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PREFACE

Rats and/or mice (Rodentia; Muridae) are of special interest due to their role as

reservoirs of many important parasitic nematodes of humans and livestock (Kwo and Kwo,

1968; Bhaibulaya and Indrangarm, 1975; Baker, 1998). Human infections with migration of

larvae of Angiostrongylus cantonensis (Chen, 1950), a nematode of rat, had been reported

from North Sumatra and Java (Smit, 1962; Widagdo et al., 1977). Until recently, only A.

cantonensis has been focused as zoonotic nematode of rat in Indonesia (Margono, 1970;

Margono and Ilahude, 1974; Lim Boo Liat et al., 1978, 1986). However, murines have been

known to harbor other zoonotic nematodes such as Calodium hepaticum (Bancroft, 1893)

(syn. Capillaria hepatica), Trichinella spiralis (Owen, 1835) and Toxocara spp. (Beaver et

al., 1984). Moreover, rodents participate in transmission of many nematodiases of cattle and

pets (Hildebrand et al., 2009). Hence, it is critical to understand the nematode fauna of the

murines, many of which are zoonotic organisms and may affect animal and human health

(Pisanu et al., 2007). Fortunately, many rodents are easily collected and collection is not

regulated by any policies by IUCN and so on. In short, they are ideal materials for the faunal

study like the present one.

At first, this thesis focuses on the general faunistic consideration based on the

preceding papers and the author’s fieldworks since 2007 on nematodes parasitic in murine



rodents in Indonesia. As a result, the author could demonstrate characteristic nematode fauna

of murines, including many species of zoonotic importance and some new taxa including two

new subgenera of Syphacia, one new genus of Heterakidae and a new molineid from the

Wallacea. Special attention is paid for Syphacia species because they show diversification in

Indonesian murines and rather strict host-parasite relationships. Because a unique

distributional pattern has been observed in Wallacea according to the faunal studies on

various free-living organisms, a biogeographical discussion on the host-parasite relationship

between the murines and the genus Syphacia will be given (see Chapter 4).

The biogeography is one field of the evolutionary biology, focusing on a historical

process of an animal dispersal and evolution. Hasegawa and Asakawa (2003) made a

biogeographical discussion on the host-parasite relationship of the Japanese endemic murines

and some genera of the parasitic nematodes. However, there has been no such trial in other

Asian countries including Indonesia. Based on the findings obtained in this study, a historical

scenario was given, although several speculations, which should be tested in the future, are

included. Even tentative, a hypothesis would provide a ground for further progress (Asakawa,

1991). Besides the traditional morphological measures, molecular analysis of DNA

sequences is also employed partly to depict more robust phylogenetic relationship of

Syphacia species in Indonesia and surrounding regions.



Nowadays, preventive (veterinary) medicine is needed for suppression of an

outbreak of infectious diseases including zoonotic nematodiasis. Ultimately, the preventive

measures related to an ecosystem should be connected with the context of the One Health

concept (see Chapter 4): the measures are based on the natural history of parasites and hosts,

viz., from where the nematode originated, when and how to invade the present locality.

Therefore, the taxonomical and faunistic study on the nematode genus has medical

importance also. Although Syphacia species show host specificity, they have been regarded

to possess zoonotic potential (Yamaguti, 1961). Actually, some human cases infested with

Syphacia have been reported (Riley, 1919; Mahmoud et al., 2009). The author hopes that the

present results could provide a model not only for biogeography of nematode parasites, but

also for the One Health approach in Indonesia.



CHAPTER 1

Faunal study on the nematodes parasitic in Indonesian murines

Introduction

Faunistic study on the Indonesian murines has already resulted in discovery of many
new species and new genera since the early 20" century (see Suyanto et al., 1998). However,
the faunal study on the nematodes of the murines has just started since the 1970’s, and only
limited murine species have been studied till now. It is therefore strongly expected that there
are still numerous undescribed species that may provide key information on the zoonotic
agents and/or evolution of nematodes in the endemic murines of Indonesia. Hence, the author

performed a general survey on nematodes parasitic in murine rodents in Indonesia.

Materials and methods

This overviewing study was based on the published papers by the preceding

researchers, and their papers were cited in the references list of this thesis. Besides this, the

author had investigated the murine collections held by researchers in Museum Zoologicum



Bogoriense (MZB) for mammalogical projects. In total, over 10,000 murines from various

areas of Indonesia had been deposited in MZB. Among them, approximatly 800 murine

individuals were presented for this study. Additional nematode specimens of murines

obtained in the medico-zoological survey conducted during the period from 1991 to 1994

(Miyagi, 1994) were also examined. Moreover, some specimens recovered from the carcass

of murines preserved in the American Museum of Natural History, New York, USA (Musser,

1987) were examined (see Appendix 1).

The bodies of murines have been kept mainly in 10% formalin solution, and partly

in 70% ethanol solution. The alimentary canals and viscera were removed from carcass of

the murine specimens and opened with scissors. Contents of each portion of the alimentary

canal were rinsed separately and examined for nematodes under a stereomicroscope.

Scrapings were also be taken from each portion of the alimentary canal and examined. The

worms were fixed and stored in 70% ethanol. Later, the worm specimens were cleared in

glycerol-alcohol solution, and were examined using a compound Olympus BH series

microscope (Olympus Co. Ltd., Tokyo, Japan). All worm specimens were deposited in MZB.



Results

Records between the 1930°s and early 2000°s; Before the present study, a total of 51 taxa

(38 species and 13 identified nematode up to generic level) belonging to 29 genera and 17

families of nematode parasites were obtained from 32 species of Indonesian murines (Dewi

& Purwaningsih, 2013a). The nematodes that parasitize commensal rats are of special

interest due to the role of rats as reservoirs for many important parasites of humans. Rats also

harbor many zoonotic agents that affect captive animal and human health (Kwo and Kwo,

1968; Bhaibulaya and Indrangarm, 1975; Baker, 1998; Pisanu, 2007).

