11. Notes on the Endoparasites

By Freperice L, Duwsn
INTRODUCTION

There do not appear to be any published records for the endoparasitic fauna
of Pulau Tioman, with the exception of several reports dealing with human malaria
{Dowling and Hughes, 1959 Warren, this Bulletin, p. 150). The present paper is
an attempt to bring together the available unpublished data on this subjeet, includ-
ing a few records by other workers and the preliminary results of a survey of
small mammals collected on the island in April 1962,

In the list which follows, the data on protozoa have been brought together
primarily from the records of others. The sources of these data will be indicated
in the discussions of individual species. All records for helminths and all but one
for Porocephalus have came from the 1962 survey of small mammals. These animals,
and the crude results of the survey, are listed in Table 1. It will be seen that 53
animals of seven species were dissected, and that blood films (taken at 10 a.m.)
were also examined from 33 animals. Every blood examination was negative for
both hasmatozoa and microfiluriac. Blood films were taken from forest rats,
Rartus sabanus, and tree shrews, Tupain glis, at 11 pom. as well as at 10 am. to
increase the chances of detecting periodic microfilariae. Dissections, moderately
thorough for all animals, included examination of the subcutaneous and intermuscu-
lar tissues, body cavitics, organs, and intestines, Helminths, when collected, were
preserved in formalin or glycerine-alcohol.

Tance 1

Endoparasites recovered from Tioman mammals (April, 1962
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CHECKLIST
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The list below includes all known endoparasites of man and animals on Pulau
Tioman. Numbers in brackets after the hosts of helminths and Porocephalus refer
to the number of animals found infected in the small mammal survey. The classific-
ation of the Protozoa follows Kudo (1954) while Yamaputi (1938, 1959, 1961) is
followed in the classification of the Platyhelminthes and Aschelminthes,

Phylum PROTOZOA (blood parasites only)
Class MaSTIGOPHORA
Protomonading : Trypanosomatidae
Trypanosoma sp. (probably T, ingens)
Class Sporozoa
Hiemospordia |
Plasmaodium vivaX (Grassi and Feletty, [89())
Plasmodium malarige (Laveran, 1881
Plasrmodium folciparum (Welch, 1897)

Plasmadivem imud Halberstadter and von memk,
1507 i

Flasmoditm kmwfes: Smton and Mu]hgnn. IEH"

Plasmodium sp.

Plasrmodium troguli Gamhnm and Edemﬂ, 1962 |
Haemoesparidia: Haemoprateidas

Heparocystis ap. (presumably H. semnopithec)

Hepatacystis sp. (probably H,

Plasmodiidas

vaysalf)

Phylum PLATYHELMINTHES
‘Class CESTODA

Cyclophyllidea
Anoptocephalidae: anoplocephalid species

Davaineidae
Raitlieting sp.

Dilepididae
Species in Dipvlidiinae

Hymenolepididae

Hymenolepis diminuia (Rud., 1819

Rodentolepis sp.

Clazs TREMATODA

Digenea: Dicrococliidae
Leipertrema sp.

Zonorchis ap.

Tragulus napu

man
man
mian

Maeaca faseicularis
Muaraea faseicilaris
Cynocephalus variegatus
Tragulus napi

Muacaca faseicnlaris

Sundasclurus tenuwls

Rartuy sabanus (1);
Rarrus  sp. fomaonices (1)
location: small intestins

Rattus sp. tiomanicus (7]
location @ intestines

Rattus - cremaoriventer (1)
location : small intestine

Rarms sp. fomanicus (3)
location : intestines

Rarrus sp. tiomanicus {3)
Rarruy surifer (1)
location: intestinass

Callpscivrus notarus (1)
location: small intestine

Rartws sp. fomanicus (2)
Rartus surifer (1)
location: small intestimes
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Phyium ASCHELMINTHES
Class NEMATODA

Rhabdiasidea: Strongyloididae
Strongyloides rari Sandground, 1925

Stronpyliden; Strongylidae
Clobocephalus sp.

Strongylidea: Ancylostomatidae
Cvelodontostomum  purvisi Adams, 1933

Strongylidea ;. Trichostrongylidae

Nippostromeylus brasiliensis (Travassos, 1914)

trichostrongylid specics
species {Trichostrongylinag)

species  (Trichostrongylinag)

species (Strongylacanthinae)

Strongylidea : Protostrongylidae
Angiostrongvins cantonenisis (Chen, 1935

Oxvuridea: Oxyuridae
Syphacia muris (Yamaguti, 1935)

Spiruridea : Gnathostomatidae
Grrathostoma sp.

