . ‘
' e is 1o
an'tl‘ell;g)l‘;'xeill)(i()'i' the male is about O-8 mm. long. Ther

reanal st ker ke organ There are ten alrs of caudal
p a 1cke i gan. 3 a el [)<' |

p'lpl“(w ahd a medizm premml pzlpllhl. The bplCU es measure
¢! q

i ; iow,
“\ Spironoura faleata.  Anterior end of male; lateral vi
¥, 8851 (After Lane.)

i axi idth.
i : 07 mm. in maximum wic
.35-0-45 mm. in length and 0-07 1 ¥im i
('i‘l‘;gr(:) itxo‘m aceessory piece, which is granular in appearance
) b V1
sasures 01 mm. in length. N y
anfli‘l:?(sz:i‘l of the female is 1-6 mm. longi:hzmd ll)ea& aSiIt)zllrt ;)Cti"
" 7 X > i The vulva is situa
apille at 0-6-0-7 mm. from the tip. , i
p:p]lll])‘:u:tl() mm. from the anterior 'cnd of the bog)g. mfll;llle
‘\);'{t:i’na runs forward from it. for a distance of Q'S_branche;
:}aere it gives off the two directly opposegl uterine e
X‘lloy L;U'"S have a fairly thick shell measuring 0-14< o d,t,
'l‘}i(:ir “contents are separated from the shell by a spac
Ongt{;iklrt (1914, «) described, under the name of 0;6:1/807;1161
ka;lcug:e a single female specimen from Kachuga hneata,
“
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which séems almost

immature example of 3. falcata. The tot
was 13-68 mm. The length of the
of measurementg as *59 mm., but i

59 mm. Most of the other measurements are
agreement with thoge given above for §. Jalcatq.

5. Spironou;a brevispiculata Baylis. 1935, (Fig. 87,
Host .—Ring hexadactyla ; Colombo, Ceylon.

This form differs only in very small points from §. Jalcata,

and the examination of further material may possibly show
that the differences are not specific. Y P !

Fig. 87-‘:5'_7.)1'ronoura brevispiculata. Posterior end of malo; lateral
view. g, accessory piece ; ., right spiculo, (Aftor Baylis.)

The male measures 11-6-13-5 mm. in length, the female
13-5-14-7 mm. 1y both sexes the maximum thickness varies
between 0-5 ang 0-7 mm. The cuticular striations are ex-
tremely fine. The head ig slightly wider than the neck, and
has a diameter of 0-13-0-15 mm. in the male and 0-14-0-16 mm.
in the female. The length of the cesophagus, measured from
the anterior extremity and including the posterior bulb, is
about 1'7-1'9 mm. The combined length of the bull and
prebulbar swelling is 0-36-9-43 mm., and the width of the
bulb 0-24-0-29 mm. T, combined length of the bucca)
cavity and pharynx is 0:15-0-18 mm. The nerve-ring is

certainly to have becn a small and
al length of the worm
tail is given in the table

t is clear from the text,
‘i‘s Lane (1915, b) has pointed out, that this should have been

in very close
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itus : -35-0-38 mm., the cervical papille 'at_about
(S)lgl—dlti(tlnna,t a(r)uilbt—l?qggxcretory pore at about 0-95-1-25 mm.,
fro’i‘]lll tht(-3 i?n?l)lrlg:)t(;f t:eeil;:t,‘ls conical and rapidly tapering in
its 1§te¢io’r two-thirds or three-quarters. D'litall){) 1ttt8'p1e§';€
mor(e gradually, forming a stout te?mlnz?l spi e033o—g-5 13-
0-15 mm. long. In the male the tail measures b .
in length. There appear to be normally tqllll pa Theirp pillc
and % flattened median precloacal pa,pé ;:a Lheir usual
arrangement is shown in fig. 87, but so‘m'Um uThe spicules
in the position of some of the postanal papi °. cossory” pece
measure (-29-0-35 mm. in length. The ac s ory Dlece
is apparently about 0-09-0-1 mm. long. There is S
hk'i‘l;g‘g::i'l of the female measures 0'5‘—0-6 Illllli:till:) 111?;:1%1};
and bears a pair of la (tier(‘;l plz:piltlaé % hétlnel 111111 f;f;ﬁ; Ot,he oaterior

is situated at about 5-5— - eror
Tl?(f o‘i'utl}‘lr: l;f)(;;:lﬁld the relatively short vagina runs ?ntzglotrﬁz
?rom it, at the same time crossing the bodg-gggi() }-708 -
dorsal side. The eggs measure 0-12-0-146X0-
Their contents are unsegmented in ufero.

6. Spironoura stewarti (Baylis and Daubney, 1922) Yorke and
' Maplestone, 1926. (Figs. 88 & 89.)

i 22
Synonym :—Falcaustra stewarti Baylis and Daubney, 1922,

Hosts :—Kachuga smithi ; Ferozepore, Punjab. Hardella
o S . '

ﬂ“'tl‘rgte; o?';nilr)nl;? :;;;3;1311:1 abfrom the two hosts menhone('l
differed so%newhat in size and in certain minor (lzlhatmra(gtersf,‘
the differcnces are not consulerfzd great enough to ?ko‘

o ific importance. In the material from Kachuga smiths,
whih lmptnken as typical, the male measures 17-19-8 mm.
'thh V;']ilﬂ d‘ 0;6—0-7 mm. in maximum thickness, the fgmale
19 lgr‘;g(;c maJr;l and 0-65~0-75 mm. respectively. The: cuticular
slisz)r—ia;ions are exceedingly fine. The head has'a, dlanﬁetexr'r }(:é‘
0-19-0-21 mm., and is f?lllowe(i{ bg la2n5arrrr$:er :1]‘?12 .bucca[
total length of the cesophagus is 2-1- n. ‘ oo
ity i only 0-06 mm. in length. e
C&;‘]wtynis izhg?:)%w;:rlrlfzfolg;lg Theyprebulbar swelling and the
g fgyare not distinctly separated, and measure together
0~u5—0-55 mm. in length. The width of the bulb is 0-3-0-32 mm.
The nerve-ring is situated at 0-5-0-6 mm., the smﬁtll buf‘e\tfgi'y
rominent cervical papille at 1-3-1-37 mm., and the excretory
pore at 1-6-1-85 mm., from the anterior end. .
P The tail of the male is 1-4-1'7 mm. long, and tape'lx;i 0
a slender point. There is no preanal sucker-like organ. ere

~o_
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Fig. 89,

A

\\\.M,«——«/

Fig. 88.-—Spiron
é-, cu;)i,é'l:;ﬂ:[i?narm Anterior ond of fomale ; dorsal vie
N (Af‘to}; isg;:iifnrk(;d pulp of pupilln;’ ph., ‘phar;]:.
I‘lg. 89. Spironoura stewart;, Ly s ane J);Luhm\y.)

Postorior ond ‘of ;
{(After Baylis and Daubney.() males

lateral viow.
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are 16 to 18 pairs of caudal papille and the usual unpaired pre-
anal papilla. Of the postanal papille two pairs are lateral,
the rest subventral. ‘¥ Occasionally one or two of the anterior
subventral pairs become adanal in position. The members
of the more posterior pairs sometimes become displaced
anteriorly or posteriorly, so as to disturb the symmetry of
the paired arrangement. The spicules measure 0-5 mm. in
length and 0-09 mm. in maximum width. The accessory
piece is represented by a vaguely-defined mass of imperfectly-
chitinized tissue.

The tail of the female is tapering and finely pointed, and
measures 2-26-2-6 mm. in length. It bears a pair of papille
at about 1-6 mm. from the tip. The vulva is situated at
7.75-10-3 mm. from the posterior end. The vagina is about
1-5 mm. Jong. The eggs measure about 0:15X0-105 mm.,
have shells 5 thick, and contain embryos when ready for
laying.

The specimens from Hardella thurgi were somewhat stouter,
having a maximum thickness of 0-8-0-9 mm. in the male and
0-8-1-05 mm. in the female. The head was also larger,
having a diamcter of 0-28-0-35 mm. The tail, in both sexes,
was a little longer, and many of the other measurements
were slightly greater.

7. Spironoura onama Karve, 1927.

Host :—Testudo emys (rectum) ; Burma.

The male measures 8:28-8-5 mm. in length and 0-606 mm.
in maximum thickness, the female 10-6-12 mm. and (-687 mm.
respectively. The cuticular striations are fine. The head is
gsomewhat wider than the neck, and has a diameter of 0-143~
0-15 mm. The buccal cavity is about 0-031-0-044 mm. long.
The length of the cesophagus is about 1-6 mm. The pharynx
megsures about 0-063-0-066 mm. in length and 0-081-0-094 mm.
in width. The prebulbar swelling is relatively small, having
a diameter of 0:162-0-168 mm., and is sharply constricted off
from the bulb. The latter is spherical. and has a diameter
of 0-275-0-287 mm. The nerve-ring is situated at 0-375~
0-387 mm., the very prominent cervical papillae at 0-925 mm.,
and the exeretory pore at 1:237-1-25 mm., from the anterior
end.

The tail of the male appears, from Karve's figure, to be
about 0-35 mm. long. There is a preanal sucker?like organ,
situated at about 1-85 mm. from the posterior extremity.
There are ten pairs of caudal papille and an unpaired preanal
pupilla. The spicules measure about 0-81 mm. in length
and 0-068 mm. in maximum width. Their proximal ends are
described as being surrounded by a chitinized and transversely
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striated “ sheath,” measuring 0-144 mm. in length :\nd. lving
between the accessory piece and the roots of the spicules.
The accessory piece, which is said to be’chitinized and well
developed, but is not clearly indicated in the figure, measures
0-09-0:1 mm. in length.

The tail of the female is 1-112-1-343 mm. long, and bears
a pair of papille at 0-762-0-825 mn. from the tip. The valva
is situated at 4-06—4-67 mm. from the posterior end. The
eggs measure 0-1370-087 mm.

4.-Genus ZANCLOPHORUS Baylis and Daubney, 1922.

Head somewhat narrower than neck, surrounded by a slight
cuticular collar at its base. Lips large, entire, flattened
anteriorly, each carrying a pair of rather prominent papillie
and bordered internally by a cuticular fringe. Oral cavity
with three separate, double, horseshoe-shaped chitinoid
supports at its angles. Pharynx with wide lumen, lined with
thickened cuticle.  (Esophagus similar to that of Npironoura.
A single well-developed muscular preanal sucker present
in the male. Spicules as in Spironoura, but relatively much
longer. A large, but incompletely chitinized, accessory
piece present. Female organs as in Spironoura. Adult
worms in the stomach and intestine of land-tortoises.

Genotype :—Zanclophorus annandalei Baylis and Daubney,
1922,

Key to Species.

Preanal papille of male six pairs. ............. annandalei, p. 174.
Preanal papillee of male five pairs ............ kempi, p. 177.

1. Zanclophorus annandalei Baylis and Daubney, 1922.
(Figs. 90-93.)

Host —Testudo travancorica  (stomach) ; Cochin State
Forests, Western Ghats.

The male measures 15-5-15-9 mm. in length, the female
15-17-4 mm. The maximum thickness is 0-85-1-1 mm. The
cuticular striations are about 2 u apart. The head has a
diameter of 0-2-0-23 mm. The total length of the cesophagus
is 2:6-2:85 mm. The pharynx measures 0-14-0-15 mm. in
length and 0-09 mm. in greatest diameter. The bulb, together
with the prebulbar swelling, measures 0-6-0-65 mun. in length,
and has a width of 0-4-0-44 mm. The nerve-ring is situated
at 0:535-0-6 mun., the cervical papille at 1-5-1-74 mm., and
the excretory pore at 2-2 mm., from the anterior end. )

The tail of the male is 0-45-0-5 mm. long. The sucker is
situated at a distance of about 1-5 mm. from the cloacal
aperture. There are ten pairs of caudal papille and a median

S 75
ZANCLOPHORUS. 1

Fig. 90.

;. Anterior end of female; dorsal

Fig 90.—Z?Jrib:vlgphg’?sligi?:;azdfalgtlccal cavity ; ¢., one of theb:f;!‘ef;

cuticular supports ; p., papilla. {AfterBayl@am%lD&e: fa};.

< 91.—Zanclophorus annandalei. Anterior end, vlewed Vlin s

Fig. 91. c.. one of the three cuticular supports; d.l., Bc;mﬁs a}r)xt:l
7 cuticular fringe of lip; p. papilla. (After Bay

Daubney.)
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precloacal papilla. Four pairs are postanal, two of them being
subventral and two lateral, and six pairs are preanal. Of
these, three pairs are close together near he cloaca, and three
pairs, more widely separated, lie between these and the sucker.
The spicules measure 2-2-2-3 mm. in length and 0-038 mm.
in maximum width. The large accessory piece, which is
only partially chitinized, is deeply cleft in front.

Fig. 92.—Zanclophorus annandalei. Posterior ond of mule; lateral

view. a.p., accessory piece; s., sucker. (After Baylis
and Daubney.) ( Y

The tail of the female is 0-7-0-75 mm. long. The vulva
is situated at 5-5-5 mm. from the posterior end. The vagina
runs forward for about 2 mm. before giving off the two directly
opposed uterine branches. The eggs measure about 0-125X
0-075 mm.
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Wig. 93.—Zanclophorus anrandalei.  Posterior end of male; ventral
view. a.p., accessory piece. (After Baylis and Daubney.)

2. Zanclophorus kempi Baylis and Daubney, 1922. (Fig. 94.)

Host -—Testudo elongata (intestine) ; Baradighi, Jalpaiguri,
Bengal ; and near Tura, foot of Garo Hills, Assam.

The male measures 10-9-12-8 mm. in length and 1-1-1 mm.
in maximum thickness, the female 13-4-15-8 mm. and 1-2-
1-4 mm. respectively. The cuticular striations are exceedingly
fine. The diameter of the head is 00" 2-0-24 mm. The total
length of the cesophagus is 2:3-.-5 mm. The pharynx
measures 0-13 mm. in length and 0-09-0-1 mm. in greatest
diameter. The bulb, together with the prebulbar swelling,
measures 0-45-0-6 mm. in length. Its width is 0-4-0-48 mm.
The nerve-ring is situated at 0-32~0-38 mm., the cervical
papillee at 1-5-1:6 mm., and the excretory pore at 1-7-1-95 mm.,
from the anterior end.

The tail of the male is 0-45-0-55 mm. long. The sucker,
which is deep and strongly muscular,is situated at a distance

NEM. N
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of about 1-1 mm. from the cloacal apertue. There are nine
pairs of caudal papille and the usual median precloacal
papilla. The arrangement of the papilla) is the same as in
Z. annandaler, except that one of the three pairs immediately
in front of the cloaca is absent. The spicules measure 2-9 mm.
in length and 0:-1 mm. in width. The accessory picce is similar
to t‘hat of Z. annandalei. ‘
()-r;lf;h(e) 813&11 Of.tll(! female is bluntly conical and measures
99-0-8 mm. in length. The caudal papilla are situated at

Fig. 94.—Zane us k i. P i
g Zanclophorus kempi. Postorior end of male; lateral view.

a.p., acces ieco : ) . :
anubnz_b;())qsory piece; s, sucker. (After Baylis and

0-27 mm. from the tip. The vulva is situated at 4-4-8 mm.
from the p(isterior end of the body. The vagina is narrow
fmd about 2 mm. long, and runs forward from the vulva.
The cggs are oblong-oval and measure 0-125-0-137 > 0-075—
0-085 mm. Their contents are unsegmented in wtero.

The fo]]owmg,} form is placed here because it appears possible
that it may be ong to the genus Zanclophorus, or at least be
closely related to it. Parona’s description is not very intelli-
gll?le, .and is in lgces self contradictory, while the decimal
point in many of his measurements is probably misplaced.

CRUZIA. 179

I
3. Heterakis fex Par?na, 1889.

Host :—Tesiudo sp. (intestine); Jadd village, Mt. Carin,
district of the Asiuii Cheba, Burma.

According to Parona’s description, the male measures 26 mm.
in length, the female 28 mm. The maximum thickness is
1-5 mm. Body whitish, elongate, attenuated at each end,
especially posteriorly. Dorsal lip larger, ventral lips with
papillz. Buccal aperture with raised folds, 0-021 mm. wide.
(Esophagus 3 mm. long, expanding into a large, distinct bulb
with two swellings, of which the upper is the smaller and
has a transverse diameter of 0-03 mm. [? 0-3 mm.], the lower
of 0-044 mm. [? 0-4 mm.]. There are two chitinous plates in
the centre of the upper swelling.

Tail of male tapering, curved ventrally so as to form a
complete circle, without terminal spike. Aperture of sheath
of spicules [? cloaca] 0-049 mm. [? 0-49 mm.] from caudal end.
Spicules “very long” (2 mm.), equal, curved. Papille
small and numerous, 14 to 16 pairs preanal [12 pairs shown in
figure], three pairs postanal [none shown in figure], and one
pair, larger, lateral to cloacal aperture. Sucker oval, “ with
large chitinous ring,” about 1-5 mm. from tip of tail.

Tail of female tapering and conical, without terminal spike.
“Anal aperture at three quarters from tip of tail.” Vulva
at posterior third of body, * about 5 mm. from posterior end.”
Vagina 0-011 mm. [?0'11 mm.] wide, directed anteriorly.
Ovarian tubes extend anteriorly as far as the cesophageal bulb,
and posteriorly nearly to the anus. Kggs oval, colourless,
0-0126 mm. [sic] long by 0-07 mm. wide. The shell is of
remarkable thickness, with elevations and with pigment. In
some eggs the embryo is well developed.

~

5. Genus CRUZIA Travassos, 1917.
Synonym :—Ozysoma Schneider, 1866 (part).

Lips well developed, subtriangular. Lateral fields broad.
Pharynx three-sided, with narrow lumen, strongly chitinized
and containing three longitudinal series of teeth, which in the
genotype are forwardly directed. In the genotype there are
also at the base of the pharynx three large, blunt, tooth-like
structures. (Esophagus with a large, spherical posterior bulb
and a small prebulbar swelling. Intestine with an anterior

‘cecum. Ventral surface of preanal region in male rugose.

Caudal muscles well developed, but not aggregated into

a sucker-like organ. Caudal papille sessile. Spicules sub-

equal, alate. A large, subtriangular accessory piece present.

Tail of female tapering. Vulva slightly in front of the middle
N2
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of the body, not prominent. Eggs relatively large, with thick,

rugose shell, containing embryos wher laid.  Adult worms

in the large intestine of opossums, pigs and (?) lizards.
Genotype :—Cruzia tentaculata (Rudolphi, 1819)

1. Cruzia orientalis Maplestone, 1930.  (Figs. 95 & 96.)

H of . . 3 .

Tl(:zl - Domestic pig ((u:aecum and large intestine) ; Caleutta.
o ‘“orms measure 13-17-9 mm. in length. The dorsal
P nas very prominent lateral angles. The ventro-lateral

Fig. 95. Fig. 96.

o1 mm.

Fig. 95.—Cruzia orientalis. Anter; Y i
. MaPlestone,) nterior  end 3 ventral view. (After
Fig. 96.—Cruzia orientalis. Posterior end of malo; lateral view,
(After Maplustone.)

JIES avre I.narlf)ed o‘ﬂr from the body by a deep groove. The
pharynx is ‘()-‘.4—0-32 mm. long, and is described as containing
from 19 to 23 rows of teeth.  This apparently means that cach
of the longitudinal rows contains 19 to 23 teoth, the rows, in
Maplestone’s sense, being transverse. All the teeth are of
about the same size. The length of the m@sophagus Is given
as 2:34-2-95 mm. It is not clear whetheor this includes the
pharynx and bl'l]b. The latter measures 0-28-0-38 mm. in
diameter. The intestinal ceecum is 1-09-1-96 mm. long.
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The tail of the m’le appears, from Maplestone’s figure, to
be about 0-25 mm. lodg. There are ten pairs of caudal papillae,
of which four are definitely postanal, three form an adanal
group and three are more anterior. The spicules measure
0-86-1-03 mm. in length, and the accessory piece 0-18-0-22 mm.

The tail of the female is 0-69-0-71 mm. long. The eggs
measure 0-12 < 0-056-0-06 mm.

6. Genus CISSOPHYLLUS Railliet and Henry, 1912.

Mouth dorso-ventrally elongate, with complex lips. Dorsal
lip trident-shaped, ventro-lateral lips armed with groups of
lancet-like tecth. (Esophagus with a slightly differentiated
anterior portion (? pharynx) and a posterior bulb. Male with
a fusiform preanal sucker-like organ. Caudal papille small,
sessile. Spicules subequal. An accessory piece present.
Vulva in posterior third of body. Uterine branches parallel,
running anteriorly. Kggssegmenting when laid.  Adult worms
in the intestine of land and freshwater tortoises.

Genotype :—Cissophyllus laverani Railliet and Henry, 1912.

1. Cissophyllus laverani Railliet and Henry, 1912. (Fig. 97.)

Host —Testudo emys (intestine) ; locality not given by
Railliet and Henry, but this tortoise occurs in Assam and
Burma.

The male measures 25-31 mm. in length and 1-5-1-6 mm.
in maximum thickness, the female 24-31 mm. and 1-6-1-8 mm.
respectively. The cuticular striations on the greater part
of the body are very fine (15w apart), but in the head region
the intervals between them increase to 6:5 4. The musculature
is said to be polymyarian. The two lateral and four submedian
cephalic papillic all have double terminations.  The cesophagus
measures 3-6-3-8 mm. in total length, and is composed of
three portions of almost equal length. The first two portions
are distinguished, according to Raillict and Henry (1912, b), by
their degree of chitinization, the second beng somewhat darker
in colour than the first. The third portion, which is slightly
thicker, ends in a globular bulb containing finely-folded
chitinoid plates.

The tail of the male is 0-65-0-7 mm. long. The sucker-like
organ, which is not very highly developed, is situated at a
distance of 2-3-2-5 mm. from the cloacal aperture. There are
eleven pairs of caudal papillee, of which six are preanal and
five postanal. The spicules are approximately equal. and
measure 1:675-2-05 mm. in length and 0-095-0-11 mm. in
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width. The hollow accessory picce is 0-4 amn. long. Its width

is 0:2 mm. in front and 0-16 mm. behind.
The tail of the female is 0-9 mm. long

D

A

Fig. 97.—Cissophylius laverans. A, head. 1

ateral viow ; B, postorior
end of male, lateral view.

(After Railliet and Henry.)

third of the body. The eggs are oblong, with very thin shells
measuring 0-11-0-117 x 0-059-0-062 mm. Their contents ure
In early stages of segmentation at the time of laying.

7. Genus PROBSTMAYRIA Ransom, 1907.

Head truncate. Lips bilobed,
papille with Jong peduncles, the
such papilla, Pharynx tubular, ¢
portion without muscles and a
portion. Caudal end of male without sucker-like organ.
Several pairs of small postanal papille present. Spicules
short, subequal in genotype. Tail in both sexes long and
tapering.  Vulva at about the middle of the body. Vivi-
parous (eggs few vad large, hatching in uterus). Adult worms
in the alimentary canal of mammals (colon of Equidz, small
intestine of Primates).

Genotype :—Probstmayria vivipara (Probstmayr, 1865).

the dorsal lip having two
ventro-lateral lips cach one
omposed of a small anterior
longer, muscular posterior

1 , and bears a pair of
papille. The vulva is situated a little behind the posterior

8
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1. Probstmayria siniee Maplestone, 1931. (Figs. 98 & 99.)

Host :—Hoolock gibbon (Hylobates hqolock) (gl muélﬁcirt(ilil
upper part of small intestine) ; Zoploglcal C‘:arde(;f,),7 6 m,m' &

The male measures 1-5-1:6 mm. in length an 076 mom. 0
thickness, the female 1-6-1-8 mm. and (;-12—0- 3 rin e
spectively. The lips are about 0-0_1—0-01 thml;lla 0.0%.5 The
pharynx measures 0.06—10.03;:;?1. 1nT:le;1g('B Soghagus 15 mm.
:)I;' (é\ljom ;)t;;;s? r;ﬁelsaf;]:ri)(’)r cylindrical and measuring about

0-17 mm. in length and 0-015 mm. in diameter, the posterior

Fig. 98 Fig. 99.

~

i simt i After Maplestone.)
i — L ia simiz. Anterior end. ( -
ggg. gg—ﬁ:ﬁiz;zggtm simiz. Posterior end of male; lateral view
S (After Maplestone.)

e cal

. n. long and terminating in a spherica
fg?l?lg-%l-?)ge(rlr’m?. liln n(llliamete;g'. “The bulb is fu‘rm‘shed :;’:Ot:ll
a powerful valvular apparatus. Under the 011.13 ﬁrxgﬁ: sion
the cusps of this valve are seen to be _covered wi D o
centric ridges.” The nerve-ring is situated ab L
from the anterior end. The excretory pore openls ]tl'lvely longo
of the cesophageal bulb, and leads into a relati

vesicle. ‘

glo’ll‘)l‘:elamt‘ail of the male is about 9-36 mm. long,ra;ngnleogzzsl
four pairs of postanal papille. ° The spicules a
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and dissimila is g . |
and 0.0411:;111]1(1”-‘ lOne is short, straight, ald relativelv thick.
like a sabe blln leng'tt‘,h‘ the other is more delicate and curved
: s » blade, 1t is 0-08 i , T i
gubernaculum,” ’ 08 mm. in length. There is no
Vrh 3
¢ tail of the female i 15
has I)I‘Ominmttll'l( fem.ml.( i3 0-45-0-5 mm. long.  The vulva
of the b 11 , ri‘ps and is situated just in front of the middle
bryos att dy. The uterine branches are opposed.  The em
befors ' }»;lilrltlld l(‘n‘%ﬂl of 0-93 mm. and « thickness of 0-041 tim
’ . ““The embryos contain . [
wsophagus of the ad yos. contain “a well-developed
nl‘lturit“ N he adult type. and they apparently reach
; . : A E e
St f_':.fm\\lth()ll)lt any change in morphology, beenuse all
oy 3 3 4 e o 2 . D L3
10 toen nftm ryos just escaped from the uterus and with
en(ou(tc 01 genitalia up to fully mature . ‘
‘ountered. and the onlv di o
. - . he v differen vy
in their size." . rence in the v

specimens were
aArious staoes was

4. Family OXYURIDA Cobbold, 1864

Small or medi S
mvarian ” J{;ltdtl;lm—sm'(] parasitic forms. Musenlature mer
varian. out a1 N : al N MO-
No buceal Cu‘ps:ll“l”(]]“\“n}')lu usually - inconspicuons  lips
. ’ sule., wsophagus ara v . ) o
and always with a distinet phagus usually with a pharynx
fold valvular appar tl ne RPU.\‘tw-mr bulb, containing a three
> ar apparatus, epr Hive oo SN A
simple type,  Ovaries sl ! ()d“(“‘.( organs of a relatively
large curas. R aries stiort. producing relatively  few and
At crgs. hixeretory pore at g . RN
phageal bulb or ove pore at about the level of the wso-
female alwavs zl}< even behind it, Caudal end of mature
N : d MONO: » o . H
without a p}*(*elr)wlnl? lti\ dm', Lapering. Male almost always
life-history is (1'-(\ sucker. Phe worms are ovipurous. The
Y s direct, without an intermediate host,

Subfamily ONYURINA Hall, 1916.

Mouth with thy s
which m.l‘;ltblz, thw;.’ or =N lips.  Male with a single spicule
¢ vestional . I . S : .
accessory piece ‘151.11. or, rarcly, without a spicule.  An
ale are i 4 flhlli“-“y absent. The ecaudal papille of the
ale are mainly in the vicinity of the cloaca.

Key to Genera.

Parasites of reptiles | |, | T
Triton of i e I'neLaxpros, p. 192.
i. Male with two or three hlrén .\'.v‘n‘l,.ri‘xi boss(\ ;

s

parasites of rodents .00 L Sy !
Male without ventral bosses . ............. 2 riacia p- 195

2. Parasites of the horse tribe ... ... .. 6\\ U¥ 185
............. XVURIS, p. 185.

Parasites of Primates ... ... )
............. IENTEROBLIUS, p. 188,
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1. Genut OXYURIS Rudolphi, 1803.
Synonym :-Lep[ur-}s Schlotthauber, 1860.

Lips not apparent. Cuticle of head not inflated. Mouth
hexagonal. One pair of lateral and two pairs of large sub-
median cephalic papillae present. (Esophagus relatively short,
hourgluss-sha,pod, with a short pharynx, containing numerous
cuticular bristles in both sexes and three prominent teeth in
the female. The narrow middle portion of the oesophagus
passes gradually into the pyriform posterior bulb. Tail of
male truncate, with alar expansions in front of and behind
the cloaca, cach supported by a pair of pedunculate papille.
Two or three pairs of smaller caudal papille also present.
A single spicule present. No accessory piece. Tail of female
Vulva towards the anterior end of the body
The common trunk of the uterus
extremely long, extending almost to the posterior end, and
there dividing into two short pranches which run parallel
to each other in the anterior direction. Eggs elongate,
with thick shells, flattened on one side and provided with
an operculum at one pole. Their contents are unsegmented
when laid. Adult worms in the large intestine of Equide.

Genotype :—Oxyuris equi (Schrank, 1788).

very long.
but postwsophage;wl.

1. Oxyuris equi (Schrank, 1788) E. Blanchard, 1849.

(Figs. 100-102.)

Synonyms . Trichocephalus equi Schrank, 1788 Trichuris equi
Bruguiere, 1791 ;. Mastigodes equs Zeder, 1803 ; Oxyuris curvula
Rudolphi, 1803 ; Oxyuris mastigodes Nitzsch, in Giebel, 1857
Lepturis curvula Schlotthauber, 1860; Oxyuris mastigoides
Gough, 19085 ? Ozyuris tenuicauda v. Linstow, 1901.

Hosts —This is a cosmopolitan parasite of the colon and
ccum of horses, donkeys, mules and zebras. In India and
Burma it has been recorded fairly frequently, e.g. by
Montgomery (1906), Gaiger (1910 and 1915), and Baylis and
Daubney (1923, b).

The male measures 9-12 mm. (exceptionally as much as
16-6 mm.) in length and about 078 mm. in thickness, the
female about 40-150 mm. and 1-5-2 mm. respectively. The
variation in the length of the female is mainly due to the tail,
which may vary from about half the total length to several
times the length of the rest of the body. The lips are relatively
large. A pair of low lateral and two pairs of stout submedian
cephalic papille are present.

* ) the male the buccal cavity, which is three-sided, measures
0- 68 mm. in length. The cesophagus is about 1-5-1-7 mm.
loag. Its anterior portion measures 0-29 mm. in thickness,
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the cylindrical middle portion 0-15 “am. and the bulb
0-36 mm. The slender, sharply-poin ed and needle-like
spicule is 0-12-0-165 mm. long.

In the female the cesophagus measures about 2-7 mm. in
total length,. Its anterior portion measures 0-5 mm. in thick-
ness, the middle portion 0-24 mm. and the bulb 0-55 mm.

N

4

k™

Fig. 100.—Oxyuris equi. Qutlines of three females (natural size),

to sh rariation i ;
Railligtvt’)‘armtwn in length of tail. (From Baylis, after

The nerve-ring is situated at szbout

I E 0-4-0-5 mm. from th
anterior end, and the vulva, at 7-10 mm. from the same point;e
The eggs measure 0-074-0-099 % 0-038-0-045 mm. '
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Cameron (1925) \gives the following summary of the life-
history of this specjes :—

* The females deposit their eggs on leaving the large intestine
and reaching the exterior. The majority stop at the edge
of the anus, being retained by their tail, and the eggs are
ejected as the result of uterine peristalsis in a sticky mass

Fig. 101.

A6

Fig. 101.—Oxyuris equi. Anterior end of female ; dorsal view. (From
Baylis, after Yorke and Maplestone.)

Fig. 102.—Oxyuris equi. Two views of posterior end of male,
s., spicule, (From Baylis, after Railliet.)

on to the perineum and inner surface of the tail. The female
then dies and dries up. This viscous oviferous material causes
intense pruritus in the peri-anal region with excoriation of
the perineum and depilation of the tail, and the horse may
become emaciated and even unmanageable as the result of
the irritation. It is continually rubbing its hind quarters



188 OXYURIDA.

ng&mzt t;‘myt}nng which presents itself, a%4d so aids in the
wé.u‘;ll :;lk‘lon ofi bh‘c ova. The eggs quickyy develop on the
e em‘brln, an;f“ ithin 48 hours—gencrally less—they contain
& 4 1] N .
oryo. — After 4-8 days, the eggs drop off from the ski
and with the m; : ' fi “distri Water docs
ane th anure are further distributed. Water does
hot :p}z ar to be essentiad for the development of these cges
but oxygen 1s necessary.  The eges on being swiallow: weh
in oo I8 Docessar, o bemyg swallowed hateh
down’ all mtestine, and after moulting [the worms| settle
e > N ) ‘ )

o 1in the cacum, Egys cannot develop without first reaching

alr, and this is an essential condition for infoetion.” v

2. Oxyuris poculum v. Linstow, 1904,

Host . — »; Cey "
ofsif;'~ Horsc; Ceylon ( passed by ponies on Iranativa ™).
e ()151 bp(l‘),(cu,]s:l the type-specimens, which were originally
b 10 ombo Muscum, do not appear now to be available
£ ‘llolugl it may be reasonably suspected that the species
:;()u( prove, on re-examination, to be identical with € w[u/:
; mtre are certain points in v. Linstow’s deseription \\‘hi(‘il it i:l
o 8 - 20 . 1 Y -
h easy to reconcile with the common form, and his aceount
is therefore quoted here. ’ H e
. his spectes Is nearly related to Oryuris currula, Rud
[i. e. O. equi), having the s { D tton e Mo
[i- o 0. eque , ‘(} ¢ the same form as the latter ; the mouth
t‘.O “;(: ;i‘(n(l -“’l]t|l two large luteral papille in contradistinetion
 8IX papille of O. curvala ; the asophagus in the male
occupies .- of the total | i . dbu
pceupies ‘_‘.f l }. otal length, terminating in a bulbus :
he ducts of the three as Iy
: t sophage: ¢ s lie i i
i the Tnmen oo I}h weeal glands lie quite anteriorly
’ '8 QoL s are ¢ it
donticalate o O -~ phagus, and are cup-shaped with
“The mal arg ':,4\\) ereas in (). curvula they are tubular
> male 15 14-2 / m. i ot
the citrus b oty ll(l)ln). ‘l_(mg by 099 mm. in diamecter ;
. ot g e : .
fom papille. of e ng, inely acuminate - the tail carries
', vhich two lic at the posterior angles of the
quadrangular portion of the body and tw ! » I et lt .
o ' ) \E wo are placed ventrally.,
SI dian papille of O. curvulu are ; i |
apeaion paj - curvulu are absent in the present
“ Tl
1¢ female has . il: i
a length of (;:‘,kl has a ](imgbhldnllcnt(ms hind body, and attains
, nm. and a breadth of 2.5 ‘
radt 2-57 mu.; the eges have
a double shell > i bt one ol
;he o ;)}l(l]l ]thc outer shell is perforated at one pole
Nne clos v - ) )
g closed by a plug; the eggs measure 0-081 mm.

by 0047 m Hoge , ;
0:042 mm.” m., those of 0. currula being 0-099 mm. by

2. Genus ENTEROBIUS Leach, in Baird, 1853,

Synonyms :—Ozxyurias Stiles, in Sti
) ¢ a s, in Stiles and Hassall, 1905 ; Fusar
Securat, 1916 ; Trypanoryuris Vevers, 1923, ' i Husarella

L . .
. .Clat'l‘cle of anterior end inflated. Lips fairly distinct. Mouth
riradiate.  Narrow lateral ale present. (Esophagus club-

ENTEROBIUS. 189

shaped, with distipet posterior bulb, separated from the rest
by a narrow neck) Caudal end of male truncate, with ale
supported in front by a pair of pedunculate preanal papille,
and behind by a pair at the extremity of the tail. Two or
three pairs of sessile postanal papille also present. A single,
relatively long spicule. No accessory piece. Vulva in the
anterior half of the body. Common trunk of the uterus
relatively short. Uterine branches parallel.  Adult worms in
the intestine of Primates.

Jenotype :—HEnterobius vermicularis (Linn., 1758).

|. Enterobius vermicularis (Linnzeus, 1758) Leach, in Baird,

1853.  (Figs. 103 & 104.)

——Ascaris vermicularis Linneus, 17583 Fusaria vernit-

Synonyms :
eutar Bremser, 1819

cularis Zedor, 1803 ; OQxyuris vermicularis 3
Ozyurias vermicularis [Stiles. in Stiles and Hassall, 1905], W ard,
1907 ; Oxyuris (Oxyurias) vermicularis Stiles, 1907 ; Fusardla
vermicularis Seurat, 19165 2 Ascaris pollicaris Linn., fide Baird,

1853.

Hosts :—This species is a common parasite of man (especially
of children) in all parts of the globe. It has not been definitely
established that it occurs in any other animal, though there
are records of its alleged occurrence in dogs. A number of
other species of Enterobius are known, all of which appear
to be confined to the Primates. Moreover, s0 exceedingly
common and widespread a human parasite as E. vermicularts,
were it capable of infesting dogs, might be expected to be very
common in them. Such records must, therefore, be regarded
with great suspicion. The worms inhabit the small intestine,
ceeum, appendix and colon.

¥ vermicularis is doubtless as abundant in India as in most
other parts of the world, though few data as to its frequency are
available. Sweet (1929) mentions that out of 11,972 persons
in the State of Mysore, whose stools were examined for the

s of parasitic worms, only 2-6 per cent. were found to be
infosted with this species, a percentage much lower than for
hookworms, Ascaris or Trichuris. But, as this author remarks,
the diagnosis of K. vermicularis by means of the microscopical
examination of fecal specimens **is largely a matter of the
chance occurrence of ova, and incidence figures are probably
misleading.”

The male measures 2-5 mm. in length and 0-1-0-2 mm. in
maximum thickness, the female 8-13 mm. and 0-3-0-6 mm.
respectively. The narrow lateral alee begin near the head
and extend almost to the posterior end. The lips are retractile.
The dorsal lip is larger than the ventro-lateral lips and carries
two large papille, while each ventro.lateral lip has a large
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lateral and a small subvent
swelling has a length of
0-1-0-11 mm.

and a width of about 0-17 mm. in the female.

in the female.
in the male
nerve-ring
the_ excretory pore at about the level of the
or Just behind it.

The posterior end of the male
are five pairs of caudal papill.

Fig. 103.

Fig. 104.

2

173

oM

Fig.

” . . , . .
103.—Enterobius vermicularis. A, anterior ond, ventral view ;

B, posterior end of malo, lateral viow ; C, egg. (From
Baylis, after Yorke and Maplestone,)

Fig. 104.—Enterobius vermicularis. Spicule of malo; latoral view.
7.. retractor muscle. (After Baylis.)

a posterior pair support the ale. Between these two pairs
there are three pairs of smaller subventral papille, of which
the anterior is adanal and the posterior much more slender
than the others. The spicule is relatively stout, and has
a slender, slightly recurved tip, somewhat suggesting a blunt
crochet-hook in shape, Its total length is about 0-125-
0-13 mm., including a solid, club-shaped basal portion and
a tubular distal portion, the latter being 0-07-0-08 mm. long.

ral papilla. Th: cephalic cuticular
} about 0-1-0-15 nm. and a width of
in the male, and a length of about 0-2 mm.

The total length
of the @sophagus is 0-54—0-6 mm. in the male and 0-9-0-93 mm.
The diameter of the bulb is 0-09_0-11 mm.
¢ and about 0-16-0-17 mm. in the female. The
Is situated just behind the cephalic swelling, and

asophageal bulb,

is curved ventrally. There
A large anterior pair and
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The tail of the female is long and tapering, and occupies
from about one-ﬁf’clg to one-third of the total length. The
vulva is situated at’ about the anterior third of the body.
From this a short vagina runs posteriorly. The common
trunk of the uterus is wide, and gives off th opposed uterine
branches. The posterior of these runs straight back, while
the anterior runs forward for only a short distance, then
turns posteriorly. In gravid females the branches of the
uterus occupy almost the whole of the body-cavity between
the posterior end of the eesophagus and the anus, and sometimes
extend beyond the latter into the tail _The eggs measure
0:05-0:06 % 0-025-0-032 mm., and are slightly flattened on

ne side.

o When laid, the eggs contain a tadpole-shaped emb‘ry(;].
Under favourable conditions of warmth and moisture, suc

as they find in the perineal region of the host, they rea(;h the
infective stage in a few hours. The gravid female worms,
which wander down to the anus and frequ(_antly cscape _from
it (thereby causing intense irritation, particularly at mgl;f),
frequently burst, or are ruptured thro_ugh the efforts of the
host to reliove the irritation by scratching. The eggs are then
scattered in great numbers, and reinfection by means of
soiled fingers is of very frequent occurrence. If swallowed,
the eggs hatch in the duodenum _of t'he host, and the worms
reach maturity in the small intestine in about fourteen days.

2. Enterobius anthropopitheci (Gedoelst, 1916).
Synonym :(—Ozyuris anthropopitheci Gedoelst, 1916,

Hosts :—This species was originally recorded fron} the
chimpanzee (Pan satyrus) in the Belgian Congo. Baylis and
Daubney (1922) have doubtfully referred to it some specimens
from a black-headed lemur (probably Lemur brunneus) in the
Zonrlogical Gardens, Calcutta. _

The male is unknown. The female measures 4-5-5 mm. in
length and 0-325-0-36 mm. in maximum thickness. The
cephalic cuticular swelling is 0-12 mm. wide and 0-08-0-095 mm.
long, and is clearly marked off behind by a groove. J."he
cesophagus occupies 1/5-75 of the total length. Its anterior
portion increases in diameter from about 0-04 mm. to a maxi-
mum of 0-072 mm. at the posterior swelling. The bulb has
a diameter of 0-12 mm., and the “ neck ” separating it from
the rest of the cesophagus measures 0-01 mm. in length and
0:032 mm. in width. The nerve-ring is situated at the anterior
fifth of the cesophagus, and the excretory pore at the level
of the junction of the cesophagus and intestine.

The tail is 1-4-1'5 mm. long. The vulva divides the total
length of the body in the proportion of 1:2.35 or 1:2-85.
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The anterior branch of the uterus tums posteriorly after
running forward for a short distancey and both branches
terminate anteriorly.  The eggs are asymmetrical and measure
0-07 < 0-032 mm.

3. (enus THELANDROS Wedl, 1862,
Synonym i - Parapharyngodon Chatterji, 1933,

Mouth with three bilobed lips.  Lateral fields each formed
of a single row of very large cells with stellate nuelei.  Lateral
ale present in male in some species, sometimes extending
posteriorly as far as the cloaca. (Esophagus with a very
short pharynx and a posterior bulb. Tail of male ends in
a dorsal process. Three pairs of caudal papille usually
present, one of which is situated on the ventral surface of the
caudal process. A single spicule, sharply pointed.  No
accessory piece.  Vulva usually a little behind the middle
of the bady. Uterine branches parallel.  Eggs oval, not
containing embryos when laid.  Adult worms in the alimentary
canal of lizards and tortoises.

Cenotype :—Thelandros alatus Wedl, 1862,

Key to Species.

Parasite of Hemidactylus .00 00000, hencidactylies, p. 196,
Parasito of Calotes ..o 0L maplestoni, p. 195,
Parasites of Uromastic ... 0. 00 ... .. I.

1. Posterior end of male retractile within a cuti-
cularsheath. ... ... .. . . 0 0 L 2.
Posterior end of male without cuticular sheath. 3.
. Spienle of male 0-08-0-09 mm. long. .. ...... meieruris, p. 192,
Spicnle of male 0-03-0-06 mm. long . ....... baylisi, p. 194,
3. Male without lateral ale except in caudal
region ; spicule about :03-0-04 mm. long. . taylori. p. 194.
Male with lateral ale throughout greater part
of body ; spicule about. 0-09-0-1 . long. . kasandi, p. 195.

&)

1. Thelandres micruris Rauther, 1918, (Fig. 103.)

Synonym :~Thelandros alatius Thapar, 1925, nec Wedl. 1862

Host -—Uromastix hardiwickii ;  locality not given. This
lizard occurs in India, and the specimens recorded from it
and described by Thapar (1925) as 7' alatus Wedl agree rather
with 1. micruris. T. alutus is a larger form oceurring in
North African species of Uromastiz.

In Rauther’s description, as may be inferred from the
scale of magnification of the figures and from other internal
cvidence, the measurcments of total length and thickness
should be multiplied by 10. This gives the length of the male
as 2:7 mm. and that of the female as 5-3 mm., while the maxi-
mum thickness of the male is 0-25 mm. and that of the female
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0-5 mm. (Thapar gives these measurements as 3-5, 575,
0-22 and 0-25 mm. )'Esspect‘ively). The esophagus is slender
and occupies in the male 2/9, in the female 2/11, of the total
length. Its length, therefore, is 0-6 mm. in the male and
about 0-96 mm. in the female (Thapar gives 0.62 and
0-82 mm.) The excretory pore is slightly prominent. In
the female it is situated close behind the cesophageal bulb,
dividing the body in the proportion of 1:4, and in the male
more posteriorly, dividing the body in the proportion of 2 : 3.
(According to Thapar, the pore is far behind the bulb in both
sexes, and lies at 1-19 mm. (male) or 1 mm. (female) from the
anterior end).

The cuticle of the posterior end in the male is inflated,
especially ventrally, so as to form a prepuce-like fold. The
cloacal aperture is situated on a conical process, and overhung
by two short, fringed processes. At the level of the cloaca

Fig. 105.—Thelandros micruris. Posterior end of male ; lateral view.
(After Rauther.)

on each side there is one single papilla and a more dorsally
situated double papilla. The caudal appendage also bears
a pair of very prominent papille. According to Thapar, the
spicule is needle-shaped and measures 0-08-0-09 mm. in length.

The tail of the female measures 1/14 of the total length
(0-37 mm., according to Thapar). The vulva is slightly behind
the middle of the body and is rather prominent, with an
overhanging anterior lip. The ovaries are confined to the
region anterior to the vulva. The eggs measure 0-1 x 0-05 mm.
(According to Thapar they measure 0-14x 0-08 mm., and are
flattened at one pole. Chatterji (1935) gives their dimensions
as about 0-07 X 0-047 mm.)

NEM. s
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2. Thelandros baylisi Chatterji, 1935.

Host :—Uromastix hardwickii ; locality not given. 3

The male measures 2:5-3-7 mm. in length and 0-175-

0-22 mm. in maximum thickness, the female 3-8-6-3 mm. and
0-3-0-66 mm. respectively. The cuticle is (~mnparut1vgly
coarsely striated, and forms broad annulations in the posterior
portion of the male. The cesophagus, including the bulb,
measures 0-65-0-8 mm. in length in the male and 1-1-62 mn.
in the female. The bulb has a diameter of about 0-098 mm.
in the male. The nerve-ring, in the female, is situated at
about 0-16-0-22 mm. from the anterior end.  The excretory
pore is behind the wsophageal bulb. ‘ '
" As in 7. micruris, the posterior end of the male i~ thickened
and the tail may be enclosed in a prepuce-like sheath of
cuticle. The tail is constricted at the level of the cloaca,
and its anterior portion bears a pair of small lateral ala.  The
anterior lip of the cloacal aperture is fringed, its posterior lip
conical and directed posteriorly. Of the two pairs of preanal
papille the posterior is the larger. The postanal pair is
situated at the base of the tail-spike. The spicule measures
0-03-0-06 mm. in length.

The tail of the female is 0-234-0-37 mm. long. The vulva is
situated considerably behind the middle of the body, ﬂ't
1-26-2-2 mm. from the posterior end. Its anterior lip is
prominent. The ovarian coils are  close to the level of the
vulva.” The eggs measurc 0-08-0-098 < 0-05-0-06 mm.

3. Thelandros taylori Chatterji, 1935.

Host ~—Uromastiz hardwickii ; locality not given.

The male measures 2-2:5 mm. in length and 0-15-0-22 mm.
in maximum thickness, the female 2-96—4 mm. and _()-21—
0-4 mm. respectively. Lateral ale are absent, except 1n the
caudal region of the male. The cuticular striations are at
intervals of 7-12 4 in the male and 12-15p in the female.
The cesophagus measures, including the bulb, 0-62-0-84 mm.
in the male and 1-1-5 mm. in the female. The nerve-ring
is situated at 0-098-0-13 mm. from the anterior end in the male,
and at 0-14-0-2 mm. in the female. The excrctory pore 18
behind the cesophageal bulb. ]

The tail of the male is 0-05-0-078 mm. long. It is suddenly
constricted at the level of the cloacal aperture, and forms
a dorsally-directed process with lateral ale extending for more
than half its length. Of the two pairs of _prfeam}l papille
the posterior is the larger. The postanal pair is situated at
the base of the tail-spike. The anterior lip of the cloacal
aperture is fringed ; the posterior forms a long, posteriorly-
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directed, conical proc«‘.}ss. The spicule measures 0-035-0-045 mm.
in length. *

The tail of the female is finely pointed and 0-108-0-156 mm.
long. The vulva is situated at a distance of rather less than
0-5 mm. from the anus, and has a prominent anterior lip.
The vagina is 0-08-0-12 mm. long. The coils of the ovaries
are ““ on cach side of the wsophageal bulb.” The eggs measure
0-08-0-095 < 0-047-0-065 mm.

4. Thelandros kasauli Chatterji, 1935.

Host .——Uromastix hardwickii; locality not given.

Of this form Chatterji had only two males when drawing
up his description. These were in poor condition, and one
of them appeared to be immature. The mature male measured
2-32 mm. in length and 0-44 mum. in maximum thickness.
The females measured 3-33-7 mm. and 0-33-0-98 mm.
respectively. The male has a pair of lateral al®, originating
at 0-236 mm. from the anterior end. These are narrow
anteriorly, but gradually widen to about 0-04 mm. towards
the posterior end of the body. The euticular striations are
at intervals of 15-30u in the male. The cesophagus measures
0-67 mm. in length in the male, 0-8-1-15 mm. in the female.
In the former the bulb measures 01180137 mm., in the
latter 0-138-0-195X0-156-0-23+4 mm. The nerve-ring is
situated at about 0-14 mm. from the anterior end in the male,
and at 0:09-0-14 mm. in the female. The excretory pore is
behind the cesophageal bulb.

The male appears to be without caudal ale. The two
anterior pairs of papillee are of about equal size. The posterior
pair is situated at about the anterior third of the caudal
appendage. The anterior lip of the cloacal aperture is simple,
with projections only at the angles. The posterior lip is a
postiriorly-directed conical process. The spicule is 0-114 mm.
long.

The tail of the female is composed of an anterior blunt
portion and a slender terminal spike. These measure in
length 0-058-0-158 mm. and 0-078-0-11 mm. respectively.
The vulva is situated a little behind the middle of the body,
at 1-54-3-22 mm. from the posterior end. Its lips are more
prominent in young than in old specimens. The vagina is
0-156-0-4 mm. long.

5. Thelandros maplestoni (Chatterji, 1933).

Synonyms :—Ozxyuris acanthura v. Linstow, 1904 Moli
1859 ; Parapharyngodon maplestoni Chatterji, 1933, nec TOUR,
Host :—Calotes versicolor (intestine and rectum) ; Rangoon,
Burma (Chatterji) ; Colombo, Ceylon (v. Linstow).

02
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There can be little doubt that the ff»rm briefly described
by v. Linstow (1904) is identical wita that recently and
more fully described by Chatterji.  In any case there appears
to be no justification for the erection of the genus Parapharyn-
godon, whose characters are the same as those of Thelandros.
The type-specimens of v, Linstow’s species should be in the
Colombo Musceum, but have ;1[)[);||'<-xltl)' been lost or (lvslru.\‘o(l,
and the writer has not succeeded in obtaining them for re-
examination.

According to Chatterji, the male measures 195 26 mm. in
length and 0-22 mm. in maximum thickness, the temale
3-52 mm. and 0-36-0-45 mu. respectively. (Acecording
to v. Linstow, the male ix 2:29 mm. long and 0:-37 man. thick,
the female 5:-84 mm. long and 0-55 mm. thick). The enticle
is coarsely and deeply vinged.  The length of the esophagus,
including the bulb, is 0-45-0-34 mm. in the male, 0-83 1-03 mm.
in the female.  The diameter of the bulb is 0-09-0-11 mm. in
the male and 0150198 mm. in the female,  The nerve-ring
is situated at about O-11 mm. from the anterior end in the
male, and at 0-13-0-152 mm. in the female. The exeretory
pore, in the female, is at about 1-:35 mm. from the anterior end.

The caudal end of the male s curved ventrally, and the
cloacal aperture is situated on a conical prominence at the
base of which there are two pairs of lateral papilke, while
a third pair of papillie is situated on the caudal process. The
spicule measures 0-076-0-09 mm. in length (according to
v. Linstow, 0-065 mm.)

The tail of the female iv 0-3 0-4 mm. long, and its tip is
curved dorsally. The vulva, which has slightly prominent
lips, iz situated approximately in the middle of the body. but
its position is rather variable.  The vagind runs posteriorly
for a distance of about 0-34 mm. The ovarian tubes torm
coils in front of the wsophageal bulb. The cggs messure
0-08-0-091 % 0-042-0-05 mm.

6. Thelandros hemidactylus Patwardhan, 1035,

Host :—Hemidactylus flaviviridis (intestine) ; Nagpur, Cen-
tral Provinces.

The male measures 2:8=-3 mm. in length and 0:24-0-28 mm.
in maximum thickness, the female 6:1-6-4 mm. and 0-7-
0-76 mm. respectively.  The cuticular striations are at intervals
of 31-37u.  Lateral alwe are absent. The month is surrounded
by three bilobed lips, each lobe bearing a small papilla.  The
length of the wsophagus, including the bulb, is 0-57-0-62 mm.
in the male and 1-09-1-1 mm. in the female. The diameter
of the bulb is 0-1 mm. in the male and 0-2 mm. in the female.
The lumen of the csophagus is widened at its anterior end into
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a small funnel, at thq entrance to which there are three small
teeth. The nerve-ring is situated at 0:07-0-075 mm. from the
anterior end in the male, and at 0-13-0-14 mm. in the female.
The excretory pore is behind the cesophageal bulb, at 0-75 mm.
from the anterior end in the male, and 162 mm. in the female.

The caudal end of the male is curved ventrally, but the tail
is produced into a dorsally-directed process 0-079 mm. long.
There are no caudal ake. The anterior lip of the cloacal
aperture is not fringed. The posterior lip forms a prominent
conical process. There are four pairs of papille, one pair
large, lateral and situated at the level of the posterior cloacal
lip, and three pairs subventrally situated, one in front of the
cloacal aperture, one behind its posterior lip and one on the
caudal process at about its anterior third. The spicule is
stout and measures 0-0531-0-056 mm. in length.

The tail of the female is stated to be only 0-079 mm. long,
but appears from the figure given to be over 0-3 mm. long.
It is slightly curved dorsally and ends in a sharp spike. The
vulva has prominent lips and is situated at about the middle
of the body (at 3-3:2 mm. from the anterior end). The
ovarian tubes form a mass of coils round the wsophagus in
front of the bulb. The eggs are flattened on one side and
measure (-081-0-094X 0-041 mm.

7. ¢ Oxyuris ** megaloon v. Linstow, 1906.

Host -—Hemidactylus  leschenaulti  (intestine) ; Mamadu,
Ceylon.

Of this specics v. Linstow gives only a very brief deseription.
Through the kindness of the Director of the Colombo Museum,
the writer has been enabled to examine the type-specimens.
These consist of three females, in rather poor condition.
They agree very closely with the female of Thelandros hemi-
dacfijlus Patwardhan, and it appears not improbable that the
species may be identical, but in the absence of males of
v. Linstow’s speeies this question must be left open.

The length of v. Linstow’s specimens is roughly 5-7 mm.,
and the maximum thickness (specimens somewhat flattened)
about 0-9-1-1 mm. The head is very small, having a diameter
of a little over 0-05 mm. Lt apparently consists of three
bilobed lips, cach lobe bearing a papilla. The head is only
about one-third as wide as the immediately succeeding portion
of the neck, into which it is partially retracted. The trans-
verse striations of the cuticle are coarse and very conspicuous,
the intervals between them mcasuring up to 40pu.

The cesophagus is about 1-3 mu. long, including the posterior
bulb, which measures about 0-2 mm. in length and 0-26 mm.
in width. 'The anterior portion of the esophagus is slender,



198 OXYURID.E,

its diameter increasing gradually  frory about 0-035 mmnm.
anteriorly to 0-08 or 0-09 mm. near the posterior end. [t is
joined to the bulb by a somewhat narrower neck. The
intestine is extremely wide (about twice the width of the
asophageal bulb) at the point of junction with the wsophagus,
but behind this initial swelling it becomes rapidly reduced
in diameter,

The tail is conieal, and does not show a sudden narrowing
behind the anus, though it tapers more rapidly in its anterior
than in its posterior half.  Its length is about 0-45 -0-55 mm.
The cuticle of the tail ix much thickened. The terminal
portion curves slightly dorsally. awd the tip is bluntly pointed.
The vulva is situated somewhat in front of the middle of the
body. The vagina runs posteriorly from it. Owing to the
condition of the specimens and the great numbers of eggs in
the uterus, it has not been possible to make out the precise
arrangement of the genital tubes. The uterine coils extend
anteriorly as far as the junction of the wsophagus and intestine,
and posteriorly beyond the anus into the basal portion of the
tail. The ovarian tubes extend anteriorly to about the middle
of the cesophagus, forming a mass of coiis round it in front of
the bulb. The eggs measure about 0088 0-045 mm. Their
outline, as seen in optical section, is almost straight on one
side and very convex on the other. The shell shows fine
vertical striations.

4. Genus SYPHACIA Scurat, 1916,

Lips distinct. Buceal capsule absent. (Lsophagus  with
a short pharynx, a prebulbar swelling and a distinet. posterior
bulb. _In the male there are on the ventral surfuee of the
body, in front of the cloacal aperture, two or three large median
bosses. Tail of male narrows rather suddenly behind the
cloacal aperture and is continued as a tapering filament.
Two. pairs of sessile preanal or adanal papille present, and
a pair of prominent postanal papillie at. the base of the eandal
ﬁ!ament. A single relatively long spicule and an accessory
piece present. Tail of female tapering and pointed.  Vulva
in the anterior region of the body but. postaesophageal.  Com-
mon trunk of uterus relatively long. Uterine  branches
parallel, not extending posteriorly as far as the anus.  Adult
worms parasitic in the large intestine of rodents.

Genotype :—Syphacia obrelate (Rudolphi, 1302).

1. Syphacia sciuri Mirza and Singh, 1934,

Host :—Palm-squirrel (Sciurus palmarum); locality not
mentioned.
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The male measurss 1-3 mm. in length and 0-08 mm. in
thickness, tlie femdle 2:46-3-2¢ mm. and 0-19-0-23 mm.
respectively. Small lateral cervical al® are present. In the
male there is also a pair of lateral ale extending from behind
the cesophageal bulb nearly to the level of the cloacal aperture.
The asophagus (presumably in the female) measures, including
the bulb, 0-24 mm. in length.

The male has two ventral bosses, and is also described as
having a dorsal boss behind the posterior of these. The
spicule is 0-07 mm. long. “ The gubernaculum is directed
transversely.”

The vulva is situated at a distance of 0-61 mm. from the
anterior end. The eggs measure 0-11>0-04 mm.

2. Syphacia spp.

The writer has examined specimens belonging to this genus
from the house-mouse (Mus musculus [M. dubius]) from
Colombo, Ceylon, and from the black rat (Rattus rattus) from
Lyallpur, Punjab. These appear to represent different
species. Those from the former host may be S. obvelata
(Rudolphi, 1802), but in view of the confusion at present
existing between this species and 8. stroma (v. Linstow,
1884) it seems wise not to attempt a specific determination.

8. stroma had long been regarded by most authorities as
identical with S. obvelata, but Morgan (1932) has pointed out
certain differences between the males, and given a new
description of 8. stroma. Unfortunately he gives no descrip-
tion of the female of 8. obvelata, and the descriptions given by
Dujardin (1845), v. Linstow (1884), Hall (1916), Seurat (1916)
and Vogel (1925), all purporting to deal with 8. obvelata, are
probably based, at least in part, on specimens of 8. stroma.
NosIndian records of either species have been found in the
literature.

The specimens from Mus musculus have the following
principal measurements :—Length, male, about 1-3 mm.;
female, 2:7*-4-4 mm. Maximum thickness (under slight
pressure), male, 0-13 mm. ; female, 0-14-0-26 mm. Cuticular
striations at intervals of 6-8u. Length of cesophagus (in-
cluding the bulb), male, 0-22-0-24 mm. ; female, 0-29-0-35 mm.
Width of bulb, male, 0-055-0-06 mm.; female, 0-085-0-1 mm.
Nerve-ring about 0-08 mm. from anterior end in male, 0-12 mm.
in female. Excretory pore 0-28 mm. from anterior end in
male, 0-4-0-47 mm. in female. Tail of male about 0-09 mm.
long, spicule about 0-09 mm. and accessory piece about

* Females of the smallest size given had already been fertilized, but
were without eggs.
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0-032 mm. Tail of female 0-33-0-46, mm. long. Vulva
0:58-0-71 mm. from anterior end. Egs 0-12-0-130-036-
0-04 mm.

In the males the tail resembles that of 8. obrelata rather than
that of S. stroma, as described and figured by Morgan. The
typical three ventral cuticular * bosses ™ are present, the
posterior being situated at about 0-25 mm. from the cloacal
aperture.

The specimens from Rattus rattus consisted of three females
only, of which the following are the principal measurements —
Length 2-3-2:8 mm.; maximum thickness 0-18-0-21 mmn. ;
length of csophagus (including the bulb) 0-23-0-28 mm. ;
width of bulb 0-06-0-08 mm. ;: nerve-ring abont 0-08 mm. and
vulva 0-6-0-68 mm. from anterior end ; length of tail about
0-4-0-5 mm. ; eggs about 0-07 X 0-03 mm.

The eggs of this form are much shorter and more oval than
those of *“ 8. obvelala ” or 8. stroma, and it secms probable
that it is specifically distinct.

Subfamily COSMOCERCINA Railliet, 1916.

Lips apparent or obscure.  Male with two equal or subequal
spicules and usually an accessory picee.

Of the two genera of this subfumily to be considered here,
O.r;l/(s’om.alwm i parasitic in  amphibians  and reptiles,
Syphaciella in birds.

1. Genus OXYSOMATIUM Raillict and Henry, 1916.

Synonyms :—Oxysoma Schneidor, 1866 (part) ;. Aplectana of Yorkoe
and Ma.p]qstona, 1926 (nec Raillict and Henry, 1916) (pnrt);
? Oxysomoides Walton, 1927,

Lips small, sometimes not apparent.  (Ksophagus  with
a sho_rt pharynx and a posterior bulb. Caudal end of male
tapering and pointed, with fairly numerous sessile preanal
and postanal papille.  Spicules equal, relatively long. A small,
canoe-shaped accessory picce present.  Vulva at about the
middle of the body or somewhat behind it. Kygs contain
embryos when laid (some species viviparous). Adult worms
in the alimentary canal of amphibians and reptiles.

Genotype :—Oxysomatium ~ brevicaudatum  (Zeder,  1800)
(=0. longespiculum Raillict and Henry, 1916).
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1. Oxysomatium mcintoshii (Stewart, 1914) Karve, 1927.

(Fig. 106.)
Synonyms :—OQxysonia macintoshit Stewart, 1914 ; Ozysomoides

macintoshii Walton, 1927,

Hosts :—This species is abundant in the rectum of frogs

and toads—DBufo stomaticus, Lucknow (Stewart); Bufo

\

\?’fa
A .

e

a-) mim.

Fig. 106.—Oxysomatium macintoshii. A, posterior end of rpale, lateral
view; 1B, cloacal region of male, ventral view. (After
Karve.)

melanostictus, India and Burma (Karve); Rana tigrina,
Lucknow (Stewart), India and Burma (Karve).
0. macintoshit also occurs in Africa, having been reco_rded
from Neclophrynoides wvivipara in Tanganyika Terr}tpry
and from Bufo spp. (subsequently determined as B. viridis
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and B. mauritanicus) in the southern Sahara region and Niger
va’_ll]‘?x)i,s; form has been fully redeseribed by Karve (1927),
whose account of it is followed here. The male measures
2-2.47 mm. in length and about 0-26 mm. in maximum
thickness, the female 3-6 mm. and about 0-1-0-34 .
respectively. The head is retractile. Lateral ale extend
throughout the greater part of the body. The total length
of the awsophagus, including the bulb, is about 0:34-0-35 mn.
in the male and 0-43-0-36 mm. in the female. The pharynx
is 0-016-0-019 mm. long in the male and about 0-024 mm.
in the female. At its entrance there are three tooth-like
structures. The @sophageal bulb is subglobular and has
a diameter of about 0-059-0-075 mm. in the male and 0-062-
0-11 mm. in the female. The nerve-ring is situated at 0-24-
0-38 mm., and the excretory pore at 0-28-0-3 mm., from the
anterior extremity. 'T'he excretory pore is a conspicuous
aperture with a diameter of 0-024-0-04 mm., and is surrounded
by a crown of rod-like structures about 0-01 mm. Jong.