Besides the discovery of new species, a series of research projects on nematode

parasites of Indonesian murines have been conducted. Many nematode parasites of

Indonesian murines have been collected, recorded and described. The oldest specimen

deposited in MZB was Nippostrongylus sp., parasitizing Rattus sabanus collected from

Jakarta in 1970. However, the study on helminth parasites of rats in Indonesia began much

earlier with Vogel and Vogelsang in 1930 (Wiroreno, 1975), and the first publication on

nematodes from Indonesian murines by an Indonesian scientist was made by Sri S. Margono,

lecturer of the University of Indonesia. She obtained Angiostrongylus from laboratory-reared

white rats which were given feeding with naturally infected snails in Jakarta. Her paper was



appeared in The Southeast Asian Journal of Tropical Medical and Public Health in 1970

(Margono,1970). In early reports of rat helminths in Indonesia, only medium to large sized

worms were dealt, and minute nematodes were presumably overlooked due to insufficient

research equipment (Wiroreno, 1975, 1978; Kadarsan et al., 1986; Purwaningsih and Saim,

1988; Saim and Purwaningsih, 1999).

A review of the literature published during the period from the 1970’s to today

including the present study suggests that most nematological studies of Indonesian rodents

focused on biodiversity of the nematodes. Major works on nematode parasites of Indonesian

murines as well as the description of many new species and genera were published by Hideo

Hasegawa, Oita University, Japan, and his colleagues in 1992-1999. Meanwhile, taxonomic

study of nematodes in MZB was begun by Endang Purwaningsih in 1992, who has reported

many species of nematode parasites of murines from various islands in Indonesia since then

(see ‘References’ section).

Present author’s records; Adding to the historical records mentioned above, a total of 20

species including one new genus and two new sub genera have been reported in the

publications by the present author. In total, 61 taxa of nematodes (46 identified to species

level and 15 to generic level) have been obtained from 35 species and three genera of



Indonesian murines (see Appendix 1). The newly found taxa by the present author were

mostly collected from host materials from islands situated in Wallacea. Observation of the

murines for nematodes from Sulawesi hitherto had been done only on so-called “new

endemic” murines, whereas no nematodes data had been recorded for so-called “old

endemic” ones (see Musser, 1987 and Chapter 4 about “old/new endemic”). However, a

prominent taxon, Musserakis sulawesiensis Hasegawa, Dewi & Asakawa, 2014 (Heterakidae),

was described recently from an old endemic rat, Echiothrix centrosa. Molineidae gen. sp.

collected from Paruromys dominator, a new endemic rat of Sulawesi, also showed peculiar

morphology (Dewi et al., 2013). These two taxa will be dealt in the following paragraphs.

Other newly found taxa also consisted of Aspiculuris sp., Cyclodontostomum purvisi,

Gongylonema neoplasticum, Heterakis spumosa, Nippostrongylus brasiliensis,

Pterygodermatities tani, P. whartoni, Subulura andersoni, Syphacia muris, Tikusnema

javaense, Trichuris muris and seven species of the genus Syphacia. Among them, seven

Syphacia species represented new taxa, and two of them belonged to new subgenera. Because

each species has faunistic and/or biogeographical peculiarity, they will be dealt in the

following chapters. Besides new host records, Sulawesi has been added as new locality for

Tikusnema javaense from Bunomys prolatus and Rattus hoffmanni; Pterygodermatites

whartoni from Rattus tanezumi, R. xanthurus and B. chrysocomus; Subulura andersoni from



B. chrysocomus, B. prolatus, Margaretamys elegans, Maxomys bartelsii, R. marmosurus, R.

hoffmanni, R. xanturus and B. penitus; Cyclodontostomum purvisi from R. hoffmanni;

Gongylonema neoplasticum from R. tanezumi and B. chrysocomus; Nippostrongylus

brasiliensis from Taeromys sp.; Heterakis spumosa from B. andrewsi, B. chrysocomus, B.

penitus, B. prolatus, Crunomys celebensis, Eropeplus canus, Margaretamys elegans,

Paruromys dominator, Rattus hoffmanni, R. marmosurus, R. xanthurus, Tateomys

macrocercus and T. rhinogradoides; Pterygodermatities tani from R. xanthurus,

Masthoporus muris from B. chrysocomus, R. tiomanicus, R. tanezumi and R. xanthurus; and

Trichuris muris from B. chrysocomus.

The new genus and species Musserakis sulawesiensis (Heterakidae); This new genus is

obtained from an old endemic rat, Echiothrix centrosa and readily distinguished from other

heterakid genera by having non-recurrent and non-anastomosing cephalic cordons, by lacking

papillae between papillae groups around the precloacal sucker and the cloacal aperture and by

lacking teeth in the pharyngeal portion (Hasegawa, Dewi and Asakawa, 2014). The spicules

are equal but with marked dimorphism among individuals. Other heterakids collected from

other old endemic murines examined, i.e., Crunomys celebensis, Tateomys macrocerca and T.

rhinogratoides and the new endemic rats of Sulawesi, were Heterakis spumosa, a



cosmopolitan nematode of various murines. It is suggested that M. sulawesiensis is specific to

the shrew rats, Echiothrix, of which primary diet component is earthworm (Musser, 1987).

The superfamily Trichostrongyloidea and its murine hosts; The family Heligmonellidae

(Trichostrongyloidea) is the dominant nematode group in rodents of the world (see Durette-

Desset, 1971 and Appendix 3). From Indonesian murines, 16 species in eight heligmonellid

genera had been recorded before the present study. This family was obtained from endemic

murines in Mallomys, Mastacomys, Melomys, Mesembriomys, Pseudomys, Uromys, Zyzomys,

Paramelomys and Bunomys (Hasegawa et al., 1999; Smales, 2012). The present author

collected many heligmonellid specimens during the present study and their data will be

analyzed in the future.

