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On the Life History of the Lungworm, Synthetocaulus 
abstrusus, hitherto confused with that of 011ulanus 

tricuspis in Cats. 

By THOMAS W. M. CAMERON, M.A., B.Sc., Ph.D.; M.R.C.V.S. 
(Assistant in the Department of Helminthology, London School of Hygiene and 

Tropical Medicine.) 

IN 1865, Leuckart described from the stomach of the domestic cat, 
a minute bursate worm which he named 011ulanus tricuspis. His original 
description was somewhat scanty, but it was amplified in later years 
(1867 -1876). As this work is scattered throughout many pages, the 
following is a brief resumé of Leuckart's theory. 

He was struck by the fact, that being viviparous in habit, it resembled 
Trichinella spiralis, but recognised that several fundamental differences 
existed between them. 011ulanus never produced more than three 
larvae at a time from relatively large eggs, about 60íc. to 12Oµ long ; whereas 
Trichinella produced numerous larvae with small eggs about 35µ long. 

He found what he believed were the free larvae of 011ulanus, which 
measured about 320,u long by 15u wide, had a truncated oral extremity 
and a short tail which ended in a short S- shaped tip (Fig. 1, a). The 
oesophagus was between one third and one half of the total length of 

the intestine ; several transparent vesicles could be seen at its club - 
shaped posterior extremity. Although there are seldom more than 
three embryos inside the female, lary were usually found in large 

numbers throughout the whole intestinal tract of the host, as well 
as encysted (in cysts 15 to 2 mm. in diameter) on various internal 
organs. The cyst wall had a connective tissue -like structure of such 
thickness that it might be three or four times the diameter of the en- 

closed space. This space was either filled by the tightly wound coils 

of the worm or with a clear liquid. If present in large numbers in the 
lungs, these capsules caused the appearance of miliary tuberculosis 
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-especially when surrounded by an area of hepatisation. They might 
even be the focus of a widespread inflammation which in one of his 
cases at least, led to the death of the cat. Embryos were not found 
in the blood or muscles, but in heavy infections were free in the bronchi. 

The encysted embryos, unlike Trichinella, did not continue their 
development, but gradually degenerated, and finally came to resemble 
an egg. Leuckart fed these embryos to a mouse and six weeks later 
found hundreds of them encapsuled in the muscles -these forms being 
intermediate in form between the free embryo and the fully developed 
011ulanus. The capsules -about 3 mm. -were not only found in the 
rump muscles and oesophageal wall, but also in the heart and in the 
loose connective tissue of the neck. They superficially resembled 
Trichinella, but when examined microsocopically, they were found to 
lack the inner shell so characteristic of the trichinella capsule. The 
wall was a simple connective tissue one, surrounded by nodules and 
containing numerous granules which were moved about by the move- 
ments of the larva (Fig. 1, b). The enclosed worm had increased in size 
and was about 8 mm. long by 04 mm. broad. The blunt end showed 
a retracted chitinous disc which, from analogy, might be taken as the 
first indications of the future mouth. The cuticle was thicker and 
ringed. Round the lip -like projections were a few papilla -like out- 
growths. The tail was simple and pointed. The intestine had not 
changed except that the pharynx was comparatively shorter and showed 
a muscular structure. The intestine was brown and towards its middle, 
the slightly enlarged bean -shaped genital primordia could be seen. 

He was unable to decide whether these stages had reached maturity, 
but going by the results of an experiment, he considered that further 
development in the mouse was possible. An infected mouse was fed 
to a cat and eight days later the worms were recovered from it un- 
changed, but in the caecum and rectum, not the stomach. As only 
a few were found, it was believed that they were en route for the ex- 
terior and Leuckart considered that all the conditions necessary for 
further development were not present. 

Only one other experiment is recorded. Two young rats were fed 
with the stomach wall of a cat infected with 011ulanus larvae, and after 
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twenty -four hours and three days, respectively, the majority of the 
introduced worms were recovered alive and undamaged in the stomach. 

Cobbold in this country was also studying the parasite although he 
preferred to use the name Olulanus instead of the more correct 011ulanus. 

In discussing the probable life histories of the lung worms in general, 
Cobbold (1875) drew attention to Leuckart's belief that " all these 
strongyloides required a change of hosts before they can take up their 
final abode in the sexually mature state. This he infers especially 
because their respective embryos display characters very similar to 
those exhibited by Olulanus." 

He considered the question fully in a paper read before the Quekett 
Microscopical Club in 1885. He stated that his first acquaintance 
with thé larva of Olulanus was made about 35 years previously when 
a young cat in his room suddenly rushed about and finally fell dead, 
asphyxiated. While yet warm, it was dissected and its lungs were 
found to be swarming with nematode larva. Drawings were made 
but no specimens were preserved, and it is not stated whether any 
adults were seen in the stomach. 

He then briefly recapitulated Leuckart's work on the subject and 
described a case which he had seen with Mr. Gay, a surgeon, in which 
a family, together with their donkey and cat, had suffered from a con- 
dition which was suspected to be Trichinosis: On investigation, no 
evidence of this was found, but the lungs of the exhumed cat were found 
to be swarming with " Nematoids." Cobbold considered that this 
was a case of " Olulanosis " and states that "Whatever interpretation 
be put upon the human outbreak, the coincidence of the occurrence 
in man of an affection symptomatic of trichinosis, found in association 
with a trichinoid affection in an animal which proved olulaniasis, was 
both curious and instructive." 

No subsequent work on the subject seems to have been done, excepting 
some negative experimental attempts at infection by Galli -Valerio in 

1921. 

Meanwhile in 1890, Müller described from the cat in Germany a new 

form of lung -worm which he called Stron,ylus pusillus. This name 
was afterwards found to be a homonym of Rudolphi's Strongylus pusillus, 
and Railliet (1898) proposed the new specific name of S. abstrusus instead. 
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Later (1907) Railliet and Henry transferred this species to the genus 
Synthetocaulus. 

Müller described this species as follows :- 
This very small species is found in the pulmonary tissue and not in 

the trachea and bronchi, the muco- serous contents of which contain 
only eggs and embryos. 

The body is filiform and thin, the female being coloured a darker 
brown than the male. 

The pigmentation which is not so dark at the head as at the tail 
increases to moderately large granules lying in the intestinal wall which 
are finer in the neighbourhood of the oesophagus than at the anus. 

The mouth is unarmed and no papillæ were noticed. The oesophagus 
is proportionally short and slender with swellings at the base. The 
cuticle is very thin except at the head. The Female is about 9.6 to 
9.9 "' long and 05 to 1 "' broad. The ovaries are regular tubes 
and the junction of the uteri with the vagina cannot be easily recog- 
nised. The vagina is about 19 "' long and is thick. The translu- 
cent thin -shelled eggs lie in it singly. The vulva is 07 "' in front 
of the pointed tail, which is contrasted from the body tissue by a little 
prominence. The anus lies behind it and in its wall are two little chitinous 
" hooks " which project towards the ventral side. The eggs are small 
( 05 to 07 "') and have a very thin shell. They are found in all stages of 

development in the fluid from a resected piece of lung. The embryos 
which are 27 to 35 "' long by 017 to 023 "' thick, are character 
ised by an S- shaped tail. (Fig. 2, f and g.) 

The Male is smaller and clearer than the female and is 4.9 "' long and 
05 to 08 "' broad. The testes show no abnormal characters. The bursa 

(Fig. 2, e) is thin, short and 017 ' in length. The free border, seen later- 
ally, is 05 "' long. The rays are short and stout and resemble those of 

Strongylus in type. The dorsal rays are short and thick with distinct 
notches at the free ends. The lateral are somewhat more slender. 
The median rays are small and separate from each other on a short 
common base. The spicules are long and thin and spatulate. Their 



Fig. 1. -(a) Embryo of 011ulanus tricuspis (after Leuckart, 1867). 
(b) Encapsulated embryo in muscles of mouse (after Leuckart, 1867). 

Fig. 2. -(a), (b), and (c), Eggs of Strongylus pusillus (after Railliet). (d) Free 
embryo (after Railliet). (e) Bursa of Strongylus pusillus (after Muller). 
(f) and (g) Posterior ends of embryos (after Müller). 

T,. f.... ., ca 
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length varies from 01 to 013 "' The figure shows the dorsum of 
a male with small spicules. These have a strong border which on 
the dorsal aspect is usually studded with fine chitinous dots and ends 
bluntly. This border surrounds the tail and passes further on for a 
short distance on the ventral margin of the spicules. Between the 
spicules are two short chitinous rods. - 

Railliet (1895) gives a brief description of this species, but as he had 
not seen the adults, it is presumably taken from Müller's previous 
paper. Railliet saw the eggs and larva and although his description 
of the larva agrees with that of Muller, his measurements are different. 
The eggs were found to be 060 to 085 mm. long by 055 to 080 mm. 
broad, while the larva were 370 to 459 mm. long by -016 to 018 mm. 
broad with an undulating appendix at the slender caudal end. (Fig. B, 
a -d.) 

Müller's measurements are given in lines ( "'), and there is some 
difficulty in understanding his exact meaning. A line is A of an inch 
(Zoll), and is therefore approximately equal to two millimeters. Railliet 
in describing this species, quotes Miller's figures, but gives them as 
millimeters. If this is the correct interpretation to be put upon Miller's 
" line " then the larva as seen by Railliet are almost the same size 
as those seen by Müller : if, however, his " line " is 32 of an inch, 
they are almost half the size of Müller's larva. Assuming that a line 
is approximately equal to two mm., then the size of the eggs and larva 
as given by these workers are given below. Railliet does not actually 
give the figures in the centre column, but they are calculated on the 
basis used by him for Müller's other figures. 

Length of egg ... 

Mülley Müller after 
Railliet 

1-14 mm. 05-.07 mm. 

Railliet 

060-085 mm. 
Breadth ... ... .1-.12 mm. 05- 06 mm. 055- 080 mm. 
Length of embryo ... 54- 7 mm. 27- 35 mm. 370-450 mm. 
Breadth ... ... 034- 046 mm. .017-.023 mm. 016-018 mm. 

Actually Railliet's own measurements of the larva áre almost exactly 
the same as in those studied by the writer. Müller so far has been the 
only observer fortunate enough to obtain males and females. Railliet 
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and Neumann have obtained portions while the latter has also found 
a single male and an immature female. 

Both of these parasites have been mentioned in the literature since 
the dates of their discovery, but nothing has been added to our know- 
ledge of their morphology and life history. 

In 1921, Dr. Hesse in Edinburgh discovered some examples of 011ulanus 

tricuspis in the stomach of a cat which he had been examining : and 
subsequently the writer found them in other cats. Their presence was 
brought to the attention of Professor Leiper, who suggested to me that 
attempts should be made to repeat Leuckart's experiments on the life 

cycle of the parasite. 

Search was accordingly made through numerous cats. The material 
collected fell into three groups : those in which mature 011ulanus were 
found in the stomach without any larva elsewhere, those in which, 
in addition to mature 011ulanus, numerous larva were found in the 
intestinal and respiratory tracts, and those in which larva alone were 
found. Further examination of the larva however made it clear that 
they were not the larva of 011ulanus, but those of some other parasite, 
and from the shape of the tail, this other parasite was probably a 
lung worm belonging to the genus Synthetocaulus. These free larva 
were identical with those described by Müller (Fig. 2, f and g), and by 
Railliet (Fig. 2, cl), for Synthetocaulus abstrusus. Moreover, the embryos 
of 011ulanus when dissected out from the female were totally different from 
those free forms. Experimental work was undertaken and although 
results are not yet complete, it is sufficiently far advanced to show that 
Leuckart had confused two separate parasites in his work on 011ulanus. 
These results indicate that while the adults of 011ulanus tricuspis were 
undoubtedly seen by Leuckart (there is no evidence that Cobbold 
ever saw them) the larva seen by both Leuckart and Cobbold were 
those of Synthetocaulus abstrusus and that the stages seen in the mouse 
were those of the latter species also. In other words, the life cycle 
of 011ulanus tricuspus as described by Leuckart, does not apply to that 
species at all, but to Synthetocaulus abstrusus. The larva of this species 
are carried to the exterior in the droppings, ingested by mice, continue 
their development and become encysted in these animals, and ultimately, 
when the rodent is eaten by a cat, develop into the adult lung worms. 
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The experiments on which the writer bases this statement have occupied 
several years and will form the subject of a separate paper. 

The life cycle of 011ulanus is still unknown, but experiments are in 
progress by means of which it is hoped to clear up the whole matter. 

The geographical distribution of 011ulanus tricuspis is not fully known. 
It was found in Germany by Leuckart and in Switzerland by Galli- 
Valerio. Cobbold also reported it from Britain, but there is no clear 
evidence that he ever actually saw this species, and possibly his record 
should apply to Synthetocaulus abstrusus. Hall records its presence from 
Washington, D.C., but it is not stated whether he is referring to the 
adult in the cat or the larva in the mouse. In the latter case, his record 
would, of course, refer to Mil ller's species. Neumann reports that, 
although he searched very carefully for 011ulanus in France, he was 
unable to find it. 

The distribution of Synthetocaulus abstrusus is also incompletely 
known. It has been reported from Germany (Müller), France (Railliet 
and Neumann) and from Northern Italy and Switzerland (Galli -Valerio). 
It has not previously been recorded from Britain, but there is little doubt 
that the forms seen by Cobbold and Stirling should be referred to this 
species. 

The writer has to acknowledge the assistance of Mr. P. L. le Roux 
in the dissection and Mr. A. K. Cameron in the collection of material. 
Laboratory accommodation in Edinburgh was generously placed at 
his disposal by Professor J. H. Ashworth in the Zoological Department 
of the University. The remainder of the work was done in this Depart- 
ment under the direction, and with the encouragement of Professor 
R. T. Leiper. The writer also wishes to express his thanks to his col- 

leagues Drs. T. Goodey and R. J. Ortlepp for material assistance in 
dissections and searching through teased material and for much helpful 
criticism. 
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Studies on Three New Genera and some Little - 
Known Species of the Nematode Family 

Protostrongylidce Leiper, 1926. 

By THOMAS W. M. CAMERON, M.A., B.Sc., Ph.D., M.R.C.V. S. 
(Department of Helminthology, London School of Hygiene and Tropical Medicine.) 

INTRODUCTION. 

THE classification of the nematodes occurring in the lungs (and related 
forms) of land mammals has always been one of considerable difficulty, 
in large part because of the existing very inadequate descriptions of 
many of the commoner forms. Most systematic helminthologists have 
followed and amplified the classification adopted by Railliet and Henry 
in 1907, a system which divided these nematodes into three main groups 
-those found in the blood- stream (Hcemostrongylus) ; those found in 
the larger. bronchi (Dictyocaulus, Metastrongylus and Crenosoma) ; and 
those found in the minute bronchi and alveoli ( Synthetocaulus). While 
the first two groups contain four well- defined zoological species, an 
examination of the forms included in the genus Synthetocaulus shews 
that it consists of a heterogeneous collection of species, which, although 
possessing a common habitat, are by no means so closely related as 
has been supposed, and, indeed, belong to several different genera. 

Railliet and Henry defined the genus Synthetocaulus as follows :- 
Hair -like body. Mouth with three binocular lips. Posterior body 

of male reinforced by a chitinous arc. Bursa with anterior and median 
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rays split, posterior reunited in a large trunk with a very thick wall. 

Two punctate striated or pectinate spicules, gently curved. Between 
them and the front of the bursa are large thick chitinous teeth forming 
an open angle behind. There are also two chitinous appendices of 

unknown significance, of very constant shape and forming with the 
spicules excellent specific characters. 

Vulva a little in front of anus. Uteri convergent. Eggs with no 

trace of segmentation when deposited. Embryo with a tail prolonged 
by an undulating appendix. 

They designated as type the species S. commutatus. 
Two years previous to this paper, however, Kamensky had created 

the genus Protostrongylus to contain the species P. rufescens (type), 
P. terminalis (= P. commutatus) and P. pusillus (= P. abstrusus). As 

the species commutatus is obviously congeneric with rufescens, the genus 
Synthetocaulus, which must therefore be regarded as synonymous 
with Protostrongylus, has accordingly been suppressed by Leiper (1926). 

The description of none of the forms included in Railliet and Henry's 
genus is adequate -in some cases it is very inadequate ; and accordingly 
Professor Leiper suggested that the writer should undertake a revision 
of their morphology. He placed at my disposal specimens which had 
been collected over a period of several years, and I have to acknowledge 
my indebtedness to him, not only for this, but for the very material 
assistance he has given me during this study. 

There has been a great deal of confusion about the specific identity 
of the species of Protostrongylus from herbivores -the species P. abstrusus 
is, as will be shewn later, not congeneric with P. rufescens -and as the 
most important paper since Mueller's revision of the group is that by 
Kamensky, which does not seem to be generally available, it may be 
opportune to refer briefly to his main conclusions. 

He points out that Mueller, in 1889, regarded Strongylus rufescens 
and S. commutatus as identical, but that Railliet regarded them as distinct 
species. Nicoolin, a pupil of Kamensky's, carried out a series of 
examinations of the lungworms of hares in Russia and found that two 
species were present. These Kamensky regards as P. rufescens and 
P. commutatus, and he gives the following table of differences between 
them :- 
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P. rufescens. P. commutatus. 

Body visibly narrowed towards 
ends. 

Mouth with three bifurcating 
papillæ. 

Male 13 mm. to 30 mm. long by 
0.12 mm. to 0.2 Trim. broad. 

Median and postero- external 
rays long and rise separately. 

Posterior ray slender without 
incisure. 

Spicules 250µ to 330µ long. An- 
terior ends thickened and often 
project outwards near accessory 
pieces. 

Female 20 mm. to 70 mm. long 
by 0.16 mm. to 0.2 mm. broad. 

Posterior end with well -developed 
boss on ventral side. 

Vulva with " provagina." 

Vagina 530µ to 700µ long. 

Ova 60p to 85p by 33µ to 75g. 

Embryo 180p by 13h. 

Body same width for entire length 
but slightly narrower at ends. 

Mouth with three minute papillæ. 

Male 20 mm. to 40 mm. by 
0.12 mm. to 0.18 mm. broad. 

Rays short, and rise from common 
trunks. 

Posterior ray thick with incisure. 

Spicules 110µ to 118µ long. An- 
terior ends frayed, posterior ends 
often situated far from accessory 
pieces. 

Female 77 mm. to 90 mm. by 
0.15 mm. to 0.2 mm. 

Slightly developed papilla on 
ventral side. 

Vulva without provagina but with 
slightly projecting edges. 

Vagina 300µ( ?) to 700µ long. 
Ova 90p to l20µ by 16µ to 20p. 
Embryo 300µ to 700µ by 16p to 

20p. 

Kamensky believes that the first of these species (P. rufescens) 

identical with Mueller's Strongylus sagittatus. He points out that the 
spicules in these species from hares will look bifurcated, and considers 

that this appearance in Strongylus sagittatus is merely an optical illusion. 
He believes that Railliet (1895) has confused sagittatus and commutatus 

in his description of rufescens. 

I have been unable to find any trace of the " provagina," however, 

in the specimens of Protostrongylus rufescens found in Britain. It is 

figured by Mueller for Strongylus sagittatus and by Neveu Lemaire for 

Synthetocaulus rufescens. On the other hand, Railliet makes no mention 

of this structure in his descriptions of the latter species, and his description 

agrees with the present specimens. 
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Accordingly it would seem possible that both Kamensky and Lemaire 
were actually dealing with Strongylus sagittatus and not with S. rufescens. 
If this is so, we can recognise at least three well -defined species of 
Proerongylus, viz., Prohtrongylus sagittatus (with a vulvar flap) 

and P. rufescens and P. commutatus (without vulvar flaps, but with 
a telemon which is, respectively, serrated or boot -shaped). It is also 
possible that P. ocreatus and P. unciphorus are synonymous with P. 
commutatus, but in the absence of material of the two latter species, 
it is not desirable to make any change in their nomenclature. 

PROTOSTRONGYLUS RUFESCENS (Leuckart, 1865) Kamensky 1905. 

It is popularly believed that this species is a common parasite of sheep 
in Britain ; the writer's own experience, however, is that it is the least 
common of the three species occurring in the lungs of sheep in this 
country. 

In addition to its occurrence in the sheep, it has been reported from 
hares and from rabbits ; in the light of recent investigations, however, 
its presence in these animals will require to be confirmed as it is possible 
that it is really Protostrongylus sagittatus which has been found and 
mistaken for this species. 

The average length of the specimens examined was 26 mm. in the 
case of the female and 17.5 mm. in the case of the male. 

The cuticle appears to be unstriated even when viewed under the 
oil- immersion objective. There are two minute cervical papillæ present 
about the level of the middle of the oesophagus. The simple mouth 
aperture is surrounded by six very low papillæ. 

The oesophagus has a length of about 0.25 mm. and a maximum 
diameter of 0.04 mm. It has a very slight posterior swelling. The 
excretory pore is situated just in front of this bulb, at the same level 
as the nerve ring. The cervical glands are very long and conspicuous, 
about a sixth of the body length. 

The male possesses a single typical genital tubule. The bursa (fig. 1) 

is very small, but is very characteristic and quite unlike any of the other 
genera of the Protostrongylid. The body proper is sharply truncated 
and flat. On the dorso- lateral margins of this surface are two stout 
curved cuticular plates, of a roughly crescentic outline. These serve 
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as supports for the bursal membrane, and are probably analogous to 
the structures seen in Triodontophorus and allied genera, but are much 
more highly developed. Owing to their presence it is impossible to 
flatten the bursa for study. Their position also gives the bursa a collar 
shape, with a ventral opening. There is no dorsal lobe present. 

' Fig. I. Protostrongylus rufescens. Bursa of male. A, lateral view_ B, ventral 
view. C, ventral view but with ventral portion removed to shew dorsal 
rays, telemon and spicules. 

All the conventional rays can be identified, but as in the other members 
of the Protostrongylida, they tend to become atypical. The ventral 
rays are short and stumpy, but extend to the bursal margin. The 
extern°- lateral is shorter than the other lateral rays, all three of which 
lie close together. The externo- dorsal ray is comparatively slender 
and ends some distance from the edge of the bursal membrane. The 
dorsal ray has disappeared as a ray and is replaced by a solid spherical 
body. On the inner surface of this (fig. 1) are six papilla arranged in 
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three groups -three posterior, two median and one anterior -at the 
junction of the two crescentic cuticular plates referred to above. A 

reflection of the bursal membrane is carried over these papillæ to form 
a kind of accessory bursa, of a totally different structure from that seen 

in the genus Ostertagia. 

The accessory genital organs in the male consist of two equal and 
similar spicules, a gubernaculum and a telemon. 

Following Railliet (1895), Hall (1916) and Neveu Lemaire (1918) 

have given the length of the spicules in this species as varying between 
1l0µ and 3108. In 1907, however, Railliet and Henry gave the length 
as 24Oµ to 265g. It seems probable that the original measurements 
were due to confusing more than one species under the same name, as 
such a variation in length -especially as the spicules in the other members 
of the genus vary only very slightly -is highly improbable. 

The spicules are 0.26 mm. in length. Each consists of a central 
cuticular tube (fig. lc) and a voluminous spicular sheath. The central 
tube is of a light brownish colour. Anteriorly it carries a number of 

irregular projections for the attachment of the very long spicular muscles ; 

posteriorly it ends in a blunt point. This point is surrounded by a 
colourless cuticle. This tube itself is of a fairly regular diameter, but 
is curved laterally, so that when the two spicules are partly protruded 
they have an X appearance. From the ventral aspect of each spicule 
arise two series of digitations which carry the spicular sheath : the 
median row of digitations a4 relatively long, whereas the lateral row 
is short. These digitations are finely granular, are of irregular shape 
and often bifurcate. Both series tend to become much smaller in the 
anterior part of the spicule. The spicular sheath is very large and extends 
to the entire length of the spicule. It is about twice to three times the 
diameter of the cuticular tube. 