The tail of the male measures 0-26-0-3 mm. in length.
There are 18 pairs of postanal papille, of which eight are sub-
dorsal and ten subventral. The preanal papille number nine
pairs, of which three, with the two most anterior puirs of
postanal papille, form a subventral group surrounding the
cloacal aperture, while six form a sublateral row on each side
of the body. The spicules measure about 024 mm. in length.
The accessory piece is 0-0224-0-032 mm. long.

T_he tail of the female is 0-35-0-41 mm. long, narrows
rapidly behind the anus and ends in a tapering filament.
It bea?s two pairs of papillze. The vulva is situated at about
the middle of the body. The vagina runs anteriorly from it
for a short distance, then turns posteriorlv and, at a point
about 0-5 mm. behind the vulva, gives off the two opposed
uterine branches. The eggs, according to Karve, ** are large
and irregular, and measure 0-3-0-337 % 0-187-0-225 mm.
The worm is viviparous and deposits on an average two
larvae every fifteen minutes in normal salt solution.”

2. Genus SYPHACIELLA Ménnig, 1923.

Mouth with three distinct bilobed lips. Cuticle of head
inflated.  Cervical ale present.  (Esophagus with o slight
prebulbar swelling and a large posterior bulb.  Male with wide
caudal ale, beyond which the tail extends as a terminal spike.
About four pairs of small, sessile caudal papille present,
all of which are near the cloacal aperture. Spicules subequal.
An accessory piece present. Vulva anterior. postcesophageal,
surrounded by a prominent cuticular swelling. Common
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trunk of uterus extends posteriorly almost. to the .level of
anus. Uterine branches parallel.  Eggs wlth a tvh1ck: striated
shell, operculate at one pole. Adult worms in the alimentary

canal of birds. o
Genotype :—Syphaciella capensis Ménnig, 1923.

1. Syphaciella indica Maplestone, 193:. (Fig. 107.)
Host :—Sand-grouse (Pterocles exustus) (intestine) ; Zoo-

; \ A
logical Gardens, Caleutta. b
: i R out 0-29 mm.

The male measures 3+ mu. 1n length and a

ale 5:5-6-6 .98
in maximum thickness, the female_ 55 6-6 mm. zlu}d e(; 3?}1
0-4 mm. respectively. The cephalic inflation measures,

» .

Fig. 107.—Syphaciclla indica. Posterior end of male ; ventral view.
(After Maplestone.)

the female, 0-168-0-18¢ mm. in length. Lateral ala ar(ei
present throughout the body, extending, in ﬂ.le x‘nale, beyon
the tip of the tail. The dorsal lip bears on its ner su.rfa;ce
two finely-pointed structures which project anteriorly.
Externally the dorsal lip bears two papille, each of the ventro(i
lateral lips onme papilla. The cesophagus is slender, an
measures in total length 0-49-0-51 mm. in the male and about
0-67 mm. in the female. The bulb is relatively very large.
The male has four pairs of very small caudal papille. The
spicules measure 0-084 mm. in length, the accessory picce
0037 mm. * The spicules are delicate and straight, their
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proximal ends are rounded, from which they taper to end in
fine points. The gubernaculum is more heavily chitinized,
and in Iateral view it is secen to be a slightly curved structure,
which tapers from base to tip in a similar manner to the
spicules.”

The tail of the fomale is about L mm. long and ends in a long,
fine point. The vulva is situated at about 1-4 mm. from the
anterior end. *“The eggs are oval and thick-shelled, appearing
slightly thicker on one side than on the other. The shell
s very finely strinted and at one pole, where there is an
operculum, it is slightly flattened.”  The size of the cggs is
not given, but from the figure they appear to be slightly more
than 0-1 mm. long and nearly 0-06 mm. wide.

This species differs only in very small details from 8. capensis
Monnig, 1923, which is recorded from closely-related  birds
in South Africa.

OXYURIDZE OF UNCERTAIN POSITION,
(" Oxyuris ” sens. lat.)

Under this heading must be mentioned certain species
which have not yet been adequately described, and whose
systematie position cannot at present. be decided,

1. *“Oxyuris > seiuri Hall, 1916,
Synonym :—** Owyuris 8p. 27 Parona, 1889,

Host :—Sciurus atridorsalis; Kokarit, Tenasserim.  Parona
states that the worms were found in the nostrils and mouth,
but expresses the opinion that they must in reality have come
fr()x‘n the stomach or, more probably, the intestine,

The mnlc'ls unknown, and Parona’s very briet deseription of
the female is insufficient to enable the species to be assigned
to a modern genus. a

rn = [
0.014}(1)0‘ 7%,1‘113!0’ nc(.sordlp.g' t‘()‘l’:L'r‘()nn‘, is I7 mm. long and

08049 mm. in thickness.  The body is much attenuated
posteriorly. The head is without lateral dilatations. The
moutl} has paplllm and distinet internal folds., The wsophageal
bulb is described as having two swellings, the anterior situ-
ated at 0-75. mm. from the * buceal atrium > and having a
tr;u)lsverse .(llzunv(‘(‘r (.)f()-(ﬂ mm., and the posterior nu';lsm"ing
o0zt [?O-ll]. mm. in diameter.  Hall (1916) interprets the
zt}lt(rx'lor swelling as the posterior end of the wsophagas proper
(i. . o prebulbar swelling) and the posterior swelling as the
real bll“). In this he iy probably correct. The :mu: is said
to be * terminal,” but Parona also states that the tail termi-
nates, behind the anus, in a spike 0404 mm.l ong. The vulva
is situated at 6 mm. from the anterior end. The ovary is

very long, and the oviduct narrow and closely coiled.
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2. * Oxyuris ” longjcaudata Meyer, 1896.

Host :—A Myriopod (Julus sp.); Ceylon.

According to Parona (1898) this species is synonymous with
his own * Quxyuris "' sumatrensis (1896), from Platyrhacus
modiglianit in Sumatra. A comparison of the descriptior}s
given by Meyer and Parona d_oes not seem to support this
view, although there are certain resemblances which suggest
a possible generic relationship between the two species. In

both eases the male is unknown.

The female, in Meyer's species, measures «_’3-5—8 mm. in
length and 0-5 mm. in thickness. The cuticle is transversely
folded. The almost funnel-shaped bueccal cavity leads to
a small chitinous ring, and on the inner surface of the. mouth
one observes three quadrangular chitinous plates, ]Qllled at
their bases by the ring.” The cesophagus occupies one-
soventh of the total length. The bulb is globular and much
wider than the cesophagus proper. The tail is 1 mm. long,
narrows suddenly behind the anus and runs out to a sharp
point. The vulva is situated at about the middle of the body.
The vagina is short and runs forward. The uterine branches
arce parallel and anterior. The coils of the ovarian tubes
extend forward nearly as far as the cesophagus, and posterlo‘dy
to the beginning of the rectum. The eggs are oval, with
thick shells which become thinner at both poles, and measure
0-0675> 0-038 mm.

3. ¢ Oxyuris >’ sp. Parona, 1889.
Host :—Calotes sp. ; Jado, Carin Mts., Burma. .
Concerning this species Parona states that the female is
20 mm. long ; the head has lateral membranes ; the (Bsopha..ge@l
bulb is large and measures 1/17 mm. in length ; the tail is
“Very slender, with a long terminal spike ; the vulva is in the
anterior third of the body.

4.  Oxyuris > sp. Shipley and Hornell, 1904.

Host :—Pearl oyster (3urgaritifera vulgaris) (intestine)
Cevlon.

This specics was ““ met with but twice, and both specimens
were unfortunately lost. They measured barely § inch in
length.”

AprrENDIX TO FaMILY OXYURIDA.
1. “ Oxyuris ” compar Leidy, 1856.

This species, deseribed by Leidy from the small intestine
of a cat in the United States of America, is of somewhat
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doubtful status.  According to Hall (1922), Leidy's specimens
were probably examples of Passalurus ambiguus, a parasite
%f .mbblt‘s. and had been accidentally swallowed by the cat.
rice (1930), however. who has examined some of Leidy's
original f(-n_mle specimens, considers O. compar a good spv('i‘vs
and refers it to the genus Wellcomia Sambon, 1907, He still
appears to think it a * pscudoparasite ” of the cat, derived
(flr()nll)trsome wild  mammal.  Bavlis and  Daubney (1922
oubtfully referred to O. compar a single specimen obtained

from a cat in C Thi i i
1 a cat in Caleutta. This specimen, kindly lent to the -

\\_'l‘lt('r by the Director of the Indian Muscum for re-examina-
};(n_l, proves to be a female of some species of Ill(afumkis.
ofl ;:m‘l‘lmo(}“:h:‘;l’:;?;l(\:]u ft([)l .(l‘lﬂtll.l.;_flllh'lj F).(.-t,\\‘(-.vn th(.‘ ﬂ'nl'uk's
y 1 of Heferakis occurring in Indian birds
and no attempt has been made to assign this specimen to
any of them. It was doubtless d(‘ri\'mlh fmm‘ u. 'ph' ke
other bird whose viscera had been eaten by the eat o

5. Family ATRACTIDA Travassos, 1920.

Si; n{;ﬂi parasitic f_m‘ms in which the lips may be three or
1[;;oxltll :i‘ric S(t);netnlnos not apparent. A ph;u:vnx is usually
absent. 1e three-lippde forms m: : i jouw

) ! . S may possess eversible jaws
or fringes of bristles. T ' el

‘ stles.  The wsophagus consis : i
of b ' s consists of a relativel
short, cylindrical . ( ort i
3 or club-shaped, muscular i i
! . seular, anterior portion

and a anul i ith ;
o qong)éytl_‘lform, granular, posterior bulb, with a long neck which
‘{l&: aro’ LIE% narrower than the anterior portion.  Cervical
a 3 SQ ' 1 1 1
e o (t sent.  The tail of the male is without alke. The
" .}i)omeuc 1\&\0} organs ave of a simple type. The male has two
tgbé igs;in lle V’i}}l]‘“ ix close to the anus.  The female genitu

s single. e cges are few ; T

1s sing gus are few and very large L wor
are viviparous. - ¥ lurwe. Ahe worms

Key to Genera,

Patllr::‘:letes of horsq tribe and rhinoceroses ; with
b .awsc,(’)lgplefc lips, each ht_wing two eversible [p. 209.
P ] ) caring rows of bristles ............ CROSSOCEPHALUS
ili;a;m es of reptiles or fishes; with six simple ’
L [ S FE I T 1.
1. (Lsopl_lagus. with stout, cylindrical anterior
portion with thick cuticular lining, and flask-

shaped posterior bulb

8 orbulb ..ol ATRACTIS, p. 207.

sophagus with short, muscular, anterior P
portion and longer, partly glandular, posterior [p. 210,
portion forming a small bulb at its hinderend.. MONHYSTERIDES,
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1. Gem}s ATRACTIS Dujardin, 1845.

Lips apparently six, not very distinct. (Esophagus consists
of a stout, cylindrical anterior portion with a thick cuticular
lining, and a flask-shaped bulb whose neck is narrower than
the anterior portion. Tail of male narrowed behind the cloacal
aperture to form a tapering filament. Eight to ten pairs of
caudal papille present, of which four pairs are preanal or
adanal. = Spicules unequal and markedly dissimilar. A tubular
accessory piece present. Tail of female conical. Adult
worms parasitic in the intestine of lizards and tortoises.

Genotype :—Atractis dactyluris (Rudolphi, 1819).

Key to Species.
granulosa, p. 207.

Parasita of tOrtoISes. . v vv e
opeatira, p. 208.

1. Atractis granulosa (Railliet and Henry, 1912) Thapar, 1925.

Synonym :—Atractis dactyluris (Rudolphi, 1819) var. granulosa
Railliet and Henry, 1912.

Host .—Testudo emys (intestine) ; locality mnot stated
(this tortoise occurs in Assam and Burma). The type host
of A. dactyluris (Rud.) is the European tortoise, Testudo gracca.
Unfortunately the older descriptions of A. dactyluris are
inadequate, and there are considerable discrepancies between
the various more recent accounts purporting to deal with it,
some of which have been based on other than European
material. Baylis and Daubney (1922) recorded young female
specimens, assumed to be of this species, from the intestine of
Testudo elongata at Baradighi, Jalpaiguri, Bengal, but it
appears questionable whether the typical form of 4. dactyluris
. seurs in India. Thapar (1925), in describing what he regards
as A. dactyluris from Testudo tabulata (a South American
tortoise), quotes as a synonym ‘‘Atractis granulosa Railliet
and Henry.” It appearsalmost certain that the form described
by Railliet and Henry is distinct from that of Thapar, and
doubtful whether it is identical with the European form.
Tt seems advisable, therefore, to treat it here as an independent
species, under the name of 4. granulosa.

The following characters are taken from the description by
Railliet and Henry.

The male measures 4-7-5-25 mm. in length and 0-2-0-22 mm.
in maximum thickness, the female 5-57 mm. and 0-32-
0-35 mm. respectively. The cuticular striations are very
fine. There are six lips, each bearing a papilla. The ceso-
phagus occupies 1/9 to 1/7 of the total length, measuring in
the male 0-73-0-775 mm. and in the female 0-75-0-815 mm.
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Its anterior portion is the longer, occupying about 4/7 of its
total length, and ix hexagonal in section, with a thick cuticular
lining. The excretory pore is situated behind the wsophagus,
at 1-1'18 mm. from the anterior extremity, and leads into
a bladder with thick, striated walls.

The posterior half of the male is curved.  On cach side of
the mid-ventral line, in the posterior region of the body, there
is a yellowish longitudinal band, composed of closely-set
“ chitinous punctuations.” The bands are irregularly inter-
rupted in one or two places.  The tail measures 0:5-0-325 mm.
in length, and is narrowed in its posterior third to form a
tapering filament.  The lips of the cloacal aperture are some-
what prominent. There are ten pairs of caudal papille
(six postanal and four preanal). The first, fourth and sixth
papilla from the posterior end on cach side are laterally placed.
The spicules are unequal, the longer being slender and measuring
0-415-0-5 mm. in length, the shorter 0-106-0-118 mm. long,
stouter and strongly chitinized, shaped like @ claw with
a blunt point and provided with o small ala,  The ACCESSOTY
piece is conical and hollow, and measures 0-126-0-13 mm. in
length and 0-028 mm. in width at its base. It has an aperture
8-9 u wide at its tip.

The tail of the female measures 0-55-0-65 mm. in length.
The vulva is situated at a distance of about 0-09 mm. from the
anus. The uterus sometimes contains one or two large,
cllipsoidal eggs measuring 0-48-0-5 % 0-2-0-225 mm. Embryos
were not seen.

2. Atractis opeatura Leidy, 1891. (Fig. 108.)

Synonyms :—Atractis (Ascaris) opeaturs Lewdy, 1891 Atractis
xubu!afa Coll. Leidy, in Stiles and Hassall, 1894;  Atractis
cruciata v. Linstow, 1902,

Hosts :—This species is a parasite of the intestine of iguanas,
which are not natives of India, but of South America and
other parts of the world. It has been recorded by Baylis and
Daubney (1922) from an iguana in aptivity in the Zoological
Gardens, Calcutta.

The male measures 4-5 mm. in length and 0-2-0-28 mm. in
maximum thickness, the female 5-6-22 mm. and 0-29-0-35 wmm.
respectively.  The body of the male is spirally coiled, at least
in the posterior half. That of the female is not coiled. The
cuticular striations are at intervals of about 6, and are
conspicuous only in the wsophageal region. There are six
lips, each having a finger-shaped pulp and an apical papilla.
The wsophagus occupies about /6 to 1/5 of the total length.
Its anterior portion is slightly the longer. The excretory
pore, which is surrounded by a crown of chitinoid rods, is
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)
l

slightly in front of the cesophageal bulb, according t,o'Rail]iet
and Henry, or at p-?{)—O-SS mm. frqm Fhe anterior end
according to v. Linstow. The nerve-ring is situated at .thc
junction of the two portions of the oesop‘hagus, and the eerv1gal
'pz\pillm just in front of this point, at 048 mm. from the anterior
(’nfll‘.ho tail of the male measures 0-375 mm. in length according
to Leidy, or 1/16-3 of the total length flccordmg to v. Linstow.
There are eight pairs of caudal papille (four postanal, one
adanal and three preanal). The three most posterior pairs

Fig. 108.—.dtractis vpeatura. Posterior end of male; lateral view.
’ (After v. Linstow.)

form a group, of which one is dorsally situated. 'I:ho spicules
are transversely striated.  The longer measures ()-4.2—()-§;1 mm.
- Jength and 0-03 mm. in thickness, the shorter ’0-19—‘0--.) uun.
and 0-014 mm. respectively. The accessory piece is tubular
: -1-0-176 mm. long.

‘m'(ll‘l?cltz(l)ill 70f the female measures 0-6-0-7 mm. in length.
The vulva is situated at a distance of 0-3 mm. from the anus.
The uterus econtains eggs with a membranous shell, measuring
0-18-0-19 0-062-0-079 mm., and also embryos, alrea(!y
hatehed, measuring 2-15-2-4 mm. in length and 0-12 mm. in

thickness.

2. Genus CROSSOCEPHALUS Railliet, 1909.
Synonym :—Pterocephalus v. Linstow, 1899, nec Schneider, 1887.
Mouth with three distinct lips, each bearing two chitinoid
jaws. Kach jaw with a terminal tooth and a row of bristles
externally. The jaws are eversible, and when inverted are
NEM. P
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lodged in the anterior part of the lumen of the ‘u'sop}}ngns.
Behind the lips a cuticular collar bearing % pair of prominent,
horn-like lateral papillie.  Tail of male bluntly ('()]11(‘:11.
Up to ten pairs of rather small eaudal papille present.  Spicules
uncqual.  No accessory  picee. Tail  of female  narrows
suddenly hehind the anus and tapers to a fine point.  Adult
worms in the alimentary canal of Perissodactyle mammals
(horse tribe and rhinoceroses). o . )
Genotype (—Crossocephalus viviparus (v. Linstow, 1894).

1. Crossocephalus brevicaudatus Baylis and Daubney, 1023,

Iost ~—Indian rhinoceros (Bhinoceros unicornis [R. indicus])
(stomach) ; Nepal terai, India.

The male of this species is unknown. The following
description of the female is taken from Baylis and Daubney
(1023, b) :—

“The specimens measure from 5-3 to 6:2 mm. in length
and up to 0-4 mm. in maximum thickness. The head has the
usual characteristics of the genus. 1t is furnished with three
pairs of armed jaws, and a pair of very prominent car-like
papille on the cuticular collar. No cervieal papillie have
been seen. The cesophagus is from 0-945 to 0-955 mm. long.
The excretory pore is situated at. 1-22 to 1-35 mm. from the
anterior end. Its lips are surrounded by a prominent,
wrinkled, cuticular swelling, and connected with the pore is
an ovoid bladder measuring about 0-13 mm.x 0-08 mm.

“The tail is short and blunt, measuring about (-25 mm.
The vulva is situated about O-13 mm. in front of the anus.
The uterus contains from six to cight embryos, varying in
size according to the degree of their development, but extremely
large in the later stages.”

3. Genus MONHYSTERIDES Baylis and Daubney, 1922

Mouth with six small lips. Esophagus with a short.
muscular, anterior portion and a longer, partly glandular,
posterior portion, the hinder end of which forms a small bulb.
Candal end of male tapering, with a few pairs of small papillw
(in the genotype five pairs postanal and four pairs preanal).
Spicules tubular. Accessory piece small or absent. Adult
worms in the alimentary canal of fishes and freshwater
tortoises.

Genotype :(—Monhysterides piscicola Baylis and Daubney,
1922,

Key to Species.

Parasitoof fish ............. e e piscicola, p. 211
Purasite of tortoise. .......c.ooiiiiiie i, kachuya, p. 213.
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1. Monhysterides piseicola Baylis and Daubney, 1922.
(Figs. 109 & 1.0.)

Host :—Mahseer (Barbus tor); Torsa River, Falakata,
Eastern Bengal.

The male measures 3-5—4 mm. in length, the female 3-7-
4-4 mm. The maximum thickness is 0-15-0-2 mm. The body
is slender and tapering towards each extremity, the middle

Fig. 109.—M onhysterides piscicola. Anterior end of female; lateral
view. e., excretory pore; as.b., ezsophageal bulb. (After
Baylis and Daubney.)

region being relatively stout. The cuticular striations are

exceedingly fine. The diameter of the head is 0-03-0-04 mm.

The wsophagus consists of a short anterior portion which is

transparent and purely muscular, and a longer posterior

portion which is granular in appearance, but also 2musculau',
P
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and is swollen behind.  The anterior portion is about (-2 mm.
long, and is divided near its posterior end into two parts of
ets]_ightly} .(hiﬂ'(‘r(‘nf histological appearance.  The posterior por-
ion, which mav be reo: . TN
PR o e e e
: Il ; 9 mm. in maximum
thl('k.n(‘ss. The nerve-ring surrounds the neck of the bulb
near 1ts origin, at a distance of about 0-22 mm, from the anterior
end of the body. The excretory pore is situated at about

04 mm. fmm the anterior end.
ﬁn'g};)ooit:tl,l (gftt};ﬁ- léli}é(‘. ){S‘ 03}1‘ ml'n.. l(.m;r nn.(l tapers to a very
. pairs of postanal papillie, two are lateral

Fig. ll().——]llo'nhy&lm'i:lu.«' piscicole.  Posterior end
view. L, loft spicule ;
and Daubney.)

! dof male: Interal
r.o right spicule.  (After Baylis

and three subventral. The four pairs of pre
placed very close together just in front of the cloacal aperture
and these and the most anterior pair of postanal ‘ )-1( )[ill'v are
subventral and prominent. The left spicule nl(‘{l\‘(lll'(!;(l)")l‘ m(m)
in length and has a bluntly rounded tip. The rit;htrdﬂ siculo
18 more pointed and measures only 0:08 mm. There }is no
accessory piece.

The tail of the female is finely tapering and measures
0-556-0-65 mm. in length. The vulva is situated at about
0‘-45 mm, frgm Phc anus, and the uterus and ovary are single.
The latter is situated anteriorly, and is reflexed at about

anal papille are
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1-2 mm. from the anterior end. The worm is viviparous,
the embryos being a% first enclosed in large, oval, membranous
shells, measuring 0-275 X 0-125 mm., but subsequently hatching
in wutero. The voluminous uterus may contain at one time
some 15 to 20 cggs, containing embryos in various stages of
development, and about four or five free embryos. The
latter are about 1 mm. long, or roughly a quarter of the length

of the parent.

2. Monhysterides kachugae (Stewart, 1914).

Synonym i—Atractis kachuge Stewart, 1014.

Host :— Kachuga kachuga K. lineata] (intestine) ; Lucknow.

The male measures 2:24 mm. in length and 0-044 mm. in
maximum thickness, the female 2:17-3-06 mm. and 0-04-
0-077 mm. respeetively. ™ The head bears a cirele of six lips—
two lateral with simple peg-like pulpa and four submedian
which possess a pulpa of a curious cross-like figure springing
from a thick pedestal.” Lateral ale extend from the level
of the posterior end of the wsophagus to behind the anus.
The wsophagus is 0-349-0-459 mm. long. Its anterior portion
is muscular and measures 0-15-0-17 mm. in length, including
a short ** pharynx,” 0-005 mm. long. Its posterior portion,
or bulb, is granular and measures 0-199-0-255 mm. in length.

The tail of the male is 0-374 mm. long. There arc three
pairs of caudal papille (two pairs preanal, one postanal).
The left spicule measures 0-187 mm. in length and 0-005 mm.
in thickness, and is tubular and tapering, with a slightly
expanded  root.  The right spicule is 0-0925 mm. long
and 0-0042 mm. thick, and is *‘ nail-shaped with a distinct
closed head.”

The tail of the female measures 0-493-0-731 mm. in length.
The vulva is sitnated at a distance of 0-102 mm. from the anus,
and has slightly prominent lips. In mature specimens the
uterus contains from six to cight embryos, which are never
coiled or enclosed in a shell.
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6. Family RHABDITID.E Micoletzky, 1922.

\ g
ani”{;ﬂﬂ%ﬂ;Es,)}flr.'o‘e‘.‘]lvu}g or parasitic. or with both free-living
buccal ('zwitrvI l(:‘:(‘.\’ll“lth,.“ three-sided, prismatic or tubular
wit‘haPOSter'i(;rbA]“[;l y without teeth. Uisophagus usually
a prebulbar chul_l cont‘,ml‘lmg v;'leu.\',zm(l.troqm.m‘]y also with

; ans s e. Ovipar i
not infrequently parthenogeneti‘c or hornlull‘;);:lrlz(l?ti-x AT,

Subfamily RHABDITIN & Micoletzky, 1922.

Buccal cavity ¢ .
tooth-]iklec‘ls‘?r-tg(*:l]ﬁ'zé; at(‘i t};plcz}lly a three-sided tube without
; tures.  Later: .
generally absent. Excret U organs and - caudal gland
of lateral - pxcretory system typically in the form
ateral canals.  Testis usually single, : : ’

Of this _—

. p:rzl;;t\i:ub}f;annly the two genera to be considered here have

reptilon P use.—lflz'abrlz,(w.ln the lungs of amphibians and
» Strongyloides in the intestine of vertebrates

1. Genus RHABDIAS Stilos and Hassall, 1905,

S MONYINS — Y H
)An(/yo;ti’r‘nu;{nZ:](:ittomzlP}l):l)yn‘dlm. 1\745 o ot
'grostomu o (part) s Leptodera Sebneider, 1866 :
nec 1ot Sehnewder, 186¢ ),
Dujardin, 1845 ; Khabdonema Leuckart, 1879 (part )” (part)

Free-livi ) ; 1i S
Body ﬁliﬁ;"i(i]lbl;lf'crux(:zl;;;\lll(*{'«:sl(-opl(' forms. Sexes separate,
with & fudfoon m-bL M : )l‘u,.(a"('up.\:ulv present. Uisophagus
bulb. - Tadl of .}] )u ul s\u:lhng and a pyriform poster’o
narrow later) “:ilrpe uz(n(f:;:l,} with w short terminal spike and
(typienlly four ‘p:q,i.m ‘I)r(~fi::'\l})nl]1r:{ Oti candal papille present
Int , s preanal . hree pairs postamal), all
pa:::yl{/ n}())la:é,élo.“:plc\!l‘vs\ cqul, short, un(l] stout. );\p-
somewhat behin(i At/hr(;v lgi:ic('l(le Olfntllll (){) ﬁ;m?ll(‘U('Olli('éll. v
g he body, crine brane
OPPOSC‘L Eggs very few and laree. Ei\nbrv(: 'i?:(tdl:“\l\nx(l::::
the uterus and are retained until the death of the fomale |
Parasitic generation.—Much larger than the fr((\v-l'i\'inr
generation, and consisting of * female ” forms only vwhi(-lg;
are probably protandrous hermaphrodites. Body ’ rather
slender. A‘ short, cup-shaped buccal capsule present. (Eso-
phagus cylindrical, sometimes with a slight constriction at
about the middle, but without a posterior bulb. Tail conical
Vulva near the middle of the body, opening directly into

)
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the uterus, which hag two opposed branches.  Ovaries reflexed.
Egos sogmcnt“n}g or coptzumng an embryo.when laid. Adult
worts (parasitic form) in the lungs of amphibians and reptiles ;
free-living stages in the freces of these animals or in the soil.

Genotype :—Rhabdias bufonis (Schrank, 1788).

1. Rhabdias escheri Baer, 1930.

Host -—A cweilian (Ursotyphlus oxyurus) (body-cavity) ;
Palni Hills, South India.

Of this species the parasitic form only is known. The
specimens were immature, and measured -6 mm. in length
and 0-25-0-26 mm. in maximum thickness. The cuticle
is very thin, and has fine transverse striations, visible mainly
in the wsophageal region. The buccal capsule measures
0-0145 mm. both in length and in internal diameter. The
wsophagus is 0-5 mm. long, and increases in thickness from
0-05 mm. anteriorly to 0-07 mm. posteriorly. The nerve-ring is
situated at about its anterior third. The rectum is 0-08 mm.
long, and three large rectal glands open into it. The tail is
bluntly conical and measures 0-12 mm. in length. The vulva
is said to be situated at about 0-15 mm. from the anterior end
of the body, but is figured as being at about the middle.

9. Genus STRONGYLOIDES Grassi, 1879.
Synonyws —Rhabdonema Louckart, 1879, et auctt. (part) ; Psewlo-
rhabditis Perroncito, 1880, nec Szits, 1012 ; Stercoralis Tanaka,
1910.

Free-living (*° rhabditiform ) generation.—Microscopic forms,
comparatively stout. Sexes separate. Mouth surrounded
v six papille. A short, eylindrical buccal capsule present.
(IBsophagus club-shaped, connected by a narrow neck with
a pyriform posterior bulb. Tail of male short and conical.
Caudal papille few, including one pair of preanal papillee.
Spicules short, stout and equal. An accessory piece present.
Tail of female somewhat longer than that of the male, and
tapering. Vulva near the middle of the body, opening
directly into the uterine branches, which are opposed. Ovaries
reflexed. Eggs few and large, oval, thin-shelled, with con-
tents segmenting at the time of laying or, in the case of older
females, hatching in utero.

Parasitic generation.—Male, when known, “ rhabditiform
and very similar to the free-living male. Female filariform,”
with body considerably longer than in the free-living genera-
tion, and very slender. A short buccal capsule present.
(Esophagus long, slender, almost cylindrical and without
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a posterior bulb.  Tail short and conical or blunt. \'ul.\'a
in posterior half of body, opening direchly into the uterine
branches, which are opposed.  Ovaries reflexed.  Kgegs may
contain segmentation-stages or embryos when laid.
Adult parasitic forms in the intestine of vertebrates.  Free-
living stages in the fieces of these animals or in the soil.
Genotype :—=Strongyloides stercoralis (Bavay, 1876).

Key to Species.

Parasite of man ... .. o o oo, .. stercoralis, p. 216,
Parasite of eat ..o o Selis p.2h,
Parasite of sheep, ox, pig. monkeys,etec o000 papillosus, p. 220,

1. Strongyloides stereoralis (Bavay. 1876). (Fis. 111))

Synonys o Anguillida stercoralis Bavay, in Normand, 1876
!f/m./ullli.\' stercoralis Bavay, IST6 0 Anguillide intestinalis Bavay.
in I\nl"nmnd, 1877, nee Ishrenborg, 1838 1 Strongyloides intestinalis
Girasst, !h‘"]‘.): Leptodera intestinalis Cobbold, 1879 Leptodera
sterearalis Caobbold, 1870 Leptodera (Anguillida)  stereoralis
(nhln'nlt.l, I8TO s Rhabditis intestinalis Ovley. 1880 ;  Pseudo-
l'lluhrllf/.s: stercoralis Perroneito, 1880 3 Pscudorhaluditis intestinalis
Perroncito, 1881 Rhabdonena ~strongyloides |1 Leuckart, 1883]
l?l‘llllll. I883 s Bhabditis (Anguidlvlay intestinalis Braun, 1883
Rhabdonewma  hominis  Lutz. ISST o KRhaldonoma  intestinale
I;lum'llurd._ IS8 Leptodera  strongyloides Robleston, 1888,
ner h(‘hll(‘lf'(‘]', 1866 0 Strongyloides (Rhabdonema) intestinalis
(ulu;_uh‘u«mu. LSS . Rhabditis stronugloides Blanchard, 1890,
wee Ovley, 1880 5 Rhabdopema stereoralis Manson., 1003 AAnenil-
'h‘(lu strongyloides Calandruccio. 1904 ;. Stercoralis intestinalis
Panaka, 19105 ¥ Stronggloides canis Brumpt, 1922,

(Hosts :—This is a common parasite of man, and ix widely
distributed, espeeially in warm countries. It is of frequent
occurrence m man in India, Cevlon and Burma.  Chandler
{(1928) states that there is evidence that in Orissa its incidencee is
not less than 10 per cent. of the population. N, sfercoralis I .
been recorded in various apes and monkeys, though the deter-
mination of the species is open to question.  Fiilleborn has
also recorded it in a Chinese dog, but Brumpt. regards the form
in the dog as a distinet species, 8. canis,  The status of this
and of various other forms or varieties, to which distinetive
names have been given, is still very uncertain.  Chandler
has deseribed o form from the eat which he regards as a
varicty of S, stercoralis (var. felis). This is here treated as

a distinet species, and i deseribed below under the name of

8. felis.

The adult female parasitic form measures about 2—4 mm. in
length and about 0-03 mm. in maximum thickness. The
cesophagus is about 0-6 mm. long and the tail 0-1 mm. The
vulva is situated at or behind the posterior third of the body.
The eggs are oval and measure 0-05-0-058 < 0-03-0-03+4 mun.
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{rei 2 faust (1933) have described a parasitic
Kreis (1932) and “1‘ aust ( : )vh' vo described o parasitic

male form in man and the dog which is very simil
: an esophagus of the rhabditiform and

free-living male, having 1 liti :
not of tvh% flariform type, and a wide buccal cavity followed

: Y, !
by a eylindrical buceal cz\pst_ll(n Accqrdmg to K‘rels (iesflsox;fl);
tion this parasitic nmale, as it oceurs In mam, 1(1)18(;111830 j u
0-40—0-74 mm. in length, and a pparently abo‘ut‘ . ol-t > E‘nni
in maximum thickness. The cesophagus (as calculated iro

the formula given by Kreis) is about 0-1-0-11 mm. long.

111.—Strongyloides stercoralis. A, female parasitie form ; tB‘tig:
male and female of free-living form. s, spicule ; ., testls;
o, vulva. (Krom Baylis, after Looss.)

Fig.

Its anterior portion contains three ““ spears " about O~01£i n.lmi
long. The posterior bulb measures 0-018 mm. in length and
0014 mm. in width. The nerve-ring surrounds the na;‘r(iw
portion of the esophagus, at about the posterior third of the

ail is tapering ¢ i 1 appears
hole organ. The tail is tapering and pointed and

X) ;easugre about 0-06-0-07 mm. in length. There is a large
preanal papilla (or accessory organ) and two pairs of small
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postanal papille.  The  spicules are broad and  measure
0-034-0-041 mm. in length. The accedsory picee is 0-022-
0-023 mm. long.  The testis occupies more than half the length
of the body, and is reflexed. )

~ The proportions are slightly different in the form found
in dog=, the body being more slender and the tail shorter.

The rhabditiform larra (the offspring of the parasitic form)
measures 0-2-0-25 mm. in length and 0-016 . in thickness
soon after hatching, but often grows to two or three times this
kize before being passed out of the body of the host.

The adult free-living form measures about -7 mm. in length
]1‘1\;130{)35—()-05 mm. in thickness in the male, and about
fc]na]el,nnli‘}:l/‘ t{e_r;gth and 0-05-0-075 mm. in thickness in the

e tail of the male is about 0-05 mm. long. There
are three pairs of caudal papille—a subventral pr(:mul pair
and two postanal pairs, of which one is subventral and one
subdorsal, near the middle of the tail. The \')i('l(lll‘\' are
stmng]y curved and measure about 0-038 mm‘lin 1(:11”“1
The tail of the female is about 0-12 mm. lony The om':'l‘l‘(;
tthm-;;helle(l and measure about. 0-07 . 0-04-0-045 mm. “In ‘(;ld
el;}teej‘i;:):;fzjzﬁ: n}&.\j h'a;t’vh wl’nl(-, still retained in the uterus.
) (infective) larea measures about 0-4-0-7 mn
in length and 0-016-0-018 mm. in thickness The weso )h'nru;
is ;‘#})011@0-2—_0-3 mm. long and the tail 1)-()7—.(%] mni. e
will \i(: lee-}zlisj,({x')f of QIVIS :m(l':)thvr_ species of the genus is

' mperfeetly ll})([(*[‘ht()()(l. T'he filariform larvie have the
gi)“fnm:t,()f pomjt.mtmg the skin of ?‘h.() ‘h()stv, and this appears,
act, to be the usual mode of infection.  After entering

the bo('ly'm this way they go through a course of migration
very similar fo that of Adscaris (see p. 38%) before settling
permanently in the alimentary canal.  In the course of this
;}:lgl‘ahon they undergo considerable development. Lt h:u‘i
((();lim;n\l _\'mlfi b‘c(*n supposed that the parasitie phase alw ., 4
1sted of female forms only, and that these were cither
parthenogenetic or hermaphrodite.  The rescarches of Kreis
amd-of'Faust, however, appear to indicate that in certain
strains in man and the dog there may also be parasitic males,
}Faust finds these particularly in the lungs of experimental
tosts, and suggests that they there fertilize adolescent fomales
which la,t'er migrate to the intestine.  The males secm to be
comparatively rare in the intestine.  On reaching the intestine
rl}c fen.l.ule? burrow into the mucous membrane or into
VI:Ieb(’rkuhns glands. Here the egus are laid and hateh.
The larva enter the lumen of the intestine and are passed
out with the faeces as rhabditiform larvie. These may develop
into a free-living bisexual generation, whose progehv are of
the infective (ﬁlariform) type, or they may themselves become
transformed directly into filariform larve, the free-living
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bisexual stage being thus omitted. The factors controlling
the occurrence of ?hese alternative modes of development
are obscure. The ingenious suggestion has been made by
Faust that the parasitic females may lay at fiest fertilized and
later unfertilized eggs, and that the former may give rise to
larvae which follow the indirect mode, while the latter give
rise to larvee which are directly transformed.

According to Stekhoven (1928), the transformation of
rhabditiform into filariform larvae sometimes takes place in
the host’s intestine, and he infers from this that reinfection
of the same host may occur without the necessity for larve
to enter the body from outside. Faust states that not only eggs
and rhabditiform larvee, but also infective filariform larve,
may be found in the lungs, and that all these are the progeny
of adult worms living in the lung-tissues and bronchioles.
Hyperinfection may therefore take place in the lungs.

2. Strongyloides felis (Chandler, 1925).

Synonym :—Strongyloides stercoralis var. felis Chandler, 1923.

Host ——Domestic cat (upper part of duodenum). Chandler
records the occurrence of the parasite in about 20 per cent.
of the cats examined by him in Calcutta.

The adult female parasitic form measures 2-6-2:92 mm. in
length and 0-039-0-045 mm. in maximum thickness. The
Lead has a diameter of about 0-014 mm. There are three
fairly prominent lips. The cuticle is finely striated. The
cesophagus occupies about a quarter of the total length.
The tail measures 0:063-0-104 mm. in length and tapers
evenly to the tip, which is bluntly pointed. The vulva is
situated at 66-6-68 per cent. of the total length from the
anterior end. The uterus contains from five to eight fully-
Javeloped eggs at a time. Those nearest to the vulva are often
already hatched.

The adult free-living form measures 0-893-0-985 mm. in
length and 0-04-0-045 mm. in thickness in the male, 1-1-2 mm.
and 0-039-0-046 mm. respectively in the female. The head
has a diameter of about 0-014 mm. The cesophagus occupies
about one-seventh of the total length. The tail of the male is
0-063-0-079 mm. long, and apparently bears no postanal
papille. A pair of inconspicuous preanal papille is present.
The spicules measure 0-032-0-036 mm. in length, and the
accessory piece 0-:021-0-0225 mm. The tail of the female is
slender and sharply pointed, and measures 0-094-0-11 mm. in
length. The vulva is very prominent, and the body diminishes
in diameter behind it.

The filariform (infective) larva measures 0-525-0-615 mm. in
length and 0014-0-016 mm. in thickness. The average
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length and thickness are 0-578 mm. and ():(l)l;') mm. respectively.
The average leugth of the wsophagus is 44 per ceut. of the
total length (about 0-243 mm.).

Chandler states that this form differs from the typical
8. stercoralis of man in its slightly larger size, in the proportional
lengths of the wsophagus and tail, and in the faet that it is
ovoviviparous (eggs never being found in the intestine or
fwces of cats, but only hatched embryos). The free-living
bisexual generation oceurs mueh more frequently than the
transformation of rhabditiform into filariform larvae, and
perhaps exclusively.

On account of the differences in the caudal papiike of the
free-living male, and the various discrepancies in the measure-
ments of all stages, the writer feels unable to regard thix form
as a mere variety of S, stercoralis.

3. 5trongyloides papillosus (Wedl, 1856) Ransom, 1911,

Synonyms :—7Trichosoma papillosion Wedl, 1836, nee v, Linstow,
IRT8, nee Fritsch, 1886, nee Blome, 1909 5 Rhabdonema longus
Grassi, 188351 Strongyloides longus Rovoll;, L8RS o Rhabdoncina
longum Railliet, 1893 ; Strongyloides longus boris do Gaspari,
19125 2 Rhabdonema suis Dolley, 1894: 2 Strongyloides suis
v. Linstow, 1905 ; v Strongyloides filleborni v. Linstow, 19035 :

! Strongyloides cebus Darling, 1091 2 Strongyloides orocinetis

Ransom, 1911 ; Strongyloides vituli Brumpt, 1921; @ Ntroigy-

loides simia: Hung and Hoppli, 1923,

Hosts :—This species has been recorded from a varicty of
animals, including the sheep, goat, ox, pig, rabbit and rat, and
has a wide geographical range.  Various forms recorded from
monkeys are regarded by Chandler (1925, a) ax representing,
at the most, subspecies, and perhaps only host-varieties, of
8. papillosus.  One such form is recorded by Chandler himse!?,
from  Macacus rhesus in Caleutta and from the Hoolock
gibbon (I ylobates hoolock) in the Zoological Gardens, Caleutta.
The following characterization is taken from his e
of this form.

The adult female parasitic form, whose habitat is {he lower
part of the duodenum, measures 3-3-25 mm. in length and
0-045-0-05 mm. in maximum thickness. The head has
a diameter of about 0-017 mm., and there are apparently
six very inconspicuous lips. The cuticle is fincly striated.
The asophagus is 0-82-0-87 mm. long (a little more than
a quarter of the total length). The tail measures 0-042-
0-056 mm. in length. Its diameter is suddenly reduced just
behind the anus, and its tip is bluntly rounded. The vulva
is gituated at 60-63 per cent. of the total length from the

weription
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anterior end of the body. Th_e uterus contains from six to
ig -developed eggs at a time.

elg}]}’]ltcﬂ(lllcll')ul(ll frea-l}ivingg}‘orm measures 0-7-0-8 mm. in length
and 0-036-0-042 mm. in thickness in 'the male, and 0-98-
1:26 mm. and 0-053-0-075 mm. (excluding the vu]var‘ promi-
nence) respectively inTt},he fema}!le. The ilg:(}e}&;sl: 2::;:3;:

¢ > 0-015 mm. 1e cesophagus, in > ,

gf](lg?gflgzomm, in length (about 1/8 to1/7 of the total length).
The tail of the male is 0-056-0-07 mm. long, and bears a single,
median postanal papilla near its middle. There is 6113:;)83 pair
of preanal papille. The spicules measure 0-Q36— . H%I}Ill
in length and the accessory picce about 0-023 I;lm. ee
tail of the female is slender and sharply pm_nted, and measur 13s
0-125-0-153 mm. in length. The vulva is very prlonll)u;e.nd,
and varies in position from slightly in front of to slightly T*‘ur}g
the middle of the body. The uterus contains from 15 to
27 fully-developed eggs at a time. .

7’1{}“: )_I/ila'riforzrr)a (17n7§ctive) larva measures 0~h3o—0-6€?7 n;rlle;
(average 0-656 mm.) in length and 0-016-0-017 mm. (aZ,_er &
0-0166 mm.) in thickness. The cesophagus averages 40 P
cent, of the total length.

7. Family MERMITHIDA. Braun, 1883.

Jlongate and generally relatively slender forms (in ‘ghe
:md%ll;) ](]:i;l‘;‘(;itrioll), \;ibh a smooth cu.ticlle, frgquently cqntmpmg
spiral fibres which run through it in criss-cross directions.
Head usually with two lateral zm_d four submedmn paplllzp,
and often with additional small circumoral p&PlllZ}). A pair
of lateral organs almost always present, often complei(.
Alimentary canal complete only in the larve. In the culr y
larval stage the mouth is .prov.lded with a piercing stylet,
which is lost after penetration into ‘ghe host. In the _adult
the asophagus becomes reduced to a simple, narrow, cuticular
tube, and the intestine becomes modified 111t9 a sztusa.ge-l
shaped, solid fat-body, without an anal opening. Genita
tubes usually paired in both sexes. Caudal end of male without
ale, but usually with three longitudinal rows of papille.
A pair of spicules or a single spipule present. Vulva at about
the middle of the body. Vagina short and muscular, fre-
quently bent S-wise. Uterine branches opposed. Worms
usually oviparous. Adults in soil or fres.h. water. Larva
partly in soil or fresh water, partly parasitic in the body-
cavity of Arthropods (chiefly insects) or Mollusca.
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1. Genus MERMIS Dujardin, 1842,

This generic name is here used ina wide sense. A number of
genera have been proposed for forms which differ from the
genotype of Mermis in characters which appear too slight
to justify generie rank, and until the group as a whole is much
better known it seems desirable to adopt a conservative attitude
towards them.  For some discussion of this question see Baylis
and Daubney, 1926, <A Synopsis of the Families and Genera
of Nematoda,” p. 64,

il‘he generic diagnosis may, for the present, be taken as
being the same as that of the family.

Genotype :— Mermis nigrescens ]jlljltr(lill, 1842

1. Mermis nigrescens Dujardin, 1842.

Synonyms :—? Mermis meissneri Cobb 1926 : S )
grescens Cobb, 1926. ’ 201 Mermis subni

Habitat :—This species lives partly in the soil and partly
as a parasite in the body-cavity of insccts, especially gmsé-
hoppers. It Is common in Europe, and a spucimén from
Pashok, Darjeeling district, Kastern Himalayas (altitude
4000 ft.), was referred to it by Baylis and Daubney (1923, b).
The North American form, M. subnigrescens, which was
somewhat doubtfully regarded by Cobb as a distinct species
is recorded from various genera of grasshoppers. ’
) The' male measures up to 68 mm. in length and 0-26-0-28 mm.
in thlc_kness, the female 88-152 mm. and 0-42-0-6 mmn.
respectively, The head is rounded and followed by a slightly
narrower neck. The diameter of the head is 0-114-0-119 mm.
in the male and 0-13-0-14 mm. in the female. The head
bears four small submedian papille, and a pair of more promi-
nent lateral papille, situated further forward, close to ths
mouth. In the neck region there is usually a certain amount
of yellowish-brown or reddish pigment. The cuticle includes
a (?oublfz, layer of crossed fibres. There are six longitudinal

fields ” in the subcuticular layer. The lateral organs are
large and complex, and open by narrow canals at the level
of the submedian cephalic papille. The wsophagus, in the
adult, is a narrow, thin-walled cuticulur tubc,hnvuupving
a'boup one-twentieth of the length of the body. The nerve-
ring is situated, in the male, at 0-316-0-34 mm., and in the
female at 0-45-0-46 mm., from the anterior extremity.

The tail is blunt in both sexes. In the male it is concave
ventrally and measures 0-31-0-35 mm. in length. The caudal
papille are numerous, and are arranged in three single rows,
each composed of 30 to 35 papille and extending from some
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distance in front of the cloacal aperture to the tip of the tail.
The spicules measule 0:2-0-26 mm. in length and have
a maximum width of about 0:023 mm. Their tips are blunt
and their roots slightly expanded. The_ testes are paired and
opposed. The posterior testis is considerably shorter than
the anterior. ] _

The position of the vulva is variable, but usually in front
of the middle of the body. The eggs are very remarkable
in this species. They are of lenticular or subglobular shape,
with a shell which, when mature, is of a da.rk.brown colox.lr
and measures 0-043 mm. in diameter. This 1s.enc!osed in
a colourless outer shell or capsule, 0-05 mm. mn dl’z}met(?r.
The outer shell has an equatorial “ breaking-point, W’hll’t‘f
to each of its two opposite poles is attached a ** byssus
of sticky threads. The uterus, containing large numbers of
these dark-coloured eggs, shows through the trm.lslucent
yellowish body-wall of the gravid female as a dark line, and
gives the whole worm a somewhat greenish appearance. In
the specimen from India mentioned above, \\"hl(}h was a femalg,
the cggs were of the same form and size as in European speci-
mens, but the inner shell did not show the usual dark brown
colour, being almost colourless. This may perhaps have been
only a matter of age. ‘ ‘ .

The gravid females of M. nigrescens have the habit of coming
up out of the ground after heavy downpours of rain in summer
(more especially after thunderstorms) and climbing on to
plants. They are sometimes observed at a height of seYeral
feet from the ground. When numerous, they sometimes
give rise to stories of “showers of worms.” The eggs are
laid on plants, to which they adhere, usually in bunches,
by means of their sticky threads. They are thus liable to be
gwallowed by phytophagous insects. The larvee then hatch
and enter the body-cavity of the host. Although M. nigrescens
has been recorded from a considerable variety of insects, the
specific determination of the worm is in many cases open to
question. Hagmeier has shown experimentally that t‘lvus
species is capable of developing in grasshoppers (various species
of Stenobothrus and Decticus), and these are at present the
only definitely ascertained hosts, though it is extremely probable
that other insects also serve in that capacity. )

During the parasitic period the intestine becomes a solid
fat-body, and the anus becomes obliterated. The larva
apparently feeds by absorption of the body-fluid of the host
through its cuticle, and the food thus obtained is stored up
in the form of globules of fat. When fully grown, but still
quite immature, the larva emerges from the host (whi'ch
almost immediately dies) and enters the soil. Here it remains
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antil sexually mature, this period of development taking
about two years. The males remain budied, and the females
appear above ground, as already mentioned, only for the
purpose of oviposition.

2. Mermis sp. [yengar, 1929,

Habitat :—A species (or possibly more than one species) of
Mermis is recorded by Tyengar as a parasite of the larva of
various mosquitoes of the genus Anopheles in Bengal.  The
mosquitoes found to be attacked were A, minimus var, varuna
Ivengar (vel A. varuna), A. pseudojamesi, A. sinensis, . buarbi-
rostris, A. fuliginosus, A. philippinensis and . fessellatus.
“ The parasitization of Anopheles larvie is especially common
during the monsoons, in the months of August and September.”

According to Iyengar, * the worm when it emerges from the
larva of Anopheles is long, white and opaque. 1t ranges
from 5 mm. to 8 mm. long, and is usually from 63p to 110g
thick. .. The anterior end is somewhat pointed and has
a thin vestigial alimentary canal. The posterior end is pointed
and ends in a papilla.”

Iyengar states that he has sueceeded in rearing the larvae to
the. adult stage in * a dish with a wet sand slope, and with
a little water at the base of the dish.”  Sexual maturity was
re{L(rh(‘d within three weeks.  “The male worms were generally
t!nnncr, and measured 44 mm. long and 55 to 63 u thick.
The females measured 11 mm. long and 140 to 150 thick.
The head end was thinnerand measured 80 g in thickness. By
this time at least one moulting had taken place and the papilla
at the posterior end . . . [had] disappeared ; the posterior end
of the sexually mature worm is rounded.”

va('n;:ar belicves that the worms are probably viviparous.
1\10 eges were found in the cultures, but numerous larvae.
'l‘hese measured 1-1-2 mm. in length and 12-14 g in thickness.
'll.wy were very active, and moved rapidly near the surface
of the water. The penetration of the larvie into the body
of the mosquito larva was observed. This is effected by means
of the buccal stylet and by active boring movements of the
body, the tail of the worm being meanwhile curled round one
of the branched hairs of the host. = The whole process from
the time of attachment to the time of complete entry takes
from one to two minutes, sometimes slightly longer. .. The
embryo grows at a remarkable rate and at the end of eight
to ten days after the time of entry, it has grown from an original
size of 1 mm. by 13u to a size of 8 mm. by 75 to 160p.
The mature embryo then emerges out of the Anopheles larva
before the latter pupates.” The mosquito larva invariably
dies immediately after the emergence of the worm.
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In nature only a single Mermis larva was found in each
infested mosquito lara. In experimental infections, although
as many as twenty larve entered a single mosquito larva
during one night, their number, Iyengar states, was gradually
reduced until after four days only one remained. The fate
of the others is unknown.

In addition to the form or forms of Mermis parasitic in the
larvee of Anopheles, Iyengar records others in the adults of
Anopheles fuliginosus and A. subpictus in Bengal. These
worms are considered to be specifically distinct from the
former. They attain a larger size (8-:3-17 mm. in length and
0:138-0-174 mm. in thickness) in the immature condition.
They are said to emerge from the mosquitoes only when
the latter are close to water, and to enter the water, in which
presumably the adult stage would be found. Their further
development, however, has not been followed. The mosquito
dies immediately after the emergence of the worm.

3. Mermis indica v. Linstow, in Schultz, 1899.

This species was proposed for a larval specimen which was
found to have emerged from a butterfly, Papilio helenus,
sent from India to Germany in a paper envelope. The length
of the worm was about 16 cm. The head was truncate and
had six small papille. The tail had a dorsally-curved terminal
appendage.

8. Family ANGUILLULINIDA Baylis and
Daubney, 1926.

Synonym :—Tylenchidse Micoletzky, 1922,

Small, free-living, semi-parasitic or parasitic forms. Pharynx
in the adult modified into a protrusible stylet or ‘ spear.”
(Esophagus simple or with a median and a posterior bulb-like
swelling. When two swellings are present, only the anterior
of them is a muscular bulb. Caudal glands and spinneret
usually absent.

Subfamily ANGUILLULININA Baylis and
Daubney, 1926. .

(Esophagus usually with a median museular bulb and
a posterior non-muscular swelling, the latter sometimes not
distinctly separated from the intestine.

NEM. Q
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Key to Genera.

:
Body of mature female of normal eylindrical

Shape ... ..o ANGUILLULING, p. 226,
Body of mature female ovoid or subglobular. . Hitirovrra, p. 231

1. Genus ANGUILLULINA Gervais and v, Beneden, 1839,
Synonyms :(—{Anguina  Scopolic 1777 Tyldenchus Bastian,
1865 ;  Tylenchus  Bastian, 1865 :  Eutylenchus Cobb, 19135
Atylenchus  Cobb, 1913 ;. Tylenchorhynelus Cobb, 19135
Dolichodorus Cobb, 1914 : Totonehinvm Cobh, 1020 ; Aphelenehulus
Cobb, 1920 ; Parasitylenchus Micoletzky, 19220 Paratylenchus
Micolotzky, 1922 Chitinotiylenchus Micoletzky, 1922,

Cuticle striated, without bristles.  Lateral alie often present.
Head usually without definite lips, but typieally with six
radiating ridges and six small papilla on its anterior surface.
Cephalic bristles absent.  Lateral organs unknown. Stylet
consists of three rods fused throughout, with distinet knobs
posteriorly.  Caudal end of male usually with ale. One
or two accessory picces generally  present. Testis single.
Female genital tubes paired, opposed 5 the posterior may be
rudimentary and without ovary.  Caudal glands amd spinneret
absent. Worms chiefly in soil, especially on the roots of
plants.  Some species ocenr in fresh water or decaying sub-
stances, or in the sca.  Many are plant-parasites, a few para-
sites or semi-parasites of insects.

Genotype :—Anguilluling tritici (Steinbuch, 1799).

Key to Species.,

(sophagus without distinet median bulb. ... cccidoplastes, p. 231.
Wisophagus with a distinet. median bulb .

1. Spicules of male more than 0-03 mm. long. .. fritici, p. 226.
Spicules of male less than 0:03 mm. long ... 2.

2. Spicules about 0-016 mm. long ........ .. .. pratensis, p. 230,
Spicules about 0-02 mm. long ............. 3.

3. Stylot about 0-02 mm. long ............... simiis, p. 228,
Stylet about 00l mm, long ............... angusta, p. 229,

1. Anguillulina tritiei (Steinbuch, 1799) Gervais and v. Bene-
den, 1859. (Fig. 112)

Synonyms (—Vibrio tritici Steinbuch, 1799 ;  Rhabditis (ritici
Dujardin, 1845; Anguillida gramincaruin Diesing, 1851 (part) ;
Angwillula tritici Davaine, 1857 ; Tylenchus tritici DBastian,
1865 ; Anguillula scandens Schneider, 1866 5 Tylenchus scandens
Romanin, 1867,

Habitat :—This species lives partly in the svil and partly
on the stems and ears of wheat and other species of T'riticune,
or occasionally of barley. 1Its distribution is almost world-
wide, and includes India.
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The male measures about 2-2-5 mm. in length and 0-07—
0-1 mm. in maximua thickness, the female 3-5 mm. and
0-1-0-2 mm. respectively. The head is narrower than the
body, from which it is separated by a constriction. On its
anterior surface there are six radiating ridges and six minute
papillze. The stylet, in the female, is 0-01 mm. long. The
wsophagus measures 0-15-0-2 mm. in length. It consists
of an anterior portion ending in a muscular bulb, a narrow

Fig. 112.—A:z(/1l171]1(l:711a tritici.  Anterior ond; lateral view, (After
Murcnmwski.)

< ., ) . R M .

“ neck, aboqt as long as the anterior portion, and usually
curved in a sigmoid manner, and a swollen posterior portion
containing three large unicellular glands. Of these the
largest 1s posterior and has a large nucleus, while the two

anterior cells have small nuclei. The nerve-ring surrounds

5

the “neck ” of the wsophagus, and the excretory pore is at
the level of the posterior swelling.

Q2
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The tail, in both sexes, is conical and about (-1 mm. long.
In the male there are well-developed chudal alw, extending
from a point somewhat in front of the roots of the spicules
almost to the tip of the tail. and reaching their greatest width
at the level of the cloacal aperture. The spicules measure
0:035-0-04 mm. in length. and are broad in the middle.
The aceessory piece is 0-018 mm. long.  The testis is doubled
once or twice upon itself.

The vulva is situated at about the posterior tenth of the
total length, and has prominent lips. The anterior genital
tube iy well developed, and its ovary is usually doubly reflexed.
The posterior tube is rudimentary and reduced to a short, blind
sac, without an ovary. The average dimensions of the eggs.
according to Goodey (1932, b: 1933), are 0-085> 0-038 mm.,
but they may attain a length of 0-13-0-14 mm. and a width
of 0-033-0-063 mm.

The life-history of this species is briefly as follows. The
second-stage larvee living in the soil climb 'on to the seedlings
of the host-plant and up to the growing point. Their attacks
on the tissues of the plant cause various malformations of
the leaves and stem.  When the inflorescence is formed they
Renetmte Into its tissues and cause the formation of gzllis
(‘cock]e's ") while it is still green. Within the galls they
develop into adult worms, and the numerous eggs laid by the
females hatch in this situation. The larvae then moult and
become second-stage larvae. On the drying of the ear the
galls become hard and dark brown in colour. The contained
second-stage larvee are extremely resistant to desiceation and
are capable of living in dried galls for nine or ten vears, in
a state of suspended animation, and of becoming active and
invading fresh plants when revived by moisture. When
the galls fall to the ground and become moistened they decay,
and the larvae escape from them and enter the soil, where they
remain until an opportunity occurs of attacking a fresh
crop of seedlings.

2. Anguillulina similis (Cobb, 1893) Goodey, 1932,

Synon;\/}ns —Tylenchus similis Cobb, 1893 ; T'ylenchus aeutocanda-
tus Zimmormann, 1898 ; Tylenchus biformis Cobb, 1909,

Habitat :—This species lives partly in the soil and partly
as an external parasite on various plants, including several of
cconomic importance, such as tea, coftee, bamboo and sugar-
cane. It is widely distributed in tropical and subtropical
regions, and has been recorded in Nouth India.

In the following characterization some of the measurements
are taken from descriptions given by Cobb, Godfrey and
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Goodey, while othery have been calculated from Cobb’s
* formule.”

The male measures 0-654-0-73 mm. in length and about
0-02 mm. in thickness, the female 0-676-0-7 mm. and about
0-027 mm. respectively. The head, in the male, is almost
hemispherical and is marked off by a deep constriction. In
the female it is flattened and followed by a shallow constrietion.
The stylet apparently measures about 0-017-0-021 mm. in
length. The cesophagus is 0-126 mm. long. The three cells of
its posterior, glandular part, which is dorsal to the intestine,
lie in line.

In both sexes the tail is bluntly conical. The caudal ala
of the male are similar to those of A. tritici. There is a pair
of lateral postanal papille at about the anterior third Qf the
tail. These do not reach the edges of the ale. The spicules
measure about 0-02 mm. in length. Their tips are rather
blunt, and their roots are knob-like and marked off by a
constriction. The accessory piece is about 0-01 mm. long.

The vulva is situated slightly behind the middle of the body
(at 59 per cent. of the total length from the anterior end,
according to Cobb). The female genital tubes are paired and
short, and both ovaries are outstretched.

3. Anguillulina angusta (Butler, 1913) Goodey, 1932.
Synonym :—Tylenchus angustus Butler, 1913.

Habitat -—This species lives in the soil or water of paddy-
fields in the Ganges Delta, Eastern Bengal and Malaya, and
attacks rice-plants, in which it produces a diseased condition
called ¢ ufra.”

The male measures 0-6-1-1 mm. in length and 0-014-
0-019 mm. in thickness, the female 0-7-1-23 mm. and 0-015~
0-022 mm. respectively. The head is flattened and discoidal,
and bears on its anterior surface six radial ridges. The
cuticular striations are about 1-5u apart. The stylet is
0-01 mm. long. The wsophagus measures 0-13-0-15 mm. in
length and has a slender ‘“neck ” region. Its structure is
similar to that in 4. tritici.

The tail, in both sexes, is conical and has a small terminal
spike. In the male it is 0-034-0-048 mm. long. The caudal
ale are of the typical form. The spicules measure 0-02 mm.
in length. The basal portion of each spicule, for about one-
third of the total length, is broad and somewhat oblong in
shape. The rest of the spicule tapers gradually to a pointed
tip. The accessory piece is 0-008 mm. long.

The tail of the female measures 0-045-0-052 mm. in length.
The vulva is situated at the posterior fifth of the body, and has
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rounded, slightly prominent lips.  Thesanterior genital tube
has an outstretched ovary.  The posterior tube, or ™ uterine
sac,” 15 without an ovary, but is fairly well developed.
extending for nearly two-thirds of the distance from the vulva
to the anus.  The eggs measure 0-08-0-088 - (-016-0-02 mur.

According to Butler the worms probably multiply on the
host-plant, and there may be at least three generations
between June and November.

4. Anguillulina pratensis (de Man, IN81) Goftart, 1929,
Synonywms :(—1'ylenchus pratensis de Man, 1881 ; Tylenchus gulosus
Kiithn, 1889 : T'ylenchus coffea Zinmernn, INOS ; Tylenchus
penctrans Cobb, 1917 5 Aphelenchus neglectus Rensch, 1924
Pylenchus brachyurus Godfrey, 1929, .

Huabitat :—This species oceurs in the soil in various parts of
the world, including Europe, North America and the Kast
Indies. It attacks the roots of grasses, cereals and a large
variety of other plants, including beet, cabbage. coftee, sugar-
cane, maize, flax, tobacco, cotton and bamboo.  Goodey
(1933) records it from South India. The writer is indebted
to Dr. Goodey for the information that in this instance the
host-plant was coffee and the locality Mysore State. The adult
worms, larvie and eggs may he found together in the tissues
of the plants attacked. '

('1“}‘1(* synnnyn'ly given u.bm_'o has b(“vn t‘;}lwn from Goodey
(1933), from whose description the following characters are
also extracted.  The male measures 0-45-0-64 mm. in length
an(i 0:02-0-028 mm. in maximum thickness. the female 0-047-
0-07 mm. and 0-021-0:032 mm. respectively.  The body is
'c‘ompun'ltivoly stout. and tapers liftle towards  the ends.
lh(v cuticular striations are rather coarse.  The head is marked
off Dy a slight constriction. It has a slightly depressed
anterior surface, on which there are six radiating ridges, and
convex sides.  Its cuticle has fine transverse striations. The
stylet measures 0-013-0-015 mm. in length in the male and
0-015-0-019 mm. in the female. The asophagus, in both
sexes, is 0-1-0-12 mm. long. There is a distinet constriction
immediately in front of the muscular bulb.  The posterior,
glandular region lies ventrally to the anterior part of the
intestine.  Its three cells lie in line, and the posterior cell
ends in a blunt point.