All of the species that belong to Heligmonellidae are endemic species except

Nippostrongylus brasiliensis and Orientostrongylus tenorai. Sulawesi is the richest island for

heligmonellids and a total of 14 species have been recorded. Most of these heligmonellids are

parasitic in endemic murines in each area (Hasegawa and Syafrudin, 1994b; Hasegawa and

Tarore, 1995; Hasegawa and Mangali, 1996; Hasegawa et al., 1999). However,

helligmonellid genera in the intestine of murine rodents have wider distribution. For example,

Maxomystrongylus was also proved in Maxomys of Kalimantan (Hasegawa and Syafruddin,
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1997). Heligmonelloides, Heligmonoides and Macrostrongylus have been also known from

both Sunda Shelf and New Guinea (Smales, 2012). Moreover, Orientostrongylus is also

distributed in Sunda Shelf to Moluccas (Hasegawa and Syafruddin, 1995a). However, these

genera have not been recorded from Australia. Meanwhile, Hasanuddinia is also shared by

endemic rats of Sulawesi, Papua Indonesia/Papua New Guinea, and Odilia shows more wider

distribution from Sulawesi to Australia, but they have not been demonstrated from Sunda

Shelf (Smales, 2010, 2012). Only Nippostrongylus has been known from a wide distribution

range through Sunda Shelf, Sulawesi, Mollucas, Papua and Australia (Durette-Desset, 1969,

1971, 1983).

Beside the heligmonellids, a species belonging to Molineidae (Trichostrongyloidea)

was found from the small intestine of only one individual of Paruromys dominator from

Sulawesi (Fig. 1-1). It is unique from the morphological and taxonomical point of view

(Dewi et al., 2013). Although its copulatory bursa is similar to the heligmonellids, this taxon

has specific shape of anterior part and weakly-developed ridges or actually no ridges of

synlophe like in the worms of family Molineidae. It is suggested that this was accidental

parasitism, and its principal host is other mammalian host (probably the order Chiroptera).

The resemblance in the copulatory bursa may be an example of convergence.

11



Fig. 1-1. Molineidae gen. sp. from Paruromys dominator on Sulawesi: (a) anterior portion,
lateral view; (b) bursa copulatrix, ventral view; (c) posterior portion of female, left lateral
view; (d) cross-section of male through midbody; (d) cross-section of female through

midbody (Scale bars: 1: 50um, 2; 3; 4; 5: 100pm).
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Zoonotic nematodes found from Indonesian murines; Rodents could act as an

intermediate, definitive or paratenic host for many helminth species (Hildebrand et al., 2009).

Some nematodes parasitizing murines are regarded as zoonotic agents of nematodiasis of

humans and/or captive animals (Kwo and Kwo, 1968; Bhaibulaya and Indrangarm, 1975;

Baker, 1998). For example, Angiostrongylus cantonensis (Chen, 1935) (syn. Parastrongylus

cantonensis), Calodium hepaticum (Bancroft, 1893) (syn. Capillaria hepatica), Trichinella

spiralis (Owen, 1835) and Gnathostoma spp. are potential zoonotic pathogens that utilize

rodents as final, reservoir or paratenic hosts. Cyclodontostomum purvisi, a nematode parasitic

in the cecum of murines, has been recorded from human body (Bhaibulaya and Indrangarm,

1975). A case of human infection with Rictularia was found in New York (Kenney et al.,

1975). The diagnosis was made based on worm sections appeared in the histopathological

slides. However, it is impossible to distinguish Rictularia from Pterygodermatites by

sectioned worms as the discrimination of these genera is based on oral structures (Quentin,

1969). Therefore, Pterygodermatites of rats could be also regarded as possible zoonotic agent.

Presence of 4. cantonensis infection in Indonesian murines has been reported since

the 1960’s (Kwo and Kwo, 1968; Wiroreno, 1978; Cross, 1979). Moreover, human cases of

angiostrongyloidiasis were reported from North Sumatra (Smit, 1962) and Java (Widagdo et

al., 1977). Distribution of Trichinella has been recorded for Bali, and human infections with

13



T. spiralis were also reported from Bali and North Sumatra (Holz, 1962, 1966; Pozio, 2007).

In addition, many nematodiasis in cattle and pets caused by the rodent transmission including

suspected ones have been reported (Hildebrand et al., 2009), but there have been only limited

reports about the direct detection of the nematode agents from the murines in Indonesia

(Untung and Nalim, 1982; Dewi, 2011; Dewi and Purwaningsih, 2013a). Calodium

hepaticum have been recorded from Indonesian murines (Brown et al., 1975). However, from

the present survey, some potential agents were recorded and/or newly found, viz.,

Cyclodontostomum purvisi, Pterygodermatites sp. and Syphacia spp. The former two species

are heteroxenous, requiring intermediate hosts and/or paratenic hosts for transmission, on the

other hand, nematodes belonging to the genus Syphacia are monoxenous, infecting directly to

their hosts (Anderson, 2000). Hence, it seems to be quite easy for humans to acquire

infection with Syphacia by swallowing matured eggs. Actually, Syphacia obvelata was

collected from a sample of stool of an American child in the Philippines (Riley, 1919;

Ashford and Crewe, 2003). Although this record was very old, Syphacia nematodes should be

regarded to have zoonotic potential. More recently, Mahmoud et al. (2009) reported 25

human cases of Syphacia infection in Egypt. They found Syphacia muris, Syphacia spp. and

Enterobius vermicularis. Very curiously, only females were found among the worms

14



identified as Syphacia, whereas males and females were observed in E. vermicularis. Judging

from the photomicrographs presented, the identification may need further confirmation.