Spiruridea: Physalopteridae
Physaloptera “sp.
Filariides
filariid species

microfilarda sp.
microfilaria (Setaria sp.) 1
microfilaria {Direfileria sp.7)
microfilarin sp,

Phylum ARTHROPODA
Class PENTASTOMIDA
Porocephalida : Poroeephalidae
Poracephalus maniliformis {Diesing, 18303
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Rartis surifer (1);
Tupata glis (2)
location: small intestine
larvee in faeces

Ratius sabanus (2)
location: small intestines

Rattus  sirifer (2)
location: large and small
intestines

Rattus sabanus (2);

Rattus sp. ricmanicis (8)

location: small intestines

primarily; also large intestine

Ruitus surifer (1)

location : small intestine

Rattus surifer (1); Tupaic glis (1)

location: small intestine

H.-:rrul.r sp tomanicus (4)

Iuc:jtmn: small and large intes-
tines

Tupaia plis (2)

location : small intestines

Ratrus sp. tomanicns (1)
location: lung

Rarius sp. fiomanicas (2);

Rattus surifer (1) Rarms
creprorivenier (1)

location:  intestices. (primarly
large)

Rattug sp. tiomanicns (10
Ruattus surifer (1)
location: stomoch wall

Rantus sp. Hopunicus (3)
location = stomach; intestines

Battws surifor (31 Rattus sabanns
LB); Tupaia glis (7 Ratius ap.
fomanicus  [3) lm:‘ﬂlmn: suh-
cutanepusly on limbs, hack,
head, base of tail

Rutts sp. Homanicis

Tragulus napu

Mucara fascicilaris

Micaca fascicnlaris

Muacace fuscicularis. (1);  Rartus
surifer (1) Rattrer sp. fiomanicns
(1% location: (of nymphs)
liver: intestinal wall
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ANNOTATIONS

Trypanosoma sp. (probably 1. fngens)

This trypanosome has been recorded recently from mouse-deer, 7 ragulus
javanicus. eollected in Pahang (Annual Report of the Institute for Medieal Hesearch
for 1961). A member of the fewisi group. the trvpanosome has been re-
corded previously from African antelope. The presence of this trypanosome in
Tioman mouse-deer (1, napy) is reported by Dr. A.B.G, Laing (personal communica-
tion).

Plasmodiom inui and P. knowlesi

These primate malaria parasites are commen in Malayan macaque monkeys.
Drs. D. E. Eyles and M. Warren have identified these plasmodia, as well as a
Hepatooystis sp. (presumably Hepatocysiis semnapithect), in blood films from a
number of Macaca fascicularis lueta collected on Tioman in Seprember 1961 and
April, 1962 (Warren, this Bulletin, p. 156).

Plasmodiom spp,

A malaria parasite was discovered in a single blood film from a flying lemur,
C. variegatus, collected on Tioman in September 1961 by Drs. Eyles and Laing.
Subsequently we have found a Plasmodium, presumably the same parasite, in a
flving lemur captured at Bukit Lagong near Kuula Lumpur. Tt has been possible to
study the parasite, which belongs to a new species, in some detail; a description
will be published elsewhere,

A Playmodium species has also been found in blood films from Tioman
mouse-deer. T napu (A. A. Sandosham, personal communication), New species of
both Hepatocystis and Plasmodiien have recently been discovered in mouse-deer
(7. javanicus) collected in Pahang and Selangor. These species have been described
as M. fieldi and P. traguli by Garnham and Edeson (1962), It is probahle that the
parasite in Tioman mouse-deer is also P. trapuli. A Heparocystis sp.. presumably
H. vassall, has also been noted by Dr. M. Laird in a bloed film from a squirrel,
Sundascivrns tennis collected on the island in April 1962 (personal communication),

Hymenolepis diminuta and Raillietina sp.

The former cestode, and possibly the latter us well, may he of at least poten-
tial medical importance on Pulau Tioman, H. diminuta is cosmopolitan in
rodents and not infrequently infects man; several species of Railliering normally
Farasitic in other mammals, including rats, have also occasionally been recorded
FOmM Nan.

Leipertrema sp.