The tail of the male is 0-018-0-02 mm. long. The candal
alwe have crenate edges and are continued round the tip of the
tail. Thereis asingle pair of lateral papilla at about the middle
of the tail. terminating in depressions in the alae.  The spicules
measure 0-016-0-0162 mm. and the accessory piece 0-005 mm.

in length.
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The tail of thefemgle is bluntly rounded and 0-02-0-022 mm.,
long. The vulva is situated at about the posterior fifth of
the total Iength, and has rounded and sometimes prominent
lips. The posterior branch of the uterus is very short and
without an ovary. The anterior ovary is not reflexed. The
uterus contains only one egg at a time. The eggs measure
0-063-0-08 < 0-021-0-025 mm.

5. Anguillulina cecidoplastes Goodey, 1934.

Habitat -—In galls on the leaves and stems of a grass
(Andropogon pertusus) ; South India (Bangalore, Chikmagalur,
Coimbatore, Palghat).

The male measures 0-97-1-33 mm. in length, the female
1-2-2:03 mm. " The head has the shape of a flat cap and is
separated from the body by a faint constriction.” It bears
six radiating ridges. The stylet measures 0-008-0-009 mm.
in length. The w@sophagus, which is about 0-2 mm. long,
differs from that of typical members of the genus in having
no distinet median muscular bulb. 1t consists of an anterior
fusiform portion and a posterior club-shaped glandular swelling,
composed of a large dorsal cell and two smaller subventral
cells with smaller nuclei. The nerve-ring is situated just in
front of the glandular swelling, and the excretory pore at
about the level of its middle.

The tail, in both sexes, is tapering, with a “ minute peg-
like terminal process.” In the male there are very narrow
caudal alwe, extending from a short distance in front of the
roots of the (retracted) spicules to about the middle of the tail.
The spicules measure 0-028-0-03 mm. in length and are rather
stout, with a slight constriction separating the root from the
rest of the tubular shaft, and each has a thin membranous ala
on the ventral side. There is apparently no accessory piece.
The testis is doubled once upon itself.

The vulva is situated at about the posterior tenth of the body.
The anterior genital tube is well developed and doubled twice
upon itself ; the posterior reduced to a short, blind sac.
The uterus may contain as many as five eggs at a time.

<

2. Genus HETERODERA Schmidt, 1871.

Synonyms :-——Meloidogyne Géldi, 1889 ; Heterobolbus Railliot, 1896 ;
Caconemna Cobb, 1924,

Male of typical cylindrical shape. Body of mature female
becomes swollen into an ovoid or subglobular shape, only
phe neck region remz}ining norm.al. The tail disappears
in the adult female, its place being taken by a terminal
prominence carrying the vulva, and the anus becomes terminal
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or dorsal. Cuticle striated, without hristles. Head rather
distinet, with six lips.  Lateral organs indistinet or absent.
Stylet composed of three ruds, fused throughout and knobbed
behind. Posterior portion of csophagus not distinet from
intestine. A median  musceular  bulb  present.  Exeretory
system consists of a lateral canal on the left side only.  Caudal
end of male without ale or papille.  Spicules equal, short
and bro:(ul. An accessory piece present.  Testis, in the geno-
type, single, anterior, outstretched. Female genital tubes
paired, parallel, anterior, elongate and sinuous.  Oviparous.

Worms in soil, or attached to or buried in the roots of plants.

Genotype :— Helerodera schachtii Schmidt, 1871.

I. Heterodera marioni (Cornu, 1879) Goodey, 1932, (Fiz. 113.)

Synonyms :(—Anguillula marioni Cornu, 1879 ; Tylenchus radici-
cola‘(.)rley, 1880 5 Anguillula radicole Miller, 1884, nee Anguillula
radicicola G}‘(‘Off,_ 1872 ;. Heterodera radicicola Ml’illnr.. 1884 ;
Heterodera javanica 'Troub, 1885: Anguillule arcnaria Noal,
J‘I'K.B!)'; Tylenchus arenarius Cobb, 1800 ; Meloidogyne cxigua
Goldi, 1892 Heteroders (Heterobolbus) radicicola Julien, 1898 ;
A'n_r/_mllula vialwe Lavergne, 1901 ; Ouyuris incognitn Kofoid and
White, 1919; Caconema radicicola Cobb, 1924 ; Heterodera
(Caconema) radicicola Cobb, 1924.

Habitat :—The adult worms are found within the tissues
of the roots of plants. The larvae occur in the same situation
and also in the soil. The species of plants attacked are very
numerous and belong to many orders. They include many
plants of economic importance, such as the potato, tomato,
bean, pea, wheat, barley, clover, sugar-cane, banana, tea,
coffee,' cocoa, rubber and hemp. The distribution of the
worm is world-wide, and includes India and Ceylon.

Th_e male measures about 1-2-1-5 mm. in length and 0-03-
0-036 mm. in thickness. The dimensions of the mature
female are extremely variable. The average size appears
to be about 0-8 mm. long and 0-5 mm. wide, but different
authors give measurements varying from 0-3 to 1'3 mm. in
length and from 0-08 to 0-75 mm. in width. The neck region
of the female is about 0-24 mm. long. The stylct measures
0-018-0-02 mm. in length in the male and 0-01-0-012 mm. in
the female. The cuticular striations, in the male, are at
intervals of 2-2-5 . '

The spicules measure 0-035 mm. and the accessory piece
0-:01-0-012 mm. in length. According to Cobb the male of
this species differs from that of the genotype in having paired
testes.

The anus of the female is subterminal. The vulva is not
prominent. The eggs, when laid, are embedded in a gelatinous
mass which remains attached to the parent worm. Some may,
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however, remain within the body and hatch there. Partheno-
genetic reproduction seems to be the rule, _males appe_aring
only exceptionally. The size of the eggs is very variable.
Different authors give 0-067-0-128 mm. as the length and
0-028-0-08 mm. as the width. The average dimensions are
said to be 0-092 % 0:038 mm. The larva, on hatching, measure
0-375-0-5 mm. in length and 0-012-0-015 mm. in thickness.
The roots of plants attacked by this worm usually become
thickened locally, and galls are formed on them where the

Fig. 113.—Heterodera marioni. Outline of female. (After Marcinowski.)

worms are most numerous. The adult worms remain com-
pletely buried in the tissues. The eggs are laid and hatch
within the galls. They may remain in the root of the plant
and give rise to another generation, or may find their way out
into the soil, in which they are capable of living for about
a year before entering a plant again.

Subfamily DORYLAIMINAE Baylis and Daubney, 1926.

(Esophagus without median bulb, but usually with a more
or less distinet posterior swelling, which sometimes forms
a bulb.

Key to Genera.

Cuticle not conspicuously striated; stylet not [p- 234.
knobbed behind . ... ... ... et DORYLAIMUS,
Cuticle with wide annulations ; stylet absent in adult [p. 235.
male, knobbed behind in female ................ HoPLOLAIMUS,
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1. Genus DORYLAIMUS Dujacdin, 1845.

Synonyms :—dntholaimus Cobb, 19131 Nyyolaimus Cobh, 19135
Aqlmolainms Cobb, 1913 ; Discolaimus Cobb, 1913 ;  Dory-
laimellus Cobb, 1913 ; Axonchiwm Cobb, 19205 Dorgllinm Cobb,
19205 Longidorus Micoletzky, 1922, '

Caticle usually unstriated, without lateral alwe or bristles.
H.v;ul separated by a constriction from the body, and usually
with six lips, cach bearing two papillie, but without bristles.
J'Altrl‘,l‘;ll organs inconspicuous, probably  usually  slit-like.
M_\'l'vt tubular, not knobbed behind, .(l*lsnplm«_r.us swollen
b(‘h}ll(l but without distinet bulb.  Caudal end of male
typl'cally with a median row of preanal papillie.  Postanal
papille usually present in both sexes.  Npicules fairly stout.
Two rod-like accessory pieces usually present, t‘l().\‘(‘ly.ill)p“('d
to t.he spicules. Testes paired, ()})])();(!(l, outstretehed. Female
genital tubes almost always paired, opposed, reflexed ; ocea-
sionally s}mgle,. p()st(»r‘i()r. ‘audal glands and spinneret absent.
Worms in soil or fresh water, on plants, or in decaying
substances. T

(lc'llf)t‘ype :—Probably Dorylaimus stagnalis Dujardin, 18453,
according to Stiles and Hassall (1905)

1. Dorylaimus palustris (Carter, 1858) Bastian, 1565,

Synonym :—Urolahes palustris Cartor, 1858,

Habitat .—Island  of Bombay ; in fresh water in pools,
tanks and drains, or  wherever there is vegetable matter,
{nm'l, :{13{1 putresceney, and in the gelatinous alge during the

rains 7 (Carter, 1859). l i

(.,‘eu‘tcr refers to this species as the * tank-worm.”  Most
of 1t:\"(']1um(~ters. as given by him, are of generie rather than
specific value.  The largest specimens are one-sixth of an inch
!ong‘(f}ppmxinmt,(-,ly 42 mmY, and the thickness of the temale
Is 17370 in. (about 0-07 mm.) The head has " at least two
if not four ” indistinet papille.  The tail of the male is .~4(;
thusg as to bp almost truncate.  That of the female is whip-
like, ,, varies in leng.t‘h,‘zm(l becomes curved upon itself when
short.” The vulva is situated a little in front of the middle

of the body.

2. Dorylaimus sp. Stewart, 1914.

Huabitat :—Fresh water, in sponges (Suberites aqua-dulcioris,
Spongille sp.): Chilka Lake.

The male measures 1-:87-2 mm. in length and 0-041-
0-044 mm. in thickness, the female 1-938 mm. and 0-055 mm.
respectively. The head is rounded and narrower than the
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neck. [t measuress 0-012-0-015 mm. in width. There are
“ no lateral organs, but a pair of tubular organs in the dorsal
and ventral lines distant 0-008 mm. from the head ; opening
of tubule slightly prominent ; tubule runs inward and back-
ward.” The stylet is 0-024 mm. long. The csophagus
measures 0-377-0-425 mm. in length, and is divided by a
* diaphragm " into anterior and posterior portions of subequal
length. The posterior portion is slightly wider, and has coarser
musculature, than the anterior. Its hinder part is glandular
and measures 0°03 mm. in diameter.  The nerve-ring is situated
at 0-037-0-04 mm. from the anterior end of the @sophagus.

The tail, in both sexes, is short and bluntly rounded. The
posterior end of the male is without preanal papillee, but there
is one short preanal bristle, The tail is 0-022 mm. long.
The spicules are ™ very broadly sabre-shaped " and measure
0-037 mm. in length. ‘

The tail of the female is 0-018 mm. long. The vulva is
situated at 0-85 mm. from the anterior extremity. The eggs
are elongate and subeylindrical.

2. Genus HOPLOLAIMUS Daday, 1905.

Synonyms :—Jota  Cobb, 19135  Criconema  (also Krikonema)
Hofminner and Menzel, 1914 ; Ogma Southern, 1914,

Cuticle with wide, often prominent annulations, sometimes
forming series of ~ scales ” or spines, but without bristles.
Lateral alee absent. Head sometimes distinet.  Lips usually
poorly developed. Six cephalic papille or bristles may be
present. Lateral organs unknown. Stylet very long, more
or less obviously formed of three rods, and knobbed behind.
Stylet of male appears to be lost at the last moult. Male
(when known) with two spicules, without accessory piece or
caudal papille, and with a single, aunterior, outstretched
testis. Female with either a single, anterior genital tube or
paired. opposed, outstretched genital tubes.  Oviparous and
probably usually hermaphrodite. Caudal glands and spinneret
absent. Anus sometimes absent in female. Adult worms
in fresh water or soil.

Genotype :—Hoplolaimus tylenchiformis Daday, 1905.

1. Hoplolaimus squamosus (Cobb, 1913) Menzel, 1917.
Synonym :—JIota squamosa Cobb, 1913,

Habitat :—On roots of mango; Bangalore.

The length of the body, in both sexes, is 0-8 mm. The other
measurements in the following description have been obtained
by calculation from Cobb’s ** formula.” The maximum
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mobile membrane u‘r()lm(l.tlw mouth.” . The [zlt('r'il! organs
are circular, about 4 in diameter, and sicuated at 5-3p from
the anterior end. The buccal cavity is oval and measures
3p in length in the male. The wsophagns is simple and
club-shaped, and measures 0-092-0-093 mm. in length.

The tail is conical and filiform in both sexes, without bristles,
glands or papille, but with a terminal flagellum.  In the male
it measures 0-093 mm. in length. The spicules are slender
and 0-03 mm. long. There is a single testis.

The tail of the female is 0-102 mm. long. The vulva is
situated at 0-222 mm. from the posterior extremity.  The
uterus and ovary are single. The uterus is short (0-064 nun.)
and the ovary is not refloxed.

>

2. Genus FIMBRILLA Cobb, in Stiles and Hassall, 1905,
Synonym :—Fimbria Cobb, 1894, nec Megerle, 1811,

Cuticle unstriated, with bristles at least at posterior end.
Head somewhat distinct, with a crown of bristles.  Buceal
capsule prismoid. (Esophagus  expands gradually  behind.
Caudal end of male without ale or supplementary  organs.
Two accessory picces present, nearly as long as the spicules,
joined posteriorly and protrusible.  Testes paired, opposed,
outstretched.  Female unknown.  Worms marine,

Genotype -—Fimbrilla tenuis (Cobb, 1894).

I. Fimbrilla tenuis (Cobb, 1894) Cobb, in Stiles
1905.

Synonym :—Fimbria tenuis Cobb, 894,

and Hassall,

Habitat .—Marine (among seaweed) ; Ceylon.

Of this species the male only is known. This measures
148 mm. in fength and about 0-024 mm. in maximum thickness.
The head is slightly expanded and rounded in front. The
mouth is surrounded by minute bristles or bristie-bearing
papille.  There is a simple, prismoid buceal capsule, about
3p long and nearly half as wide as the head. The @sophagus
12 0-355 mm. long and is described as having a posterior bulb,
marked off by a deep constriction. The nerve-ring is situated
at about the middle of the wsophagus, with the excretory
pore just behind it.  The excretory gland extends posteriorly
behind the bulb of the wsophagus.

The tail is about 0-104 mm. long. has a slightly swollen tip
and is covered with hairs in its posterior two-thirds. The
spicules are slender, nearly straight and pointed, They measure
about G-013 mm. in length. The measurements in the fore-
voing description, except the len;{@h of the worm, have been
calenlated from Cobb’s ™ formula.
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S. 6(‘111!S SYMPLOCOSTOMA Bastian, 1865.

i ] : distinet,
sle without striations or bristles. Head not € stinct,
wigll]thl:ls‘-ith(mt bristles. Lateral organ:%’ unknowtﬁar]-?}fluniel-
sJongate, © somewhat ﬁddle-shchd, having a pec unnel.
(](nlgﬁ(l1 body lying along its inferior aspect, and an ap}’)’e&r(aE \ce
sha[;(‘( " Or}ni()ré circular lines around the parl(%ttzls. i stlt
o et videning considerably but gradually behlm , wi (;}ll
nﬁ:uso‘(,e]li’pre;ent orabsent. Caudal qnd of male ;%ppz}rerilec.yer
bl‘lll‘ t supplementary organs or p:&pl“%. Acce;sorbc £ldal
“ll)ts(:l(]):,l k l!%male ger{ital tubes paired, opposed.
::lands and spinneret present. Wo?ml.%lcxgg?it; 1865,
e notype —Symplocostoma longzc_ov e Ba e Bastian,
)Cf! ~This genux was only tentativ ely proposeT 'lybidag .
mnd Olteq validity and its position in the family Trilo

somewhat uncertam.

ph

i 865,

1. Symplocostoma barbatum (Carter, 1859) Bastian, 1

emend.
59; Enoplus barbatus
.—Urolabes barbata Carter, 18 )Qv, i
Syﬁ‘{)’;i’t’ﬁf iSGg ;ro gy:;jplolz;s{oma barbata Bastian, 1865.
Habitat -— Silty clots of Oscillatoria f,i’oating in the salt-
, in drain of the town of Bombay. )

“a}gerst]ilzﬁll places this species rather d‘oubtf}llly in the gerlluz
S ma;locosloma. No description of it is available except tha
f?'/ Cf{rter from which the following characters are taken. o
o T}(le ler’lgth of the worm is 1/7 in., and its thickness 1/60 Tlll;l

roximately 3-6 mm. and 0-04 mm._respect;vely). 1 e
%1‘1}‘)1% bears four short bristles. The}re is a pair of yellow
i at about the middle of the cesophagus. )
00('311‘}:eltail of the male is thick, curved, blunt, : tubgculated
in its’inner enrvature, and furnished on each side with a tI‘.OV\{
uf short sete extending from above the anus tgwards the ,1{)6 ;
‘(:lq;) three or four setse on the outer curvature.” The spicu

» broad and curved. . . .
ar(’t[‘ﬁ(reox:ulva is situated at about. the posterior third of the body
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10. Family ALAIMIDZAE Micoletzky, 1922

Free-livi

-living forms . :

or fl‘eﬂh\vatgr ];?l,pl?(])stl) marine, but sometimes terricol

Esophagus ge.nem][ Ld» cavity absent or extremelv sn Ollm

valves. Reprodu(cti\;e“ ithout a true muscular bulb (-(;ntz;i;:?nl.

tinct iy organs simpie. Sex ng
Oviparous, producing few and l‘tr;_{( t“rﬂ generally dis-

¢ P egrs,

.l. Gf‘nlls DIPL E 3 D [ assaldly 1JdUg.
OP LIIS ( Obb n 'tll(‘\‘ lln(l ll 18K l” l ,0 )

S ynonym :‘D?ﬂ(})tl& (‘()bb. 1891, nee Packar o, 18RS

> . .

Cuticle ver i
bristles. Hea)(’i ﬁy’;gﬁyt;‘t“‘lt@d, with or without conspicuot
than the others. sl ‘qlree 1198, of which one is more point ‘IT
four Smeedian’rowg ‘};‘ear-hke‘ In the renotype there '(()
neck. Lateral orgtmkq o about‘twc]ve stout bristles 01: :lrb
In front than behind s with a t}}lckened margin, mo  poi o
very small buseny o nd extending to the base of t] i T
labial spear.” hﬁiﬁﬁiﬁ ) “elub. to be armed with a?):in?;};(l
present. An ace . zus  club-shaped. Qcelli oti N
Tostos apparent] s?sq;)l?é {)IC(ZG present, with a p()st,(lxri:;.)“::. tl"lm
unknown. Caud'alp(]. d and opposed.  Ferule genit ll K,
Genotype :—D; & ‘““?S present. Worms m e, T
=—Diplopeltis typicus (Cobb lé(“)nrmo.

1. Diplopeltis mi
in ,
1905, or (C()bb, 1891) (JObb, in Stiles and Hassall

S : j
ynonym :—Dipeltis minor Cobb, 189]

Habitat .— Mari :
Cobb’s descr?;:i):'nv olfr'] :}zlt.nd on the coast of Ceylon

specimen. This was 1-26 nl:n: ple g, l'S'lbused on & Hi;lgk‘ male
ments in the . -dong.  The rest \ e '
caloulation fr n{ogo;)vll){lg“(iescrlpti011 have bo(-:f :)lll‘{ measure-
is about 0-03 mn 0bb’s ““ formula.” The maxim ) nn}od by
organs are el]ips:)'ida}‘h«? }(liez;(}l1 i?, *“ almost acut‘e ” lrfi‘}:’i}lltvk&los.\l&
as the distance b ) an eir length iy o-fi en
ars etween th one-fifth as great
The cuticle is wi ¢ mouth and the e
s about 0_21: ‘:I’]lrt;lOlllt conspicuous bristles, tl’isflexlif: O'ng- '
cape] immediately. b(:}llg.d The portion of the ;ﬂi;’l}:. ‘l;gus
usually pressed to one _in the distinct cardiac coll ntary
two-thirds as wide as tﬁ;‘s l()iy thellafge ventral glxmd/ w}:;?h ;S
R g ody and twice as S
ne';“iferégﬁ 11: S())lt;lated at about 0-1 mm, f?(:xrllo?}%ea? “:d("/- e
The spicules are f;xl“fn long and is provided withzzrm1 sy
throush tk re filiform, curved and of nearly o spneret.
oL gje:)qu " Thley are about 0-024 mm. longy Lg};‘al thickness
piec ],... han half as long as the spicula i ) fecessory
ard and backward from the anus.” 18 seen to curve
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11. Family ONCHOLAIMIDA Baylis and
Daubney, 1926.
¢-living forms with a buccal cavity having

chitinoid walls and containing usually three teeth, of which
one is dorsal and two subventral. an or more of the teeth
may be absent, or additional teeth or denticles may be developed.

@Esophagus with or without a posterior bulb.

Typically small, fre

Subfamily ONCHOLAIMINE Micoletzky, 1922.

containing three teeth,
of the teeth may
walls of
tionally

Pharynx typically rather spacious,
frequently at or near its base. One or more
be abseit, or additional teeth may be developed on the

the pharynx. (Esophagus typically club-shaped, excep

with a posterior bulb.

1. Genus ONCHOLAIMUS Dujardin, 1845.
1800 ; Metoncholaimus Filipjev,

;inus MicolotzKy,

s i—Viscosie de Man,
918 ; Prooncholai

Synonym
Filipjev, 1

1918 3 Adoncholaimas

1924.
Some species of relatively large size (25-30 mm.). Cuticle
Bristles usually present on

unstriated, sometimes glutinous.
or bristles frequently present towards
d lips and

ghe tail, and papille
both extremitics. Head not distinet, with rounde
usually with bristles. Lateral organs transversely elliptical.
Pharynx spacious, cylindrical or six-sided, containing a dorsa.
and two subventral teeth. Onc of the subventral teeth is
Jarger than the others, and all the teeth carry the ducts o
osophageal glands. (Esophagus gradually swollen behind,
without bulb. Ocelli sometimes present. A single accessory
may be present. Testis single or paired. Female
and anterior,

ubes paired and opposed, or single
A peculiar “tubiform organ” typically

of the female, opening by paired
lateral pores near the anus. Caudal glands present. Special-
ized spinneret apparently absent. Worms mostly marine,
a fow species in fresh or brackish water.

Genotype i—Oncholaimus attenuatus Dujardin, 1845 (3).

picce
genital t
always reflexed.
present in the body-cavity

Key to Species.
Fach lip bears a flat, spine-like process .......... indicus, p. 242.

Each lip bears a minuto papilla
NEM. R

chilkensis, p. 243.
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1. Oncholaimus indicus v. Linstow, 1907. (Fig. 114.)

Habitat :—Among filamentous alga in a pool of brackish
water at Port Canning, Matla estuary, Lower Bengal (v.
Linstow) ; also in a canal of brackish water on the outskirts
of Calcutta (Stewart).

The male measures 2:43-2:71 mm. in length and 0-05-
0-053 mm. in maximum thickness, the female 2-2-71 mm. and
0-057-0-068 mm. respectively. The body tapers gradually
towards both ends. The cuticle is smooth. In the male
there are a few bristles in the cesophageal region, and a row
of nine or ten bristles in front of and behind the cloacal
aperture. In both sexes there are a few bristles at the tip
of the tail. The head is truncate, and there are six mobile,
leaf-like, semicircular lips, each bearing a sharp, flat, spine-
like process (Stewart). There are no bristles on the head.

Fig. 114.—Oncholaimus indicus. Anterior end of female, viewed from
left side. (After Stewart.)

The pharynx is cylindrical and measures 0-034-0-037 mm.
in length and 0-014 mm. in diameter. In its anterior half it
contains three teeth, one dorsal and two subventral. The
right subventral tooth is larger and more anteriorly placed
than the others. The wsophagus is 0-357-0-374 mm. long
and, according to Stewart, is club-shaped, * with a small
segment, also muscular, at its posterior extremity, distinctly
separated from the main mass. This small segment projects
into the lumen of the intestine.” The nerve-ring and excretory
pore are situated, according to Stewart, at 0-0017 [? 0-017] mm.
from the anterior extremity.

The tail, in both sexes, is constricted at a short distance
behind the anus, and is then continued as a cylindrical appen-
dage, 0-076-0-085 mm. long, which is bent ventrally near the
tip. The length of the tail in the male is 1/25-6 of the total
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length. The spiculeg are sabre-shaped and 0-034 mm. long.
There is a hollow, conical accessory piece.

The tail of the female is 0-125-0-129 mm. long. The vulva
is situated in the middle of the body, or a little behind it.
The genital tubes are paired, opposed and reflexed. A ““tubi-
form organ ” has not been observed. The eggs are produced
two at a time. v. Linstow gives their dimensions as 0-78
[70-078]x 0:047 mm. According to Stewart they measure
0-272 [¢ 0-072] mm. in length. '

2. Oncholaimus chilkensis Stewart, 1914.

Habitat .-—Among filamentous alge and in Spongille sp.;
Chilka Lake.

The male of this species is unknown. The female measures
1-54-2-7 mm. in length and 0-057-0-074 mm. in maximum
thickness. The head is marked off from the body by a slight
but abrupt increase in width at the posterior end of the pharynx.
There are six mobile lips (two lateral and four submedian),
each bearipg a minute papilla, but cephalic bristles are absent.
‘‘ Hairs occur irregularly in the cesophageal region, one marked
row in each lateral line in this region. No bristles at the vulva
or anus.” The lateral organs are situated at 0-019 mm. from
the anterior end. The pharynx is cylindrical and measures
0-032-0-039 mm. in length. The right subventral tooth is
large, the dorsal and left subventral teeth smaller. The
esophagus measures 0-269-0-323 mm. in length and 0-029-
0:042 mm. in maximum thickness. There are no ocelli.
The nerve-ring is situated at 0-104 mm. from the anterior end
of the eesophagus.

The tail is 0-136-0-15 mm. long. Its basal portion is conical,
while its terminal portion is cylindrical, 0-075 mm. long and
ventrally curved. At the junction of the two portions there
is a very slight annular constriction. The vulva is situated
at 1-14-1-45 mm. from the posterior end of the body, and the
genital tubes are paired.

2. Genus CHROMADORA Bastian, 1865.

Synonyms :—Acanthopharynx Marion, 1870 (?);  Ethmolaimus
de Man, 1880 ; Euchromadora de Man, 1886 ; Graphonema Cobb,
1898 ; Chromadorissa Filipjev, 1917; Spilophorella Filipjev,
1917; Chromadorina Filipjev, 1918; Chromadorella Filipjev,
1918 ; Spilipherella Filipjev, 1918 ; Odontocricus Steiner, 1918 ;
Polysigma Cobb, 1920 ; Ptycholaimellus Cobb, 1920; Chroma-
dorita Filipjev, 1922; Prochromadora Filipjev, 1922; Endo-
laimus Filipjev, 1922,

Cuticle striated, usually with submedian bristles. Lateral
ale usually absent, except in marine forms. Head without

lips, but with six to twelve papille. Submedian cephalic
R 2
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bristlesusually present ; lateral cephalie bristlesabsent.  Lateral
organs in the form of grooves or transversely oval, rarely
definitely spiral. Pharynx typically in two portions, the
anterior wide, the  posterior funnel-shaped. The aunterior
portion has longitudinal rod-like  thickenings (or folds ?)
in its wall, and usually contains & dorsal tooth, and some-
times two subventral teeth.  (Exophagus with a more or less
distinet posterior swelling, but usually without o hulb.  Caudal
end of male with or without preanal papillie.  Postanal
papillae absent.  Spicules sometimes uncqual and dissimilar.
Accessory piece (:()mpl(n'\, consisting of a posterior, a median
and two lateral portions. Testis usually single.  Female
genttal 111‘b(:s paired, opposed, reflexed.  Caudal  elands
present.  Spinneret present or absent. Worms  marine.
in fresh water, or in the soil.

1 . 0 . .

Genoty pe i—Chromadora vulgaris Bastian, 1863,

1. Chromadora ocellata (Carter, 1859) Bastian, 1865,

Synonyins :— Urolabes ocellate Cartor, 1859 1

>
: / e oee
Eberth, 1863, wwnoylene occllat

e e g . . L
I](lblf(l/..— ﬁllt.\r clots of Oseillutoria floating in the salf-
wa:t(‘r main drain of the town of Bombav.™
Al . . ~ . . o .
) llht, only deseription of this species available is the very
;I}](l( equate account given by Carter, and it is doubt ful whether
1 species S reCognize asti: i i
‘ ('hi«um((u},,;;m 'bl‘(} 1(\|(();,r|11/4((l.‘ Bastian c(-)nsul(-ro(l it. to be
132 0'781. e '(‘,‘nglh of 1_]1(- worm is given as about
; 'HLI . [Tl mm.J.  The head is blunt and bears four short
]:IS (\S‘ AP 1 aryv ¢ . (0 i ’ i
s I‘lf,l(, Is no pharynx, .1(((?r<lmg to Carter’s figure.
b ]bk](‘)p ragus is figured as expanding rather suddenly into
:i‘} u -_11\(‘*, swelling behind. A pair of reddish ocelli is present.
8% I3 2 2 - e 3, i3 1
e .t«lll 1s‘short and somewhat curved, and has a pointed
terminal spike.  The spicules are broad.

Subfamily DESMODORINAS Baylis and Daubney, 1926,

‘ Pharynx ‘va‘riab]c in shape, typically containing a single
forwardly-directed (dorsal) tooth.  (Esophagus with or with-
out a posterior bulb,

1. Genus THORACOSTOMA Marion, 1870,
Synonyms :—Hemipsilus  de  Quatrefages, 1846 ;  Deontostoma
Filipjev, 1916; Jagerskidldia Filipjev, 1916 ;  Leptosomatides
Filipjev, 1918,
Cuticle finely striated, without bristles except in the cervical
region and in the caudal region of the male. Head not
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distinct, but narrowed, with two erowns of bristles and covered
by a specialized cuticular cap. Pharynx short, three-sided,
containing a dorsal tooth which may be simple or bilobed.
(Esophagus without bulb.  Ocelli present, sometimes furnished
with lenses.  Caudal end of male with several pairs of ventral
preanal and postanal bristles. There may be a single median
preanal supplementary organ and two rows of submedian
supplementary organs. A bipartite accessory piece present.
Testes opposed, outstretched.  Female genital tubes paired,
opposed, reflexed.  Caudal glands and spinneret presert
Waorms marine.
Genotype :—Thoracostome echinodon Marion, 1870 (?).

1. Thoracostoma indieum (Stewart, 1914},

Synonym — Leptosomatum indicum Stewart, 1914

Habitat —* Manikpatna, outer channel of Chilka Lake . . .
from Alga: on an oyster-shell.” .

Stewart’s description, which was based on a single male
specimen, seems to suggest a species of Thoracostoma rather
than of Leptosomatum. The worm, according to Stewart,
is 5 mm. long and measures 0-088 mm. in maximum thickness.
The head is rounded and 0-033 mm. wide, and bears a crown
of four short and stout hairs. The mouth is surrounded by
a membranous ring. A cap of yellow cuticular substance
lies under the cuticle of the head, the base of the cap reaching
to a distance of 0-022 mm. from the anterior extremity.
The cap when seen in optical section presents the appearance
of distinet skeletal picees.”  The cuticle of the body is smooth
and bears no hairs.  The lateral organs are spherical capsules
with oval pores. The nearly cylindrical cesophagus measures
0-799 mm. in length and 0033 mmn. in greatest thickness.
There is a pair of black ocelli, with a tinge of red, sibuated
ab 0-56 muy. from the anterior end.  The nerve-ring is sibuated
at (0-2389 nu. from the same point.

The tail is bluntly rounded and measures 0-078 mm. in
length. The lips of the cloacal aperture are slightly prominent.
There is a median papilla at 0-071 mm. in front of the aperture.
Three tubular caudal glands are present. Their duct is
dilated to form a * biscuit-shaped 7 ampulla.  The spicules
are broad and hollow, and measure 0-U88 mm. in length.
There is a single accessory piece.



[
246 STRONGYLIDE.

Order STRONGYLOIDEA Weinland
1858. ’

Parasit; . . .
but c:ll‘ea:ltl(}?l fortn}'lm in 1wluch the mouth is of varying structure
' never has three distinet lips. A b sule ntly

stinet lips. A buccal capsule fi
e ‘ psule frequently
Sp()s?et" (Ilﬂ)sophagus more or less club-shaped \?'ithou.t
c . . ’ ’
rior bulb. Males with a terminal or subterminal caudal
:

bursa, supported by a system of rays consisting typically of

ter lly ym S a eala u]l[ alr (“(l (l q']]

81X l)ll{] Q& 8 1ne(;llc&l pau‘l d n(l a m d <
an I

Ia«y Wlth aCCeSSOry blan('hes- ’ ’ ©

ventra/ systen €
syste _venlrosentra/

—Lloterosenty/

loteral —ilero-iin,
bt vo-firlery/
medloditerir/
D0stEro-fit oy
orsal exlerno-torsal
rsof systs
Fig. 115, ges

—Di
tagram of the bursa of the Strongyloidea. (After Baylis.)

The
througl%ggsr?}l] :rrangement of the rays of the bursa is constant
i canout the gr(itllp, though 1t may be more or less masked
redyn fo ns (Metastrongylide) in which they are much
. éir arrangement, and the nomenclature here

adopted for them, will
ing Heerior o ,“ 51,)' be best understood from the accompany-

12. Family STRONGYLIDA Baird, 1853.

N (I:/I\iilﬁn(r]le:;ﬁ% :5 ;;atherl small lpamsitic forms in which there
ell- uccal capsule in the adults. Tl i
margin of the capsule is without ke 16 anterior
: & tooth-like
flltf‘tl{lg-Plates,' but is usually guarded by a circﬁ%;;wftx};:;i gli"
ez:j -like or“brlstle-hke cuticular elements, known as a corona
Za tate or ““leaf-crown.” There is frequently one such leaf-
rown at the entrance to the buccal capsule and another
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springing from within its walls a little further back. In this
case the former is referred to as the external and the latter
as the internal leaf-crown. From the possession of these
palisade-like fringes some of the Strongylide have received
the name of ** palisade-worms.”

The bursa of the male is well developed, and the rays, as
a rule, show little departure from the typical arrangement.
In some genera the dorsallobe is exceptionally highly developed,
and the dorsal ray becomes complicated by the development

of accessory branches. )
The life-history, so far as is known, is always direct. The

females are oviparous.

Subfamily STRONGYLINA Railliet, 1893.

Buccal capsule relatively large, more or less subglobular
or funnel-shaped. The dorsal gutter (a median longitudinal
thickening in the dorsal wall of the capsule, carrying the
terminal duct of the dorsal cesophageal gland) is usually
well developed and extends nearly to the anterior margin of
the capsule. Worms parasitic in the alimentary canal of
vertebrates.

Key to Genera.

Parasite of a bird (Rhead) ......oovorueenn DELETROCEPHALUS,
Parasites of the horse tribe and elephants . 1. [p. 261.
1. Buccal capsule with dorsal gutter ........ 2.
Dorsal gutter apparently absent.......... 4.
2. Elements of external leaf-crown of two
Y 0 R R PR EQUINURBIA, p. 258.
Elements of external leaf-crown of uniform
length . .ovoeeoriraean e 3.
3. Buccal capsule with two or four teeth at
its base, or without teeth .............. STRONGYLUS, p. 247.
Buccal capsule with six teeth at its base. .. TRIODONTOPHORUS,
4. Buccal capsule goblet-shaped, with a [p. 2563.
circular ridge posteriorly....... ... ... (ESOPHAGODONTUS,
Buccal capsule elongate, narrowing pos- [p. 256.
BOTIOLLY « oo v ivieernrnanarenacannees CHONIANGIUM, P. 259.

1. Genus STRONGYLUS Miiller, 1780.

Synonyms :—Sclerostoma Rudolphi, 1809, et auctt. ; Sclerostomum
auctt.

Elements of external leaf-crown numerous. Internal leaf-
crown may be rudimentary or absent. Buccal capsule more
or less ‘cup-shaped, thick-walled, with an external cuticular
ridge immediately behind its anterior border. Teeth may be
present towards the base of the capsule. Dorsal gutter well
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developed.  Bursa of male small, entire. Spicules not bzn‘l)f‘(l.
Uterine branches opposed.  Adults in the large intestine
of Equidae and clephants,

Genotype —Strongylus equinas Miiller, 1780, of Looss, 1900,

Key lo Subgenera.

Buceal capsule without teoth ... ... ... .. ALFORTIA, p. 250,
Buceal capsulo with teoth near its base ... 1.

L Teethfour ... ... .. STRONGYLUS, p. 248,
Teothtwo ... ... ool 2.

2. Teeth dorsal ... oo DEravospra, p. 251,
Teeth subventeal ... . o L. Ducnresia, p. 251,

Subgenus STRONGYLUS Railliet, 1923,

Buccal capsule with two dorsal and two subventral teeth
at its base. Genital cone of male well developed.  An aceessory
piece present.  Adults parasitic in Equidze.

Type-species :—S. (Strongylus) equinus Miiller, 1780, of
Looss, 1900,

1. Strongylus (Strongylus) equinus Miiller, 1780, of Looss, 1900.
(Fig. 116, A.)
Synonyns —Strongylus equinusg Mualler, 1780 (part);  Strongylus
cquorum. Zoder, 1800 (part) ; Stronyylus  arinatus Rudolphi,
1802 (part) ; Strongylus armatus nejor Rudolphi, 1809 Selero-
stoma cquinum  de Blainville, 1828, Looss, 1900 ;. Stronyylus
neglectus Poeppel, 1897 ; Y Ntrongylus asininus Vibory, l'f!’-");
? Piguris armatim Ward, 1895,

Hosts =—This species occurs in the colon and cweum of the
horse, donkey, mule and zebra, almost wherever these animals
are found. According to Boulenger it is present in almost
every horse in the Punjab. v. Linstow records it from the
horse at Colombo, Ceylon, while Gaiger states that it is very
common in the horse in India, and also records it from Burma.
It is, however, possible that some of Gaiger's records refer
to other species, since he mentions that it is ** common in the
circulatory apparatus,” which points rather to the larva of
S. vulgaris.

The male measures 26-35 mm. in length and 1-1-1-3 mm.
in maximum thickness, the female 38—47 mm, and 1-8-2-25 mmn.
respectively.  The head is not marked off from the body.
The buceal capsule is oval and measures about 1-1 mm. in
length and 0-8-0-9 mm. in maximum width., The external
leaf-crown consists of numerous simple, leaf-like elements.
The elements of the internal leaf-crown are small and hair-like.
The two conical dorsal teeth arise by the bifurcation of a single
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outgrowth from the glorsal gutter near its base. The two
subventral teeth are also conical, but smaller and situated
further back. The wsophagus measures 1-7-1-8 mm. in length
in the male and 2-3-2-5 mun. in the female. The excretory
pore is situated cloxe behind the mouth-collar.

oy s OIS N

i1 i

irtistil by /
E Q;Ci_q
\
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Fig. 116.—Anterior ends of three species of Strong‘;{lus. A, S. equinus,
lateral view ; 13, 8. edentatu~, dorsal view ; C, S. vulgaris,
lateral view. (Ifrom Baylis, after Theiler.)

The dorsal ray of the bursa is about 0-5-0-6 mm. long.
Its branches originate rather close together and are of sub-

equal length. )
The tail of the female is bluntly tapering and 0-5-0-6 mm.

long. The vulva is situated at 12-14 mm. from the posterior
extremity.
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Subgenus ALFORTIA Railllot, 1923,

Buccal capsule without teeth.  Genital cone well developed.
Arrx accessory piece present.  Adults parasitic in Equidee.
Lype-species :—S. (Alfortia) edentatus (Looss, 1900).

2. Strongylus (Alfortia) edentatus (Looss, 1900) Railliet and
Henry, 1909. (Figs. 116, B, & 117))

Synonym :—Sclerostoma edentatum Looss, 1900.

'Hosls :—This species may occur in any member of the horse
tribe, and is of cosmopolitan distribution. Boulenger found it
to be abundant in horses in the Punjab. i

The male measures 23~28 mm. in length and 1-3-1-5 mm. in
maximum thickness, the female 33—44 mm. and 1-6-2-2 mm.

m

Fig. 117, —Strongylus edentatus. Bursa of male ; lateral view.
d., dorsal ray. (From Baylis, after Theiler.)

respectively. The head is marked off from the body by & con-
itrlctlon, whlch. is especially noticeable in the fcl):ml)é. The

uccal capsule is cup-shaped, narrowing considerably towards
the base. It measures 0-8-1-1 mm. in length and 0-8~1-15 mm.
In maximum width. The elements of the external leaf-crown
are numerous, simple and pointed, those of the internal leaf-
crown short and conical. The cesophagus measures about
1'8 mm. in lquth in the male, 2 mm. in the female. The
excretory pore is situated close behind the mouth-collar.

The dorsal ray of the bursa is 0-4-0-475 mm. long and
has slend('ar branches, of which the outermost is the longest.

The tail of the female is 0-45-06 mm. long and bluntly
tapering. The vulva is situated at 10-12 mm. from the
posterior extremity.
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Subgenud DELAFONDIA Railliet, 1923.

Buccal capsule with two dorsal teeth towards its base.
Genital cone very feebly developed. An accessory piece
present. Adults parasitic in Equide.

Type-species :—8. (Delafondia) vulgaris (Looss, 1900).

3. Strongylus (Delafondia) vulgaris (Looss, 1900) Railliet and
Henry, 1909. (Fig. 116, C.)

Synonym :—Sclerostoma vulgare Looss, 1900.

Hosts :—This species may occur in any member of the horse
tribe, and is of cosmopolitan distribution. Boulenger found
it to be common in horses in the Punjab.

The male measures 14-16 mm. in length and 0-75-0-95 mm.
in maximum thickness, the female 20-24 mm. and 1-1-4 mm.
respectively. The head is not marked off from the body.
The buceal capsule is cup-shaped, but somewhat asymmetrical
when seen in lateral view, its wall being more convex on the
dorsal than on the ventral side. It measures up to about
0-6 mm. in length and slightly less in maximum width.
Two large, rounded teeth arise by the bifurcation of a
gingle process at the base of the dorsal gutter. The
elements of the external leaf-crown are fringed. Those of
the internal leaf-crown are apparently represented by a circle
of irregularly-shaped bodies within the mouth-collar. The
cesophagus is 1-3-1-4 mm. long in the male, 1-5-1-7 mm.
in the female. The excretory pore and cervical papillze are
situated at about the level of the nerve-ring (1-45 mm. from the
anterior extremity).

The dorsal ray of the bursa is 0-55-0-6 mm. long, and
has rather stout main branches.

The tail of the female measures 1-1-2 mm. in length, and is
slender and pointed. The vulva is situated at about 6-8 mm.
from the posterior end.

Subgenus DECRUSIA Lane, 1914.

Mouth subterminal, facing slightly dorsally. Buccal cap-
sule with two subventral teeth at its base. Accessory piece
absent. Adults parasitic in elephants.

Type-species :—S8. (Decrusia) additicius Railliet, Henry and
Bauche, 1914.
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4. Stm?ﬁ"ﬂus {Decrusia) additicins Raillicts Henry and Bauche,

5.\':1‘(";1_\'“1»\':-'"A\'h:nug///l/m additictus* Raillict, Henry and Bauche,
li Yo Decrusia deerusi Lane, 19106 Decrusia additicia Raillict,
enry amd Bauche, 1915 Deerusia additietia Khalil, 1922,

‘.1{().#/ —Indian  elephant  (large intestine), This  species,
(llll;_'lll;l‘“..\' recorded by Railliet, Henry and Bauehe from
] nfl‘()-( hina, was also obtained by Lane in Travancore.

ll!(‘ male measures [4-20 mm. in length and -1 mm. in
maximum thickness, the female 1524 mm. and 1+4- 146 mm.
respectively. The  cuticular striations are at intervals of
l()—l3,u._ The head is not distinet from the body.  The buceal
cztpfulc is oval and measures about 0-5 mm. in length and
045 mm. in maximum width., The dorsal uutic'rhis well
developed, but without tecth. There are t;‘(> triangcular
hllb‘\’(‘llt!‘ill teeth near the base of the capsule.  The (:\[:l'll"ll
leaf-crown consists of 140 1o 150 slender elements 'I‘l;o u's:\-
phagus measures 1-75-1-9 mm. in length, The excretory
It;:l,(;l::tT\’:i‘(')‘rl":'(lld?.ll‘ I mam., and the nerve-ring at I-[ mm., from
- The dorsal lobe of the bursa is produced into a sharp point
1“-10 dorsal ray is undivided until near its tip. lt\ f'(‘l‘}lllillz;i
'j)‘xl‘;zr;:llrl:d\lrix rtut'h(-r .\’z!ll‘.lill)l(‘. in namber and - disposition.
2y ](,,’,\“rn-::(l‘y-).w(:-(;“ f(_';u'h .\'_ulv. The spicules are

The tail of th(-hil:nrllv ‘i\!)fnllm‘lzt “"“; o i
o ‘mi N O3 . long, and is bluntly
f()nl(dl.. hut_‘ sometimes has o short t(-rmin:l spike There
s a pair of caudal papille at 005 mm. from the lip The
valva is situated at 7-3 mm. from the posterior (‘\ll"t‘lni(\'
and the body is abruptly narrowed bhehind it The \“l"i|.12;
‘I;llili\“ {)u‘ri\\'nr(l from “lt_‘ vulva, It s fnl(lv‘(l and (:l;l‘l‘s
:ii\;):*l[gxi:]:r 111111:«.-11lv.‘u-..uv‘(-jv('tnr «’lp])zlr':llu:\', from which the two

ging utert spring, the candad of these having a very
A:-ll‘iil)rt‘g:tl‘ulml course b.vt'()ro turning sharply (>(~ph:ll;ulh‘. (Il(llll‘).
0’04:0;_-6;:_;;;"(‘)\'el‘lri‘ﬁ:"lilrllc:l;ltnx sth‘vll.\', m(-usurin;_f 006 -0-075 <
of Luyine J mtents are segmenting at, the time

t_l;ffc-hwtury oj.l/u: species of Strongylus.—The  life-history
;) 11(,5( t\lx.orn}s I3 not yet known in complete detail. but in
road outhine 1t ¢ ars 8 whi ( ;

" ,(.(,(1 : tl;( ‘1t) appears to be somewhat as follows,  The egys
pf.blb. (}) 1¢ exterior with the droppings of the host hatch
within abeut two days, and during the next four to seven

; f‘(/(/{ll(lus \\as.t.}l(_’ original spelling, but is assumed to have been
a misprint, as additicins oceurs Inter in the samo paper
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days the larvae undergo two moults. The cuticle of the
second moult is retained, and the larvee are now at the infective
stage. They are capable of climbing up on to herbage,
and are very resistant to drying and to changes of temperature.
If ingested by a suitable animal, they moult again and pene-
trate into the wall of the large intestine, where some of them
may become temporarily encysted under the mucous membrane.
The majority, however, apparently enter the blood-vessels
and are carried by the blood-stream to different parts of the
body. Fourth-stage larvee of Strongylus cquinus are found
mainly in the liver. pancreas and perirenal tissue, and those of
8. cdentatus under the parietal peritoneum.  The larvee of
8. vulgaris, according to Olt (1932), normally migrate by way of
the portal xystem and right heart to the lungs and trachea, are
swallowed azain and become adult in the colon.  Frequently,
however, the larvee of this species become lodged in the
mesenteric arteries, where they cause thrombi and aneurisms,
and may grow to a length of 20 mm.

It has been suggested that the larva of all the species
ultimately leave the various organs in which they are lodged,
and return to the intestine by boring through its wall from
outside. Though this may sometimes occur, it seems not
unlikely that the normal course of migration is similar in all
cases to that described by Olt for S. vulgaris, and that larv:
found in such organs as the liver and pancreas have * lost
their way,” and are mostly destined never to become adults.

9. (jenus TRIODONTOPHORUS Looss, 1902.

Synonym —Triodontus Looss, 1900, nec Westwood, 1845.

External and internal leaf-crowns present, their clements
of equal number. Buceal capsule almost globular, rather
small, but with relatively thick walls. Dorsal gutter present.
From the wsophageal funnel three pairs of teeth project into
the buccal capsule. Spicules terminate in small hooks.
Vulva relatively close to the posterior end of the body. Uterine
branches parallel.  Adults parasitic in the large intestine of
Bquidze.

senotype :

Triodontophorus minor {Looss, 1900).

Key to Species.

Tail of female more than (-4 mm. long ; mouth-
collar circular in optical section or somewhat

flattened. . ... ... o e serralus, p- 254.
Tail of female less than 0-2 mm. long .. .... ., 1.
1. Mouth-collar flattened, widest posteriorly . ... sminor, p- 25+
Mouth-collar high, widest anteriorly ...... ... brevicauda, p. 255.
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1. Triodontophorus minor (Looss, 1900} Looss, 1902
Synonym :—~Triodontus niinor Looss, 1900,

H{)S( :—This species was found commonly in herses in the
Punjab by Boulenger.

Tl}e male measures 9-13 mm. in length and 0-7-0-8 mm. in
maximum thickness, the female 11-16 mm. and 0-75-0-85 mm.
respectively.  The mouth-collar is flattened, especially at its
posterior niargin, which sometimes tends to eurl forward.
The buccal capsule measures 0-12-0-19 mm. in length and
0-14-0-19 mm. in width. Each of the teeth has three promi-
nent anterior projections, the margins of which may be smooth
or deeply serrated. Each leaf-crown contains about -t to 50
elements. The cesophagus is 0-92-1-15 mm. long. The
excretory pore and cervieal papilla are situated a little behind
the nerve-ring, at 0-6-0-8 mm. from the anterior extremity.

The dorsal lobe of the bursa is rather long. The Hpi(;llll‘/s
measure about 1-7 mm. in length, und have a short spur at
the point where the tips bend forward. The tail of the female
i3 0-13-0-17 mm. long. The vulva is situated at O-44-0-7 mm.
from the anus. The eggs measure 0-076-0-09 < 0-04-0-05 mm.

2, Triqdontophorus serratus (Looss, 1900) Looss, 1902,
(Fig. 118.)

Syponyms —Triodontus serratus Looss, 1900 ; Triodontophorus
tntermedius Sweot, 1909,

ch&?l ‘—This species was found by Boulenger on several
o asions d1n horses at Lahore and Sargodha, Punjab. It is
0 recorded by v. Linstow from ponies on Jranativu, Ceylon,

FRM,

Fig. 118.—T'riodoniophorus serratus. Anterior end ; lateral view.
(From Baylis, after Yorke and Maplestone.)
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The male measures 14-5-20 mm. in length and 0-65-0-8 mm.
in maximum thickness, the female 16-5-26 mm. and 0-65-
1-1 mm. respectively. The mouth-collar is variable in shape,
and may be circular in optical section or somewhat flattened.
The buccal capsule measures 0-1-0-13 mm. in length and

0-14-0-18 mm. in width. The edges of the teeth, which

extend to about the middle of the capsule, are usually denticu-
late. Each leaf-crown contains 48 to 55 elements, those of the
internal crown being small and plate-like. The cesophagus
is 0-97-1-6 mm. long. The excretory pore and cervical papillae
are situated just behind the nerve-ring, at 0-54-0-95 mm. from
the anterior extremity.

The dorsal lobe of the bursa is short and broad. The spicules
are stout, and have their tips curved into a hook, with a barb
on the opposite side of the shaft a little before the tip. The
tail of the female is 0-45-0-8 mm. long. The vulva is situated
at 1-45-2:7 mm. from the posterior end. The eggs measure
0-076-0-1< 0-04-0-05 mm.

3. Triodontophorus brevicauda Boulenger, 1916. (Fig. 119.)

Host :—This species was found once by Boulenger among
material from a horse at the Punjab Veterinary College,
Lahore. It was first recorded in England.

AN

\ Y

3

Fig. 119.—T'riodontophorus brevicauda. Bursa of male ; lateral view.
(After Boulenger, in ‘ Parasitology.’)
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The male measures 13-3—15 mm. in length and 0-6-0-75 mm.
in maximum thickness, the female 1395 17 mm. and 0-67-
0-9 mm. respectively.  The mouth-collar ix high and ereet,
almost  funnel-shaped, and  widest at it antertor margin.
The buceal capsule measures 0-15 021 mm. in length and
0-18-0-25 mm. in width. The ecdges of the teeth, which
barely reach the middle of the capsule, are notched but
usually not denticulate.  Fach leat-erown contains an average
of 60 clements.  The asophagus ix 04 18 mm. long. The
exceretory pore and cervieal papillie are situated at about t.he
level of the nerve-ring, at 0-73-0-9 mm. from the anterior
extremity.

The dorsal lobe of the bursa is long. ‘The spicules are
slender, with their tips strongly recurved and having hammet-
shaped barbs at their junction with the shafts. The tail of the
female is 0-1-0-15 mm. long. The vulva is situated very
close to the anus, at about 0-3 mm. from the posterior end.
The body tapers rapidly behind the valva o as to appear
obliquely truncate.  The cges measure 0-076. 041 - 0-04 mm.

3. Genus ESOPHAGODONTUS Ruillict and tHenry, 1902

Synonym :—FPseudosclerostonuon Quiel, 1919,

External and internal leaf-crowns present.  Mouth-collar
depressed.  Buceal capsule goblet-shaped, with a circular
ridge posteriorly.  The lining of the wsophageal funnel is
thrown into three small folds or teeth which do not project
into the buccal capsule.  Dorsal gutter absent.  Bursa entire.
Dorsal ray cleft to the point of origin of its accessory branches,
of which there are three pairs.  Postero-lateral ray with
an accessory branch.  Vulva relatively distant from  anus.
Uterine branches parallel.  Adults parasitic in Equidee.

Genotype :—@sophagodontus robustus (Giles, 1892).

1. (Esophagodontus robustus ((iles, 1892) Railliet and Henry,
1902, (Figs. 120 & 121.)

Synonyms :—-Sclerostoma  robustim Cliles, 1892 ;  Pscudoselero-
stomum securiferum Quicl, 1919,

Hosts :—This species oceurs in the colon and cwcum of
horses, mules and zebras in various parts of the world, but
does not appear to be a very common parasite. It was first
recorded by Giles from a mule in India, and has also been
found In horses in the Punjab and elsewhere (Montgomery,
Boulenger). .

The male measures 15-16 mm. in length and 0-95-1 mm. in
maximum thickness, the female 19-22 mm. and 1-1-1-5 mm.

ESOPHAGODONTUS.

N Fig. 120

Fig. 120.—W@sophagodontus robustus. Anterior end.

Fig. 121.—@Wsophagodontus robustus.

NEM.

(After Boulenger, in * Parasitology.’

)

(After Theiler.)

Bursa of male ; lateral view.

8
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respectively. The head is marked off from the body by a slight
constriction, and measures 0-5-0-8 mm. in width. The
buccal capsule has its wall greatly thickened externally at the
posterior end by an annular ridge. The capsule measures
0-22-0-32 mm. in length. Its maximum width, near the
anterior end, is 0-32-0-47 mm., and it is considerably narrowed
behind. The external leaf-crown consists of about 18 large
elements, and the internal leaf-crown of about 36 considerably
smaller elements. The wsophagus measures 1-3-1-7 mm. in
length. Its greatest width (up to 0-31 mm.) oceurs just behind
the buccal capsule. It then narrows towards the middle and
widens again posteriorly. The excretory pore and the very
small cervical papille are situated slightly behind the nerve-
ring, at 1-2-1-3 mm. from the anterior extremity.

The genital cone of the male is short and broad, almost
hemispherical in shape, and bears a pair of lateral papille.
The spicules are long and slender, with blunt tips, and are
enclosed in a finely-striated sheath.

The tail of the female measures 0-43-0-7 mm. in length
and is variable in shape, often appearing mucronate. The
vulva is situated at 2-75-3-7 mm. from the posterior end.
The eggs are oval and thin-shelled, and measure 0-088.-0-13 x
0-04-0-06 mm. Their contents are in an carly morula stage
at the time of laying.

4. Genus EQUINURBIA Lanc, 1914,

Body fairly stout. External leaf-crown composed of
numerous elements of two lengths, two short elements being
placed between each pair of long elements. Buccal capsule
subglobular, with a long dorsal gutter. Externo-dorsal rays
of bursa with two accessory branches and a dorsal boss.
Dorsal ray cleft for about half its length. The externo-
dorsal rays and two pairs of accessory branches of the dorsal
ray spring from the median stem of that ray. Vulva promi-
nent, close to the anus. Uterine branches parallel.  Adults
parasitic in elephants.

Genotype :—Equinurbia sipunculiformis (Baird, 1859).

|. Equinurbia sipunculiformis (Baird, 1859) Lanec, 1914.

Synonyms :—=Sclerostoma sipunculiforime Baird, 1859 ; Sclerostoma
spinuliferum  Cobbold, 1879; Cylicostomum sipunculiforme
Railliet, Henry and Bauche, 1914.

Host :—Indian elephant (cazcum).

The male measures, on an average, 15 mm. in length and
1-3 mm. in maximum thickness, the female 27-5 mm. and
1-5 mm. respectively. The head is marked off from the
body by a distinct “ neck.” The buccal capsule is cup-shaped.
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The dorsal wall of the capsule is slightly shorter than the
ventral, and the mouth is tilted slightly dorsally. The
external leaf-crown contains, according to Lane, 168 rays,
of which 56 are long and 112 short. The internal leaf-crown
consists of 112 short elements. The cesophagus is 2-3 mm.
long. It is somewhat enlarged immediately behind the buceal
capsule, then becomes cylindrical, and gradually enlarges
again behind the nerve-ring, which is situated at 0-6 mm. from
the anterior end. The excretory pore and cervical papilla
are situated slightly behind the junction of the cesophagus
and intestine.

The spicules measure 1-5 mm. in length. The tail of the
female is 0-8 mm. long, and bears a pair of caudal papille at
0:35 mm. from the tip. Lane describes the posterior end of
the female as follows :—¢ The anus lies at the bottom of
a depression between the tail and a marked caudad-projecting
conical prominence, on the summit of which the vulva opens.
Baird and Cobbold have likened the whole effect, when the
tail is viewed from the side, to that of a Chinese woman'’s
foot. .. The vagina runs cephalad for 1-7 mm. and then
divides into the two uteri which run cephalad side by side,
and are furnished with weak ovejectors, the bulbs of which
lie 15 mm. from the bifurcation. The ovarian coils reach
to a point 6 mm. caudad of the junction of the cesophagus and
chyle-intestine.” The eggs are thin-shelled and measure
0:06< 0-03-0-035 mm. Their contents are segmenting at the
time of laying.

5. Genus CHONIANGIUM Railliet, Henry and
Bauche, 1914.

Synonym :—dsifia Lane, 1914,

Anterior extremity obliquely truncate, so that the mouth-
opening faces somewhat dorsally. External leaf-crown com-
posed of numerous long, fine elements. Internal leaf-crown
absent. Buccal capsule elongate, narrowing posteriorly.
No teeth in the buccal capsule, but paired hemispherical
bosses present on the internal surface of its wall. Dorsal
gutter apparently absent. Postero-lateral ray of bursa with
a well-developed accessory branch. Externo-dorsal rays and
a pair of accessory branches of the dorsal ray both spring
from the median dorsal stem, the accessory branches being
cleft almost to their bases. Main stem of dorsal ray cleft
for less than half its length. An accessory piece present.
Tail of female short and straight. Vulva close to anus.
Uterine branches parallel. Adults parasitic in elephants.

Genotype :—Choniangium epistomum (Piana, in Piana and
Stazzi, 1900).

s2
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1. Choniangium epistomum (Piana. in Pirna and Stazzi, 1900)
Railliet, Henry and Bauche, 1944, (Fig, 122))

Synonyms :—~Sclerostoma epistonion Piana, in Piana and Stazzi,
1000 ; Asifia vasifa Lane, 1914,

Host .—Indian elephant  (czecum). Lane's material was
obtained at Murshidabad, Bengal.

The male measures 14 mm. in length, the female 19 mm.
The greatest thickness occurs near the head, and is 075 mm.
in the male and 1 mm. in the female. The body of the male
narrows to -4 mm. posteriorly. The cuticular striations
are at intervals of 4 4. The buccal capsule is about 0-75 mm.

i

Fig. 122.—Choniangivm epistomum. Anterior end ; dorsal view.

(After Lano.)

long and has a maximum diameter, near the anterior end,
of about 0-:35 mm. There are, according to Lanc, “ five
pairs of hemispheroidal cuticular prominences  projecting
into the oral cavity. One pair of these lies caudad of its
equator close to the mid-dorsal duct.  Cephalad of these and
on a more ventral plane lies a second pair,  Ventrad of the
first pair, at about the level of the lateral lines, lies a third
pair, while a fourth pair lies ventrad of the second pair, and
nearer the mid-ventral line than the third. The fifth pair is
close to the ventral midline about the equator of the cavity.”
The external leaf-crown contains 53 converging rays. The
wsophagus is 1-5 mm. long, un({ gradually in(-r‘vusos in dia"mcte'r
posteriorly to a maximum of 0-32 mm. The nerve-ring is
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situated at 1-25 mm., the cervical papille at 2 mm., and the
excretory pore at 2-2 mm., from the anterior extremity.

“The spicules measure 2 mm. long. They are widest
about their equator. The peripheral part has a double S
curve gradually tapering to a very fine point. When seen
from the side the accessory piece is deeper caudad than
cephalad, but when scen from the dorsum the appearance is
the reverse, and at the same time the cephalad edge is deeply
notched 7 (Lane).

The tail of the female is 0-5 mm. long, and bears a pair of
papillze at 0-15 mm. from the tip. The vulva is situated at
0-8 mm. from the posterior end. * The vagina runs cephalad,
slightly sinuous, for 1 mm. and then divides into the two
parallel cephalad-running uteri. The bulbs of the ovejectors
are situated 0-6 mm. from the vagina. The uteri end 8 mm.
further cephalad, and the ovarian coils extend to 1 mm.
caudad of the beginning of the chyle-intestine. The ova
measure 0-05x 0-025 mm.”” (Lane).

2. Choniangium sp.

Ware (1924) has recorded immature specimens of a species of
Choniangium from nodules in the wall of the large intestine
of an clephant at Coorg, South India. It seems possible that
these may have been C. epistomum, although the transverse
striations of the cuticle were coarse (about 18 p apart) and
very prominent.

6. Genus DELETROCEPHALUS Diesing, 1851 *.
Synonym :—Quasistrongylus Maplestone, 1932.

Head somewhat compressed laterally. Mouth elliptical and
directed anteriorly. Buccal capsule large and subglobular,
with an undulating anterior border, an external leaf-crown
consisting of six very broad, longitudinally-striated clements,
and an internal leaf-crown of numerous small elements. At
the base of the capsule a number of anteriorly-directed teeth,
including a dorsal pair which are longer than the rest. A small
wsophageal funnel present, with longitudinal ridges in its walls.
(Esophagus club-shaped, with stout cuticular lining. Bursa

* The systomatic position of this genus is somewhat uncertain.
It was placed by Baylis and Daubney (1926) in the subfamily Tricho-
neminz, but in view of the fuller descriptions now available it should
perhaps bo transferred to the Strongylinz. Railliet and Henry, in 1911,
placed it, together with Codiostomum (a parasite of the ostrich), in
a special tribe, Deletrocephalex, of the Strongylinm. Codiostomum,
however, is a typical member of the Strongylina, and Deletrocephalus
does not appear to be more closely allied to it than to other genera
of the subfamily.
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of male excised anteriorly.  Prebursal pagille absent.  Ventral
rays short, close together and widely divergent from the
lateral rays. The lateral rays originate from a common
trunk, the postero-lateral being the longest.  The externo-
dorsal rays originate from the stem of the dorsal ray. The latter
is bifurcate distally and gives off one or two pairs of accessory
b.rzm('hos before its bifureation.  The terminal branches are
simple.  Spicules slender.  An imperfectly-chitinized accessory
picce present. Vulva situated on a large prominence close
to the anus. Uterine branches parallel.  Adult worms
parasitic in a bird (Rhea).
Genotype :—Deletrocephalus dimidiatus Diesing., 1851,

1. Deletrocephalus dimidiatus Diesing, I831.

Synonyms :—Strongylus  dimidiatus  Schneider. 18663  Quasi-
strongylus rhe:e Maplestone, 1932,

Host :—South American ostrich, or rhea (Rhea amearicana)
(intestine); Zoological Gardeny, Calcutta {Maplestone).

There appears to be little doubt that, as Lins de Almeida*
has pointed out and Maplestone t has himself recognized, the
specimens recorded by Maplestone (1932, 5) under the name
of Quasistrongylus rhea: belonged to Diesing’s species, of
which a new deseription, based on South American material,
has been given by Travassos (1933).