An overview of nematode fauna from Indonesian murines; The parasitic nematodes

collected from Indonesian murines can be classified largely into two groups; viz.,

cosmopolitan and endemic nematodes. The cosmopolitan nematodes are Heterakis spumosa,

A. cantonensis, M. muris, C. hepaticum, Nippostrongylus brasilieneis, Strongyloides ratti,

Strongyloides venezuelensis and Syphacia muris. They are distributed worldwide, mostly

having spread their geographical distribution range with the dispersal of commensal murine

species such as Mus musculus, Rattus norvegicus, R. rattus, R. tanezumi, R. argentiventer, R.

nitidus and R. exulans (for the commensal murine species see Fabre et al., 2013). Whereas,

endemic nematodes are those of which geographical distribution is limited and usually found

only in specific host murines. Musserakis sulawesiensis and the new species of Syphacia are

examples of the endemic nematodes. The 61 nematode taxa (46 identified to species and 15

to generic level) hitherto recorded belong to 32 genera and 18 families (Appendix 1). They

were obtained from 38 Indonesian murine species including three species identified onlyto

generic level, of which 23 species are currently regarded as endemic species (see Appendix

1.
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The most recent checklist of Indonesian murines recorded 167 species belonging to 47

genera (Suyanto et al., 1998), while catalogue of mammals of MZB in 2012 listed at least 173

species of Muridae. It means that 79% of the murines species remain without any nematode

record. Many of the murine species are listed as endangered or extinct. The extinction of

hosts means extinction of their parasitic nematodes, especially if they are host-specific or

endemic. All of those data are important for documenting biodiversity of nematode parasites,

especially from Indonesian murines. Furthermore, these data can be used as a baseline to

guide future experimental and survey works.

Most nematodes of Indonesian murines were recorded from western and central

Indonesia. The low number of recorded nematodes from eastern Indonesia is due to few

expeditions and studies on murine rodents in that region. It seems that large numbers of new

species will be discovered with more intensive examination. Further observations of endemic

host murines from Indonesia will reveal more new species and/or genera of nematode

parasites and demonstrate characteristic distribution. The continuous studies may ultimately

provide a model database to study the biodiversity of parasites and their coevolution with

their hosts in a geographical area with high levels of endemism.
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Summary

This study performed a general survey on nematodes parasitic in murine rodents,

especially of central islands of Indonesia. About 800 murines deposited in MZB were used.

Adding to this, an overview based on the published papers by the preceding researchers was

given for a baseline for the present study. In total, 61 species / taxa (46 species identified to

species level and 15 taxa assigned up to generic level) including zoonotic agents were

recorded from 35 species and three genera of Indonesian murines. A total of 20 nematode

species including a new genus and two new subgenera were newly recorded. The new taxa

consisted of Musserakis sulawesiensis from Echiothrix centrosa (Sulawesi), seven new

species of the genus Syphacia including two new subgenera, Rumbaisyphacia and

Segienamsyphacia. Molineidae gen. sp. from Paruromys dominator (Sulawesi) was surmised

to represent a new genus. Zoonotic and possibly zoonotic nematodes found were A.

cantonensis, A. malaysiensis, Cyclodontostomum purvisi and Pterygodermatities sp.

Furthermore, it was discussed that Syphacia spp. could be zoonotic agents. As there are at

least 173 murine species in Indonesia, over 130 murine species are waiting for future faunal

studies of parasitic nematodes. Unfortunately, many of the murine species are listed as

endangered or extinct. The extinction of hosts means extinction of their parasitic nematodes,

17



especially if they are host-specific or endemic. Hence, the study should be continued to

provide a model database to understand the biodiversity of parasites and their coevolution

with their hosts ultimately in a geographical area with high levels of endemism.

18



CHAPTER 2

Morphological taxonomy of the genus Syphacia from Indonesian murines

Introduction

Nematodes of the genus Syphacia Seurat, 1916 (family Oxyuridae) are pinworms
parasitic in various murines all over the world (Hugot, 1988). Their life cycle is typical of
the oxyurids in that it actually lacks a period to be exposed to the external environments. The
simplicity of the life cycle is likely to provide less opportunity to acquire a new host than for
other parasites that require a long period in external environment or in intermediate host to
become infective. Therefore, Syphacia nematodes are considered to have generally co-
evolved with their hosts (Hugot, 1988, 1990). Indeed, the Syphacia spp. found in Indonesia
seem to be specific to host species or genus (Hasegawa et al., 1992; Dewi et al., 2010, 2014a,
b, 2015), and this means that the nematode could provide interesting biogeographical
evidence (see Chapter 4).

Moreover, the genus Syphacia could be zoonotic because a human case infested with
Syphacia sp. was reported in the Philippines (Riley, 1919; see Chapter 1). Syphacia species
are minute and resemble each other, strict taxonomical and morphological study on this

nematode genus will become a baseline of an easy and quick diagnosis method. As
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mentioned in Chapter 1, the present faunal survey demonstrated new taxa including two new

subgenera in central Indonesia. Hence, descriptions of the Syphasia taxa are made herein,

and a key of all species recorded from the areas Sunda to Sahul including the newly found

taxa is proposed.

Materials and methods

Collection of materials: The present study was based largely on the material from various

parts of Indonesia that were housed in MZB and some specimens collected in the medico-

zoological survey conducted during the period from 1991 to 1994 (Miyagi, 1994) (see

Chapter 1). Detailed data (Coll. Date, Loc. and register MZB number etc.) of each host

material was shown in a part of description of each nematode species. The viscera were

removed from carcass of rodent and opened with scissors. Contents of each portion of the

alimentary canal were rinsed separately and examined for nematodes under a

stereomicroscope. Scrapings were also be taken from each portion of the alimentary canal

and examined. The worms were fixed and stored in 70% ethanol.
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Morphological observation: Later, the worms were examined using a compound Olympus

BH series microscope (Olympus Co. Ltd., Tokyo, Japan) with a drawing tube or a Nikon

microscope (Nikon Co., Tokyo, Japan) attached with a Canon PS s5is digital camera (Canon

Inc., Tokyo, Japan), and a JEOL JSM5310LV scanning electron microscope (SEM) (JEOL

Ltd., Tokyo, Japan). For light microscopy, the specimens were cleared in glycerol—alcohol

solution. For scanning electron microscope, the specimens were fixed in glutaraldehyde,

dehydrated through an ethanol series, and freeze—dried then coated with gold at 5-8 mA for 5

minutes using an ion coater Eiko IB-2 (Eiko Co., Tokyo, Japan). Characters recorded by light

microscope measurements were made with an ocular micrometer. Measurements (range,

followed by mean in parentheses) are given in micrometers unless otherwise stated.
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Results and discussion

Description

Syphacia (Rumbaisyphacia) Dewi, Hasegawa and Asakawa, 2014 (new subgenus)

Diagnosis —Cephalic plate round. Cephalic papillae pedunculated. Amphidial pores with
porous patches laterally. Cephalic vesicle present. Cervical alae absent. Lateral alae vesicular.
Pharynx with setiferous apical margin. Male with three mamelons. Gubernaculum with non-

ornamented accessory piece. Parasites of murine rodents.