The accessory male organs found in nematodes have long been used 
as specific characters of some importance, but, while it was recognised 
that more than one structure in addition to the spicules was involved, 
it was not until 1921 that a definite terminology was applied to them. 
Hall then stated : " The gubernaculum and telemon appear to be modi- 
fications of the cloacal wall, either by local thickening and condensation 
of material of suitable hardness for the protection of the cloacal walls 
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from the passage of the sharp pointed spicules and for the direction 
of the spicules ;; they also support the cloacal wall and aperture, the 
spicules when these are extruded, and the genital cone in some cases ; 

a plate -like gubernaculum projecting from the dorsal wall of the cloaca 
may also aid in separating the spicules to form a suitable channel for 
the passage of the spermatozoa. Apparently the term gubernaculum 
should be restricted to the more or less longitudinal structure in the 
dorsal wall of the cloaca toward the anterior end, and the term telemon 

used for the supporting structure of variable form near the cloacal 
aperture." 

Fig. 2. Protostrongylus rufescens. Left. Commencement of vagina Right, 
Vulva and anus. 

Hall shews that the term gubernaculum (which means a guiding 
structure) has in many cases been used for what is functionally a telemon 
(which means an ornamental supporting structure). Accordingly, in 
this paper, the term accessory piece or pieces is used in a general sense 
to include both or either of these structures, and the terms gubernaculum 
and telemon used in the sense described above. 

The accessory pieces are two in number. The gubernaculum is 

situated 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 
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which often bifurcates distally, and on either side of which pass the 
spicules. 

The telemon in this species consists of an H- shaped structure about 
0.06 mm. long which is only pigmented in its posterior portion. The 
non -pigmented portion gradually passes into the substance of the canal 
wall. The posterior pigmented portion consists of the bottom arms 
of the H, and therefore appears under the low powers as two separate 
bodies of a brown colour. It is 0.05 mm. long. On the median aspect 
of the distal portion of each of these arms appear four or five blunt 
teeth (fig. 1c). 

The female genitalia is double and consists of two ovarian tubules 
which rise just behind the end of the cervical glands and almost exactly 
at the same level. They pass together almost, without convolutions 
to the posterior region of the body, where they form the dilated uteri. 
At about 0.6 mm. from the vulva the uteri unite for form a single long 
vagina. The anterior portion of this is strongly muscular, but the 
remainder of the tube is thin -walled and non -muscular and contains 
the large eggs. This tube opens at a vulva situated at about 0.15 mm. 
from the tip of the tail. I have been unable to find any trace of a " pro - 
vagina " or " vulvar flap " mentioned by Kamensky, Neveu Lemaire 
and other authors. 

The female genital tube with its long vagina superficially resembles 
that seen in Mecistocirrus. In that form, however, there is a typical 
double ovejector, and the vagina is actually the same structure as seen 
in the other Trichostrongyles, but enormously lengthened. In this 
case, however, the vagina is equivalent to the true vagina and the 
ovejectors combined, the first muscular part taking the place of the 
pars haustrix of both ovejectors in Mecistocirrus, the long second, 
amuscular part, being the pars ejectrix plus the vagina. In other words 
the apparent similarity between Mecistocirrus and Protostrongylus is 

the result of convergence and is only superficial. 

The anus is situated about 0.06 mm. from the tip of the tail and the 
rectum is very short. The tail is short and bluntly pointed (fig. 2). 

A pair of small caudal papille are present, but they do not penetrate 
the cuticle. 
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PROTOSTRONGYLUS OCREATUS (Railliet and Henry, 1907). 

This species was described by Railliet and Henry in 1907 very briefly 
as follows :- 

" Spicules 290µ to 330µ long, pectinate with bifid tip. Accessory 
organs, boot -shaped, measuring 70p, to 75µ. From sheep in Algeria." 

Some years ago, Professor R. T. Leiper had collected some specimens 
of Protostrongylus from sheep in Egypt, and these he placed at my 
disposal. They differ in some respects from Railliet and Henry's 
description of P. ocreatus, especially in the fact that the spicules are 
not bifid ; but it seems probable that they really belong to this species. 

Fig. 3. Protostrongylus ocreatus. Male, shewing bursa and telemon. 

When the spicules are retracted, the spicular sheath gives the illusion 
of a bifid spicule, and it is possible that this appearance misled the original 
authors. The geographical distribution and the shape of the accessory 
organs do not differ, and in consequence I tentatively place these specimens 
in the species ocreatus. 

The length of the male is about 15 mm. and of the female 24.5 mm. 
The male closely resembles the type species in size, shape of bursa, 
spicules and gubernaculum. The spicules measure 0.25 mm. The 
telemon, however, differs considerably, and resembles, as Railliet and 
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Henry have stated, a pair of top- boots. The top of this pair of boots 
is connected, as in P. rufescens, by a colourless structure. The pig- 
mented parts are 0.04 mm. long and are split distally. There is no 
trace of the teeth seen in the type species (fig. 3). 

The female closely resembles the type also. There is.a slight swelling 
posterior to the vulva, however, which is not seen in P. rufescens. The 
vulva is 0.15 mm. and the anus 0.06 mm. from the tip of the tail. 

PROTOSTRONGYLUS COMMUTATUS (Diesing 1851) Kamensky 1905. 

I have been unable to examine any specimens of this species. It 
is stated to be very common in Central Europe, but I have been unable 
to find it in England, although, thanks to the courtesy of the Manager 
of the Game Department of Messrs. Harrods, I have been given the 
opportunity of examining the lungs of some 100 English hares. 

In 1802, Froelich described, under the name of Filaria pulmonalis, 
a nematode parasite from the lung of the hare. Hall (1916) considers 
that this species was what we now call commutatus and has accordingly 
placed the latter name as a synonym of pulmonalis. Kamensky (1905) 

however, has shewn that both rufescens and commutatus at least are found 
in the lung of the hare. It is impossible to say to which of these Froelich's 
description applies -if either -and in the meantime it seems desirable 
to neglect his name and use the more familiar Protostrongylus commutatus. 

The morphology of this form has been investigated by several authors, 
and an excellent summary of its characters, so far as they are known, 
has been given by Hall (1916). It does not seem to differ in any essential 
characters from P. rufescens, but until this form has been re- described 
it seems impossible to delineate its actual differences. Its telemon 
appears to be identical with that of P. ocreatus ; indeed it is only on 
measurements that it can be at present distinguished from that species. 

Length of female 
Vulva from tail 
Anus from tail 
Length of male 
Spicules 
Telemon 

P. ocreatus. 

24-5 mm. 
0.15 mm. 
0.06 mm. 

15 mm. 
0.25 mm. 
0.04 mm. 

P. commutatus. 

28-50 mm. 
0.2 mm. 
0-1 mm. 

18-30 mm. 
0.16 to 0.17 mm. 
0.033 mm. 



11 T. W. M. CAMERON. (11) 

None of these differences seems to be very fundamental, and it is 

possible that Protostrongylus ocreatus should be regarded as a synonym 
of P. commutatus. This cannot definitely be done, however, until the 
specimens from hares, as well as the type specimens of P. ocreatus are 
examined in the light of modern investigations. 

PROTOSTRONGYLUS UNCIPHORUS (Railliet and Henry, 1907). 
Material of this form was not available for study, but from the meagre 

details given by the original authors in their description, it seems 
probable that it belongs to this genus. It was found in the sheep and 
goat and is described as follows : " Spicules 250µ to 260µ long, pectinate 
with extremity rounded and hirsute. Accessory organs recurved in 
the form of a hook and measuring from one end to the other, 50p to 
60µ." 

It is possible that this is the same species as has been described above 
as P. ocreatus. 

PROTOSTRONGYLUS SAGITTATUS (Mueller, 1891). 
This species was described from the lungs of Cervus elaphus, the only 

material available being a single male and three to four females. It 
seems to be closely related to P. rufescens, but does not seem to be identical 
with it. The spicules are described as being bifurcated, although this 
may be an optical illusion, while the accessory pieces are of different 
shapes to the type. The cuticular plates in the bursa are not mentioned. 
Moreover, a vulvar flap is present in the female. 

The spicules are said to be about 330µ long and the telemon 33µ long. 
Kamensky considers that his forms from the hare are identical with 
this species, and it is possible that this is the form considered by Lemaire 
to be S. rufescens. 

SYNTHETOCAULUS LINEARIS Marotel, 1913. 

I have been unable to obtain access to the original description of 

this species by Marotel. Lemaire states of it that the spicules are long, 
linear and pectinate ; moreover they are not equal in length, the larger 
measuring 320µ to 360µ and the smaller only half this size. There 
is also present a gubernaculum in the form of a " gouttière entire " 
which measures 55µ to 70µ long. In front of the bursa are two chitinous 
arcs, colourless and parallel. The median dorsal ray is very short 
and comb shaped. The lateral and ventral rays are more divided than 
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in commutates. Apart from the different size of the two spicules, it 
would appear to be related to Protostrongylus, but as such a character 
would appear to be fundamental, it is left under its old generic name 
until its description becomes accessible. 

ABLUROSTRONGYLUS ABSTRUSUS (Railliet, 1898). 
Originally described as Strongylus pusillus by Mueller, the specific 

name of this species was altered to absirusus by Railliet as the old name 
was preoccupied. It has been placed in the genus Protostrongylus by 
Kamensky and in the genus Synthetocaulus by Railliet and Henry. 
It does not, however, belong to the same genus as P. rufescens, as is 
obvious from the following description. Both telemon and cuticular 
plates are absent and the median dorsal ray is normal in type. 

Accordingly the new genus Aelurosirongylus is created for its reception. 
It was unfortunately not possible to obtain any unbroken specimens 

of this species, but sufficient fragments and nearly complete forms 
were recovered from the lungs of cats to enable the size to be stated 
as approximately 4 mm. in the male and 9 mm. in the female. 

The mouth opening is surrounded by six inconspicuous papille, and 
opens directly into the short almost cylindrical oesophagus which is 
about 0.25 mm. long. The excretory pore and the nerve -ring are in 
the usual positions. 

The male has a small but well- formed bursa present (fig. 4) which is 
complete and undivided. The ventral rays are blunt and lie close 
together but are separated by a considerable gap from the lateral group. 
The lateral rays are also close together, and close to them arises the 
externo -dorsal ray. The dorsal ray is broad and bifurcates early ; 

and the stout bifurcations give it a Y shape. There are traces of secondary 
bifurcations in each of the main stems, but none were actually seen 
in my specimens. In this respect the dorsal ray differs from that drawn 
by Mueller (1890), where the main bifurcations are separated from their 
base and the central stem is missing. The cuticular bursal supports 
seen in Protostrongylus are absent. 

The spicules are similar and equal, and measure 0.075 mm. in length. 
Each consists of a cuticular tube, which is swollen anteriorly but ter- 
minates in a blunt point. To each is attached a voluminous sheath 
which is transversely striated but which is without the supporting 
fingers seen in Protostrongylus. 
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The gubernaculum (fig. 5), which is 0.015 mm. long, has a flat base, 
from the anterior end of which rises a central structure which carries 

E 

E 

Fig. 4.- Aelurostrongylus abstrusus. Male bursa, lateral and ventral aspects. 

Fig. 5.- Aelurostrongylus abstrusus. Spicules and gubernaculum. 

anterior and posterior prolongations. The spicules pass on either side 
of these. There is no telemon present. 

The female has a double genital system which is only very slightly 
convoluted. The tail is bluntly pointed and there are no papill æ present. 
The anus is 0.04 mm, from the tip of the tail and the rectum is very 
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short. The vulva is 0.09 mm. from the anus and communicates with 
a long single vagina, which in turn joins the two parallel uteri. The 
vagina is about 1.5 mm. long and contains unsegmented eggs measuring 
about 80u long by 70u broad. 

Fig. 6.-- Aelurostrongylus abstrusus. Tail of female 

MUELLERIUS CAPILLARIS (Mueller, 1889). 

By far the commonest nematode parasite of the lungs of sheep is the 
form first described by Mueller in 1889 under the name of Pseudalius 
capillaris and in 1907 transferred by Railliet and Henry to their new 
genus Synthetocaulus. It is not, however, congeneric with Protostrongylus 
rufescens, neither does it belong to the genus Pseudalius. Accordingly, 
the new generic name Muellerius is proposed for it. 

The length of the male is about 12 mm. and of the female about 
19 mm. The cuticle is very finely striated, but the striations can only 
be observed under the high powers of the microscope. 
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The cephalic extremity is very similar to that of Protostrongylus. 

Oi mm 

Fig. 7.- Muellerius capillaris. Below, tail of male shewing one spicu,e. Above, 
cloacal region of male. 

The posterior extremity of the male forms a spiral of seven to nine 
turns similar to that seen in some of the Filarioidea. There is no bursa 
present, but a number of caudal papille are found. Close to the ano- 
genital opening, which is terminal, is a pair of small, sessile papille ; 

a short distance in front of this is a pair of small pedunculated papille, 
while just anterior to this are two pairs of rather larger pedunculated 
papille. Neither bursal membrane nor ale are present. 
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A small telemon is present. It consists of two conical homogeneous 
cuticular rods 0.013 mm. long. No gubernaculum can be seen. 

There are two equal and similar spicules of a very characteristic shape. 
Each (only one is shewn in fig. 7) resembles a bent tuning fork and 
measures 0.15 mm. in length. The handle, which is about half the 
length of the spicule, is gentle curved and carries a voluminous spicular 
sheath supported by cuticular digitations as in Protostrongylus. The 
blades of the tuning -fork are also curved and are serrated on their concave 
side. Each blade terminates in a sharp point. 

Fig. 8.-Muellerius capillaris. Tail of female. 

The female has the same general type of genitalia as is found in the 
other members of this group. The anus is about 0.04 mm. from the 
tip of the blunt tail (fig. 8) and the vulva is about 0.07 mm. anterior 
to the anus. There is a slight cuticular swelling just posterior to the 
vulva. 

The vulva is connected by a long tubular vagina, about 0.62 mm. 

long, to the two uteri. The larger part of this tube is relatively free 
from muscular fibres, but it is much thicker than is the corresponding 
part of P. rufescens. The anterior portion -about 0.12 mm. long - 
is surrounded by a stout band of muscular fibres, corresponding in function 
with the pars haustrix of the Trichostrongylidæ. 

The egg in the vagina is about 100µ by 20p broad. Fron this egg, 

which is deposited in an unsegmented condition in the alveoli, develops 
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a larva which closely resembles those of P. rufescens. It is 0.25 mm. 
long and has a posterior undulating appendix. The anus is 0.022 mm. 
from the tip of this. The length of the oesophagus is 0.075 mm., and 
it has a double muscular bulb (fig. 9). The posterior portion of the 

Fig. 9. Muellerius capillaris. Larva. 

oesophagus seems to be largely glandular, while the anterior portion is 

mainly muscular. The genital rudiment lies about the junction of 

the anterior and middle thirds of the intestine. 
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PSEUDOSTRONGYLUS PUTORIUS gen. et sp. nov. 
This species occurs in the alveoli of the lungs and was found in the 

British pole -cat, Putorius ßutorius. It was unfortunately impossible 
to obtain any entire specimens, but sufficient fragments were teased 

Fig. 10. Pseudostrongylus putorius. Tail of male. Above, ventral view. Below, 
lateral view. 

out of the lung tissue to enable the following description to be prepared 

The mouth opening, which is a simple pore, is surrounded by six low 

papillæ. There is no vestibule, and the oesophagus communicates 
directly with the mouth. The oesophagus is of a simple claviform shape 
and is about 0.175 mm. long. The nerve -ring surrounds the central 
region of the oesophagus, and the excretory pore, which is .conspicuous, 
is situated immediately posterior to this. There are no cervical papillæ. 
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The posterior end of the male terminates in a blunt tail, with no 
trace of a bursa. There are, however, present a number of low sessile 
papilla surrounding the ano- genital opening (fig. 10). A double 
pair is situated at the extremity and a single pair at the level of the 
opening. At least one pair of pre -anal papilla are present. 

The spicules, which are 0.225 mm. long, are equal and similar. Each 
is gently curved and consists of a simple tube terminating in a sharp 
point. Each spicule is enclosed in a striated sheath, but the finger -like 
processes of Protostrongylus are absent. There is also present a simple 
gubernaculum, 0.03 mm. long, but there is no trace of a telemon. 

Fig. 11. Pseudostrongylus putorius. Tail of female. Left, ventral view. Right, 
lateral view. 

The female resembles the other members of this group in having a 
double genital system, which opens in the posterior region of the body in 

the neighbourhood of the anus. The tip of the tail is blunt and on either 
side is a small conical papilla. A second pair is found just posterior 
to the anus, which lies 0.03 mm. from the tip of the tail. The vulva 
is protuberant and is 0.05 mm. in front of the anus. It communicates 
with a single long vagina, which in turn joins the two parallel uteri. 

The egg is laid in an unsegmented condition and the larva hatches 
in . situ. The egg is oval and measures l00µ by 70v. The larva is 

0.33 mm. long and has a small undulating appendix at its posterior end. 

The anus is 0.3 mm. from the tip of the tail. Six minute circumoral 
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papill e are present and the skin is very finely striated. The oesophagus, 

which is 0.16 mm. long, has only a single terminal bulb, the medial bulb 

Fig. 12. Pseudostrongylus putorius larva. 

seen in the previous species is absent. The intestine is 0.125 mm. 
long and the genital rudiment is present just posterior to the middle of 
this. 

The larva, while resembling the larve of Protostrongylus in outline, 
differs in having a simple oesophagus without a central swelling and 
in the position of the genital rudiment. 
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The Mustelidæ are known to be hosts of an imperfectly known species 
of lungworm Filaroides mustelorum, and there was a possibility that 
this species was related to it. 

Fortunately there was available from the frontal sinus of the British 
weasel (Mustela nivalis) several specimens of this form, and from these 
the following description has been prepared. It is obvious that these 
species are not congeneric. 

D 

Fig. 13. Filaroides mustelarum. A, tail of male, lateral view. B, ventral view. 
C, tail of female. D, head. 

FILAROIDES MUSTELARUM (Rud., 1819) v. Beneden, 1858. 

The oral aperture takes the form of a shallow buccal capsule (fig. 13), 

the edges of which have a triangular cross section. The apex of this 
triangle is notched and to the outer projection is attached the cuticle. 
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The cuticle, except at the extremities, is very thick (fig. 14) and is 

thrown into transverse annulations, which are, however, only superficial, 
the inner surface being more or less straight. The thickness of the cuticle 
in the female amounts to 0.1 mm. and in the male to 0.02 mm. Near 
the surface it is hyaline, but in its depth it is finely granular and brown 
in colour. Apart from the junctions of the annulations, there are no 
transverse striations ; the surface is, however, finely mottled. 

The oesophagus is about 0.5 mm. long and is only very slightly swollen 
posteriorly. The nerve -ring and excretory pore lie about the junction 
of the anterior and middle thirds. 

The male is about 9 mm. long. The bursa has been replaced by lateral 
aim, each of which is supported by five papille. The first and the third 
of these (counting from the posterior margin) reach the edge of the 
aim, while the other three do not. The second papilla appears to ter- 
minate on the dorsal surface. The fourth and fifth are very close together. 
It is possible that these represent the ventral rays, while the other three 
represent the lateral group of rays of the normal bursa. The second 
papilla would in this case probably be the equivalent of the externo- 
lateral ray ; while the dorsal rays have disappeared. 

The male body terminates in a small cuticular spine (fig. 13A). The 
spicules are equal and similar and measure about 0.175 mm. in length. 
They are of the simple tubular type. The anterior end is open (fig. 13), 

while the posterior end is sharp and pointed. Each carries a spicular 
sheath which is supported by fingers similar to those found in Proto- 
strongylus rufescens. There is no gubernaculum present, but a small 
wedge- shaped telemon can be seen. 

The female genitalia is double and opposed and very convoluted. 
The vulva is situated at the middle of the body and it communicates 
with a short vagina which joins a double ovejector (fig. 14), which super- 
ficially resembles the Trichostrongyle type. The well- marked pars haustrix 
of that type is, however, absent, and it contains numerous small eggs. 
From either end run the uteri, which pass almost to the extremities 
of the worm, reverse and become the very convoluted ovarian tubules. 

The anus is situated about 0.08 nain. from the tip of the tail (fig. 13c) 

and communicates with the G ss%y means of a short rectum. The 
tail, which is blunt, terminates in a small cuticular spike similar to that 
seen in the male. 
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Filaroides mustelarum occurs not only in the lungs but also in the 
frontal sinus and ethmoid bones. The only other nematode described 
from the frontal sinus was that found in 1920 by Vevers in Felis bengalensis 
and described by him in 1922 under the name of Trogylostrongylus 
trogylostrongylus. That species, however, as suggested by Vevers at 
the time, does not resemble Filaroides mustelarum as it possesses a 
complete and typical bursa. 

I mm 

Fig. 14.- Filaroides mustelarum. Vulvar region of female." 

CONCLUSIONS. 

The classification of the Protostrongylidæ has always been a matter 
of some difficulty, and the splitting of the old Synthetocaulus group 
into its component parts has not entirely removed the difficulties. These 
are in part due to the simplification of body form which necessarily 
follows such a specialised habitat as the lungs, blood -vessels and sinuses 
of the head. There is little doubt that all these forms Filaroides 
may be a possible exception -were originally bursate nematodes ; 

and to remove from the family such forms as have now lost that bursa 
secondarily would be to substitute an artificial for a natural system of 

classification. Accordingly the forms described in this paper are left 
in the Protostrongylidæ until our knowledge of the classification of the 
Filarid and Spirurid worms has reached a more satisfactory state. 
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Observations on the Life History of Ælurostrongylus 
Abstrusus (Railliet), the Lungworm of the Cat: 

By THOMAS W. M. CAMERON, M.A., B.Sc., Ph.D., M.R.C.V.S. 
(Department of Helminthology, London School of Hygiene and Tropical Medicine.) 

A PRELIMINARY outline of the life history of the lungworm of the cat 
and its confusion with that of 011ulanus tricuspis, has been given in 
a previous paper. Since that paper was published, the name of the 
family of lungworms has been changed to Protostrongylidæ by Professor 
Leiper ; and an examination of adults of the lungworm from the cat, 
shewed that it belonged to a different genus from the type of the old 
genus Synthetocaulus. To this new genus, the name Ælurostrongylus 
has been given. 

Since the publication of the preliminary outline, there has appeared 
a paper by Sambon, which deals, inter alia, with nematodes found in 
the mouse, and which contains the following statement appended in 
the form of a footnote to a reference to Leuckart's conception of the 
life history of 011ulanus tricuspis : -" Cameron has recently claimed to 
have shewn that what Leuckart regarded as the larvle of 011ulanus 

in mice were in reality those of Synthetocaulus abstrusus, a lungworm 
of the cat. No other worm belonging to the family Metastrongylid e, 

of which Synthetocaulus is a member, is known to pass through an inter- 
mediate host and Cameron's experiments appear to require confirmation." 

There can be no possible objection of course to any work being repeated 
by helminthologists, but the practice of inference by analogy in zoological 
life- histories is a very dangerous one. Leiper convincingly demonstrated 
this in his investigations on Egyptian Schistosomiasis. It is a common- 
place that Hymenolepis nana develops in an entirely different manner 
from other species of the genus, Hyrnenolepis diminuta, for example. 
Moreover, there exist at least fourteen genera among the Protostrongy- 
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lida, and of these, one only, Dictyocâulus, has been worked out with 
any degree of completeness ; even in this case, there are still many 
details lacking -a fact which makes, in the case of Ælurostrongylus, 
the danger of inference by analogy even more obvious. 

The Morphology of the Larva in the Cat. 

The eggs, laid in the alveoli and parenchymatous tissue of the lungs, 
hatch in situ and the larva migrate up the trachea, and are swallowed 
and pass out with the faces. From the time of hatching until the time 
that they leave the body in the faces, no apparent change in morphology 
takes place. 