This dicrocoeliid trematode of Callosciurus notarus closely resembles  new
species of Leipertremna from C. notatus collected near Kuala Lumpur and described
by Rohde (1963). It probably belongs to the same species, but preliminary com-
parison of measurements and characters of a series of Tioman specimens and
specimens from Bukit Lanjan near Kuala Lumpur reveals certain differences: the
testes of the Tioman form are generally much smaller; the maximum body diameter
15 usually posterior to mid-body in the Tioman form and anterior to mid-body in
the other; the eggs of the Tioman form are smaller and consistently shorter: and
the vitellaria are less compact in the Tioman form. There is some overlap in the
measurements: it is probable that we are dealing with morphologically diversent
populations of the same species (sub-species, in effect), This divergence in form—
of parasites in the same host species—is of interest because of the island isolation
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of one of the host populations, The morphological differences in the island trema-
todes suggests that their hosts have been resident on the island, and cut off from
mainland €. noratus, for a considerable period of time, perhaps longer than some
af the ground-dwelling rats.

Lonorchis sp,

At least one undeseribed species of Zonorchis occurs in rodents of the Kuala
Lumpur arca (Rohde, personal communication), The Tioman form is very similar
to the mainfand species and may be conspecific with it.

Cyclodontostomuom purvisi
This strongylid nematode does not appear to have been recorded from any

host since Adams (1933) first described it from Malayan rats. The worms found
in R. surifer do not differ in any important respects from the original description.
Species in the Family Trichostrongylidae

In addition to the well-known, cosmopolitan rodent parasile, Nippostrongylis
brasiliensis, four other trichostrongylid species were recognised in rats and tree
shrews. Two of the four, represented only by female worms, cannot be assigned
to genera. A third species, found only in R. sp. tiomanicus, is well represented by
male and female worms which can be assigned to the Trichostrongylinze but not
to any of the known genera within this sub-family. Another species, found only
in Tupaia glis. is refermable to the Strongylacanthinae and also appears to belong
to a new genus, somewhat resembling Molinostrongvius,

Angiostrongylus cantonensis

This nematode has recently been shown to be of some importance to human
health in that the larvae, once established in the human host, may in the course of
their migrations, initiate a disease now known as eosinophilic meningitis (Horio and
Alicate, 1961: Rosen et al, 1962), Cases of this disease have so fur been recognized
only in Hawaii and Tahiti. A. cantonrensis is known from the mainland of Malaya
as well as from Tioman. Schacher and Cheong (196() recorded the worm from
R, r. diardi and R. exulans collected in Singapore and Kuala Lumpur.

Syphacia muris

This oxyurid nematode may alse be of some potential importance to human
health, A closely related species, S, obvelata (Rud., 1802), cosmopolitan in rals
and mice, has been reported several times from children in the Philippines and the
United States.

Gnathostoma sp.

Adult gnathostomes were collected from the stomachs of two rats trapped
above 3000 ft. on the upper slopes of Gunong Kajang and near Camp V. It is
surprising that two of the six rats examined for helminths from the highest parts of
the island should have carried these worms while none of the animals trapped at
lower altitudes (all other surveyed animals were trapped between sea level and
approximately 1100 ft.) were so infected. The worms appear to belong to an
undescribed species somewhat resembling G. doloresi.

Representatives of the Order Filariidea

In the course of the disseclions worms of only a single filariid species were
found. Unfortunately no male or mature female specimens were recovered so the
material cannot be assigned to genus or sub-family. Microfilariac were not detected
in blood films taken from 53 Tioman rodents and tree shrews. Dr. M. Laird has,

Mus. 34, 1966
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however, noted microfilariae in @ blood film from one R. sp. tiomanicus collected
on the island in April 1962 (personal communication). Also, microfilariae resembling
those of Seraria were discovered in blood films from four of six mouse-deer
(T. napu) collected on Tioman in September 1961 by Eyles and Laing (personal
communication); and Warren (personal communication) found two specics of
microfilariae, one apparently a Dirofilaria, in blood films from one of eight
Macaca fascicularis collected in April 1962, One other record for a possible filariid
was oblained by the writer in April 1962 in the course of dissections of freshly col-
lected tabanid flies, Clirysonzona lunilata (Macquart), In one of 12 dissected flies a
single nematode larva, about 1080 microns long and 20 microns in maximum
diameter, resembling a larval flarial nematode, was found in the crushed thorax.
These flies oceurred abundantly in forest, and were readily attracted to man.

Porocephalus moniliformis

Nymphs of this pentastomid worm were found encysted in the liver of a long-
tailed macaque dissected by D. E. Eyles during a visit to the island in September
1961. Nymphs were also removed from the liver and intestinal wall of two rats
examined in the course of the small mammal survey. The adult tongue worms are
commonly found in the air passages of pvthons znd other snakes. In view of the
relatively high prevalence of infections (3 in 54 dissections) P. moniliformis must
be a rather common parasite of the island’s snakes.