Type and only species -Syphacia (R.) kumis

Syphacia (R.) kumis Dewi, Hasegawa and Asakawa, 2014 (new species)
(Figs. 2-1a, b)
General —Medium sized pinworm with subgeneric chatacteristics defined above. Cuticle with
faint transverse striations. Oral aperture surrounded by three triangular lips, one dorsal and
two subventral; anterior margin of pharynx setiferous; four large cephalic papillae
pedunculated, situated squarely; amphids close to subventral cephalic papillae. Esophagus of
typical oxyuroid form with valved bulb. Nerve ring anterior to midlevel of esophageal corpus.

Cephalic vesicle extending to nerve ring level. Deirids not seen.

Male (holotype and 10 paratypes) —Total length 1.51-1.72 (1.65) mm, maximum width 111-

128 (125). Posterior body bent ventrally. Cephalic papillae situated trapezoidally with wider
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distance ventrally. Lateral alae large, vesicular. Total esophagus 352—-393 (353) long:
pharynx 13—17 (16) long and 17-24 (22) wide, corpus 252-278 (273) long and 34-39 (37)
wide, isthmus 16-25 (21) wide at narrowest level, and bulb 52—70 (67) long by 68—78 (71)
wide. Nerve ring 127-147 (132), and excretory pore far posterior to esophago-intestinal
junction, protruded, 568—667 (617) from cephalic end. Three mamelons with prominent
annulations developed at ventral posterior body; anterior mamelon 72—103 (92) long, middle
mamelon 92—-103 (97) long and posterior mamelon 64—100 (80) long. Distance from cephalic
end to anterior edges of anterior, middle and posterior mamelons 820-926 (862), 1.04-1.16
(1.07) mm and 1.21-1.37 (1.29) mm, respectively. Spicule single, relatively short, thin,
needle-shaped, 79-84 (83) long, i.e. 4.72—-8.58 (5.0) % of WL). Gubernaculum, 39-42 (41)
long with thin, unornamented accessory piece of 10—12 (11) long. Caudal papillae present in
3 pairs, 2 pairs small, near cloaca and 1 pair, large, protruding posterolaterally. Tail 108—136

(121) long [i.e. 6.4-8.1 (7.4)% of WL].

Female (allotype and 10 paratypes) —Body slender, relatively stout; length 3.21-4.12 (3.60)
mm, width 192-279 (212). Cephalic papillae situated quadrangularly. Distance between
amphids 37.7-39.2 (n=2). Lateral alae small, vesicular. Total esophagus 470-537 (500) long:
pharynx 17-21 (19) long and 33-38 (36) wide, corpus 369—404 (384) long and 47-56 (50)
wide, isthmus 15-21 (18) long, 28-39 (34) wide at narrowest level, and bulb 96-114 (98)
long by 97-117 (108) wide. Nerve ring 161-181 (174), and excretory pore 726—861 (795),
from cephalic end. Vulva protruded, 0.97-1.16 (1.08) mm from cephalic end; vagina and
ovejector directed posteriorly. Distance between excretory pore and vulva 228-295 (270) [i.e.
6.7-8.3 (7.6) % of WL]. Eggs ellipsoidal, asymmetrical with one side flattened, operculated

in bubble side, shell surface pitted, embryonated in uteri, 96—-102 x 34—40. Uterus extending
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anteriorly from just posterior of esophageal bulb and ending posteriorly near anus. Tail

relatively long, tapering to pointed end, 500—607 (552) long [i.e. 14.6-16.3 (15.3) % of WL].

Type host —Eropeplus canus Miller and Hollister, 1921 (Sulawesi soft-furred rat) (Rodentia:

Muridae).

Symbiotype —The type host was deposited to the American Museum of Natural History with

accession number M-267755.

Site of infection —Cecum.

Type locality —Lambanan, Sulawesi, Indonesia.

Specimens deposited — Holotype male and allotype female (MZBNa 624), 10 males and 10

females paratypes (MZBNa 625), Lambanan, Sulawesi, Indonesia, coll. H. Hasegawa, 31

July 1992.

Etymology —The subgeneric name was created by combining an Indonesian word ‘rumbai’,

meaning fringe, and Syphacia, and the species epithet was derived from an Indonesian word

‘kumis’, which means moustach. Both words were adopted as the setiferous apical margin of

pharynx reminds of fringed edge and moustach.
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Remarks —This is a typical member of the genus Syphacia Seurat, 1914 by having three
mamelons in males (Petter and Quentin, 1976; Hugot, 1988). Three subgenera have been
recognized: Syphacia Seurat, 1914, Cricetoxyuris Hugot, 1988 and Sueratoxyuris Hugot,
1988 (Hugot, 1988). By lacking cervical alae, developed deirids, and by having an
unornamented accessory piece of gubernaculum, and vesicular lateral alae, it resembles
subgenus Syphacia (Hugot, 1988). Pedunculated cephalic papillae arranged quadrangularly
are also seen in Syphacia (Syphacia) muris (Yamaguti, 1935) (Quentin, 1971). However,
setiferous apical margin of pharynx is a quite peculiar characteristic. A comparable structure
has been known only in Oxyuris (Schrank, 1788) among the oxyuroids of vertebrates (Petter

and Quentin, 1976; Gibbons, 2010). A new subgenus is hence proposed.
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Figs. 2—1a. Syphacia (Rumbaisyphacia) kumis, new species from Eropeplus canus in south
Sulawesi, Indonesia. (A) male, holotype, lateral view; (B) cephalic end of male, apical view;
(C) midbody in cross section of male; (D) posterior end of male, ventral view; (E) spicule and
gubernaculum, lateral view; (F) cephalic end of female, apical view; (G) anterior portion of

female, lateral view; (H) Posterior portion of female; (I) midbody in cross section of female;
(J) ege.
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Figs. 2—1b. Scanning electron microscopy of Syphacia (Rumbaisyphacia) kumis, new species
from Eropeplus canus in south Sulawesi, Indonesia. (K) cephalic end, apical view; (L) mouth
opening showing setiferous apical margin of pharynx; (M) anterior end, lateral view; (N) egg;
(O) posterior end of male; (P) mamelon, ventral view; (Q) mamelon (lateral view); (R)

protruded vulva.
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Syphacia (Segienamsyphacia) Dewi, Hasegawa and Asakawa, 2014 (new subgenus)