The larva have been allowed to hatch in the dead body of the female 
Ælurostrongylus so that there is no possibility of this being the larval 
stage of any other species of worms. 

The larva is about 0.36 mm. long and 0.015 mm. broad (fig. 1). The 
mouth opening is simple and is surrounded by six low papilla. The 
cuticle is covered with very fine transverse striations and a double 
lateral line is seen, suggesting that the first larval stage is omitted in 
this species. 

The oesophagus is 0.14 mm. long and has a central, as well as a posterior, 
swelling. The anterior part of the oesophagus, terminating at the central 
bulb, is largely muscular ; the posterior portion is distinctly glandular, 
a characteristic which it shares with the corresponding larval stage 
of Muellerius capillaris. The anterior swelling has a diameter of about 
0.006 mm., the posterior swelling, about 0.01 mm., and the narrow part, 
0.003 mm. 

The oesophagus communicates with the mouth opening by means of 

a cuticular buccal-tube which seems to be continuous with the oesophageal 
lumen. This tube is dilated centrally (fig. 1) but converges slightly 
towards its anterior junction with the inflexed cuticle. 

The intestine is very granular and measures about 0.19 mm. in length. 
It is connected with the anus by means of a short cuticular rectum. 
Just posterior to the anus is a small protuberance which is inconstant 
in size but is always present. The anus is about 0.03 mm. from the 
tip of the tail. 

The tail is very characteristic and carries an undulating appendix 
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Ælurostrongylus abstruses. Fig. 1, Ovum and larva as found in the lungs and 
intestine of a cat, shewing the variation in tail form. 
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and normally a dorsal projection. These vary very considerably in 
size and relative position. That shewn in the larva drawn in fig. 1 

is the commonest arrangement, but the six tails shewn above it are 
all camera ludica drawings of larval tails from the same mother, and 
this sufficiently illustrates the variations found. 

The genital rudiment consists of a small collection of highly granular 
cells situated just posterior to the middle of the intestine. 

The nerve ring is at the level of the anterior bulb of the oesophagus, 
while the excretory pore is just posterior to this. 

Biology of íhe Larva. 

Although larva are numerous in the intestinal contents, it was found 
more convenient to collect them from the lungs. An infected lung 
was minced, and after mixture with water, the fluid was strained into 
a centrifuge tube. The precipitate consisted of small particles of lung 
tissue from which the larva could be easily isolated in pure culture. 

The larva are very active when isolated on a slide from the lung 
or intestinal contents, and, when collected in water, they still retain 
their activity. They normally move about with an undulating movements 
but in a fluid medium make very little forward progress. In mucoid 
acal material, however, they do progress slightly. They do not appear 

to climb from facal cultures in petri dishes as so many of the Strongyle 
larva do. 

Temperature reactions. By means of a Leitz warm stage, the reactions 
of the larva in water to various changes in temperature between 22° C. 

and 60° C., could be studied. Until 32° C., the normal undulatory 
movements were observed to become slightly more rapid as the tempera- 
ture rose. At 37° C., however, they changed to lashing movement, 
the extremities being very rapidly " whipped " from one side to another. 
At 40° C., the larva commenced coiling and uncoiling, and as the tempera- 
ture rose a distinct " trembling " was superimposed upon this. At 
47° C., the larva remained uncoiled but still trembled violently. At 
52° C., all movement ceased and did not return again as the temperature 
fell. 

If some larva were isolated in water on a slide and a hot needle brought 
near them, they at first coiled up into a spiral, but as the needle cooled 
the larva uncoiled and moved away from the source of heat. 
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The reactions of the larva to cold were not -extensively studied but 
it was found that although they could exist overnight in an ice chest 
with a temperature of about 4° C., they were unable to resist actual 
freezing. 

Skin penetration. A number of larva were collected in a small drop 
of water and tested for skin penetration by means of the Goodey Floating 
Raft technique, the skin of a young rat being used. The larva moved 
actively on the surface of the skin but made no attempt to penetrate 
it. After the drop of water had evaporated the surface of the skin 
was covered with egg albumen and when this had dried, the skin was 
fixed, and serial sections cut. The larva could be seen on the surface 
and none had attempted to penetrate the skin. The saline used for 
floating the raft was centrifuged, but no trace of larva could be dis- 
covered. This experiment was repeated with larva from the faces 
(collected by straining, and decanting and centrifuging) varying in 
age from one to eight days. In all cases, no larva were found to penetrate 
the skin and it appears legitimate to conclude from this series of experi- 
ments that the larva are not skin penetrators. On the application of 
methyl green to larva on a slide (as used by Looss in his experiments 
on the infective larva of Ancylostoma) the stain did not penetrate the 
cuticle and the larva continued to remain alive, moving their bodies in 
a slow sideways motion without any forward movement. 

Duration of Life. The larva do not seem to be able to live in the 
free state for over a fortnight -the longest period for which the writer 
could keep them alive in water being eleven days. They appeared 
to die even earlier in faces. During their period of free life only degener- 
ative changes were observed and in no case did they shew any sign of 

further evolution. 

Feeding Experiments with Mice. Following the example of Leuckart, 
these larva were fed to a number of tame white mice bred in captivity. 
All the mice were obtained from the same source originally, although 
later some were bred in the laboratory. In all forty -six mice were infected, 
but owing to outbreaks of sarcosporidiosis and of Rat Bite Fever, a 

number died before the experiments were completed. Such animals 
have been disregarded. Of the remainder, eleven were examined and 
were found to have developed cysts, while fourteen were destroyed 
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at various dates after infection and preserved pending further investi- 
gations into the course of the larva in the mouse. Six mice were found 
to be negative, so far as could be seen. All these experiments were 
fully controlled by keeping mice of the same origin and age, uninfected 
with larvae of Ælurostrongylus. In none of these was any extra - 
intestinal parasite ever found. In this way, twenty -one control mice 
were examined. Mice were fed in batches, (a) by feeding on infected 
embryo- bearing lungs, or (b) by feeding with larvae isolated from lungs 
or intestine or stomach placed on moistened biscuit or bread. Care 
was taken to see that all the material was eaten, but it was not possible 
to say if every mouse in every batch had swallowed larvae. It is, therefore, 
impossible to say whether the six negative results recorded above were 
due to not being infected, or were slight infections overlooked; or were 
really failures. Sufficient positives were obtained, however, to make 
it virtually certain that the larvae described below are really further 
stages in the development of IElurostrongylus, a probability more than 
borne out by subsequent feeding experiments to cats. 

The Infective Larva. 

It was found that the most convenient way to find if a mouse was 
infected was to pin the animal on a board with its abdominal surface 
upward. The skin was then reflected from the inner surface of a hind 
leg and the underlying areolar tissue ;examined. The worm -containing 
cysts were often visible to the naked eye, as " bubbles " lying superficial 
to the muscles of the leg. Whether so visible or not, a piece of this 
tissue was removed with curved scissors and placed between two slides 
and examined microscopically. In this way material was obtained 
for the following description. If the mouse proved to be infected the 
remainder was fed to a kitten. 

The cysts are about 0.3 mm. in diameter and have a thin fibrous 
wall. They are filled with a yellow granular or caseous material in 
the centre of which the larva is seen coiled on itself. 

When removed from the cyst the larva is found to be 0.725 mm 
1 ong (fig. 2) and about 0.025 mm. in thickness. It is finely striated 
transversely. The oesophagus is now 0.2 mm. long, i.e., the ratio of 
the length of the oesophagus to the body length is 1 : 3.5 ; whereas 
in the earlier larva it is about 1 : 2.5. The central bulb has disappeared 
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JElurostrongylus abstrusus. Fig. 2, larva found encysted in the mouse. 
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and the posterior bulb is relatively smaller. The whole oesophagus 

is much more muscular and less granular than in the previous stage. 

The mouth is a simple pore communicating with the oesophagus by 
means of a cuticular buccal tube (fig. 2). The buccal tube consists 
of a more highly cuticularised anterior portion and a less highly cuticu- 
larised posterior portion which communicates directly with the lumen 
of the (esophagus. The anterior portion has a small number of ruge 
on its exterior surface while the interior surface is smooth. 

The nerve ring is situated about the level of the junction of the anterior 
and middle thirds, and the excretory pore is just behind this. 

The genital rudiment is just posterior to the middle of the intestine. 

The intestine is about 0.35 mm. long and is very granular. It com- 
municates with the anus by means of a straight rectum about 0.02 mm. 
long. The anus is situated about 0.04 mm. from the tip of the tail. 

The tail (fig. 2) is bluntly pointed. Towards its tip, the body narrows 
rather suddenly and the posterior portion is surrounded by deep striations 
which give it a serrated appearance. There is no trace of the undulating 
appendix seen in the previous stage. 

Experiments on Cats. 

The experimental work on cats falls into two groups, (a) feeding with 
free Iarwe from other cats, and (b) feeding with encysted larve from 
mice. 

(a) Four cats were fed on various dates with the larve isolated from 
the lung tissue and from the intestine. The first two (E and F) were 
fed from street infections which were contaminated with Oilulanus 
trictaspis. In these two animals the infection with the latter parasite 
was demonstrated on post -mortem examination, but in all four (E, 
F, N and O)Y no evidence of l-irostrotg ylaas could be seen. 

(b) Seven animals were fed at various dates with mice which contained 
encysted larvæ as described above. Two of these animals died from 
distemper shortly after infection and no evidence of lung infection could 
be seen. In the other five, however, .Elaarostroaaylus was found in the 
lungs. These experiments are detailed below. 

Cats B, C and D were procured in Edinburgh in July, 1924. 
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Cats B and C contained adults of 011ulanus tricuspis, together with 
what Leuckart had considered were the larvae of this species -larvae 
which afterwards proved to be those of IElurostrongylus abstrusus. 
The lungs were not examined and all other organs except the stomach 
appeared to be normal. The stomach contained only yellow mucus, 
and this was scraped off, and, with some of the intestinal contents, 
was fed to mice a and b. Cultures were made from the stomach and 
intestinal contents, with and without charcoal ; but no larvae were 
ever recovered from these. Faeces of both mice were examined the 
following day, but only Ascaris eggs could be demonstrated. These 
eggs came from the cats and shewed that the mice had actually eaten 
the material. No larvae were found in the faces. 

Cat D was secured ten days later. There was a fairly heavy infection 
of 011ulanus in the stomach and larvae were found, similar to those 
recovered from the previous cats, not only throughout the alimentary 
tract, but in the lungs and trachea. The stomach scrapings were fed 
to mice a, b, c and d, as well as to two kittens, E and F. These cats 
were subsequently found to have contracted the 011ulanus infection 
but not the . Elurostrongylus one. 

Four mice had thus been fed on these larvae and three of these (one 
died and was preserved) were later examined and found to have encysted 
larvae in their sub -cutaneous tissue ; these were fed to cats K and L. 

These animals and all others, except those from " street " infections, 
were obtained as very young kittens and control animals from the same 
source were retained throughout the series of experiments. In no 
case, did any of the control animals, including those used in the parallel 
series on 011ulanus, ever display any sign of lung- worms. 

Cat K, a kitten of four months of age, was fed with mouse b at the 
end of October, 1924, and destroyed on the 14th January, 1925. The 
stomach contained no trace of 011ulanus adults but the terminal spined 
larvae were present in considerable numbers. These were found to be 
swarming in the lungs. The condition of the animal was emaciated, 
although it had been feeding well. The stomach contents were fed 

to cats N and O, but on examination a month and six weeks later, neither 
011ulanus nor larva were found. The lungs were minced and fed to 
eight mice (g to o), by placing the material in a glass capsule and leaving 
in the cage with the animals. Four mice later died from Sarcossoridia 
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and no trace of encysted larva could be found. The remaining five 

were destroyed at various intervals and all contained encysted larva. 
These were fed to various clean kittens. 

Cal L was fed on the 21st December, 1924, on mice c and d and 
destroyed a year later. Previous to death, larva were obtained from 
the faces. The lungs were found to be heavily infected and larva 
in various stages of development were seen. The minced lungs were 
fed in a manner similar to above, to mice p to u. 

Cal P was fed with nice g and h on the 5th February, 1925, and was 

destroyed on the 24th March of the same year. The lungs were heavily 
infected with tEloroslrongt Ins, and for the first time, adults were recovered 
from the lungs. There was no trace of 011ularn rs. No free larva were 
found although many developing forms were seen in the lungs. This 
suggests that the parasitic development of the parasite takes about 
six weeks. 

Cal Y was infected on the 18th January, 1926, by feeding on mice 

j and k. It died on the 18th of March, but the infection was a poor one 
and only a few larva were seen. This animal died from distemper, 
and this may have affected the normal course of the experiment. 

C was infected on the 19th March, 1926, by feeding on mouse 
q- It died on the 7th May under circumstances similar to Cat Y. No 

parasites were found in the lungs, although mouse q was known to be 
infected. 

Cat EE was fed with mouse r on the 10th May, 1926, but died ten 
days later from distemper. It also was negative. 

Cat EE was f.4 with mice s and t on the 5th of June and destroyed 
on the 7th September, 1926. Larva were present in the lungs in small 
numbers, but no a 'nits were seen ou careful dissection. 011ulaims was 
also .. ',;sent. 

Leuckart stated that he found the larva encysted, not only in the 
lungs but also in the diaphragm, the liver and elsewhere in the cat. 
In - spite of careful search and examination of serial sections, I have 
been unable to find ese cysts even in heavily infected cats. 

He state~ that these cysts measure 0.15 mm. to 0 -2 mm. and have 
a thick connective tissue capsule which is often three times the diameter 
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Cat. 
Infection. Examination. 

Disposal. 
Source. Date. Date. Result. 

B ... ... Street ... - 11/7/24 + Fed to mice a and b. 
C ... ... Street ... - ,, + Fed to mice a and b. 
D ... Street ... - 21/7/24 + Fed to mice a, b, c and 

d ;and cats E and F. 
E ... ... Cat D ... 21/7/24 29/8/24 - - 
F ... ... Cat D ... 19/3/25 - - 
K ... ... Mouse b 23/10/24 14/1/25 + Fed to mice g, h, j, 

k, 1, m, n and o. 
L ... ... Mice c 

and d 
21/12/24 19/12/25 + Fed to mice p, q, r, 

s, t and u. 
N ... ... Cat K ... 14/1/25 12/2/25 - - 
O ... ... Cat K ... 25/2/25 - - 
P ... ... Mice g 

and h 
5/2/25 24/3/25 + Preserved. 

Y ... ... Mice j &k 18/1/26 18/3/26 + (Distemper). 
DD ... Mouse q 19/4/26 7/5/26 - 
EE ... Mouse r 10/5/26 20/5/26 - 
FF ... Mice s 

and t 
25/6/26 7/9/26 + Preserved. 

MICE 

Mouse. 
Infection. Examination. 

Disposal. 
Source. Date. Date. 

a ... 

b ... ... 
c ... ... 
d ... ... 
g ... ... 
h ... 
j ... 
k .. 
1 to o ... 
p ... ... 
q ... 
r ... 
s ... 
t ... 
u ... 

Cats B and 
C, and 
Cat D 

Cat D ... 

Cat K... 

IS 

Cat L ... 

... 

11/7/24 

21/7/24 

21/7/24 

14/1/25 

19/12/25 

23/7/24 

23/10/24 
21/12/24 

5/2/25 

18/1/26 
18/1/26 
23/3/26 - 
19/4/26 
10/5/26 
25/6/26 

30/6/26 

? 

+ 
+ 
+ 
+ 
+ 
+ 
+ - - 
+ 
+ 
+ 
+ - 

Preserved. 

Fed to Cat K. 
Fed to Cats L and M. 

P. 
P. 
Y 
Y. 

No cysts seen. 

Fed to Cat DD. 

FF. 
, FF. 

No cysts seen. 

of the enclosed space. The larva may completely fill this space with 

its tightly wound coils or may be surrounded by a slight space filled 

with a clear liquid. 
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Recently, Professor Leiper has been conducting a series of experiments 
\vith Tra ti;mil a sparalas and he was struck with the unusual appearance 
of the cysts in cats caused by the larva of this species. Instead of the 
usual lemon-shaped cyst so characteristic of mice and pigs, the syst 
was almost spherical, although the infection was originally from rats 
with " normal cysts. This is obviously because the host reaction 
in the cat (and examination of cysts from other carnivores, shewed 
that it is probably a group reaction) differs from that of the rodent or 
the pig and is not due to there being present a different species of 
Trichinsllaa. These cysts measure about 0.2 mm. in diameter and corre- 
spond to Leuckart's description except that the cyst wall is not so thick. 
As rodents are naturally eaten by cats, it is possible that Leuckart's 
animal in addition to suffering from 1Eiurostron. lus and 011ula tits, 

also suffered from a Tràchinellaa infection. Further work is necessary 
before this can be definitely assumed, however. 

Although there are many essential details of the life history of ,AIuro- 
sfrongylass atstrarsals still remaining to be elucidated -more especially 
the development of the larva in the mouse and the development of the 
adult in the cat -it may be stated that the essential outline of its life 

history is as follows. The eggs, deposited in the lungs, hatch in situ, 
pass up the trachea, are swallowed, and so reach the exterior with the 
droppings. There the feces are eaten by mice and the larva migrates 
to various situations among the muscles and in the subcutaneous tissue, 
where, within three weeks, it assumes an infective, encysted form. It 
may remain viable for at least a year in this situation. If the mouse 
is now eaten by a cat, the larva escapes from the cyst and, reaching 
the lungs, within six weeks becomes a mature egg -laying adult. 
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On the Morphology of 011ulanus tricuspis Leuckart, 
1865, a Nematode Parasite of the Cat. 

BY T. W. M. CAMERON, M.A., B.Sc., Ph.D., M.R.C.V.S. 

INTRODUCTION. 

IN 1865 Leuckart described from the Cat, in Germany, a very minute 
. Strongyle worm which he called 011ulanus tricuspis. This worm which 

was recorded from Britain by Cobbold (1873) and Stirling (1877), but 
was not properly described or figured, has occurred recently in some 
cats examined by the writer. 

OLLULANUS TRICUSPIS Leuck., 1865. 

Syn. Olulanus tricuspis Cobbold, 1873. 

In the fresh state the parasites are colourless, and are generally found 
with the head end coiled on itself. They are very minute, the male 
measuring only .7 to .8 mm. in length, with an average breadth of .035 

mm. ; while the female is .8 to 1 mm. long, and about .04 mm. broad. 
The cuticle is faintly striated transversely and more conspicuously 

striated longitudinally. 
The Anterior Extremity. -A small buccal cavity is present containing 

no teeth, cutting plates, or similar structures. The cavity is formed by 
a reflection of the cuticle, and in optical section is almost spherical (Fig. 4). 
The lateral diameter is .004 mm., and its antero- posterior diameter is 

.005 mm. 
The oesophagus, which is about .2 mm. long, is only slightly swollen 

posteriorly. The oesophageal muicles are poorly developed. The excre- 
tory pore is comparatively large, and is situated in the posterior oesopha- 

geal region, which it divides in the ratio of three to two. The cervical 
papillæ are large and posteriorly directed. They are just anterior to 
the excretory pore. The nerve ring is at the same level. 

The Female. -The vulva (Fig. 2) is a prominent structure situated in 
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Oliulanus tricuspis : Fig. 1, Immature female, ventral aspect. Fig. 2, lateral view of tail of 
female. Fig. 3, Gravid female. Fig. 4, Oral capsule (enlarged). 



(3) T. W. M. CAMERON. 

the posterior region of the body, which it divides in the ratio of approxi- 
mately five to one. 

The vulva opens into a short vagina, which is continued anteriorly 
as a single uterus. The junction of uterus and vagina is surrounded by 
a granular mass in the immature female. This disappears in the mature 
female. There is no ovejector. The single ovary originates about the 
level of the oesophageal bulb, and insensibly joins the uterus. The ova 
are very large and granular. As the worm becomes older, the ovary 
becomes confined to the anterior part of the body, the remainder of 
which is occupied by the intestine and one to three very large larva (.3 to 
.35 mm. long). The anus is situated about .03 to .04 mm. from the. 

Fig. 5, 011ulanus tricuspis: Bursa, lateral view. 

posterior end. The rectum is a straight tube about .015 mm. long. 
The tip of the tail has typically three "cusps " or teeth ; but occasion- 

ally one or two small extra cusps are found. (Fig. 6,c.) 

The Male. - prebursal papilla are absent. The bursa (Fig. 5) is 

undivided, and is open only on the ventral side. The dorsal ray is 

comparatively stout, arid bifurcates near its tip. The externo- dorsal 
rays leave the dorsal ray about half -way down its main stem. They 
arise at right angles to the dorsal, but immediately bend posteriorly 
and terminate close to the digitations of the dorsal ray. (Fig. 6,a.) 

The lateral group of rays originate together, the externo- lateral being 
the thickest. The postero -lateral ray has a conspicuous shoulder near 
its point of origin and is slightly shorter than the others. 
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The ventral rays are both about the same size and length, and both 
diverge from the lateral group. 

The genital cone is of medium proportions, and is simple, with a single 
sharp point. The cloacal aperture opens about half-way down its 
ventral face. 

The -spicules are equal in length (about .05 mm.) and are bifurcated, 
one bifurcation being sharp and the other rounded. (Fig. G, b.) There is 
no accessory piece. 

-01mm 

O 

Fi. ti, altelantts gricaspis (s) Dormi ray of buta ; Spicule ; 4 tip of female !ma. 
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Observations on the Life History of 011ulanus tricuspis 
Leuck., the Stomach Worm of the Cat. 

By THOMAS W. M. CAMERON, M.A., B.Sc., Ph.D., M.R.C.V.S. 
(Department of Helminthology, London School of Hygiene and Tropical Medicine.) 

UNTIL recently, it had generally been accepted that the life history of 
011ulanus tricuspis was a complicated one involving an intermediate 
host, the mouse. Last year, however, I drew attention to the fact that 
the larval stages, both in the cat and in the mouse, believed by Leuckart 
to belong to 011ulanus, were really those of iElurostrongylus, the lung - 
worm of the cat. Subsequent work has enabled some of the details 
of the life history of 011ulanus to be elucidated -although by no means 
all -and these are considered in this paper. 

The Gravid Female. 
The adult worms live on the surface of the stomach and in the acini 

of the stomach glands. In very heavy infections, they may even be found 
in the first inch of the duodenum but they have never been found 
beyond the duodenal flexure. This is analogous to the state of affairs 
seen in other stomach worms in other animals. Their presence on 
the surface of the gastric mucosa causes the production of a thick glairy 
mucous which assists in keeping them in position. 

In a previous paper on their morphology, I pointed out that they 
were commonly found with the head bent on itself and subsequent 
observations have fully confirmed this. They appear to be very lethargic 
in their movements. All the morphological descriptions in this and 
the previous paper were made from living specimens taken from the 
stomach of a freshly killed cat. 
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General Evolution. 
The large granular eggs formed in the single uterus gradually develop 

into a larva (fig. 2), which escapes from the thin egg shell (fig. 3) and 
subsequently moults -still inside the female- resulting in a form with 
tricuspid tail. I have not yet discovered the exact stage at which this 
larva leaves the body, but experiments indicate that this is not the 
infective stage. The next stage seen is free in the stomach of the cat 
(fig. 6). Finally, also free in the stomach, is found a stage comparable 
with the fourth stage larva of the other Strongyles (figs. 7 and 10). 

The sheath of this form, in both sexes, carries a typical tricuspid tail. 

All the forms found free in the stomach of the cat -except the ádult 
male - possess a typical tricuspid tail and bear no resemblance whatever 
to the larva of Ælurostrongylus abstrusus. 

The first larval stage. 

This form is first seen inside the distended egg shell (figs. 1 and 2), 

but ultimately comes to lie free in the uterus of the female (fie. 3). The 
description of this and the next stage has been prepared from specimens 
dissected from the uterus of gravid females. 