This species appears to be very variable in size. Molin
(1861), indeed, recognized two varicties, mejor and minor, the
former measuring 16-26 mm., the latter -9 mm. in length.
S(-lll}eider’s speeimens also scem to have been very large, us
he gives the length of the male as 18 mm. and that of the female
as 22 mm. According to Maplestone and Travassos the male
measures about 8:5-12 mm. in length and the female about
13-15 mm., and the maximum thickness of both sexes appears
to vary between about 0-35 mm. and 0-5 mm. The length
of the buccal capsule is given by Travassos as 0-072-0-104 mm.,
and by Maplestone as 0-125-0-13 mm. The former author
gives its diameter as 0-096-0-136 mm., the latter as 0-14-
0-144¢ mm., but it is not stated whether the latero-lateral
or the dorso-ventral diameter is referred to. According to
Travassos the number of teeth at the base of the capsule
is 13, there being six pairs and an unpaired ventral tooth.
Maplestone states that, while the long dorsal teeth have simple
points, the shorter teeth end in bifid points. ~Although neither
author mentions a dorsal gutter, both figure a structure

* Compt. rend. Soc, Biol., Paris, exviii, p. 285 (1935).
+ Ree. Ind. Mus, xxxvii. p. 335 (1935).
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which probably represents this organ, and which evidently
extends nearly as far as the margin of the capsule. The
@sophagus is 0-64-0-85 mm. long. The nerve-ring is situated
at about 0-25-0-36 mum. from the anterior end. Travassos
states that the excretory pore and cervical papille are also
at about this level, but Maplestone gives their distance from
the anterior end as 0-535 mm. in the male and 0-693 mm. in
the female.

The spicules of the male, according to Maplestone, are
equal, have recurved tips and measure 1 mm. in length.
According to Travassos they are slightly unequal, and measure
respectively 0-94-0-97 mm. and 0-97-1 mm. Schneider
gave their length as “ at least 5 mm.” The accessory piece,
according to Maplestone, measures 0-06 mm. in length and is
“in the form of a chitinized tube.” According to Travassos
it is imperfectly chitinized and shows radiating chitinous
thickenings in its middle portion, and two longitudinal pro-
longations. Judging from his figure, these prolongations are
at its anterior end. There is a genital cone bearing, according
to Maplestone, a pair of broad, mammilliform papille.

The tail of the female is tapering and pointed, and measures
about 0-21-0-22 mm. (Travassos) or 0:27-0-36 mm. (Maple-
stone) in length. The vulva either opens upon, or is overhung
by, a large prominence a short distance from the anus.
According to Travassos the distance from the vulva to the
posterior extremity is 0-383-0-43 mm. Maplestone, however,
gives the distance from vulva to anus as 0-4 mm., so that the
distance from the vulva to the posterior end would be about
07 mm. The short, muscular vagina divides to form a pair
of muscular ovejectors which run forward parallel to each
other. The length of the whole muscular apparatus, according
to Travassos, is 0-88-1 mm., but according to Maplestone
apparently about 2 mm. The terminology employed by the
two authors for the various parts is, however, different, and
this renders comparison of the descriptions somewhat difficult.
The eggs measure about 0-16-0-17 X 0-07-0-08 mm.
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Subfamily TRICHONEMINA Railliet, 1916.

Buccal capsule cylindrical, with relatively thick walls.
Dorsal gutter comparatively short, not reaching the anterior
margin of the capsule. No ventral cervical groove or cephalie
vesicle. Parasites of the alimentary tract of vertebrates.

Key to Genera.
Wall of buccal capsule widoly separated from

lining of mouth-cavity................... QUILONIA, p. 284,
Wall of buceal capsule not widely separated
from lining of mouth-cavity.............. L.
L. Wall of buceal capsule divided into an anterior
ring-shaped and a posterior cup-shaped |p. 288.
portion ...... ... oo BourageLATIA
Wall of buceal capsule not so divided. ...... 2, ’
2. Elements of extornal loaf-crown longor
laterally than dorsally or ventrally ....... Mursiminia, p. 278
Elements of external leaf-crown of uniform PP
length ... .. .. L 3.
3. (Bsophagus hourglass-shaped . ........ ... .. KnavLiLia, p, 282
(]:)R()phagus not hourglass-shaped ...... ... . . pe=ms
4. External leaf-crown consists of six elements. .  KiLurLuma p. 286
External leaf-crown counsists of more than six T
elements 5

.............................. A,
5. Dorsal ray of burse of male bifurcato almost
to its baso

............................. TricHONEMA, p. 264.
D]OP??I' ray of bursa bifurcate for only about. |p. 276.
half its length . ... ... .. ... .. . Porertosromun,

1. Genus TRICHONEMA Cobbold, 1874.

bynonyms —Cyathostomun Molin, 1861, and Looss. 1900 (noc

C:,l/a{hostoma Blanchard, 1849); Cylicostonion Railliot, 1901 ;
Cylichnostomuwm Looss, 1902,

Al .

External and internal leaf-crowns present.  Buceal capsule
rather shallow, more or less eylindrical, without teeth. (Eso-
phageal' funnel gencrally well developed.  Dorsal ray of
bursa bifurcate almost to the point of origin of the externo-
dorsal rays. The two pairs of accessory branches of the
dors(jxl ray spring from the bifurcate portion and not from the
median stem. Spicules terminating in double hooks. Vulva
close to anus. Uterine branches parallel.  Adults parasitic
in IEquidee.

Genotype —Trichonema longibursatum (Yorke and Macfie,
1918).

Over thirty species of this genus have been described as
occurring in the caecum and colon of members of the horse
tribe. Most of them occur indifferently in horses, donkeys,
mules and zebras, and are of cosmopolitan distribution.
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The genus has been gplit up into eight subgenera, which some
authors would treat as genera. The four subgenera to be
dealt with here may be scparated by means of the following
key :—

Elements of internal leaf-erown rod-like,

originating near anterior margin of buccal

capsule .o FRRRERR 1.
Elements of internal leaf-crown triangular
plates, originating some distance behind

anterior margin of buccal capsule ......... .2 }
1. Wall of buccal capsule with a hoop-like [p. 271.
thickening posteriorly ... ...ooooiviiio CYLICOCYCLUS,
Wall of buccal capsule without a posterior [p. 265.
thICKENINg « o v v vee e TRICHONEMA,
2. Posterior end of female straight or slightly bent [p. 268.
AOTSAMY « v vee it CYLICOSTOMUM,
Posterior end of female strongly bent dorsally
and shaped somewhat like a human foot in [p. 272.
lateral VIew .. ..veeie i CYLICOCERCUS,

Subgenus TRICHONEMA Le Roux, 1924.
Synonym :—Cylicostephanus Ihle, 1922.

Mouth-opening circular. Mouth-collar depressed. Buccal
capsule usually long and cylindrical, or somewhat narrowed
anteriorly. The elements of the internal leaf-crown are short
rods, situated in the immediate neighbourhood of the anterior
margin of the capsule. Tail of female usually straight.

Type-species :—1'. (T'richonema) longibursatum (Yorke and
Macfie, 1918).

Key to Species.
Buceal capsule almost eylindrical. ... oo 1.
Buccal capsule narrowed anteriorly .......... 2

1. External leaf-crown contains 8 to 10 elements.. calicatum, p. 267.
External leaf-crown contains 30 to 35 elements.  poculatum, p. 268.

9. External leaf-crown contains 8 clements....... minutum, p. 267.
Kxternal leaf-crown contains 14 to 18 elements. longibursatum,
[p. 265.

. Trichonema (Trichonema) longibursatum (Yorke and Macfie,
1918). (Figs. 123 & 124.)

Synonyms :—C ylicostornum longibursatum Yorke and Macfie, 1918 ;
Cylicostomum  calicatiforme Kotldn, 1919 ; Cylicostomum nanum
1hle, 1919 ; Cylicostomum (Cylicostephanus) longibursatum Ihle,
1922,

[—

Host :—This species is recorded by Boulenger from horses
at Sargodha, Punjab.

The length of both sexes is about 5-7 mm., and the maximum
thickness about 02 mm. The mouth-collar is low, but marked
off from the body by a constriction. The lateral cephalic
papille are prominent. The buccal capsule is wider behind
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Fig. 123.
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Fig. 123.—T'richonema longibursatum. Bursa of male. A, ventral view ;
‘ B, lateral view. (From Baylis. aftor Theiler.) ’
Fig. 124.—T'richonema longibursatum. A, genital cone and appendages,
lateral view; B, genital appendages, ventral view;

C, tips of spicules. (From Baylis. after Yorke and Macfie.)
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than in front. It measures 0-017-0-024 mm. in length and
0-026-0-032 mm. in greatest width. The external leat-crown
contains 14 to 18 elements. The cesophagus is 0-24-0-34 mm.
long. The excretory pore and cervical papille are situated
at 0-2-0-22 mm. from the anterior extremity.

The dorsal lobe of the bursa is very long and narrow. The
tail of the female is 0-:08-0-124 mm. long, and the vulva is
situated at 0-051-0-073 mm. from the anus. The eggs measure
0-076-0-08 % 0-032-0-036 mm.

9. Trichonema (Trichonema) calicatum (Looss, 1900).

Synonyms —Cyathostomum calicatum Looss, 1900 ; Cylichno-
stomum calicatum Looss, 1902 ; Cylicostomum calicatum Gedoelst,
1903 ; Cylicostomum (Cylicostephanus) calicatum Ihle, 1922.

Host :—Recorded by Boulenger from horses at Sargodha,
Punjab.

The male measures 5-5-6-5 mm. in length and 0-26-0-28 mm.
in maximum thickness, the female 6-5-8 mm. and 0-28-
0-34 mm. respectively. The mouth-collar is flattened,
measures 0-075-0-088 mm. in width, and is marked off from
the body by a slight constriction. The buccal capsule is
almost cylindrical and measures 0-028-0-04 mm. in length
and 0-024-0-038 mm. in width. Its walls are slightly thickened
posteriorly. The external leaf-crown contains 8 to 10 broad
elements. The esophagus is 0-29-0-4 mm. long. The excre-
tory pore and cervical papille are situated at about 0-22-
0:25 mm. from the anterior extremity.

The bursa has a long, narrow dorsal lobe. The tail of the
female is 0-06-0-1 mm. long, and the vulva is situated at
0-04-0-08 mm. from the anus. The eggs measure 0-064-
0-068 < 0036 mm.

3. Trichonema (Trichonema) minutum (Yorke and Macfie,
1918).
Synonyms :—Cylicostomum minutum Yorke and Macfle, 1918 ;
Cylicostomum calicatum var. minus Kotldn, 1920 ; Cylicostomum
(Cylicostephanus) minutum Ihle, 1922.

Host :—Recorded by Boulenger from horses in the Punjab.

Both sexes measure about 46 mm. in length and 0-23-
0-28 mm. in maximum thickness. The mouth-collar is
moderately high, measures about 0-06 mm. in diameter, and
is not marked off from the body. The buccal capsule is widest
posteriorly. It measures 0-02-0-028 mm. in length and
0-02 mm. in width. The external leaf-crown contains eight
broad elements, the internal about 20 elements. The oeso-
phagus is about 0-28-0-34 mm. long. The excretory pore and
cervical papille are situated at 0-24-0-248 mm. from the
anterior extremity.



268 STRONGYLID A,

The dorsal .l”b“ of the bursa is short..and broad. The tail
of the female is 0-035-0-07 mm. long, and the vulva is situated
at about 0-08-0-1 mm. from the anus.

4. Trichonema (Trichonema) poculatum (Looss, 1900).

Synonyins —Cyathostonnom poculatum Looss, 1900 3 Cylichno-
.\'{()nmm pocudatum  Looss, 19025 Cylicostonion  poculation
Gedoelst, 1903 Cylicostomum (Crlicoste phanns) poculatum 1hle,

1922,

Host .—Found twice by Boulenger in material from horses
at Sargodha, Punjab.  Occurs in the caecum, usually in small
numbers. ’

14 Al

The male measures 8-9 mm. in length and 0-36 mm. in
maximum thickness, the female 10-11 mm. and 0-44 mm.
respectively.  The mouth-collar is flattened and continuous
with the body, and has a diameter of 0-12-0-128 mm. The
buccal cup:qul(‘ is nearly cvlindrical and measures 0-06-
0-082 mm. in length and 0-056-0-06 mn. in width, Its walls
are thickened posteriorly.  The external leaf-crown containg
30 to 35 clements. At about the middle of the capsule a ring
Qf 1r£0gular processes project from the lining, The asophagus
15 0-77-1 mm. long. The excretory pore and cervical papillae
are situated at 0-46-0-36 mm. from the anterior extremity.
Th{‘h(rb(‘(l.(t)'rTa! l()F)fe of the bursa .is rather large and rmmfh'll.

gental cone is elongate, projecting beyond the edge of the

i Al s - .
bursa. The tail of the female ix slender and measures 0-29-

0-38 mm. in le The v is s )
¢ nm. in length.  The vulva is situated at 0-15-0-16 mm.
romn the anus.

Subgenus CYLICOSTOMUM Ihie, 1922,

Jo

<
Synonym —Cylicostomias Cram, 1925,

External leaf-crown consi o .
oSt lo:alf(r()\\n consists  of (%lg})t}!('ll to twenty-four,
" Yy pointed, elements.  [nternal leaf-crown composed of
bmi{, triangular, radially-disposed plates, whose origin extends
ac “?Ll‘fls on to the internal surface of the buccal capsule
.son}lle distance from its anterior margin.  Buccal capsule
rather short and thick-walled. Tail of female straight or
slightly bent dorsally.

Type-species :—1'. (Cylicostomum) wgyptiacum Railliet, 1923,

Key to Specics.

Buceal capsule more than (-03 mm. long. ... coronatum, p. 270.
Buccal capsule less than 0-02 mum. long ... 1.
1. Mouth-collar not divided into * lips 7 ;  tail
of female about 01 mm. fong ............ agypliacum, p. 269,

Mouth-collar divided into four ** lips ; tail
of female not more than 0-08 mm. long ... [{labiatum, p. 270.
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5. Trichonema (Cylicostomum) segyptiacum Railliet, 1923.

(Fig. 125.)

Synonyms :—Strongylus tetracanthus Mehlis, 1831 (part); Sclero-
stoma  quadridentatum Dujardin, 1845 (part); Sclerostomum
tetracanthum Diesing, 1851 (part) ; Sclerostoma  hexacanthum
Wedl., 1856 part); Cyathostomum tetracanthum Molin, 1861
(part) ; Cylichnostomum tetracanthum Looss, 1902 ; COylicostornum
tetracanthum Gedoelst, 1903 ; Cylicostommum (Cylicostomum)
tetracanthum Ihle, 1922,

Hosts *—1In some countries, e. g., Egypt, this is said to be the
commonest species of Trickonema in the horse and donkey.
It seems, however, somewhat doubtful whether it has yet been
found in India. Gaiger (1915) records * Cylichostomum
tetracanthum * as being very common in horses in the Punjab.
Boulenger (1921), however, did not find it there, even among
the collection in the Punjab Veterinary College, and it seems
probable that the name was used by Gaiger in a collective

RN

/| E%

Fig. 125.—T'richonema wgyptiacum. Anterior end ; dorsal view.
(After Yorke and Maplestone.)

sense for various species of Trichkonema. Baylis and Daubney
(1923, b) record *“ Cylicostomum tetracanthum (Mehl., 1831),”
from a horse, as being represented in the collection of the
Zoological Survey of India, but it is not certain that the
specimens were of Indian origin. v. Linstow (1904) records
« Cylichnostomum tetracanthum > from ponies on Iranativu,
Ceylon, and quotes Looss, 1901. It is possible, therefore,
that he may have been dealing with the species now known
as T'richonema xgyptiacum, since this is the C. tetracanthum
of Looss.

The male of T'. xgyptiacum measures 7-9 mm. in length
and about 0-3mm. in maximum thickness, the female 8-12 mm.
and 0-4-0-5 mm. respectively. The mouth-collar is somewhat
flattened, and scarcely distinet from the body. The buccal
capsule measures about 0-012 mm. in length and 0-06 mm. in
width, its greatest width being at the anterior margin. Its
walls are of irregular shape in optical section, with a somewhat
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knee-shaped inward bend. The externa} leaf-crown containg
about 22 elements, the internal leat-crown about twice as many.
These originate behind the middle of the capsule. The dorsal
gutter is represented by a blunt knob on the posterior margin
of the capsule.  The @sophagus is 0-36-0-4 mm. long.

The dorsal lobe of the bursa ix rounded and not distinetly
marked off. The tail of the female is 0-1-0-12 mm. long, and
the vulva is situated at 0-14-0-2 mm. from the anus. The
egrgs measure (-076-0-08>0-036-0-04 mm.

6. Trichonema (Cylicostomum) coronatum (Looss, 1900).

Synonyms :-—C'yathostomum coropatiom lLooss, 1900 ; ('ylichnosto-
“anon coronatwm Looss, 1902 ;. Cylicostomon coronatum Cedoelst,
1903 5 Cylicostomum (Cylicostonmwm) coronatum 1hle, 1922,

Host ——Boulenger found this species to be very common
in horses in the Punjab.

The male measures 7-9 mm. in length and 0-34-0-36 mm. in
maximum thickness, the female 9-10 mm. and 0-4-0-44 mm.
respectively. The mouth-collaris rather low, and is marked
off by a slight constriction. The bhuceal capsule is thick-
walled and nearly cylindrical, hut slightly narrowed in the
middle. It measures 0-037-0-05 mm. in length and 0-024-
0-028 mm. in width. The dorsal gutter does not project into
the capsule. The external leaf-crown contains about 22 ele-
ments, the internal leaf-crown a large number. The wso-
phagus is 0-38-0-46 mm. long. The exeretory pore and
cervical papille are situated a little behind the nerve-ring,
at about 0-28-0-3 mm. from the anterior extremity.

The dorsal lobe of the bursa is rather long and has nearly
parallel sides. The tail of the female is 0-16-0-2 mm. long,
and the vulva is situated at 0-12-0-14 mm. from the anus.
The eggs measure 0-08-0-09 X 0-036-0-044 mm.

7. Trichonema (Cylicostomum) labiatum (Looss, 1902).

Synonyms :(—Cylichnostomum labiatum Looss, 1902 ; C'ylicostomum
labiatum Gedoelst, 1903 ; Cylicostomaum (Cylicostonuon) labiatum
Ihle, 1922,

Host :—This species was obtained by Boulenger on several
occasions, but usually in small numbers, from horses in the
Punjab.

The male measures 7-7-9 mm. in length and 0-33-0-4 mm.
in maximum thickness, the female 9-5-11 mm. and 0-36-
0-42 mm. respectively. The mouth-collar is constricted off
from the body and divided to form four large “ lips,” two of
which are subdorsal and two subventral. The buccal capsule
is very short (0-012-0-016 mm. in length) and measures
0-05-0-056 mm. in width. The dorsal gutter is represented
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by a blunt tubercle., The external leaf-crown contains about
19 long and pointed elements. The cesophagusis0-36-0-38 mm.,
long. The excretory pore and cervical papille are situated
just behind the nerve-ring, at 0-3—0-38 mm. from the anterior
extremity.

The dorsal lobe of the bursa is very short and rounded.
The tail of the female is 0-045-0-08 mm. long and is slightly
bent dorsally, but has a short point which is usually bent
ventrally. The vulva is situated at 0:12-0-15 mm. from the
anus. The eggs measure 0-076-0-08 X 0-032-0-038 mm.

Subgenus CYLICOCYCLUS Ihle, 1922.

Elements of internal leaf-crown usually small and numerous,
generally in the form of fine rods, originating in the immediate
neighbourhood of the anterior margin of the buccal capsule.
The posterior margin of the wall of the buccal capsule forms a
hoop-like thickening. Tail of female straight or only slightly
bent dorsally, very seldom strongly bent.

Type-species :(—T'. (Cylicocyclus) radiatum (Looss, 1900).

Key to Species.

External leaf-crown contains 32 to 48 elements .... insigne, p. 271.
Cxternal leaf-crown contains about 20 elements ... nassatum, p. 272.

8. Trichonema (Cylicocyelus) insigne (Boulenger, 1917).

Synonyms :—Cylichnostomum insigne Boulenger, 1917 ; Cylicosto-
mum zebrae Boulenger, 1920 (nec Cylichnostomum zebree Turner,
1920) ; Cylicostomum insigne Boulenger, 1921 ; Cylicostomum
(Cylicocyclus) insigne Ihle, 1922,

Host :—According to Boulenger this is the commonest
species of Trickonema in the Punjab, being found in almost
every horse, often in very large numbers. The adults are
almost completely restricted to the hinder part of the colon,
but larvae are ¢ found abundantly in the cecum, usually
encysted in the sub-mucosa, rarely free.”

The male measures 11-12-5 mm. in length and 0-62-0-7 mm.
in maximum thickness, the female 13-5-15 mm. and 0-74-
0-85 mm. respectively. The mouth-collar is rather high and
is marked off from the body by a constriction. The lateral
cephalic papillee are large and prominent, projecting as horn-
like processes. The buccal capsule is wide and rather shallow.
It measures 0-046-0-066 mm. in length and 0-13-0-2 mm. in
width. A dorsal gutter is absent. The external leaf-crown
contains 32 to 48 pointed elements. The cesophagus is 0-7—
1 mm. long, and the excretory pore and cervical papille are
situated near its posterior end.
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The dorsal lobe of the bursa is rather broad.  The tail of the
female is sometimes slightly bent dorsally, and measures
0-16-0-25 mm. in length. The vulva is situanted at O-14-
0-2 mm. from the anus. The eggs measure 0:075-0-088 X
0-036-0-05 mm.

9. Trichonema (Cylicoeyclus) nassatum (Looss, 1H00).

Synonyms :—(yathostonum nassatum Looss, 1900 ; Cylichnostomum
nassatum Looss, 1902 ; Cylicostomum nassatum Gedoelst, 1903 3
Cylicostomum (('ylicocyclus) nassatiwm Thle, 1122,

Host :—According to Boulenger this is, with the exception
of T'. insigne, the commonest species of T'richonema in horses
in the Punjab. He found the variety parvam more abundantly
than the typical form.

In the typical form the male measures 7-10 mm. in length
and 0-3 mm. in maximum thickness, the female 9-14 mm. and
0-6-0:7 mm. respectively. The mouth-collar is contractile,
and is marked off from the body by a deep constriction.
Its transverse axis is longer than its dorso-ventral axis. The
lateral cephalic papille are rather prominent. The buccal
capsule is elliptical in section and is very short. It measures
0-036-0-04 mm. in length and 0-08 mm. in width. Its walls
are very thin anteriorly.  The dorsal gutter extends to about
the middle of the capsule. The external leaf-crown contains
abput 20 elements. The internal leaf-crown is composed of
minute rectangular plates. The wsophagus is 0-48-0-6 mum.
long.

The dorsal lobe of the bursa is broad and rounded. The
tail of the female is about 0-2 mm. long and is slightly bent
dorsally. The vulva is situated at about 0-17 mwm. from the
anus.

9a. Var. parvum Yorke and Macfie, 1918.

This variety is considered to differ from the typical form in
size (average length, male 7 mm., female 88 ‘mm.) and in
having * a third (small) lateral branch > on the dorsal ray of
the bursa. The latter character does not appear to be \l)cry
distinctive, since Looss’s figure of the bursa of 7'. nassatum
shows one such small branch on one side and two on the other.
There is evidently considerable variation in this respect.

Subgenus CYLICOCERCUS Ihle, 1922.

External leaf-crown composed of twenty to twenty-nine
elements.  Elements of the internal leaf-crown like those of
the subgenus Cylicostomum, but the region of their origin
may extend back to a great distance from the anterior margin
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of the buccal capsulg. Posterior end of female strongly bent
dorsally, with a pre-vulvar swelling, the whole somewhat
resenibling a human foot when viewed laterally.

Type-species :—7'. (Cylicocercus) alveatum (Looss, 1900).

Key to Species.

Buccal capsule, in lateral view, narrower

anteriorly than posteriorly ................. goldi, p. 274.
Buceal capsule, in lateral view. wider anteriorly
than posteriorly ........... .o 1.

1. Bases of elements of internal leaf-crown form
a regularly curved line extending further

farward laterally than dorsally and ventrally . . catiratum, p. 273.
Bases of elements of internal leaf-erown form
asinuousline .......... . i paleratum, p. 275.

10. Trichonema (Cylicocercus) catinatum (Looss, 1900).
(Fig. 126.)
Synonyms :—Cyathostomwm. catinatum Looss, 1900 : Cylichnosto-

mum catinatwm Looss, 1902 ; Cylicostomum catinatum Gedoelst,
1903 ; Cylicostomum (Cylicocercus) catinatum Thle, 1922,

Host :—Boulenger found the typical form on several
ocecagions in horses in the Punjab, usually in company with the
variety pseudo-catinatum.

i

Fig. 126.—T'richonema catinatum, var. pseudo-catinatum. Anterior
end ; ventral view. (After Yorke and Macfie.)

In the typical form the male measures 7-8 mm. in length
and 0-35 mm. in maximum thickness, the female 9-9-5 mm. and
0-35 mm. respectively. The mouth-collar is distinctly marked
off from the body. The dorso-ventral axis both of the collar
and of the buccal capsule is slightly longer than the latero-
lateral axis. The lateral cephalic papille are fairly prominent.

NEM. T
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The buccal capsule is wider than long, and its walls are thicker
laterally than dorsally and ventrally. A dorsal gutter 18
absent. The external lenf-crown contains 20 o 22 elements.
The internal leaf-crown originates further forward at the
sides than dorsally and ventrally.

The dorsal lobe of the bursa is rounded and not marked
off from the lateral lobes.  The posterior end of the female is
bent dorsally at right angles to the body, and the tail is very
short. The vulva is situated at 0-06 mm. from the anus.

10 @. Var. pseudo-catinatum (Yorke and Mactic, 1919) lhie,
1922,
Synonym :—Cylicostomwm pseudo-catinatum Yorke and Mactio,
1919.

This form, which was originally described as o distinet
‘gpecies, is now generally considered not more than a variety
of 7. catinatum. The specimens described by Yorke and Macfie
were small (male 5:2-6-6 mm. long and 0-26 mm. thick,
female 6:1-7-7x0-32 mm.), but individuals may occur of
a size intermediate between these and the typiceal form.
The buccal capsule measured 0-0225-0-029 mm. in length
and 0:034-0-0475 mm. in greatest diameter. The wsophagus
measured 0-314-0-349 mm. in length in the male and 0-322-
0-363 mm. in the female.  Ihle, however, observed specimens,
which he ascribes to this varicty, in which it, measured up to
0-37 mm. in the male and 04 mm. in the female. The tail
of the female measures, according to Yorke and Macfie, on the
average 0:069 mm., and the distance from vulva to anus
0-061 mm.

Apart from measurements, the main difference between this
variety and the typical form is held to lie in the appendages
of the genital cone in the male. These, as described by Yorke
and Macfie, consist of two pairs of prominent, conical pro-
cesses. In the typical form, as described by Looss, there
is one pair of blunt processes with notched outlines.  As has
been pointed out by Boulenger (1921, @) and by Theiler (1923),
there i8 a good deal of variation in the form of these appendages,
and it seems doubtful whether they should Dbe regarded as
having varietal significance.

11. Trichonema (Cylicocercus) goldi (Boulenger, 1917).

Synonyms :(—Cylichnostomum goldi Boulenger, 1817 ; Cylicostomum
goldi Boulenger, 1921; Cylicostomum (Cylicocercus) goldi 1hle,
1922,

Host -—This species has been recorded from the horse in the
Punjab by Boulenger.
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The male measures 5:2-7-3 mm. in length and 0-23-0-3 mm.
in maximum thickness, the female 6-9-75 mm. and 0-28-
0-45 mm. respectively. The mouth-collar is high and marked
off by a constriction. The buccal capsule is shallow and
somewhat narrowed in front, and measures 0-02-0-032 mm. in
length and 0-045-0-06 mm. in width. The dorsal gutter is
represented by a small tubercle at the base. The external leaf-
crown contains 20 to 22 elements, the internal leaf-crown about
36. The cesophagus is 0-3-0-5 mm. long. The excretory
pore and cervical papill are situated at 0-25-0-3 mm. from
the anterior extremity, about half-way between the nerve-
ring and the posterior end of the cesophagus.

The dorsal lobe of the bursa is broad and rounded. The
posterior end of the female is bent dorsally almost at right
angles to the body, and the tail measures 0-095-0-145 mm.
The vulva is situated at 0-06-0-15 mm. from the anus. The
average size of the eggs is 0-1:¢0-05 mm.

12. Trichonema (Cylicocercus) pateratum (Yorke and Macfie,
1919).

Synonyras :—Cylicostomum pateratum Yorke and Macfie, 1919;
Cylichnostomum cymatostomum Kotlan, 1919 ; Cylicostomumn
cymatostomum  Kotlan, 1919;  Cylicostomum (Cylicocercus)
pateratumn Thle, 1922.

Host :—Boulenger records a single specimen from the colon
of a horse at Sargodha, Punjab.

The male measures 8-11 mm. in length and 0-38-0-6 mm. in
maximum thickness, the female 8-4-15 mn. and 0-39-0-7 mm.
respectively. The mouth-collar is high and marked off by
a constriction. When fully extended its height is greater
dorsally and ventrally than laterally. The lateral cephalic
papille are prominent. The oral aperture is elliptical, with
its longer axis dorso-ventral. The buccal capsule is elliptical
in transverse section. In lateral view its walls diverge
anteriorly, while in dorso-ventral view they are almost parallel
or even converge anteriorly. The capsule measures 0-025-
0-028 mm. in length and 0-08-0-097 mm. in maximum width.
The dorsal gutter does not project into the capsule. The
external leaf-crown contains 20 to 25 elements. The internal
leaf-crown consists of numerous long, narrow elements arising
from a sinuous line at about the middle of the capsule. The
csophagus is 0-53-0-76 mm. long. The excretory pore and
cervical papille are situated immediately behind the nerve-
ring, at 0-3-0-36 mm. from the anterior extremity.

The bursa is relatively short and without a distinct dorsal
lobe. The posterior end of the female is bent dorsally at

T2
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right angles to the body. The tail measures 6-105 O I_»13 nim.
in length. and the vulva'is situated at 0-001-0-123 mm. from the
anus. The eges measure 0088 0o 0-048 O-0RE o,

2. Genus POTERIOSTOMUM Quicl, 1914,

Synonyn :—Hexodontostomum Thle, 1020,

Elements of external leaf-crown numerons, those of the
internal leaf-crown large and broad when seen from the
exterior. Sometimes six of the btter elements are longer
than the rest.  Postero-lateral ray of bursa has an accessory
branch. The externo-dorsal ray and the two pairs of branches
of the dorsal ray leave the main stemr in its anterior half,
and run almost at right angles to it.  The dorsal ray is bifurcate
only as far as the point of origin of the more posterior pair of
accessory branches.  'Fail of female long, straight and free
from swellings.  Adults parasitic in the e intestine of
Equidze.

Genotype :—Lotcriostonuenm i paride ntatum Quicl, 1919,

L. Poteriostomum imparidentatum Quicl, 1919, (Figs. 127 &
128.)

Synonyms :—Poteriostomum  pluridentation Quicl, 1919 :  iexo-
dontostomum  markusi Thlo, 1920 ¢ Cylichnostomum  zebree
Turner, 1920. '

Host :—This species was found once (a single specimen) by

B(zuleng(‘r in the colon of a horse at Sargodha, Punjab.
. The male measures 11-14 mm. in length and 0-6-0-76 mm.
In maximum thickness, the female 13-21 mm. and 0-9 1-15 mm.
respectively.  The mouth-collar i high and distinetly marked
off by a constriction. It has a diameter of 0-3-0-35 mm.
The mouth is dorso-ventrally clongate.  The buceal capsule is
elliptical in section, with its longer axis dorso-ventral. 1t
measures 0-052-0-07 mm. in length and 0-15-0-22 mm. in width.
Its walls converge anteriorly and increase gradually in thickness
posteriorly. The dorsal gutter extends to about the middle
of the capsule. The external leaf-crown contains about
72 t080 or more small, pointed elements; the internal leaf-crown
about 36 to 50 long and bluntly-pointed elements, six of which
are much longer than the rest. The asophagus is 0-63-0-8 mm.
long. The excretory pore and cervical papille are situated
at or behind the middle of the wsophagus.

The bursa of the male is short and broad, without a distinet
dorsal lobe.  The tail of the female is 0-76-1 mm. long, straight
and tapering to the tip, which is blunt. The vulva is situated
at 0-68-0-9 mm. from the anus. The vagina is short (072 mm.)
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Fig. 127,

Fig. 128.
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TFig. 127.—Poteriostomun imparidentatum. Anterior end ; ventral view,
(After Yorke and Macfie.)
Fig. 128.—Poteriostomum imparidentatum. Bursa of male ; lateral view.
(After Theiler.)
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3. Genus MURSHIDIA Lant, [914.
Synouyms* o Lteridopharyne Lane, 19213 Yemplisia l\'l'\_uhl.
1922 0 Henrygella Neveu-Lemaiee, 19240 Plerggopharyne Witen-
berg, 1925 ? Buissonio Neven.Lemaire, 1924,

Body tapering anteriorly.  Tn the male the thickest portion
of the body may he just anterior to the bursa. Mouth-collar
typically prmpi.;wnt laterally, invised dorsally and ventraily,
so as toform two lateral “lips.”  Externallead-crown cmnporft‘d
of numecrous fine elements originating along a curved line
and shorter dorsally and ventrally than laterallyv, thus giving
to the mouth the shape of a dorso-ventral slit.  Buceal capsule
more or less evlindrical, in some species with two or more siall
teeth at its base. The cuticular lining of the sectors of the
cesophagus may or may not have a plumose structure.  Antero-
lateral ray of bursa divergent from the other lateral rays.
Postero-lateral and externo-dorsal rays  frequently  with
a dorsal boss or accessory branch,  Dorsal ruy typically with
two pairs of accessory branches, which may be partially fused.
Spicules long and slender. An aceessory picee  present.
Vulva close to anus. Uterine branches  paraliel.  Adults
parasitic in the alimentary canal of clephants, rhinoceroses
and warthogs.

- Genotype .M urshidia murshida Lane, 1914,

Key to Specics.

Spicules of malo less than 1 mm. long, with fine,

barbed points ................ ceeiianvee dndica, p. 281,
Spicules of male more than 1 mm. long. ... .. .. L.

1. Kach spiculo with a small, posteriorly-direeted

spur near the tip; wsophagus about 0-3

O8mm.long ... .. . mirershida, p. 275,
Fach spicule with tip shaped like the head of

a golf-club, without posterior spur wsophagus

about 09—l mm. long .................. oo Jaleifera.p. 280,

1. Murshidia murshida Lane, 1914. (Fig. 129.)

I{ost ‘—Indian elephant (cacum); obtained by Lane from
various parts of India. Specimens in the British Muscum
(Natural History) from Ceylon.

* Baylis and Daubney (1926), in discussing the aftinitios between
Murshidia. Pteridopharyny and the othor genora mentioned here,
pointed out the probability that all these forms were congeneric.
Yorke and Maplestone (1926) have gone into the question carctully
and have independently concluded that., with the possible exception of
Buissoria. all these nameos should be regarded as synonyws of Murshidia.
Their conclugion, with the slight modifications which it entails in the
generic diagnosis, is adopted here.
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The male measures about 18-20 mm. in length and 0-6 mm.
in maximum thicknkss, the female about 22-28 mm. and
0-7-0-9 mm. respectively. The cuticular st.riations are at
intervals of 7. The buccal capsule measures 0-075-0-12 mm.
in diameter. The external leaf-crown contains 60 elel_nent'g.
The wsophagus is 0-5-0-57 mm. long. The nerve-ring is.

—
o1 mm.

Fig. 129.—Murshidia murshida. A, anterior end, viewed from left
) side ; B, bursa of male, lateral view. (After Lane.)

situated at 0-3 mm., the excretory pore at 0-8 mm., and the
cervical papillee at 0-85 mm., from the anterior end.

The lateral rays of the bursa of the male have swollen bases.
The three branches of each half of the dorsal ray are at about
equal distances. The spicules are about 1-3 mm. long, and
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their tips are bent dorsally. At the angle there is a small,
posteriorly-directed spur. The tail of the female is 1-6-
2.2 mm. long, and tapers to a slender point. The vulva
is situated at 2:3-2:0 mm. from the posterior end, and has
rather prominent lips.  The vagina measures0-3 mm. in length,
the ovejectors 0-375 mm. and the uterine branches 55 mmy,
according to Lane.  Mature cggs were not observed by Lane.
According to Witenberg (1925) they measure 0-072 - 0-048mm.

2. Murshidia falcifera (Cobbold, 1882) Lane, 1915,
Synonyms :-—Strongylus  faleifer  Cobbold,  I882: Cylicostona
Saleifer Mitter, 1912 Cylicostonnon faleiferim Raillict, Heary

and Bauche, 1914 0 Murshidia faleifer Lune, 1914,

Host -—Indian elephant (cacum) ; recorded from various
parts of India by Lane, from Burma by Evans and Rennie,
and from the Andamans by Bhalerao.  Specimens in the
British Museum (Natural History) trom Ceylon.

The male measures 22-27 mm. in length and about 0-49 ma.
in maximum thickness, the female 2432 mm. and about 1 mm.
respectively.  The cuticular strintions are at intervals of 7 u.
The buccal capsule measures 0-1-0-13 mm. in diameter. The
external leaf-crown contains, according to Lane, 80 clements
on cach side, or. according to Witenberg (1923). 40 on cach
side (80 in all). The wsophagus is about 0-9-1 mm. long.
The nerve-ring ix situated at about 05 mm. from the anterior
end, the excretory pore at the level of the posterior end of the
asophagus, and the cervical papille a little behind this,
at 1'2 mm. from the anterior end.

The bases of the lateral rays of the bursa are not swollen.
Of the three branches of each half of the dorsal ray. the two
aunterior are close together and somewhat separated from
the posterior.  The spicules are about 1-5 mm. long according
to Lane, or 1-69-1-79 mm. according to Witenberg,  Their
tips are bent dorsally and shaped like the head of a golf-club,
without a posterior spur.  The shafis are curved just betore
the terminal bend. ** The middle third of cach spicule is
provided with two incurved alw, ridged obliquely in a plumose
fashion, forming a gutter; on the last third of the spicule
these ala fuse, forming a canal which opens at the curved end
Of the spicule. There is a small S-shaped, curved aceessory
piece, 0-05 mm. long, visible from the sides only. A telamon
is present " (Witenbery).

The tail of the female is 1-59-2-2 mm. long, and has a pair of
papille at 1-5 mm. from the tip. The vulva is situated at
about 3 mm. from the posterior end.  Its lips are usuatly
only slightly thickened. The eggs measure 0-03x0-03 mny.
{Lane), or 0-084>0-041 mm. (Witenberg).
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3. Murshidia indica ("Wave, 1924) Yorke and Maplestone, 1926.
(Fig. 130)
Synonym :—Pteridopharynz indice Ware, 1924,

Host .—Indian elephant ; Malabar, South India.

The male measures 153-18 mm. in length and 0-6 mam. in
maximum thickness, the female 19-22 mm. and 0-7 mm.
respectively.  The cuticular striations are at intervals of 12 u.
The mouth-collar is marked off by a groove. The buccal
capsule measures 0-06 mm. in fength and 01 mm. in width.

Fig. 130.—Murshidia indica. Bursa ot male ; lateral view.
(After Ware.)

The oral aperture is rectangular. The external leaf-crown
contains 42 elements, which are united for about half their
length. The cesophagus is 0-52 mm. long in the male, 0-63 mm.
in the female.  For a distance of about 0-08 mm. at the anterior
end its cuticular lining has a plumose structure. The nerve-
ringis situated at 0-25 mm., the excretory poreat 0-88-1-08 mm.,
and the slender, anteriorly-directed cervical papille at 0-98-
1:2 mm., from the anterior extremity.

The spicules measure 0-85 mm. in length, and are slender and
provided with finely plumose ale except at the tips. The tip
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of each spicule is bent dorsally and hay a very fine? barbed
point. The accessory piece is saddle-shaped and measures
O-1 mn in Jength and 0-05 mm. in width. The body of the
female is suddenly constricted behind the valva. The tail
is 0-8-1 mm. long, and tapers to a tine point. The vulva is
situated at about O-1 num. from the anus, opens posterioriy,
and is covered ventrallv by a large prominence of its anterior
lip. The uterine branches originate at a distance of 0-55 mm.
from the vulva. Each has a powerful ovejector at about
128 mm. from the vulva. The eggs measure 0-06°< 0-035 mm.
(average),

4. Genus KHALILIA Neven-Lemadre, (924,
Synonyms : -lindra Lane, 1914, nee Givault, 1913 Adwmiroides
Strand, 1929,

Cuticle thick, sometimes with bosses in front of the bursa
in the male. External and internal leat-crowns present.
Buceal capsule very shallow, with thick walls.  (Esophagus
hourglass-shaped, with a large wsophageal funnel and lined
almost throughout with thickeued cuticle,  Dorsal lobe of
bursa may be enormously elongate.  Prebursal papille long
and slender, appearing as additional rays. Al the bursal
rays relatively long and slender, more particularly the dorsal,
which is cleft almost to its base. Acvessory branches of dorsal
ray typically two pairs, arising from the bifurcate portion.
One pair may be much reduced. Spicules extremely long and
filiform. An accessory picce present.  Vulva close to anus.
Uterine branches parallel.  Adults parasitic in the alimentary
caual of elephants and rhinoceroses.

Genotype :—Khalilia rhinocerotis Neveu-Lemaire, 1924,

1. Khalili'a pileata (Raiilict, Henry and Bauche, 1914).
(Fig. 131.)
Synonymns :—Cylicosfomum pileatum Railliet, Honry and Baucho,
1914 ; Amira omra Lane, 1914 ; Amire pileata Lane, 1915,

Host .—Indian elephant (cecum); recorded by Lane from
Murshidabad and Travancore.

The male measures 9-5-10 mm. in length and 0-4-0-6 mm.
in maximum thickness, the female 11:5~14 mm. and 0-55-
0-75 mm. respectively. The cuticle has transverse striations at
intervals which, in the cesophageal region, may measure up
to 30 #. The buccal capsule measures 0-025-0-04 mm. in
length and up to 0-128 mm. in width posteriorly. Kach of the
leaf-crowns contains 32 to 36 elements, those of the external
crown being stout. The cesophagus is very short (0-55-
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0-6 mm_}’ ind is compysed of two swellings of which the posterior
is slightly the larger, separated by a constriction in which lies
the nerve-ring. The excretory pore is situated just behind
the cesophagus, and the long, prominent cervical papiile alittle
behind the excretory pore.

In the male the cuticle is swollen ventrally in front of the
bursa into a large boss. The dorsal lobe of the bursa and the
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Fig. 131.—Khalilia pileata. Bursa of male ; lateral view.
{After Lane.)

dorsal ray are very long. The latter measures about 17 mm. in
length and bifurcates at about 0-25 mm. from its base. Each
main branch gives off, according to Khalil (1922, 5), two very
short lateral branches not far from the point of bifurcation
(of these only one was described and figured by Lane). The
gpicules are slender and measure, according to Lane, 35 mm,
in length. Lane states that there is no accessory piece.
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Khalil, however, has deseribed the presence of an decessory
picee 1165 mm. long, )

The tail of the female is rather binnt, nu‘:l.\‘urvsuﬂ--l.)*
05 e in length and bears o pair of papitke at 625 mm.
from the tip. The vulva is situated at 07 0-55 mm. from
the  posterior extremity. The  vaginag runs forward  for
adistanee of about 2 mm. before siving off the uterine branches,
which also run forward,  The eges measure 0:06-0-073
0-03--0-045 mn.

. Genus QUILONIA Lane, 9L

Synonyvins 1 Lransic Raillict and Heorey, 19130 nee Sceotty l;"'b.
Nemateransic Thle, VN9 0 Paraguiionia Neven-Lemnire, 1924,

Fxternal leaf-crown composed of a few long elements.
Internal leat-crown present or absent. Bueeal eapsule a wide,
shallow ring, its wall widely separated from the lining of 1119
mouth-cavity, which is bounded by the clements of the leaf-
crowns,  The latter extend backwards and are continuous
with the cuticle lining the @wsophageal funnel,  Teeth may be
present at the base of the buecal capsule.  Lateral rays of
the bursa rather divergent from cach other.  The externo-
dorsal rays spring from the median stem of the dorsal ray
towards its base.  Dorsal ray eleft for about one-third of its
length. Each of its main branches gives off two smz}ll
aceessory branches,  An aceessory plece present. Vulva in
posterior third of body.  Uterine branches opposed, but trl!e
posterior branch turns and runs anteriorly.  Adults parasitic
in the intestine of elephants and rhinoceroses.

Genotype :—Quidonia rennied (Railliet and Henry, 1913).

Koy to Speeies.

External leaf-crown contains 18 elements ;  dorsal

ray of bursn about 0-35 mm. long ... ... ... renniel p. 284,
External leaf-crown contains 10 eloments ;  dorsal
ray of bursa about 0-85 mnvw long ... ... ..., travancra, p. 286.

I. Quilonia renniei (Raillict and Henry, 1913) Railliet, Henry
and Bauche, 1915, (Fig. 132)
Synonyms :-—Feansia renniei Raillict and Henry, in Railliet,

Henry and Joyeux, 1913 : Quilonic quilona Lane, 1914; Nemat-
cransia rennied 1hle, 1919,

Host -—Iundian clephant (cacum) ; recorded from Travancore
by Lane, and from Burma by Evans and Rennie.

The following description is taken mainly from l_ﬁmo ()l)!)l4,a),
with the addition of a few details given by Khalil (1922, ).
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The male measuresyabout 15 mm. i length and 0-6 mm. in
maximum thickness, the female about 20 mm. and 0-85 mun.
respeetively.  The cuticular striat‘i.(ms are at intervals of about
31 u. The mouth-collar has a diameter of about 0-2 mm.,
the buccal capsule of 0-16 mni. The external leaf-crown
contains 18 clements, which project bevond the surface of the
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Fig. 132.—Quilonia rcanici. A, anterior end. viewed from left side;
B, bursa of male, lateral view. (After Lane.)

head. The csophagus is about 0-8 mm. long. The nerve-
ring is situated at 0-4 mm., the excretory pore at(-65 mm., gmd
the cervical papillie at 0-85 mm., from the anterior extremity.

The dorsal ray of the bursa is comparatively short (about
0-35 mm.). The lateral and ventral rays are slender. The
spicules measure 0-825 mm. in length, the accessory piece
0-175 mm.
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The tail of the female is sharply pointed and measures 2 mm.
in length. [t bears a pair of papille at 1-2 mm. from the
tip. The vulva iy situated at 6 mm. from the posterior end.
The eggs measure, according  to Klalil, 0-075-0-0815x
00375 mm.

2. Quilonia travancra Lane, 1914,

Nyvnonyms —Feansia travancra Lane, 1915 ;. Nemateransia tra-
cancra thle, 1919,

Host :—Indian clephant ;  recorded from ‘Pravancore by
Lane.

The male measures about 18 mm. in length and 0-65 mm.
in maximum thickness, the female 20 mm. and 0-9 mm.
respectively. The cuticular striations are at intervals of
37w. The mouth-collar measures 026 mm., the buccal
capsule 018 mm. in dimmeter. The external leaf-crown
contains 10 elements, which do not project beyond the surface
of the head. The asophagus is about 075 mm. long. The
nerve-ring is situated at O-45 mm., the excretory pore and
cervical papille at 1 mm., from the anterior extremity.

The dorsal ray of the bursa is comparatively long (about
0-85 mm.).  All the rays are stouter than in Q. renniei.  The
spicules are about 0-9 mm. long, and have a sinuous outline
near the tip.  The accessory picce is 0-2 mm. long.

The tail of the female measures 2:3 mm. in length, and has
i blunt tip. The caudal papilla are situated at 0-9 mm.
from t.he tip. The vulva is at o distance of 58 mm. from the
posterior end.  The eggs measure 0-07 - 0-045 mm.

6. Genus KILULUMA Skrjubin, 1916.

Mouth-collar divided by grooves into six sections, cach
bearing one of the cephalic papilte.  Buccal capsule shallow,
cylindrical, with thick walls.  An external leaf-crown of six
clements present, these arising from the base of the buccal
capsule and projecting from the mouth-opening.  Prebursal
papille of male appear as an additional pair of ventral rays
within the bursa. Externo-dorsal rays originate separately
from the dorsal ray and appear as an extra pair of lateral rays.
Dorsal ray with one pair of accessory branches, arising high
up on the main stem. The tips of these branches may be
bifurcate. Spicules broad, alate, and twisted distally.  An
accessory piece present. Vulva near the anus.  Uterine
branches parallel.  Adults parasitic in the alimentary canal of
rhinoceroses.

Genotype i—KRiluluma stylosa (v. Linstow, 1907).
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1. Kiluluma stylosa (¥. Linstow, 1907) Skrjabin, 1916.

Synonym i—Delctrocephalus stylosus v. Linstow, 1907.

Host :—This species is recorded both by v. Linstow and by
Skrjabin from the stomach of Rhinoceros africanus in East
Africa. Baylis and Daubney (1923) referred to it some speci-
mens from the stomach of Rhinoceros unicornis [R. indicus]
from Janakpur, Nepal.

The description given by v. Linstow (1807, a) was consider-
ably amplified by Skrjabin (1916, b), who assumed that he was
dealing with the same species. Thapar, however, has described
a wholc series of supposedly distinct species from the African
rhinoceros. The differences between several of these are so
slight that the species are regarded by Taylor (1925, ) as
synonymous, but it is not certain whether any of them are
identical with the species stylosa of either of the earlier
describers, nor can it be considered certain that Skrjabin’s
species was identical with v. Linstow’s.

The male of K. stylvsa, according to v. Linstow, measures
16 mm. in length and 0-77 mm. in thickness, the female 20-
26 mm. and 1-38 mm. respectively. Skrjabin gives 19 mm.
and 0-935 mm. for the male, 21 mm. and 1-12 mm. for the
female. The length of the ccsophagus is given by v. Linstow
as 1/29 of the total length in the male, 1/34 in the female
[2. e. about 0-55 mm. and 0-76 mm. respectively]. Skrjabin
gives 0-578 mm. in the male, 0-595 mm. in the female. The
cervical papille, according to v. Linstow, are at 1-1 mm. from
the anterior end ; according to Skrjabin, at 0-85 mm. in the
male and at 0-952 mm. in the female. They have long,
flagellate terminations. The nerve-ring, according to Skrjabin,
is at 0:2-0-22 mm., and the excretory pore (in the female)
at 0-88 mm., from the anterior end.

The spicules are 3-2 mm. long according to v. Linstow, or
272 mm. according to Skrjabin. Their tips are pointed
according to the former, spatulate according to the latter
author. The tail of the female, according to v. Linstow,
measures 0-35 mm. in a specimen 20 mm. long. Skrjabin
gives the length of thetail as 0-374 mm. The vulva is situated
at a distance of 0-48 mm. (v. Linstow) or 0-52 mm. (Skrjabin)
from the posterior extremity. The eggs measure about
0-1x 0-055 mm. according to both authors.
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7. Gienus BOURGELATIA Railliet. Ii‘(‘m‘.\‘ and Bauche,
1919,

Buceal capsule shallow and eyvlindrieal, its wall thick and
composed of two portions, of which the posterior is more or
Jess continuous with the cuticular lining of the wide, Eillzl“()\\'
wsophageal funnel.  External leaf-crown composed of about
twenty large, pointed elements @ internal leaf-crown of the
samie number of bifid clements. Ventral rayvs of bursa parallel
and closely applicd to each other. Bursa incised near the
tips of the ventral rays, giving the appearance of a par of
additional lobes.  Anfero-lateral ray somewhat shorter than,
but not divergent. from, the remaining lateral rays.  Kxterno-
dorsal rays originate high up on the main dorsal stem. Dorsal
ray cleft for almost halt its length, A single accessory branch
springs from each main branch.  An aceessory piece present.
Vulva close to anus.  Uterine branches  parallel. Adults
parasitic in the intestine of pigs.

Genotype :—Bourgelutia diducta Raillict, Henry and Bauche.
1919.

1. Bourgelatia diducta Raillict, Henry and Bauche, 1919
(Rigs. 133 & 134.)

Host :—Domestic pig (ceecum). This species, which was

originally recorded from Annam, is also recorded from Bengal
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Fig. 133.—Bouwrgelatin diducta. Antorior end ; dorsal view. (From
Hall, after Railliet, Henry and Bauche.)

by Maplestone, who found it to be present in 42 out of 49 pigs
examined in Calcutta. ‘

The following description is taken from the account given by
Railliet, Henry and Bauche, supplemented by that of Maple-

stone.

)
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The male measures8-85-12:5 mm. in length and 0-4-0-6 mm.
in maximum thickness, the female 10-13-5 mm. and 0-5—
0-64 mm. respectively. The cuticular striations are at intervals
of 5-7 u in the middle region of the body. The buccal capsule
measures 0-036-0-04 mm. in length and 0-068-0-072 mm. in
width. It is composed of an anterior ring-shaped portion,
surrounding the bases of the leaf-crowns, and a posterior
cup-shaped portion into which the former fits. Each of the
leaf-crowns contains 21 clements, those of the internal crown
being bifid. The ceesophagus is club-shaped and measures
about 0-65-0-95 mm. in length in the male, 0-75-0-1 mm. in

Fig. 134.—DBourgelatia diducta. Posterior end of male ; lateral view.
(From Hall, after Raillict, Henry and Bauche.)

the female. The excretory pore is situated at 0-268-0-36 mm.,
and the cervical papille at 0-396-0-55 mm., from the anterior
end.

The bursa of the male is marked off by notches into dorsal,
lateral and ventral lobes. The genital cone is a pointed
structure with a large papilla on each side of its base. The
spicules, according to Maplestone, < appear to emerge through
a separate canal dorsal to the intestinal opening.” They
measure 1:12-1:33 mm. in length and have transversely
striated ale. The accessory piece, according to Railliet,
Henry and Bauche, is about 0-135 mm. long and of ill-defined
shape. According to Maplestone it is a definite structure
0-148-0-16 mm. long, and the ring-shaped structure figured by

NEM. U
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the original deseribers is probably the anterior edee of a funnel-
shaped telamon. )
bh'i‘}l):efltjlil of the female is 0-297-0-376 . I(.vn:u :l('(‘()l‘(lll'lf_f tl{
Maplestone, or (-4 0425 mm. :w(-mwli!u to Railliet, H.(-nri\| .u‘l:
Bauche. The caudal papillie, according to the latter mll .nt)_.).
are asvmmetrically placed, at o-11-0-14 nnn._trmn “(f-l‘];
The vulva is prominent, and ix sitnated at 045 L. l-“-]lt
the posterior end. according to the original (l('.\'t'l‘!])l jon, ()~l‘ :
O0-535-0-554 mm. from the anus [about 0-83 0-03 . honll
the posterior end| according to Maplestone. It:ull-lvi“l"‘fnli:
give the dimensions of the egus as nrm,*:) _n-m‘, - 03
0-042 mm. ; Maplestone gives O-0aR-0-06 0036 -0-038 mm.

Subfamily (ESOPHAGOSTOMINA Railliet. 1915.

Buceal capsule eylindricalor lavee and Slll)}_(lul\\llul‘.. A t!'un#-.
verse ventral cervical groove present. The cuticle ()1 'tlll
anterior end may be dilated to form a cephalie vesicle, lnn.llv(l
on the ventral side by the cervieal groove. Parasites of the
alimentary tract of mammals.

Key to Gencrn,

Mouth direeted antero-ventradly 5 bucenl cap-
sule deep and subglobular. ool
Mouth directed anteriorly ; buceal  capsule
shallow and ring-shaped (oo oo

1. Cervical groove completely encircles the neek
cephalic inflation extends posteriorly to form
dorsal and ventead flaps. ..o
Cervieal groove usually limited to the ventral a0
and luteral surfaces ;. cephalie inflation. when fp. =
present, does not form dorsal and ventrel tlaps.

CaBpERTIA, pedos.

t.
Bosteata, p. 300,

(JSOPITACOSTOM UM,

1. Genus (ESOPHAGOSTOMUM Molin, 1861,
Synonyms :—H ypostomum Stewart,  I8HN8; (lu'.mp}u;yns!unmf«h N
Schwartz, 1928,

Anterior end usually with a enticular inflation or vesicle,
limited behind, at the level of the excretory pore. by a trans-
verse ventral groove, which extends for a varyving distance
on to the lateral surfaces. Lateral ale may be present,
originating at the level of the groove. ;'\51 (xxt(-rxl;lll .rm(:
usually an internal leaf-crown present. The asop \ln;,« (\{
funnel occasionally contains three teeth. Medio-latera un(l
postero-lateral rays of bursa closely applied to cach ot:h,cr‘ e
somewhat divergent from the antero-lateral m_vi‘ tlL:\tl(:;L(‘:-l
dorsal rays originate high up on the main stem of the dors:
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ray, which is bifurcate in its posterior two-fifths. A much-
reduced accessory branch arises from each of the main branches.
An accessory piece present. Vulva near the anus. TUterine
branches parallel.  Adults parasitic in the intestine of
mammals (chiefly Ungulates and Primates).

Genotype :—Fsophagostomum dentatum (Rudolphi, 1803).

The genus (Ksophagostomum was divided by Railliet and
Henry in 1913 into three subgenera, (Esophagostomum, Pro-
teracrum, and Hysteracrum. To these a fourth, Conoweberia,
was added by Thie in 1922.  Goodey (1924), Thornton (1924)
and Baylis and Daubney (1926) have all expressed the view
that such a division of the genus is unnecessary. Travassos
and Vogelsang (1932) have recently raised the question again,
and have not only revived the four subgenera already men-
tioned, but have added two further subgenera, Bosicola
Sandground, 1929, and Ihleia Travassos and Vogelsang.

The name Bosicole was used in a generic sense by Sand-
ground for a form which was subsequently admitted to be
identical with désophagostomum radiatum (Rud.). This species
and two other forms, Bowrgelatioides tragult Chandler and
(Esophagostomum. curvatum Maplestone, appear to the writer
to have in common several characters which mark them off
distinetively from all the other species of (Hsophagostomum,
and it seems justifiable to place them together in a group of
generic rank, for which the name Bosicola must be retained
on the ground of priority.

The species (Wsophagostonum. tridentatum Maplestone does
not, fall naturally into any of the subgenera mentioned, but
appears to be a typical (fsophagosiomum except for the special
development of the cesophageal funnel. Apart from Bosicola,
however, the subgenera are based on characters which are,
in the writer’s opinion, of specific value only. These characters
are the position of the cervical papillze, the shape and degree
of development of the esophageal funnel and whether or not
it contains teeth, the number of elements in the external
leaf-crown, and the degree of development of the lateral
ale.

The genus Fsophagostomoides Schwartz, 1928, is here treated
as a synonym of (Ksophagostomum. It is stated to differ
from the latter chiefly in lacking a ventral cervical groove
and in having a simpler type of ovejector apparatus in the
female. But both Schwartz, in the genotype, and Maplestone,
in O. traguli, describe a definite constriction of the cuticle
in the cesophageal region, and in view of the differences in
the extent and degree of development of the cervical groove
between species usually assigned to @ sophagostomum, it
appears doubtful whether the condition found in these two

v2
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forms is of more than specitic importance, 'I‘.Il(‘ absence of
the ** kidney-shaped pars ejeetrix 7 of the avejector, usualll'(\;
present, in (Ksophagostonaom, can, by itsclf, hardly be regarde
as a generice character.

Key to Species.

Parasites of swine .. ...t 1.
Parasites of ruminants ... .o 1.
Parasites of Primates ... 7.
L. Spicules of maloe less than 1 o, long oo 2, o
Spicules of male more than 1 mm. long ... .. 3. o fp. 204.
2. External leaf-crown contains 9 elements. ... qmulrr.\'pm1_1[(1!11!71._
Extornal leaf-crown contains 30 clements. ... maplestoned, p. 295.
3. External leaf-crown contains 9 elements. ..., dentatum, p. 292,
Extornal leaf-crown contains 14 to 16 elements,  brevicaudion, p. 204.
4. Length of adult about 3mm. ... oL traguli. p. 304,
Length of adult over 7mm. ... P D
5. Cephalic inflation absent ;  spicules of male
less than 1 mm. long .. ... oo o oL, columbianum, p. 297,
Cephalic inflation present ; spicules of male
more than 1 mm. long ... ............. 6.
6. External leaf-crown contains [8 clements. ... pennlosum, p. 206,
External leaf-crown contains 12 clements. ... asperim, p. 207.
ixtornal leaf-crown contains 10 clements. ... indicum, p. 299.
7. Teeth in wsophageal funnel large and arising
near its base .. ... .. . .. ..., PN tridentation, p. 303.
Teoth in wsophageal funnel small and arising
near its anterior end .. ..., .. .. L. 8.
8. Spicules of malo up to I'6 mm, long ........ blanchardi, p. 300.
Spicules of male up to 2 mm. jong ......... oratum, p. 302.

1. Esophagostomum dentatum (Rud., 1803) Molin, 1861.
(Fig. 135.)

Synonyms :—Strongylus  dentatus  Rudolphi, 1803 ;  Strongylus

(Sclerostoma) dentatus Rudolphi, 1808 ; Selerostoma  dentatum

de Blainville, 1828 : Usophayostonium subulatum Molin, 1861 ;
Strongylus follicularis Ostertag, in Olt, 1898,

Host :—This species is a common and \\'i(l(-l_y-(li.\\lribut.cd
parasite of the domestic pig, and has also been recorded from
peccaries in America. Maplestone records it as occurring
in small numbers in swine slaughtered in Caleutta.

The male measures 8—10 mm. in length and 0-2-0-3 mm. in
maximum thickness, the female about 9-7- 145 mm. and
0-4-0-5 mm. respectively. The cephalic inflation is well
developed.  The cervical groove extends some distance on to
the lateral surfaces. Lateral alie are absent. The buc('r_tl
capsule has almost parallel sides.  Its internal diameter 18
0-036-0-042 mm. The external leaf-crown contains nine
clements, which project beyond the oral aperture. The
internal leaf-crown contains 18 small elements. The cwso-
phagus is club-shaped and is not swollen at the anterior end.
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1t measures about 0-5 mm. in length. The cervical papille,
which have bristle-like terminations, are situated towards
the posterior end of the cesophagus, and the nerve.ring just
in front of the cervical groove.

The spicules of the male are 1:15-1-32 mm. long. They are
provided with ale and taper to a blunt tip. The accessory
picce is shaped somewhat like a trowel, the anterior portion
representing the handle, It measures 0-116-0-14 mm. in
length (average, according to Maplestone, 0-129 mm.). The
tail of the female is tapering and measures 0-25-0-43 mm. in
length. The vulva is situated at a distance of 0-28-0-39 mm.
from the anus (or, according to Maplestone, 0-534-0-792 mm.
from the posterior extremity), and is slightly prominent.

Fig. 135 Fsophagostomum dentatum. A, anterior end, lateral view ;

B. posterior end of male. lateral view. (After Yorke and
Maplestone.)

The vagina is about (-2 mm. long. The eggs measure 0-07-
0-074°<0-04-0-042 mm. Their contents are segmenting at the
time of laying.

The life-history of this and other species of the genus,
so far as it is known, is briefly as follows. The eggs hatch
after lying for a time in the open, and the larvee there develop
as far as the third stage, but retain the cuticle of the second
moult. The larva, if swallowed at this stage by a suitable
host, burrows into the intestinal wall and there forms a nodule,
from which it subsequently escapes into the lumen of the
intestine and becomes mature. Larve are sometimes carried
by the blood-stream to the liver, but here they soon degenerate.
According to Goodey, the larvae of O. dentatum, are not, capable
of penetrating the skin of the host.
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2. (Esophagostomum quadrispinulatun! (Marcone, 1901)
Alicata, 1035%,
Synonym :—@sophagostomum longicaudum Coodey, 1925,

Host -—This species was originally recorded from the large
intestine of the pig in New Cuinca. It has sinee been found
in_ the same host in other pirts of the world, and has probably
often been confused with O, dentatiom. Maplestone (14930, a)
records it from pigs slaughtered in Caleutta.

Goodey's description was based on immature specimens,
and few measurements were given.  Maplestone has given
a further account of the species, from which most of the
measurements in the following description are taken.

The worm closely resembles O, dentatiom in general appear-
ance. The male measures 6-:56-8-85 mm. in lengeth, the female
8:33-10-36 mm. The buceal capsule s somewhat wider
posteriorly than anteriorly, and its walls are bent inwards
at thq anterior edge, forming an acute angle in uptical section,
The internal diameter of the capsule anteriorly s 0-04-
0-044 mm., posteriorly 0-056-0-064 mm. The leaf-crowns
are as in . dentatum. The avophagus measures, according
to Googley, 0:38-0-42 mm. in length, and a characteristic
feztture; is that it has o small but distinet swelling at its anterior
en.d. The cervical papillie are situated somewhat behind the
nn'd‘dle of the cesophagus,

The spicules measure 0-78-0-88 mm. in length aceording to
Maplestonc,.nr 0-91-0-95 mm. according to Goodey. ‘The
accessory piece is trowel-shaped, as in O, dentatum, and
measures, according to Maplestone, 0-104-0-12 mm. in length
(average (- l'l4 mm.). The tail of the female is 0-36 0-37 nun.
lg)ng according to Maplestone, or 0446 -0-47 mm. according to
Goodey. The vulva is situated at a distance of 0-3%-0-32 mm.
from the anus, or, according 1o Maplestone, 0-812 0-98% mm.
from the posterior end. The e measure Q048 0-052
0-028-0-031 mm. (Maplestone).