Diagnosis —Cephalic plate round. Cephalic papillae and amphidial pores forming circle.
Amphidial pores with porous patches laterally. Cephalic vesicle present. Oral aperture
triradiate, surrounded by 3 lips in male, hexagonal in female. Cervical alae absent. Lateral
alae vesicular in male. Male with three mamelons. Accessory piece of gubernaculum

unornamented. Parasites of murine rodents.

Type and only species -Syphacia (Se.) yuniae

Syphacia (Se.) yuniae Dewi, Hasegawa and Asakawa, 2014 (new species)
(Figs. 2-2a, b)

General —With subgeneric characteristics defined above. Small sized worms with cuticle
striated transversely. Cephalic vesicle weakly developed. Amphidial pores slightly closer to
subventral cephalic papillae than to subdorsal ones. Esophagus with a corpus, distinct isthmus
and terminating in spherical bulb. Nerve ring at middle of esophageal corpus. Deirid not seen.
Male (holotype and 10 paratypes) —Posterior body bent ventrally; length 1.00—1.25 (1.14)
mm, maximum width 70—-86 (81). Mouth triradiate, surrounded by three lips; distance
between amphidial pores 8.2—11.5 (n=2); lateral alae large; total esophagus including
pharynx, corpus and bulb 247-277 (254) long: pharynx 9-11 (10) long and 10-13 (11) wide,
corpus 170-200 (179) long and 24-29 (26) wide, isthmus 13—15 (13) long and 13-15 (14)
wide at narrowest level, bulb 47-56 (52) long by 50-55 (54) wide; nerve ring and excretory
pore 100-107 (109) and 376435 (404) from anterior end, respectively; three mamelons on

ventral surface of body provided with many transverse bands, each with central rows of
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spinules: anterior mamelon, middle mamelon and posterior mamelon 60—77 (64) long, 35-54
(46) long and 24-38 (32) long; distance from cephalic end to anterior edges of anterior,
middle and posterior 592-726 (652), 661-857 (758) and 769-962 (867), respectively;
spicule single, thin, unornamented needle-shaped, relatively long, 64-82 (73) long [i.e. 5.5—
7.5 (6)% of WL]; gubernaculum 22-28 (25) long; accessory piece of gubernaculum
protruded from body 9-12 (10); caudal papillae present in 3 pairs, 2 pairs small pre cloaca
and 1pair large post cloacal papillae, protruding posterolaterally; tail 126—-157 (149) long

including whip-like process [i.e. 10.2-14.3 (13) % of WL].

Female (allotype and 10 paratypes) —Length 2.34-2.56 (2.45) mm, width 155-200 (181).
Cephalic vesicle present, extending posteriorly to nerve ring. Oral aperture hexagonal.
Distance between amphidial pores 16.2—17.8. Lateral alae absent; total esophagus including
pharynx, corpus and bulb 273-399 (381) long: pharynx 16-22 (21) long and 18-28 (20) wide,
corpus 245-287 (266) long and 44—-50 (47) wide, isthmus 18-28 (22) wide at narrowest level,
bulb 72—-85 (81) long by 83-95 (87) wide; nerve ring 112—148 (141), excretory pore 471—
570 (501) from cephalic end; vulva not protruding, 753—853 (811) from cephalic end; vagina
and ovejector weakly developed, directed posteriorly; distance between excretory pore and
vulva 201-324 (269) [i.e. 8.1-12.8 (10.9) % of WL]. Eggs asymmetrical with one side
flattened, having operculum on convex side, closer to equator of egg, shell surface densely
pitted, containing embryo with visible esophagus in uterus, 68—74 (71.5) x 24-28 (25.7);
uterus occupying in the middle of body, extending from level of excretory pore to near
posterior end of middle 1/3 of body; tail long conical with pointed end, relatively long, 469—

540 (520) [i.e. 19.4-23.1 (21.1) % of WL].
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Type host —Eropeplus canus Miller and Hollister, 1921 (Sulawesi soft-furred rat) (Rodentia:

Muridae).

Symbiotype —The type host was deposited to the American Museum of Natural History with

accession number M-267755.

Site of infection —Cecum.

Type locality Lambanan, Sulawesi, Indonesia.

Specimens deposited —Holotype male and allotype female (MZBNa 624), 10 males and 10
females paratypes (MZBNa 625), Lambanan, Sulawesi, Indonesia, coll. H. Hasegawa, 31

July 1992.

Etymology —Subgeneric name was created by combining Indonesian word ‘Segienam’
meaning hexagonal, symbolizing hexagonal oral shape in female, and Syphacia. Species
epithet is dedicated to Ms. Yuni Apriyanti, to whom we are greatly indebted on preparation

of specimen for SEM observation.