This larva differs from all subsequent stages in possessing a round 
blunt tail. It is 0.35 mm. long and about 0.022 mm. in thickness. 
The mouth opening is a simple pore, apparently not surrounded by circum- 
oral papille. A distinct buccal tube, somewhat dilated centrally, 
connects the mouth pore with the oesophagus. The oesophagus is about 
0.125 mm. long and is of the usual type seen in young strongyle larve, 
i.e., it has a posterior bulb (0.013 mm. in width) joined by a constriction 
to an anterior swollen portion (0.01 mm. wide). 

The anterior portion of the body is filled with large granular cells 
which partly obscure the oesophagus. The intestine is very granular 
and measures 0.2 mm. long. The anus is situated 0.013 mm. from the 
end of the blunt tail. 

This stage is later seen to become " vacuolated " at both ends and 
at the posterior end (fig 4) the tricuspid tail of the next stage may be 
seen in process of formation. 

The second larval stage. 

This form is about 0.34 mm. long and has a typical tricuspid tail. 



(3) T. W. M. CAMERON. 69 

The cuticle is finely striated transversely. The mouth opening is a 

simple pore which communicates with a buccal tube which is cuticularised 

011ulanus tricuspis. Fig. 1, gravid female sbewing egg, developing first stage 
larva and developed first stage larva. A second stage larva was also 
removed by dissection from this specimen, but it is not shown in the 
drawing. 

and is reinforced anteriorly with a cuticular ring. It communicates 
with an oesophagus which is similar in shape to that seen in the first 

stage and which measures 0.13 mm. in length. The excretory pore 
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and nerve ring are in the normal place, at the level of the oesophageal 
constriction. The intestine is very granular and measures 0.16 mm. 
in length. It communicates by means of a short rectal tube with the 
anus which is situated about 0.03 mm. from the tip of the tricuspid 
tail. 

The next stage to be described has always been found free in the 
stomach, but forms apparently similar but measuring 0.4 mm in length 
with an oesophagus 0.0125 mm. long, have been dissected from gravid 
females. It is probable that this is the third stage larva and as such, 
it is described. 

The third stage larva. 
This form (fig. 6) measures 0.5 mm. in length with a width of about 

0.022 mm. The skin is finely striated. The mouth opening is simple 
but it communicates with a V- shaped buccal cavity, the straight sides 
of which are cuticularised. The oesophagus which still has a slight 
constriction, is 0.15 mm. long with a maximum width of 0.012 mm. 
The intestine is very granular and measures 0.35 mm. in length. Towards 
the posterior portion of the intestine, and running parallel with it, is 

seen the elongated genital rudiment. There is, of course, still no trace 
of a genital opening. The anus is 0.03 mm. from the tip of the tricuspid 
tail. 

This form, unlike the adults, usually lies curved like an arc, and is 

found, not only in the same position as the adults, but free in the cavity 
of the stomach. 

The fourth stage larva. 
These are usually found on the surface of the mucosa of the stomach. 

The sexes are distinct. 

The female (fig. 7) is 0.625 mm. long and the oesophagus is 1.4 mm. 
to 1.6 mm. long, and claviform in shape. The intestine resembles 
the adult intestine. The mouth opening, in all the specimens observed 
is undergoing change and the temporary buccal capsule is being replaced 
by a new one on the anterior end of the oesophagus (fig. 8). The ovary 
is present as a long tube running forward to almost the level of the 
beginning of the intestine. Posteriorly it becomes vacuolated and joins 
a vulva (fig. 9) which does not yet communicate with the exterior. The 
anus is present in its final position and is joined to the anal opening 
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011ulanus tricuspis. Fig. 2, developing first stage larva. Fig. 3, fully developed 
first stage larva. Fig. 4, tail of larva shewing moult between first and second 
stages. Fig. 5, second stage larva. Fig. 6, third stage or infective larva. 
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of the larval sheath. The sheath and body have the typical tricuspid 
tail. 

The male (fig. 10) is about 0.65 mm. long. The digestive system is 

similar to that seen in the female. The male genital . tube is present 
as a solid mass running forward from the cloaca, which it appears to 
join. The temporary anal opening in the sheath was not observed. 
The bursa (fig. 11) has assumed its final form and spicules and 
accessory piece are present. The larval sheath is swollen posteriorly, 
but contracts at its extreme tip to form a tricuspid appendix. 

The Biology of 011ulanus. 
Early in the experimental work, it was found to be comparatively 

easy to produce a stock infection in cats by transferring the fresh 
stomach contents of an infected animal to an uninfected kitten by feeding. 
The question of the natural exit of the parasite was, however, not 
solved by these experiments. In most animals only two normal routes 
whereby a parasite may leave the stomach can be found, (a) by passage 
with the faces to the exterior, or (b) by remaining in the stomach till 
after death, when it would be eaten by some intermediate host or even 
by a definitive host. 

Repeated search of the intestinal tract of all the infected cats in this 
series of experiments failed to reveal any trace of 011ulanus larva, and 
the first route did not seem to be the normal one in this case. Experi- 
ments with mice, fed not only on the stomach but on the intestinal 
contents, were also uniformly negative. 

In the cat a third possible route may be considered, viz., by emesis. 
The cat is able to vomit with such facility, and it does so with such 
regularity -often eating grass to cause emesis -that the action might 
almost be called a normal one. The parasite, moreover, causes an 
inflammatory or a catarrhal condition of the gastric mucosa, and such an 
action would be a natural sequel to this infection. Moreover, cats 
will readily eat the vomit of other cats, especially if they are hungry, 
and all natural infections of this parasite which I have seen, have occurred 
in stray, badly fed animals. Accordingly it was decided to test the 
possibilities of this route. 

Cat S was infected by feeding on an ollulanised stomach, and a few 
months later was injected subcutaneously with apomorphine (in prefer- 
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ence to an oral emetic which might have affected the parasite). The 
animal vomited in a few minutes and a rapid examination of the vomit 

011ulanus t-ricuspis. Fig. 7, female fourth stage larva. Fig. 8, head of same. 
Fig. 9, tail of same. 

shewed the presence of what has been provisionally called above, the 
third stage larva. The mass was placed before a kitten (AA), which 

readily ate it. When this animal was destroyed a few months later, 
it was found to be heavily infected with 011ulanus. 
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This suggests that infection may be produced by direct feeding of 

the vomit of an infected animal. 

Cat 00 was placed in the same cage as Cat S, which was observed 
to vomit occasionally, and it was given the opportunity of eating the 
vomited material. When it was destroyed some months later it also 
was found to have acquired the parasite. 

Accordingly it seems probable that emesis is at least one method of 

conveying the infection from one animal to another ; and although 
it is not claimed that this is the only method of infection, so far no other 
is apparent. 

Cat . GG was infected with ten larva similar to those observed in 
the vomit, and when destroyed six months later was found to have 
a very heavy infection of fourth stage larva and adults of 011ulanus. 

During this period it had been enclosed in a cage by itself and could 
not possibly have been infected from outside. It seems extremely 
probable that this is due to continuous auto -infection from the animal's 
own vomit. 

At the same time, it is not possible to entirely exclude the continuous 
development of the parasite within the host, especially when it is con- 
sidered that only a very short time need necessarily elapse between 
the emission of the larva in the vomit and their ingestion by another 
host. In most other parasites a " time factor." outside the body of 

the definitive host is involved and this seems to be wholly or partly 
absent in the case of 011ulanus. This parasite differs in several important 
respects from other parasites, not only in its peculiar habitat, but in 
being viviparous, and in the larva completing their preliminary moults 
within the uterus of the female. It is accordingly not safe to generalise 
on analogy from other forms having different biological characters. 
Fülleborn has recently studied Rhabditis bufonis, a parasite of the lung 
of the frog, and he suggests that in this form some substance is produced 
which would inhibit the continuous development in the lungs. It 
is possible that such a substance is also produced in this form or otherwise 
there would be infections 'even higher than those observed. Or it might 
be that this substance would only be produced after an optimum con- 
centration of adults in the stomach had been reached. 

It is not possible to either prove or disprove either of these hypotheses 



(9) T. W. M. CAMERON. 75 

at the present moment and this cannot be done until all possibility of 

continuous auto -infection can be eliminated. 

011xcla2xrs tricuspis. Fig. 10, male fourth stage larva. Fig. 11, tail of same. 

The development of the parasite inside the stomach has not yet been 

elucidated, but serial sections of parts of the stomach of several infected 

cats suggest the possibility of a development in the mucosa. There, 
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superficial to the muscularis mucosa, are seen round -cell accumulations , 

lying in spherical masses with somewhere or other a pillar of cells com- 
municating with the surface of the epithelium. The whole picture is 

strongly reminiscent of a tissue reaction following a cell disturbance 
by developing parasites- somewhat similar to that shewn by CEsoftha- 

gostomum dentatum in the pig, and Strongyloides stercoralis in man 
and other animals. The fact that the parasites are seen deep in the 
stomach glands gives support to this hypothesis, but hitherto no 
definite larvæ have been found in these accumulations. 

Experiments with Cats. 
In the following description of the experimental work with cats, 

these animals are referred to by capital letters (A, etc.), while mice 
are referred to by small letters (a, etc.). 

Cats A, B, C and D were naturally infected cats procured in Edinburgh. 
Cat A contained a pure infection of 011ulanus ; the others had a mixed 
infection of 011ulanus and iElurostrongylus. 

Cat A. This cat was examined on the 9th July, 1924, and a slight 
infection with 011ulanus was observed in the stomach. No other para- 
sites- except Dipylidium -were found. Cultures were made from 
stomach and intestinal contents ; in all cases the results were negative. 
The stomach was preserved and no feeding experiments were undertaken. 

Cats B and C are discussed in the paper on IElurostyongylus (this 
Journal, v, pp. (; 3 . Mice were fed on the stomach contents of these 
two cats and afterwards these were fed to uninfected kittens. Although 
a typical lungworm infection developed in these cats, there was no trace 

of 011ulanus. 

Cat D was also a mixed infection and was used to infect mice as well 
as two cats (E and F). IElurostrongylus later developed in the cats 
to which the mice were fed and 011ulanus in the cats E and F. In both 
cases, the infections were. pure. 

Cats E and F were infected from cat D, and when destroyed one 
month and eight months later, both were found to be infected with 
011ulanus. The method of infection was to mince the stomach with 
a pair of scissors and feed in a glass dish to a hungry cat. Later it 
was found that such an animal would readily eat unminced stomach 
and in subsequent experiments it was fed in this way. 
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The stomach of cat E was fed to cat H and to mice e and f. 

Cat H was examined a week after infection and was found to be strongly 
infected and its stomach was fed to Cat J. Unfortunately this animal 
died from Distemper and was negative on examination. 

Cat M was fed with mice e and f, three and a half months after they 
had eaten part of the stomach of Cat E. It was examined four months 
later and contained no trace of 011ulanus. 
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At this stage the infection ran out and had to be re- introduced from 
street infected cats. 

Cat R was infected by feeding on the stomach of such an animal on 
7th October, 1925, and it died ten days later when 011ulanzts was found 
in the stomach. These were fed to Cat S on the 18th October, 1925. 

This animal is still alive. 

Cat S was injected with apomorphine on the 23rd June, 1926, and the 
vomit fed to Cat AA., Thereafter Cat S was enclosed in a cage with 
Cat 00 until that animal's death on 10th February, 1927. 

Cats T, U and V were infected from street sources in January, 1926. 

The first two were later found to have contracted the infection, but 
V died from gastritis and was negative. The stomach of Cat T was 
fed to CC on the 4th May, 1926, while the stomach of Cat W was fed to 
two animals which died from post- distemper gastritis, and were negative. 

Cat AA was infected on 27th March, 1926, with the vomit of Cat S 

and destroyed three months later, when it was found to be heavily 
infected. Its stomach and contents was divided among the five cats, 
GG to LL. 

Cat BB was infected from street sources and destroyed a month later. 
It contained numerous specimens of 011ulanus and these were fed to 
Cat CC, which, however, died from distemper and was negative. 

Cat GG received ten larvæ from Cat AA on 23rd June, 1926, and when 
destroyed was found to contain a very large number of 011ulanus. 

Cat HH received sixty adults from the same source and when it died 
a fortnight later, this number was found to have only slightly decreased. 
The decrease may have been due to methods of searching as the worms 
are easily overlooked. 
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Cal II was fed with adults carefully separated from the stomach of 

AA and washed by repeated centrifuging. On its death three weeks 
later from distemper it was found to be infected ; here again the numbers 
did not appear to have increased. 

Cal JJ was fed with the stomach of AA for stock purposes but it 
died the day after HR. The material was refed to MM, but when that 
animal died from distemper several months later the infection had 
disappeared. 

Cal LL was fed with a number of washed gravid females from AA 

which had been " beheaded," so that the animal received only living 
intrauterine larva' and the dead bodies of the adults. No adults developed 
from this infection. 

These last experiments suggest that while adults may be mechanically 
transferred from one cat, to another, and that while third stage larvae 
will develop after entering a new animal, larwe of the first and second 
stages are not capable of further development except inside the body 
of the female. 

Cat 00, the last of this series, was caged with S for some months and 
permitted to eat the vomit of that animal. On its death, it was found 
to have naturally acquired an infection. 

Controls. 

All the cats used in these experiments were obtained as kittens three 
to four months old from the same source. At the same time about 
twice this number was obtained for other experiments, and these animals 
were used to control the Oliuiaissss experiments. In no case was this 
parasite found in any of the control animals and tm Ts makes it practically 
certain that the experimental cats were free from 011ulaans when fed 
Thereafter they were confined to cages and accidental infection from 
outside sources rendered impossible. 

The present conception of the life history of 011ulasws tricuspis is as 
follows. The egg hatches in the uterus and the larva which emerges 
moults in situ and its tail changes from a rounded to a typical tricuspid 
one. The second stage larva develops into a third stage which is found 
outside the female, but the exact period at which it leaves the mother 
is still unknown. This form leaves the stomach hi the vomit and 
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is swallowed by a new host in which it develops into a fourth stage larva 
and finally the typical adult. Some part of this development seems to 
take place in the depths of the mucous membrane above the muscularis 
mucosa. It is possible that there are other methods whereby the infective 
larva may leave the host, but these have not yet been discovered. 

Cat. 
Infection. Date 

of Exam- 
ination. 

Result. Disposal and remarks. 
Source. Date. 

A ... ... Street ... - 9/7/24 -I- Preserved and cultur- 
ed 

B ... ... - 11/7/24 + Also Æluyostrongylus. 
Fed to mice a & b. 

C ... ... - + Also Æluyostrongylus. 
Fed to mice a & b. 

D ... - 21/7/24 + Also Æluyostrongylus. 
Fed to mice a, b 
c, d, & F & G. 

E ... D ... 21/7/24 29/8/24 + + No Æluyostrongylus. 
Fed to H, c & f. 

F ... D ... 19/3/25 + No Æluyostrongylus. 
Preserved (distem- 
per). 

H ... ... F ... ... 29/8/24 5/9/24 + -I- + No Æluyostrongylus. 
Fed to J. 

J ... ... H ... ... 5/9/24 14/9/24 - No JElurostrongylus. 
(Distemper.) 

M ... ... e & f. ... 5/1/25 12/5/25 - No Æluyostrongylus. 
R ... ... from street 7/10/25 18/10/25 ++ Fed to S. 
S ... ... R ... ... 18/10/25 - ++ Atropine, 27/3/26 

Vomit to AA. 
T ... ... from street 4/1/26 4/5/26 -I-+ Fed to CC. 
U ... 9/1/26 11/1/26 + Fed to W and X. 
V ... 25/1/26 - (Gastritis). 
W... ... U ... ... 11/1/26 18/1/26 - Fed with 10 adults 

only. (Gastritis.) 
X ... U ... 26/1/26 - (Gastritis). 
AA ... S ... ... 27/3/26 23/6/26 -I--I-++ Fed to GG to LL. 
BB ... from street 2/4/26 4/5/26 + Fed to CC. 
CC ... T & BB ... 4/5/26 28/5/26 - (Distemper). 
GG ... AA ... 23/6/26 24/2/27 + -I- + Fed with 10 larvæ. 
HH ... ... 4/7/26 ++ Fed with 60 adults. 
II ... ... 11/7/26 ++ Fed with washed 

adults. 
J J ... ... 5/7/26 -I- -I- Fed with stomach. 
LL ... ... 27/6/26 - Fed with beheaded 

adults. 
MM ... JJ ... 5/7/26 15/12/26 - (Distemper). 
00 ... S ... ... ? 10/2/27 + Allowed to eat natur- 

ally vomited ma- 
terial. 
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Observations on the Genus Echinococcus Rudolphi, 1801. 

By THOMAS W. M. CAMERON M.A., B.Sc., Ph.D., M.R.C.V.S. 

(Department of Helminthology, London School of Hygiene and Tropical Medicine.) 

Tænia echinococcus has always been recognised as one of the most 
important tapeworms of carnivores, both from the human and the 
economic point of view. Its intermediate stage, or Hydatid, assumes 
many forms, but most modern workers believe that all these forms -with 
one possible exception, the alveolar form from Central Europe -are 
merely the manifestations of a single species. 

In 1863, however, Diesing described from the jaguar in South America, 
a species which he named Tcenia oligartha, and which although closely 
related to the older Tcenia echinococcus, was obviously distinct. The 
present writer in examining a South American cat, Felis yaguarundi, 
which died at the London Zoological Gardens, collected a number of 
specimens which appear to belong to Diesing's species. The study 
of this together with other material in this Department, suggested that 
a re- examination of the question was desirable. 

The Genus Echinococcus. The genus Tænia in its modern connotation 
has rather a large number of species, and is divided by many workers 
into four genera or sub -genera, as follows :- 

(a) Tænia (sens. str.) with T. solium of man and the various Taenias 
of carnivores which have a Cysticercus as the asexual stage. (b) Tcenia- 
rhynchus which includes T. saginata and a few doubtful forms from man, 
and which differs from the first only in the absence of hooks from the 
scolex. This is generally regarded as a sub -genus only. (c) Multiceps 
which includes those Taenias of the dog which have a Coenurus as the 
asexual stage. They otherwise do not appear to have any valid generic 
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differences from Tænia (sens. str., as used above). (d) Echinococcus 
which hitherto has included only one species -E. granulosus -the 
common form from dogs and allied animals in Europe and elsewhere ; 

and which is characterised mainly by the possession of a Hydatid as 
the asexual stage. 

The present writer is unable to accept the view that the first three 
forms are valid genera. Their differences are so slight both in morphology 
and biology that he believes that they should all be referred to the 
genus Tænia. In the case of Echinococcus, however, not only is the 
hydatid stage entirely different in its morphology and in the development 
of the immature scolices, but there are distinct differences in the adult 
form -in shape of hooks, in size and in the small number of the segments. 
He believes that this genus is a valid one, distinct from the other Taenias 
of man and the carnivores. 

The type of the genus is Echinococcus granulosus (Batsch, 1786) 

of the dog and allied canidæ. In the genus Echinococcus also, should 
be included Tcenia oligarthra Diesing, and possibly some other forms. 
Unfortunately owing to shortage of material, it has been impossible 
to make this study as exhaustive as is desirable ; and because of this, 
the validity of several other forms is left doubtful. 

Meggitt (1924) in his classification of the Cestoda, includes in the 
genus Echinococcus the species granulosus and omissa. The latter, 
however, obviously does not belong to this genus and is apparently 
a lapsus for oligarthra. Both these species are described by Luhe (1910) 

in the same paper and Meggitt probably intended to place the species 
oligarthra into the genus Echinoccocus and by a clerical error wrote 
omissa. 

ECHINOCOCCUS OLIGARTHRUS (Diesing, 1863). 

T. Oligarthra Diesing, 1863. 

E. cruzi Brumpt and Joyeux, 1924. 

This species was first described by Diesing from Felis concolor, and 
was later studied by Li he in 1910. The specimens examined by the 
present writer were collected from Felis yaguarundi. Some were fixed 
in Picro- Acetic, others in Schaudinn's Solution or in Alcohol. 

This is a small form with never more than three segments -one 
immature, one mature, and one gravid. Its total lerigth is about 1.7 mm. 



15 T. W. M. CAMERON. (3) 

Fig. 1. Echinococcus oligarthrus. Complete adult worm. The single semi- gravid 
proglottid is drawn from another specimen in order to shew the transitional 
stage between mature and gravid segments. (0v. = ovary, Ut. = uterus, 
T. = testes, Y.G1. = yolk- gland, S.GI. = shell gland.) 
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No specimens were over 2.5 mm. long. It has remarkable powers of 

movement and in warm saline moves rapidly by alternate waves of 

contraction and expansion. A similar mode of progression is seen in 
detached gravid segments. 

The head is elongated ; in a state of expansion -as when allowed 
to die in saline -it is roughly pentagonal in shape with a blunt apex. 
The rostellum is very powerful for its size and is armed with two rows 
of very stout hooks -about 36 to 40 in number. 

The large hooks are 045 mm. long (from tip of blade to end of handle). 
The blade is sharply curved and joins the handle at a distinct notch 
(Fig. 2, a). The handle is long and undulating, with a blunt end, and 
is continued in the same line as the blade. The guard is at right angles 
to the handle and blade, is somewhat elongated and ovate in shape. 

The small hooks are 032 mm. long. The blade is shorter and less 

deeply " hooked " than in the large hooks. The handle is thinner 
and longer. The guard is comparatively large and prominent, forming 
an obtuse angle with the handle. 

The four suckers are large and circular with a diameter of about 
1 mm. 

The immature segment is almost square ; the mature twice as long 
as wide ; and the gravid three times as long as wide and ending more or 
less bluntly. The genital pore is just anterior to the centre and irregularly 
alternating. 

The excretory and nervous systems are typically tænioid in character. 

The genitalia are present as a small faintly staining mass in the centre 
of the immature segment. In the mature segment they are fully 
developed ; while in the gravid proglottid only the distended uterus 
filled with eggs and the remains of the cirrus and vagina are seen. 

The male organs. There are twenty to twenty -four small globular testes 
scattered throughout the mature segment. They are not present, 
however, in the anterior portion nor lateral to the excretory canals. 
They are united by a very fine network of intercommunicating vasa 
efferentia which, uniting to form several larger vessels, ultimately 
coalesce to become the stout, elongated and convoluted vas deferens. 
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This joins the cirrus -sac and is continued as the cirrus to the genital 
pore. The cirrus -sac is elongated and pyriform in the young mature 
segments and reaches almost to the middle line. It does not grow, 
however, and in older segments it becomes more spherical and is relatively 
smaller. 

The female organs. The ovary is typically tænioid in form -double 
with a uniting commissure. The halves are roughly kidney -shape 
in outline. Just anterior to the commissure is the spherical shell -gland. 
Posterior to the ovary, but some distance from the hind end of the segment 
lies the yolk -gland -a spherical or elongated body. 

The vagina opens at the posterior portion of the genital sinus and runs 
as an almost straight, thick -walled tube towards the shell gland, passing 
between it and the ovarian commissure. From there it passes back 
as a very convoluted tubule as far as the yolk -gland. 

The uterus is visible in mature segments as a thin -walled tube in the 
centre of the proglottid extending from behind the yolk -gland to anterior 
to the testes. It begins to fill with ova before the male organs disappear ; 

and in the gravid segment becomes an elongated sac almost completely 
filling it. The lateral diverticula so characteristic of the genus Tænia 
are not obvious in this genus. 

Recently (1924) Brumpt and Joyeux described, under the name of 

Echinococcus cruzi, the Hydatid stage of an Echinococcus from the 
Agouti (Dasyprocta agouti) from Brazil. They were not in possession 
of the adults. They considered that their species differs from Tcenia 

ologarthra in the following points :- 
(a) the size respectively for the large and small hooks in the Hydatid 

is 038 mm. and .030 mm., whereas those of Diesing's species are 047 

and 032_mm. 