3. @Esophagostomum brevicaudum Schwartz and Alicata, 1930,
Synonym :—@sophagostomum suis Maplestono, 1930.

Host :—Domestic pig (caecum and farge intestine).  'This
species is recorded from the United States of Amerien by
Schwartz and Alicata. According to Maplestone, it is the
commonest species in pigs slaughtered in Caleutta,

The male measures 6-2-875 mm. in tength and about
0-3-0-45 mm. in maximum thickness, the female G-4-11-4 muu.
and about 0-3-0-48 mun. respectively. The worm is similar
in general appearance to 0. denfalum. 'The buceal capsule

* Journ, Parasitol. xxi, p. 216.
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measures 0-016 mm.yin length and about 0-04 mm. in width.
Ax seen in optical section, its walls, according to Schwartz
and Alicata, are separated by an annular groove into * a more
or less triangular apical portion and a more or less spherical
basal portion.” The external leaf-crown contains 14 to 16
elements, the internal 28 to 32. The cephalic inflation is well
marked. The cervical groove, which extends on to the sides,
is situated at abont 0-17-0-24 mm. from the anterior end.
The @sophagus has a slight swelling anteriorly, and measures
about 0-36-0-45 mm. in length in the male, 0-43-0-5 mm.
in the female. The nerve-ring is situated at about the level
of the cervical groove, and the cervieal papille behind the middle
of the wsophagus, at about 0-33-0-38 mm. from the anterior
end.

The spicules are about 1-1-3 mm. long. The accessory
picee is shaped as in O. dentatum and measures 0-098-0-12 mm.
in length. “The tail of the female is bent dorsally. = Its length,
according to Schwartz and Alicata, is only 0-081-0-12 mm.,
but Maplestone gives it as 0-356-0-515 mm. The vulva is
situated at 0-19-0-225 mm. from the tip of the tail, according
to the American authors. Maplestone states that it is ab
0-614-0-792 mm. from the anus. The vagina is 0-218-
0-283 mm. long. The eggs measure about 0-053-0-065X
0-028-0-045 mm.

4. (Esophagostomum maplestonei (Schwartz, 1931) emend.
Schwartz, 1932.

Synonyms :-—FEsophagostomwn  conicwn Maplestone, 1930, nec
Molin, 1861: @sophagostomum maplestoni Schwartz, 1931
(Esophagostomum conoides Maplestone, 1931.

Huost :—Domestic pig (cmcum and large intestine) ; found
by Maplestone in 9 out of 49 pigs slaughtered in Calcutta,
but never in large numbers.

The male measures 6-:87-7-91 mm. in length and about
0-32-0-34 mm. in maximum thickness, the female 8:2-9-1 mm.
and 0-45-0-5 mm. respectively. ¢ The external appearance of
the anterior end is quite distinctive, as the worm is relatively
broad in proportion to its length ; it tapers towards the
anterior end from about the level of the cervical papille, and
there is no distinet mouth-collar. ..  The ventral cervical
groove is deep and the anterior cuticular lip of the groove
overhangs it (Maplestone). The groove is situated at
about 0-16-0-18 mm. from the anterior end. The cephalic
inflation is not well marked. The walls of the buccal capsule
are “ comma-shaped > in optical section, with the broad end
anterior. The capsule measures about 0:04 mm. in length
and 0-08 mm. in width. ¢ There is a distinct groove encircling
its inner surface slightly anterior to the middle, from which
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both leaf crowns appear to arise.” Fael leaf-crown contains
30 clements. The wsophagus (in the female) is about 0-67--
071 mm. Jong. Tt s pelatively broad, with a distinet
asophageal funnel.”  The cuticular fining s produced into
three ridges projecting into the lumen of the funnel.  The
cervical papillie are sitnated at 048 0208 mm. from the
anterior end (in the female). )

The \]m wles are 0-832 mm. long.  The aceessory piece 18
of the typical form.  The posterior end of the female is straight
and tapering.  The tail measures 0237 0257 mm. in le nuth
The vulva is situated at 0317 02336 mm. from the anus.
The  vagina is 006 0-064 mm. long. The cges measure
006 0-032 mm.

Esophagostomum venulosum (Rud.. 1809) Railliet, 1885,

Synonyms :—Strongylus  venulosus Rudolphi, 1809 ; Strongnlus
ammonis Rudolphi, 1819 o (Esophagostonoon aentum Molin, 1861 ;
(Esophagostoma inflatem var. ovis Carvita, 1887, [(Ksophaqo-

stomun (Hysteracrum) venulosune Raillict and llnnl")'. 1913].

Hosts —This species occeurs in the large intestine (more
rarely in the small intestine and stonuch) of various ruminants,
including the goat, shee pe deer and camels, and is widely
distributed, lt has been recorded by (..nu- from sheep in
India. and by Bhalerao from the = hill goat. " or Himalayan
ibex (Capra .wb:r:u:) at Muktesar, United Provinees,

The male measures T=16 mm. in length and 043 0-4 mm.
in maximum thickness, the female 13 24 mm. and 05—
0-6 mm. respeetively.  The mouth-collar is in the form of
a truncate cone, and is marked off by o distinet groove,
The cephalic lnﬂdtmn is fadrly well (l(-ulnpv(l but diminishes
in width before the cervieal groove, which usually extends
only as far as the lateral lines, l)ut according to Ransom may
sometimes be traced right round the bady.  Narrow lateral
ale extend throughont. nmrl\ the whole fe ngih of the body.
The buceal (-up\ulv which is about five times ax wide as long,
is composed. according to Goodey, of a ring of I8 parts,
The external leaf-crown contains I8 elements, the infernal
36. The w@sophagus is about 08 mm. long. The nerve-
ring is situated at the level of the cervieal groove, or behind it.
The cervical papille ar(- behind  the posterior end of the
(1‘h()p]ld;Jl\ at about 1-25 mm. from the anterior extremity.

The spicules are 1-1-1-5 mm. long. The accessory picee is
shovel-shaped, with a short * handle,” and measures 0-09-
0-12 mm. inlength.  The tail of the female is 0-15-0-2 mm. long,
straight and sharply pointed. The vulva is situated  at
0-375-0-5 mm. from the posterior end. The vagina is O-4-
0-6 mm. long. The eggs measure V-085-0-1 0-045-0-055 mm.
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6. (Esophagostomum asperum Railliet and Henry, 1913.

[Synonym —@ sophayostomum (Hysteracrunt) asperim Railliet and
Henry. 1913

Host :—This species has been recorded from the intestine

of goats in various parts of the world (the Panama Canal Zone,

China and the Federated Malay States). Bhalerao has recorded

it from the Himalayan ibex (Capra sibirica) at Muktesar,

United Provinces.

The male measures about 11-13 mm. in length and 0-42-
0-48 mm. in maximum thickness, the female about 14-
17-5 mm. and 0-5-0-6 mm. respectively. The cuticular
striations are at intervals of 5-7u. The mouth-collar is in
the form of a truncate cone and measures 0-06-0-062 mm.
inlength, Tt is marked off by a well-defined groove posteriorly.
The cephalic inflation of the cuticle is well developed. The
cervical groove is well marked ventrally and extends on to
the lateral surfaces as far as the lateral lines. [t is situated
at about 0-32-0-36 mm. from the anterior extremity. The
external leaf-crown consists of 12 bluntly rounded elements.
the internal leaf-crown of 24 small elements. The buccal
gapsule is about 0-04-0-044 mm. long and abont twice as
wide. Tts base is at the level of the posterior limit of the
mouth-collar.  On the inner surface of its wall, at about the
posterior third, there is an annular groove. The cesophagus
is club-shaped and measures about 0-74-0-88 mm. in length.
The cervieal papille are situated behind it, at a distance of
1-1:5 mm. from the anterior end. The nerve-ring is just
behind the cervical groove.

The spicules of the male measure 1-35-1-7 mm. in length.
The accessory piece, according to Goodey, is about 0-1 mm.
long and is shovel-shaped, but with the haundle of the shovel
missing or represented by a small, rounded knob.

The tail of the female is 0-14-0-17 mm. long. and bears
a pair of papilke at 0-0535-0-06 mm. from the tip. The anus
and vulva are rather prominent. The latter is sitnated at
about 0-32-0-39 mm. from the posterior end. The vagina
runs forward for a distance of about 0-65-0-87 mm. The eggs
measure 0-083-0-085 2 0-:055-0-06 mm.

7. (Esophagostomum columbianum (Curtice, 1890) Stossich,
1899. (Fig. 136.)

Synonyms :—@Esophagostoma columbianum Curtice, 1890 : Hypo-
stomum columbiana Stewart, 1898 ;. [Esophagostomum (Protera-
crum) columbianum Railliet and Henry 1913].

Hosts :—This widely-distributed species occurs in the large
intestine of the q}leep and goat, and has occasionally been



208 STRONGYLIDE.

recorded from cattle. According to Gaiger it is common in
sheep nnd cattle in the Punjab. ‘

. The ","‘]“ measures 12016 mm. in length and 0-223-0-4 mm.
i maximum  thickness, the female THIS mn. and 0-3-
05 mm. respectively, The anterior end of the worn is fre-
quently curved into a hook. The mouth-collar ix in the form
:"t a “'"'“’fil?(‘ cone, and its posterior edge is rather prominent.
Phere ix no cephalic inflation.  The cervieal groove extends

only as far as the lateral lines,  Lateral alie extend from the.

;Ir,m”““ throughout almost the whole length of the hody.
he external leaf-crown contains 20 to 21 elements, the internal

1N
14‘]' v 20 v . M
. 136. Aisophagostomuom, colwmbianun.  Auntevior end ; dorsal view.
(From Baylis, after Ransom,)

10 The o . . .

Y tf;lh‘& The wsophagus is about I mm. long.  The cervical

L;. bl 1",(:-]0(‘t through the lateral alie just. behind the cervieal
> » viro 'l : . .

?.oow,. The nerve-ring is somewhat behind them, but in

ront of the middle of the wsophagus,

1 . .
The spicules measure 0-75-0-85 mm. in length, the accessory

813(3(:((3) about O-1 mm. The tail of the female is tapering and
-3~ ‘6 mm. long. The vulva, which is slightly prominent,
gis‘}sltllatqcl at about 1-1-4 mm. from the posterior extremity.

1(,.~vag1m} i8 less than O-1 mm. long. The eygs measure
0-065-0-075 < 0-04~0-045 .
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8. (Esophagostomumh indicum Maplestone, 1931, (Fig. 137.)

[ Synonym -—Fsophagostoinuin (H ysteracrum) indicum Travassos
and Vogelsang, 1932.]

Hosts :—This species is recorded from the large intestine
of the spotted deer (Cervus axis) and red deer (Cervus elaphus)
in the Zoological Gardenx, Caleutta.

The male measures 7-6-9-1 mm. in length (or up to 10-5 mm.
in the red deer) and 0-34-0-36 mm. in maximum thickness,
the female 9-9-10-4 mm. (or up to 12-2 mm. in the red deer)
and 0-38 mm. respectively. The mouth-collaris rather deep and
marked off by a groove, and has a diameter of 0-13-0-14 mm.

0./mm.

Fig. 137.—Usophagostomum indicton.  Anterior end ; latoral view.
(After Maplestone.)

There is a cephalic inflation, as in Q. dentatum.  The cervical
groove is situated at 0-26-0-28 mm. from the anterior end. The
buccal capsule is wider posteriorly than anteriorly, and has
a maximum diameter of 0-066-0-072 mm. In frontal optical
section there is seen to be a broad, shallow, longitudinal
groove on each of the external lateral surfaces of the capsule.
Kach of the leaf-crowns contains ten broad elements. *“The
external leaf crown arises from the base of the capsule, from
‘which it sweeps inwards and forwards. The internal leaf
crown consists of very short coarse elements, which in optical
section appear as a double-contoured wavy line running across
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the capsule at its anterior end.” The nw’l'h“.‘l""l, flnu}(‘l
has three longitudinal enticular riduees projecting into 1ta
lumen.  The asophagus is about O-71 mm. fong.  The cervical
papille are situated just behind its posterior end,

The spicules measure 13136 mm. in length, and the acces-
sory picee, which ix of the typical trowel shape, 0-084 mn.
The tail of the female is straight and sharply pointed. and 18
O-13-0-14 mm. Jong.  The vulva s situated af 018 mm.
from the anus. The vagina is relatively long. The cpggs
measure 0-068-0-076 - 0-036-0-042 mm.

Y. (Esophagostomum blanehardi Railiict and Henry. 1012
(Figs. 138 & 139.)

{Synonym s —sophag stonon (Cosnoiweberia) Dlanchardi Pravasios
and Vogelsang, 1932/]

Hosts :—Specimens found on three oceasions in the stomach
of the hoolock gibbon (Hylobates hooloek) in the Zoologieal
Gardens, Calentta, were referred by Maplestone, with some
doubt, to  sophagostomum  apiostomum  (Willach,  1891).
According to Travassos and Vogelsang, who have recently
revised the species of (Ksophagostomune parasitic in Primates,
Maplestone’s material was probably referable to 0. blanchardi,
a speeies which was originally recorded from the orang outan
(Nimia satyrns) trom Borneo.

The following deseription is taken mainly from Travassos
and Vogelsang,

The male measures 15-17 mm. in length and 0-45 mm.
(according to Maplestone 0-614 mm.) in maximum thickness,
the female 17-20 mm. and 0-57-0-71 mm. respectively. The
cephalic inflation is well developed.  The cervieal groove
is situated at 0-22-0-3 mm. (according to Maplestone, up to
0-376 mm.) from the anterior end. The buceal capsule
measures 0-02-0-028 mm. in length, and its greatest diameter,
at the posterior end, is 0-036-0-064 mm.. or, according
to Muplestone, 0-088-0:096 mm. The external leat-crown
normally contains 10 clements, but sometimes more—up to
13 (Travassos and Vogelsang). 14 (Maplestone), or even 16
(Railliet. and  Henry)., The internal  Jeaf-crown  contains
numerous small elements.  The esophageal funnel s wide.
Lts walls are slightly incurved and bear three teeth anteriorly.
The esophagus is about 0-7-0-9 mm. long (up to O-951 mm.,
according to Maplestone).  The cervical papillae are situated
at about 0-42-0-57 mm. from the anterior extremity.

The spicules measure 1-3-1-4 mm. (according to Maplestone
1-56-1-58 mm.) in length. The length of the aceessory picee,
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N

i : is 0-158-0- The tail
according to the lafter author, 1s 0-158-0-16 mm.
of the female is conically pointed and 0-18-0-24 mm. long.
The vulva is situated at 0-37-0-48 mm. from the posterior end,
or, according to Maplestone, at 0-218-0-297 mm. from the

Fig 138.—& sophagostomum blanchardi. Anterior end. (After Travassos
’ and Vogelsang.) ) .
Fig. 139.—E sophagostomum blanchardi. Bursa of male ; lateral view.
& (After Travassos and Vogelsang.)

anus. The vagina is 0-297-0-396 mm. long (Maplestone).
The eggs measure 0-072-0-08x0:04-0-044 mm. (Maplestone
gives 0-064 X 0-04 mm.).
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10. @Esophagostomum ovatum (v. Linssow, 1906) Railliet
and Henry, 1912,

Synonyms s - Stropaglus ocgtus v, Linstow,  in Smidt, 1906
(]"'“'"I’,“'.’/"-"/“N'um Glanchkard; of Maplestone, 1931, nee Railliet
and  Henry, 1912 (Ksophagostonoune (Conoweberia) - oralum

Teavassos and Vogolsang, 1932 (Ksophagostonian (Conotweeberia)
radllicte Travassos and Vogelsnye, TR

Hosts = Strongylns oratus was originally - recorded  from
Hylovates syndactylus and 1. agilis in Sumatra, Maplestone
(1931) has recorded, under the muane of (K sophagostonon
blanchard! Raillict and Henry, a species from the stomach of
the hoolock  gibbon  (Hylobates hoofocky in the Zoologieal
Gardens, Caleutta.  Travassos and Vogelsang (1932) consider
that Maplestone's form is not 4, blanchardi, and regard it
:l‘\ a new species, for which they propose the nnme ). raillicti.
.lh(‘ystnlv at the same time, however, that it is possible that
it may be O. oratum, an impvrﬂ-(-tI‘\'-(h-s(-ril)ml form of which
they have not had the opportunity to examine material.
and which they regard as a species of doubtful validity.

The present writer ([926) gave some deseription of a single
male specimen from Hylobates neiilleri in Sarawak, Borneo.
which was provisionally referred to O, orafum.  'The measure-
ments of this specimen ageee so closely with those given by
Maplestone for his (0. blanchardi > that the writer foels
Justified in assuming it to be of the same species, and, on the
ground of the hosts and geographical distribution, further
assuming that Maplestone's species is identieal with v. Lin-
stow s,

The dimensions of . ovatum, according to v. Linstow,
are :—Male 11-1 mm. in length and 033 mm. in thickness :
female .8-7*19'3 mm. and 043-0-7 mm. respectively.  Maple-
stone gives 153:3 mm. and 0-654 mm. for the wale, 1922 mn.
and 0-83 mm. for the female. The writer's male speeimen
nu;usured about 17 mm. in length and 07 mm. in maximum
thickness. The cuticular striations, according to v. Linstow
and the .\\"rit,(‘r, are at intervals of ahout 20, The cervical
groove is situated, according to Maplestone, at 0-356 mm.
in the male, and at 0-396 mm. in the female, from the anterior
end. The writer gave 0-45 mm. for the male. The walls
of thc buccal capsule are somewhat lenticular in optical
section.  The capsule measures 0-039-0-041 mm. in length
(Maplestone) or 0-037 mm. (Baylis): its width is 0-112-
0-12 mm. (Maplestone) or O-14 mm. (Baylis). The cxternal
leaf-crown, according to Maplestone, contains 14 elements,
The asophagus measures 0-94 mm. (Baylis) or 1-05-1-1 mm.
(Maplestone) in length. The cervical papille, according to
Maplestone, are situated at 0-536 mm. from the anterior end
in the male.
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The spicules measgure, in an immature male, according to
v. Linstow, 1-19 mum. in length ; in mature males 1-98 mm.
(Maplestone) or about 2 mm. (Baylis). The accessory piece,
according to Maplestone, is -2 mm. long. The length of
the tail in the female, according to the same author, is 0-277 mm..
the distance from vulva to anus 0-297 mm., the length of the
vagina 0:533 mm., and the dimensions of the eggs 0-068x
0-044 mun.

11. (Esophagostomum tridentatum Maplestone, 1932.  (Figs.
140 & 141.)
Host :—Dusky langur (Semnopithecus obscurus) (stomach) ;
Zoological Gardens, Caleutta.
The male measures about 12-14 mm. in leagth and 0-5-
0-6 mm. in maximum thickness, the femaie about 14-17 mm.

1 .

Vig. 140.—Usophagostomum tridentatum. Anterior end. A, lateral
view ; 13, dorsal view. (After Maplestone.)

and 0-65-0-7 mm. respectively. The mouth-collar is somewhat
conical. The cervical groove, which is well marked but
apparently confined to the ventral surface, is situated at about
0-36-0-49 mm. from the anterior end. The cxternal leaf-
crown consists of 20 broad, pointed elements which project
bevond the mouth-collar. “ There is no internal leaf-crown,
but on each side of the base of the leaves of the external leaf-
crown there is a small knob-like thickening which probably
represents a rudimentary leaf-crown.” The buccal capsule
measures about 0-1-0-16 mm. in length and 0-2-0:3 mm.
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in width., Tt dorsal wall is <lightly sherter th.;m the |‘<'st10f
the capsule and the duct of the dorsal eland l.\‘.lllill‘k(‘(l ".V
two longitudinal ridges internally and by a sllg_fll.f' groove
externally.”  The wsophageal funnel forms a ‘\\'nlv, cup-
shaped cavity, as wide anteriorly ax the base of .lhv l)uv(-lul
capsule, and  measuring about O-12 016 mm. n I('!lgt 1.
From its walls, near the base, there arise three large. :nm-x:lorly-
directed teeth with broad bases and sharp points. One of these
teoth is dorsal and two subventral.  The asophagus is about

Fig. 141.—(Ksophagostomum tridentation.  Bursa of male; dorsal view.
(After Maplestone,)

1 mm. long. The cervical papillke are situated at abont
0-54-0-61 mm. from the anterior extremity. .

The arrangement of the rays of the bursa in the male 18
typical.  Prebursal papillie are present. The spicules measure
1:6 mm. and the accessory picee 0-175-0-18 mm. in length.

The tail of the female is about 0-16-0-2 mm. long. The
vulva is situated at about 0-16-0-2 mm. from the anus.  The
vagina measures about 0-3-0:34 mm. in length. The cggs
measure (-072-0-08 < 0-04-0-044 mm.

12. Esophagostomum traguli (Maplestone, 1932).

Synonym :—sophagostomoides traguli Maplestone, 1432 (not
Bourgelatioides traguli Chandler, 1931).

Host —Javan mousc-deer (T'ragulus javanicus) (intestine) ;
Zoological Gardens, Culeutta. _

In this very small species the male measures 2-9 mm. 1o
length, the female 3 mm. 'The maximum thickness m l:(‘)th
sexes is 0-218 mm. A mouth-collar is not apparent. The
external leaf-crown consists of eight (¢ ten) coarse, rounded
elements arising from the anterior border of the buceal (-;ll)sll!e
and curving outwards. According to Maplestone ™ there 18
no ventral cervical groove, but there is a distn'm-tr‘m-ph.uhc
inflation which is marked posteriorly by a projecting ridge
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followed by a groove in the cuticle which completely encircles
the body.” The buccal capsule is small and cylindrical.
[t measures 0-006 mm. in length and 0-004 mm. in width.
The wsophagus is nearly cylindrical for its anterior two-
thirds, but has a large bulb-like swelling posteriorly. Tts
length (in the female) is 0-164 mm. The nerve-ring is situated
just in front of the posterior swelling. The excretory pore and
cervical papille were not seen.

The bursa of the male is typical. The spicules are tapering,
pointed and alate, and measure 0-872 mm. in length. An
accessory piece is present.

The tail of the female is 0-084 mm. long, narrows suddenly
at about its middle and ends in a sharp point. The vulva
is situated at 0-04 mm. from the anus. The muscular vagina
runs forward for a distance of -396 mm., and has a constriction
at about its middle. It divides into two opposed, muscular
ovejectors, from the ends of which the uterine branches arise.
The posterior of these turns forward almost immediately to
run parallel to the anterior branch. The eggs measure 0-052-
0-056 > 0-03-0-036 mm.

2, Genus BOSICOLA Sandground, 1929,
Synonywm :— Bourgyelatioides Chandler, 1931.

Mouth-collar circular in optical section. Cephalic inflatiomr
well developed, with a shallow annular constriction behind its
middle, and limited behind by a cervical groove which runs
completely round the neck and extends further back dorsally
and ventrally than laterally, forming dorsal and ventral
cuticular flaps. Lateral ale well developed, beginning at
the cervical groove and extending throughout almost the whole-
length of the body. Buccal capsule shallow, more or less
cylindrical. External leaf-crown absent. Internal leaf-crown
represented by a ring of small denticles at the anterior border
of the buccal capsule. In other characters the genus closely
resembles (isophagostoman.  Adults parasitic in the intestine
of ruminants.

Genotype :—Bosicola radiatus (Rudolphi, 1803).

Key to Species.

Spicules of male with convoluted terminal
filaments ...... e traguli, p. 307.
Spicules of male without terminal filaments. ... ],
1. Internal leaf-crown contains about 40 elements ;

arsophagus about 1 mm. long............. <« radiatus, p. 306.
Internal leaf-crown contains at least 50 elemnents ;
asophagus about 0-6-0-8 mm. long ....... .. curvatus, p. 307.

NEM. X
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1. Bosicola radiatus (Rud., 1803).  (Fiel 12

Synonyms :—Strongylus  radiatus Rudolphic 1803 A\'Irqng.:/lu.v
inflatus Schneider. 1866, nee Moling 1861 ¢ Stronguylus ({llllf‘(lliw
Railliet, 1884 ;  eophagostonaan i flation Railliot, 18853
Ankylostoma  radiatun Blanchavd, 1888 0 (Ksophagostomum
dilatatim  Railliot, 1896 ;  (Fsophagostoniion radatum lel!ot,
189N (Eaophagostomum v siculosum v Ratz, 1808 (Exo-
phagostonan bovis Schuyder, 1906 (Xsophagostomiom biramosum
Cuillé, Marotel and Panisset, 1911 (Esophagostonaon (l"rnlvra'-
crum) radiatum Raillict and Heory, 1913 Bosicola Irn't{l[a!’u\‘
Sandground, 1929 ;  (Ksophagostonom (Bosicola)  radiatunt

Travassos and Vogelsang, 1942,
Housts =—This species is a widely-distributed parasite uf 't‘he
large intestine of cattle, It is mentioned by Gaiger as fairly

Fig, 142.~—Bosicola radiatus. Anterior end ; dorso-ventral view,
(After Ransom,)

common in cattle in the Punjab, and has also been recorded
from the buffalo (Bos bubalus) by Lane (loculity, Darjecling)
and by Baylis and Daubney, and from a * hybrid bison”
{(Bos frontalis X B. taurus) in the Zoological (Gardens, Calcutta,
by Maplestone.

The male measures 14-17 mm. in length and 0-3-0-4 mm.
in maximum thickness, the female 16-22 mm. and 0-:3-0-4 mm.
respectively. The buccal capsule is slightly wider in front
than behind. Theinternal leaf-crown contains 38 to 40 clements.
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The cesophageal furmel is well developed and measures about
0-075 mm. in length. The cesophagus is about 1 mm. long.
The cervical papille are situated towards the middle of the
asophagus, a little behind the posterior limit of the cephalic
inflation.

The spicules measure 0-7-0-8 mm. in length, the accessory
piece about 0-1-0-115 mm. The posterior end of the female is
slightly curved ventrally. The tail is 0-3-0-4 mm. long. The
vulva is rather prominent, and is situated at about 1 mm. from
the posterior end. The vagina is about 0-1 mm. long. The
egys measure 0-075-0-085 % 0-04~0-045 mm.

2. Bosicola curvatus (Maplestone, 1931).
Synonyms :—&Esophagostomum curvation. Maplestone, 1931 ; Eso-

phagostomum (Bosicola) curvatum Travassos and Vogelsang,
1932,

Host .—Spotted deer (Cervus axis) (large intestine) ; Zoo-
logical Gardens, Calcutta.

The male measures 8-4-9-6 mm. in length and 0-29-0-32 mm.
in maximum thickness, the female 12-5-14-8 mm. and 0-36-
0-42 mm. respectively. The anterior end is bent into a hook.
* There is a well-marked mouth collar in the form of a ring
with rounded edges, which curves forwards laterally.” The
diameter of the mouth-collar (in the male) is 0-075 mm. The
cephalic inflation is similar to that of B. radiatus. The
cervical groove is situated at 0-21-0-22 mm. from the anterior
end. The buccal capsule is eylindrical and measures 0-028-
0-032 mm. in diameter. The internal leaf-crown contains at
least 50 clements. The cesophageal funnel is 0-044 mm. deep,
and *“ is marked off from the rest of the wsophagus by a trans-
verse line, and its chitinous lining is furnished with three
sharp longitudinal ridges which might almost be regarded as
teeth.” The cesophagus is 0-57-0-61 mm. long in the male,
0-65-0-79 mm. in the female. The cervical papille are situated
at 0-28 mm. from the anterior end.

The spicules measure 0-49-0-59 mm. in length, and their
tips are curved ventrally. The accessory piece is ““in the form
of a deep trough in which the spicules lie.”” The tail of the
female is straight and slender, and measures 0-22-0-26 mm.
in length. The vulva is situated at 0-57-0-75 mm. from the
anus. The eggs measure 0-072-0-076 < 0-04 mm.

3. Bosicola traguli (Chandler, 1931).
Synonym :—Bourgelatioides traguli Chandler, 1931.
Host :—Javan mouse-deer (Tragulus javanicus) (small
intestine) ; Zoological Gardens, Calcutta.

X2
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The m, ‘
fhi('krmi:dle measures 11-3 mm. in length and 0-42 mm. n
88, the female 11-5 mm. and 0-46 mm. l'(‘h'p(‘(‘t‘i\'t‘ly.

The cut;
> Cltiele « . . A v
le shows fine striations. which are more distinet 1n

the .
to t.l{:,'tnztlﬂ(‘ﬁth““ in the male. The cephalie ill“:l.(i()ll Is .\'imi'lar
separate thoi ?l(lmlu.s'. * The groove and overlying flap which
from antery ”(‘il(l fn')m th(‘”rpsri‘nf the body are :ll.)()llt 200 p
and (‘Vlind;)'l.md,?f b(.xi_v. Ihe ‘hu(-('ul ('El])HH!(‘ |s)sll;lll(3\t
elements, Tl}(la' The internal leaf-crown contains 20 to 25
capsule, hus | 0}!10;1(1, at the level of .Ehv posterior end of the
1s club.ghy )L;} ) fameter of about (MN[)_/~ mm. I'he wsophagus
e ﬂpi(:lul(- ‘(u}ul measyres about 055 mm. in |('n}._lth. .
each b(‘urinrs. liuc striated alwe and taper to tine p(')l‘nts,
measure, ¢ g_‘l & long, "?""Ol“t‘(“l Tl_‘rl_nlnul filament.  They
» excluding the filaments, 0-655 mm. in length.  The

tail of t}
h ala 3 .
vulva js Sitfem‘lle is sharply pointed and 0-2 mm. long.  The
situated at about 0-25 mm. from the anus, and has

prominent Jijng N
nt lips. The eggs measure about 0-077 . 0-04 mm.

3. Genus CHABERTIA Raillict and Henry, 1909.

Anteri ,
antem_;ggt‘fﬁlvOb]‘l/qll?l)‘f truncate, so that the mouth faces
only of (‘eph?lii Cl,l-'rldl cervical groove faint. A trace
large, SungObl(ll-c vesicle present ventrally.  Buccal capsule
and interpy) ]e.:lfr" “l'ul‘ollt toeth.. Much-reduced external
IT}al‘gin. Spicul((\g-;(fm:n: present, just behind its anterior
picce present. Al ?fé’ ,'ublllélr and slender.  An accessory
ruminants. ult worms parasitic in the intestine of

e e .
notype :—Chabertia ovina (Gmelin, 1790).

1. Chaberti : o
bertia ovina (Gmelin, 1790) Railliet and Henry, 1909,

Synonyms ;— S ;
tortu}; Iili(loﬁf;gng]yp{g: ovinuy Gielin, 1790 % ;  Strongylus con-
1819 ; Seleroston I/- (part) ; Strongylus hypostomus Rudolphi.
hypostomus i)io:i(lll;”plogiolm‘(‘"' Dujardin, 1845 (patt) s Dochmius
Leuc T e g, 1891 (rartl i Selerost ‘
euckart, 1867 ; Selerostonum m,»,',,u,;, s;:,z;i:).;'l‘“;'mewwwnm”m

Hosts -—Thi i
sts :—This species oceurs i ; :
sheep, goat and I‘)mrlif(‘;u:)c‘(itlkrl'b in the' large intestine of the ox,
politan distribution Bkhaler‘:(l)r (rllg‘l}l:m;;nts’ amd is of cosmo-
s N . [ "o worde 1 T
(Bos indicus) and sheep at Muktes")’ [)Jr(}(mdh’]t f}om cattle
in the Punjab. sar, United Provinees, and
The male measures 13-16
asures 13-16 i
05 o3 T 1O mm. in length and about 0-35—
: ximum thickness, the female 15-25 mm. and
- » 15-2i .

* Fabricius, 1788, has been ed by Raill 7 athor of thic

been quoted by R 't ag i
nar;e, :))ub th?3 refe;'enc% is to }fabri(eius.}in i’t/}lllxll(l(trfl bl ;Sg 1}/::3)1101‘])05:1“1’1'8
F. d %tp’ ) (1110. P- 8) of Miiller it is stated that Fabricius re:'elit;]:
ound a Strongylus ™ In Intestinis ovium,” but apparently 1 A nox
e it s P y he did not
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about 0-5-0-65 mm. 1’espectively. The buccal capsule is large
and subglobular anteriorly, but somewhat mnarrowed and
truncate posteriorly. Its length is about 0-54 mm. The two
leaf-crowns consist of numerous small, pointed denticles. The
cesophagus is elub-shaped and measures 1:2-1-4 mm. in length.
The nerve-ring is situated at about the anterior third of the
cesophagus, and the excretory pore just behind the cervical
groove.

The dorsal lobe of the bursa is slightly longer than the
lateral lobes. The tips of the antero-lateral and externo
dorsal rays are some distance from the edge of the bursa,
the other rays reaching the edge. The ventral rays are close
together, as are also the medio-lateral and postero-lat‘eral
rays. The antero-lateral ray diverges from the medio-lateral,
and is stouter than the other lateral rays.  The branches of the
dorsal ray ave bidigitate, the inner termination only reaching
the edge of the bursa, Large prebursal papille are present.
The spicules measure 1-3-1-7 mm. in length and are provided
with alie. The accessory piece 1s 0-08-0-1 mm. long.

The tail of the female measures 0-2-0-23 mm. in length.
1¢ diminishes rapidly in thickness from the anus to about its
middle, and then tapers more gradually to a sharp point,
which is curved dorsally. The vulva is situated at about
0-37-0-5 mni. from the posterior end. The vagina is about
0-15 mm. long. The combined length of the muscular portions
of the ovejectors is Q-2 mun. or more. The eggs measure
009-0-1 < 0-05 mm. Their contents arc segmenting  when

they arce laid.

Subfamily STEPHANURINA Railliet,
Henry and Bauche, 1919.

Buccal capsule well developed, cup-shaped, with a leaf-
erown at its anterior margin. Bursa of male subterminal
and poorly developed, with stunted rays. Worms parasitic
in the ureters or in the abdominal viscera of Ungulates.

I. Genus STEPHANURUS Diesing, 1839.

Worms of relatively stout form. Mouth circular, provided
with an external lcaf-crown of small elements. Cuficle
surrounding the mouth reflected externally to form six thicken-
ings or ° cpaulettes,” two median and four submedian.
Buccal capsule cup-shaped, with thick walls. At its base there
are six teeth which may be bicuspid or tricuspid. Rays of
bursa short and stout. Dorsal ray divides into two branches
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FCNOty . . .o .
Otype —Stephanurus dentalus Diesing. 1839

1.
Stephanurus dentatus Dicsing. 1839, (Fig. 143.)

Synony
YNONyms :— Seferostoma pinguicola Verrill, 1870 ¢ Strongylus
1874, nec Rudolphi. 1803 ; Stephanurus natterverd

é‘mtatu& Dean,
obbold, 187y . Strongylus (Selerostoma) pinguicola Magalh es.

. J . y
43 Sclerostomwm renium Drabble, 1922 . Stephanrus morai
L9285 2 Sclerostoma dentatum of  Leidy. 1836, nee

Almejdq,
Rudolphj, 1809,
Hosts ._myiq w
Pig.  Immatyre

; : specimens are fou i . perirenal fa
m the liver o nd in the perirenal fat.

other abdominal viscera, and occasionally

N

~
7 A tpras, ~
/ 5 ,J/‘ﬁ,‘—r—\'h‘ﬁf‘

S

Fig. 143.

—Steph . N )
nf:]]gn‘lf' u: dlbn‘{fl‘[”"“ A.anterior ond ; B, pusterior end of
» ventral view.  (From Baylis, after Daubney.)

in the lungg
S,
2 Doty 0%' thisTsh(; ((.).x andTThe donk‘ey have also been recorded
distrri ot bmpﬂ}:}es. ] 16 parasite has a wide geographical
Java and S’umatra ]t(;lgg\\ l'tf hu? be(‘l')l o bl D o,
' riter hag : i g
dofinite Lot , s been unable to find anv
> y 1 3 aviis ‘ or
poto & inatnhre(:ordb. . Baylis and Daubney (1923, b) record
b he collection of the Zoological Survey of Indi
ut these may ormay not have been of In?lim it ;)) Ill)( o
(1923) mentions speci in Mo Sl
92 , S specimens in the Britist N .
. ‘ ] ‘ sh Museum (Natural
Hlstory) from East Africa and [ndjn but these loc: (’N"Lt ar
Incorrect, the material in question ’hmi oo e
R uest ing  come
Gold Coast ar)d the West Indies respective‘\? e from the
The following description iy taken muiniy from that give
by Daubney. ) at given
The male measures 20-30 mp

. . . 1. in length and u -
in maximum thickness, the a P to 1-2 mm.

female 2545 mm. and up to

™ bifurcate or trifurcate at their tips.  Lateral rays
applied to each other: the postero-lateral ray thicker
piece preqmer two.' Spicules equal or subegual.  An accessory

; Sent. Tail of female short, abruptly attenuated
"anus and bearing a pair of globular Jateral cuticular
Vulva close to anus.  Uterine branches parallel.
Stine jy considerably longer than the hody. and is

orm occurs as an adult in the ureters of the
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1-8 mm. respectively.» The anterior end of the body is some-
times curved ventrally, The buccal capsule measures about
0-18 mm. in length and the same in maximum width., At
its base there are usually six teeth, which are variable in shape.
The leaf-crown containg about 50 small, pointed elements.
The @sophagus is shaped like an Indian club. Tts length
(in the female) is about 1-6 mm. The nerve-ring is situated
at about 0-5 mm. from the anterior end, and the excretory
pore about 0-5-0-6 min, behind the nerve-ring.

The spicules have transversely striated ale and are slightly
swollen at the tips. They vary in length from about 0-66 to
I mm., and may be equal or unequal.  When the latter is the
case, the left spicule is the longer. The accessory piece is
flattened and heart-shaped. and measures about 0-075 mm. in
length.

[n the female the body is bent ventrally, almost at a right
angle, behind the vulva. The tail is about 0-59 mm. long,
and is suddenly constricted in dinmeter a little behind the
anus. At about the level of the anus there is a pair of lateral
processes of globular form. The vulva is situated at about
1-36 mm. from the anus. The vagina is very short, and
leads into paired uterine branches which are opposed at first.
The posterior branch, however, turns forward almost at once
to run parallel with the other. The eggs measure 0-09-0-1X
0-056-0-065 mm.

The life-history of Stephanurus has been studied recently
by scveral observers, and may be summarized as follows.
The eggs reach the exterior with the urine of the host, and hatch
after one or two days. The larve reach the infective stage
after a further four or five days, under favourable conditions
of temperature and moisture.  They are capable of remaining
alive in the open for about five months, but cannot withstand
drying. Infection may take place either through the swallow-
ing of infective larvae with tood or water, or through larve
penctrating the skin. The latter process appears to be
facilitated if there are wounds in the skin through which the
Jarvic ean enter, and there is a difference of opinion as to
whether the larvae are able to penetrate the uninjured skin of the
pig. By whatever route they enter the body, the larve
appear to undergo their third moult soon afterwards, and then
the majority of them migrate (probably by way of the portal
system) to the liver, though some may be found in other
organs and tissues. In thes liver they remain for several
months, and undergo the fourth moult. Finally they migrate,
apparently by direct penetration through the tissues, to the
perirenal fat and to the ureters. In the last situation they
reach maturity.
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Subfamily SYNGAMINA Baylis and
Daubney, 1926.

Buccal capsule well developed, subglobular, without leaf-
crowns at its anterior margin, but with teeth at its base.
Eggs operculate. Parasites of the respiratory tract of birds
and mammals.

1. Genus SYNGAMUS v. Nichold, 1836.

Sexes joined permanently in copula. Buceal capsule large,
furnished at its base with a variable number of teeth.  Bursa
Of‘male small and thick-walled, its rays short and  stout.
Spicules small, in some species extremely small and difficult
to de:ﬁect. Vulva in anterior third of body. Adult wornms
parasitic in the trachea or bronchi of hirds and mammals.

Genotype —Syngamus trachen (Montagu, 1811).

Key to Specivs.
Parasite of birds . ............................ trachea. p. 312

Parasite of cattle and buffalo 315
1te of cattle and buffalo .................. laryngens, p. 315
Parasite of elephant .......................... ,’:u/f:':f: ;\.'317»

1. Syngamus trachea (Mont: ‘hapi 25 M
144 & 145.) (Montagu, 18L1) Chapin, 1925, (Figs.

Sy 30&1’:&1;&—['1130101(1: traches Montagu, 1811 ; Synganis trachealis
Lis  Dictus 12‘363 Strongylus trachealis Nathusius, 1837 ¢ Strongy-
Diesig 188"1 I"epslvm. 1849 ;  Strongylus  meleayris  galloparoms
trachoagl; D) 2N Cle"ot"ﬁoma Syngamus Diosing, 1831 ; Sclerostoma
St iesing, 1851 ; Syngamus primitieus Molin, 1860 5

rongylus primitivus Hutyra and Marek, 1910.

tuxl-lig(:;s .—0—0'1;213 }?p'ecws has been recorded  from the towl,
birds b’eﬁ) o h; Pt ed?‘dl}t and a cons1dqmble }mmbor of other
in young bi%dsg odv?rlous orders. It is partlculurly prcvi}l(“"t
A S an ”requ.ently produces in them the condition

as " gapes,” which may result in their death from
suf’focafmon. The adult worms occur in the trachea and
bronch} of their hosts, immature worms in the lungs and air-
sacs. The parasite is widely distributed throughout the world,
but the only record from the Indian region appears to be from
the fowl at Colombo, Ceylon (v. hinstow).

The male measures 2-6 mm. in length and 0-2-0-4 mm. in
maximum thickness, the female 5-40 mm. and 0-35-1-4 mm.
respoct_lvely. The mouth is surrounded by an inflated cuti-
cular ring whose outer margin is incised to form six festoons.
The buccal capsule is hemispherical and has from six to ten

Fig. 144.—5!
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y éts base. Chapin describes the typical arrangement
mayas follows :—A large me(lum.(lorsal_ tooth w{nich
Very smalj g bn()t show two cusps o on cither side of this a
teoth gy . odorsal tooth ; a pair of large, unicuspid, lateral
tooth Whicﬁ pair of similar subventral teeth ; and a ventral
divideq to 18 the smallest of all. This last is occasionally
about 1/19 orm a pair of teeth. The wsophagus oceupies
female, | 0 °f the total length in the male, 1/25 to 1/18 in the

The },
tridl'gl't:-xtréL nghes of the dorsal ray of the bursa are typically
are SOmeti’m;"t' .thelr maode of branching is variable and they
measure 0.0575 dsynhnmetrl(_'.al. The spicules are delicate and
he taj] Of“:()-()SZ mm. in length.
¢ valva vy, ¢ female is conical and ends in a pointed process.
and matyy Tes in relative position according to the age
§ituated at a‘{)OOf the worm. In immature specimens it is
: at :t: the anterior quarter of the body; in gravid
’rowﬂoutfthe anterior sixth, owing to the dispro-
ova ' o the posterior region. The coils of the
o tﬁdn t‘ubes, in the gravid female, lie almost
end of the pog,. € vulva, and extend almost to the posterior
with an operc ]y The eggs are ellipsoidal and are provided
0-078-0-1 Oz:}um at each end of the shell. They measure
at the time of ‘_0'0-’)‘ mm. Their contents are segmenting
reached befo ovlpo?ltIOH. The second larval stage may be
he “fe_h;'ethatchlng oceurs. = ’
eggs, laid by tshg?r of . l.mchga is briefly as follows. The
margin of the 1 emale while still in copula, pass ont under the
trachea of the }llll‘SitL of the male, and enter the lumen of the
mouth and sy ost. Thence they are coughed up into the
the droppings (}wed, and eventually reach the exterior with
or longer, acc(;pd"ll the open they hatch within a fortnight
may take place ll)n§ to climatic conditions. The first moult
Appears to be infeet(')re hatching, and the second-stage larva
a suitable host, t, ctive.  When such larvee are swallowed by
to the fourth s’ba oy migrate to t,hP lungs, where they develoi)
migrate to the lage, at which pairing takes place. They then
days after reachi Tger air-passages, and within ten to fourteen
Although the ?Ogrthe trachea they. attain maturity. /
aid of an inter dm can complet'e .ltS life-history V;'i[',h()ut the
mediate host, certain earthworms, snails and
for the larve, and

blrd. can q i i i
S acquire lnfe(!lylon bV A% i 1
A Sw d‘llo lng ‘h(',SPA anlma]s.

\

¥
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2. Syngamus laryngeus Railliet, 1899.
Synonyvms :—=Syngamus laryncheus Smit, 1922 ; Syngamus laryn-
cheus minor Smit. 1922; Syngamus major Smit, 1922,

Hosts :—This  species  was originally recorded from the
larynx of the oX in Annam. [v India it has been recorded
from cattle (Bos indicus) and buffalo (fos bubalus) in the
Kumaon and Garhwal hills and at Bareilly by Sheather and
Shilston, and by these authors and by Ware from the same
hosts at Muktesar. [t also occurs in South America, the
Philippines and other parts of the world. It has been recorded
once, somewhat doubtfully, from man in Brazil.

The male measures 2-6-5 mm. in length and 0-34-0-45 mm.
in maximum thickness, the female 7-20 mm. and 0-45-
0-675 mm. respectively, The cuticular striations are at
intervals of about 5y, The buccal capsule has a diameter
of 0-27-0-47 mm. At its base there are eight. teeth of approxi-
mately equal size. from cach of which a longitudinal rib-like
thickening runs forward on the inside of the capsule. Ouly
six of these ribs reach the anterior margin, and these correspond
in position with the six cephalic papille. The two shorter
ribs are in the dorsal and ventral lines. The cesophagus
measures about 0-66-1-3 mm. in length. The nerve-ring is
situated a little in front of its middle, and the cervical papille
at 0-6-0-85 mm. trom the anterior extremity.

The dorsal rays of the bursa are paired, stumpy and
apparently undivided. The spicules are very small and difficult
to observe. They measure 0-024-0-03 mm. in length.

The tail of the female is about 0-15-0-25 mm. long, and
tapers to a blunt point. The vulva is situated at about the
anterior quarter of the body. The coils of the uterine and
ovarian tubes extend back only a little beyond the middle
of the body, and forward to almost the same distance in front
of the vulva. The eggs measure about 0-078-0-085:<0-044—

0-047 mm.

3. Syngamus indicus Monnig, 1932.

Host -—Indian elephant. Originally recorded from the
pharynx of a recently imported circus elephant in South
Africa, this parasite has also been recorded by Bhalerao
(1935, @) from the larynx and an “ cedematous swelling under
the neck *’ of an elephant in the Andaman Islands.

Monnig (1932) had only a single pair of specimens at his
disposal. Bhalerao had a considerable number of specimens,
but these were smaller than Monnig’s, and, as the majority
of them were not in copula, it seems probable that they were
not all mature. The differences between the two authors’
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aceounts .
suff (:;}:t i(f)e %mmnly in ,mmsurcnwnts. cand do not seem
species, Theill}]ggOSt"-t}]ilt' they were dealing with different
in the followi more }mp()rtﬂntr pomts are therefore combine
T ing description
€ male measures, : T g (S .
length and ().31‘ sures, according ‘t() Bhalerao, 3-70-6-0 min. in
10 Minnje q‘{_‘U'44 . in maximum thickness, ot avcording
QL"('UFdin;{O‘ B'; mm. m.ul 059 mn. respectively. The female,
thick, \\'Eil- M‘l‘il‘l(‘l"il(),.l.\' Re(-18-Hmm. longand 0-335-0-6-4 mm.
091 mm (ITI onmg glV(‘,s‘th‘(?S(! measurements as 30 mm. and
striations ar lere 18 no distinet mouth-collar. The cuticular
Sp and 4,‘_) ¢ m'(glst‘m(-t, and are at intervals varving between
walled. l't”. The buceal capsule is .\‘ulyglubul;ir and thick-
0-44 1w 'i:‘eﬂﬂlll‘}?ﬂ ti-?Bfkl)-4 mm. in fength and 0-23-
six longituding lou.t?“l(‘ diameter.  Its walls bear internally
the cephalic o r}{l'ges, cach of which corresponds with one 0
eight tecth 0_8::‘;:0.&"4 At the base of the capsule there are
in POSition’ i the 1 mim. m.hmgh.t, Six of these corresportt
and ventral res e (mgltndznul ridges, while two are dorsal
0:9-19 mm. in lz)ﬁg?hvo‘v The sophagus measures aboul
ness.  The cervicq? .‘“'m “'18“'"44 mmni. in maximum thick-
situated at abe t(( P«lpluiv, which are short and stout, are
the nerve-rin r""t' ("("8‘“1’33 mm. from the anterior vxt‘r('l‘nity
0-;':1{;—1.6] mmé at 0-66-1-28 mm., and the exeretory pore ilt,;
he Vent,ra,. S . .
closely ilppo.sle(?u.h ‘;f the bursa of the male are stout and
lateral and medi ‘ll‘ nd end in narrow points.  The antero-
are close t‘Ogetlig;- ateral rays arise from a comunon atem and
narrow points. i cometimes cending bluntly, sometimes in
from the other I he postero-lateral rays originate separately
bases are ﬂomr ] ateral rays, and (livo;'m' from the ety
sometimes N ‘ ¢ ym them. Their
the two separate (; narrowed. The externo-dorsal rays and
former are some:imm‘sal rays all arise in(lcpcn(lcnt,ly'. The
somotimes stouter ct“; ‘more slender than the other rays, but
rather abruptly a d wn the dorsal rays. The latter end
digitations. '13‘7}, nd have & number of smadl, irregular terminal
0-075 mm. lon 6 %Il):('rlﬂes, according to thtlor:u) are 006~
'I“he tail of %he b ;)&lwctl:e not seen by Manuig. ’
which is curved Ventrallc mx}IJcrs r;}pnl‘ly and ends in a point
0-17 mm. and 0-34 mm y T} t varies in length between about
fmm.. the anterior end o'f s 16{) vulva is situated at 4-4-9 mul.
0-105 % 0:046-0-056 mn ,‘f‘ 9(1y. The eggs measure {)-088—
poles, and according to 11'3}1.11 El?lr shells are thickened at the
beyond the first cleavage z(n (;ft(;;)othe“ contents do ot proceed
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13. Family ANCYLOST()MIDZE (Looss, 1905)
Lane, 1917.

il developed, more or
in most genera,

less funnel-
s buecal

Buccal caprule relatively we
d bearing

probably representing,

shaped (
capsule and (Psophagml funnel combined), an
ates on its anterior margi. Acces-

eth or cutting-p!

hes of dorsal ray of bursa much reduceed.

ventral te
sory brant

ily ANUYLOSTOMiNfE (Loows, 1905)

Subfam
stephens. 19 16.

in of buccal capsule armed ventrally with

Anterior marg
pairs of teeth.

from one to four
Key to Generd.

and u‘sophugcal funnel dis-
tinet, the former ghallow. the latter deep
and conlaining onc vr ywo puirs of lancets.
Bueeal capsule and u‘sophugcul funnel not
Bt o eeoee oo T Cnplately 1.

1. Buccal cupsule
chitinized et
Bucceal capsule
chitinized <ot TT

Buceal eapsule
AGRIOSTOMUM, P- 324,

GALONCUS, P- 323.

ANCYLOSTOMA, P+ 317.

1. Uenus ANCYLOSTOMA * (l)ubini, 1343) Creplin, 1845.

ymn ——Diploodon Molin, 1861

Synon
Mouth-opening guarded by

wior end bent dorsally.

Antd
one to three pairs of ventra teeth. Buccal capsule deep,
infundibular, pmvidod internadly with a pair of triangular
dorsal teeth. Dorsal gutter traverses the dorsal wall of the
capsule and opens into @ deep notch on its anterior margin.
a small dorsal obe. Externo-dorsal rays arise
The latter

Bursa with

high up on the median stem of the dorsal ray.
is cleft for about one-third of its length. The terminations
of its main pranches appear tridigitate, 1. e there
yery short accessory branches close to the tipof ¢
not barbed. An aceessory picce present. Vulva

clling of the generic namoe having been adop
ission on Zoologlcal Nomenclature, it

variants of it in the synonymy:
ymies of the individual gpecies.

* This sP
Internutionnl Comm
necessary {0 give the NMIMerous
of them will be found in the synon

are two
ach. Spicules
pehind the

opted by the
is not thought
Many
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WOImS papaisi : body. Uterine branches opposed.  Adult
enot rasitic in the intestine of mammals,
Ype —~dncylostoma duodenale (Dubini, 1843).

Ventypg) Key to Species.
Al teeth of buccal capsulo not deseribed ;

SPiculgg of
Ntrg] toofhma‘lo about 0-06 mm. long. ... .. mininun, p. 321,
Chtrg) t(;:“ of buccal capsule three pairs ..,
1 Nhermggg 1 of buccal capsulo two pairs ... 2,

as the othpalr of ventral teeth almost as large
lon ors 5 spiculos of male about 2 mm.
caniniomn, p. 320,

Inney, X
spiefﬁgsbogmr ;)f Ventral teeth rudimentary ;
nnoer pajyp !fnu o about 0-9 ynm. long ...... ttnodenale, p. 318,
Spiculog ofo Vlentral teeth woll developed ;
nner pain g‘lf& e' about 3 mm, long ... malayanim, p. 322,
Spicules f veutral teeth rudimentary ;
male about -8 1nm. long ...... braziliense, p. 321.

(&

1. Ancylosto
ma d“ . . e N . ) g~
(Fig, 146, A) odenale (Dubini, IS43)  Creplin, 1845,

Synon .
8!01;1‘)77,25 '(;L:)’(;/(fll.’lllo-vl()l)!u_ duodenale  Dubini, 1843 ; A nehylo-
V. Siebold lf;‘nr“)ﬂ Dlesmg, 18515 Ancylostonium dumlr’;lale
ochmiy ;ln('/ ')[~, Agehylostomm.  duodenale Diesing. 1861 ;
Cobbol I8(54/-"'/s(')(m)"mm Molin, 1861 : Selerostoma duodenale
. “()denal,is Lo H i( frr)n,y_//lz{.s- duadenalis Schueider, 1866 2 Dochmius
1880 , Unm"n'ml' art, 1867 ; An/g,l//ostomlml, duodenale Bugnion,
denaly Lut'/I ll;gl;z duodenalis Raillict, 18853 4 nhkiylostoma duo-
1886 D(J(‘ia’m 885 ; Ankj/{o.etoma duodengjejunale Leichtenstern
hominga Lei ;Ihus duodenalis hominis Poeppel, 1897 ; 4 Nk}/lo.v(om(;
ing and G\Jiietx-igite;:;( 1898 :  Uncinaria hominis Ash(‘ol‘d,
anc, 1916, » 19045 Aneylostona {(Ancylostoma) duodenale
Hosts .—y; :

— 18 § Hpe 1 N . . . .
and Sllbtropica] cPeCles. 18 vcry.mdely distributed in tropical
WOrms” of may) Oﬂnﬁrl%, and is one of the common ** hook-
chimpanzee go.r i a_sg however, also been recorded from the
animals, It oo & bon (Hylobates lar), pig and other
where it has alsg bmon 1 man throughout the Indian rogion,
(Darjeeling dist;'ict fferia recorded from the tiger (Lane, 1917, ¢
rom the fishi. ~)L aylis and Daubney, 1922, 1923, b) and
1922). Thapar” (19209 hay 0e7%@) (Baylis and Dubney
9) has recorded * 4. duodenale > from

Pariah dogs at Lucknow
oW inati
ooy g at Luc , but the determination of the species

he measure i i
tal;iln from Lanrge(rllft)slé; the followi
. e male measures 8— i
(l)n6 maximum  thickness, ltlhem;gl'n;rllelell})gfl% arl::ino‘%—(zlﬁ 18
o Srillnll. res}gl?ﬁgl‘;)ei{é lThe cuticulgy striations 'u'n a(:r;ntetl)‘v%fl;
e FThe vent /la capsule Measures 0-185-0-225 mm. i

gth. ventral teeth consist, of two laro s
a rudimentary inner pair. The OeSopha,g_gu~x 18 ]-‘;rél?.'S Pr;ilrll‘sland
S - . long.

ng description are largely
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The nerve-ring is yituated at 0-675-0-72 mm., the excretory
pore at 0-8-0-87 mm., and the cervical papille at 0-8-1 mm.,
from the anterior extremity.

The medio-lateral and postero-lateral rays of the bursa
are fairly widely separated. The spicules measure about
2 mm. in length, the accessory piece 0-1-0-15 mm.

The tail of the female is 0-13-0-16 mm: long. The vulva is
situated at about the posterior third of the body. The eggs
measure U-06-0-065 0-03-0-04 mm.

Specimens occurring in the tiger have been found both by
Lane and by Baylis and Daubney to be below the average size.
This may possibly be an indication that the tiger is a host
to which the worm is poorly adapted.

The life-history of this and of other species of hookworms
is briefly as follows. The eggs, when laid, are in the carly
stages of segmentation. In this condition they are passed
out with the host's faces, and in about two days, if
the temperature and other conditions are suitable, the

Kig. 146.~-Ancylostoma. Dorsal views of the mouth of (A) 4. duo-
denale ; (B) A. cantnwmn; (C) A. braziliense. (From

Baylis, after Looss.)

embryos develop and hatch. They now grow rapidly and
moult twice, but after the second moult the cuticle is
retained as a protective sheath. This stage is reached in
about five days or a week, and the larvae are now infective.
On coming into contact with the skin of a suitable host,
or being taken into the mouth, they actively penetrate the
skin or the mucous membrane and migrate through the tissues
until they find their way into lymphatic vessels or veins.
They are thus carried by the blood-stream to the heart and
thence to the lungs. Ascending the bronchi and trachea,
they enter the mouth and are swallowed. Their ultimate
habitat, the small intestine, may be reached within seven
to ten days after their entry into the body. Here, in the
course of a further two to four weeks, the worms undergo
two morc moults and become sexually mature.
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2. Anecylostoma caninum (Ercolani, 185¢) v. Linstow, 1889.
(Wig. 146, B.)

Synonyms :—Dochinius trigonocephalus (Rud.) of Ercolani, 1'8-‘)‘.)
(part) : Sclevostoma caninon Ercolani, 1859 1 Strongylus caninus
Krcolani, 1859 ; Dochmius balsami Parona and Grassi, 1877;
Uncinaria trigonocephala Railliet, 1885 ; A nkylostomum. tubx-
Sforme v. Linstow, 1885 ; Ankylostoma trigonocephalum Blanchard.
1888, nee Looss, 18983 Ankylostomum trigonocephalum v. Lin-
stow, 1889 ; Ankylostomum caniniun v. Linstow, 1889 Anky-
lostoma caninum Ward, 1895 ; Anclylostonmion tri_qonoc('plzallvlm
Looss, 1897 : Uncinaria tubaformis Galli-Valerio, 1898 -
cinaria canina Raillict, 1900  Agcehylostoma caninum. Stiles,
1903 :  Awnchylostoma caninam Loeb and Smith, 1904 ; Aneylo-
stomma trigonocephalum Braun and Lihe. 19080 Ancylostomum
caninum Gomez de Farin, 1910 Ancylostoma (Aneylostoma)
caninum Lane, 1916 ; ? Strongylus tubxformis Zeder, 18002
? Strongylus trigonocephalus Rudolphi, 1808 (part)*.

Hosts —This is a common and widely-distributed parasite
of the dog. From this host it has been recorded in the Punjab
by several authors, and in Ceylon by v. Linstow. It may also
oceur in a number of other carnivores. Baylis and Daubney
(1922, 1923, 8) record it from the following animals, mainly
in the Zoological Gardens, Caleutta :—Wild dog (Cyon dukhunen-
si8), Indian wolf (Canis pallipes), Indian jackal (Canis aurens).
Indian fox (Vulpes bengalensis), Indian desert fox (Vulpes
leucopus), sloth-bear (Meclursus ursinus), tiger (Felis tigris).
leopard (Felis pardus), fishing cat (Felis viverrina) and
domestic cat. A. ceminum has been recorded as a human
parasite in the Philippines, but its occurrence in man appears
to be very rare.

The measurements in the following description are taken
mainly from Lane (1916).

The male measures, on an average, 10 mm. in length and
04 mm. in maximum thickness, the female 14 mm. and
0-6 mm. respectively. The cuticular striations are at intervals
of 10u. The buccal capsule measures 0-25 mm. in length.
and there are three pairs of large ventral teeth. The cesophagus
is about 1-1 mm. long. The nerve-ring issituated at0-72 mm..
the cervical papille at 0-75 mm., and the excretory pore at
0-8 mm., from the anterior end.

The medio-lateral and postero-lateral rays of the bursa
are rather widely separated. The spicules are about 0-9 mm.
long, the accessory piece 0-16 mm. )

The tail of the female is about 0-2 mm. long. The vulva is
situated at about the posterior third of the body. The eggs
measure about 0-06-0-064 x 0-03-0-04 mm.

* Rudolphi’s species seems to have included A. caninum and Buno-
stomum trigonocephalwm, and this has resulted in much confusion.
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3. Ancylostoma minimum (v. Linstow, 1906) Lane, 1916.

Synonyms :—A nkylostormwm minimum v, Linstow, 1906 ; Uncinaria
minima Railliet and Henry. 1909,

Host :—Rusty-spotted cat (Felis rubiginosa) (stomach)
Kandy, Ceylon.

Of this species nothing appears to be known beyond the
brief account of it given by v. Linstow, and it is doubtful
whether it can be recognized. The type-specimens do not
appear to be available in the Colombo Museum.

According to v. Linstow the male measures 2-38 mm.
in length and 0-24 mm. in thickness, the female 4-46 mm.
and 0-2 mm. respectively. The buccal capsule is dorsally
inclined, and has four ventral longitudinal “ ribs” and
“a tooth at the bottom.” The wsophagus occupies 1/5-8-
1/4 of the total length. The spicules of the male are brown
and very short (00062 mm. long). The tail of the female
measures 1/34 of the total length. The vulva is posteriorly
situated, dividing the body in the proportion of 31 :12.
The genital organs are almost confined to the posterior half
of the body. The eggs measure 0-088 % 0-053 mm.

%

4. Ancylostoma braziliense (Gomez de Faria, 1910). (Fig.
146, C.)

Synonyms :—Aneylostomum  braziliense Gomez de Faria, 1910 :
Ankylostoma braziliense Gedoelst, 1911; Uncinaria braziliensis
Railliet, 1911 ; Agchylostoma ceylanicum Looss, 1911 ; Ankylo-
stoma ceylanicum Lane, 1913 ; Agchylostoma braziliense Gomez de
Faria, 1914 ; Ancylostoina ceylanicum Leiper, 1915 ; Ancylostoma
(Ceylancylostoma) ceylanicun Lane, 1916.

Hosts :—This species, which is widely distributed in tropical
and subtropical countries, is a common parasite of dogs and
cats, and also occurs not infrequently in man. In India it was
recognized in man for the first time by Lane, in 1913, in prisoners.
who had been transferred from the Mymensingh Jail to
Berhampore. It was previously recorded by Looss from the
small Indian civet (Viverricula malaccensis) from Colombo,
Ceylon. Baylis and Daubney (1922) record it from the follow-
ing animals, mainly in the Zoological Gardens, Calcutta :—
Civet (probably Viverricula malaccensts), tiger (Felis tigris),
lion (F. leo), leopard (F. pardus), fishing cat (F. viverrina),
leopard cat (F. bengalensis), domestic cat, wild dog (Cyon
dukhunensis), Indian wolf (Canis pallipes), sloth-bear (Melursus
ursinus) and red cat-bear (Flurus fulgens).

The measurements in the following description are taken
mainly from Lane (1916).

NEM. v
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The male measures about 7-7-8-5 mm. in length and 0-35 mm.
in maximum thickness, the female 9-10-5'mm. and 0-375 mm.
respectively. The cuticular striations are at intervals of
7-5p. The buccal capsule measures (-175 mm. in length,
and the ventral teeth consist of one large pair and a rudi-
mentary inner pair. The cesophagus is about (0-75 mm. long.
The' nerve-ring is situated at 0-46 mm., and the cervical
papille and excretory pore at 0-6 mm., from the anterior
extremity.,

The medio-lateral and postero-lateral rays of the bursa
are close together. The spicules are about 0-8 mm. long, the
accessory piece 0-075 mm.

The tail of the female measures 0-16 mm. in length.  The
’vulva is situated at about 3-5 mm. from the posterior end.
The eggs measure 0-05x 0-03 mm.