Remarks —This is also a typical member of the genus Syphacia Seurat, 1914 by having three
mamelons in males (Petter and Quentin, 1976; Hugot, 1988). Among the three subgenera
recognized, it is close to the subgenus Syphacia by lacking cervical alae and developed
deirids, and by having an unornamented accessory piece of the gubernaculum and vesicular

lateral alae (Hugot, 1988). However, the hexagonal oral shape in the female has not been
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known for other members of the subgenus Syphacia species and other two subgenera. Hence
new subgenus is proposed. Similar oral shape has been known in Oxyuris, Brasilnema
Moravec et al., 1992, Paraustroxyuris Mawson, 1964, Petronema Hugot, 1983,
Royandersonia Moravec and Van As, 2004 among the oxyuroids parasitic in vertebrates
(Petter and Quentin, 1976; Gibbons, 2010). The egg operculum position is also characteristic
because most congeners of Syphacia have an egg operculum closer to pole (Quentin, 1971;

Petter and Quentin, 1976; Hugot, 1988).
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Figs. 2-2a. Syphacia (Segienamsyphacia) yuniae, new species from Eropeplus canus in south
Sulawesi, Indonesia. (A) male, holotype, lateral view; (B) cephalic end of male, apical view;
(C) midbody in cross section of male; (D) midbody in cross section of male, higher
magnification; (E) posterior portion of male, ventral view; (F) posterior portion of male;
lateral view; (G) spicule and gubernaculum, lateral view; (H) female, lateral view; (I)
cephalic end of female, apical view; (J) midbody in cross section of female; (K) excretory

pore and vulva, showing poorly developed vagina; (L) egg.

32



Figs. 2-2b. Scanning electron microscopy of Syphacia (Segienamsyphacia) yuniae, new

species from Eropeplus canus in south Sulawesi, Indonesia. (M) cephalic end of female,
apical view; (N) cephalic end of female, apical view, higher magnification; (O) egg; (P)
enlarged view of eggshell surface; (Q) caudal papilla of male, lateral view; (R) mamelon,

ventral view.
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Syphacia (Syphacia) Seurat, 1916

Syphacia (Syphacia) rifaii Dewi and Hasegawa, 2010 (new species)
(Figs. 2-3a, b)
General —Small worm. Cuticle with transverse striations. Cephalic vesicle. Esophagus of
typical oxyuroid form. Cervical alae absent. Deirids not seen. Cephalic plate round; mouth
surrounded by 3 weakly elevated lips, 1 dorsal and 2 subventral; 4 cephalic papillae large,
arranged almost squarely; amphidial pores with porous patches laterally. Excretory pore

posterior to esophago—intestinal junction.

Male (holotype and 12 paratypes) —Length 0.60—0.78 (0.67) mm, maximum width 74—109
(89). Distance between amphidial pores 14. Lateral alae large, vesicular, extending from
esophageal bulb level to posterior mamelon level. Total esophagus, including pharynx,

corpus, and bulb, 167-198 (178) long: pharynx 9—13 (11) long, corpus 122-151 (134) long
and 20-31 (24) wide, bulb 34-46 (41) long by 37-52 (44) wide. Nerve ring 80-96 (88), and
excretory pore 266332 (301) from cephalic end, respectively. Mamelons at ventral posterior
body, 3 well developed, anterior mamelon 41-53 (46) long, middle mamelon 40-56 (45) long,
and posterior mamelon 2748 (35) long. Distance from cephalic end to anterior edges of
anterior, middle, and posterior mamelons 354-423 (386), 396500 (438), and 467-607 (526),
respectively. Spicule thin, needle—shaped, 61-70 (65) long, i.e., 7.9—11.5% (9.8%) of worm
length (WL); gubernaculum stout, hook—shaped, 22-27 (25) long; accessory piece of
gubernaculum relatively thin, unornamented. Caudal papillae in 3 pairs, 2 pairs near cloaca
and 1 posterior pair protruding posterolaterally. Tail including short process 35-60 (44) long,

i.e. 5.5-8.1% (6.6%) of WL.
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Female (allotype and 13 paratypes) —Length 1.40-2.19 (1.82) mm, maximum width 147-244
(182). Distance between amphidial pores 16. Lateral alae absent. Total esophagus, including
pharynx, corpus, and bulb, 246277 (262) long: pharynx 12—-16 (15) long, corpus 171-206
(189) long and 30-45 (36) wide, bulb 49-68 (59) long by 58—75 (66) wide. Nerve ring 80—
108 (99), excretory pore 322-454 (388) from cephalic end. Vulva not protruding, 449582
(503), i.e., 22-37% (28%) of WL from cephalic end; vagina and ovejector directed
posteriorly. Distance between excretory pore and vulva 95-145 (115), i.e., 4.8-8.4% (6.4%)
of WL. Eggs oval, asymmetrical, operculated, concaved side with wrinkled shell,
embryonated in uteri, 68—70 (69) x 23-29 (27). Uterus extending anteriorly to the esophageal
bulb and ending posteriorly near anus. Tail conical, relatively short, 181-274 (222), i.e., 8.9—

15.0% (12.3%) of WL,

Type host —Bunomys chrysocomus (Hoffmann, 1887) (Yellow—haired hill rat) (Rodentia:

Muridae).

Other host —Bunomys prolatus Musser, 1991 (Long—headed hill rat) (Rodentia: Muridae).

Bunomys penitus (Miller & Hollister, 1921) (Inland hill rat) (Rodentia: Muridae).

Site of infection —Cecum.

Type locality —-Donggala, Central Sulawesi, Indonesia.
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Other locality —Lore Lindu, Central Sulawesi, Indonesia.
Masembo Watershed, Mekongga Mountains, south—east Sulawesi, Sulawesi,

Indonesia

Date of collection —25 June 2008 (host: B. chrysocomus), 16 June 2001(host: B. prolatus).

Specimens deposited —Holotype male and allotype female (MZB Na418), 9 male and 9

female. paratypes (MZB Na 423), 2 male and 4 female, paratypes (NSMT-As 3607) (host: B.

chrysocomus); 12 females (MZB Na 216) (host: B. prolatus).