(b) the shape of the hooks differs and size dimorphism is more sharply 
marked in T. oligarthra than in E. cruzi. 

(c) the number of hooks as given by Luhe as present in T. oligarthra 

is " upwards of 30 " while in the hydatid there are 38. 

Leuckart (1886) shewed that the hooks in a Hydatid were immature 
and that after ingestion by the definitive host they continued their 
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growth. This growth however was limited to the handle and guard. 
The blade did not grow and was identical in both adult and larva. A 

comparison with Brumpt and Joyeux's figures of the Hydatid and those 
of the adult worm (Fig. 2, a) shews that the blade is identical in both 
cases and that the differences are due entirely to the extra growth of 

the guard and handle. Examination of hooks of adult and Hydatid 
of E. granulosus shews that the growth is greater in the case of the large 
hook than in the small, and that consequently the size dimorphism is 

much more marked in adults than in larv. Moreover, in a very immature 
form of E. oligarthra examined by the writer, the hooks are found to 
correspond very closely to those of E. cruzi. 

Brumpt and Joyeux admit that the number of hooks is not an important 
point in identification owing to the readiness with which hooks are 
lost in the adult worms. In the specimens examined by the writer 
the number of hooks in this species was found to vary from 36 to 40. 

The writer is therefore of the opinion that E. cruzi is a synonym of 

E. oligarthrus-a conclusion which is strengthened by the fact that 
both specimens came from the same geographical district. 

ECHINOCOCCUS GRANULOSUS. 

As mentioned above, the state of preservation of the _ material of 

this species at the disposal of the writer is not sufficiently perfect to 
enable a detailed study to be made. In most cases the hooks have 
disappeared but drawings have been made of representative hooks 
from a series of specimens recovered from an English fox (Fig. 2, b). 
On comparison with the hooks from a number of specimens of Hydatid 
collected in England (from the horse) it is obvious that both belong 
to the same species (Fig. 2, c and d). This comparison also substantiates 
Leuckart's claim that the shape of the blade is permanent and that 
subsequent growth is confined to the handle and guard. The hooks 
differ from those of E. oligarthrus in being considerably smaller ( 034 
and 030 mm. respectively). The large hook is, in proportion, much 
smaller than the small hook ; and size dimorphism is much less marked 
than in Diesing's species. In both small and large hooks, the blade 
is shorter and less curved ; the handle is short and narrow ; and the' 
guard is smaller and rounder. 
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Fig. 2. -Hooks of various specimens of Echinococcus. The left -hand hook in 
each pair is the large hook ; the right -hand hook is the small. In each 
case, large and small hooks were drawn from the same scolex ; and all 

except c, d and g were drawn from specimens containing eggs. 

(a) E. oligarthrus from Felis yaguarundi (S. America). 
(b) E. granulosus from Vulpes vulpes (England). 
(c & d) Immature hooks from Hydatid (Horse, England). 
(e) Echinococcus from Lycaon capensis (South Africa). 
(f) Echinococcus from Canis lupus (Nlacedónia). 
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The specimens from the fox are larger than those from dogs (reaching 
a length of 7 mm. as against the 5 mm. of dog forms). Both are however 
much larger than the South American species. The fox specimens 
contain two or three immature segments, but only single mature and 
gravid proglottides ; those from the dog have the typical three segments. 

DISCUSSION. 

The size and shape of the hooks of E. oligarthrus and the constantly 
smaller size of the worm, leave no doubt as to the fact that it belongs 
to a different species from E. granulosus of Europe. It is of interest 
to note that so far Diesing's species has only been found in cats ; while 
it is well known that the common form can be induced only with great 
difficulty to grow in cats although it grows freely in all members of the 
Canidæ. 

It is not possible to distinguish between the two forms on the basis 
of the genitalia at the present time. The details are very similar ; 

but more perfectly preserved material may reveal differences not at 
present discernible. 

ECHINOCOCCUS LONGIMANUBRIUS sp. nov. 

The writer has had the opportunity of examining some specimens 
of an Echinococcus collected from the Cape Hunting Dog (Lycaon 
capensis). Vevers (1922) has suggested that this may represent a new 
species, and after an examination of the above two forms the writer 
agrees. The material, however, is not sufficiently well preserved to 
admit of a detailed examination, and in general appearance it closely 
resembles the ordinary species from the dog. There are, however, 
marked differences in the shape of the hooks. 

The large hook is 035 mm. long. The blade (Fig. 2, e) is comparatively 
slender and markedly curved ; where it joins the handle there is a distinct 
double notch. The handle is short and thickened in the centre ; its 
end is round. The guard is massive and cylindrical with a rounded 
end. The small hook is 030 mm. long. The blade has the same charac- 
ters as has the large. The handle is long and slender and is set at an 
angle to the blade ; its end is irregular. The guard is narrow, elongated 
and pointed. 
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ECHINOCOCCUS MINIMUS sp. nov. 

This form had been collected from Canis lupus in Macedonia and only 
a few specimens were available for study. It closely resembles that 
found in the fox in this country, except for the shape of the hooks, 
which is very different from any others examined. 

(9) 

The large hook is 032 mm. long. The blade is narrow and straight 
and joins the handle without any break in the contour. The handle 
is elongated, smooth, with parallel sides, and is bent at its end towards 
the guard. The guard is set sharply at right angles to the handle, 
and is very long and cylindrical with a pointed end. 

The small hook is smaller than any other ; it is only 02 mm. in 
length. The blade is short and broad, and only slightly curved. The 
handle is short and conical. The guard is very massive and is irregularly 
conical and set at right angles to the blade and handle. 

The writer is of the opinion that the two last forms differ specifically 
from E. granulosus and E. oligarthrus. The material, however, is 
scanty and future examinations of more abundant material may shew 
that they are really members of the type species of the genus. 

The hooks however differ radically in shape and size from both known 
species. In the various species of the genus Taenia found in dogs, the 
hooks remain constant in both of these characters within any single 
species, and although other morphological differences exist, the appear- 
ance and size of the hooks remain the most striking and the most constant 
features. It seems reasonable to assume that the hooks in such a closely 
related genus as this is, will also within small limits remain constant in 
shape and size for each species. Such was found to be the case in all the 
examples of E. granulosus and of E. oligarthrus studied by the present 
writer. Accordingly it is proposed that the species from Lycaon capensis 

be called Echinococcus longimanubrius on account of the long handle of 

the small hook ; and that the species from Canis lupus from Macedonia 
be called Echinococcus minimus because the small hook is the smallest 
found in this genus. 
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The Cestode Genus Mesocestoides Vaillant. 

By 

THOMAS W. M. CAMERON, M.A., B.Sc., Ph.D., M.R.C.V.S. 
(Research Assistant, Institute of Agricultural Parasitology, London School'of Hygiene 

and Tropical Medicine.) 

INTRODUCTION. 

THE genus Mesocestoides was created in 1863 by Vaillant to receive a 
new species of cestode found by him in Viverra genetta and named 
M. ambiguus. Unfortunately, the, description of this form is such that, 
although the generic characters can be recognised, it is impossible to say 
to which of the several species found in mammals it should be referred, 
and therefore Fuhrmann (1908) regarded it as a species inquirenda. Weiss 
(1910), in redescribing a form of Mesocestoides from the same host, gives 
no details which would enable the parasite to be distinguished from the 
other members of the genus. He notes that his form is only 50 mm. long, 
while that described by Vaillant was 160 to 240 rum. long. However, 
as Neumann (1896) points out, M. lineatus has a size varying between 30 
and 250 nun. The size of M. ambiguus therefore is only of use in showing 
that it does not belong to the species M. bassarisci or M. crestus referred to 
later in this paper. It still leaves its identity a matter of speculation as, 

in addition to M. lineatus, M. mesorchis has dimensions which fall within 
these limits. 

Although it is not possible to identify with certainty the type of the 
genus, it is obvious that M. ambiguus and the forms subsequently referred 
to this genus are generically related, and the generic characters may be 

summarised from our knowledge of these other forms. 

Mesocestoides is especially characterised by an apparent combination 
of Pseudophyllid and.Cyclophyllid features. The scolex has four suckers, 
while the genital opening is ventral in position. This combination is, 

however, only apparent. The internal organisation is typically Cyclo- 

phyllid, but the organs have been turned through a right angle. The 
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male and female apertures open at a common genital cloaca, and not at 
separate points as shown by the older writers. There is no uterine pore 
(although one is shown in Zschokke's figures of M. litteratus and M. linea- 
tus), and the eggs are typically Taenioid in character. An interesting 
character in this genus is the presence of two yolk. glands situated in the 
posterior part of the segment close to the ovary. The most peculiar 
character, apart from the situation of the genitalia, is the secondary 
formation of a single egg -capsule (containing all the eggs) within the 
posterior part of the uterus, and the atrophy of the anterior portion. 
The egg- capsule lies close to the posterior transverse excretory com- 
missure, and so can easily reach the exterior. Its future history, however, 
is unknown. 

Meggitt considers that the Cyclophyllidea possess a single yolk -gland 
in each segment. The genus Mesocestoides has two such glands, which, 
however, lie in the same situation as the single gland of the other forms. 
In its general organisation the genus is so obviously Cyclophyllidian that 
it would seem that Meggitt's definition should be altered. This genus is 

the only member of the sub -family Mesocestoidin of the family Mesoces- 
toidid e. It occurs in mammals and birds. 

In the present paper two new species of Mesocestoides are described, 
one from the Thibetan fox and the other from the Cape ratel ; M. lineatus 
is also re- examined. In the description the term " mature " segment is 

to be understood as a proglottis in which both male and female glands are 
active ; while the term " gravid " refers to segments in which the eggs are 
completely formed. The word " ripe " is ambiguous and should not be 
used. 

MESOCESTOIDES NIESORCHIS Sp. 110V. 

The specimens of this species were obtained from the small intestine of 
a Thibetan fox (Vulpes ferritatus), which died in the Zoological Gardens, 
London, six months after its introduction direct from Nepal. 

The parasites were obtained alive and fixed in picro- acetic or in Schau- 
dinn's solutions. Unfortunately, the cestodes were very brittle, and only 
a few entire specimens were obtained. Numerous fragments were, how- 
ever, recovered. The complete worm is about 75 mm. long in an extended 
condition, with a maximum breadth of about 1 mm. It, at first sight, 
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shows some superficial resemblance to a small Dipylidium. The gravid 
segments especially have a cucumber -seed outline ; the mature segments 
are also elongated, but have a more rectangular appearance. Only the 
immature segments are broader than long. The segments never have a 
serrated border as in the case of the next species. 

The scolex (Figs. 1 -4) is about 5 mm. in diameter. It is a very mus- 
cular structure, with no trace of either rostellum or hooks. The cuticular 

Mesocestoides mesorchis n.sp. 
Fig. 1. Scolex. Fig. 2. Scolex showing gap in muscular wall of suckers. 
Fig. 3. Scolex showing orifices of suckers. 

lining of the suckers, however, is roughened with innumerable minute 
irregular projections, which are only visible under the oil- immersion 
objective. There are four suckers, two ventral and two dorsal. The 
members of each pair are separated by a longitudinal non -muscular 
groove, which appears to be constant in spite of the muscular nature of 

the scolex (Fig. 4). The suckers are large (about 2 mm. in diameter) and 
very muscular, and are embedded in the substance of the head with nor- 
mally a slit -like opening to the exterior. The musculature of the suckers 
is not complete posteriorly. 
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The neck is very short, and the strobile becomes segmented about 1 mm. 
behind the scolex. Traces of the genital primordia are seen after the 
first few segments. 

The musculature of each proglottis is not highly developed, and consists 
of a thickish outer layer of longitudinal fibres, inside of which is a thin 
layer of transverse muscles (Fig. 10). 

The excretory system consists of four longitudinal vessels arranged 
laterally to each other. The outer pair is small and inconspicuous even 
in the earlier segments, and disappears altogether in the fully mature 
proglottis. The inner pair rapidly increases in size and, in the mature 
and gravid proglottides, is large and conspicuous. They are united at 
the junction of each proglottis by large transverse commissures. 

The longitudinal nerves lie between the inner and outer vessels. 

Numerous calcareous corpuscles are present, and unless the parasite 
is fixed in an acid medium, they almost obscure the genitalia in stained 
segments. 

The genital aperture is almost median in position, and lies just anterior 
to and slightly laterally of the central point of the ventral surface (Figs. 
7 and 10). The genital opening consists of a short dorsally directed canal, 
which opens into a flat discoid atrium. From the central point of the 
disc passes the male canal, while on the anterior margin is situated the 
opening of the female duct. There are not separate male and female 
genital openings on the surface of the proglottis. It is difficult to deter- 
mine this without the aid of serial sections or dissections : the latter 
proved very useful. A stained mature segment was isolated on a slide, 
and with a sharp scalpel was cut parallel to the longitudinal canals into 
approximately three equal portions. The central part, containing all 
the genitalia, was placed on one of its cut edges and studied laterally on a 
slide. By this means the topography was easy to follow (Fig. 10). The 
dorsal and ventral faces of such a dissection are easily pulled apart by 
needles, and the vagina can be thus unravelled. 

The male opening communicates with an almost spherical cirrus -sac 
about 15 mm. in diameter. The cirrus is sufficiently long when extruded 
to reach to the edge of the segment. It is a thick -walled, structureless 
tube with a pyriform base. 
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There are about 50 testes in each proglottis. They are confined to the 
space between the large longitudinal canals, and in the posterior and 
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Mesocestoides snesorchis n.sp. 
Fig. 4. Scolex ; transverse section. Fig. 7. 
Figs. 5-G. Immature segments. Fig. S. 

6 

Mature segment. 
Gravid segment. 
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anterior regions of the segment they cross the middle line. Two or three 
dorso- ventral rows are present.. Each testis consists of a granular mass 
enclosed in a spherical hyaline capsule about 3 mm. in diameter. Testes 
commence about the fifteenth segment, and are still visible in young 
gravid segments. 

The female glands are functional from about the fiftieth segment, and 
are active for the next 25 proglottides. The ovary is a double body (as 

in the genus Tænia), connected by a median commissure. It is situated in 
the posterior region of the segment and lies dorsal to the yolk glands 
(Figs. 7 and 10). The shape of the organ and the position of the con- 
necting commissure are very variable. It is typically kidney -shaped, 
but not infrequently it has a very irregular outline. Although a very 
compact gland, it has no limiting membrane like the testes. The yolk 
glands consist of two spherical structures (about 08 mm. in diameter) 
lying about the same level as the ovary. They are connected by a short 
median duct from which springs a common yolk duct to join the oviduct. 
The position of the yolk glands is also subject to some variation, but they 
normally lie about the centre of the ovary. A small shell gland surrounds 
the oviduct close to the point where it joins the uterus. 

The vagina is a very long convoluted tubule arising at the anterior 
margin of the discoid genital atrium (Fig. 10). It has no sphincter and 
passes as a narrow tube along the top of the cirrus -sac until about its 
equator, when it runs posteriorly on one side (usually the same side as the 
uterus). Behind the uterus it becomes very convoluted, and when 
straightened out is found to be about three times the length of the seg- 

ment. It joins the oviduct as a very narrow tube. 

The uterus is present at a very early stage, but only becomes functional 
about the seventy -fifth segment. It consists of a thin -walled wide tube, 
which originates at the level of the anterior margin of the ovary (Fig. 10), 

and passes laterally to the central vagina and cirrus, to the anterior region 
of the segment, where it ends blindly. The posterior third of the young 
uterus in the mature segment is surrounded by a mass of deeply staining 
cells, which increase rapidly in numbers and form a large elongated body 
inside of which lies the hind part of the uterus, now narrowed to little 
more than a tube which bifurcates at the posterior end. This bifurcation 
rapidly enlarges and becomes spherical, while the deeply staining mass, 
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which appears to be of a glandular nature, decreases in thickness. The 
anterior part of the uterus embedded in this gland remains as a narrow 
tube until the segment is completely gravid. The free portion ' of the 
uterus meanwhile has increased in size, although retaining its elongated 
shape, and the eggs pass through the glandular portion of the uterus 
and collect in it. The connection between uterus and genital glands 
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Mesocestoides mesorchis n.sp. 
Fig. 9. Segment migrating in faeces. 

Fig. 10. Sagittal section showing female genitalia. 

finally atrophies, and at this stage the eggs pass back into the spherical 

cavity referred to above. Finally, practically all the eggs are within it, a 

fibrous covering is formed, and a single egg capsule, containing all the 

eggs but with no matrix, comes to lie free in the cavity .(Fig. 7). At this 

stage the segment becomes detached (Fig. 8) and is found free in the 

intestine and faces. There is no uterine pore. 
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The ova are typical tænioid in appearance, with the usual six hexacanth 
hooklets and a single shell. 

This species differs from those hitherto described from mammals by 
the absence of testes from the regions lateral to the large longitudinal 
canals and their presence in the middle line, and by the very short neck. 
Accordingly the name Mesocestoides mesorchis is proposed for this form. 

MESOCESTOIDES BASSARISCI MaCCallum, 1921. 

This very small form is only 4 mm. long, and appears to occupy much 
the same position with regard to the other members of the genus as does 
the adult Echinococcus to the other species of Tænia. It has been 
reported only from Bassaricus astuta, a coyote found in Southern North 
America. It resembles Mesocestoides mesorchis in the location of the 
testes within the space bounded by the lateral canals ; but it differs 
from it in other important characters. The neck is smooth and unstriated 
for about one- quarter of the entire length of the worm. The mature 
segments are indistinctly divided from each other, and the testes are 
comparatively large and few in number. There are only a very few 
mature and gravid segments. These points, together with the small size 
and geographical distribution of the parasite, seem to leave no doubt as to 
this being a distinct species. Unfortunately, owing to its inadequate 
description, it is not possible to determine more exactly its relationship 
with the other species. 

MESOCESTOIDES CÆSTUS sp. nov. 

The specimens of this species were obtained from the small intestine of 
a Cape ratel (Mellivora ratel) from N.E. Africa, which died in the London 
Zoological Gardens six days after admission. 

The specimens were obtained alive and fixed in picro- acetic and 
Schaudinn's solutions. 

This is the largest species of Mesocestoides yet described, attaining a 
length of over 80 cm. and a breadth of 2 mm. at its widest part. Only 
the gravid segments have a cucumber seed -like appearance. The earlier 
segments are broader than long, and as the anterior margin of each is 
slightly shorter than the posterior margin, a gently serrated appearance 
is given to the entire strobile, excepting the few gravid segments which are 
elongated and curved. 
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The scolex is about 5 mm. long and 45 mm. in diameter. It is similar 
in appearance to the previous species. The neck is much longer in this 
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Mesocestoides cestus n.sp. 

Fig. 11. Mature segment. Fig. 12. Semigravid segment. 
Fig. 13. Sagittal section through mature segment. 
Fig. 14. Gravid segment. 

species than in M. inesorchis, and the first traces of the genital primordia 

appear about 3.5 mm. from the scolex, although segmentation does not 

commence until about 12 mm. from the head. 
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The musculature is similar to the previous species, but is rather better 
developed (Fig. 13). The excretory system consists of the same four 
laterally arranged elements. The inner tubes are very wide, while the 
outer are very small and quickly disappear. The transverse commis - 
sures are also very large and conspicuous (Figs. 12 and 13). The diameter 
is greatest where it leaves the lateral tubes and decreases in the centre of 
the proglottis. 

The genital pore lies at the junction of the middle and anterior thirds 
close to the central ventral line. It has a similar discoid atrium to that 
of M. mesorchis, but in this case the female opening is slightly lateral to 
the middle point of the anterior margin. The cirrus sac is large, elongated 
and directed in an antero -dorsal direction. The cirrus is very long and 
thick, and is practically always extruded in the mature segments. Its 
total length when extruded is about 12 mm. 

There are about 60 large testes ( 05 mm. in diameter) which lie for about 
an equal distance on both sides of the large longitudinal vessels in three or 
four dorso- ventral layers. They never invade the central field as do those 
of the previous species. 

The female glands are similar to those of M. mesorchis, but are more 
constant in shape. The ovary lies dorsal to the yolk and shell glands, 
and consists of two spherical elements with a thin connecting commissure. 
The shell gland is small and inconspicuous. The vagina is very large and 
even more convoluted than in the first species. 

Traces of the uterus are found in the immature segments in this form, 
and in the mature proglottides it appears as a wide, thin -walled tube 
passing from the level of the ovary to the anterior extremity of the seg- 
ment. It is remarkable for its size and voluminous appearance. The 
glandular cell mass is also present at an early stage in the growth of the 
uterus, but it is only in the later proglottides that it develops into an 
egg -capsule. The uterus in the semi -gravid segments -of which there are a 
very large number- becomes dumb -bell- shaped (Fig. 14) with a large 
anterior globular swelling, in addition to the growing egg -capsule. This 
gives a very characteristic appearance to this species. The anterior swell- 
ing gradually disappears and only the egg -capsule remains in the gravid 
segments. 

The ova are typical with a diameter of 02 mm. 
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This species is characterised by its very great length ; the serrated edges 
of the non -gravid segments (which are broader than long), and the cucum- 
ber -seed appearance of the gravid segments (which are longer than broad) ; 

the large transverse excretory commissures ; and the dumb -bell shape of 
the semi -gravid uterus. 

It is so unlike any other form that there is no doubt that it is a separate 
species, and the name Mesocestoides cc stns is proposed for it. 

15 

16 

Mesocestoides lineatus. 
Fig. 15. Immature segment. Fig. 16. Mature segment. 

MESOCESTOIDES LINEATUS (Goeze, 1782). 

This species was discovered in dogs by Goeze in 1782, and has been 
frequently reported since from various carnivores. It was re- described 
by Zschokke in 1888, and some additional details were added by Neumann 
in 1896. Zschokke at the same time described M. litteratus from the fox 
and drew attention to the differences between the two forms. These 
differences- slightly different shape of scolex and minor irregularities in 

the genitalia -do not seem to be adequate according to modern ideas, and 
most helminthologists believe that both belong to the same species. 
Another species, M. angustatus, has been described from the badger (Metes 

metes), which Krabbe considered was identical with M. lineatus ; and this 
point has never been cleared up. 
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The writer has had the opportunity of studying specimens from two 
badgers and a fox (all from Britain) which had previously been examined 
by Vevers (1922). He agrees with Vevers that all these forms belong 
to the species lineatus. They agree with Zschokke's description except 
that the male and female glands have a common opening, whereas both 
Zschokke and Neumann stated that, although the openings were close 
to each other, they were separate. In the present specimens also the 
testes (Fig. 16) have a slightly different disposition from that figured by 
Neumann. In his figure, they are scattered irregularly over the pro- 
glottis, while in the present specimens they are confined to the area 
surrounding the large longitudinal excretory ducts. There is reason to 
believe, however, that Neumann's figure is slightly diagrammatic. 

This species is similar in appearance to that described above from the 
Thibetan fox, but may easily be distinguished from it by means of the two 
double rows of testes in the immature segments (Fig. 15). In M. mesorchis 
two single rows only are seen (Fig. 5). 

The occurrence of M. lineatus in the badger does not preclude the possi- 
bility that M. angustatus is also a valid species. This point can only be 
settled by an examination of Rudolphi's types. Until this is done, 
M. angustatus must be accepted as a species inquerenda, while M. lineatus 
can be regarded as a definite parasite of this host. 
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[LV.] 
On Gaigeria pachyscelis Railliet and Henry, 1910, a 

nematode parasite of Ruminants. 
By 

T. W. M. CAMERON, M.A., Ph.D., B.Sc., M.R.C.V.S. 
(Research Assistant in Agricultural Helminthology, London School of Tropical Medicine.) 

INTRODUCTION. 