5. Ancylostoma malayanum (Alessandrini, 1905). (Fig. 147.)

Synonyms :—Uncinaria alayana Alessandrini, 1905; Ankylo-
stoma malayanum Railliet and Henry, 1909 ; Agchylostoma
malayanum Looss, 1911 ; Ancylostoma malayanicum Stephens,
1916 ; Ancylostoma (Ceylancylostoma) malayanum Lane, 1916.

Hosts :—This species appears to be confined to bears, and
«does not seem to have been found outside the Indo-Malay
region. It was originally recorded from the Maluy bear
(Ursus [Helarctos] malayanus). In India it has been recorded

otmm.

Fig. 147,—Ancylostoma malayanum. Anterior end ; dorsal view.

(After Lane.)
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by Lane (1916) from a wild Himalayan bear (Ursus torquatus),
and also by Baylis and Daubney (1922) from Ursus malayanws
and from a ¢ bear ”’ which was probably the sloth-bear (Melur-
sus ursinus). These last two records refer to material probably
collected in the Zoological Gardens, Calcutta.

The measurements in the following description are taken
mainly from Lane (1916).

The male measures 11-5-15 mm. in length, the female
15-19 mm. In both sexes the maximum thickness is about
0-6 mm. The cuticular striations are at intervals of 6-25 .
The buccal capsule measures 0-185 mm. in length. There
are two pairs of ventral teeth, the inner pair being well
developed, though considerably smaller than the outer.
The cesophagus is about 17 mm. long. The nerve.ring,
cervical papillee and excretory pore are all situated at about
0-72 mm. from the anterior extremity.

The medio-lateral and postero-lateral rays of the bursa are
close together. The spicules are 3 mm. long, the accessory
piece -1 mm.

The tail of the female measures 0-125 mm. in length. The
vulva is situated at about 7 mm. from the posterior end.
The eggs measure (0-055> 0-03 mm.

2. Genus GALONCUS Railliet, 1913,

Anterior end bent dorsally. Mouth-opening guarded by
two or three pairs of ventral teeth. Buccal capsule relatively
small, cup-shaped and imperfectly chitinized, with one or
two pairs of tecth towards its base. Bursa with a small
dorsal lobe. Externo-dorsal rays arise from the main stem
of the dorsal ray. The cleft portion of the dorsal ray is very
short in comparison with its total length. Its terminations
are tridigitate, i. e. there are two accessory branches on each
branch. Spicules long and filiform, apparently united at
their tips. An accessory piece present. Vulva towards the
posterior quarter of the body. Uterine branches opposed.
Adult worms in submucous cysts in the intestine of Felida.

Genotype —Galoncus perniciosus (v. Linstow, 1885).

1. Galoncus perniciosus (v. Linstow, 1885) Railliet, 1918.

Synonyms :—Strongylus tubeformis of v. Linstow, 1879 ; Ankylo-
stomum perniciosum v. Linstow, 1885 Uncinaria perniciose
Cohn, 1899 ; Ancylostoma perniciosum Thle, 1919.

Hosts .—This species has been recorded on several occasions
from tigers and leopards, chiefly in menageries in Europe.
Baylis and Daubney (1922) record a single specimen collected
from the intestine of a leopard (Felis pardus) in the Zoological

v2
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Gardens, Calcutta. The worm occurs in fibrous nodules or
tumours of the wall of the intestine. and its presence fre-
quently leads to the death of the host from septicaemia.

_ The male measures about 8-14 mm. in length and 0-36 mn.
In maximum thickness, the female 11-6-17-4 mm. and 0-4 mm.
respectively. The cuticular striations are at varying intervals—

- according to Railliet. 453 anteriorly, 21 g in the middle of
the body and 13y at the level of the vulva. The anterior
end of the body is retractile. The buecal capsule measures
about‘O‘-07—Q-08 mm. in length, and its diameter. according
to Railliet, is 0-08 mm. in front and 0-04 mm. behind. The
O?Sophagus is about 0-8-1 mm. long. The nerve-ring is
situated at 0-47 mm., and the cervical papilla: at0-73 mm., from
the anterior end.

_The spicules measure 1-7-2 mm. in length. the accessory
piece, according to Ihle, 0-045 mm. '
berlll‘llr)lil tgﬁt (;f the fe(r;lale narrows rather suddenly a little
o o mnuS,_ arll ends in a small spike. [t measures
3.6 P m. in engtb_ The vulva is situated at 2-8-
36 mm. from the posterior end. The eggs measure 0-063—

0:072x 0-038-0-042 mm.

3. Genus AGRIOSTOMUM Raillict. 1902.

w}ﬁflcc;luﬂ;i‘:}}iﬂtl}llng circular, guarded by four pairs of teeth
o] ‘ e exception of the subventral pair, are double.

S dgutter end's in a freely-projecting process which is
g(gr}rgoove;1 and sometimes appears bifid. Buccal capsule shallow.
fsopbageal funnel very large, containing one or two pairs
of subventral lancets. A ventral cervical groove may be
Plifsentv-. Antero-lateral ray of bursa thicker than, and some-
what dlv'ergent from, the other lateral rays. KExterno-dorsal
Il;aé}t,,:'ezprll'lg from the ‘medi.an dorsal stem about half-way
b Ic1> ltsth{‘oot anfi its blfurca'tlon. Dorsal ray cleft for
oo ne-third of its length; its terminations bidigitate.
picules equal, alate. An accessory piece [or telamon]
present. Vulva close to anus. Adult worms in the intestine
of ruminants.

Genotype :— Agriostomum vryburgt Railliet, 1902.

1. Agriostomum vryburgi Railliet, 1902. (Fig. 148).

!i'ost :—Zebu (Bos indicus) (duodenum). The species was.
originally recorded by Railliet from Sumatra. In India it
has been recorded by Lane (1923) from Darjeeling, and by
Ware (1925) from the Nilgiri Hills, South India.

The n_mle measures 9-2-11 mm. in length and 0-29-0-35 mm.
in maximum thickness, the female 13-15-5 mm. and 0-39-

]
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045 mm. respe(-t.iv’el_v. The cuticular striations are very
fine and inconspicuous, the interval between them being
about 25 according to Ware. A ventral cervical groove is
present in this species (though not in all members of the
genus), in which the excretory pore is situated, at about
0-42-0-45 mm. from the anterior end. The buccal capsule
is very shallow, its depth being only about 0-05 mm. on the
ventral side and less than half as much on the dorsal side,
according to Ware. Its diameter, according to Lane, is
0-13 mm. The four pairs of teeth surrounding its opening
are of nearly equal size. According to Monnig (1932, @), each
tooth has a small internal tuberele at its base. The cesophageal

Fig. 148.—Agriostomum vryburgi. Anterior end. A, lateral view ;
BB, dorsal view. (After Monnig.)

funnel is about 0-25 mm. long. According to Monnig it con-
tains two pairs of very small subventral lancets, one in front
of its middle and one towards its narrow posterior end. These
had not been seen by previous observers. The cesophagus is
about 1-1-1 mm. long. The cervical papilla and nerve-ring
are situated at about 0-47-0-55 mm. from the anterior
extremity.

The spicules measure 0-83-0-87 mm. in length, and have
wide, t,ra_nsversely-stria,ted ale. The accessory piece is
0-09 mm. long, according to Lane. Ware describes it as
« clavicular in a lateral view, but heart-shaped in a frontal

view.”
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The tail of the female is 0-15-0-26 mm. long. and tapers
rapidly to a fine point. The vulva is situated at 0-47-0-6 mm.
from the posterior end. The eggs measure 0-125-0-195,
(-06-0-092 mm. Their contents are segmenting at the time
of laying.

Subfamily NECATORINA Lane, 1917.

Anterior margin of buccal capsule without teeth, but usually
bearing ventral cutting-plates.

Key to Genera.

Buccal capsule without marginal ventral [p- 328.
cutting-plates ........ ... ... ... L, (GLOBOCEPHALUS,
Buccal capsule with marginal ventral cutting-
plates ... ... 1. [p- 341.
1. An intestinal carcum present .............. (GRAMMOCEPHALUS,
Intestinal caecum absent . ....... ... . 2,
2. Buccal capsule fissured dorsally and laterally, [p. 343.
and with transverse ‘' shelves ™’ intcrnully: . BarumosToMuM,

Buccal capsule entire, without transverse
* shelves,” but with lancets or teeth near its

) base ... e 3. [p. 331
3. Dorsal lobe of bursa of male asymmetrical. ..  BuxosTOMUM,
Dorsal lobe of bursa symmetrical .......... 4.
4. Two pairs of lancets or teeth present in buccal
capsule oL L 3.
One pair of lancets present ... .. ... 6.
5. %ubvontvral lancets and subdorsal teeth simple.  Nrcaror. p. 326.
bub\'ept‘ml lancets and subdorsal teeth bi- [p. 339.
cuspid or tricuspid . ... .. 0L L. TETRAGOMPHIUS,

6. Dorsal cone projects freely into lumen of
buccal capsule ; dorsal lobe of bursa of male
larger than lateral lobes ................. GIAIGERIA, p. 335,
Dorsal cone does not project into hunen of
buccal capsule ; dorsal lobe of bursa smaller
than lateral lobes ....................... UNCINARIA, P. 336.

I. Genus NECATOR Stiles, 1903.

Aqterior end bent dorsally. Mouth-opening guarded by
& pair of cutting-plates. Buccal capsule large, subglobular.
At its base a pair of subventral lancets, a pair of subdorsal
teeth and_a prominent dorsal cone projecting into the lumen
and carrying the dorsal gutter. Bursa with two large lateral
lobes and a small dorsal lobe. Externo-dorsal rays relatively
long and slender, arising high up on the stem of the dorsal
ray, which is cleft for almost the whole of its length. Its
terminations are bidigitate, i.e. there is a single pair of
accessory branches. Spicules slender, barbed. Vulva slightly
in front of the middle of the body. Uterine branches opposed.
Adult worms in the intestine of mammals, chiefly Primates.

Genotype :—Necator americanus (Stiles, 1902).
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1. Necator americanus (Stiles, 1902) Stiles, 1903. (Fig. 149.)
Synonyms :—Uncinaria americana Stiles, 1902 ;  Ankylostomun
americanum v. Linstow, 1903 ; Uncinaria (Necator) americana
Stiles, 1903 ; Anchylostomum americanum Loeb q,nd Smith.

1904 . Necator africanus Harris, 1910 ; ? Necator suillus Ackert

and Payne, 1922.

Hosts -—This species occurs in almost all tropical and sub-
tropical parts of the world, its principal host being man.
1t is the common hookworm of the NCW.WOI‘ld, but is also:
very common in Oriental countries, and is thought to have
been introduced into America from Africa. In addition to
man, it has been recorded from the gorilla and.other Primates,
and also from the pig, rhinoceros and pangolin, and (rarely)
from the dog. According to some observers—e. . Maplestone
(1929, ), Kendrick (1929)—it is commoner in man i India th?}\‘
is Ancylostoma duodenale.  Specimens were recorded by Baylis

Fig. 149.— -Necator wmericanus, A, anterior end. dorsal view ; B, bursa
of male, lateral view. (After Faust.)

and Daubney (1922) from a young African rhinoceros (Rhino-
ceros bicornis) which had lived only a short time in the Zoological
Gardens, Calcutta, and had been imported from Tanganyika
Territory. Later the same authors (1923, b) recorded a single
female specimen from a wild Indian rhinoceros (Rhinoceros
nicornis | R. indicus)).
* 'll‘he malle nwzmsure]s) about 52-10 mm. in length and 0-18-
0-3 mm. in maximum thickness, the female 7-13-5 mm. and
0-33-0-45 mm. respectively. The buccal capsule measures
about 0-08-0-14 mm. in length and 0-07-0-12 mm. in w@th.
The cesophagus is about 0-5-0-8 mm. long. The cervical
papille are sitated at about 0-37 mm., the nerve-ring at 0-4 mm.,
and the excretory pore at 0-5 mm., from the anterior extremity.
The spicules of the male are about 0-92 mm-. long.



328 ANCYLOSTOMID.E.

The tail of the female measures about U-17 mm. in length.
The vulva is situated in front of the middle of the body, at
a})out 4-3 mm. from the anterior end in a specimen of average
size. The eggs measure 0:053-0-076 < 0-028-0-044 mm.

2. Genus GLOBOCEPHALUS Molin, 1861,

Synonyms :—Cystocephalus  Railliet, 1895, nec lLager, 1892
Clu.qu,co&lo)mun, Railliet, 1902 ; Crassisoma Alessandrini, 1909 ;
Raillictostrongylus Lane, 1923.

Relatively stout forms without cutting-plates at the anterior
margin of the buccal capsule. Buccal capsule deep, infundi-
bu‘la'r or subglobular, supported anteriorly by an external
chitinoid ring. Mouth-opening tilted dorsally. There may
or may not be a pair of teeth or lancets at the base of the
buccz‘ll capsule. Dorsal gutter extends almost to the mouth-
opening. Dorsal ray of bursa cleft for only a short portion
of its length ; its terminations tridigitate. ) Spicules slender,
curved dorsally at their tips or bent into an N-shape. An
elongate accessory piece present. Vulva in posterior half of
body. Uterine branches opposed. Adult worms in the
alimentary tract of pigs and monkeys.

Genotype :—Globocephalus longemucronatus Molin, 1861.

Key to Species.

Teeth in buccal capsule bicuspid ........... sanioensis, p. 330
Teeth in buccal capsule simple and triangular ’
orridgeike ... . ..... .. .. ... .. ... 1.
1. Buccal capsule subglobular: bases of teeth
extend to its extreme posterior end . ... ... nrosubuldatus, p. 328.
Buccal capsule funnel-shaped ; bases of teeth
do not reach its posteriorend ............ connorfilii, p. 329.

1. Globoeephalus urosubulatus (Alessandrini, 1909).

Synonyms :—Crassisoma urosubulatum Alessandrini, 1909 ; t Chara-
c.ostomum amucronatum Smit and Noto-Soediro, 1926 ; * (Vlabo-
cephalus amucronatus Smit and Thle, 1928,

. 01(1)332 (:i—f'fhis Il: Ia pai;Sitie of the pig, and was originally
om lItaly. aplestone has re it fi i
slaughtered in Calcgtta. P recorded it from pigs
Cameron (1924, b), after examining Lane’ i

» ), afte g Lane’s type-specimens of
Globocephalus connorfilii, considered this specri):s gbsynonym
of G. urosubulatus, a view which was accepted by the writer
(1929). Maplestone (1930,a), however, on the basis of a large
amount of _mé}terlal collected in Calcutta, recognizes the two
species as qlstln?t. Ihere is in reality considerable uncertainty
as to the identification pf Alessandrini’s species, but for the
present Maplestone’s view may be adopted provisionally.
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On the other hand, Maplestone includes G. amucronatus (Smit
and Noto-Soediro, 1926) Smit and Ihle, 1928, in his synonymy
of G. wrosubulatus, but the evidence for this conclusion is
not very convineing.

The following description of = G'. urosubulatus * is taken from
Maplestone.

The male measures 3:-99—4-69 mm. in length and 0-297-
0-376 mm. in maximum thickness, the female 4-74-6-87 mm.
and 0-336-0-475 mm. respectivelv. The buccal capsule is
subglobular and measures 0-14-0-2 mm. in depth and 0-084-
0-14 mm. in internal diameter. A pair of teeth, triangular
and of variable size, arise * from the posterior part of the ventral
wall of the cupsule, the posterior border of the tooth running
to the extreme posterior edge of the capsule, where it joins the
cesophagus.”

The spicules of the male are 0-852-0-931 mm. long (Ales-
sandrini gives -39 mm.)

The tail of the female measures 0-12-0-196 mm. in length.

2. Globocephalus connorfilii Lane, 1922. (Fig. 150.)

Host :—Pig (small intestine) : originally recorded from
Samoa ; recorded by Maplestone (1930, a) from pigs slaughtered

Fig. 150. Fig. 151.

Fig. 150..—(obocephalus  connorfilii.  Anterior end; lateral view.
(After Lane.)

Fig. 151L.—Globocephalus  samoensis. Anterior end; laterul view.
(After Lane.)

in Calcutta. As has already been explained under G. urosubu-
latus, Maplestone considers this species valid. The following
description is based mainly on his account of it.

The male measures about 4-5 mm. in length and 0-24-
0-34 mm. in maximum thickness, the female 4-1-6-5 mm. and
0-3-0-45 mm. respectively. The cuticular striations, according
to Lane, are at intervals of 9u. The buccal capsule is not
subglobular, but somewhat funnel-shaped. It measures
0-12-0-212 mm. in length and 0-068-0-108 mm. in internal
diameter. The teeth arise somewhat further forward on the
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ventral wall of the capsule than in G. urosubulatus. * They
are more in the nature of longitudinal ridges with a curved
outline, and the posterior border always fuses with the capsule
wall some distance anterior to its junction with the oesophagusf’
In some specimens these ridges are faint and not surmounted
by a point, and *‘in extreme cases even these faint ridges are
absent.” The wsophagus is 0-625-0-75 mm. long. measured
from the anterior extremity, and is club-shaped. According
to Lane, the cervical papillie, nerve-ring and excretory pore
are all situated at 0-375-0-45 mm. from the anterior end.

The spicules of the male measure, according to Maplestone,
0-455-0-594 mm. in length. Lane, in 1922, gave their length
as 0-275 mm., but in 1923 as 0-54 mm. The accessory piece
measures, according to Lane, 0-09 mm. in length and is
“ somewhat canoe-shaped in lateral, kite-shaped with the
point posterior in dorsal, view.”

The tail of the female is about 0-13-0-21 mm. long, and bears
a pair of papille at 0-04 mm. from the tip. The vulva, accord-
ing to Lane, is situated at 2-2:4 mm. from the posterior end,
and the eggs measure 0-06><0-04 mm.

3. Globoeephalus samoensis Lane, 1922, (Fig. 151.)

‘ Host -——Pig (small "intestine) : originally recorded from
Samoa, but recorded by Maplestone (1930, ¢) from pigs
slaughtered in Calcutta.

The following description is taken mainly from Lane (1922,b;
1923).  The male measures about 42-5-7 mm. in length and
0-3 mm. in maximum thickness, the female about 5-3-6-7 mm.
and 0-35 mm. respectively. The cuticular striations are at
intervals of 9u. The buccal capsule is “ nearly circular,
guar(lgd by most rudimentary ventral semilunes, and bearing
posteriorly a pair of large, stout, bicuspid teeth, thickened
ventro-an'terlorly." The capsule measures 0-14 mm. in length,
0-12 mm. in transverse and 0-11 mm. in dorso-ventral diameter.
'I:he cesophagus is about 075 mm. long. The nerve-ring is
situated at 0-4 mm., the excretory pore at 0-425-0-44 mm., and
the cer_vwal papille at 0-44-0-45 mm., from the anterior
extremity.

The spicules of the male measure about 0-4 mm. in length
(according to Maplestone, 0-376-0-495 mm.) The accessory
{)iece, which is diamond-shaped in dorsal view, is 0-055 mm.
ong.

The tail of the female is 0-084-0-124 mm. long, according to
Maplestone (0-095 mm., without the terminal spike, according
to Lane). The caudal papille are situated at 0-015 mm.
from the tip. The vulva is situated at about 2 mm. from the
posterior end. The eggs measure 0-065-0-07 X 0-04 mm.
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3. Genus BUNOSTOMUM Railliet, 1902.

Synonyms :—Monodontus Molin, 1861 (part); Bustomwm Lane.
1917.

Anterior end bent dorsally. Mouth guarded by a pair of
ventral cutting-plates. Buccal capsule large, infundibular.
Towards its base a strong dorsal tooth along which runs the
dorsal gutter, and one or two pairs of smaller ventral lancets.
Bursa with an asymmetrical dorsal lobe. The right externo-
dorsal ray arises high up on the main dorsal stem and is long
and slender. The left externo-dorsal ray is much shorter
and arises at about the level of the bifurcation of the dorsal
ray. Terminations of dorsal ray tridigitate. Spicules slender.
not barbed. Vulva a little in front of the middle of the
body. Uterine branches opposed. Adult worms in the small
intestine of ruminants.

Genotype :—Bunostomum (rigonocephalum (Rudolphi. 1808).

Key to Species.

Dorsal border of dorsal tooth longer than the

distance from its tip to the mouth-opening : [p. 331.
spicules of male about 0-6—0-75 mm. long .. .. frigonocephalum,
Dorsal border of dorsal tooth shorter than the
distance from its tip to the mouth-opening... L. [p- 334.
1. Subventral lancets in buccal capsule two pairs. . phlebotornum
Subventral lancets one pair . ... oL 2.
2. Spicules of male about 4:5 mm, Jong ......... bovis. p. 334,
Spicules of male about 0-6 mm. long ......... cobi. p. 333.

1. Bunostomum trigonocephalum (Rud., 1808) Railliet. 1902.
(Figs. 152 & 153.)

Synonyms :—Strongylus trigonocephalus  Rudolphi, 1808 (part) :
Strongylus  cernuus Crepling 1829 ;. Selerostoma  hypostomum
Dujardin, 1845 (part): Dochmius hypostomus Diesing, 1851
(part); Monodontus wedlii Molin. 1861 ;  Dochmius cernuus
Baillet, 1868 : Uncinaria cernua Railliet, 1885 : Ankylostoma
cernwn Blanchard, 1888 ;: Monodontus cernuus Rizzo, 1900 ;
Strongylus (Monodontus) cernuus Railliet, 1900 ; Uncinaria
(Monodontus) cernua Railliet, 1900 ; Unecinaria (Monodontus)
trigonocephala Railliet, 1900 ; Monodontus trigonocephalus Railliet,
1900 ;. Ankylostonion. cernuwm v. Linstow, 1906 : Bunostomum
kashinathi Lanc, 1917,

Hosts :—This iy a parasite of the small intestine of the
sheep, goat, ox and other ruminants. Lane (1917, @) has
recorded it from the sheep in the Darjeeling district of Bengal.
At the same time he recorded, under the name of B. kashinaths,
a form from the goat in the same locality. Lane believed that
B. kashinatht was a distinct species, on the ground of certain
slight differences in the shape of the buccal capsule and other
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Fig, 152,

ed/ edr

Fig. 152.—~Bunostomum trigonocephalum. Anterior end ; lateral viow.
(From Baylis, after Ransom.)
Fig. 153.—Bunostomum trigonocephalum. Bursa of male ; dorsal view.
e.d.l., left externo-dorsal ray; e.d.r., right externo-dorsal ray.
(From Baylis, after Ransom.)
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structures. He admits, however, that the measurements of
the forms from the two hosts do not provide convincing
gpecific differences. Yorke and Maplestone (1926) have
placed B. kashinathi in the synonymy of B. trigonocephalum,
and the writer follows them, believing that some of the supposed
distinctions between the species are merely the result of indi-
vidual variation, and others probably the result of differences
in the condition of the preserved material.

The male measures 11-17 mm. in length and 0-4 mm. or
more in maximum thickness, the female 14-26 mm. and
0-45-0-75 mm. respectively. The cuticular striations are at
intervals of 6-7-5u. The buccal capsule measures 0-17-
0-225 mm. in length, 0-16-0-165 mm. in transverse and 0-15-
0-175 mm. in dorso-ventral diameter. The dorsal tooth is
relatively long, and its dorsal border is longer than the distance
from its tip to the mouth-opening. There is usually one
pair of subventral lancets, but a smaller second pair is
occasionally present. The cesophagus is 0-8-1-45 mm. long.
The nerve-ring is situated at about 0-6 mm., and the cervical
papillee and excretory pore at 0-6-0-75 mm., from the anterior
end.

The spicules measure 0-6—0-75 mm. in length, and are slightiv
twisted and provided with striated ala.

The tail of the female is 0-25-0-4 mm. long, and bears
a pair of papille at about 0-08-0-12 mm. from the tip. The
vulva, which is usually not prominent, is situated at 5-5-
8 mm. from the anterior end. The vagina is short (about
0-2 mm.). The combined length of the muscular portions
of the ovejectors iy, according to Ransom (1911), at least
0-45 mm. The eggs measure 0-075-0-085 X 0-038-0-05 num.

2. Bunostomum cobi Maplestone, 1931.

Synonym :—? Bunostomum dentatum Ménnig, 1931 *.

Host :—Waterbuck (Cobus ellipsiprymnus) ;  Zoological
Gardens, Calcutta.

This species appears to be very similar to B. trigonocephalum.
The male measures 8:8-11-4 mm. in length and 0-29-0-32 mm.
in maximum thickness, the female 15-16 mm. and 0-45-
0-5 mm. respectively. The buccal capsule is funnel-shaped
in lateral view and measures 0-164-0-176 mm. in length.

* The worms described by Ménnig (1931), from the same host in its
native country (South Africa), though slightly larger and differing in
certain details of measurements, were almost certainly of the same.
species as Maplestone’s, whose description appears to have been published
earlier.
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The dorsal tooth is truncate at the tip, and its dorsal border
is about half as long as the distance from 1ts tip to the mouth-
opening. “ There is a single pair of broad rounded sub-
ventral lancets, which may or may not have sharp points on
their summits.”  The wsophagus is *©* 0-18-0-2 7 [ 1-8-2] mm.
long.

The bursa of the male has a clearly-defined dorsal lobe.
The spicules resemble those of B. trigonocephalim and measure
0-535-0-66 mm. in length.

The tail of the female is 0-37-0-46 mm. long, and is straight,
with a blunt tip. [t bears a pair of papille at about 0-15 mm.
from the tip. The vulva is slightly prominent and is situated
at 4-2-57 mm. from the anterior extremity., The vagina
is short. The eggs measure 0-058-0-06 > 0-036 mm.

3. Bunostomum hovis Maplestone, 1931.

Host :—Zebu (Bos indicus) (abomasum) ; recorded by Maple-
stone as occurring in small numbers in animals which died
at the Government Experimental Farm at Gauhati, Assam.

Both sexes measure 15-16 mm. in length and about -5 mm.
in maximum thickness. The cuticle is coarsely striated.
The buccal capsule is rather clongate. The dorsal border
of the dorsal tooth is shorter than the distance from the tip
of the tooth to the mouth-opening. There is a single pair of
lgng, pointed subventral lancets., The excretory pore is
situated at about (-7 mm. from the anterior end. )

Thfa spicules are about 4-5 mm. long, and are slender and
tapering, with “ fine straight points, which are fused and
surrounded by a membranous sheath.”

The tail of the female is 0-34 mm. long, and is straight, with
a blunt tip. The vulva is an inconspicuous slit situated a little
in front of the middle of the body (at about 8-5 mm. from the
posterior end). The vagina is short. The eggs measure
0-072-0-076 X 0:044—0-046 mm.

4. Bunostomum phlebotomum (Railliet, 1900) Railliet, 1902.

Synonyms :—Strongylus radiatus Schneider, 1866. nec Rudolphi,
18033 nec Gurlt, 1831; Dochmius radiatus Leuckart, 1868 ;
Uncinaria radiata Raillict, 1885; Monodontus phlebotornus
Railliet, in Rizzo, 1900 ; Strongylatus radiatus Railliet, 1900 ;
Bunostomum radiatum v. Linstow, 1906 ; Bustomum phlebotomuin
Lane, 1917.

Hosts :—This parasite occurs in the small intestine of the
ox, zebu (Bos indicus) and sheep. Railliet has recorded it
from the two former hosts in British India.
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The following deseription is taken from Ransom (1911). The
male measures 10-12Tum. in length and nearly 0-5 mm. in maxi-
mum thickness, the female 16-19 mm. and a little more than
0-5 mm. respectively. The dorsal tooth in the buccal capsule
is relatively short, and its dorsal border is shorter than the
distance from its tip to the mouth-opening. There are two
pairs of subventral lancets. The cesophagus is 1-25-1-5 mm.
long. The cervical papille are situated at about its anterior
third.

The spicules are alate and measure 3-5—+ mm. in length.

The tail of the female is 0-4-0-5 mm. long. The vulva is
rather prominent and is situated a little in front of the middle
of the body. The vagina is long and sinuous. The combined
length of the muscular portions of the ovejectors is at least
1 mm. The eggs measure 0:075-0-098 % 0:04-0-05 mm.

4. Genus GAIGERIA Railliet and Henry, 1910.

Anterior end bent dorsally. Mouth-opening oval and
guarded by a pair of ventral cutting-plates. Buccal capsule
large and cup-shaped. At its base a freely-projecting cone
carrying the dorsal gutter, and a pair of subventral lancets.
Bursa with a large dorsal lobe and two much smaller lateral
lobes which are joined ventrally. Antero-lateral rays short,
blunt and widely separated from the other lateral rays.
Externo-dorsal rays originate from the main trunk of the dorsal
ray. Dorsal ray cleft for a considerable portion of its length ;
its branches stout, blunt and ending in three very small
digitations. Spicules with slender, recurved terminations,
without barbs. No accessory piece. Vulva just in front of
the middle of the body. Adult worms in the alimentary
tract of ruminants.

Genotype :—Gaigeria pachyscelis Railliet and Henry, 1910.

1. Gaigeria pachyscelis Railliet and Henry, 1910. (Fig. 154.)

Synonym :—Gaigeria smiti Noto-Soediro, 1928,

Hosts :—This species was originally obtained from the in-
testine of the sheep, and doubtfully from the ox, in the Punjab
by Gaiger, who states that it is not common. Cameron
(19 4,a), who has redescribed the worm, records it from the
goat in India.

The male measures 11-18 mm. in length and 0-55-0-65 mm.
in maximum thickness, the female 15-24 mm. and 0-7-
0-85 mm. respectively. The cuticular striations are at intervals
of 8-10u. The greatest length of the buccal capsule is about



336 ANCYLOSTOMID &,

0-3-0-36 mm., and its dorso-ventral diameter about 0-21-
0-33 mm. The wsophagus is slender, and measures about
2-3 mm. in length and 0-2 mm. in diameter. The cervical
papillee, nerve-ring and excretory pore are situated a little
in front of the middle of the wsophagus, at about 0-93 mm.
from the anterior extremity.

The spicules are 1-1-1-328 mm. long. Each has  a stoutish
stem, and a very fine flexible point about -2 mm. long. The

Fig. 1:74.—~Gaiyer1'q pachyseelis. A, anterior end, lateral view; B,
posterior end of male, ventral view. (After Yorke and
Maplestone.)

main stem consists of a solid rod set with numerous fine
recurved teeth at its outer edge * (Cameron).

The tail of the female is about 0-31-0-41 mm. long. It is
narroweq su.ddenly behind the anus and has a blunt tip.
'l“he vagma is short. The ovejectors are joined by narrow,
S-shaped ducts with the wide, opposed uterine “branches.
The eggs measure 0-105-0-12 % 0-05-0-066 mm.

5. Genus UNCINARIA Frélich, 1789.

Syilgzrzyms *—Dochmius Dujardin, 1845; Dochmoides Cameron,

Head bent slightly dorsally. Mouth-opening guarded by
a pair of ventral cutting-plates. Buccal capsule large and
funnel-shaped. Near its base a pair of subventral lancets.
Dorsal cone within the wall of the capsule, not projecting
into the lumen. Bursa with a short dorsal lobe and two large,
separate lateral lobes. Antero-lateral rays rather divergent
from the other lateral rays. Externo-dorsal rays originate

A}
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near the basc of the dorsal ray. Dorsal ray cleft for about
a quarter of its Jength ; its terminations usually tridigitate.
Spicules slender, not barbed. An accessory piece present.
Vulva in the posterior haif of the body. Adult worms in the
intestine of mammals.

Genotype :—Uncinaria criniformis (Goeze, 1782)*.

Key to Species.

Spicules of male about -7 mm. long ......... stenocephala, p. 337.
Spicules of male about 1-2 mm. long ........ longespiculum, p. 338.

1. Uncinaria stenocephala (Raill., 1884) Railliet, 1885.
(IMig. 155.)

Synonyms :—Strongylus criniformis Rudolphi. 1802 ; Strongylus
trigonocephalus of Gurlt, 1831, nec Rudolphi. 1808 ; Dochmius
trigonocephalus Frcolani. 1859 (part); Dochmius stenocephalus
Raillict, 1884 ; Ankylostomma stenocephalum Blanchard, 1888 ;
Ankylostomum  stenocephalum v. Linstow, 1889 ; Ankylostoma
trigonocephalum Looss, 1898, nec Blanchard, 1888 ; Unciraria
polaris Looss. 1911 ;3 Dochmoides stenocephala Cameron, 1924 ;
2 Ascaris eriniformis Qoeze, 1782,

Hosts -—This is a not uncommon parasite of the intestine of
dogs, wolves and foxes in Europe and North America. It

0.1mm.

Fig. 155.—Uncinaria stenocephala. Anterior end. A, lateral view ;
B, dorsal view. (After Baylis, in‘Parasitology.’)

oceurs also in the European badger (Meles meles), and has been
recorded from the pig in Canada. Gaiger records specimens
from the dog in the collection of the Punjab Veterinary College.

* Thore is great uncertainty as to the identification of this species,
but it seems not improbable that it is in reality identical with U. steno.
cephalu (Raill.,, 1884).

NEM. z
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The male measures about 5-8-5 mm. in length and 0-18 mm.
in maximum thickness, the female about 7-12 mm. and 0-2 mm.
respectively. The buccal capsule measures up to approxi-
mately 0-15 mm. in length and 0-1 mm. in dorso-ventral
diameter. The subventral lancets are not very prominent.
The cesophagus is about 0-5-0-85 mum. long. The cervical
papille, nerve-ring and excretory pore are situated a little
in front of the middle of the cesophagus.

Each branch of the dorsal ray of the bursa has three terminal
digitations, of which the outermost is the longest. The
spicules measure about 0-64-0-76 mm. in length, and have
simple, sharp points.

The tail of the female is 0-15-0-29 mm. long, and has a small
terminal spike. The vulva is situated at about the posterior

third of the body. The eggs measure about 0-065-0-08%
0-04-0-05 mm.

2. Uncinaria longespiculum Maplestone, 1931.
Synonym :—Uncinaria philippinensis Chitwood, 1932.

Hosts :—This species was recorded by Maplestone from the
small intestine of a civet-cat (Viverricula malaccensis) in the
Zoological Gardens, Calcutta. Chitwood’s species was re-
corded from a Philippine civet (Paradoxurus philippinensis)
in the National Zoological Park, Washington, U.S.A. The
writer has had the opportunity of comparing paratypes of
Chitwood’s species with specimens determined by Maplestone
as U. longespiculum, and has already (Baylis, 1933, b) expressed
the view that the species are identical.

The male measures about 3-3 mm. in length and 0-18-
0-24 mm. in maximum thickness, the female 3-3-4 mm. and
0-25-0-36 mm. respectively. The buccal capsule measures
,ﬁbout 0-08-0-1 mm. in length and 0-06-0-09 mm. in width.

When viewed laterally the ventral wall of the capsule is
seen to consist of three articulated plates, and articulations
are also visible in the lateral walls of the capsule ” (Maple-
stone). The duct of the dorsal esophageal gland extends
about half-way along the dorsal wall of the capsule. The
subventral lancets are triangular and rather prominent.
The csophagus is about 0-42-0-5 mm. long. The nerve-ring
is situated at 0-2-0-26 mm., and the excretory pore at
0-3-0-36 mm., from the anterior extremity.

The terminations of the branches of the dorsal ray of the
bursa are tridigitate, the outermost digitation being the longest.
The spicules are slender and measure 1-19-1-25 mm. in length.
The accessory piece is about 0:07-0-09 mm. long.

The tail of the female is 0-1-0-25 mm. long, and is blunt
at the tip, but provided with a hair-like terminal filament.

Al
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The vulva is situatedsa little behind the middle of the body.
At the level of the vulva there is a conspicuous, asymmetrical,
subventral papilla, which may be either on the left or on the
right side. The eggs measure 0-06-0-066< 0-032-0-038 mm.

6. Genus TETRAGOMPHIUS Baylis and Daubney, 1923.

Mouth guarded by slightly-developed ventral cutting-plates.
Buccal capsule cup-shaped. At its base a pair of subdorsal
and a pair of subventral lancets, the former bicuspid and the
latter usually tricuspid. Dorsal cone represented by a blunt
tubercle carrying the dorsal gutter. Bursa short and stunted.
Dorsal ray stout, giving off the externo-dorsal rays a little in
front of its bifurcation ; the terminations of its branches
bidigitate. Spicules very long and filiform, not barbed.
Vulva in posterior half of body.

Genotype :—Tetragomphius procyonis Baylis and Daubney,
1923.

1. Tetragomphius proeyonis Baylis and Daubney, 1923.
(Figs. 156-159.)

Host :—A raccoon (Procyon sp.); Zoological Gardens,
Caleutta. The worms appeared to have been inhabiting

¥ig. 156.—Tetragomphius procyonts. Anterior end ; dorsal view.
(After Baylis and Daubney.)

alleries in the substance of a fibrous tumour of the pyloric
end of the stomach.

The male measures 13-15 mm. in length and up to 0-46 mm,
in maximum thickness, the female 16-20 mm. and up to
0-65 mm. respectively. There is a rather long, slender neck.
The head is small and is bent dorsally. It measures about
0-14 mm. in diameter. The cusps of the subdorsal teeth are

z2
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Fig. 157.—Tetragomphius procyonis. Anterior end : lateral view

. (After Baylis and Daubney.) ’ '

Fig. 168.—Tetragomphius procyonis. Bursa of male; dorsal view.
. (After Baylis and Daubney.)

Fig. 1569.—Tetragomphius procyonis. Genital cone ; ventral view.
(After Baylis and Daubney.)
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stout and conical, antl measure 0-011-0-018 mm. in height.
The subventral teeth are more slender structures, measuring
about 0-043 mm. in height, and may appear bicuspid or
tricuspid. The dorsal gutter is carried by a blunt tubercle
in the dorsal wall at the base of the capsule. The cesophagus
is about 0-65 mm. long, and has a maximum thickness of about
0-13 mm. The cervical papille are situated at 0-6-0-7 mm.
from the anterior end, and have the form of stout, backwardly-
projecting spines.

The arrangement of the rays of the bursa is similar to that
in Uncinarie. The genital cone is short and stout. The
spicules measure 7-8 mm. in length, and end in fine points.

The tail of the female is about 0-34 mm. long, and is bluntly
pointed. The vulva is situated at a distance of 3-64 mm.
from the posterior extremity. Its opening is a transverse
slit with fairly prominent lips. The vagina is short. The
ovejectors are feebly muscular. They are opposed at their
origin, but the posterior ovejector turns forward after a short
course posteriorly, and both branches of the uterus are
anterior. The eggs measure 0-076-0-082x0-045-0-05 mm.,
and their contents are segmenting when they are ready for
laying.

7. Genus GRAMMOCEPHALUS Railliet and Henry, 1910.

Mouth-opening slightly tilted dorsally and guarded by a pair
of ventral cutting-plates. Buccal capsule wide anteriorly
and narrowed posteriorly, the narrowing being more abrupt
on the dorsal side and accompanied by an infolding of the
dorsal wall. At about the middle of the capsule a pair of
lateral and a pair of subventral lancets, and a dorsal cone
carrying the dorsal gutter. Intestine with a long, anteriorly-
directed dorsal caecum arising close to its union with the
cesophagus.  Externo-dorsal rays of bursa originate from the
main stem of the dorsal ray immediately in front of its
bifurcation. Terminations of dorsal ray bidigitate. Spicules
stout, alate. No accessory piece. Vulva near the middle of
the body. Adult forms parasitic in the bile-ducts of elephants
and rhinoceroses.

Genotype :—Gramnocephalus clathratus (Baird, 1868).

1. Grammoecephalus varedatus Lane, 1921. (Figs. 160 & 161.)

Synonyms :—Strongylus clathratus Cobbold, 1882 (part); Sclero-
stoma clathrabon Piana and Stazzi, 1900, nec Baird, 1868 ;
Grammocephalus clathratus of Railliet and Henry, 1910.

Host :—Indian elephant (bile-ducts) ; obtained in India
by Ware, and in Burma by Evans and Rennie. Specimens
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llglurt.,l::;.Brltlhh Muscum (Natural Histbry) from Madras and | ‘ The tail of the feanale is conical and 0-8 mw. long. The

The following deserintion is fak ) . vulva is situated at 22 mm. from the anus. The vagina is

measures ab ¥ ceseniption is taken from Lane. The male very short and the ovejectors are opposed. The eggs measure
out 55 mm. in length and 1-35 mm. in maximum 0-068 > 0-037 mm.

thickness, the fen

’ 1ale 47 mm. and 141 1 sspectively
cuticular ¢ nm, respeetivelv. The

striations are at intervals of i4u. The buccal

capsule is 0-55 N .
intI;stimT (O \).) "“2‘_)[0'“-" thf" esophagus 36 mm. and the * 8. Genus BATHMOSTOMUM Railliet and Henry, 1909.

ab cecum 22 mm.  The nerve-ring is situated at Anterior extremity bont dorsally. Mouth-opening guarded

Fig. 160 by a pair of ventral cutting-plates. Buccal capsule fissured

w20 on its dorsal and lateral aspeets; its internal surface raised,

chiefly ventrally and laterally, into shelf-like projections
encroaching on the cavity. One of these is produced into
a pair of subventral teeth. A small dorsal tooth surmounts
the dorsal column of the cesophagus. Externo-dorsal rays of
2 bursa originate from the branches of the dorsal ray. The
latter is cleft for almost the whole of its length. Spicules
stout. Accessory piece absent. Vulva near the middle of
the body. Adult worms parasitic in the alimentary tract of
elephants.
Genotype :—Bathmostomum sangeri (Cobbold, 1879).

—

R O
tmm,

1. Bathmostomum sangeri (Cobbold, 1879) Railliet and Henry,
B 1909.
Synonyms :—Dochmius sangeri Cobbold, 1879 ; Uncinaria sangers
Railliot, 1897; Uncinaria os-papillatiin Piana. in Piana and
Stazzi, 1900.

Host -—Indian elephant (cacum) ; obtained in India by
Lane, and recorded from Burma by Gaiger.
The male measures about 15-16 mm. in length, the female

(L/ \(3)2,\ 16-20 mm. The (llt.l(llld.vl Stl’ldtlon:ﬁ are at intervals of Sp.
\\\ Yo The buceal capsule is wider than it is long. lts length is
T “T_{/; about 0-24 mm. Its ventral and lateral surfaces internally are
Fig. 160 acmn crossed by three transverse * shelves,” the posterior of which
- 100 —~Grammocephalus varedatus. . , “ appears to encircle the whole base of the oral cavity ™
Fig. IGI.hg,I-;’ bursa of male, later:l vieg: u;}i?f:,).rh?::g’. )Iatem[ view ; (La};L};), and is produced into a pair of subventral teeth. ’I)‘rhe
@mmocephalus varedatus. Right spiculo; dorsal view. esophagus is about 1-5 mm. long. The nerve-ring is situated
(After Lane.) at 0-5 mm., the excretory pore at 0-6 mm., and the cervical
1-16 mm. ) apille at 0-66 mm., from the anterior extremity.

papille at IF?inenfcr‘;tOU pore at I35 mm., and the cervical P 'II)‘he spicules are about 0-47 mm. long. They ar)-’e * thickened,
The arrangement r;‘)mhthe anterior end. first dorsally, then ventrally, the latter portion passing on

to that in UnCinan'a,O Z eaxiz:ysfof téle bursa is very similar into the very sharp, truncz‘xt,ed point 7 (Lane).
The spicules “ are stron pwitl? prebursal papille is Ppresent. The tail of the female is 0-6 mm. long, and has the form
and an ala on each sj deg’tha ) tavmasswe central thickening of an elongate cone, with a terminal spike. The vulva is
larger and marked by a e efc};?lr :Hfsii t{;e midline being the situated at a distance of about 9 mm. from the anus. The
dendritic lines.” They m g of delicate, dichotomously vagina is short, and the opposed uterine branches have powerful

easure 1-35 mm. in length. . ovejectors. The eggs measure about 0-045x 0-03 mm.
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14. Family DIAPHANOCEPHALIDA
Travassos, 1919.

Head laterally compressed. A rudimentary leaf-crown may
be present or absent. Mouth-opening a dorso-ventral slit,
f;_tcmg anteriorly or somewhat inclined towards the dorsal
side. Walls of buccal capsule valve-like, cach lateral wall
supported by three external longitudinal parenchymatous
bands which terminate as cephalic papillee, and by onc or two
internal transverse ridges. A dorsal and a ventral cuticular
pad present towards the base of the buccal capsule. Ovi-
parous. Parasitic in the alimentary tract of reptiles.

I. Genus KALICEPHALUS Molin, 1861,
Synonym :(—Occipitodontus Ortlopp, 1923.

A rudimentary leaf-crown may be present or absent.  Valves
of buccal capsule supported by a single internal transverse
C}lltlﬂOld ridge, which is V.shaped dorsally and ventrally.
(Esophageal funnel occasionally contains three small teeth.
There is no dorsal hump in front of the bursa of the male.
Bursa well developed, entire. Ventral rays closely apposed,
sometimes fused for a considerable portifm of their length.
Lateral rays usually well separated, the antero-dorsal ray
commoply rather shorter than the others. Kxterno-dorsal
rays originate from the main stem of the dorsal ray, usually
rather near its base. The dorsal ray also gives off a pair of
accessory branches, usually near its bifurcation. Its terminal
branches rather short and bidigitate. Spicules slender
generally equal. An accessory piece usually present. ( }cnitai
cone u:_sually nqt projecting beyond the margin of the bursa.
Vulva in posterior half of body. TUterine branches opposed or
E:;::g:l. Adult worms in the alimenmry tract of snakes and

Genotype :— Kalicephalus mucronatus Molin, 1861.

1t seems at present almost impossible to construct a satis-
factory key to the Indian species of this genus, owing to the
great amount of variation and overlapping in their measure-
ments, and the great uniformity of their morphological charac-
ters. 'K. Jimbriatus can be recognized by the presence of
a rudimentary leaf-crown within the border of the mouth,
and of three small teeth at the base of the buccal capsule.
K. minutus is readily separated from other species by the marked

3
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inequality in lengtle of the spicules of the male, and by the
form of the dorsal ray of the bursa. For the separation of
the other species the sum of all their characters must be taken
into consideration.

1. Kalicephalus willeyi v. Linstow, 1904. (Figs. 162 & 163.)

Synonym :— Diaphanocephalus willeyi. Railliet and Henry, 1909,
nec Baylis and Daubney, 1922, nec Daubney, 1923.

Host —Russell’s  viper (Vipera russellit) (cesophagus,
stomach and intestine). This species was originally recorded
by v. Linstow from this host at Colombo and Weligatta,
Ceylon. At the same time he recorded it from Coluber helena
at Horana, Ceylon, and later from Typhlops braminus and
Bungarus fasciatus. Baylis and Daubney (1922) recorded
specimens which are considered to be of this species from
Russell’s viper, under the name of Diaphanocephalus sp.¥,
and Maplestone (1931) has also recorded specimens from the
same host, in the Zoological Gardens, Caleutta. The occurrence
of K. willeyi in hosts other than Vipera russellii at present
Jacks confirmation, and it is probable, as Ortlepp (1923)
has pointed out, that the specimens recorded by v. Linstow
from other hosts belonged to different species.

v. Linstow’s original description is very inadequate, and
in several respects inaccurate. Through the courtesy of the
Director of the Colombo Museum, the writer has had the
opportunity of examining some of the original specimens from
Vipera russellii. According to v. Linstow there was a single
male, measuring 5-9 mm. in length and 0-33 mm. in thickness,
among a large number of females, which measured up to 19 mm.
in length and 0-51 mm. in thickness. In the material seen
by the writer no male was found, and the largest female
measured was only 11-8 mm. long. Other observers (Baylis
and Daubney, 1922 : Ortlepp, 1923 ; Maplestone, 1931) have
failed to find males, but females have been recorded measuring
up to 18 mm. (Baylis and Daubney) or even 19-7 mm. (Maple-
stone) in length. The writer has recently received from
Prof. B. K. Das two sets of specimens obtained from Russell’s
vipers at Hyderabad, Deccan. Among numerous females,
one set contained three males which were apparently mature,
the other set two immature males measuring only 6-3 mm. and
7 mm. in length. This material is considered to be of the
same species as v. Linstow’s and subsequent authors’ speci-
mens.

* The Diaphanocephalus willeyi of Baylis and Daubney, 1922, and
of Daubney, 1923, is K. fimbriatus. 3
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K. willeyi appears to be a form which waries very consider-
ably in size. The following description is based partly on
v. Linstow’s types, partly on the descriptions given by Baylis
and Daubney and by Maplestone, and partly on the material
from Hyderabad.

The mature male measures 84-10 mm. in length and
0-2-0-23 mm. in maximum thickness, the female 6-9-19-7 mm.

Fig. 162.

Fig. 162.—Kalicephalus willeyi. Anterior end ; lateral view. (After
Maplestone.)
Fig. 163.—Kalicephalus willeyi. Bursa of male. (After v. Linstow.)

and 0-25-0-59 mm. respectively. The dorso-ventral diameter
of the head at its widest part (. e. at about the level of the
posterior end of the buccal capsule) is 0-17-0-317 mm. The
mouth is, in some specimens, tilted a little towards the dorsal
side, but seldom to the extent indicated by Maplestone (1931)

1\
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i1 his figure—in the majority of specinens it is directed almost
straight forward. The length of the buccal capsule is 0-13—
0-15 mm. in the male, 0-14-0-228 mm. in the female. The
absolute length of the cesophagus is 0-33-0-35 mm. in the
male, 0:34-0-515 mm. in the female, and its maximum thick-
ness varies between 0-13 mm. and 0-277 mm. The nerve-
ring is situated at about 0°24-0-35 mm., and the excretory
pore at about 0-34-0-4 mm., from the anterior extremity.

The bursa of the male is typical. v. Linstow’s figure
(fig. 163), though very diagrammatic, gives a fairly good
representation of the form of the dorsal ray. The spicules
are very slender, except near their roots, and measure about
0-32 mm. in length (0-37 mm., according to v. Linstow).
There is a long, slender accessory piece.

The tail of the female is conical and shows great variation
in length (0-33-0-85 mm.) according to the size of the specimen.
The vulva is situated, usually on a prominent papilliform
process, at a distance of 2:3-7-7 mm. from the posterior end,
dividing the total length in the ratio of about 1:5:1 or 2:1
(v. Linstow’s figure 18:5 appears to be erroneous). The
eggs tn utero are much larger than is stated by v. Linstow,
measuring on the average about 0-076 % 0-044 mm.

2. Kalicephalus indieus Ortlepp, 1923.

Synonyms :-—Kalicephalus bengalensis Maplestone, 1929 ; Kali-
cephalus parvus Maplestone, 1932, nec Ortlepp, 1923; Kali-
cephalus maplestonei Chatterji, 1935.

Hosts .—Kalicephalus indicus was originallv recorded by
Ortlepp from the stomach and duodenum of the Indian rat-
snake (Ptyas |Zamenis] mucosus) and Tropidonotus piscator
in the Zoological Gardens, London. Maplestone (1929, a)
described K. bengalensis from the former host in the Zoological
Gardens, Caleutta, but later (1931) recognized it as a synonym
of K. indicus, which he recorded from several additional
hosts—the green snake (Dryophis mycterizans), the cobra
{(Naja tripudians), the king cobra (Naja hannah [N. bungarus]),
the common Indian monitor (Varanus monitor (1. bengalensis])
and a < wild cat.” It was assumed that the last was not
a true host, but had recently devoured a snake that harboured
the worm. In 1932 Maplestone described a further species,
under the preoccupied name of K. parvus, from the intestine
of the cobra. Ali these records were from the Zoological
Gardens, Calcutta. The writer has compared Maplestone’s
description of K. parvus with the existing descriptions of
K. indicus and with co-types of the latter species which are
in the collection of the British Museum (Natural History),
and is of the opinion that the species are identical. Mavple-

/



348
DIAPHANOCEPHALIDE,
stone's 4,

which
soe
. M to have bLeen rather small and

derial of K. parews consisted of three males only,

were, perhaps,

Imzllo Measures 4.-_)4;_._,‘~mm. in length (or 3-2-3-6 mn.
. e . - . ) . N
the f "Us) and 0-188-0-32 mn. in maximum  thickness,
r

fem, . i
Male 6.4.9 yym. and 0-32-0-30 mm. respectively.

he moygy
flmmete
m the
()-l()8«()-l(i mm

extends f, :
. fon barcly more than half the fength

iy directed straight forward. The dorso-ventral
Im(?ltlﬂm fl‘oad, at its widest part, is about 0-15-0-17 mm.

de. The length of the buceal capsule is about
. The duct of the dorsal sophageal gland

of the capsule.

b its juneti : i
Ninetion with the esophagus the buccal capsule is

reinforceq

v triangular plates and transverse bars of chitin N

Mapl,

Mapleston, r i { 7 Y

anc Ih. gm“‘)- ' he esophagus is abont 0-24-0-27 mm. long,
A% & maximum thickness of about 0-12-0-19 mm. The

cervical
from the
0-07-0-1

from ti i
16 An
¢ anterior end of the asophagus.

papl“ﬂ} are small and situated at nearly (3 mm.
Y . N . . r . . S

anterior extremity. The nerveoring is situated at
mm., and the excretory pore at 0-14-0-29 mm.,

€ venital o g i
spicu]e: ?ltd[ cone of the male is about, 0-06 mm. long.  The
> Measure 0-32-0-47 mmn. in length, and are alate.

The aceessory e is 0-12-0-13
- POF e s 0201
K. Parvus) : t - ons

The tail of the

(0-08 mm. in

female is 0-138-0-198 mum. long, and ends in

& sharp eqtj ;
lculay T : i
lar spike. The body narrows abruptly behind

the vulva, whic
19 mm. from
L)()sterior fifth or
ranch wusual 3 i ' i
frm—n o vully runs posteriorly for a distance
0-035-0-08 - 0-027-0-04 mm.

3. Kalicephalys loengior Maplestone, 1937,

h is usually prominent and is situated at 0-99—
the posterior extremity (¢ c.

at about the

quarter of the body). The posterior uterine

of 0-2-0-5 mm.

V1L .l : o Y T
a and then turns forward. The Ccgus measure

Syn e Walice
yhonyms : Kalicephalus gongylophis Maplestone, 1931 Kali-

cephalus radicuys Bhalerao, 1931.

Hosts -~—Kali ; jor i
o t}sw in]:'g;lgephahw longior is vecorded by Maplestone
stme of the cobra (Naje fripudians) and of the

banded krait (Bungarus Jasciatus)

. In the same paper

::Iasf‘ll:)ezt(:nekrecords K. gongylophis from the intestine of
and-snake (Gongylophis conicus). All these records are

from the Zoological Gardens, Caleutt

a, and in each case female

}\'()rxyls only were found. Bhalerao (1931) records K. radicus
‘rom the intestine and rectum of the king cobra (Naja'hannah)
at Muktesar, and describes both sexes of the worm. The
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species arc identit],  Further, the extremely close agreement
in structure and megsurements of the female of K. radicus,
as described by Bhalerao. leaves little room for doubt
that this species also js identical with K. longior. The latter
name has priority, Mn‘plcstmle’s paper having been published
in the month previous to Bhalerao’s.  The writer (1933, a)
has recorded, under the name of K. 7udicus, specimens which
probably belong to the same species from Elaphe flavolineata
in the Federated Malay States.

The male (K. md/,j(-'us) measures 6-67-7-32 mm. in length
and 0-27-0:285 mm. in maximum thickness. The female
varies in length from about 7-48 to 12 mm.. and in thickness
from about 0-33 to 0-5 mm. {Maplestone gives 0-436-
0-495 mm. for K. gongylophis. but the writer ff)und 0-33-
0-35 mm. in the specimens of that form examined). 'The
mottth may be directed straight forwards or somewhat tilted
dorsally. The dorso-ventral diameter of the head, at the
widest part, is about (-1 mm. in the male, 0-17-0-237 mm.
in the female.  The length of the buccal capsule is O-11 mm.
in the male, 0-12-0-18 mm. in the female. The csophagus
is 0-28-0-4+ mm. long, and has a maximum diameter of
0-13-0-225 mm. The nerve-ring issituated at0-111-0-118 mm.,
and the exeretory pore at 0-23-0-25 mm., from the anterior
end of the esophagus,

The dorsal ray of the bursa is of the normal type. The
genital cone is well developed and measures 0-117 mm, in
length. The spicules are 0-282-0-295 mm. long, according
to Bhalerao. In the writer’s material from Elaphke they
measured  0-26-0-31 mm. The accessory piece is 0-111-
0-125 mm. long (Bhalerao), and is in the form of *a slender
rod, slightly swollen in the centre.”

The tail of the female is tapering and has a rather blunt
tip. It measures about 0-34-0-49 mm. in length. The vulva
is fairly prominent and is situated at 2:65—4-7 mm. from the
posterior end, dividing the total length in the ratio of about
155:1 or 2:1. The vagina is short. Muscular ovejectors
are present. (Maplestone states that these are absent in
K. longior, but the writer found them to be present in a co-
type specimen). The eggs, according to Maplestone, measure
0-076-0-08  0-04—0-044 mm. Bhalerao gives their dimen-
sions in K. radicus as 0-044-0-08 > 0-034-0-053 mm.

4. Kalicephalus elongatus Maplestone, 1931.

Hosts —Rat-snake (Ptyas [Zamenis] mucosus) and cobra
(Naja tripudians) (intestine) ; Zoological Gardens, Calcutta.

The male measures 7-8-8 mm. in length and about 0-28-
0-3 mm. in maximum thickness, the female 10-9-12-7 mm.
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and about 0-36~0-43 mm. respectively. A cuticular swelling,
more pronounced dorsally “and ventrally than laterally,
extends from the level of the middle of the buccal capsule
to about that of the posterior end of the msophagus. The
greatest dorso-ventral diameter of the head is 0-237 mm. in
the male, 0-277-0-317 mm. in the female. The buccal capsule
has a length of 0-1-0-108 mm. in the male, 0-128-0-14 mm.
in the female. The wsophagus is about 0-29-0-3 mm. long
in the male and 0-34-0-36 mnm. in the female, and has a maxi-
mum diameter of 0-12-0-17 mm. The nerve-ring is situated
at 0:088-0-124 mm., and the excretory pore at 0-208-0-24 mm.,
from the anterior end of the wsophagus.

The genital cone of the male is relatively long (0-2 mm.)
There are small, rounded prominences at the bases of the
externo-dorsal rays of the bursa. The spicules measure about
0-42-0-44 mm. in length, the accessory piece 0-14-0-15 mm.

The tail of the female is sharply pointed and about 0-61-
0-67 mm. long. The vulva is situated on a very prominent
papilla at 2-2:65 mm. from the posterior end (i. e. at about
the posterior fifth of the body). The eggs measure 0068
0-044 mm.

5. Kalicephalus brachyeephalus Maplestone, 1931.

Host :—Rat-snake (Ptyas [Zamenis] mucosus) (intestine) ;
Zoological Gardens, Calcutta.

The male measures about 7-2 mm. in length and 0-34 mm.
in maximum thickness, the female 9-2-10-4 mm. and 0-36 mm.
respectively. The head is considerably wider than the neck.
Its greatest dorso-ventral diameter is about 0-38 mm. in the
male and 0-45-0-51 mm. in the female. The buccal capsule
has a length of about 0:3 mm. in the male and 0-4-0-5 mm.
in the female. The oesophagus measures, in the male, about
0-51 mm. in length and 024 mm. in maximum diameter ;
in the female about 0-61-0-65 mm. and 0-28 mm. respectively.
The nerve-ring is situated at 0-12-0-15 mm., and the excretory
pore at 0-18-0-25 mm., from the anterior end of the cesophagus.

The genital cone of the male is a rounded eminence surrounded
by a cuticular inflation, and measures 0-1 mm. in length.
The dorsal ray of the bursa is stout, but has slender branches.
The ventral rays are separate for nearly the whole of their
length. The spicules are 0-4 mm. long, the accessory piece
016 mm. ““The dorsal and ventral walls of the spicule
canal are chitinized, and in addition there is a slightly curved
chitinous structure in the genital cone, which is V-shaped on
ventral view  (Maplestone).

The tail of the female is conical and about 0:32 mm. long.
The vulva is slightly prominent and situated at about

V4

e
d
' KALICEPHALUS. 351

3-3-4 mm. from th® posterior end, dividing the total length
in the ratio of about 2:1. The vagina is short. The eggs
measure 0-076 < 0-06 mm.

6. Kalicephalus minutus (Baylis and Daubney, 1922) Ortlepp,
1923.  (Figs. 164-166.)
Synonyms :—Diaphanocephalus minutus Baylis
1922 ; Kalicephalus naiz Maplestone, 1931.
Hosts :—Cobra (Naja tripudians) and banded krait (Bun-
garus fascialus) ; Zoological Gardens, Calcutta.

and Daubney,

o Irmimn.

Fig. 164.—NKalicephalus minutus. Anterior end of female ; dorsal view.
b., wall of buccal capsule; d., duct of dorsal oesophageal
gland; p.. papilla; s, wall of buccal capsule (optical
section). (After Baylis and Daubney.)

Maplestone (1931) has drawn attention to the similarity
between his species K. nai® and the previously-de@nbed
K. minutus, but pointed out certain features in which his
material did not agree with the description of the latter.
The writer has re-examined co-type specimens of K. minutus
in the collection of the British Museum (Natural History),
and compared them with co-types of K . naia, and_ﬁnds that
in the points referred to all the material agrees with Maple-
stone’s description. The distinction between the species
therefore disappears, and K. naiz falls into synonymy.
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The male measures $5-54 mm. in Ivn‘gth and i\b(')l.l)l 0 ;1
0-25 mm. in maximum thickness, the female 4.-;)—()~... 'nvl‘l\;
and about 0-21-0-3 mm. respectively. The head is I‘(‘lil,tl‘l\\\‘(.)‘
wide, and is followed by a constriction.  Its greatest ¢ orl. o
ventral diameter is 0-2-0-24 mm.  The buceal vu.psulv l.l-
thick walls and measures about 0-16-0-22 mm. In 'l(‘ngtrl(..
The duct of the dorsal @sophageal gland extends for mo

Lroer ""‘\'

o-lmm.

Fig. 165.—Kalicephalus minutus. Antorior end of female; lut.(!m?
view. d., duct of dorsal wsophageal gland: p.. papilla ;
.. wall of buceal capsule (optical section).  (After Baylis
and Daubney.)

than half its length. The cesophagus is about 0-45-0-55 mu.
long, and has a maximum diameter of about 0-15-0-2 mm.
The nerve-ring is situated at about 0-09-0-18 mm., and the
excretory pore at 0-38-0-44 mm., from the anterior end of the
us.
ms%ﬁc}slaﬁorsal ray of the bursa is stout at its base. The
externo-dorsal ravs originate near its base, and almost imme-
diately behind them a pair of accessory branches which are
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long, stout and curved. The terminal branches of the dorsal
ray are short and bidigitate. The ventral rays are long,
slender, elosely apposed and fused for about two-thirds of their
length.  The statement of Baylis and Daubney that the spicules
are equal appears to have been erroneous. They are distinctly
uncqual in length, the longer measuring about 0-4-0-5 mm.,
the shorter about 0-32-0-33 mm. The latter is curved dorsally
near the tip, and the concavity of the curve bears a membranous
ale. There is a prominent genital cone, measuring about
0-1 mm. in length. Contrary to the statement of Baylis and

!

Qb

Fig. 166.—HKalicephalus  minutus. Dorsal lobe of bursa of male;
dorsal view. e.d., externo-dorsal ray. (After Baylis and
Daubnoy.)

Daubney, the dorsal wall of the spicular canal is chitinized,
forming an accessory piece about 0-12 mm. long.

The tail of the female has a rather blunt tip, and measures
about 0-22-0-3 mm. in length. The vulva is fairly prominent,
and is situated at 1-3-1-8 mm. from the posterior end, dividing
the total length in the ratio of about 2:2:1 or 2.5:1. The
vagina runs slightly forward and is about 0-14 mm. long.
The ovejectors, which have subglobular sphincters, have
a combined length of about 0-3 mm. (not 0-45-0-5 mm., as
stated by Baylis and Daubney). The eggs measure 0-068-
0-08 % 0-031-0-04 mm.

NEM. 2a
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R o 3.
7. Kalicephalus fimbriatus (Ortlepp, 1923)’ (Fig. 167.) e
halus willeyi of v. Linstow. 1908, n‘;’sﬂl.;mi
willeyi of Baylis and Daubney. l:u—-
; i i Ortlopp. 1923,

Synonyms :— Kalicep
Diaphanocephalus v ¢
Daubney, 1923 ; Occipitodontus Jimbriatt

Host :—Banded krait (Bungarus Saseiatus) (stomach and

1 I i l“ ("‘ilv]('""t&,
iuoden"n . . d 3, ch /00'() ]('ﬂl ( ar ({(‘nﬂ, . .
¢ ! ) ] €Ol (,d frOn] Z ;_ o

by Baylis and Daubney and by Maplestone. i
révcordgd as K. willeyi by v. Linstow (1908) from B. Sfasciatus

at Dibrugarh, Assam, probably also belonged to this species.

i
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; b i 1 of femalo; latoral
Fig. 167.—Kalicephalus fimbriatus. Anterior end ¢ ol
’ view. ec.r., corona radiata; d., duct of dorsal maoplzg%_ter

gland ; &., wall of buccal capsule (optical goction).
Baylis and Daubney.)