DISCUSSION

The host-parasite list for Tioman emphasizes the many gaps in our knowledge
of the island’s endoparasites. There are, for example, no records for intestinal
protozoa or helminths of humans living on the island. Nor are there any records
for tissue helminths. It seems unlikely, however, that human filariasis transmission
takes place on the island. Microfilanae have apparently not been noted in blood
films taken from man in past surveys for malaria, and there is some doubt that
common vectars of either periodic or sub-periodic Brugia malavi occur on the
island (R. H. Wharton, personal communication). The present small mammal
survey covers only a few species, and only three of these (7. glis, R. sp. tiomanicus.
and R. surifer) in any number. Except for a few records of blood parasites we
have no information at all for other Tioman mammals. The bird, reptile, am-
phibian, and fish parasites are totally unknown.

In spite of the deficiencies noted above it is possible to make a few com-
parisons with the situation on the Malayan mainland, although here too, except
for the endoparasites of man and his domestic animals, the parasites are at present
poorly known. The rodents, fortunately for our purposes, have received some atten-
tion, permitting direct comparisons with Tioman data.

Rattus ratius diardi, the ecological counterpart on the mainland to R. sp.
tiomanicus in the commensal part of its range (Medway, this Bulletin, p. 20), was
found to be a host for 9 species of nematodes in Kuala Lumpur and Singapore by
Schacher and Cheong (1960). On Tioman R. sp. tiomanicus is a host for at least 7
species of nematodes. Three of these 7 (Svphacia muris. Angiostrongvius cantonen-
sis, and Nippostrongvius brasiliensis) have been recorded from R. r. diardi clse-
where in Malaya. In addition, R. sp. tiomanicys harbours at least four species of ces-
todes, one trematode, and a pentastomid. Thus, in numbers of species of parasitic
helminths there is certainly no major difference between the commensal R. rarrus
of the mainlind and the principal commensal (and forest) rat of Tioman.

BULL. MNaTIONAL
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Of the 25 R. sp. tiomanicus dissected, 9 were entirely free of helminths (within
the limits of the dissecting technique). At first glance an infection rate of only 64
per cent might suggest that helminths, while not “depleted” in terms of numbers of
species, may be so in terms of infection rates in the Tioman rat. Com-
parison with the mainland data shows, however, that R. r. digrdi and related rats
of the subgenus Rattus are frequently entirely free of helminths (on the basis of
dissections performed in the same laboratory as those under consideration here).
In the helminth-host records compiled by Sandosham (1957) only 396 (65 per cent)
of 605 R. r. diardi, and 126 (49 per cent) of 258 R. sp. jalorensis were found
infected with any kind of helminth, Thus commensal and field rats of the R. rattus
sroup of Kuala Lumpur had overall helminth infection rates similar to the rate for
the single representative of the group on Tioman. In this connection it is interesting
to note that the overall helminth infection rate for &, (rattus) jarak (9 of 14 animals
with helminths in the Sandosham tabulation) of Jarak Island in the Straits of
Malacca was 64 per cent. another figure (again based on a small sample) close to
that for R. r. diardi of Kuala Lumpur. (For comment on the taxonomy of the R.
rattus group in relation to Tioman, see Medway and Lim, this Bulletin, p. 33).

Tupaia glis from Tioman were found to be hosts for only four species of
nematodes and no other helminths. T, glis from any one mainfand loculity, however,
do not often serve as hosts for more than five or six species of helminths, including
cestodes (unpublished data). The number of species of parasitic helminths and the
overall helminth infection rates appear to be roughly the same for Tioman and
mainland tree shrews,

Although only eight R. surifer were available for dissection, the recovery
of 10 species of helminths from this small sample suggests that the helminth fauna
of this host species is not particularly ‘reduced’ on the island.

The helminth evidence, taken by itself, suggests that the commonest ground
rodents and the tree shrews were introduced from the Malayan mainland in relative-
Iy ‘recent” times. The animals carry many helminths commonly found in the same
or closely related species on the mainland, with apparently comparable infection
rates. Although there are some new helminth forms in this small sample, their
presence cannot be taken as evidence for prolonged isolation of their hosts because
we do not know whether or not these same new species may occur on the mainland.
It seems more likely that they will eventually be found in mainland hosts than that
they will not.