This parasite was described in 1910 by Rail liet and Henry from material 
sent to them by Gaiger from India. Gaiger, in 1911, published a trans- 
lation of the original description, together with some figures. In 1916, 
Gedoelst reported its occurrence in the Belgian Congo, but without 
adding to the description of the worm. 

Although stated by Gaiger to be not uncommon in India, no mention 
of this parasite appears in literature subsequent to 1916. Some time 
ago some material from the goat in India was sent to Professor Leiper by 
Dr. Ramsey ; and as the existing description is not only incomplete, 
but difficult to obtain, the opportunity has been taken to make a com- 
parative study of the parasite. 

All the previous material seems to have been recovered from sheep, with 
the possible exception of a single female included with some specimens 
of OEsophagostomum columbianum, labelled as coming from the 
cow, received by Railliet and Henry. As there seems to be no well - 
established instance of the latter parasite having been found in cattle, 
there is a possibility of the tube having been wrongly labelled, and for 
the present the occurrence of Gaigeria in cattle should be accepted with 
some reserve. The parasite does not seem to have been previously 
recorded from the goat. 

MORPHOLOGY. 

Gaigeria pachyscelis, Railliet & Henry, 1910. Sheep, Goat, Cow ( ?). 

India and Central Africa. 
The male measures up to 12 mm. long, and is about .6 mm. broad ; 

while the female is 16 to 17 mm. long and .75 mm. broad. The general 
shape of the body closely resembles Monodontus. 

The cuticle is transversely striated. Cervical papillae are present at 
the level of the excretory pore and nerve ring, situated a short distance 
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anterior to the middle of the oesophageal region. Conspicuous pre -bursal 
papill are present in the male, just anterior to the junction of the bursa 
and body. They are directed posteriorly. 

The buccal capsule is of the same general type as Monodontus (Figs. 
1 and 2), but is more globular. The mouth opening is directed dorsally, 
and is guarded by a pair of semi -circular cutting plates in the ventral half 
of the opening. 

The dorsal cone projects freely from the dorsal wall, but it is much 
shorter and sharper than the corresponding structure in Monodontus. 

Fig. 1. Gaigeria pachyscelis. Head, lateral aspect. 

The dorsal oesophageal gland opens on its apex. On either side of the 
dorsal cone is a sub -ventral cutting tooth. All three structures are about 
the same size. The mouth opening is oval, .19 mm. in antero -posterior 
diameter and .1 mm. in lateral diameter. 

The oesophagus is similar in shape to Monodontus, and is some 2 mm. 
long, with a maximum diameter of about .2 mm. 

The male genitalia are of the normal type. The spicules are equal and 
similar with a length of about 1.25 mm. Each consists of a stoutish 
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stem, and a very fine flexible point about .2 mm. long. The main stem 
consists of a solid rod set with numerous fine recurved teeth at its outer 
edge. The spicules diverge at both extremities, but are in apposition 
for their middle third. The distal extremities are recurved. There is 
no accessory piece. 

The bursa is very characteristic. It consists of a very large dorsal 
lobe and two smaller lateral lobes, which are joined together ventrally. 
The dorsal lobe is separated from the lateral lobes. 

The ventral rays lie close together, and are about equal in size. They 
are directed ventrally, and both reach the edge of the bursa. 

Fig. 2. Gaigeria pachyscelis. Head, dorsal aspect. 

The lateral rays take origin together, but diverge early. The externo- 
lateral ray runs parallel to the ventrals, is short and blunt, and does not 
reach the edge of the bursa. The other two lateral rays are joined to- 

gether for their basal two -thirds, but diverge somewhat distally. They 
are comparatively slender, are pointed and reach the edge of the bursa. 

The dorsal rays are the largest in the bursa. The dorsal ray bifurcates 
early, and each bifucation, which is large and blunt, terminates in three 

small digitations. The externo- dorsal rays are symmetrical and leave 

the main dorsal stem just anterior to the bifurcation. 
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The genital cone is large and tripartite. The larger dorsal part extends 
beyond the smaller latero- ventral parts. The cloacal opening is at the 
junction of the three. 

The female genital organs do not differ appreciably from the Monodontus 
type. The convoluted ovary passes gradually into shell -gland and uterus 
without an obvious oviduct. The genital tube at this point makes an 
S- shaped curve passing from the dorsal to the ventral side of the body. 
Here it expands and proceeds beyond the vulvar region as a very dilated 
tube filled with eggs. Beyond the vulva it contracts and forming an 

5h 
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Gaigeria pachyscelis. Figs. 3 -6. 
Fig. 3. Bursa, dorsal view. Fig. 5. (a) Genital cone, lateral view. 
Fig. 4. Bursa, ventral view. (b) Genital cone, ventral view. 

Fig. 6. Spicules. 

elongated S, it passes dorsally to join the ovejectors. At the ventral 
side of this curve, the two uteri overlap. The ovejectors are of the usual 
Ankylostome type ; but the differentation into two regions is by no 
means well marked. The vagina is a short straight tube, joining the 
transverse vulva. The vulva is situated just anterior to the middle of the 
body. 
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The anal opening is about .4 mm. from the somewhat obtuse posterior 
end. 

The ova are approximately twice as long as broad -their length being 
.105 to .120 mm., and their breadth .050 to .056 mm. They are of the 
usual Strongyle type, with very thin shells. 

RELATIONSHIPS. 

This nematode is obviously closely related to Monodontus, which is 
found in the same hosts ; but it differs from it in several important par- 
ticulars. The buccal capsule is clearly of the Monodontus type, although 
the dorsal cone is much shorter than in any of the known species. The 
male bursa is, however, characteristic. The large symmetrical dorsal 

D. L. 

Fig. 7. Gaigevia pachyscelis. Diagram of female genital system. 

lobe and the lateral lobes joined ventrally and divided from the dorsal 
by deep fissures are features not seen in any of the related species. This 
character seems to amply justify the creation by Railliet and Henry of a 
new genus for this form. The female may be easily distinguished from 
Monodontus by the voluminous character of the posterior portion of the 
uterus. 
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[LVI.] 
Dochmoides : a new genus for the hookworm 

" Uncinaria " stenocephala Railliet. 
By T. W. M. CAMERON, M.A., Ph.D., B.Sc., M.R.C.V.S. 

(Research Assistant in Agricultural Helminthology, London School of Tropical Medicine.) 

As there is no complete or adequate description of this parasite of dogs 
and foxes, and as it is proving to be of considerable importance in the 
newly established fox -breeding industry, it was thought advisable to 
prepare an account of its morphology. The material from which this 
description was made was obtained from a British fox which died at the 
Zoological Gardens, London, in June, 1923. 

NOMENCLATURE. 

Specific name. -The type of the genus Uncinaria, viz., U. vulpis cannot 
be identified with certainty from the existing description. Railliet, in 
1900, concluded that it was unidentifiable, and Looss (1905) agreed. 
The writer holds a similar view. The genus Uncinaria accordingly has 
as its type a species inquirenda. 

The genus as originally formulated contained, two species, U. vulpis 
and U. criniformis, the latter being the Ascaris criniformis of Goeze. 
According to Looss this latter species also cannot be identified. He 
shows that the Strongylus criniformis of Rudolphi is a different parasite. 
Rudolphi's types were subsequently examined by Railliet and proved to 
be the same as the latter's Uncinaria stenocephala. Rudolphi's crini- 
formis is accordingly a synonym of a now unidentifiable species. Under 
the International Rules of Nomenclature, the correct specific name of 

this parasite should therefore be stenocephala Railliet. 
Generic name. - Looss, after a detailed examination of the literature, 

concluded that the genus Uncinaria cannot be upheld. On the grounds of 
convenience, however, he decided provisionally to retain the name. 
While this course may have certain temporary advantages, it is bound, 
ultimately, to end in confusion. It is quite possible, for example, that 
U. vulpis of Frölich (1789) is really Ancylostoma caninum (Erc, 1859), 

Hall, 1913. If this were so, then the latter genus would lapse in synony- 
my. Fortunately, however, it cannot be so proved, and the only correct 
course, under the Rules of Nomenclature now in force, appears to be to 



47 T. W. M. CAMERON. (2) 

allow the name to lapse, and to propose a new generic name for the hook- 
worms now known under the name of Uncinaria. The fact that the 
name is still used -especially in medical literature -in its old wide mean- 
ing renders this change more desirable. Accordingly the name Doch- 
moides is proposed to replace this one. The species D. stenocephala 
Railliet is designated type. 

MORPHOLOGY OF DOCHMOIDES STENOCEPHALA (Railliet). 

The cuticle is finely striated throughout the length of the parasite. 
i 2 

Dochmoides stenocephala. Buccal capsule. Fig. 1, lateral. Fig. 2, dorsal view. 

The male is 5 to 6.5 mm. long, while the female has an average length 

of 7 mm. The males are about .18 mm. thick and the females .2 mm. 

The general shape is similar to, but shorter than Ancylostoma caninum 
from the same host. 

The buccal capsule has the distinctive shape and formation of the 
Ankylostomes. It forms, when viewed from the side, an elongated cone, 

which in places becomes almost cylindrical. The anterior opening is 

protected by two cutting plates, which are not divided into teeth. These 

plates (Fig. 2) have a curved free cutting edge without any definite angles. 
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A certain amount of variation, however, occurs within the same batch 
of material. Similar, but smaller, non -cutting plates are found at the 
dorsal edge of the opening. 

From the inner wall of the capsule project two cutting lancets, the 
points of which may be directed forward or may be almost central. There 
are no sub -ventral teeth. 

There is no dorsal oesophageal cone. The gland opens as in Ancylostoma 
on the dorsal wall of the buccal capsule (Fig. 1). The buccal capsule is 

connected to the oesophagus by means of an oesophageal funnel. 
The oesophagus measures .5 to .7 mm. long and has . a maximum 

breadth of .15 mm. The intestine and rectum are typical. 

Dochmoides stenocephala. Fig. 3. Bursa, dorsal view. 

The excretory apparatus, nerve commissure and cervical papilla lie 
together, just anterior to the middle of the oesophagus. Cervical and 
cephalic glands are as in Ancylostoma. 

In the female the tail shows a close resemblance to Ancylostoma. The 
anus opens .16 mm. from the tip of the tail. Both ovaries commence 
near the cephalic region and run together almost as far as the vulva. 
The posterior ovary then continues almost to the anus, where it turns 
and joins the uterus ; while the anterior ovary turns on itself at the 
vulva and proceeds anteriorly almost to its origin, where it again reverses 
and proceeds to join the uterus. Transverse coils are in no place con- 
spicuous, the local convolutions being mainly longitudinal, rather than 
transverse as in Ancylostoma. The uteri, ovejectors, and vagina are 
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typical. The vulva is at the junction of the middle and posterior thirds. 
In the male the spicules are similar in structure to those of Ancylostoma. 

They measure .7 mm. long, are equal in size and terminate in sharp 
filiform points. The genital cone is a short simple structure. The testis 
is relatively short and thick, and the coils as in the case of the female 

organs, are longitudinal rather than transverse. Pre -bursal papillæ 
are present. The bursa is somewhat similar to that of Ancylostoma 

caninum.. There is a short dorsal lobe and two large semi -circular lobes 
4 5 

Dochmoides stenocephala. Fig. 4. Bursa, lateral view. Fig. 5. Dorsal ray. 
with the maximum diameter antero -posterior. When uncompressed, 
these lateral lobes curve inwards and slightly overlap. They are separated 
dorsally and ventrally. The cuticle is laminated, giving the margin a 
serrated appearance. 

The rays are somewhat stouter than in A. caninum, and closer together. 
The Dorsal Ray bifurcates towards its centre, each bifurcation redividing 
into two digitations, the inner of which, as a rule, divides again. Some- 
times, however, only one redivides. 

Looss tentatively recognised two species in the genus Uncinaria : 

criniformis and polaris. He distinguished them, apart from slight 
differences in size, by the following points 



(5) Dochmoides ; gen. nov. for Uncinarea. stenocephala. 50 

U. criniformis. U. polaris. 
(1) Mouth capsule narrow and slender. 
(2) Cutting plates : tips touching, angular free 

edges. 
(3) Boundary between thicker and thinner por- 

tions of mouth capsule, a doubly curved 
line. 

(4) Bursal lobes little more than semi -circular. 
(5) E.L. Ray thinner than M.L. 

Wider and less slender. 
Not touching and with rounded 

edges. 
This line is almost straight. 

Long. 
E.L. thicker. 

A certain amount of variation in this, as in other forms, occurs in the 
dimensions of the buccal capsule, and the slight differences in Looss' 
drawings do not seem to have specific value. The cutting plates and the 
bursa in the specimens upon which the present description is based 
are more of the polaris type. The rays and the boundary line are inter- 
mediate while the buccal capsule varies. The present writer is of the 
opinion that two separate species do not exist. Fülleborn has recently 
(1924) come to a similar conclusion. The two species probably represent 
extremes of variation within a single species. 

CLASSIFICATION. 

The systematic relation of Dochmoides to other genera of Ankylostomes 
is a matter of some uncertainty. Looss placed Uncinarea in a sub- 
family with Ancylostoma, thus separating it from Necator and the other 
forms which have cutting plates instead of teeth guarding the mouth 
opening. Apart from the shape of the oral armature, it appears, from 
its general anatomy, to be much more closely related to Ancylostoma 
than to any other form, and the modern practice of including it in the 
parallel sub -family with cutting plates is as arbitrary in character as a 
classification based on the terminal digitations of the Dorsal Ray. At 
the present juncture a classification separating the " toothed " and 
" cutting -plate " forms appears unjustified. The time does not yet seem 
ripe for the sub -division into sub -families of the family Ancylostomidæ 
Looss. At the same time, it must be admitted that the presence of 
cutting plates and the absence of a dorsal cone are two very useful points 
for the identification of the genus. 
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[LVIII.] 
On the Nematode genus Globocephalus Molin, 1861. 

By T. W. M. CAMERON, M.A., B.Sc., PH.D., M.R.C.V.S. 
(Research Assistant in Agricultural Helminthology, London School of Tropical 

Medicine.) 

THE material on which this paper is based was received by Prof. R. T. 
Leiper from several sources, and includes specimens collected in British 
Guiana by the Filariasis Commission, in West Africa by Dr. Yale Massey, 
and in New Guinea by Dr. G. M. Heydon. In addition there was a tube 
received from Dr. O'Connor from Samoa labelled on the outside of the 
bottle " Pig, Samoa, Ank. Duod. from intestine," and inside (presumably 
by Dr. Clayton Lane) " Crassisoma samoense." It contained specimens 
of the latter species only. The type material of Lane's two new species 
from the pig was also available for examination. 

The material received from Dr. Heydon, in New Guinea, was accom- 
panied by the following note :- 

" The hookworm partly described below has so far been found in 32 out of 66 
pigs examined in Rabaul. These pigs were slaughtered in Rabaul, and had been 
reared in various parts of the Territory of New Guinea. They were nearly all 
of mixed breed - partly native pig, partly European. 

" The worms occurred throughout the greater part of the small intestine, often 
patchy in distribution -sometimes they were found in the lower part of the ileum 
while absent from the jejunum. 

" They were never extremely numerous, 100 being a large number. 
" To the naked eye and in situ they never appear at all coloured by ingested 

blood. 
" The worm belongs to the group Ankylostomm. 
" Bursa with anterior ray deeply cleft, medium double, postero and postero- 

external arising from a common trunk, posterior bifurcate, each limb tridigitate. 
About the terminal two -fifths of the dorsal ray is cleft. 

" The vulva is behind the middle of the body but within the middle third of 
the body. The cuticle is striated. Dorsal curve of head moderate. Uteri 
divergent. The oral orifice is oval with the long diameter sagittal. Inside the 
skin or cuticle forming the actual oral orifice, there are at the ventral end two small 
cutting plates not meeting in the middle line. The ' Dorsal ridge ' containing the 
duct of the dorsal oesophageal gland is well marked and has some small serrations. 
In the dorsal edge of the chitinous buccal capsule just below the margin of the 
oral aperture there is a U- shaped dorsal gap as in Ankylostoma duodenale. There 
are two large ventral lancets irregular in shape and with some small 
serrations. (There are no lateral lancets.) There is one pair of cervical papillæ. 
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There is a sharp spike at the posterior end of the female as in Ankylostoma duodenale. 
The spicules end in curved points with a number of barbs. The large 
buccal teeth of Ankylostoma are absent. There are two curved structures on 
the dorso- lateral walls of the buccal capsule which appear to be chitinous ridges. 
The buccal nerve papille are well marked. 

" The few eggs I have seen appear to have a rather thinner layer of clear sub- 
stance inside the shell than those of the human hookworms. 

" I have seen several accounts of hookworms recently found in pigs, but those 
which gave anatomical details did not correspond with this worm. 

" I may mention that in about a hundred pigs I examined, no Necator annericanus 
was found, nor have I noticed the pig worm in native autopsies (the association of 
the pig and the native is very close)." 

GLOBOCEPHALUS UROSUBULATUS (Alessandrini, 1909). 

Synonyms :- Crassisoma urosubulatum Aless., 1909. 

Globocephalus connorfilii Lane, 1922. 

The material of this species available consisted of specimens from 
British Guiana, West Africa and New Guinea, in addition to the type 
material of Lane's Globocephalus connorfilii from Samoa now in the 
London School of Tropical Medicine. 

These specimens all shewed the same general characteristics and only 
varied slightly in size, and in the appearance of the buccal teeth. The 
New Guinea examples were less than the others in length, with a 
correspondingly smaller buccal capsule, but it is considered that they 
belong to the same species. 

The length of the females is about 6 mm., and of the males 5.5 ; while 
the New Guinea specimens are about 1 mm. shorter. The cuticle is 
relatively thick with deep transverse striations. The buccal capsule is 
elongated and almost cylindrical. The mouth opening is circular and is 
situated termino- dorsally. It is unarmed. The buccal capsule proper 
consists of dense chitinoid material, which is not of uniform thickness, 
and is much thinner anteriorly than posteriorly. The opening of the 
dorsal oesophageal gland is on the interior dorsal surface close to the 
actual mouth opening. The rugose dorsal gutter is similar to that found 
in the genus Strongylus in Equines. Apart from this thickening the cap- 
sule here is much thinner than on the ventral side. From the ventral 
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surface rise two simple teeth. In the British Guiana specimens these are 
comparatively large and directed anteriorly, as in Alessandrini's descrip- 
tion ; in the West African specimens they are smaller with conical points ; 

in the Samoa material they are comparatively small ; while in the New 
Guinea forms they are very small. Thus in the four collections, in forms 
otherwise identical, all gradations from typical to almost rudimentary 
teeth are found. 

Anteriorly the chitinoid material forms a circular opening, somewhat 
larger than the actual buccal opening. The posterior margin is slightly 
thickened to form a rim articulating with the oesophagus. On the exterior 
surface of the buccal capsule lies the true cuticle which overlaps the 
anterior margin of the capsule to form the buccal opening. It is some- 
what thickened in the region where it covers the anterior edge of the 
chitinoid material.. This thickening is very granular, and, as a rule, 
forms a conspicuous ring surrounding the buccal opening. Under a high 
power, the extreme edge of the cuticle at the mouth rim is seen to be 
gently serrated. 

The oesophagus is long, claviform, and terminates in the usual . three 
valves. The intestine is very wide-wider than the posterior part of the 
oesophagus. Alessandrini remarks that the anterior half of its lumen 
is nearly always filled with a dark brown food material. This is true 
also for the present specimens. 

The nerve ring, excretory pore, and cervical papill æ are at the same 
level, about the middle of the oesophagus. The excretory pore is large 
and conspicuous. The papill æ also are large and fleshy, with blunt 
points. Cervical and cephalic glands are as in the ankylostomes. 

The Female genital system is in the main similar to that of G. samoensis 

(see under) where it is much more easily followed ; but it differs in several 
respects. The genital tubes are coarser and in consequence take up 
rather more space. They are not arranged in the neat parallel convo- 

lutions of G. samoensis, but are more irregular. The general impression 

given, however, is that the coils are mainly transverse, although a few 

diagonal strands are seen. They are not disposed in one plane, but to 
a certain extent overlap. The uterus has a rather stout wall, and has 

been accurately illustrated by Alessandrini. 
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The vulva opens about 2.5 mm. and the anus .2 mm. from the tip of 

the tail. The tail terminates in a fine point. 
The Male genital organs have been very accurately illustrated by 

Alessandrini. The testis arises about the middle of the body as a straight 
tube which passes forward to the anterior third where it turns, and is 

thrown into several transverse coils. It gradually passes into the swollen 
seminal vesicle. This suddenly constricts and is joined to the cement 
gland by a very narrow neck. The cement gland is long -about a third 
of the body length -and very broad anteriorly. Its diameter gradually 
decreases, however, as it passes posteriorly to join the cloaca. 

The spicules, which are of the usual ankylostome type, are long and 
slender, and are about .55 mm. long. They have dorsally curved, and 
sometimes S- shaped points. 

The accessory piece is elongated with somewhat irregular edges. It 
is lightly chitinised. 

The genital cone is complicated. Alessandrini describes it as having 
four mamma -three of which are dorsal and one ventral and median, 
with two elongated papill a arising from the base of the lateral dorsal 
mamma. In the present specimens only the dorsal mamma and the 
lateral papill a could be recognised with certainty. 

The bursa is of the ankylostome type. The lateral lobes are somewhat 
elongated and there is only a rudimentary dorsal lobe. The dorsal ray 
bifurcates near its tip, and each portion divides again. The inner of 
each pair splits into two digitations, but there is considerable irregu- 
larity in their arrangement. The externo- dorsal rays show a tendency 
to asymmetry in their origin ; while the other rays are typical. 

GLOBOCEPHALUS SAMOENSIS (Lane, 1922). 

Synonyms :- Crassisoma samoense Lane, 1922. 

Raillietostrongylus samoensis (Lane, 1922), Lane, 1923 

The material for the study of this form consisted of specimens from 
Dr. Heydon, New Guinea, some of Dr. O'Connor's material and Lane's 
types. 

In essentials this form is similar to Globocephalus urosubulatus. The 
buccal capsule is of the same general type but differs in several details. 
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The anterior edge of the chitinoid material is not regular. The lateral 
portions have a curved margin, while the dorsal and ventral are notched. 

3 4 

Figs. I & 2. Globocephalus urosubulatus from British Guiana. Lateral and Dorsal views of Mouth Capsule. 

Figs. 3 & 4. Globocephalos samoensis from New Guinea. Lateral and Dorsal views of Mouth Capsule. 

Viewed from the anterior aspect the opening is decidedly spindle -shaped. 

The cuticular covering is disposed as in the previous species, leaving an 

almost circular buccal opening. Viewed from the dorsal surface, the 
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chitinoid material gives the appearance of two small cutting -plates. 
It is improbable, from analogy, that, owing to the great similarity 
of the structure of this buccal capsule to that of the previous species, 
that cutting plates should exist ; and in fact, this is an optical illusion 
due to the peculiar contour of the top of the capsule. Owing to the angle 
of the mouth capsule, the ventral notch is visible through the actual 
mouth opening, and gives this appearance. However, the edges of this 

5 

1 mm 

6 

Globocephalus samoensis. Fig. 5. Mouth Capsule, end -on view. 
Fig. 6. Bursa. 

notch do not project at all, as is obvious when the parasite is viewed 
from the anterior aspect. (Fig. 5). The granular ring surrounding 
the mouth opening is as in Globocephalus urosubulatus. The dorsal 
gutter is somewhat shorter and the buccal capsule is much more globular 
than in that species, and in some specimens is actually broader than the 
body. The two teeth are constantly very large and bifid in all the 
examples, and project well into the lumen of the capsule. The thinner 
dorsal portion is more distinctly marked off from the remainder than 
in the other species. 

The male genital system is almost identical with that of Globocephalus 
urosubulatus, but the genital coils are rather finer. The bursa differs 
in having somewhat shorter lateral lobes, but possesses a distinct, though 
small, dorsal lobe. The rays are more slender. 
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The spicules are about .4 mm. long, slender and with S- shaped points. 
The genital cone is smaller and less elaborate. 