. . &
! t 9:7-12:2 mm. in length and abou
The male measures abou  Jength s

. . . in maximum thickness, :
(1)’733_2;;1 alllll(lin 0-5-0-6 mm. respectively. The head,‘ m{]ate;:(i
view, is broad and abruptly truncate. The' mouth 18 ((1 ul';ac e
straight forward, and is a dorso-vc;ntral slit bord%rqtg 3;1 n
elliptical cuticular flap. On the inner surface to lld“imme%er
there is a rudimentary leaf-crown. The dorso-ver{x_ gramm‘ crer
of the head, at its widest part, 18 about 0-43-0-5 e
buccal capsule measures about 0-22-0-3 mm.dm . %olé)nged
walls are very stout dorsally and ventrally, and are p
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posteriorly in the ddrsal and ventral lines into processes which
project outwards at an angle of about 45° from the main axis
of the body. These processes, according to Daubney, “ give
attachment to elliptical muscle fibres which encircle the
asophagus. Contraction of these fibres would appear to
close the mouth opening by lengthening its dorsoventral
axis, thus pulling the edges into apposition, while relaxation
would allow the mouth to open.” Three small, pointed and
forwardly-directed teeth (one dorsal and two subventral) are
present at the base of the buccal capsule, where it passes into
the lining of the cesophagus. The duct of the dorsal cesophageal
gland extends forward for less than half the length of the cap-
sule. The cesophagus measures 0-73-1-1 mm. in length,
and has a maximum thickness of about 0-24-0-3 mm. The
excretory pore and nerve-ring are situated at about 0-22-
0-26 mm. from the anterior end of the wmsophagus. The
cervical papille are inconspicuous and are situated a little
behind the middle of the cesophagus.

The genital cone of the male is prominent and measures
0-07-0-1 mm. in fength. The spicnles are slender and tapering,
slightly alate, and spirally twisted near their tips. They
measure about 0-43-0-49 mm. in length. The dorsal wall of
the spicular canal is partly chitinized, but there is no distinct
accessory piece.

The tail of the female is acutely conical and measures about
0-37-0-42 mm. in length. The vulva is situated approxi-
mately at the posterior third of the body, dividing the total
length in the ratio of about 1-7:1 to 2:-1:1. The anterior
uterine branch extends to within 3-3-5 mm. of the posterior
end of the esophagus, the posterior branch almost to the level
of the anus. The eggs measure 0:055-0-07 x 0-035-0-045 mm.

8. Kalicephalus ersilise (Stossich, 1896) Yorke and Maplestone,
1926.
Synonyms :—Strongylus ersiliz  Stossich, 1896 ;  Sclerostomum

ersilia Stossich, 1809 ; Diaphanocephalus ersilie Railliet and
Henry, 1909.

Host :—This species is recorded by Stossich from Python
molurus in the “ East Indies.”

The male is undescribed. The female is 9 mm. long.
The body is slender, but thickened anteriorly. The vulva is
situated at about the middle of the body, and has two promi-
nent lips. The vagina is very short. The uterine branches
are opposed, and each has a well-developed ovejector.

Stossich’s description is not sufficient to enable the species
to be identified. K. ersili seems, however, to be the only
specics recorded from a python. "

242
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9. Kalicephalus =p.
Synonyin :- - Diaphanoce phalus sp. Bayli= and Daubney.
Baylis and Daubney (1922) record from the vn!u'u (A\.uJ(l
tripudians) o female specimen which it svm’n‘.\"lmpossﬂ)lt;
to assign to any of the species described nlm}'(‘. lln.\"n‘u-usurv(
155 mm. in length and 043 mm. in thickness., lh.(- Iwaul'
was laterally compressed and had a (l()l‘.\'()-\'("llll'u_l diameter
of 027 mm. and a structure similar to that in K. miodus.
The buceal capsule was 0-19 mm. deep. The asophagus
measured 0-485 mm. in fength and 0-16 mm. in thickness.
The tail was acutely pointed and 0-45 mm. long. The vulva
was situated behind the middle of the hody, dividing tl.l("t()till
length in the ratio of 6: 5. and its lips formed a papilliform
outgrowth measuring 0-1410-08 mm.  The cggs measured
0-065 < 0-045 mm.

o2z,

15. Family AMIDOSTOMIDA Baylis and
Daubney, 1926.

Buccal capsule relatively shallow and broad. without teeth,
cutting-plates or leaf-crowns at its anterior margin. (Eso-
phagus typically with three axial chitinoid plates int(-‘rnull_\'.
Spicules of male relatively short. bifurcate or trifurcate
distally.  Vulva in the posterior half of the body.

Key to Genera.

Head with prominent backwardly-dirccted

spines or  epaulettes ™ ; buccal vavity re- | p. 360,

duced orabgent ......... ... L0 K POMIDIOSTOMUM,
Head without prominent projections: a

buceal capsule present ........ ... ... I

1. Buccal capsule with one tooth or three tecth
at its base ; an accessory piece present in

male ... . e e e AMIDOSTOMUM, P. 308,
Buccal capsule without teeth ; male without [p. 359.
accessory pioce ... .. I PSRUDAMIDOSTOMUM,

1. Genus AMIDOSTOMUM Railliet and Henry, 1909

Buccal capsule wide, with one or ‘throo tecth at its bn.sc.
(Fsophagus with three axial chitinoid plates extending
throughout its whole length or as far as the posterior
swelling. Bursa with long lateral lobes and a short dorsal
lobe. Ventro-ventral and latero-ventral rays widely divergent.
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Antero-lateral and externo-dorsal rays short, not reaching the
margin of the bursa. Externo-dorsal rays may arise separ-
ately from the dorsal ray or originate from its base.
Dorsal ray cleft for a short distance only, and with bidigitate
terminations. A pair of prominent papilie present on the
posterior lip of the cloacal aperture. Prebursal papille
also present.  Each spicule divided for the greater part of
its length into two branches. An accessory piece present.
Tail of female long and finger-shaped. Uterine branches
opposed. Adult wormns parasitic in the gizzard of ducks
and other birds, under the horny lining.
Genotype :—dmidostomum nodudoswm (Rud., 1303).

1. Amidostomum skrjabini Boulenger. 1926.  (Fig. 168.)

Synonyms :— Amidostonium fuligulze: Maplestone, 19305 2 Amido-
stonvm anatinem Sugimoto, 1928.

Hosts :—A. skrjabini was originally described by Boulenger
from Anser albifrons, the specimens having probably been
collected in Kgypt.  Maplestone (1930,6) records A. fuligula:
from the golden-eyed pochard (Nyroca fuligula [ Fuligula
cristatul), Nyroca [Aythya] ferine and several unidentified
ducks in the Zoological Gardens, Calcutta. The present
writer (1932) has examined specimens determined by Maple-
stone as .. fuligule from a garganey teal, also from the
Zoological Gardens, Caleutta, and found them to agree with
Boulenger's original material of A. skijabini. This forin was
at the same time recorded from various species of ducks in
Europe and Patagonia. A, anatinum Sugimoto, from the
domestic duck in Formosa, appears to be indistinguishable
from A. skrjabini. This species appears, therefore, to oceur
m a considerable number of Anseriform birds and to have
a wide geographical distribution.

The male measures about. 7-3-9 mm. in length and 0-1-
0-13 mm. in maximum thickness, the female about 9-13-5 mm.
and 0-1-0-14 mim. respectively.  The cuticle is transversely
striated.  The buccal capsule has rather thin walls, and
measures about 0-008-0-01 min. in length and 0-011-0-017 mm.
in width., It contains three teeth, a dorsal tooth which is long
and pointed, and extends almost to the anterior margin of the
capsule, and two very small and inconspicuous subventral
teeth.  The @sophagus is 0-55-0-78 mm. long. The nerve-
ring is situated at 0-23-0-28 mm., the cervical papille at
0-3-0-42 mum., and the excretory pore at about 0-31 mm.,
from the anterior extremity.

The antero-lateral ray of the bursa is turned slightly forward,
away from the medio-lateral ray. The externo-dorsal rays
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{
are independent of the dorsal ray and t(-nnin;\t"(: at a con-
siderable distance from the edge of the bursa. The spu-ulgs
measure about 0-12-0-16 mm. in length, and each (~n(.ls in
two unequal processes, the inner shorter and more pointed
than the outer. The accessory picee is elongate and measures
0-:06-0-08 mm. in length.

A

Fig. 168.—Amidostomum skrjabini. A, anterior end, lateral view ;
B, spicules and accessory piece, ventral view : C, bursa
of male, ventral view. (After Boulenger, in ‘ Parasito-

logy.”)

The tail of the female is about 0:19-0-27 mm. long, nnc? is
tapering, with a rounded tip. It bears a pair of papille
somewhat behind its middle. The vulva is situated at about
1.7-2:6 mm. from the posterior end. The ovejectors have
a combined length of 0:4-0-5 mm. The eggs measure 0-07-
0-082 % 0-04-0-052 mm.

PSEUDAMIDOSTOMUM. 359
B

2. Genus PSEUDAMIDOSTOMUM Boulenger, 1926.

Head with a slightly inflated cuticular cap, without pro-
jections. Buccal capsule wide but very short, without teeth.
Ventral rays of bursa divergent. Lateral rays parallel;
the antero-lateral ray short and stout, the medio-lateral and
postero-lateral rays longer and more slender, and nearly
reaching the edge of the bursa. Dorsal ray stout at its base,
near to which it gives origin to the short externo-dorsal rays ;
cleft distally, cach branch being bidigitate. Prebursal
papille present. Each spicule composed distally of two
processes fused together. Accessory piece absent. Tail of
female suddenly narrowed behind the anus. Adult worms
parasitic in birds.

Genotype :—Pseudamidostomum loossi Boulenger, 1926.

1. Pseudamidostomum boulengert Maplestone, 1930.

Hosts :—This species is recorded by Maplestone from the
cotton teal (Nettapus coromandelianus), the cattle egret (Bubul-
cus 1bis coromandus) and an unidentified duck, in the Zoological
Gardens, Caleutta. Its habitat is not stated, but is pre-
sumably under the horny lining of the gizzard.

The male measures 8-:3-8-6 mm. in length and 0-18-0-21 mm.
in maximum thickness, the female 11-11-5 mm. and 0-22-
0-24 mm. respectively. The cuticle is transversely striated.
The diameter of the head is 0-04-0-044 mm. The mouth is
situated in a shallow, funnel-shaped depression and surrounded
by four elongate submedian papillze and a pair of inconspicuous
lateral papille. The cesophagus is about 1 mm. long in the
male, 1-3-1-4 mm. in the female, and is very slightly swollen
posteriorly. In the female the nerve.ring and excretory
pore are situated at 0-3 mm., and the cervical papille at
0:56 mm., from the anterior extremity.

In the male the ventral lip of the eloacal aperture bears
a pair of papille. The prebursal papille, in Maplestone’s
material, were asymmetrical. The spicules measure 0-12—
0-124 mm. in length, and are stout, slightly curved and
provided with broad, membranous ale. “ Their tips are not
divided though there appear to be double tips, which are
fased.”

The tail of the female is 0-28 mm. long, and bears a pair
of papillee somewhat behind its middle. The vulva is situated
at 2-7-2-8 mm. from the posterior end. The eggs measure
0-116-0-12 X 0-07-0-08 mm.
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3. Genus EPOMIDIOSTOMUM Skrjabin. 1916.

Cuticle thick, with conspicuous transverse strintions.
Head distinet, with backwardly-directed ¢ epaulettes ™ or
¢ festoons,” or with a number of spines, including « dorsal
and a ventral pair which are stout and backwardly directed.
Bueeal cavity reduced or absent. (Esophagus with three
internal chitinoid lamellie.  Ventral rays of bursa diverge
from lateral rays. Antero-lateral ray short, not reaching
the margin of the bursa. Medio-lateral and post‘vro-lzltoratl
rays parallel and fused proximally. Externo-dorsal rays
short and thick. Terminations of dorsal ray short and bi(lig.i'
tate. The posterior lip of the cloacal aperture bears a palr
of large papille.  Prebursal papille present.  Spicules short,
trifurcate distally.  Accessory picce absent,  Tail of female
narrows rapidly behind the anus and is bent ventrally.  Uterine
branches opposed. Adult worms parasitic in the vizzard
of Anseriform birds, under the horny lining.

Genotype —Epomidiostomim wncinatiom: (Lundahl, 1848).

i. Epomidiostomum uneinatum (Lundahl, [848) Scurat, 1918,
(Fig. 169.)

Synonyms :—=~Ntrongylus  uncinaius Landahl, 1848 Epowidio-
stomune anatinem Skrjabin, 1916,

Hosts :—This species has been recorded from a consider-
able number of Anscriform  birds, including the domestic
duck, and in many parts of the world (Burope, Asia and
:Africu)'. Maplestone has recorded it from various ducks in the
Zoological Garvdens, Caleutta, including Dafile acuta, Nyroca
rufa | Fuligule nyroca), Querquedula quurr[;uwINIU [Q). cireial,
Sarkidiornis  mclanotos and  Casaren Jerruginea | Tudorna
casarea].

The male measures 6-3-7-13 mm. in length and 015 mm.
in maximum thickness, the female 10-11-5 mm. and 0-25 mm.
respectively. The structure of the head has been varionsly
interpreted by different authors, and scems not to have been
understood until Maplestone (1930,6) gave a fuller description
of it. According to his account and figures the head is sur-
mounted by a cuticular cap, the four angles of which are
produced into a pair of subdorsal and a pair of subventral
stout, backwardly-directed spines. The mouth, which is
situated in the centre of the cap, is surrounded by four promi-
nent, forwardly-directed papilla, and a pair of less conspicuous
lateral papille is also present.  The buceal capsule, according
to Maplestone, is ““difficult to see, as it can only be viewed
through the chitinous cap overlying the head.” The wso-
phagus is about 0-8 mm. long.
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The dorsal ray of he bursa is very stout at its base, near to
which it gives origin to the externo-dorsal rays, whose bases
are also very stout. The spicules measure 0-12-0-13 mm. in
length.

[
Q-0 mmM.

A | B

Fig. 169.—Wpomidiostontum uneinatum. Anterior end. A, apical
view ; B, semi-lateral view.  (After Maplestone.)

The tail of the female ix 0-14-0-17 mm. long, and has
a button-like termination. The vulva is situated at about
2.2 mm. from the posterior end. The eggs measure 0-074-
0-08 > 0-:0458-0-05 mm.

16. Family TRICHOSTRONGYLIDA Leiper,
1912.

Mainly small, slender forms.  Mouth without cutting organs
or leaf-crown. Buccal capsule usually vestigial or absent
in the adults. Bursa of male well developed, with large
lateral lobes but with a small or ill-defined dorsal lobe. Adults
parasitic in the alimentary canal of vertebrates.

Subfamily TRICHOSTRONGYLINAS Leiper, 1908.

Female genital tubes paired.  Vulva behind the middie
of the body, but usually at some distance trom the posterior
end.

Key to Genera.

Dorsal lobo of bursa of male asymmetrical.  H.emoxchus, p. 373.

Dorsal lobe of bursa symmetrieal ... .. 1.
1. Ventral rays of bursa widely scparated 2.
Ventral rays of bursa close together ..., .. 3.
2. Spicules of male relatively short and stout, [p. 362,
of irregular outline and not united .. .. .. TRICHOSTRONGYLUS,
Spicules long and filiform, united for most
of their length. ... . .. ... viiiaeesaes  MECISTOCIRRUS, p. 3382,
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3. Dorsal lobe of bursa divided into two small
lobules, each supported by a separate ray.  NEMATODIRUS, p. 379.
Dorsal lobe of bursa entire; dorsal ray

divided only distally .................. 1. (p. 384
4. Parasgtes of reptiles and amphibians ... .. OSWALDOCRUZIA,
Pams;tos of warm-blooded vertebrates ... .
iR Purus!tos of mammals . ......... ... ... .. OSTERTAGIA, P. 366.
Parasitesof birds . ...............count. ORNITHOSTRONGYLUS,
[p. 372.

1. Genus TRICHOSTRONGYLUS Looss, 1905,

Synonym :— Libyostrongilus Lane, 1923.

) Cuticle of anterior end may be inflated. Buccal capsule
11! defined. Ventral rays of bursa widely separated and of
different thicknesses, the ventro-ventral ray being slender
and ventrally directed, the latero-ventral ray stout and nearly
parallel to the lateral rays. Postero-lateral ray thinner than,
and divergent from, the other lateral rays. Dorsal ray cleft
near its tip, cach branch having two short terminal (ligitiltions.
Prebursal papille present. Spicules short and spoon- or
spatula-shaped, often having a twisted appearance owing
to the deveclopment of ridges or other projections on their
surfaces. An elongate accessory piece present. Vulva typi-
cally with prominent lips. Kggs thin-shelled : their contents
gegmenpng at the time of laying. Adult worms parasitic
in }}erblvores, rodents, Primates and birds.
Genotype :—T'richostrongylus retorta:formis (Zeder, 1800).

Key to Species.
Parasite of hare : 5
iteofhare ............. ... .0 ntatus, p. 385,
P‘amslteis of ruminants p.l{ﬂm’n ats - 305
1. Each spicule of male with a singloe ventral

project:ion orbarb ...... ... ... ... colubriformis, p. 362.
Each spicule of male with a second angular s P
ventral projection in front of the barb... probolurus, p. 364.

1. Trichostrongylus colubriformis (Giles, 1892) Ransom, 1911.
(Fig. 170.)

Synonyms t—8trongylus colubriformis Giles, 1892; Strongylus
instabilis  Railliet, 1893 ; Strongylus subtilis Looss, 1905

g{‘:ﬁ”wfgloggyluu subtilis Looss, 1905 ; Trichostrongylus delicatus

Hosts :—This is a common and widely-distributed parasite
of the fourth stomach and small intestine of many ruminants,
including the sheep, goat and camel. It also sometimes
occurs in the intestine of other mammals, having been recorded
from squirrels, the chimpanzee, various monkeys and man.
In India (Assam and the Punjab) it has been recorded from
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sheep by Giles and’by Lane. A species of T'richostrongylus,
in all probability 7'. colubriformis, appears to occur not in-
frequently in man in at least some parts of India. Boulenger
(1920) records the finding of the eggs of T'richostrongylus in
the stools of a small percentage of Indian hospital patients in
Mesopotamia, while Sweet (1929) estimates the incidence
of such cggs in the State of Mysore as 0-4 per cent. of the
population. )

The male measures about 4-4-7-7 mm. n length and 0-07-
0-11 mm. in maximum thickness, the female about 5-1-
&6 mm. and 0-08-0-12 mm. respectively. The diameter of
the head is 0-013-0-017 mm. The cesophagus is about 0-6—
1 mm. long. The excretory pore is situated at 0-11-0-17 mm.
from the anterior end.

Fig. 170.—Trichoatrongylus c'o{ubf'ifo?'mis. A. bursa of male, lateral

viow : 13, left spicule and accessory piece, viewed from
left side. (After Nagaty.)

The-bursa is large and deeply bilobed, with a very small
dorsal lobe. The antero-lateral ray is usually the stoutest.
The postero-lateral ray is relatively small, and its tip is
directed towards the externo-dorsal ray. The dorsal ray
bifurcates at about its posterior third. ~According to Nagaty
(1932)  the inner divisions are longer than the outer and bear
on their inner surfaces o small papilla-like projection which
is more marked in some than in others.”” The spicules are
dark brown and somewhat unequal, the left spicule being longer
and broader than the right. The left spicule measures
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0:136-0-171 mm., the right 0-123-0-154 mm. in length, At
about its posterior quarter each spicule bears a rather promi-
nent ventral harb. The accessory  picce, which  measures
0-066-0-088 mm. in length, ix canoe-shaped in dorso-ventral
and somewhat S-shaped in lateral view.

The tail of the female is 0-035-0-092 mnt. long, rather
slender and sharply pointed.  The vulva is situated at about
=18 mm. from the posterior end, and is a longitudinal slit
\\‘lt‘l'l a raised cuticular border. The combined f(‘llgtll of the
ovejectors iy about 0-4-0-6 mm. The cggs measure 0-073-
0-096 X 0-035-0-043 1y, ‘

2 Tric;xostrongylus probolurus (Raiilict, 1896) Looss, 1903.
(Fig. 171)

Synonym :—Strongylus probolurns Railliot, 1806,

e - N 1 3 .. » A w1 M
) 1]0&{5 :—This species oceurs in the duodenum of ruminants,
including the sheep and camel, in various parts of the world.

. £.8M.
Vig. Y7Y.—Trichostrongylus proboluwrus.  Spicules and aceossory picco.

A, ventral view; B, lateral view,
Looss.)

(From Baylis, after
It has also been recorded as an accidental parasite of man.
Nagaty (1932) records a single male specimen from a sheep
from the Punjab. This specimen was discovered among
Giles” original material of 7. colubriformis.

The following description is taken from Ransom (1911).  The
male measures 4-5-5-3 mm. in length, the female 4-5-6 mm.,
and both measure 0-08 mm. in maximum thickness.

The latero-ventral ray is much the stoutest of the bursal
rays. The postero-lateral and externo-dorsal rays are very
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short and close together.  The dorsal ray has a short and stout
stem and  short. bidigitate  terminations. The spicules
measure 0-126-0-134 mm. in length and are relatively stout.
Each has a very pronounced terminal hook or barb. lIn
front of this < on the ventral edge of the spicule is a second
angular pointed projection, which together with the terminal
hook when observed under low magnification, gives the spicule
a gnarled or twisted appearance.”  The accessory piece is
0-075-0-08 mm. long.

In the female the posterior portion of the body is rather
stout, beginning to taper rapidly a short distance in front of
the anus.  The tail is rather blunt and measures 0-04-0-05 mm.
in length.  The vulva, which is a longitudinal slit, is situated
at about 1=1-25 mm. from the posterior end. The com-
bined length of the ovejectors is about 0-375 mm.  The eggs
measure 0-076-0-08°0-043-0-046 mm.

3. Trichostrongylus pigmentatus (v. Linst.. 1904) Hall, 1916.
Synonym :—-Strongylus pignientatus v. Linstow, 1904.

Host :—This parasite is recorded from the stomach of the
black-naped hare (Lepus nigricollis) at Ranna, Southern
Provinee, Ceylon.

Of this speecies nothing is known beyond the original
description of it by v. Linstow. The type-specimens shouid
be in the collection of the Colombo Museum, but apparently
annot. now be found, and the writer has therefore been
unable to examine them.

According to v. Linstow’s description the male measures
7.7 mm. in length and 0-12 mm. in thickness, the female
10-5 mm. and {-14 mm. respectively. The head has three
lips, cach carrying on its summit a small papilla. The
cesophagus occupies 1/14 of the total length in the male and
1/18 in the female. It measures, therefore, about 0-55-
0-H8 mm.

The bursa hag two large lateral lobes and a small dorsal
lobe.  The dorsal ray has a long stem and very short,
bifurcate terminal branches, the inner termination of each
branch being longer than the outer. All the other rays of
the bursa are figured as being slender and of about equal
thickness, but the figure is probably somewhat diagrammatie.
The length of the spicules is given as 0-68 mm., but this
measurement, as suggested by Hall (1916), should probably
be 0-068 mm. They are of a pale brown colour, and each is
divided distally into three processes, of which the largest is
blunt, the others pointed. ;

The tail of the female measures 1/66 of the total length
(1. e. about 0-15 mm.) The vulva divides the total length



366 TRICHOSTRONGYLID.E.

in the rati 37: : ; :

 the froom(){hg-i : ltl, .and is therefore situated at about
Soze > posterior end.  The egps measure 0:062 X

v. Linstow & : o

cgus and o8 e%faﬁns that th(“, oesophagus, testes, uterus,
};GCllliilrit,y li}r: il}(: y the ovaries are coloured black.” This
due to some re" e typo-spo.:\cnnvns was no doubt an artifact
‘ » reagent to which they had been subjected.

2. Genus OSTERTAGIA Ransom, 1907.

S .
Synonym :—Camelostrongiylus Orlotf, 1933

Cuticle ; i
thirty) lonzti‘tvul:ﬁ(xjﬁy;l rrr}a;,r'lfe(l \Ym} numerous (twenty-five to
dilatad.  Compos )1( %l(ll:q. Cuticle of head may be slightly
Bursa, of male “:it,h 1!\31)11 @ present.  Buecal cavity  small.
Within the. bur (,]()(11; thtcml lobes. and a smaller dorsal lobe.
bursal membran. wit.hl& yf there is typically an accessory
by two slender, diver re&t I‘(:e posterior edge and supp()rtea
:"entml rays close t,(/)gitrlll(‘rr(-?l]:i pl il‘ell)ll‘lrmllpupi”w D it
WO main : ogether a arallel. Dorsal ray wit
branches. bg;:;:ﬁ:; "“L.(’:‘} giving off one or two short mti“os:(:lt‘i:
into threo procéssés I‘«LA l(‘I“ short, usually divided distally
absent. Vulva towards rtll “l('""""““m'.}’ picce may he present or
times covorsd by ((-ut“ "ll( posterior end of the body, some-
lip. Adult worms( Jr'»zci;l' ar flap developed from its anterior

Grenotypc Z*Osleffag‘i;z ;;lplyr‘l[(;nfun'n}uls, chiefly ruminants.

lertage (Stiles, 1892).

‘ Key to Species.
Spicules of male 0-5 mm. long

L Ep;lt?;:)ei grfl' tma,lo not more than(::‘-:;gnmm:;. '1.0;'1' o ilncnfllvlala, p- 37
Aoy rail ray of bursa the stoutest . gy
2. Spioulos :;11 ray of bursa the stoutest, . . . . . . 3
with a longer, knobbod, outor ';.)r:o.(:.o;'c;x .

and two shorter, b i
So! : , barbed, inner proe s P é
picules with g short, blunt, dorsr;] psgzzzé.s;r;(.l ontertagt, p. 366,

two ventral i
the othor poir}:tr;?esses, one slightly knobbod,

3. 0 .. >. .................. ] 5
gssslzgogzsiit(;geach spicule knobbed, two p-r;).- marehalli p[ 3‘;);%7
'l‘WO PrOCORSes of wcls cr. SRR 7 ¥ p- '
‘ of oach .. clrcumceincla,
one process pointod quC ule knobbed or blunt, occidentali 370,
......... identalis, p. 370.

1. Ostertagia ostertagi (Stiles, 1892) Ransom, 1907.

Sy lné);f)}; 1?3 Effgﬁi‘zlug tgonvqlfutlty Ostertag, 1890 (nec Kuhn
Stodter, 1901 (part). stertagt Stiles, 1892; Strongylus harker:

Hosts :—This species i
& cles occurs in nodules in the wall of tl
abomasum, or free in its cavity or in the duodenum, of catttig
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and sheep in various parts of the world. Tt has also been
recorded from the bharal (Ovis nahura) in captivity in the
United States of America, and from the roe-deer and chamois
in Europe. Bhalerao (1935, b) records it from cattle (Bos
indicus) at Muktesar, United Provinces.

The male measures 6:5-7-5 mm. in length and 0-115-
0-15 mm. in maximum thickness, the female 8-3-9-2 mm. and
0-12-0-16 mm. respectively. The diameter of the head is
0-016-0-02 mm. The cesophagus is 0-65-0-68 mm. long.
The nerve-ring is situated at 0-26-0-28 mm., the excretory
pore at about 0-3 mm.. and the cervical papille at 0-32—

0-3¢ mm., from the anterior extremity.

The bursa is relatively small.  The ventral and lateral rays
are of about cqual thickness, but the latero-ventral ray is
slightly thicker than the others. The tips of the ventral rays
are very close together, as are those of the medio-lateral and
postero-lateral rays. The dorsal ray is bifurcated at about
its posterior third, cach branch being slender and baving
two short terminations. An accessory bursal membrane,
supported by two slender rays, is present. The spicules are
about 0:2-0-23 mm. long. Each has two barbed processes
on its inner side in the posterior half. These are united by
a membrane with the main shaft, which ends in a knob.
The accessory piece consists of an oval bady, about 0:04 mm.
long, and a posterior process about 0-0253 mm. long.

The tail of the female is tapering and measures 0:1-0-14 mm.
in length. The vulva is situated at 1-:3-1-5 mm. from the

osterior end, and is covered by a prominent cuticular flap.
The combined length of the ovejectors, including the sphinc-
ters, is 0-2-0-26 mm. The cggs measure 0-065-0-08 % 0-03—

0-04 mm.

2. Ostertagia circumcineta (Stadelmann, 1894) Ransom, 19807.
(Kigs. 172 & 173.)
Synonyms -~ Strongylus circumcinctus Stadelmann, 1894 ; Strongy-

Jus cervicornis MeFadyecan, 1897 Ostertagia (Ostertagia) circum-
cincta Orloff, 18335 7 Strongylus vicarius Stadelmann, 1893.

Hosts :—This is a cosmopolitan parasite of sheep and goats,
and also occurs in various wild ruminants. It inhabits the
abomasum (fourth stomach) and small intestine. It is
recorded by Bhalerao (1932) from the Himalayan ibex (Capra
sibirica) at Muktesar, United Provinces.

The male measures 7-5-11 mm. in length, the female 9-
122 mm. In both sexes the maximum thickness is O-1-
0-165 mm. The head has a diameter of about 0-018-0-022 mm.
The asophagus is 0-5-0-69 mm. long. The cervical papille
are situated at 0-21-0-35 mm. from the anterior end, and the
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nerve-ring and excretory pore at about the same level (a little
in front of the middle of the tesophagus).

The antero-lateral ray of the bursa is the stoutest.
main branch of the dorsal ray has two short accessory branc
one on the inner side near the tip and one on the f)utor l
higher up. The spicules measure 0-28-0-32 mm. in lengt lq
and have three terminal processes.  The outer of trhost'}‘ll:
longer and stouter than the others, and ends in a knob. e

Each
hes,
side

Fig. 172.—Ostertagia circumcincta. Posterior end of malo; ventral
view. (From Baylis, after Travassos.)

two inner processes are slender, tapering and pointed, and
one of them is considerably longer than the other. The
accessory piece is about 0-08-0-09 mm. long. ‘lt has a spatu-
late anterior portion and a long, slender posterior portion.
The tail of the female is 0-13-0-19 mm. long, and 1s.tauper1ngii
with a blunt tip. Near the tip there is a slightly ralsedlban_
composed of some three to five annulations. The vulva 18
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situated at 1-5-2-5mm. from the posterior end, and is usually
covered by a flap. The combined length of the ovejectors
is 0-33-0-536 mm. The eggs measure 0-075-0-1x 0-035-
0-03 mm.

Fig. 173.—Ostertagia circumeineta. A, spiculos and accessory piece,
ventral view : B, posterior extremity of female. (From
Baylis, after Ransom.)

3. Ostertagia marshalli Ransom, 1907.

Synonyms :—-Ostertagia tricuspis Marotel, 1910 ; Ostertagia orientalis
Bhalerao, 1932 5 Ostertagia (Marshallagia) marshalli Orloff, 1933 :
? Ostertagia brigantiace Blanchard, in Railliet and Henry, 1909.

Hosts :—This species occurs in the abomasum and small

intestine of sheep and goats in various parts of the world

(Kurope, Asia and America). It also oceurs in the chamois.

Bhalerao (1932) records what he regards as a distinet species,

0. orientalis, from the Himalayan ibex (Capra sibirica) at

Muktesar, United Provinces. The slight differences in measure-

ments mentioned do not, however, appear sufficient to justify
the separation of Bhalerao’s species from 0. marshalli.
NEM. 28
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The male measures 9-5-14-3 mm. in” lvnj_:th')zl.:ll(.l7 ()n:lt]'
0-2 mm. in maximum thickness, the ff‘mulo l~t_'~tl¢‘ P
and 0-19-0-26 mm. respectively. The diameter o )-(1)7 .
is 0-013-0-023 mm. The @sophagus ix about (h—l'_- ' thil‘(i
long. The nerve-ring is situated at_about its nnt}‘\'-l()llnt(‘l‘i()l'
(according to Bhalerao at 0-29-0-365 mm. from “(-zv(\.rinﬁ
end). The excretory pore is slightly behind the 'nf r-\u(q'igx:
and the cervical papille at 0-32-0-48 mm. from the w

xtremity. 3
) rFl{.hg la‘.Vt‘ero-Ventral ray is the stoutest ?f tlw'l.)ur.\‘u.l ”»11}1:;
The dorsal ray is very long and slender.  Kach of 1ttx -l-)rr‘"::nalll
is very slightly cleft at the tip, and gives oft a ‘\“i\l (: ki
accessory branch on the outer side u little before ll_ ! tt;
- The spicules are about 0-18-0-28 mm. long, or, accor n}g Lo
Bhalerao, as much as 0-31 mm. At about a quarter to t 1'r(t
eighths of their length from the tip they are (ll\'l(l(‘(‘l mlo
three processes, two of which are ventral and one dorsal.
The dorsal process is shorter, broader and less (-()nspwuot}:
than the otbers, and has a blunt tip. According to Bhalerao it
ends in a small knob. The ventral processes aro slender, lhs
inner being slightly knobbed, while the outer is longer 1‘11‘1“
sharply pointed. According to Bhalerao t‘h(\' outer prow‘:
** gives out a small, slender process at a short distance from its
tip.””  There is no accessory piece. . '

The tail of the female is slender and tapering, and 'l‘mh
a blunt tip. 1t mecasures about 0-2-0-3 mm. in length. The
vulva is a transverse slit situated at 1.8-5 mm. from the
posterior' end, and sometimes covered b_\‘/ a ba}ck\x'lfltl:dl.\"
projecting flap. According to Bhalerao, N oceasiona ly) ag
anterior or a posterior flap may be present. The com mrer
length of the ovejectors is about 0-58-0-64 mm. The eggs
measure 0-15-0-23 X 0-07-0-116 mm.

4. Ostertagia occidentalis Ransom, 1907. (Fig. 174.)

i ] illé isset, 1911 ;
:—Ostertagia trifida Cuillé, Marotel nnfl Panisset, ]
Syggtzgtx:gsia akr;‘ab'in? Kamensky, 1929 ; Ostertagia (Grosspiculagia)
occidentalis Orloff, 1933.

:—This parasite occurs in the abomasum and small
ingsotige of'l.:;}llleeg)) in Europe, Asia and America, m‘u‘i has nl(sic;
been recorded from the chamois. Bhalerao (193)1\)/[ Ii(GtCOSr‘lr
it from the Himalayan ibex (Capra sibirica) at Muktesar,
Urll\}ft:;dt Ell‘lot‘lrxlonr(;eiave found the female of this specxesfmdls-
tinguishable from that of certain closely-relaged 'e(:zlt':zl;?s'
Bhalerao was unable to separate it from that Ofi: . ?gzin alis
(i.e. 0. marshalli). 'The measurements of the fema
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following descriptig)n are taken from Guschanskaja and
Krjukowa, as quoted by Gebauer (1932).

The male measures 9-16 mm. in length and about 0-15-
0-24 mm. in maximum thickness. The female is 10-8-
14-:5 mm. long. The diameter of the head is 0-012-0-023 mm.
The asophagus measures 0-51-0-98 mm. in length. The
nerve-ring is situated at about its anterior third, and the
cervical papille at 0-32-0-4 mm. from the anterior end.

The antero-lateral ray of the bursa is usually the thickest.
The dorsal ray is long and slender, and bifurcates at about
its posterior third. Each branch has a short accessory

Fig. 174.—Ostertagia occidentalis.  Posterior - end of male;

ventral
viow. (After Ransom.)

branch on the inner side near the tip, and one on the outer

side a little higher up. The spicules are about 0-2-0-32 mm.
long, and are relatively stout. A little behind its middle
each spicule divides into three processes, two of which are
ventral and one dorsal. The outer ve
longest of the three, and ends in a knob
process is the shortest, and has a short g
The dorsal process is the thickest, and has
tip, marked off by a transverse ridge on the dorsal side. The

ntral process is the
. The inner ventral
ubterminal point.
& bluntly conical

282
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&~

. . - . . D)
accessory piece, which is inconspicuous, is about 0-11-0-12 mm.

long.

The tail of the female is 0-14-0-16 mm. long, aln(l. has three
or four annulations near the tip. The vulva ix situated at
2:24-3:01 mm. from the posterior end.  The ovejectors have
a combined length of 0-49-0-63 mm. The cygwes measure
0-097-0-108 % 0:05-0-061 mm.

5. Ostertagia mentulata Railliet and Henry, 1909.

Synonyms :—Camelostrongylis mentulatus Orloff, 1933 02 Strongy-
tus capillaris Pricola, 1913,

Hosts :—This species oceurs in the fourth stomach of the
camel (Cmmelus dromedaring), and was originally 1'0('01'(19d
from India. 1t has also been recorded from the sheep m
Europe and from the goat in Turkestan.

The male measures 6-5-7-3 mm. in length, the female
8-10 mm. Lateral ale are present, in addition to the usual
longitudinal ridges, in the posterior portion of the male.
The cesophagus is 0-75-1 mm. long, and the cervieal pupillzu
are situated at 0-35-0-45 mm. from the anterior end.

The spicules of the male are relatively long (0-5-0-7 mm.),
transversely striated and of reticulated appearance. At its
distal end cach spicule carries two slightly unequal processes,
about 009 mm. long and apparently articulated to the main
shaft. These processes have hammer-shaped or button-like
terminations.

The tail of the female is bluntly pointed. The vulva is
situated in the posterior fifth of the body.

3. Genus ORNITHOSTRONGYLUS Truvassos, 1914.
Synonym :—Cephalostrongylus Irwin-Smith, 1920.

Cuticle of anterior end inflated. A slight buceal capsulo
present. Ventro-ventral and latero-ventral rays of bursa
of equal thickness and close together. Antero-lateral and
medio-lateral rays close together proximally but widely
divergent distally. Postero-lateral ray about as thick as,
but divergent from, the other lateral ravs. Dorsal ray
cleft to a varying extent, up to half its total length; cach
branch ending in three or four digitations. Externo-dorsal
rays originate from the base of the dorsal ray. Prcburﬂfml
papille present. Spicules relatively short, each ending in
three pointed processes, An accessory piece (? telamon)
present. Vulva in the posterior half of the body. Adult
worms parasitic in the alimentary canal of birds.

Genotype :—Ornithostrongylus fariai Travassos, 1914.
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1. Ornithostrongylu§ travassosi Maplestone, 1932.

Host .—This species is recorded by Maplestone from ths
gizzard of the coral-billed pigeon (Chalcophaps indica) in the
Zoological Gardens, Caleutta.

The male measures 57 mm. in length and 0-88 mm. in
maximum thickness, the female 7-8 mm. and 0:-116 mm.
respectively. The head has a diameter of 0-24 mm. According
to Maplestone's deseription there is no buccal capsule. The
esophagus is 0-356 mm. long, and is slightly swollen towards
its posterior end.  The nerve-ring is situated at 0-2 mm.,
and the excretory pore, which is surrounded by an inflation
of the cuticle, at (-28 mm., from the anterior extremity.

The externo-dorsal rays almost reach the edge of the bursa.
The spicules measure 0-144 mm. in length, and have mem-
branous ale along their inner borders. The accessory piece is
0-048 mm. long. Maplestone states that it is ** Y-shaped
when seen dorso-ventrally, and when seen from the side it
appears as a straight rod with a rounded prominence running
ventrally from about its centre.”

The tail of the female measures 0-12 mm. in length, and
ends in a spike which is 9p long. It bears a pair of papilla
at 0-024 mm. from the tip. The vulva is situated at a distance
of 187 mm. from the anus (<. e. at 1-99 mm. from the posterior
end). The eggs measure 0-05-0-052 < 0-027-0-028 mm.

Maplestone does not compare this species with O. quadri-
radiatus (Stevenson, 1904), a form occurring in the intestine
of domestic pigeons in America and elsewhere, but according
to his description it differs from this form in its smaller size,
the greater length of the externo-dorsal rays, the shape of
the accessory picee and the smaller size of the eggs.

4. Genus HEMONCHUS Cobb, 1898.

A small buccal cavity present, containing a lancet-like
dorsal tooth which originates at its base. A pair of well-
developed, spine-like cervieal papillee present. Bursa with
large lateral lobes and a small, asymmetrical dorsal lobe
attached to the left lateral lobe near its base. Ventral rays
divergent distally. Dorsal ray bifurcate distally ; each
branch with two small terminal digitations. KExterno-dorsal
rays long and slender ; the left ray originating with the main
stem of the dorsal ray in the left lateral lobe of the bursa.
Prebursal papitle present.  Spicules relatively short, each
with a small barb near its tip. An accessory piece present.
Vulva usually covered by a cuticular flap; this, however,
is subject to great variation. Adult worms parasitic in the
stomach or small intestine of mammals, chiefly ruminants.

Genotype :—Hamonchus contortus (Rud., 1803),
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Key to Species.

Spicules of male 0-6 mm. long, or longer ...... longistipes, p. 378.
Splncules of male not more than about -5 mm.
ONEZ . ot e e 1.
1. Barb of left spicule at about (-01-(-02 mm. from
thetip ... ... . ..o i i contortus, p. 374.
Barb of left spicule at about 0-04-0-06 mm. from
thotip ... similis, p. 378,

1. lex?:nehus contortus (Rud., 1803) Cobb, 1898. (Figs. 175-
Y]

Synonyms :—Strongylus contortus Rudolphi, 1803 ; Strongylus
hamonchus Stoewart, 1912 ; ? Hwmonchus cervinus Baylis and
Daubney, 1922.

Hosts :—This is a cosmopolitan parasite of the ox, sheep,
goat and various wild ruminants, occeurring in the stomach
gusualhly in the fmbomasum) and less commonty in the small
1ntest_1{1e,.and being perhaps the commonest, cause of verminous
gastritis in these animals. It has been recorded as an acci-
dental para:qite of man. The species appears to be of frequent
occurrence in India. It has been recorded by Gaiger from the
ox and shee_p in the Punjab, by Bhalerao fm:n - goats
[se. .C’apm sihirica] at Muktesar, United Provinees, and by
Baylis apd Dz.mubney from the markhor (Capra falconeri)
in the Zoological Gardens, Calcutta. It seems probablo
that the form described by Baylis and Daubney (1922), under
the name of Hamonchus cervinus, from the spotted deer
(C’erfms uxzs)‘is identical with H. contortus. The only male
specimen available was much damaged, and the females agreed
In measurements with small specimens of H. confortus. The
absence of a vulvar flap was noted at the time as a distincetive
feature, l?ut in view of the amount of variation now known
to occur in this respect in H. contortus, no importance can be
attached to this character.

The male measures about 10-20 mm. in length and 0-23-
0-4 mm. in maximum thickness, the female about 18-30 mm.
and 0-4-0-5 mm. respectively. The diameter of the head
is about 003 mm. The buccal tooth is 0-01-0-015 mm.
long, and may project through the mouth. The cesophagus
is club-shapgd and measures about 1-2-1-5 mm. in length.
The nerve-ring and excretory pore are situated at about
0-28 mm., and the very prominent cervical papille at about
0-3-0-44 mm., from the anterior end.

The stem of the dorsal ray is only slightly longer than its
branches. The spicules are of a dark brown colour and measure
about 0-3-0-5 mm. in length. Each spicule has & small barb
on its outer surface, that of the left spicule at about 0-014-
0:02 mm. and that of the right at about 0-028-0-04 mm.
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from the tip. The *accessory piece is fusiform, with thickened
edges, and about 0-2 mm. long.

The tail of the female is slender and sharply pointed, and
measures 0-3-0-63 mm. in length. It bears a pair of papille
at about 0-1 mm. from the tip. The vulva is situated at a

Yig. 175.—H@monchus contortus. Male.  (From Baylis, after Neveu-
Lemaire.)

distance of 3-5 mm. from the posterior end, and is usually
covered by a backwardly-directed, tongue-shaped flap. This
may, however, show great variations in form, being some-
times bilobed or represented by one or two cuticular bosses,
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or may be absent. The combined lenuth of the ovejeetors
ixabout I mm.  The eggs measure 0-066- 0-:085 - Q-04-0-05 mn.

The life-history of this species, which ix typical of the fawily,
may be briefly described as follows.  The egus. whose contents
are undergoing segmentation at the time of laying, may
hatech within 24 hours after reaching the open. The larva

Fig. 176.—Hamonchus contortus. A, anterior end, dorsal view (111‘0'“
Ba)’l!B, after Ransom); B, head. lateral view (from
Baylis, after Yorke and Maplestone).

develops to the third (infective) stage within a period varying
from four days to several weeks, according to the conditions
of moisture and temperature. The infective larva, enclosed
in a *“ sheath ” consisting of the old cuticle of the second moult,
is highly resistant to cold, dryness and chemical substances,

Fig. 177.—Hamonchus contortus. Bursa of male ; dorsal view.
Baylis, after Travassos.)
Fig. 178.—Hamonchus contortus. Vulvar region of female ;

view.

(From Baylis, after Ransom.)

(From

lateral
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and is capable of living for about a year in or on the ground.
When the herbage is damp with dew or rain, and purt,icul&r'ly
during dull, warm weather, the larvie climb up on to 1t,
sometimes retreating into the soil again if the atmosphere
becomes dry. If swallowed by a suitable host, the worms
reach maturity in about three weeks.

2. Hemonchus similis Travassos, 1914,

Synonym :— Haemonchus contortus of Schnyder, 1906,

Hosts :—This species has been recorded from the abomasum
of cattle in Burope and Brazil, and recently Bhalerao (1933, 0)
has recorded it in India from * hill bulls ™ (i. ¢. Bos indicus)
at Muktesar. It has also been found by Isshiki (1933) in
calves [? Bos taurus] in Korea, and both these authors have
given new descriptions of the parasite.

The male measures about 8:5-12-5 mm. in length and
0-18-0-24 mm. in maximum thickness, the female about
79-19-7 mm. and 0-12-0-5 mm. respectively. The cuticle
has fine transverse striations and about 26 longitudinal
striations. The buccal capsule is small, but contains a well-
developed dorsal tooth, which is shaped like a spear-head in
dorso-ventral view. The wsophagus is about 1-1-7 mm. long.
The nerve-ring and excretory pore are situated at about
0-23-0-32 mm., and the cervical papillie at about (-3-0- mm.,
from the anterior extremity.

Each branch of the dorsal ray of the bursa has, in addition
to the two small terminal digitations, o small aceessory branch
on its outer surface. The spicules measure about 0-32-
0-38 mm. in length. The barb of the left spicule is at 0-045—
0-063 mm., that of the right at 0-063-0-072 mm., from the
tip. The accessory piece is about 0-16-0-23 mm. long.

The tail of the female is rather blunt, and measures (-17-
0-32 mm. in length. The caudal papille are situated at (0-05-
0-12 mm. from the tip. The vulva is at a distance of about
1-2-3-2 mm. from the posterior cnd, and opens on a posteriorly-
directed appendage (the aperture being cither at the extremity
of the appendage or on either the dorsal or the ventral surface
of it). The vagina runs anteriorly from the vulva and is
0-12-0-26 mm. long. The eggs measure 0-053-0-078 X
0-033-0-054 mm.

3. Hemonchus longistipes Railliet and Henry, 1909.

Host :—This species is recorded by Railliet and Henry
from the abomasum of the camel (Camelus dromedarius) in
Africa and India. In the latter country it was originally
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found by Leese, %ind has been recorded subsequently by
Boulenger (1921, b) and by Baylis and Daubney (1923, b).
Railliet and Henry state that “ in the Indies this parasite’is
very common and appears to play a predominant pathogenic
role in producing a chronic abomasitis.” The brief description
given by these authors has been considerably amplified by
Boulenger, on the basis of material in the collection of the
Punjab Veterinary College, Lahore.

The male measures 18-25 mm. in length and about 0-4 mm.
in maximum thickness, the female 23-35 mm. and 0-45-
0-65 mm. respectively. The diameter of the head is about
0-03 mm. The buccal tooth is 0-01 mm. long, and sometimes
projects from the mouth. The cesophagus measures 1-6-
2-1 mm. in length. The cervical papille are situated at
0:39-0-53 mum. from the anterior end.

The dorsal lobe of the bursa is relatively large, and the stem
of the dorsal ray is at least twice as long as its branches.
The spicules are 0-6-0-65 mm. long. The barb of the left spicule
is at 0-038-0-04 mm., that of the right spicule at 0-09-0-1 mm.,
from the tip. The accessory piece measures 0-3-0-33 mm. in
length.

The tail of the female is slender and pointed, and is 0-47-
0-58 mm. long. The vulva is situated at 4-5-6-8 mm. from
the posterior end, and is not covered by a flap. There is,
however, a rounded projection of the body-wall on one side
of it. The ovejectors have a combined length of 0-8-1-1 mm.
The eggs measure 0-068-0-07 X< 0-04-0-05 mm.

5. Genus NEMATODIRUS Ransom, 1907.

Body markedly tapering and thread-like anteriorly
Cuticle of anterior end slightly inflated. Cuticle of body with
a number of longitudinal ridges. Cervical papille absent.
Anterior end of csophagus with a small dorsal and two
still smaller subventral teeth. Lateral lobes of bursa typically
bear on their inner surfaces a number of cuticular bosses.
Dorsal lobe reduced to two small lobules, each supported by
a separate ray. Ventral rays close together and parallel.
Postero-lateral ray divergent distally from the other lateral
rays. Spicules slender, relatively long, and united, at least
distally, by a membrane. Accessory piece absent. Tail of
female truncate, usually with a terminal spike. Vulva
typically in the posterior region of the body. FEggs relatively
large (generally over 0-15 mm. long). Adult worms parasitic
in the stomach and small intestine of mammals, chiefly
herbivores.

Genotype :—Nematodirus filicollis (Rud., 1802).
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Key to Species.

Spicules of male less than [ mm, long .. ..., ... Sfilicollis, p. 350.
b - .
Spicules of male more than 4 mun. long. . ....... mauritanicus, p. 381,

1. Nematodirus filicollis (Rud., 1802) Ransom, 1907. (Fig. 179.)

Synonyms - —dscaris filicollis  Rudolphi, 1802 T'richocephalus
aurl(:u[a{‘w Rudolphi, I802 (nec Strongylus awricularis Zeder,
1800); Fusaria filicollis Zoder, 1803 : Strongylus filicollis Rudolphi,
,lv&"-;, nee Molin, 1861 ;. sophagostomum filicollis Stossich, 18993
lvl‘l('/ltmlrong/yhm Silicollis Sluiter  and ~ Swellengrebel, 19125
Strongylus (Nematodirus) filicollis Hutyra and Marek, 1913
Nematodirus (Nematodirus) Silicollis Neveu-Lemaire, 1914,

fHos[s. ‘—This is a cosmopolitan parasite of the duodenum
([)) ruminants (sheep, gont, ox, deer, chamois cte) It has
een recorded by Guiger from the sheep in India.

ey
-y
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Fig. 179.—Nematodirus Jilicollis. A, bursa of male, lateral viow ;
B, dorsal (d.) and lateral (L) views of tip of spicule. (From
Baylis, after May.)

The male measures about 7-5-15 mm. in length and 0-09-
0-175 mm. in maximum thickness, the female about 12-21 mm.
and 0-15-0-25 mm. respectively. The diameter of the head
18 0-025-0-06 mm. In the cervical region there are eoarse
transverse striations. The rest of the body is without trans-
verse striations, but has 18 longitudinal ridges. The cesophagus
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measures 0-4-0-6 thm. in length. The nerve-ring is situated
at about 0-3 mm. from the anterior end. The excretory
pore is about 0-05-0-07 mm. behind the posterior end of the
cesophagus,

The bursa of the male is large, and the bosses on its lining
are relatively large and elongated. The dorsal lobes are not
very distinet. The rays are comparatively slender. The
spicules measure 0-68-0-05 mm. in length, and each has
a sharply-pointed terminal portion.

The tail of the female is about 0-07-0-08 mm. long, and is
truncate, but has a termina filament measuring 0-012-
0-018 mm. in length. The vulva is situated at about the
posterior third of the body. The combined length of the
ovejectors is about 0-4-0-5 mm. The eggs measure 0-13-
0-2:-0-07-0-09 mm.

2. Nematodirus mauritanicus Maupas and Seurat, 1912.

Synonym i—Nematod/rus spathiger of Gaiger, 1810.

Host :—This species occurs in the small intestine of the
camel (Camelus dromedarius), and was originally recorded
and described from North Africa by Maupas and Seurat.
Boulenger (1921, 6), who examined specimens labelled V. spathi-
ger in the collection of the Punjab Veterinary College (probably
the specimens recorded by  Gaiger), found them to be
N. mauritanicus, and has added a few details to the description
of the female. The fragmentary specimens from a camel
recorded by Baylis and Daubney (1923,b) as Nematodirus sp.
very probably belonged to this species.

The male measures about 13-15 mm. in length and 0-17 mm.
in maximum thickness, the female 20-24 mm. and 0-35 mm.
respectively. The cuticle of the head is slightly inflated and
transversely striated. The diameter of the head in the male,
according to Maupas and Seurat, is 0-06 mm., or 0-038 mm.
without the cuticular inflation. The head of the female,
according to Boulenger, has a diameter of about 0-035 mm.
In the anterior region of the body the cuticle shows 24 to 28
longitudinal ridges. In the female the postvulvar region is
without these, but has transverse striations at intervals of
1-54. The buccal cavity is small and funnel-shaped. The
wsophagus is about 0-58-0-61 mm. long, and is club-shaped
posteriorly. The nerve-ring is situated behind the middle of
the aesophagus, and the excretory pore a little behind its
posterior end.

The dorsal lobes of the bursa are united, but separated
from the lateral lobes by deep indentations. The spicules
measure 4-5-5-5 mm. in length, and their terminal portions
are shaped like spear-heads.
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The tail of the female is about 0-1 mm. long. and is truncate,
but has a terminal filament. The vulva is situated a little
behind the middle of the body (at 9-10-5 mm. from the posterior
end). The ovejectors run parallel to each other and posteriorly
from the vnlva, and are very unequal in size, one being about
3:2 mm., the other 1-44 mm. long. The eggs measure 0-22—
0-28x0-09-0-115 mm. Their contents are sometimes only
segmenting at the time of laying, but they may. according
to Maupus and Seurat, already contain embryos.

6. Genus MECISTOCIRRUS Raillict and Henry, 1912.

Body markedly attenuated anteriorly. Anterior end with
a slight vesicular swelling. Cuticle of body with numerous
inconspicuous longitudinal ridges. Cervical papille  con-
spicuous and spine-like. Mouth subterminal and slightly
dorsal. Buceal cavity containg a large, lancet-like tooth.
Bursa of male consists of two lateral lobes and a small but
distinct dorsal lobe. Ventro-ventral ray short, slender and
widely divergent from the latero-ventral ray, Latero-ventral
and antero-lateral rays very stout, close together and parallel.
The remaining rays are all slender. Dorsal ray short and
bifurcate distally, each branch having three terminal papilla.
Prebursal papille present.  Spicules very long, slender
{Il.ld united for almost the whole of their length. E‘Accessory
piece apparently absent. Vulva close to the anus, with
prominent, chitinoid lips. Vagina very long and running
anteriorly from the vulva. Adult worms parasitic in the
alimentary canal of mammals, chiefly ruminants.

Genotype :—Mecistocirrus digitatus (v. Linstow, 1906).

1. Mecistocirrus digitatus (v. Linstow, 1906) Railliet and
Henry, 1912. (Fig. 180.)

Synonxms —S8trongylus digitatus v. Linstow, 1906; Strongylus
forr{n Daniels, 1908 ; Strongylus gibsoni Stephens, 1909 ; Nema-
todirus digitatus Railliet and Henry, 1909; Nematodirus fordi
Leiper, 1911; Nematodirus gibsoni Railliet and Henry, 1912 ;
Nematodirus (Mecistocirrus) digitatus Railliet and Henry, 1912 ;
Nematodirus (Mecistocirrus) fordi Railliet and Henry, 1912;
Mecistocirrus fordi Railliet and Henry, 1912 ; Mecistocirrus fordii
Lane, 1916 ; Mecistocirrus tagumai Morishita, 1922.

Hosts :~—~This species has been recorded as a parasite of the
stomach, and less commonly of the small intestine, of the
zebu, ox, buffalo, sheep, pig and (accidentally) man in
Eastern countries. It was originally recorded by v. Linstow
from the stomach of the zebu (Bos indicus) at Colombo,
Ceylon. The type-specimens, however, are apparently not
now available in the Colombo Museum. Sheather (1919)
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describes what wds evidently this species from the fourth
stomach of calves in a dairy herd in India, and s.ta‘tes H]a,t;
the animals showed all the symptoms usually associated wivh
parasitic gastritis, and that there could be‘no doubt that the
worms were responsible for their death. _Specimens from the
abomasum of a calf, presumably of Indian origin, were also
recorded by Baylis and Daubney (1923, b).

D

Mecistocirrus  digitatus. A, anterior end, lateral V@ew:
B, bursa of male, lateral view ; C, bursa, dorsal view ;
D, tip of spicules. (From Baylis, after Yorke and Maple-

stone.)

Fig. 180.—

This species is very variable in size. The male measures
about 16-31 mm. in length and 0-36-0-4 mm. in maximum
thickness, the female 1943 mm. and 0-47 mm. respectively.
The cuticle has fine transverse striations, the intervals between
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which measure not more than 2, and abont. 30 lm}gltlldlmtl
ridges. The cesophagus is club-shaped and about H)—l-'S mni.
long. The cervical papillie are situated atabout 0-5 mm.
from the anterior end. the nerve-ring at about the anterior
quarter of the w@sophagus, and the exeretory pore behind
the nerve-ring,

The spicules measure 3-8 -7 mm. in length.

The tail of the female is pointed and about 0-14-0-2 mm.
long.  The vulva is situated at 0-26-0-6 mm. from the posterior
end, and the vagina is about 2:8 mm. long. The ovejectors
are opposed, but. the posterior branch of the uterus immvdm,tely
turns forward to run paraflel with the anterior branch. The
eggs measure 0-095-0-12°< 0-05-0-06 mun.

7. Genus OSWALDOCRUZIA Travassos, 1917.

Cuticle of anterior end inflated and transversely striated.
Ventral rays of bursa close together and equal in size.  Antero-
lateral ray divergent from, and of about the same length as,
the other lateral ravs, which are closely apposed.  Externo-
dorsal rays originate from the base of the dorsal ray and are
parallel proximaily to the trunks of the lateral rays, but
diverge from the postero-lateral rays distally.  Dorsal ray
long and rather stout, cleft distally, with two pairs of small
accessory branches and several short terminal digitations.
Accessory picce absent,  Eggs contain embryos when deposited.
Adult worms parasitic in the intestine or lungs of reptiles
and batrachians,

Genotype :—Oswaldocruzia subauricularis (Rud., 1819).

1. Oswaldocruzia filiformis (Goeze, 1782) Travassos, 1917,

Synonyms :—Aascaris filiformis Goeze, 1782; Ascaris tcnu,i.wsim_a
Schrank, 1788, Awscaris intestinalis Gmolin, 1790 ;  Ascaris
bufonis Gmelin, 1790, nec Schrank, 1788; Cucullanus ran
Gmelin, 1790 ; Strongylus auricularis Zoder, 1800,

Hosts -—This parasite has been recorded from the intestine
of a number of species of frogs, toads, newts, salamanders
and lizards in Europe. Baylis and Daubney (1923, b) record it
from Bufo melanostictus at Nankouri, Nicobar Islands.

The male measures about 10 mm. in length and 0-18 mm.
in maximum thickness, the female 11-19 mm. and 0-2-
0-25 mm. respectively. The cuticular striations are at intervals
of about 2-3. The diameter of the head, including the cuti-
cular inflation, is about 0-06 mm., or without the inflation
0-05 mm. The csophagus is club-shaped and measures
about 0-6 mm. in length and 0-065 mm. in maximum width.
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The spicules of he male are about 0-23 mm. long, and are
divided distally into four or five points, two of which are bifid.

The tail of the female measures 0-5-0-7 mm. in length,
and is truncate, but has a terminal filament. The vulva is
prominent, and is situated at about the posterior fifth or
quarter of the body. The eggs measure about 0-09-0-12 mm.
in length.

APPENDIX TO TRICHOSTRONGYLINZ .
Strongylus costatus Meyer, 1896.

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

This species is not sufficiently fully described to enable its
systematic position to be determined, but appears to belong
to the subfamily Trichostrongyline, and is possibly closely
related to the genus Trichoheliz Ortlepp, 1922.

The male, according to Meyer’s description, measures
9-2-10 mm. in length and 0-08-0-1 mm. in maximum thickness,
the female 10-5-11-7 mm. and 0:11-0-14 mm. respectively.
The cuticle of the head is inflated, and that of the body
bears about 26 longitudinal ridges. A pair of lateral ale,
which are somewhat T-shaped in transverse section, extend
throughout almost the whole length of the body. A ““chitinous
mouth-ring 7 is said to be present. The cesophagus is 05 mm.
long, and the excretory pore is situated at 0-03 [?] mm. from
the anterior end.

The bursa of the male measures 0-12-0-14 mm. in length
and 0-11-0-13 mm. in width. The spicules are tubular, and
are hooked at their tips. They measure 0-15 mm. in length
and 0-02 mm. in thickness.

The tail of the female is 0-11-0-12 mm. long, and is bluntly
rounded, but has a terminal filament 0-015 mm. long. The
vulva is situated at 2 mm. from the posterior end, and the
vagina is very short. The uterine branches are opposed,
and each has a globular swelling (**seminal vesicle”’) at a dis.
tance of 0-3-0-4 mm. from the vagina. The eggs measure
0-:072-0-076 < 0-037-0-043 mm.
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17. Family METASTRONGYLIDZ/AE Leipet, 1908.

Nidkae Leiper,
Synouyms —Preudaliidie Railliet, 1916 ¢ Protostrongy lickie Leiper,

1926.

Buccal capsule much reduced or absent. _Bursr{ of r::l:;::ll;;)g'
be relatively well developed or vestigial, with a -wrfn\;'rl)lich 8
degree of development of the bursal rays, some o Pumq,ites
extreme cases, may be reduced to mere pnplll:vf.tl : (-ra;‘nial
of the respiratory and circulatory systems, and of the
sinuses, of mammals.

k24

This family, as here understood, comprises the ™ ltlllg\?'()rn;k:ld
not only of terrestrial mammals, but also of Cetac m-l"i‘;ity
Pinnipedia. There appears to the writer to be no "(;-“: ‘the
for the erection of a separate family gPseudatlxltlzl') 'n\l the
lungworms of marine mammals. The differences between ‘in-
genera are for the most part merely degrees 'of-r(‘(l.ll(‘tt.l()]lz m
the bursal rays and in the bursa.ltsc]f, and it is f]lﬁl( u,} "
find characters to justify the various subfamilies into whie
certain authors have proposed to divide the group. .

The family includes several forms which are of some impor )
ance as causing disease (verminous bronchitis and pneumtm:;La‘
in domestic animals. The life-history of most of the gene
is still unknown, but it has recently been discovered that some
of the forms occurring in domestic animals may make ufale o
invertebrates as intermediate hosts. It is not yet clear,
however, that an intermediate host is ipdmpensable f()f :u}l);
of them. Some are known to have a dircct devolo.pm(‘nl. lq
the open, while it may be strongly suspected thut ;vxth oltn:(;
(even among those which sometimes pass throug 11 an inter:
mediate host) prenatal infection can occur. t } ny 11: th;a
extremely probable that in the case of marine hosts this is t
general rule.

Key to (enera.
Adult worms (imperfectly described) in
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nodules in the respiratory organs of dogs. OSLERUS,P. 395.
Bursa of male with two separate dorsal

TAYB. o ovueroanovsoncssensreses l 1.
Bursa with a single stout dorsal ray having )
short terminal digitations ..... peeeeees 20
1. Dorsal rays with simplod t,(larm;natu)x‘ltsh; (. 38T.
i slonder, wi 1
;ISSE;T tiorfs malo loug m.l ........ e METASTRONGYLUS,
A
Dorsal rays with bidigitate or tridig ] . 0. 389,
‘tJ;rminatyions ; spicules short and stout .. DICTYOCAULL s.[g‘ hod.
9. Posterior end of male with a bow-shaped PROTOSTRONGYLUS,
chitinoid supporting structure o ot ROTOS o 302,
Posterior end of male apparently w V ARESTRONGYLUS,

bow-shaped supporting structure .......

‘-
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1. Genus METASTRONGYLUS Molin, 1861.