Altheugh similarities in the helminth fauna of mainland and Tioman rats and
tree shrews predominate, there are a few notable differences. First and most
striking is the total absence of acanthocephalans, particularly from the local re-
presentative of the R. rartus group. Sandosham (1957) records 108 R. r. diardi
infected with Acanthocephala in a total of 605 dissections. Another notable
deficiency in the Tioman helminth fauna is in the rat and tree shrew spirurid nema-
todes. Gongylonema, Rictularia, and Profospirnura species, common in mainland
commensal rats, were not found; nor were species of Spirura and 'Subulura’ which
are seen in mainfand Tupaia. Finally, members of the Trichuridea were also missing
from the Tioman animals.

In contrast to the missing forms which one might have expected to find, the
trichostrongyvlid nematodes were conspicuously abundant. both in numbers of
species and numbers of individuals per infected host. While Schacher and Cheong
(1960) recorded only one intestinal trichostrongylid from three species of rats
collected in Singapore and around Kuala Lumpur, five species were recorded from
three rat species and the tree shrew on Tioman. Clearly the trichostrongylids have
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been able to thrive in their Tioman hosts. The prevalence of Nippostrongylus
brasiliensis infection was very low in the survey of Schacher and Cheong (who
referred to this species by its former name, N. muris); on Tioman six of 25 R. sp.
tiomanicus and two of three R. sabanus carried large numbers of the worms.
Some of these observed differences may, of course, reflect differences in collecting
technigue,

It is worth noting lastly, that the primate, Tupaia glis, which has proliferated
remarkably on the island, has an endoparasite pattern which largely overlaps with
that of Rattus surifer, and to o lesser extent with the patterns of the other rats,
Three of the four nemutodes of T, pliv were found in K. surifer; and R, surijer
in turn has a helminth pattern which overlaps to a considerable extent with that
of R. sp. tiomanicus. T. glis, although a primitive primate and far-removed phy-
logenetically from the rats, shares with them the physiologic ‘ability’ to support
certain helminths. These helminths, in turn, indicate (serving as “ecological labels'—
Audy, 1947) that T. glis must to some extent compete for the same foods in the
same habitats with R. surifer and the other ground rats; this is confirmed by other
evidence (Medway, this Bulleiin, p. 14).

SUMMARY

I. A list of the known endoparasites of man and animals on Pulau Tioman
is presented and supplemented by annotations. The protozoa are represented by one
species of Trypamosoma, six or seven specics of Plasmodingn, and two or three
species of Heparocyatiy. Five cestodes, two trematodes, and 16 nematodes com-
prise the helminths recorded to date from the island. A single endoparasitic arthro-
pod, Porocephalus, completes the lise

2. A series of dissections of small mammals provided most of the helminth
records presented herein, Seven of the 23 helminths were identified to species, eight
more to genus, and the remmder, for viirious reasons, only to family or sub-family.
At least two new species of trichostrongylid nematodes and one new gnathostome
were collected. Some of the other helminths identified only to genus at this time
may prove, with further study, to be undescribed forms.

3. The following helminths and endoparasitic arthropods of potential or
possible importance to human health were recorded from animals on the island:
Hymenolepis  diminuta, Raillietinag sp.,  Anglostrongylus  cantonensis,  Svphacia
muris, Grathostoma sp., and Porocephalus moniliformis.

4. In a concluding section the patterns of helminthic infection of mainland
and island rodents and tree shrews are compared and contrasted. Tt is concluded
that the helminth fauna of the ground rodents and tree shrews is not particularly
depleted on the island. Owverall parasite infecltion rates, and numbers of parasitic
species per host species are roughly comparable for mainland and island Tupaia
glis, Ruttus surifer, and rats of the R rattus group. A few striking differences do,
however, occur in the patterns of helminthie infection of the mainland and island
rodents and tupaias. Trichostrongylid nematodes are conspicuously abundant on
the island, both in numbers of species and numbers of individuals; certain spirurid
and trichurid nematodes commaonly found in the mainland hosts are apparently
absent from their island counterparts, Acanthocephala, common in R, r. diardi
on the mainfand, do not seem o be present in island rodents. A simple example,
involving T. glis and ground rodents, is presented of the use of helminths as
‘ecological lahels'.

=
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ADDENDUM

Since completion of this paper word has been received of the detection of
Wuchereria bancrofti microfilariae in two island residents in the course of a malaria
survey by the Pahang Health Department in August 1962 (Warren, personal coni-
munication). Whether these infections were imported from the mainland or ac-
quircd locally s unknown at this time,
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