The female genital system is very clearly displayed in this species. 
The vulva is situated in the posterior portion of the body, at about the 
junction of the posterior and middle thirds. The vagina is short, straight 
and directed anteriorly. The entire genital system is situated immediately 
beneath the cuticle and is practically in one plane. The ovejectors are 
divided into the usual two portions -a conical pars haustrix and a cylin- 
drical pars ejectrix. The whole organ is placed at a slight angle to the 
longitudinal axis of the body. + The uterus, receptaculum seminis, and the 
ovaries take a very convoluted course. The coils, of which there are 
some eight to ten, are largely transverse in position, and consist each of 

Oes 

Fig. 7. Globocepl,alus sanaoeusis. Diagram of female genital tubes. The subsidiary transverse coils of the 
ovarian tubules are not figured. (An.= Caudad, and Oes.= Cephalad directions.) 

two to seven parallel tubes disposed in the same plane on either side of 

the mid -ventral line of the body. The coils turn before the dorsal line 
is reached, and there is accordingly an irregular empty space on each side 
of it. The two uteri are similar. The conical pars haustrix of the ove- 
jectors passes into the uterus proper, which here is only of sufficient width 
to allow the passage of a single row of eggs at a time. It bends to one 
side and then crossing the body enlarges in diameter so that it is now 

capable of containing four or five eggs side by side. Thus swollen, it 
again recrosses the body, and, narrowing abruptly, joins the short, almost 
straight, slightly swollen receptaculum seminis. This narrows and 
passes into the ovary without any obvious oviduct. The ovaries have 
a different course in each case. The superior ovary (i.e., that connected 
to the anterior uterus) arises in the posterior third of the body at about 
the middle of the inferior uterus. From there it passes forwards almost 
as far as the oesophagus, then back to the level of the anus, forward again 

to the oesophagus, and finally joins the uterus in the anterior third of the 

body. The inferior ovary (i.e., that joining the posterior uterus) arises 
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just posterior to the termination of the oesophagus. Thence it passes 
back to the point of origin of the other ovary, returns to the oesophageal 

region; curves again to the level of the anus, and finally joins the inferior 
uterus in the posterior third of the body. Both tubes run in parallel 
coils for almost their entire length. 

The female tail is shorter than in the previous species and more trun- 
cated. The anus is situated about .1 mm. from the tip of the tail. 

GLOBOCEPHALUS ASMILIUS (Railliet, Henry and Joyeux, 1913). 

Syn. :-Characostomum asmilium, Raillet, Henry and Joyeux, 1913. 

This species has been described by Raillet, Henry and Joyeux in 1913 ; 

additional details were added by Vevers in 1922. It has been recovered 
from various primates. 

From the insufficient material at the writer's disposal-three males - 
it is impossible to examine the species fully. However, all three shewed 
the presence of very rudimentary buccal teeth. The other observable 
details do not seem to differ from those described under Globocephalus 
urosubulatus. It seems possible that the species may not be a valid one, 
and that it simply represents the last stage. in the series of diminishing 
teeth observed in Alessandrini's species. Raillet, Henry and Joyeux 
differentiated it from the other form mainly, if not entirely, on the 
absence of teeth. Examination of the type material may disclose other 
differences. The species is included here provisionally, until such 
examination confirms or refutes its validity. 

Globocephalus macaci, Smith, Fox and White, does not belong to this 
genus, but appears to be a species of Triodontophorus. 

DISCUSSION. 

THE SPECIFIC NAME GLOBOCEPHALUS UROSUBULATUS. 

Lane considers that Globocephalus connorfilii is different from 
Crassisoma urosubulatum on the ground that the former has rudimentary 
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teeth while the latter has " robust " teeth and that the external chiti- 
nous ring of connorfilii is absent in urosubulatum. It has been pointed 
out above, however, that considerable variation is found in the size of 
the teeth. Alessandrini's " robust " teeth are much smaller than those 
of samoensis, and are about the same size as those in the British Guiana 
specimens. With regard to the absence of the external chitinoid ring, 
Alessandrini's figures suggest the presence of this, and in his text he 
states that the mouth is constituted by a horny ring, transparent and 
thin, which makes the aperture a regular one ; a statement which pre- 
supposes the existence of some external limiting structure. Moreover, 
this external ring is present in all the other species. The above facts, 
in conjunction with the frequently poor visibility of this ring, leave no 
room for doubt as to the identity of cgnnorfilii with urosubulatus. Railliet, 
Henry and Joyeux considered that urosubulatus was the same as Molin's 
longemucyonatus ; but this opinion was formed before it was known that 
two species existed in pigs. 

THE SPECIFIC NAME GLOBOCEPHALUS SAMOENSIS. 

There can be little doubt of the close relationship existing between 
this species and G. urosubulatus. It differs from that species in the 
globular shape of the mouth capsule, and in possessing large bicuspid 
teeth. There are other smaller differences, such as the shape of the 
spicules, and in the female genitalia and the genital cone. As is explained 
under the discussion on the generic name, the writer considers that this 
species is most closely allied to Molin's G. longemucyonatus ; but that in 

the meantime it should be retained as a separate species. 

Lane considers that it should be placed in a new genus, and he haq 

made it the type of Raillietostrongylus. Its differences from the previous 
species have been noticed above, and they are comparatively small. 
The whole general organisation of both forms is very close -a point of 

more importance in deciding generic relationships than is the presence 
or absence of a single arbitrary chosen feature. The presence of cutting 
plates would, of course, be a very considerable difference, but as has been 
shewn above, they do not exist. The writer can see no reason why this 
species should at present be removed from the genus Globocephalus. 
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THE GENERIC NAME GLOBOCEPHALUS. 

This question is somewhat involved. In 1861 Molin created the genus 
Globocephalus to receive a new species G. longemucronatus. He described 
it at some length, and figured it in his usual semi -diagrammatic manner. 
He stated that it had two horny rings surrounding the anterior and pos- 

terior edges of the buccal capsule, and that these were joined by four 
meridional- crosspieces. 

Examination of subsequent species shews that the anterior ring is 

visible in all while the posterior ring is merely the articulation of the 
buccal capsule with the oesophageal funnel... The meridional cross -pieces 
offer more difficulty. The two lateral seems to be the sectional appearance 
of the buccal capsule and the dorsal one the dorsal gutter. The ventral 
is probably one of the conspicuous bands on the outside of the cuticle. 
In studying Molin's " diagrams " experience shews that they must not 
be too strictly interpreted, and that extreme accuracy cannot be claimed . 

for them. No teeth are mentioned in the description, but the head is 

stated to be globular. 

In 1909 Alessandrini described, under the name of Crassisoma urosat- 
bulatum, what he regarded as a new species from Italian pigs. He 
considered that it was the same form as had been found by von Linstow 
in 1897, and identified by him with Molin's species. Alessandrini indi- 
cates a number of differences between the two forms. Many of these, 
however, are due to a too strict interpretation of Molin's description ; 

but the spherical head, and, possibly, the dorsal lobe in the first species, 
may be valid points. 

In 1922, Lane described what appears to be Alessandrini's species 
under the name of G. connorfilii, and, at the same time, described a 
new species which he called Crassisoma samonnse, differing from the 
former in possessing a globular mouth capsule with two large bifid teeth. 
This species agrees closely with Molin's original description of G. longe- 
mucronatus, except that it possesses teeth. The teeth in G. samoensis 
are so conspicuous that it is difficult to imagine that Molin can have 
overlooked them. On the other hand, there is always the possibility 
that his specimens had the buccal capsule filled with debris, which con- 
cealed the teeth. In the meantime the writer considers it advisable 
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to retain both species- longemucronatus and samoensis -until a re- 
examination of Molin's types, should such exist, finally settles the ques- 
tion. Should these not exist, and should subsequent work on pigs not 
reveal a species with a globular mouth capsule without teeth, the question 
will require re- investigation. 

Accordingly, of the four species which we may thus recognise two 
have globular mouth capsules, while two have cylindrical mouth capsules. 
One of each pair has teeth and the other has not. The internal organisa- 
tion of all, however, is very close ; so close that the writer does not con- 
sider their division into separate genera possible -or desirable. 

The question still remains as to the correct name of the genus. The 
three species for which modern descriptions exist all have many well 
defined characters in common, characters which are also recognisable 
in Molin's description. Although his type species cannot be recognised 
with certainty, there can be little doubt that it belongs to the same 
genus. Accordingly his name is retained ; but if subsequent investiga- 
tion shews such retention is invalid, the genus would become Crassisoma 
with urosubulatum as type. 

Railliet has proposed the name Characostomum to replace Globo- 

cephalus on the ground that the latter differs by only one letter from 
Globicephalus and Globiocephalus, two genera of mammals. Under 
Article 36 of the International Rules of 1914, and its accompanying 
recommendations, the name Globocephalus cannot, however, be so 

rejected. 
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[XXX.] 

The Trichostrongyle Genus Graphidioides. 

By 

THOMAS W. M. CAMERON, M.A., B.Sc., Ph.D., M.R.C.V.S. 
(Assistant in Helminthology, London School of Hygiene and Tropical Medicine.) 

IN 1923, the writer in studying some species of the family Trichostrongy- 
lida, had occasion to create a new genus Graphidioides, to receive the 
form previously known as Graphidium affine (Megnin, 1895), Railliet 
and Henry, 1909. This species differs from the type species of the 
genus Graphidium on the following points : absence of cervical papilla, 
shape of bursa and disposition of ventro- ventral rays, shape of accessory 
piece and spicules, shape of the ovejectors and vagina and posterior 
extremity of the female. In an addendum on the remaining species of 
Graphidium, G. rudicaudatum, the following statement was made 

" Graphidium rudicaudatus, R. & H., 1909, from Viscacia viscacia, from 
Argentina resembles G. affinis very closely. It differs mainly by its smaller size, 
equal ovejectors, sharply pointed externo- dorsal ray and absence of an accessory 
piece. Its affinities to Graphidioides are so close, that the latter point requires 
re- investigation. The other points are only of specific value, and it is proposed 
to include it in this new genus. Should the absence of an accessory piece be con- 
firmed, its position would require re- determination." 

Recently the writer has had the opportunity of studying examples 
of this species which were found in the stomachs of two viscachas 
(Viscacia viscacia), which died in the gardens of the Zoological Society 
shortly after importation. 

Travassos (1921) has published a description of Graphidium rudicau- 
datus, but as the present specimens appear to differ somewhat from 
those in the possession of Travassos, it has been thought advisable to 
re- describe this species. 

Graphidioides rudicaudatus (Railliet and Henry, 1909). 

This species is very closely related to the type of this genus. In the 
fresh state, specimens are blood -red in colour, but become brown on 

fixing. The female is 17 to 20 mm. long by 3 to 4 mm. wide, while 
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the male is 10 to 12 mm. long and 2 mm. wide. Thus while the size of 

this species overlaps that of G. affinis, it is on the whole a smaller form. 

The cephalic extremity and the alimentary system in both species 
are very similar. The oesophagus is about 55 min. long and about 08 

mm. in maximum diameter. 

The Female. -The vulva opens in a deep transverse slit and is situated 
just posterior to the junction of the third and posterior quarters of 
the body. The body does not narrow immediately behind the vulva. 
The ovejectors (Fig. 2) are almost, but never quite, equal in length, 
the superior ovejector being about 17 mm. long while the inferior is 
about 15 mm. Their total length is much smaller than that of G. affinis. 
The conspicuous muscle bands seen near the vulva in that species (Fig. 3), 
are also present in this. Both ovaries arise in the anterior part of the 
body. The superior ovary passes posteriorly for a short distance, then 
turning on itself forms an elongated S- shaped curve before joining the 
uterus and the ovejector. The inferior ovary arises a short distance 
behind the origin of the other, but immediately passes to the posterior 
part of the body where it turns and joins the inferior ovejector. The 
pars haustrix of the ovejector is not sigmoid in the present specimens, 
but is almost straight. In Travassos' specimens on the other hand, 
it had a distinct S- shaped curve. The anus is situated about 35 mm. 
from the posterior extremity, which does not differ from the type species. 
The ova are 8514 to 11314 long and 71p, broad. They are typical thin 
shelled Trichostrongyle eggs. 

The Male. -The Bursa (Fig. 1) is very similar to that of G. affinis. 
It is much smaller however in size, although retaining the same 
proportions. The disposition of the rays is almost identical, but, whereas 
in G. affinis, the externo- lateral and externo- dorsal end bluntly, in 
G. rudicaudatus they are pointed. In both species these rays terminate 
some distance from the margin of the bursa. The accessory piece is 
very similar in both, but is rather narrower in this form than in the 
type species. A transparent cuticular telamon is also visible. 

The spicules in this form are only about half the size of those in G. 

affinis, being about 1.5 mm. long. Travassos gives the size of the 
spicules in his specimens as 1.09 mm.. long, while Railliet and Henry 
in their original description state the size as 1.4 to 1 .52 mm. The 
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spicules are similar in shape to those of G. affanis, but the junction between 
the spicular a1æ is much less firm and they are more frequently found 
apart. 

z. 

1. 

.5 mm 

Fig. 1. Graphidioides rudicaudatus. Bursa of male. 
Fig. 2. Graphidioides rudicaudatus. Ovejectors of female. 

Fig. 3. Graphidioides affinis. Ovejectors of female. 

3. 
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DISCUSSION. 

The present form differs from those described by Travassos in several 
particulars. There are some variations in size, but these may be due 
to means of preservation and too much value should not be attached to 
small differences in measurements of these forms. The sigmoid curve 
of the pars haustrix (Vestibule) as seen by Travassos is absent in the 
writer's specimens. The most important difference however is the 
presence of an accessory piece. This was not described by Travassos ; 

but as this structure sometimes is very difficult to see, it was probably 
overlooked. In spite of the differences, the writer has no doubt that he 
is dealing with the same species as Travassos. 

This species is very closely related to Graphidioides affinis and there 
can be little doubt that it belongs to the same genus. The two species 
differ from each other on the following points :- 

G. affinis. G. rudicaudatus. 
(1) Length of female is 16 to 21 mm. 17 to 20 mm. 
(2) male is 9 to 17 mm. 10 to 12 mm. 
(3) Superior ovejector about four times Superior ovejector almost equal to 

as long as the inferior. the inferior. 
(4) External dorsal ray, blunt. Externo- dorsal ray, sharp. 

It is not considered desirable at this stage to formulate a detailed 
and formal generic specification of the genus Graphidioides. However, 
the fact that there are now two species which may be referred to this 
genus, makes it possible to indicate what to the writer seem to be the 
more important generic features. These points are the comparatively 
large size for a Trichostrongyle worm, the unprotected vulva without 
a posterior thinning of the body, the large size of the ova, the alate 
pointed spicules in the male, the widely diverging ventral rays, and 
the termination of the externo- lateral and externo- dorsal rays some 
distance from the edge of the undivided bursa. 
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On a New Species of Trichostrongyle worm from 
the Bennett's Wallaby. 

By THOMAS W. M. CAMERON, M.A., B.Sc., Ph.D., M.R.C.V.S. 
(Department of Helminthology, London School of Hygiene and Tropical Medicine.) 

RECENTLY (1924) Chandler has described from the duodenum of a 
Bennett's Wallaby (Macropus bennetti), a new genus of Trichostrongylid. 
Shortly after the publication of this paper, the writer was privileged 
to study what appears to be a second new species from the same host. 
The parasites are very small forms and occur mainly in the stomach, 
but are also found occasionally in the first part of the small intestine. 
A few specimens of Chandler's species were also present. 

The worms are colourless. The cuticle is very finely transversely 
striated. The mouth is of the simple Trichostrongyle type but possesses 
a small, somewhat elongated buccal cavity. No buccal teeth are present. 
Six papill e surround the mouth opening. The oesophagus is about 

1 to 15 mm. long, and is only slightly swollen at the posterior end. 
The nerve ring lies just anterior to the middle of the oesophagus. The 
female is about 8 to 10 mm. long and .3 mm. thick. The tail terminates 
in a blunt rounded point (Fig. 1) which is occasionally swollen. Caudal 
papille are present but are very minute' and, opening into small crypts, 
do not appear above the surface of the cuticle. The anus, which is a 
comparatively broad transverse slit, lies about 2 mm. from the tip 
of the tail. The vulva is also a very broad transverse slit and is situated 
in the posterior fifth of the body. The genitalia are double. The ove - 
jectors are of the typical muscular Trichostrongyle type. The uteri 
are long and almost straight tubes. The anterior uterus passes forwards 
towards the head, and becoming the ovarian tubule, folds back on 

itself just before reaching the oesophagus and almost immediately 
terminates. The posterior uterus passes backwards to a short distance 
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in front of the anus where it turns, and the ovarian tubule passing 
forwards, terminates some distance anterior to the vulva. Transverse 
coils are absent and only in the anterior portion are longitudinal folds 
seen. 

The male is smaller than the female, being about 2.5 mm.: long and 
25 mm. broad. With the exception of the bursa and spicules, the 

genital organisation is typical. 

Trichostrongylus asymmetricus, sp. nov. 

Fig. 1.- Posterior extremity of Female. 
Fig. 2. -Bursa of male, viewed from ventral surface. 

The bursa is of the general open Trichostrongyle type but exhibits 
a definite, although slight, asymmetry. The ventral rays are widely 
separated (Fig. 2), the ventro -ventral being slender with parallel sides 
while the latero- ventral is large and tapering. The lateral group are 
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fairly close together but diverge distally. The externo- lateral is blunt 
and short, never reaching to the margin of the bursa. The medio- 
lateral and posterio -lateral reach the edge of the bursa. The dorsal 
group consist of two stout externo- dorsal rays and a single dorsal which 
bifurcates about one -third of its length from the base. Each bifurcation 
has two terminal digitations. 

The rays on the left side of the bursa (i.e., the observer's left when the 
bursa is viewed from the ventral aspect) are stouter and longer than 
those on the other side, and this tends to give the bursa an asymmetrical 
appearance. This feature is constant in all the examples studied. 
although never well marked. 

Trichostrongylus asymmetricus, sp. nov. 

Fig. 3.- Spicules and gubernaculum. 

The bursal membrane is " stippled " marginally and covered with 

concentric striations internally. 

The spicules (Fig. 3) resemble those of the genus Trichostrongylus. 
They are similar, short and pointed with one long main point and two 

short subsidiary points. The gubernaculum is trowel- shaped and of 

a very simple character. 

DISCUSSION. 

The only species hitherto described from Marsupials is Austrostrongylus 

macropodis Chandler, 1924. It differs from this form in many respects 

-especially in the shape and size of the spicules, in the disposition of 

the bursal rays, in the tail of the female and in the presence of a buccal 

tooth. 
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The general characters of the present species are very close to those 
of the genus Trichostrongylus. The small size, the widely separated 
ventral rays, and the shape of the spicules are those usually associated 
with this genus. The presence, however, of a slight but definite asym- 
metry of the bursa and the bursal rays separate it from all other known 
species in this genus. The writer is, however, of the opinion that it 
should for the present at least, be placed in the genus Trichostrongylus, 
and he proposes the name Trichostrongylus asymmetricus for it. 
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On Microstrongylus genettce gen. and sp. nov., a Tri- 
chostrongyle Parasite of Genetta senegalensis. 

By THOMAS W. M. CAMERON, M.A., B.Sc., Ph.D., M.R.C.V.S. 
(Department of Helminthology, London School of Hygiene and Tropical Medicine.) 

A CONSIDERABLE number of specimens of this parasite were collected 
from the small intestine of a genette which died in the Gardens of the 
Zoological Society of London. 

The cuticle of the cephalic extremity is dilated anteriorly. This 
swelling is terminated posteriorly by the cuticle incurving to meet a 
raised ring on the body -wall, about the level of the junction of the 
anterior and second fifths of the oesophagus. There are no cervical 
papillæ present, and it is probable that this ring may be regarded as 
replacing them. Just anterior to the middle of the oesophageal region 
and at the level of the excretory pore is a cervical groove which completely 
encircles the body. Laterally the cuticle on the anterior margin is 
thickened ; it is also thickened on the ventral side, but less so than 
laterally. These thickenings are reinforced by a granular inclusion 
in the cuticle. The posterior margin is thickened only in the region of 
the excretory pore. 

The cuticle is covered with extremely fine transverse striations which 
are only visible with an oil- immersion objective. These are rather 
more conspicuous on the cephalic swellings and in the post -anal region 
of the female. In addition, there are about fourteen longitudinal 
striations easily visible under the low powers of the microscope. These 
extend from the posterior margin of the elevated rim which meets the 
cephalic swelling to the pre -anal region of the female and the pre - bursal 
region of the male. 
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The mouth opening is surrounded by six very low -lying papillæ. 
The oesophagus is about 0.25 mm. long and is only slightly swollen 
posteriorly (fig. 1). Its maximum diameter is about 0.03 mm. The 
intestine is typical ; as also is the nerve ring and the excretory pore. 

The female is about 3.5 mm. long with a maximum breadth (at the 
vulvar region) of about 0.075 mm. The anus is situated about 0.1 mm. 
from the posterior end, which terminates in a peculiar, dorsally placed 
" spike " (fig. 2). The anal opening is a transverse slit. The rectum 
is a short, typical tube which passes anteriorly from the anus almost 
parallel to the body -wall until it joins the intestine. 

The vulva is a typical transverse slit, situated in the posterior region 
of the body, which it divides in the ratio of 5 : 1. The vagina is short 
and directed anteriorly. The ovejectors are of the typical 
trichostrongyle type and are about 0.2 mm. long ; the anterior portion, 
however, is about twice the length of the posterior. The genital tubes 
are typical and are only slightly twisted. The posterior tubule 
turns shortly before the anal region is reached, and it originates in the 
anterior part of the body. The anterior tubule originates about the 
same level as the posterior, but proceeds forwards to turn in the neigh- 
bourhood of the oesophageal bulb. 

The eggs are of typical trichostrongyle type, the average size being 
55p, long by 25p broad. 

The male is considerably smaller than the female, being only 2.75 mm. 
long. The bursa is normally folded on itself (fig. 5), when it measures 
about 0.175 mm. in length and 0.1 mm. across. When opened out 
carefully its transverse axis becomes 0.27 mm. The dorsal ray is bifur- 
cated distally (fig. 4), the internal digitations re- dividing to form a 
six -pronged fork, the outer prongs of which are bent outwards as in 
a " trident." Near its base, the stout externo- dorsal rays are given off. 

They terminate some little distance from the edge of the bursa. The 
posterio- lateral and the medio- lateral rays rise together and proceed 
parallely until almost the edge of the bursa. There they diverge slightly 
to reunite at the extreme edge. They curve dorsally. The externo- 
lateral is shorter and stouter than the others in the lateral group and 
diverges widely from them from its origin. It terminates some distance 
from the edge of the bursa. The ventral rays are long and slender and 
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reach the edge of the bursa. They are curved ventrally and proceed . 

parallely almost to their tip, when they diverge slightly. No pre -bursal 
papilla could be seen. 

Fig. 2. 

Fig. 3. 

Fig. 1.- Cephalic extremity. 
Fig. 2. -Tail of female, lateral and dorsal aspects 
Fig. 3..- Spicules and accessory piece of male. 

Fig. 1. 

The bursa is very elastic. The central area is stout and covered with 
minute bosses. These are absent from the thin, very flexible margin. 
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The genital tube is typical. There is a very flat genital cone, apparently 
without ornamentations. 

The spicules (fig. 3) are equal and similar. They are long and filiform, 

the length being about 0.225 mm. Distally they bifurcate. The 
external limbs are long and undulating ; the internal limbs are short 
and straight and give origin to a third, very slender, hair -like digitation. 
Each spicule is accordingly tridigitate, although it is only on very close 

examination that the third termination can be seen. 