Mouth with two lateral trilobed lips. Bursa small ; _its
greatest diameter antero-posterior, and its wall thickened
in the posterior half. All the bursal rays very stout, except
the dorsal and externo-dorsal, which are small and thin.
Tip of latero-ventral ray curves away from ventro-ventral
ray. Termination of antero-lateral ray typically forms
a large, lobulated swelling. Postero-lateral ray represented
by a small branch arising from the medio-lateral ray. The
latter may also have a swollen termination. Spicules long
and slender, each with a striated ala and ending in a single
hook. Posterior end of female recurved ventrally. Vulva
immediately in front of anus. Uterine branches parallel.
Bggs contain embryos when laid.  Adult worms parasitic in
the respiratory passages of Suidiwe and, accidentally, of other
mammals.

Genotype :—Metastrongylus elongatus (Duj., 1843).

1. Metastrongylus elongatus (Duj., 1845) Railliet and Henry,.
1911 (Fig. 181.)

Synonyms :—Ascaris apri Gmelin, 1790 (part) ; Ascaris bronchi-
ornm suis Modeor, 1791 ; Fusaria apri Zedor, 1803 (part):
Gording pulimonalis apri Rudolphi, 1809 (part) : Strongylus suis
Rudolphi, 1809 (part); Strongylus paradorus Mehlis, 1831
(part); Strongylus clongatus Dujardin, 1843 ; Strongylus longe-
vaginatus Diesing, 18515 Mectastrongylus longevaginatus Molin,
1861 ;. Metastrongylus  paradoxus Molin, 1861 : Kustrongylus
longerayinatus Dunglison. 1874 ;  Strongyliss apri Blanchard,
L84S ;. Cloacing octodactyla v. Linstow, 1906 : Selerostoma apri
Braun and Lithe, 19105 ¥ Filaria trachealis Cobbold, 1864

Hosts :—This species oceurs in the brouchioles, and more
rarely in the bronchi and trachea, of the pig, wild boar and
peccary. It is also occasionally recorded in man, the doyg
and various ruminants (cattle, sheep, goat and deer). In
pigs it gives rise to a verminous bronchitis, sometimes leading
to pncumonia, which may be fatal to young animals. The
parasite is of world-wide distribution. Baylis and Daubney
(1923,6) record fragmentary material of this species, from
the bronchi of a pig, in the collection of the Zoological Survey
of India, but it is uncertain whether the specimens werc of
Indian origin.

The male measures 11-25 mm. in length and 0-1-0-225 mu,.
in maximum thickness, the average thickness, according to
Lewis (1926), being 0-14 mm. The female measures 12-58 mm.
and 0-4-0-45mm. respectively. The cesophagus is 0-5-0-63 mm.
long.

The dorsal ray of the bursa consists of two separate portions.
The male has a well-developed genital cone. The spicules
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are equal or subequal in length, and mcasure 2:5-5 mm.
There is no accessory piece.

The posterior end of the female is often bent ventrally
into a hook. The tail is 0-09 mm. long and is su.ddcnly
narrowed, with its tip curved ventrally. The vulva is cl?se
to the anus and is preceded by a prominent swelling.  The
vagina is about 2:3 mm. long. The eggs have an average
size of about 0-051 X 0-035 mm., though measurements up to
0-1 < 0-073 mm. have been recorded.

\ ;)‘;7/

\\r/\—o
O

Fig. 181.—Metastrongylus elongatus. A, bursa of male, lateral view ;
B, bursa, ventral view ; C, posterior end of fomale, lateral
view ; D, tip of spiculo. (The scale refers to the figures
above it.) (KFrom Baylis, after Gedoclst.)

The life-history of this species, according to recent rescarches
by Hobmaier and Hobmaier, Schwartz and Alicata, and others,
is briefly as follows. The eggs, which contain embryos when
laid, hatch in the bronchi of the host. The larva, on reaching
the ground with the faces, are swallowed by earthworms
(species of Lumbricus and Helodrilus). They enter the blood-
vessels of the worms, and there continue their development,
undergoing two moults. The third (infective) stage is reached

DICTYOCAULUS, 389
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in about a week or ten days. Pigs may become infected by
swallowing earthworms, but it has been found that sthe
infective larva are capable of living for about two weeks
after the death of the earthworm. It appears, therefore,
that they may also be picked up from the soil. On reaching
the intestine of the final host, the larvae migrate to the lungs,
where they reach the fourth stage in about five days, and
become sexually mature within a period varying from three
to eight weeks after infection. There seems to be a possibility
that prenatal infection may occur, since pigs only three
weeks old have been found to be infested.

2. Genus DICTYOCAULUS Railliet and Henry, 1907.

Mouth surrounded by four lip-like structures, two lateral
and larger than the other two, which are dorsal and ventral.
A very shallow buccal capsule present, with a chitinoid ring
at its base. Bursa of male short. Antero-lateral ray originates
separately from the other lateral rays. Medio-lateral and
postero-lateral rays fused, at least for the greater part of their
length. Externo-dorsal rays originate separately from the
dorsal ray, which consists of two separate portions with
bidigitate or tridigitate terminations. Spicules short, stout
and simple, showing a reticulate structure. An accessory
piece present. Vulva near the middle of the body. Uterine
branches opposed. Kggs contain embryos when laid, and
may be without chitinoid shells. Adult worms in the bronchi
of herbivorous mammals.

Genotype :—Dictyocaulus filaria (Rud., 1809).

Key to Species.

Parasite of horse tribe and tapir ............. arnfieldi, p. 392.
Parasites of ruminants . ..................... 1.
1. Spicules of male between 0-3 mm. and 0-6 mm.

long ... o filaria, p. 389.
Spicules of male less than 0-3 mm. long ....... 2.
2. Spicules about 02 mm. long ................ viviparus, p. 391.
Spicules only slightly less than 0-3 mm. long .. wunequalis, p. 391.

1. Dictyocaulus fllaria (Rud., 1809) Railliet and Henry, 1907.
(Fig. 182).
Synonyms :——Strongylus filaria Rudolpui, 1809 ; Sclerostoma filaria
Braun and Lihe, 1910 ; ? Strongylus dorcadis Rudolphi, 1819,
Hosts :—This species occurs in the sheep, goat and camel,
and is of cosmopolitan distribution. It occurs also in various
wild ruminants (deer, chamois, etc.). According to Gaiger
(1910; 1915), this parasite is very common in sheep on marshy
land and near rivers in India. It is recorded also by him
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fr g : : 7y b . I3
om the camel in the Punjab. This worm is the common

cause of verminmgﬂ bronchitis (*“ husk > op
heavily-infested animals,
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1. 182.—Dictyocaulus Jilaria.
(From Baylis, after Neveu-Lemaire.)
The tail of the fo
0-47‘mm. in length.
and is situated at about the posterior
€ggs measure 0-116-0-138 % 0-069-0-09 mm.

F
Posterior end of male; lateral view.

male is pointed and measures about
The vulva has rather prominent lips,
2/5 of the body. The

ThI‘he hfe-énstory_' of this species, briefly described, js as follows.
lars eggs atclh in the lungs of the host, and the first-stage
" ® are swa 'lowed and passed in the faces. They undergo
e first moult about a day after hatching, but the cuticle is
retained until the second moult. This occurs in about six
to ten fiays, according to temperature, and the third (infective)
stage is thus reached. In this stage the worm may live in
the open for about six months, and is very resistant to drying
and low temperatures. It is unable to penetrate the host’s

“hoose ") in

30-80 mm. in length and 0-4 mm.
the fonm‘lc about 50-100 mm. and
ly.  The head is blunt, and has a diameter

l ! shaped, and measures
about 0-09-0-13 mm. in maximum

asture about. (-32-0-57 mm.
Iy broad, alate and somewhat
a dark brown colour and
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skin, but direct infection takes place if the larva is swallowed
with food or water. When the atmosphere is sufficiently
damp, the larve climb up on the grass, especially during
the night or if the weather is dull but warm. Within three
days after being ingested by a suitable host the larva enters
the lymphatics of the intestinal wall, and thence invades the
mesenteric lymphatic glands. Here it undergoes a further
moult about four or five days after infection. By about the
tenth day the fourth-stage larva migrates to the lungs and
enters the bronchioles, where the last moult occurs. Sexual
maturity is reached within about six weeks from the time of
infection. Young animals may be infected prenatally.

2. Dictyocaulus unequalis Bhalerao, 1932.

Host -—This species is recorded by Bhalerao from the
bronchi of a Tibetan sheep (Ovis hodgsoni) at Muktesar,
United Provinces. The animal had been suaffering from
pheumonia.

There are very few characters in Bhalerao’s description’
which show a clear distinction from D. filarta. The smaller
size of the spicules of the male, and the position of the vulva
in the female, however, may prove to be valid specific charac-
ters when further specimens are obtained.

The male measures, according to Bhalerao, 28 mm. in length
and 0-3 mm. in maximum thickness, the female 64 mm. and
0-43 mm. respectively. The buccal capsule measures 0-017-
0-018 mm. in length and 0-023-0-032 mm. in width. The
ccsophagus is 1-1 mm. long in the male and 1-23-1-37 mm.
in the female. The nerve-ring, in the male, is situated at
0-23 mm. from the anterior end.

The bursa is 0-28 mm. wide. The spicules are reticulate
and measure 0-28-0-29 mm. in length. The accessory piece
is 0-1 mm. long.

The tail of the female is 0-57 mm. long. The vulva has
prominent lips and is situated at 29 mm. from the anterior
end (z. ¢. somewhat in front of the middle of the body). The
eggs measure 0-1-0-123 < 0-061-0-073 mm.

3. Dietyoeaulus viviparus (Bloch, 1782) Railliet and Henry,
1907.

Synonyms :—Gordius viviparus Bloch, 1782 ; Ascaris vituli Gmelin,
1790 ; Fusaria vituli Zeder, 1803 ; Strongylus vitulorum Rudolphi,
1809 ; Strongylus micrurus Mehlis, 1831 ; Metastrongylus
micrurus Sluiter and Swellengrebel, 1912 ; Dictyocaulus micrurus
Railliet, 1915 ; ? Strongylus pulmonaris Ercolani, 1859.

Hosts :—This species is a cosmopolitan parasite of the:
bronchi of cattle and deer, and frequently has effects similar
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to those of D. filaria. It has beenrecorded from the ox in the
Punjab by Gaiger. _
he male measures about 40 mm. in length, the female

about 60-80 mm. The medio-lateral and postero-lateral
ravs of the bursa are entirely fused. The spicules are
0-195-0-215 mm. long. The vulva is situated in the posterior
quarter of the body. The eggs measure 0-082-0-088 0-033~
0-038 mm.

The life-history of this form is similar to that of D. filaria,
but the larvae may reach the infective stage in the open in as
short a period as four days.

4. Dietyocaulus arnfleldi (Cobbold, 1884) Railliet. and Henry,
1907.

Synonyms :—Strongylus arnfieldi Cobbold, 1884 ; Metastrongylus
arnfieldi Sluiter and Swellengrobel, 1912; Strongylus (Dictyo-
caulus) arnfieldi Hutyra and Marek, 1913.

Hosts :—This species is a parasite of the horse and donkey
in Europe and elsewhere. It has also been recorded from
the Malay tapir (Tapirus indicus) in France by Railliet and
Henry. Gaiger records its occurrence in a horse in the
Punjab.

The male measures 25-36 mm. in length and about 0-25 mm.
in maximum thickness, the female 43-60 mm. and about
0-4 mm. respectively. The cesophagus is club-shaped and
measures, in the female, about 0-75 mm. in length and 0-15 mm.
in maximum width. The nerve-ring is situated at about
the middle of the wsophagus, and the excretory pore just
behind the nerve-ring.

The ventral rays of the bursa are fused for the greater part
of their length, as are also the medio-lateral and postero-
lateral rays. The antero-lateral ray is separate from, but close
to, the other lateral rays. The dorsal ray has a main stem
and two simple terminal branches. The spicules are some-
what club-shaped and measure about 0-2-0-25 mm. in length.
They have a vacuolated structure. The accessory piece is
about 0-05 mm. long.

The tail of the female is about 0-4 mm. long, and is bluntly
pointed. The vulva is situated just in front of the middle
of the body. The eggs measure 0-08-0-1x0-05-0-06 mm.

3. Genus VARESTRONGYLUS Bhalerao, 1932.

Mouth surrounded by four lip-like structures, two lateral
and larger than the others, which are dorsal and ventral.
Bursa small. Ventral rays stout and fused except at the tips.
Lateral rays relatively slender. Antero-lateral and medio-
lateral rays widely divergent. Postero-lateral ray represented
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by a small branch arising from the medio-lateral ray. Externo-
dorsal rays originate independently of the dorsal ray, which
consists of a stout trunk with short terminal digitations.
Spicules fairly stout, bifid distally and provided with striated
alee. A gubernaculum and a telamon present; the latter
said to consist of two chitinoid structures with a swelling
at their base. Vulva close to anus, covered by a cuticular
flap. Uterine branches parallel. Oviparous. Adult worms
parasitic in the bronchi of ruminants.
Genotype :—Varestrongylus pneumonicus Bhalerao, 1932.

1. Varestrongylus pneumonicus Bhalerao, 1932.

Hosts :—This species is recorded by Bhalerao from the
bronchi of the Himalayan ibex (Capra sibirica), great Tibetan
sheep (Ovis hodgsont) and ' hill sheep ” (Bharal or blue wild
sheep, Ovts nahura) at Muktesar, United Provinces.

The male measures 17-6-24 mm. in length and about
0-17-0-19 mm. in maximum thickness, the female 19-6-28 mm.
and about 0-18-0-19 mm. respectively. The cuticle appears
smooth. The buccal cavity is very feebly developed or
absent. The wsophagus is club-shaped and measures 0-34-
0-4 mm. in length. The nerve-ring is situated at 0-17-
0-18 mm. from the anterior end of the cesophagus in the male,
and at 0-19-0-25 mm. from the same point in the female.
The excretory pore is at the level of the nerve-ring or somewhat
behind it.

The bursa of the male has relatively large lateral lobes and
a small dorsal lobe. The dorsal ray is stout and ends in five
digitations. The externo-dorsal rays do not reach the edge
of the bursa. The postero-lateral ray is very small, and origi-
nates as a branch of the medio-lateral ray. The antero-lateral
ray arises separately from the medio-lateral and diverges
widely from it, reaching the edge of the bursa. The ventral
rays are stout and are fused for the greater part of their
length. The spicules measure 0-29-0-57 mm. in length.
They are provided, on their inner surfaces, with transversely-
striated ale which overlap in the middle portion. The tips
of the spicules are bifid. There is a somewhat spindle-shaped
gubernaculum, which * has two pairs of lateral processes,
one situated at the extreme posterior end is very short and
the other, which is about three times as long as the first,
is situated at a distance of about 0-02 {mm.] in front of the
former. Besides the gubernaculum there are two chitinoid
gtructures with a swelling at their base which form the telamon.
It measures 0-026-0-027 [mm.] in length.”

The tail of the female tapers rapidly to a point and measures
0-04-0-045 mm. in length. The vulva is situated at a distance
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to those R . .
Punjab -0-06 mm. from the anus, and has prominent lips.
o Csrted immediately anterior to the vulva and disposed

ok teriorly is a cuticular valve measuring (0-065-(-08 [mm.} in
Ylength. [t covers the vulva and the anus ventrally.” T}}e
vagina is about 1-41 mm. long. The eggs have very thin
shells and measure 0-057-0-08 < 0-03-0-043 mm.

4. Genus PROTOSTRONGYLUS Kameusky, 1905.

Synonym :—Synthetocaulus Railliot and Henry, 1907,

Very slender forms, reddish during life. Posterior end of
body in male has a bow-shaped chitinoid supporting structure.
Lateral rays of bursa originate from a common trunk. Medio-
lateral and postero-lateral rays parallel and partly fused.
Externo-dorsal rays originate separately from the dorsal ray.
The latter consists of a stout trunk with short terminal
digitations. Spicules rather stout, striated or peetinate, and

~simple or .divided distally into two processes, Paired
accessory pieces and a telamon present ; the former consisting
of elongate and parallel chitinoid structures. Vulva close to
the anus. Uterine branches parallel. Egys unsegmented
when laid. Adult worms parasitic in the smaller br(;l(-hiolcs
and in the tissues of the lungs of mammals.

Genotype :—Protostrongylus commutatus (Diesing, 1851).

1. Protostrongylus rufescens (Leuckart, 1865) Kamensky, 1905.

Synonyms :—Strongylus rufescens Leuckart, 1865 ; Synthetocoulus
mj?iezw Railliet and Henry, 1907 ; b'clcl:().vtoma' rufrfsmznn Braun
amb lllh?’ 1910‘; Metastrongylus rufescens Sluiter and Swellen-
%;e el, 19125 Strongylus (Synthetocaulus) rufescens Hutyrs and

arok, 1913 ; Dictyocaulis rufescens Pratt, 1916,

Hosts :‘—Thls parasite occurs in the bronchioles and pul-
monary tissue of the sheep and goat, and also of certain wild
hogts, such as the roe and fallow deer, and possibly the rabbit.
Gaiger records it from sheep and goats in the Punjab. Vermi-
nous pneumonia is a frequent result of heavy infestation with
this worm. )

The following description is largely taken from Cameron
(1927). The male measures 16-28 mm. in length, the female
25-35 mm. Cameron gives 17-5 mm. as the average length
of the male, and 26 mm. as that of the female. The maximum
!‘Jhickness varies between 0-12 mm. and 0-2 mm. The cuticle
is apparently unstriated. The mouth is surrounded by six
very low papille. The sophagus is about 0-25 mm. long,
and has a maximum thickness of 0-04 mm. It is very
slightly swollen posteriorly. The excretory pore and nerve-
ring are situated just in front of this swelling. The cervical
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papillze are minute, and are situated at about the middle of
the wsophagus. There are very long and conspicuous cervical®
glands, which extend for about one-sixth of the length of the
body.

The body of the male is truncate posteriorly, and has two
stout, crescentic, dorso-lateral cuticular plates which serve as
supports for the bursal membrane. The ventral rays are short,
but reach the margin of the bursa. The antero-lateral ray is
shorter than the other lateral rays, all three of which are close
together. The externo-dorsal rays terminate some distance
from the edge of the bursa. The dorsal ray is represented
by a spherical mass, on the inner surface of which there are
six papille (three posterior, two median and one anterior).
The spicules measure about 0-24-0-265 mm. in length. Bach
consists of = a central cuticular tube and a voluminous spicular
sheath,” and ends in a blunt point surrounded by a colourless
cuticle. " From the ventral aspect of each spicule arise two
series of digitations which carry. the spicular sheath: the
median row of digitations are relatively long, whereas the
lateral row is short. These digitations are finely granular,
are of irrcegular shape and often bifurcate.” The accessory
picces (termed by Cameron the telamon) are about 0-05-
0-06 mm. long, and are partly fused anteriorly. Their hinder
portions are pigmented and carry four or five blunt teeth on
their inner surfaces distally. The telamon (‘* gubernaculum ™
of Cameron) is situated at about 0-3 mm. from the cloacal
opening, and consists of ““a flat arc-shaped plate of a dark
brown colour with its concave side on the posterior aspect.
Attached to the ventral surface is a central keel which often
bifurcates distally, and on either side of which pass the spicules.”

The tail of the female is bluntly pointed. It is about
0-06 mm. long, and bears a pair of small papille. The vulva
is situated at about 0-15 mm. from the posterior end. The
vagina is about 0-6 mm. long. The eggs measure 0-075-0-12X
0-045-0-082 mm.

5. Genus OSLERUS Hall, 1921,

The genotype of this genus is so imperfectly known that it is
almost impossible at present to draw up a generic diagnosis.
Skrjabin (1933) regards Oslerus as a subgenus of Filaroides
v. Beneden, 1858. The position of the vulva and the arrange-
ment of the female genital tubes in Oslerus appear to be in
marked contrast with the corresponding structures in the
genotype of Filaroides, while many of its other important
characters have not been adequately described. The writer
feels, therefore, that the wisest course for the present is to
treat Oslerus as an independent genus.
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1. Oslerus osleri (Cobbold, 1879) Hall, 1921.

Synonyms = -Strongylus  canis bropchialis Oslor, 1877 v""""""'.a
osleri Cobbold, 1879 ¢ Pseudalius osleri Railliot, 1915 ¢ F ilarotdes
osleri Skrjabin, 1933,

Hosts :—This parasite occurs in nodules under the mucous
membrane of the trachea and bronehi, and apparently also
in the lung-tissue, of dogs, cach nodule containing several
worms. It has been recorded also from the covote or prairie
wolf (Canis latrans) in North America.  Gaiger has recorded
it from dogs in India,.

The male measures 4-5 mm. in length, and is very slender.
The female is stouter and 6-15 mm. long. The tail of the
male is rather blunt, and bears a pair of fleshy papilla near the
cloacal aperture. The spicules are slightly unequal, measuring
0-048 mm. and (-056 mm. in length.

The tail of the female is rounded. The vulva is situated

very close to the anus. The egps are said to hateh in the
uterus.

ALPHABETICAL INDEX.

[Names printed in ttalics are synonyms.
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phorus), 174.

anoura (Ascaris), 49,

anoura (Polydelphis),
49,

Antholaimus, 234.

anthropopitheci (En-
terobius), 191.

anthropopithect (Oxyu-
ris), 191,

apiostomum ((Eso-
phagostomum), 300.

Aphelenchulus, 226.

Aplectana, 200.

apri (Ascaris), 3817.

apri (Fusaria), 387.

apri (Sclerostoma), 387.

apri (Strongylus), 387.

aquille (Ascaris), 83.

arcuata (Kathleena), 81.

ardex (Ascaris), 13, 74.

ardee  (Porrocacum),
73.

arenaria  (Anguillula),
232,

arenarius (Tylenchus),
D99

armatum (Piguris), 248.

armatus (Strongylus),
248.

armatus major (Strongy-
lus), 248.

arnfieldi (Dictyo-
caulus), 392,

arnfieldi (Metastrongy-
lus), 392,

arnfieldi  (Strongylus),
392,

Ascaride, 5, 17, 24, 34,

Ascaridia, 133.

Ascaringe, 35.

Ascaris, 3, 7. 17, 21,
35.

Ascaris sp.. 43.

Ascaroidea, 33, 34.

Asifia, 259.



398

asininus  (Strongylua),
248,
asperum  {(Esophago-
*stomum), 297,
Atractidee, 206,
Atractin, 207,
attenuala (Aacaris), 49,
al.
attenuata (Polyiel.
phis). 51.
Atylenchus, 226,
auricrdaris (Trichoce.
phalus), 380,
anricularis  (Strongy-
lus), 384,
Austronema 236,
Awxonchinm, 234,

balisticola  (Ascaris),
HEN

balistiz (Ascariz), 92,

balistis  (Contraem.
cum), 92,

balsami (Dochw ius),
320.

harbata (Urolabes), 230,

harbatum (Symploco.-
mtoma), 239,

barbatns  (KEnoplus),
239.

barbi (Faleaustra), 165,

harbi (Spironoura),
165,

Bathmostomum, 343,

baylisi (Thelandras),
194,

Belanisakis, 66,

Belascaris, HK.

bengalensis  (Kalice-
phalus), 347.

beramporia (Hetera.
kis), 119. 122,

ln:faria (Ascaria), 36,

biforniis (Tylenchus),
228

biramosum ( a0 phago-
stomum), 308,
blanchardi (Erophago-
stomum), 300, 302,
bosia (Heterakis), 116,
Bosicola, 291, 305.
houlengeri (Peeudami.
dostomum), 359,
Bourgelatia, 288.
Bourgelatioides, 305.
bovia  (Bunostornum),
334,
bovis  ((Esophagosto-
man), 306.

ALPHABETICAL INDEX.

brachycephalus  (Kali-
cophalus), 350,

hrachycheilos (Ascaris),
52,

brachyceheiloa  (Poly-
delphis), 52, '

brachyura  (\searis),
1oy,

hrachyuries (Tylenchus),
230,

braziliense  (Aachylo-
atoma), 321,

brazilionso  (Aneylo-
stoma), 310, 321,

hraziliense  (Aneylosto.
mum), 321,

hraziliense  (Ankylo.
stoma), 329,

brasiliensis(Uneinaria),
J21.

brevicauda (Triodanta.
phoruxs), 235,

brevicandatus (Crogse.
cephalus), 210,

brevieaudum (o
phagostomum), 204,

brevispiculata - (Spira.
noura), 170,

brigantiaca (Ostertayia),
3649,

hronchiorum wuis (As.
caris), 387,

hufonis (Ascariz), 384,

Ruignonia, 278,

Bunostomum, 331.

Bustomum, 331,

C'aconema, 231,
calicatiforme (Cylico-
stonmon), 205,
celicetum  (Cyathosto.
mum), 267,
calicatum (Cylichnosto-
mum), 267,
calicatum (Cylicosto-
mum), 267,
calicatum  (Trichone.
ma), 267.
calicatum.  var., minux
(Cylicostonm), 267,
calotis  (Strongyluris),
145,
Camelostrongylus, 368,
caning ({'ncinaria),
320.
caninum (Agychylo-
stoma), 320.
caninum (Anchylo-
stoma), 320.

9

]

caninu (Aneylosto-
ma). 9, 320.

caninum  (Aneylosto-
mm), 320,

caninum  (Ankylo-
stoma), 320,

canimon {(Ankylosto-
e ), 320,

coninm (.\'rlrro.v(onm),
320,

caninus  (Strongylus),
KRN

canis | Ascaris), 62,

canis bronehialis
(Strongilus), 394.

canis (Lamhricuz), 59.

camix (Strongyloides),
216.

cania (Poxoenra), d9.

Cupillaria, 29.

Capitlarin gastrica, 23.

capillaris (Strongylus),
372

cesti (Awearis), 60, 82,

N (I)’rlu.vmn'f,w). 6o,

catinatum (' yathosto-
mm), 273,

catinatum (("ylichnosto-
puon), 273,

catination  (('ylicosto-
mem), 273,

eatinntum  (Trichone-
ma), 278

entinatun var, paendo-
eatinntun (T'richo-
nerin), 273, 274

caudate  (Hetrrakisk
121,

cebus (Strongyloides),
220,

covidoplastes  (Anguil-
lulina), 231,

Cephalostrongylus, 372

Cerasearis, 70,

cernua (Uneinaria).
331,

cernnum (Ankylo-
stoma), 3310,

cermum  Ankylosto-
mum), 331

cernuus  (Dochmius),
331,

cernuns (Monodontus),
331

cernuns  (Stronguylus),
330

cervicornis(Strongylus),
387.

cerrinus (Hamonchus),
374

\

ceti (Odontobius), 16.
Ceylancylostoma, 321,
322,
ceylanica (Ascaris), 83.
ceylanicum (Agchylo-
stoma), 321.
ceylanicum (Ancylo-
stoma), 321,
ceylanicum  (Ankylo-
stoma). 321.
ceylonica (Ascaris), 83.
Chabertia. 308,
chamarleonis (Strongy-
luris), 142,
Characostomum, 328,
chilkensis  (Oncholai-
mus), 243.
chiloseyllii (Kathlania),
160.
Chitinotylenchus, 226,
Choniangium, 259,
Choniangium sy., 261,
Chromadorn. 243.
Thromadorella, 243.
Chromadorina, 243.
Chromadorissa. 243.
Chromadorita, 243.
cireularis  (Ascaridia),
141.
circumeineta (Oster-
tagia), 367.
circumeinctus (Strongy-
lus), 367.
Cissophyllus, 181.
clathratum  (Sclerosto-
ma). 341.
clathratus  ((frammoce-
phalus). 341,
clathratus (Strongylus),
341.
cobi (Bunostomum),
333.
Cochlus, 107.
Codiostomum, 261.
cofferw (Tylenchus), 230,
colubriformis (Strongy-
lus), 362.
colubriformis (Tricho-
strongyvlus), 362.
columba (Ascaridia),
187.
columbae (Ascaris). 137,
columbae  (Heterakis),
137.
colwmbiana  (Hyposto-
mun), 297,
columbianum ((Ksopha-
gostoma), 297,
columbianum ((Eso-
phagostomum), 297,

ALPHABETICAL INDEX.

compar (Ascaridia),
135, 136.

compar (Ascaris). 136.

compar (Fusaria), 136.

compar (Heterakis),
136.

compar (Oxyuris), 203.

conicum (& sophagosto-
mum), 295,

connorfilii  (Globoce-
phalus). 328, 329.

conoides ((Fsophagosto-
mum), 295.

Conoweberia, 291.

contortus (Hemon-
chus), 374,

contortus (Haxmonchus),
378.

contortus (Strongulus),
308, 374.

Contracmcum, 24, 79.

Contraciecum, larval
forms of, 92.

convolutus (Strongy-
lus), 366.

cophotis (Spinicauda),
147.

coronata (Ascaris), B1.

coronatum  (Cyathosto-
mum), 270.

coronatum (Cylichnosto-
maum), 270.

coronatum. (Cylicosto-
mum)., 270,

coronatum (Trichone-
ma), 270.

Cosmoccrcine, 200.

costatus (Strongylus),
385.

crassa (Ascaris), G9.

Crassisome, 328,

crassum (Porrocwecum),
69.

crenulata (Ascaris). 62.

Criconema, 235.

criniformis (Ascaris),
337,

eriniformis (Strongy-
lus), 337.

cristata (Ascaridia),
139.

cristate  (Heterakis),
139.

Crossocephalus, 209.

cruciata (Atractis), 208,

Cruzia, 179.

curvatum  (Fsophago-
stomum), 291, 307,

curvatus (Bosicola),
307.
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curvula (Lepturis), 185.
curvula (Oxyuris). 185.
Cyathostomum, 264.
Cylichnostomum, 204.
Cylicocercus, 272.
Cylicocyelus, 271.
Cylicostephanus, 265.
Cylicostomias, 268.
Cylicostomum, 268.
Cylicostomum, 264.
cymatostomum (Cylich-
nostomum), 275.
cymatostomum. (Cylico-
stomum), 275.
cynonyecteridis  (Asca-
ris), 108.
Cystocephalus, 328.

dactyluris (Atractis),
207.
dactyluris var. granu-
losa (Atractis), 207.
dahomensis (Heterakis),
123.
decrusi (Decrusia), 252.
Deerusia, 251.
Delafondia, 251.
Deletrocephalus, 261.
delicatus (Trichostron-
gylus), 362.
delphini (Ascaris), 87.
dentatum  (Bunosto-
mem), 333.
dentatum ((Esophago-
stomum), 292.
dentatum (Sclerostoma),
292, 310.
dentatus (Stephanu-
rus), 310.
dentatus  (Strongylus),
292, 310.
Deontostoma, 244.
depressa (Ascaris), 70.
depressa (Fusaria), 70.
depressum (Porrocs-
cum). 70,
Desmodorinae, 244,
diadonis (Raphidasca-
ris). 68.
Diaphanocephalidze,
344,
Diaphanocephalus sp.,
345, 356.
Dictvocaulus, 389.
diducta (Bourgelatia),
288.
digitatus (Mecistocir-
rus), 382.
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digitatus  (Nemato-
dirus), 382,

digitatus  (Strongylus),
LE RS

dilatatum. ((Ksophago.
stoniem ), 308,

dilatatus  (Strongylus),
306,

dimidiatus  (Deletro.
cephalus), 262,

dimidiatus (Strongylua),
262,
Dioctophymoidea, 9,
13

Dipeltis, 240,
Diploodon, 317.
Diplopeltis, 240,
Discolaimus, 234,
Dochnius, 336,
Dochmoides, 336.
Dolichodorus, 226,
dorcadis  (Strongylus),
ARG,
Dorylaimellns, 234,
 Dorylaimina, 233,
Dorylaimus, 234.
Dorylaimus ap., 234,
Doryllium, 234,
Dujardinia, 95,
duodenale  (Agchylosto.
me), SUN.
duodenale (Agehylosto-
mum), 318,
duodenale (Aneylosta-
ma), 318,
duodenale  (Aneylosto-
mum), 318.
duodenale  (Ankylosto-
ma), 318,
duodenale  (Ankylosto-
mum}, 31K,
dumlenale(h‘clemamma),
318.
duodenalis (Dochmius),
318.
duodenalis  hominis
(Dochmius), 318.
duodenalis (Strongylus),
318,
duodenalis (Uncinaria),
318.
duodenojejunale (Anky-
lostoma), 318.

edentatum  (Sclerosto-
ma), 250.

edentatus (Strongylus),
249, 250.

ALPHABETICAL INDEX.

elephanti  (Strongylua),

B,
ele phantis (Asearis), 80

elephantis indici (Stron.

gylus), B0,

el phantis (Strongylus),

80,

elophantis (Toxornra),

Ho.

clongntus  (Kaheepha-
lus), 349,

elongatus  (Meta-
strongylus), I87,

elongatus  (Strongylus),
387,

FEndolaimus, 243,

engonium  (Contraca.
cum), R,

Enterobius, 188,

opistomum  (Chaonian.
gium), 260,

cprstomum  (Selerosto.
nir), 260,

Epomidiostomum, 360,

equi (Mastigodes), 185,

equi (Oxyuris), 185,

equi ('l'l‘i:'llm'l'phulu.v)_
185,

e {Trichris), 185,

equinam (Selerostoma),
248,

Equinurbia, 258,

equinus  (Strongylus),
248,

equorum (Asearis), 34,

equorum  (Parascaris),
39,

equortim. (Strongylus),
248,

eratline (Diaphanoce-
phalus), 355,

orsilive  (Kalicephalus),
355.

erailia (Selerostonium),
355,

eraili(Strongylus), 355,

escheri (Rhabdias),
215,

Fthmolaimus, 243.

Fuchromadora, 243.

Futylenchus, 226.

Evansia, 284,

exigua  (Meloidogyne),
232

Sfaleata  (Falcaustra),
1688,

faleata (Spironoura).
168,

¢ Sfaleatum (Orysoma),
168,
Salvatiom (.\'pirmmur(l).
168,
Faleaustre, 163,
Suleder (( '_:;Iivu.e!nma).
280,
fusleifer (Murshidia).
BERATE
SJaleifer (.\'trong[///lm).
280,
faleiforn  (Murshidia),
RETR
Salerferum (Culico-
stomom). 280,
fowr (Hoterakis), 179,
folis  (Strongyloides).
210,
filaria (Axcaris), 4+,
filnrin (Dietyocaulus),
S8
tilnrin  (Ophidasearts),
(R
filaria (Nelerostoma),
A8,
Silaria (Strongulns).
NhHE
Filariida, 20,
Filarioiden, 11, 13
Silicollin (Ascaris), 380
Silivollis (Fusaris)., 380,
tilicollis (Noematodirus),
380,
Silivollis  (tEsophago-
stonaom), 380,
Silicollis  (Strongylus),
80,
Silicollis (T'richostrongy-
{uw), 380,
Siliformis(Ascarig), 384
filitormis  (Oawaldo-
cruzin), 384
Fimbria, 238,
timbrintus (Kalicopha-
lus), 345, 354,
Simbriatus (Oceipitodon -
tus), 354,
Fibrilla, 238.
Sissicolliz (A xearis).
83.
Florencioia, 103,
Sollicularis  (Ntrongy-
lus), 292,
Sordi  (Mecistocirrus),
R RE
Sordi  (Nematodirus),
382,
Sordii  (Mecistocirrus).
382,
Sordii (Strongylus), 382,

Suligulae  (Amidosto-
mum), 357.
fillleborn:  (Strongy-
loides), 220.
Sfunambulensis (Lati-
buccana), 151.
Fusarella, 188.
Fusaria, 35.

(laigeria, 335.

galeocerdonis  (Porro-
cgecum), 77.

galli (Ascaridia), 133.

qalli (Ascaris), 133.

yalline (Ascaris), 112,

gelline (Heterakis).
112, 115.

yallopavonis (Ascaris).
133.

galloperdicis  (Subulu-
ra), 153.

Galoncus, 323.

gangeticum (Polycse.
cum), 102,

gangula (Ganguletera-
kis), 123.

Qangrleterakis. 111,

gastrica (Capillaria), 23.

gavialidis  (Goezia).
107.

gestri (Ascaris), 46.

gostri  (Ophidascaris),
46

yibbosa (Ascaris), 1_33.

gibsoni (Nematodirus),
382,

yibsont (Strongylus),
382.

gigas (Ascaris), 36.

gigas equi (Ascaris), :.}9.

gigas hominis (Ascaris),
36.

gigas suis (Ascaris), 36.

gigas vituli (Ascaris),
41.

girardi  (Gireterakis),
125.

girardi  (Heterakis),
125.

Gireterakis, 111,

Globocephalus, 328.

lobulus (Ascaris), 60,

Goezia, 107,

goldi (Cylichnostomum)
274.

goldi  (Cylicostomum),
274.

goldi  (Trichonema),

.

NEM.

ALPHABETICAL INDEX,

Gongylonema neoplas-
ticum, 23.

gongylophis (Kalicepha-
lus), 348

govindi (Heterakis),
126.

govindi  (Meteterakis),
126.

graminearum (Anguil-
lula), 226.

Grammocephalus, 341.

granulosa (Ascaridia),
133.

grenulosa (Atractis),
207.

granulosa (Heterakis),
133.

Graphonema, 243,

Grosspiculagia, 370.

qulosus (Tylenchus),
230.

Hsemonchus, 373.

heemonchus (Strongy-
lus), 374.

haliagti (Contracie-
cum), 83.

halichoris (Dwjardinia),
99.

halicoris (Ascaris), 99.

halicoris (Dujardinia),
99.

hamia (Ascaridia), 133.

hamulus (Heterakis),
123.

harkeri (Strongylus).
366.

hastate  (Heterakix),
119.

helicina (Ascaris), 96.

helicing  (Dujardinia),
96.

hemidactylus (The-
landros), 196.

Hemipsilus, 244.

Henryella, 278.

Heterakida, 6, 11, 17,
110.

Heterakinge, 110.

Heterakis, 111, 206.

Heterobolbus, 231,

Heterodera, 12, 231.

hexacanthum (Seclero-
stoma), 269.

Hexametra, 48.

Hexodontostormmum, 276,

Hologonia. 13.

hominis (Ankylostoma),
318,
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hominis (Rhabdonema),
216.

hominis (Uncinaris),
318.

Hoplolaimus, 235.

Hypostomum, 290.

hypostomum  (Sclero-
stoma), 308, 331.

hypostomum (Sclerosto-
mum), 308,

hypostomus (Idochmius),
308, 331.

hypostomus  (Strongy-
lus), 308.

Hysteracrum, 291.

ibidis (Belanisakis),
67

Thleia, 291.

imparidentatum
(Poteriostomumy),
2786.

incognita (Oxyuris), .
232.

incurva (Ascaris), 88.

incurvam {Contraca-
cum), 88.

indica (Heterakis), 1145.

indica (Mermis), 225.

indica  (Murshidia),
281.

indica (Pterido-
pharyne), 281,

indica (Syphaciella),
203.

indicum  (Leptosoma-
tum), 245.

indienm  ((Esophago-
stornum). 299.

indicum  (Thoraco-
stoma), 245.

indicus (Kalicepha-
lus), 347.

indicus (Onecholaimus),
242,

indicus (Syngamus),
315.

inflatum (K sophago-
stomum), 306.

inflatum  var. ovis
(& sophagostoma),
296.

inflatus  (Strongylus),
306. i

inflexa (Ascaris), 133.

inflexa (Fusaria), 133.

inflexa (Heterakis), 133.

infundibulicola (Asca-
ris), 44.

2D
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insigne  (Cylichnosto.
mium), 271,

in&igne (Cylicostonim ),
271.

ingigne  (‘T'richonema),
271.

nstalilis  (Strongylus),
362,

intermedivs (Triodonto-
phorus), 254,

intestinale  (Rhabdone-
ma), 216,

intestinalis  (Angeil.
lula), 216.

intestinalis - (Ascaris),
384,

intestinalis (Leptodera),
216.

intestinalis  (Psendo-
rhabditis), 216.

intestinalis (IRhabditis),
216.

intestinalis — (Stercora.-
lis), 216.

nlestinalis  (Strongy-
loides), 216.

Tota, 235.

Totonchivm, 226,

isolonche  (Heterakis),
114

Jégerskidldia, 244,
Javanica (Heterodera).
232.

kachuga (Atractis), 213,

kachuga  (Faleawvstra),
168.

kachugie (Monhyste-
rides), 213.

kachuga: (Oxysoma),
168.

kachuge (Spironoura),
168.

Kalicephalus, 344.

Kalicophalus sp., 3536,

kasauli (Thelandros),
195.

kashinathi (DBunosto-
mum), 331, 333,

Kathlania, 158.

Kathlaniidx, 11, 158.

Kathleena, 79. )

kathlena (Kuthlunia),
159.

kempi (Zanclophorus),
177.

Khalilia, 282.

Kiluluma, 286.

Krikonema, 235.

ALPHABETICAT, INDEX.

labiatwm  (Cylichnosto-
i), 270,
Iabiatm (' ylicosto
mnnr}, 270,
labintum  (Pricho
nema), 270,
Livrissima (Ascaris), 3,
lagopodis (L Asearis),
136,
lamellaris  (‘Fyphlo-
phoros), 104,
laned (Heterakis), 1149,
larynchens (Synqamus),
315,
larynchens minor (Syn-
gamus), 310,
luryngeus (Syngamus),
315,
Latibuecana, 150,
laverani (Cissophyl-
lus), 181,
Lecanocephalus, 107,
leoning (Asearis), 62,
leontna {(Toxasearis),
62,
leptoceplala (Falears.
tra), 167,
leptocephala (Sparao-
nonra), 167,
leptoce phalion (Spiro-
nowra), 167,
Leptodera, 214
leptoptera. (AAsearis),
62,
Leptosomatides, 244
leptura (lscaris), 1o,
leptura {Kathlania).
[HIR
leptura  ('seudobelera-
kis), 159,
Lepturis, 185,
Tepturim  (Quysoma),
159,
Libyostronguylius, 362
timbata  (Torascariz),
62,
lineata (,-l.w'ul'l':litt). 133.
lineata (Heterakis), 133,
lobulata (Asearis), R7.
lobulatum  (Contracie-
cunt), K7,
Lombricoides, 3D,

lonchoptera (Asearis),

60.

lonchoptera(Belascaris),

60).
longecandata (Helera-
kis), 112,

longespiculunt (Hetern-

kis). 131

longespicalun (Unei-
narin), 338
fonagoraginatus (Foe
.\:’l'iillflj/lu.\'), ANT.
longerainaetus o M-
strompqlius), 387,
Jonepe reqnaaf s {(Ntron-
ubisy, ANT.
longibursatum  (Calico-
stomem ), 205, .
longibursatum  (T'ri-
choneta), 26,
longicadata (OXyu-
[RERRBUINN
fongreaandune (K so-
lv;lulglmlmmlm). 204,
Longidoris, 284
lotygrior (Kalicephalus),
REER
longistipes  (Hamon-
chus), 378,
lonegim (Rhabdonema).
220,
fongus hovis (Ntronyy-
loides), 220,
longus (Rhabdonema).
220,
longies (Strongyloides),
2200,
humbricoites (Ascaris).
36,
Hombricoides  equoriam
(Frserria), 39,
Tehricondes  honanon
(I"llwlriu). 36, .
Lomhricoides swis (Fa-
i), S,
Lonbricoides s (Fi
segried), S

e intoshii (Oxgsoma).
201,

macintoshii (Oxysoma-
tium), 201,

maeintoshii  (OQayso-
moides), 200,

maerdosa (Ascaridia)s
137.

actdosi {Ascaris),
137.

maenlosa  (Fusaria),
137.

maclosa (Hoterakis).
137.

major (Syngamus) 315,

mealayana (Uncinaria),
g2,

melayanicum  (Ancylo-
stoma), 322

Al

malayanion  (Agehylo-
stoma), 322,

malayanum  (Aneylo-
stoma), 322,

malayanum  (Ankylo-
stoma), 322,

maplestonel  (Kalice-
phalus), 347.

maplestonei ((Esopha-
gostonmum), 295.

maplestoni (sophayo-
stoman), 295,

maplestoni (Parapha-
ryngodan), 195,

maplestont (Thelar-
dros), 195,

marginata  (Asearis),
54,

marginala (Belascaris),
N

marginata Toraseq-
ris), 62,

miarioni  (Anguitlula),
DUEN]

marioni (Heterodoera),
232,

mearkusi  (Hewodonto-
~stonvien), 276,

Marshallagia, 369,

marshalli (Ostertagin).
364,

mastigoides  (Oxyuris),
185,

mastigodes  (OQxyuris),
185,

nuritanteus (Nemato-
dirus), 181.

Mecistoeirrus, 382,

megalaima (Monhys-
tera), 237,

megiloce phala (Asca-
ris). 39.

megaloon  (Oxyuris),
197.

peissnert {(Mernis),
“}eps)

meleagrinie (Ascaris),
O,
meleayris  gallopaeonis
(Ntrongylus), 312,
Meloidogyne, 231,
Memphisia, 278,
mentulata (Osterta-
gia), 372,
mentulatus (Caneelo-
stronyylus), 372,
Moermis, 21, 27, 222,
Mormis sp., 224,
Mermithide, 17, 21,
221.

ALPHABETICAL INDEX.

Motastrongylidae, 386.
Metastrongylus, 387.
Meteterakis, 111.
Metoncholainus, 241.
" ic;ioccphala (A scaris),
81,
microcephalum  (Cou-
tracwecum), 81.
microptera (Ascaris),

62,
microptera(Torascaris),
62,
mi(l'rl:ris (Thelandros),
92,

micrurus  (Dictyo-
canfus), 301.

uiernrus (Mctastrongy-
lus). 391.

niicrnrus (Strongylus).
391.

minima  (Uncinaria),
321,

minimum  (Aneylosto-
ma), 321.

minimun (Ankylosto-
noan), 321,

minor  (Dipeltis),
240,

minor  (Diplopeltis),
240,

minor  (Triodonto-
phorus), 254,

minor A(Triodontus),
204,

minutian  (Cylicosto-
mnm), 267,

minutum  (I'richone-
ma), 267.

minutus  (Diaphanoce-
phalius), 351,

minutus  (Kalicepha-
lus), 331.

Monhystera, 236.

Monhysterides, 210.

Monodontus, 331.

Monokystera, 236,

Mononchus, 16

monticelliana  (Hetera-
ki), 121,

morai (Stephanurus),
310,

Multiciveum, 100.

multipapillate (Allo-
dapa). 156,

multipapillata (Subu-
lura). 156.

murshida  (Murshidia),
278,

Murshidia, 278.

mystazx (Ascaris), 60.
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miystax  (Belascaris),
60.

migstax (Fusaria), 64.

mystax (Toxocara),
60.

naie (Ascaris), 46.

naiz  (Kalicephalus),
351.

nain  (Ophidascaris),
46.

nanwm (Cylicostomum),
265.

nassatum  (Cyathosto-
mum), 272,

nassatum (Cylichnosto-
mwm), 272.

nassatum  (Cylicosto-
), 272,

nassatum (Trichone-
ma). 272,

nassatum var. parvum
(Trichonema), 272, °

nattereri (Stephanurus),
3.

Necator, 326.

Necatorinze, 326.

neglectus (Aphelenchus),
230.

neglectus  (Strongylus),
248.

Nematevansia, 284.

Nematodirus, 379.

Neoascaris, 35.

neoplastica (Heterakis),
119,

neoplasticum  (Gongy -
lonerma), 23.

nig)r?fcens (Mermis),

—Z.

Nygolaimus, 234.

obvelata (Syphacia),
199.

occidentalis  (Oster-
tagia), 370.

Occipitoldontus, 344.

ocellata (Chromadora),
244, °

ocellata (Phanoglene),
244,

ocellata (Urolabes). 244,

octoductyla (Uloacz"na)
387,

oculata (Ascaris), 52.

ou;)ngta. (I"olydelphxs),
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Qdontobius ceti, 16.
Odontocricus, 243.
(Es¢phagodontus,
256.
(Esophagostominie,
290.
E sophagostomoides,
290, 291.
(Ksophagostomuin,
280, 291.
Ogma, 235.
omra (Amira), 282.
onama (Spironoura),
173.
Oncholaimidze, 241.
Oncholaiminz, 241.
Oncholaimus, 241,
opeatura (Atractis).
208.
Ophidascaris, 44.
orientalis (Cruzia), 180.
ortentalis  (Ostertagia),
369.
Ornithostrongylus, 372.
osleri (I'ilaria), 396.
osleri (Filaroides), 396.
osleri (Oslerus), 396.
osleri (Pacudalius), 396.
Osglerus, 345.
os-papillatum  (Unei-
naria), 343.
ostertagi (Ostertagia).
366.

ostertagi  (Strongylus),
366.

Ostertagia, 366,

Oswaldocruzia, 384.

ovatum ((Ksophago-
stomum), 302,

ovatus  (Strongylus).
302,

ovina (Chabertia), 308,
orinwn (Sclerostomunt),

308.
ovinus  (Strongylus).
308.
ovis (Ascaris), 36.
ovocinctus (Strongy-
loides), 220.
Oxysoma, 158, 179,
200.
Oxysomatium, 200,
O.rysomoides, 200,
Nxyurias, 188,

Osyuridie, 6, 9, 12, 14,

17, 184.
nym'inw, 184,
Oxyuris, 7. 183.
Oxyuris sp - 204, 200.
Oxyuroides, 33.

\

ALPHABETICAL INDEX.

pachyscelis (Gaigeria),
335.

palustris (Dorylaimus),
234.

palustris  (Urolabes),
234.

papillosa  (Ascaris).
112, 121,

pepillosa  (Fusaria).
121.

papillosa  (Heterakis),
121.

papillosa  (Heterakis),
112, 121.

papillosum  (Trichoso-
ma). 220.

papillosus (Strongy-
loider,) 220.

paradoxua (Meta-
strongylus), 387.

paradoxus (Strongulus).
387.

Paramonohystera, 236.

Paranisakis, 92.

Parapharyngodon, 192,

Paraquilonia, 284.

Parascaris, 35.

Parasitylenchus, 226,

Paratylenchus, 226.

parisi (Heterakis), 112,

parva (Hotorakis), 118,

parvus (Kalicephalus).
347.

pastinaca  (Ascuris),
92,

pastinaca  (Paranisa-
kis), 92.

pateratum  (Cylicosto-
mum), 275,

pateratum  (Trichone-
tna), 275.

pavonis (Heterakis).
115,

pavonis (Pseudaspido-
dera), 115, 128.

penctrans  (Tylenchus).
230.

Penzancia, 236.

perniciosa (Uncinaria).
323.

perniciosum (Anciylosto-
ma), 323.

perniciosum (Ankylo-
stomum), 323.

perniciosus  {(Galon-
cus), 323.

perspicillum (Ascari-
dia), 133.

perspicilhon (Ascaris),
133.

lperxpim'[lum (Hetera-

kis), 133.
philippinensis (1 nei-
naria). 338,
phlebotomum  (Buno-
stomim), 334,
phlebotomum.  (Bustu-
naemn ), 334,
phlebotomus (Monodon-
tus), 334,
Physaloptera, 6.
pictus  (Strongylies),
312,
plymentatus (Strongy-
fus), 365,
pigmentatus (Tricho-
strongylus), 365.
pileata (Amira). 282,
pileata  (Khalilia),
2822,
pileatum (Cylicosto-
mirem), 282,

pinguiola (Selcrostoma),

310.

pinguicola {(Strongulus),

310.

piscicola  (Monhysteri-

des), 211,

plagiostomorion ( Awce-

ris), 90,

plagiostomnorum  (Con-

traciecum), 9.
Pleuromyadrii, 4.

pluridentatunm (Poterio-

stonen), 276,
pnoumonicus  (Vare-
strongylus), 393.

poculatum  (Cyathosto-

min), 268,
poculatum  (Cylichno-
stonmun), 268,
poculatom  (Cylicosto-
maem), 268,

poculatum  (Trichone-

ma), 268,
poculum  (Oxyuris).
188,
polaris  (Uncinaria).
337. o
pollicaris  (Axcaris),
189.
Polycwenm, 102,
Polydelphis, 4.
Polydelphir sp.. O8.
Polysigma, 243.
Porrocecumn, 24, 69.
Porrociecum sp., 73.
Poteriostomum, 276.
pratensis (Anguillu-
lina), 230.

L]
pratensis  (T'ylenchus),
230.
primitivus (Strongylus),
312,
primatives (Syngamaus),
312,
Prionoderma. 107.
pristis  (Porroc:ecum),
75.
probolurus (Strongylus),
364.
probolurus  (Tricho-
strongylus). 364.
Probstmayria. 182,
Prochromadora, 243.
procyonis  (Tetragom-
phius), 3349,
Prooncholainius, 241,
Proteracrum, 201,
Protostrongylidiv. 386,
Protostrongylus. 394,
DPseudaliidee, 386.
Psoudamidostomun,
359,
Psoudaspidodera, 127,
pseudo-catinatum (Cyli.
costomum), 274.
Pseudoheterakis, 158,
Pscudorhabditis, 2135,
Pseudosclerostonins,
256.
Pleridopharyne, 278,
Pterocephalus, 209,
Pterygopharyny, 278.
Dtycholaimellns, 243,
pulmonalis apri ((lor-
dins), 387.
pudmonaris  (Strongy-
fus), 391,
pusilla  (Hoterakis).
116.
putaustralis (Heterakis),
119, 122,
pythonis (Asxcaris), 49,

5l

quadrata (Ascaris), 78,
[IRA
quadricuspe (Conlra-
caccum), 8i.
quadridentatum (Sclero-
stoma), 269,
quadrispinulatum
((Esophagostomumy),
294,
Quasistronyylus. 261.
quilona (Quiloniu), 284.
Quilonia, 284,

ALPHABETICAL INDEX.

radiata (Uncinaria),
334.

radiatun  (Ankylo-
stoma), 306.

radiatum  (Bunosto-
mum), 334.

radiatum ((Esophago-
stomumy}, 291,

radiatum (sophago-
stomumy), 308,

radiatus (Bosicola),
306.

radiatus  (Dochmius),
334.

radiatus (Strongylatus).,
334.

radiatus  (Strongylus).
306, 334.

radicicola  (Caconema),
232,

radicicola (Helerodera).
232,

radicicola (Tylenchus),
232,

radicola  (Anguillula).
D

Pt

raclicus (Kalicephalus).
348,

raillieti (Wsophagosto-
mum), 302,

Raillietostrongylus, 328.

ranz (Cucullanus), 384.

Raphidascaris. 67.

rentum (Sclerostomum),
310.

renniei (Kvansia). 284.

renniet (Nemateransia).
284.

renniei (Quilouia), 284.

Resorbentes, 9.

reticulata (Ascaris). T4.

reticulatwin  (Porrocic-
cum), 74,

Rhabdias, 214,

Rhabditide, 9, 214,

Rhabditinzx, 214.

Rhabdonema, 214, 215.

rhex (Quasistrongylus),
262,

robustum (Sclerostoma),
256.

robustus  ((Esophago-
dontus), 256.

vosarium  (Contracas-
cum), 82,

rosarius (Ascaris), 82.

rotundicaudata (Asca-
ris), 56.

rotundicaudata (Poly-
delphis), 56.
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rubicunda (Ascaris), 44,
51,

rufescens (Dictyocou-
lus), 394.

rufescens (Metastrongy-
lus), 394,

rufescens (Proto-
strongylus), 394.

rufescens (Sclerostoma),
394.

rufescens (Strongylus),
394.

rufescens (Syntheto-
caulus), 394,

samocensis  (Globoce-
phalus), 330.

sangeri (Bathmosto-
mum), 343.

sangeri  (Doclunius),
343.

sangeri (Uncinaria),
343.

sarasinorum (Filaria),
153.

sarasinorum  (Subu-
lura), 153.

scandens (Anguillula),
226.

scandens (Tylenchus),
226.

sciuri (Oxyuris). 204.

seiuri  (Syphacia),
198.

Sclerostoma, 247.

Sclerostomum, 247,

Secernentes, 9.

securiferum  (Pseudo-
sclerostomum). 256.

serpentulus (Ascaris),
73

serratus  (Triodonto-
phorus), 254.

serratus (Triodontus),
254,

sewelli (Polydelphis),
h4.

simi@ (Probstinayria), -
183.

stmize  (Strongyloide ).
220.

similis  (Anguil
228,

similis
378.

similis
228.

) <lina),
(Han nonchus),
(‘l'ylenchus).

’



406

sipunculiforme (Cylico-
stomaum), 258,
sipynceldforme (Nelero-
stomea), 258,
sipunculiformis (Fqui-
nurbia), 258,
skriabini (Amidosto-
mumd, 357,
skrjabini (Ostertayia),
370,
suiti (Glaigeria), 335,
Nonsinia, 147.
spathiger  (Nematodi-
rus), 381,
Sphacrularia, 17.
spiculigera  (Asearis),
79.
spiculigerum (Contra-
Precum), 7Y.
Spilipherella, 243,
Spilophaorclla, 243.
Spinicauda, 147,
spinosa (Pscudaspido-
dera), 142,
spirulifervm  (Nelero-
stome), 258,
Spirocerca, 20, 22,
Spironoura, 163,
Npirura, 163.
Npirurida, 19,
Spiruroidea, 19,
spumosa (Gangidelera .
kis), 123,
spumosa (Heterakis),
123.
syuamosa (Lota), 235,
siuaunosus  (Hoplolai-
mus), 235,
Steineria, 236,
stenocephala (Dol
muides), 337,
stenocephala (Unetnac-
rin)., 337.
stenocephation (Anly-
lostomea), 337,
stenocephalun (Ailky-
lostonan). 337.
stenocephalus (Doek-
mius), 337,
Stephanurinae, 304,
Stephanurus, 309,
Stercoralis, 215,
gtereoralis (Angeillala),
AL
stereovalis  (Leptodera).
2160
stercoralws (Pecado-
rhabditis). 216.
stercoralis A Rhabdites).
216.

ALPHABETICAL INDEX.

stercoralis  (Rhabdone-
i), 216,

stercorahis  (Strongy-
loides), 216,

stercoralis. var, felis
(Ntrongyloides), 216,

RARIN

stewarti (Faleaustea),
171.

stewartt (Spironoura),
171.

Stomacthida, 3o,
stroma (Ascaridia),

140,

strome (Heterakis),
140,

stromu (Syphacia),
199,

Strongylidie, 246,
Strongylinw, 247,
Strongyloidea, 2, 6, 8,
[ R S O YO Y SR RU R
246.
Strongyloides, 14, 215.
strongyloides  (CAnguil-
lula), 216.
strongaloides  (Le pto-
dera), 216,
strongyloides  (Rhabdi-
tin), 216,
strongyloides (Rlabdo-
newma), 216,
Strongyluris, 142,
Strongylus, 247, 248,
stylosa {H eteraliis), 121.
stylosa (Kihalaima).,
287,
stulosus (Deletroce phe-
frx), 287,
sthiigreseens (Mermis),
0oy

subtilis  (Strongylus),
362,

~subtilis (T'richostrongy-
Tux), 362,

sehedate (Atractisy, 208,

subedation (K sophago-
stanine), 202

Subulura, 150,

Subulurinie, 150,

siillen (Asearis), 36.

swidlus (Neeator), 327.

seis (Asearis), 36.

suis (W sophayosto-
serem), 294,

siis (Rbabdonema), 220.

suis  (Stronyyloides),
220,

setis (Steongylus), 387.

s (Asearis), 36.

Symplocostona, 2340

Syngaunitee, 312,
Syvnganmes, 412
soymgamus (Nelorasto-
), 312
Synthetocanlns, 391
Syvphacia, 195,
Nyphacia spp.. 194,
Nyphaciella, 202,

Tachyhodites, 238,

terniurae (Paranisabis),
92,

tagromai (Mecistocir-
ras), A8,

lnylm-i (T'helandros),
(NI

Telogonia, 13,

tewmicanda (Owgquris),
185,

tewnds (Fimhria), 2

tenuis (Fimbrilla), 238,

teweissima (Ascaris),
SN

tores (Asearis), 143,

teres hominis (Lumbri-
crs), 36,

teves (Laonbricus), 36,

teves vitnldi (Linbricus).
4t

Terranoca, 69,

testudinis (Faleawstra),
164,

testudinis (Spiron-
oura), 16t

tetracantlhom. (O yatho-
stominm), 2649,

tetracanthum (Cylich.
wostonine ), 260,

tetiacanthwn (Cylicosto-
nen), 2649,

tedracantlfivm  (Sclero-
stomiom), 264,

tetracanthus  (Strowgy-
lus), 264,

Tetragomphius, 339,

Thelandros, 192,

Theristus, 236.

Thoracostornu, 244,

tigridis (Ascaris), 104,

tigridis (Fusaria), 109,

Fonaudia, 162,

tonandia  (Kathlania),
162,

tonaudia (Tonaudia),
162,

Toxarenris, 62,

Toxovara, H8.

trachca (Fasciola), 312,

trachea  (Syngaimus),
312,

trarheale (Selerostona).
312,

trachealis  (Filaria),
387,

trachealis (Strongylus).
KR BN

trachealis (Syngamus).,
312,

traguli (Bosicola), 307,

traguli  (Bowrgela-
tioides), 201, 307,

tragnli (K sophagosto-
moddes), 291, 304,

traguli  (sophagosto-
mum)., 304,

fransfuga (Ascaris),
63,

teansfuga (Toxasearis),
63,

travancra  (Kvansia),
286,

travancra (Nemateran-
sia), 286.

travancra  (Quilonia),
286.

travassosi  (Ornitho-
strongylus), 373.

Trichinelloidea, 5. 9,
13.

trichiuri  (Contrace-
cum), 91,

Trichonema. 284, 265.

Trichoneminae, 264,

‘Trichostrongylicke, 2,
361,

Trichostrongylinae,
361,

Trichostrongylus, 362,

tricollaris — (Bosicola),
306.

tricuspe  (Contracae-
cum), 84,

tricuspis (Kathleena),

tricuspis (Ostertaqgia),
369.
tridentatum ((Esopha-
gostomum), 291,308.
trifida (Ostertagia), 370.
trigonocephala. (U nein-
arial). 320, 331.
traqonocephalum  (An-
chulostomumy, 320,
troqonoce phalum  (An-
kylostoma), 320, 337.
trigonocephalum  (An-
kylostonmum), 320.

ALPHABETICAT. INDEX,

trigonocephalum (Bu-
nostomum), 3260, 331.
trigonocephalus  (Daoch-
mins), 320, 337.
trigonocephalus (Mono.
dontus). 331.
trigonocephalus (Stron-
aguylus). 320, 331, 337.
trilabium  (Ascaridia).
140, 141,
trilabium  (Heterakis),
141,
Trilobidie, 236.
Triodontophorus, 253,
Triodontus, 253.
triquetra (Asearis), 39,
triquetea (Fusaria), 59,
tritiei (Anguiinla),
226.
tritici (Anguiltulina),
226,
tritici (Rhabditis), 226,
tritict (Tilenchus), 226,
tritici (Vibrio), 226.
Trypanoxyuris, 188.
tubacforme  (Ankylosto-
min), 320,
tubeformis  (Stron-
gylus), 320, 323,
tubaforinis  (Unein-
aria). 320.
turnieis (Subulura),
154
Tylelenchus, 226.
Tylenchidae, 225,
Tylenchorhynehns, 226,
Tylenclius, 226.
Typhlophoros, 104,

Uncinaria, 336, 4

uncinatum (Epomidio-
stomum), 360,

nneinatus (Strongylis),
J60.

unequalis  (Dictyo-
eanlus), 391,

urin  (Monhystera),
237.

wrosubulatum  (Crassi-
soma), 328.

urosubulatus  (Globo-
cephalus), 328,

varani (Africana). 149,
varani (Ampliceceumn),
105.
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varedatus (Grammoce-
phalus), 341.

Varestrongyvlus, 393.

rariabilis  (Heterakis),
P19,

rariegate (Ascaris),
79.

vasifa (Asifia). 260.

venulosum ((Ksophago-
stomumy), 296.

venulosus  (Strongy-
lus). 296.

vermicularis (Ascaris),
189.

vermicularis  (KEntero-
bius)., 189.

rermicularis  (Fusar-
ella), 189,

vernicularis (Fusaria),
[RA

vermicularis(Oxyurias),
189,

rermicularis (Oxyuris),
189.

wvesicularis (Ascaris),
112.

vesicularis (Heterakis),
1z,

cesiculosum (Alsopha-
gostomum), J06.

riale  (Anguillula),
232,

clcarius (Strongylus),
367.

Viscosia, 241.

vitull (Ascaris), 41,
391.

vituli - (Fusaria),
391,

eitult (Strongyloides),
220.

vitulorum  (Ascaris),
39, 41.

vitulorum (Neoascaris).
41.

vitulorim (Strongylus),
391.

viviparus (Dictyocan-
lus), 391.

riviparus  (Gordius),
J41.

voluptuosa  (Pseud-
aspidodera), 131,

voluptuosa var. minor
(Pseudaspidodera),
131.

voluptuasus  fPseud-
aspidodera), 131.

vryburgi  (Agriosto-
muin). 324,
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