The accessory piece is about 7.5p, long and of a very peculiar shape 
(fig. 3). Viewed dorsally, it is shaped like a " snowshoe " with apparently 
thickened centre. Viewed laterally it is seen to be reinforced by a 
ventral thickenifig which has a sharp hair -like anterior point. Distally 
it is very thin and curved towards the spicules. It terminates in a 

stout spear -point. 

DISCUSSION. 

This species belongs to the sub -family Trichostrongylin Leiper, 
only two members of which have been previously reported from Car- 
nivores : Molineus felineus, recorded by the writer in 1923 from Felis 
yaguarundi, and Trichostrongylus (sen. lat.) patens, recorded by Dujardin 
in 1845 from Putorius spp. The latter species differs materially from 
this one in size, structure of the head and other features, and although 
Dujardin's description is not complete in some respects, it is obvious 
that the two forms are not even congeneric. 

This species, however, shews considerable affinities to Molineus felineus 
in several respects. The disposition of the bursal rays and the position 
of the vulva are very similar in both ; while both have an expanded 
cephalic cuticle and both are very small forms. It differs, however, 
in other respects, notably in the shape of the spicules and accessory 
piece, and in the presence of the cervical groove. It is obviously a 
different species ; and the differences in the spicules are so fundamental 
that the writer considers that it is not related generically to Molineus. 
Accordingly the name Microstrongylus genetics gen. et sp. nov. is proposed 

for it. 
The writer does not consider that it is desirable to attempt to formulate 

a detailed " generic diagnosis " on the basis of a single species. However, 
he believes it desirable to draw attention to the points which he considers 
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Fig. 4. 

Fig. 5. Fig. 6. 

Fig. 4. -Bursa spread out. Fig. 5. -Bursa in natural position. 
Fig. 6.- Bursa, lateral view. 
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separate a new genus from others previously existing. In this case 
these are : the possession of a distinct cervical groove, the swollen 
cephalic cuticle, the posterior position of the female genital opening, 
the filiform, tripartite shape of the spicules and the disposition of the 
bursal rays- especially the externo- lateral. Its affinities to the other 
trichostrongyline genera are not very obvious ; it is, however, most 
closely related to Molineus. The type species is M. genettce. 

KEY TO THE GENERA OF THE FAMILY TRICHOSTRONGYLIDZE LEIPER. 

A. 

1. 

TRICHOSTRONGYLIN,'E (female genitalia double) ... 1 

Head with umbrella -shaped nìembrane ... .. HISTIOSTRONGYLus 
Molin 

Head without umbrella -shaped membrane ... 
2. Spicules, short, with ridges and projections ... 

Spicules, long and filiform 
3. Accessory piece present 

Accessory piece absent ... 
4. Accessory piece ring- shaped ; prebursal papillæ absent 

Accessory piece ' wedge- shaped ; . prebursal papillæ 
present o_ absent ... 

5. Dorsal lobe of bursa asymmetrical ... 
Dorsal lobe or bursa symmetrical ... 

6. V.V. ray separated from and smaller than L.V. ; no 
prebursal papillæ 

V.V. ray close to and about same size as L.V. ; papilla 
present or absent ... 

7. Accessory bursal membrane present ... 
No accessory bursal membrane ... 

8. Prebursal papillæ ; no cephalic dilation 
No prebursal papillæ ; cephalic dilation 

9, E.L. same size as other lateral rays 
E.L. half size of other lateral rays ... 

10. Spicules cleft and barbed ; lateral lobes widely 
separated . 

Spicules not cleft and barbed ; - lobes not widely 
separated ... 

11. Prebursal papilla: conspicuous... 
Prebursal papillæ absent ... 

12. Dorsal ray lyre- shaped ; spicules with single points ... 
Dorsal ray like capital of column.; spicules with 

multiple points ... 
13. Asymmetrical, single cephalic swelling present ... 

Swelling, if present, symmetrical ... 

2 

3 

13 
4 

10 

ORNITHOSTRONGYLUS 
Travassos 

5 
HfEMONCHUs Cobbald 

6 
TRICHOSTRONGYLUS 

Looss 

7 

OSTERTAGIA Ransom 
S 

HYOSTRONGYLUS Hall 
9 

TRICHOHELIX Ortlepp 
MOLINEUS Cameron 
OBELISCOIDES 

Graybill 

11 

TRAVASSOSIUS Khalil 
12 

COOPERIA Ransom 
OSWALDOCRUZIA 

Travassos 
WARRENIUS Hall (a) 

14 
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14. Vulva in anterior quarter of body ... NEMATODIRELLA 

Yorke and Maplestone 
Vulva in posteria part of body 15 

15. Bursal lobes asymmetrical ... AUSTROSTRONGYLUS 

Chandler 
Bursal lobes symmetrical ... 16 

16. Spicules with multiple points ... 17 
Spicules with single points ... ... ... 18 

17. Cervical groove present, with cephalic swelling MICROSTRONGYLUS 

Cameron 
No cervical groove ; on cephalic swelling ... GRAPHIDIUM 

Railliet and Henry 
18. Vulva close to anus ; vagina long ... ... MECISTOCIRRUS 

Neveu Lemaire 
Vulva remote fron anus, vagina short 19 

19. Ventral rays same size and parallel ... ... NEMATODIRUS Ransom 
V.V. much shorter than L.V. and divergent GRAPHIDIOIDES 

Cameron 

B. HELIGMOSOMIN2E (female genitalia single) ... 20 
20. Body spirally coiled ... ... 21 

Body not spirally coiled ... . 25 
21. Bursa asymmetrical, D Ray replaced by tubercles on E.D. NEMATOSPIROIDES 

Baylis 
Bursa symmetrical, D Ray present ... ... 22 

22. Dorsal ray extremely short ... 23 
Dorsal eay reaches edge of bursa ... 

23. Dorsal ray not split to base ... ... HELIGMOSOMOIDES 

Hall 
Dorsal ray split to base ... NEMATOSPIRA Walton 

24. Ventral rays and also M.L. & P.L. united in basal 
two thirds ... VIANNELLA Travassos 

Ventral rays and also M.L. & P.L. not united in basal 
two thirds ... ... ... VIANNAIA Travassos 

25. Cuticle studded with tubercles IMPALIA Monnig 
Cuticle not studded with tubercles 26 

26. Bursa asymmetrical ... ... ... NIPPOSTRONGYLUS 
Lane 

Bursa symmetrical 27 

27. Dorsal ray double ... HELIGMOSTRONGYLUS 
Travassos 

Dorsal ray with common trunk ... HELIGMOSOMUM 

Railliet and Henry 

(a) Warrenius is provisionally included here on the assumption that W. bifurcatus 
belongs to the same genus as W. quadrivittati (the type species), the female 
of which is still undescribed. 
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[LXIII.] 

On the Morphology of the adults and the free - living 
larvæ of Dictyocaulus arnfieldi, the Lung -worm of Equines. 

By THOMAS W. M. CAMERON, M.A., B.Sc., Ph.D., M.R.C.V.S. 

(Assistant in the Department of Helminthology, London School of Hygiene and Tropical 
Medicine.) 

Tills parasite was first reported by Cobbold in 1882 from a donkey 
and described by him two years later under the name of Strongylus 
arnfieldi. Previously, worms from the lungs of equines had been reported 
by Diesing and by Gurlt, but these had been confused with the species 
found in bovines. This species was later identified in the horse by 
Railliet. It was placed in its present genus by Railliet and Henry in 1907. 

The morphology of this parasite has never been completely described 
while the life history has been almost entirely uninvestigated. The 
writer was fortunate in receiving some live material from the lungs of 
a donkey killed in London and the present account of the anatomy of 
the adults and of the free -living larval stages is based upon this. 

MORPHOLOGY OF THE ADULT WORMS. 

The cephalic end is simple with a functional mouth cavity only, 
surrounded by six fiat papillæ. The cuticle is finely striated transversely 
and longitudinal striations are also evident. Cervical papillæ are absent. 
The oesophagus is bluntly club- shaped and in the female is about 75 mm. 
long by 15 mm. broad. The nerve ring is situated about the middle 
of the oesophagus and the excretory pore is just posterior to it. 

The female is about 43 to 60 mm. long and 4 mm. broad. The genitalia 
are double and are very similar in type to those in other members of 

this genus. The vulva is situated just anterior to the middle of the 
body. The anus is a small transverse slit about 4 mm. from the bluntly 
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pointed, tapering end. A pair of very small caudal papilla are present 
but they do not project through the cuticle. (Fig. A, 2.) 

The male is shorter than the female, being only 25 -35 mm. long and 
about 25 mm. broad. The genital system is single and similar to the 
other members of this genus. The bursal rays (Fig. A, 3 and 4) are 

bluntly pointed and are sharply divided into ventral, lateral, and dorsal 
groups. The Ventral rays are small and joined together for the greater 
part of their length. The Externo- lateral ray is separate from, but 
usually close to, the other lateral rays. The Medio- lateral and the 
Dorso- lateral rays are fused for the greater part of their length. The 
Externo- dorsal rays are long and, comparatively slender in the centre, 
terminate in a swollen blunt portion. The stout Dorsal ray bifurcates 
about half -way down its main stem but the bifurcations always remain 
single. The spicules are large, being about 25 mm. long, and have 
a honey -comb structure. They are club- shaped and closely applied to 
each other. The accessory piece is small- 05 mm. long -and almost 
rudimentary. There are no prebursal papilla. 

THE FREE -LIVING LARVÆ. 

As the amount of material was limited, cultures were made by teasing 
up mature females in water and removing the debris by sieving. The 
eggs were placed in ordinary tap water in Petri dishes and incubated 
at 20° C. 

The Egg is thin shelled, almost round and is about 090 mm. in its 
longer diameter. It contains a living embryo when deposited. This 
larva very quickly hatches -in a few hours after leaving the female- giving 
rise to the first -stage larva (Fig. B, 1). This larva is about 43 mm. long 
and 015 mm. thick at the thickest part about its middle. It is accord- 
ingly about midway in length between the larva of D. filaria and D. 
vivaparus, but more slender than either. The cuticle is finely transversely 
striated. At the anterior end is a small cephalic vesicle. This does not 
seem to be the same structure as has been observed by Daubney in the case 
of D. filaria. In that species the cephalic " button " is a thickening of the 
cuticle, while in this it seems to be the precocious beginning of the 
first moult. It is present, however, in the newly- hatched larva. In 
addition, a similar caudal vesicle is seen. The tail differs somewhat 
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Fig. A., Morphology of Dictyocaulus arnfieldi. 
1. -Head of female. 2.- Posterior end of female. 3. -Bursa of male, 
ventral aspect. 4.- Bursa, lateral aspect. 
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in shape from that in the corresponding stage in the other species (as 

described by Daubney, 1920). In D. filaria, the first stage larva has a 

blunt tail, while D. viviparus has a tapering tail with a fairly sharp point. 
In D. arnfieldi, however, it is spear -shaped, the spear -head forming the 
caudal vesicle. 

Daubney was unable to see the oesophagus clearly in either of the 
first two stages of the other two species, but in this species it can be 
easily seen under the 1/12" objective as a thin -walled tube about 11 mm. 
long with a central and posterior swelling. A functional month is not 
present although thin strands are seen leading from the anterior end of 

the oesophagus to the posterior side of the cephalic " vesicle." Owing 
to granules in and around the intestine, it was not possible to ascertain 
the number of intestinal cells present. The rectum is seen as a thin 
cuticular tube leading to an anus which is probably not functional in 
this stage. The nerve mass is present surrounding the thin part of the 
oesophagus between the two swellings. The genital primordium is also 
seen as a cell mass, about the centre of the intestine. It does not appear 
to alter during any of the three free -living larval stages. 

The larva completes its moult as a rule within twenty -four hours of 

hatching, but it does not escape from the old cuticle until after the second 
moult has been completed. 

The second stage larva (Fig. B, 2) has the same general appearance 
as the first, the only important differences being in the shape of the tail. 
The anus is situated rather further from the tip of the tail which is now 
somewhat slender and bluntly pointed. It is not spear- shaped (as are 
D. filaria and D. viviparus). Neither cadual nor cephalic vesicles can 
now be seen ; and as there is no trace of the caudal button of the other 
two species attached to the cast cuticle, it is probable that this does 
not exist in this species. The second stage is necessarily somewhat 
smaller than the first as it still remains inside the old cuticle. 

This stage lasts for about twelve to twenty -four hours when the larva 
completes its second moult -as a rule without having yet escaped 
from the first cuticle ; the larva is therefore now normally seen within 
a double cuticle (Fig. B, 3). 
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Fig. I3., Morphology of the free -living larvæ of D. arnfieldi. 
1. -1st stage larva. 2.- -2nd stage larva. 3. -3rd stage larva before 
final ecdysis. 
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The internal appearance of the third stage larva does not materially 
differ from the previous stages. The oesophagus is now more obvious 

and the swellings are larger. The anterior portion is surrounded by 
a vesicle which has a totally different appearance from that seen in the 
first stage. In that the vesicle seems to be the commencement of the 
moult ; in this the lumen of the oesophagus can be traced through the 
vesicle. The mouth is surrounded by a group of (six ?) small flat papillae. 

The tail is similar to the second stage larva but is somewhat less slender. 
It is bluntly.pointed- -not sharp as in the case of the other two species. 

At a variable period after reaching this stage, the larva generally 
escapes from its first cast cuticle ; but in no case was a larva seen to lose 
the cuticle of the second stage. 

The larval stages of the three species of Dictyocaulus closely resemble 
each other, but certain well defined differences exist between them. 

Species. D. filaria. D. viviparus. D. arufieldi. 

Host ... 
Length of 1st 

stage larva 
Thickness ... 
Tail of 1st stage 

stage 
Tail of 2nd stage 
Tail of 3rd stage 

Sheep ... ... Cattle ... ... Equines. 
55- 585 mm. ... ... 3- 36 mm. ... 43 mm. 

025 mm. 024 mm. ... 015 mm. 
Bluntly tapering Moderately long Spear- shaped. 

and fairly sharp 
Slender and spear- shaped Spear- shaped ... Slender and blunt. 
Slender, elongated tail, less sharp than 

previous stage Less slender. 

The measurements of D. filaria and D. viviparus are taken from Daubney (1920). 

BIOLOGY OF THE INFECTIVE LARVA. 

Owing to the scarcity of material, only a limited amount of experimental 
work could be done with the larva. 

Temperature. Larvae were found to resist cold to a considerable 
extent and were able to survive two days' exposure to a temperature 
just above freezing point. 
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Desiccation. Larva in pure water free from debris, were allowed to 
dry on a glass slide over night. The slide was moistened in the morning 
but none revived. If the larva were mixed with charcoal before being 
dried, a small percentage was found to be alive twenty -four hours later. 
It is probable that the charcoal prevented complete drying, however, and 
that had the experiment been continued longer, none would have survived. 
The laboratory conditions are, of course, much more severe than those 
generally found in nature. 

Skin Penetration. Using Goodey's technique of a cork " raft " floating 
in warm saline and with the central aperture covered with the abdominal 
skin of a young rat, it was found that the larva did not penetrate the 
skin. Their movements in this experiment were quite different from 
those shown by Hookworm larva and other forms which are skin - 
penetrators under similar circumstances. 

Migration. Larva did not appear to leave the water cultures at 
all, but as this is normally the case with such active climbers as the 
Hookworm larva, no conclusion can be drawn as to their geotaxis. 

The life of the larva in culture was extremely short and it was found 
impossible to keep them alive for more than a fortnight. Railliet also 
found that larva only remained alive for a very short period when 
cultured in pure water ; in his experiments the period was only eight days. 

The larva of Dictyocaulus arnfieldi behave in general in a very similar 
manner to those of D. filaria and D. viviparus so far as the properties 
of this species are known. Its short life, however, is a still unexplained 
phenomenon which seems to differ from the other species. 

No attempts were made, owing to the small amount of material 
available, to infect any experimental animals. 

DISTRIBUTION. 

The distribution of this parasite is probably world -wide. It has 
already been recorded from Europe, North and South America and 
Australia, but, as it frequently causes no symptoms in the affected 
animals, its presence is easily overlooked. It appears to be commoner 
in the donkey than in the horse -old or young being attacked more readily 
than mature animals. In the present case, the parasites were found in 
an aged donkey which was in excellent condition. It was stabled along 
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with several horses, but there was no trace of the parasite in any of these, 
although two were carefully examined post -mortem. Both horses and 
donkey were heavily infected with Sclerostomes also, but some of the 
species found in the donkey were not present in the horses. Looss (1902) 

and le Roux (1924) have observed similar phenomona in these animals, and 
these facts suggest that although certain nematodes may be found 
throughout a genus of host animals, some at least may have specific 
preferences within this genus. Looss believed that this might be due 
to different methods of feeding, but in the present case, there seemed 
to be no difference in treatment between the horses and the donkey. 
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[XLIII.] 

On the Morphology of the Free Living Larva of 
Chabertia ovina. 

By THOMAS W. M. CAMERON, M.A., B.Sc., PH.D., M.R.C.V.S. 
(Department of Helminthology, London School of Hygiene and Tropical Medicine.) 

Material. 
Adult gravid females were collected from the large intestine of sheep, 

carefully washed and teased up in water. The grosser material was 
strained off and the eggs, together with the smaller particles, were 
cultured in excavated glass cells at 27° C. 

The eggs hatched out in one to three days and the larva which emerged 
(first stage larva) grew and moulted within two days, the resulting 
form (second stage larva) being morphologically almost identical with 
the first. After a further average period of about two days, the larva 
moulted again but remained within its first larval sheath (the infective 
larva) . 

The First Stage Larva. 
The first stage larva (Fig. 1) is when newly hatched about 45 mm. 

long and about 02 mm. broad. The cuticle is transversely striated. 
The longitudinal lateral lines may be observed as triangular in cross 
section. They are best seen in the cast cuticle. The tail is elongated 
and tapers gently from the region of the anus to a fine point. The 
mouth opening is surrounded by six mammillated papilla, shewn dia- 
grammatically in Fig. 2. The oesophagus, which is about 1 mm. long 
is of the typical " double -bulbed " or rhabditiform shape. In the 
newly hatched larva, the buccal tube is collapsed and only seen with 
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difficulty but in a few hours it becomes normal in shape (Fig. 3). In 
optical section it shews as two straight parallel lines terminating posteriorly 
in two " dots." These dots are continuous with the cuticular lining 

of the oesophagus, the anterior portion of this cuticular lining being 

dilated to the diameter of the buccal tube. The muscular part of the 
oesophagus surrounds the posterior sixth of the buccal tube, but fine 

strands are directed forwards to enclose the posterior half of the tube. 
The posterior part of the oesophagus, or " sucking bulb " contains 

a valvular apparatus (Fig. 4) to assist in the ingestion of food material. 
This valve consists of two sets of plates : an anterior set of hard cuticular 
curved plates (with the concave side anterior) and a posterior set of 

more elastic cuticular plates curved in the same direction. At the rest 
position, these plates are in apposition (Fig. 4A). When the larva 
wishes to swallow any material, the posterior set of plates are pulled 
backwards, by means of the muscles of the oesophagus, from the centre 
-the oesophageal- intestinal valves being closed. These plates are 
attached to the outer edge of the anterior plates, and their backward 
motion has the effect of moving these plates backwards and inwards, 
thus opening the lumen of the oesophagus (Fig. 4c). The posterior 
part of the valve is then slightly released, thus allowing the anterior 
plates to close the lumen of the oesophagus (Fig. 4D) and the food passes 
into the intestine, opening the oesophageal -intestinal valves as it does 
so. With the further release of the posterior portion of the valve, the 
valve returns to the rest position and the ' food is completely passed 
into the intestine. The oesophageal- intestinal valves now close and the 
cycle is repeated. An actively feeding larva repeats this process several 
times a second, for a few seconds, rests for some seconds and then 
commences again. In cold weather, the action is slower and may 
easily be observed under a high power objective. 

At the junction of the oesophagus and intestine are three valves 
referred to above. The intestine consists of eight cells on either side 
of the lumen and terminates in a short tubular rectum at the anterior 
end of which are three rectal mother cells. The anus is about 1 mm. 
from the posterior end and divides the body in the ratio of 3.5 : 1. 

The genital rudiment is situated on the ventral side of the body . at 
about the level of the middle of the intestine with which it is in close 
apposition. 
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Fig. 1. -Newly hatched larva. Fig. 2.- Diagram of mouth papillæ. Fig. 3.- 
Head of larva, 15 hours old. Fig. 4.- Diagrams shewing action of oesophageal 

. valves. Fig. 5.- Second stage larva. Fig. - Lateral lines of first and second 
stage larvæ. Fig. 7. -Head of second stage larva. 
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The nerve ring surrounds the constriction in the oesophagus in the 
normal position. The excretory opening is at the same level. 

This stage rapidly grows and feeds but is not very resistant to external 
influences. It is easily killed by drying, by a temperature of about 
50° C., and by being kept overnight in the ice chest. 

The Second Stage Larva. 
The first stage larva after feeding and growing, enters into a lethargus 

stage from which it emerges as the second stage larva (Fig. 5). This 
stage is about 65 mm. long and 03 mm. broad when it has newly 
emerged from its cast sheath. Apart from slight differences in size, 

and in other slight details, it very closely resembles the previous stage. 
It may be recognised by the fact that the lateral lines are double when 
viewed from the side, whereas in the first stage they are single. Their 
appearance is indicated in the diagram (Fig. 6). This is similar to the 
appearance observed by Looss in the larvæ of Ancylostoma duòdenale. 
The buccal tube differs slightly from the first stage in that the posterior 
dots are replaced by distinct short curved rods (Fig. 7). The anus 
is 17 mm. from the posterior end, thus dividing the body in the ratio 
of 4 : 1. 

The Infective Larva. 
The second stage grows, but not so quickly as does the first, and after 

a lethargus (Fig. 8) passes into the ensheathed infective larva (Fig. 9). 
The infective larva (including the sheath) is about 65 mm. long and 

03 mm. broad ; without its sheath the larva is about 5 mm. long. 
The sheath preserves the outline of the previous stage, but the openings 
of the mouth, anus, and excretory pore are no longer patent. The 
cuticle of the larva has fine transverse striations on the cuticle and 
surrounding the mouth opening are six mammillated papillee which are 
much less conspicuous than in the earlier stages. In the centre of these 
is a small mouth opening which leads by means of a fine, thinly cuti- 
cularised tubule to a complicated oesophageal armature (Fig. 10). This 
consists of a set of three cuticularised, triangular plates terminating 
the anterior end of the oesophagus. The apex of each triangle is directed 
forwards and is connected by means of a lightly cuticularised portion 
with the small buccal tube to form an inverted filter funnel. This 
is only produced after the lethargus during which the cuticle is cast off. 
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Fig. 8. -Head of larva in second lethargus. Fig. 9.- Infective larva (this is 
drawn to the same scale as Figs. 1 and 5). Fig. 10. -Head of infective larva. 
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The casting of the cuticle is not subsequent to the lethargus as in the 
previous stages but takes place during this phenomenon. 

The oesophagus is less well divided into three portions although a 
distinct neck is still visible. The valvular apparatus has given place 
to an ill defined cavity in the posterior bulb. The intestine has now 
reached the 32 -cell stage but the division is not very regular and a few 
cells more or less than this number are occasionally seen. The rectum 
and the rectal cells are still obvious. The anus is about 05 mm. from 
the posterior end of the body, thus dividing the body in the ratio of 

9 : 1. The tail is short and conical, and forms a sharp point at the tip. 

The genital rudiment is still seen at about the level of the middle 
of the intestine and although it has increased slightly in size it is still 
very minute. 

The excretory pore is about the level of the nerve ring at the constric- 
tion of the oesophagus and is connected to a fairly large excretory vesicle 
which can be observed regularly filling and emptying, apparently. into 
the space between the sheath and the larva. The vesicle has two ducts 
emptying into it, but the further course of these ducts could not be traced. 