Etymology —Species epithet is dedicated to Prof. Mien A. Rifai, Indonesian Academy of

Sciences (AIPI).
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Fig. 2-3a. Syphacia (Syphacia) rifaii collected from Bunomys chrysocomus in Central
Sulawesi, Indonesia. (A) holotype male, left lateral view; (B) paratype male, ventral view;
(C) cephalic end of male, apical view; (D) cross section of male midbody; (E) posterior end
of paratype male, right lateral view; (F) posterior end of male, ventral view; (G) allotype
female, right lateral view; (H) anterior portion of allotype female, ventral view; (I) anterior
portion of paratype female, right lateral view; (J) cephalic end of paratype female, ventral
view; (K) cephalic end of paratype female, right lateral view; (L) cephalic end of paratype

female, apical view; (M) lateral field of female, mid-body in cross section; (N) egg.
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Fig. 2-3b. Scanning electron microscopy of Syphacia (Syphacia) rifaii collected from
Bunomys chrysocomus in Central Sulawesi. (O) cephalic end of female, apical view; (P)
enlarged view of cephalic apex of female, apical view; (Q) cephalic end of female, lateral

view.
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Syphacia (Syphacia) taeromyos Dewi and Hasegawa, 2014 (new species)
(Figs. 2-4a, b, ¢)
General —Small nematodes with transverse cuticularstriations; cephalic vesicle developed,
continuous to body cuticle posteriorly; cephalic plate round, only slightly extended laterally;
mouth opening surrounded by three protruded lips, one dorsal and two subventral. Four
cephalic papillae, large, arranged almost square; amphids opening sublaterally, with porous
patches laterally; esophagus of typical oxyuroid form with valved bulb; cervical alae absent;

deirids not seen.

Male (holotype and 6 paratypes) —Posterior body bent ventrally; length 1.95-2.17 (2.09) mm,
width 144-165 (153); distance between amphids 23 (n = 1); cephalic vesicle 104—134 (119)
wide; lateral alae vesicular, moderately developed; total esophagus including pharynx, corpus
and bulb 235-261 (248) long: pharynx 9—13 (12) long and 12-15 (13.5) wide, corpus 163—
177 (173) long and 3241 (36) wide, isthmus 17-21 (19) wide at narrowest level, bulb 59—69
(64) long by 63-72 (66) wide; nerve ring at posterior part of oesophageal corpus, 146—157
(152), and excretory pore far posterior to oesophago—intestinal junction, 821-958 (919) from
cephalic end, respectively; three mamelons with prominent transverse furrows present at
ventral surface of posterior body: anterior mamelon 119—-134 (127) long, middle mamelon
74-96 (82) long and posterior mamelon 61-72 (66) long; distance from cephalic end to
anterior edges of anterior, middle and posterior mamelons 1.19-1.36 (1.28), 1.43—1.58 (1.52)
and 1.65-1.83 (1.77) mm, respectively; spicule single, thin, needle—shaped, slightly
constricted at middle, relatively short, 62—77 (68) long (i.e. 3.0-3.7 (3.3) % of WL);
gubernaculum rod-like, 28-34 (31) long; accessory piece of gubernaculum relatively thin,

unornamented; caudal papillae present in three pairs, two pairs small, near cloaca and one
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posterior pair large, protruding posterolaterally; tail including short terminal process 64—71

(67) long (i.e. 2.95-3.4 (3.2)% of WL).

Female (allotype and 4 paratypes) —Body relatively stout; length 4.85-5.85 (5.28) mm, width
390-476 (419); distance between amphidial pores 4143 (n =2); small flat vesicular lateral
alae present; total esophagus including pharynx, corpus and bulb 422-462 (445) long:
pharynx 16-22 (19) long and 17-18 wide (n= 2), corpus 302-395 (334) long and 58—70 (65)
wide, isthmus 2632 (30.4) wide at narrowest level, bulb 99—-114 (108) long by 96-119

(109) wide; nerve ring at middle of oesophageal corpus, 179-202 (187), excretory pore 1.07—
1.15 (1.11) mm from cephalic end; vulva not protruding, 1.19-1.31 (1.27)mm (i.e. 22.4-24.4
(23.8)% of WL) from cephalic end; vagina and ovejector directed posteriorly; distance
between excretory pore and vulva 119—-133 (155) (i.e. 24 (2.9)% of WL); eggs long,
elliptical, asymmetrical with one side flattened, operculated, shell surface uneven and densely
pitted, containing morulastage embryo in uterus, 57—62 (59) x 21-24 (23); uterus winding,
extending anteriorly to oesophageal bulb and ending posteriorly near anus; tail conical with

pointed end, relatively long, 693—-886 (804) (i.e. 13.5-18.1 (14.7)% of WL).

Type host —Taeromys celebensis (Gray, 1867) (long—tailed Taeromys) (Rodentia: Muridae).

Site of infection —Cecum.

Type locality -Masembo Watershed, Mekongga Mountains, south—east Sulawesi, Sulawesi,

Indonesia
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Date of collection —4 July 2011.

Specimens deposited —Holotype male and allotype female (MZB Na 602), five male and three

female paratypes (MZB Na 603 and NSMT—As 3904).

Etymology —Species epithet is derived from the generic name of the host rodent, Taeromys.
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Fig. 2-4a. Male of Syphacia (Syphacia) taeromyos from Taeromys celebensis in south-east
Sulawesi, Indonesia: (A) holotype, lateral view; (B) cephalic end, apical view; (C) cephalic
end, ventral view; (D) midbody in cross-section; (E) posterior end, ventral view; (F) posterior

end,lateral view; (G) spicule and gubernaculum, lateral view.
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Fig. 2-4b. Female of Syphacia (Syphacia) taeromyos from Taeromys celebensis in south—east

lateral view; (J)

(I) posterior portion,

Indonesia: (H) anterior portion, lateral view;

Sulawesi,

midbody in cross—
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cephalic end, apical view; (K) cephalic end, ventral view; (L) lateral field

section; (M) egg.
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Fig. 2-4c. Scanning electron microscopy of Syphacia (Syphacia) taeromyos from Taeromys
celebensis in south—east Sulawesi, Indonesia: (N) cephalic end, apical view; (O) cephalic end,

lateral view; (P) eggs.
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Syphacia (Syphacia) paruromyos Dewi and Hasegawa, 2014 (new species)
(Figs. 2-5a, b, ¢)
General —Small nematodes, cuticle with faint striations; cephalic portion set—off from body
by constriction, especially clearly in female; cephalic plate round, without lateral extension;
mouth with three developed lips, one dorsal and two subventral; four large papillae present;
two at each lateral side; amphids with porous patches laterally; esophagus of typical oxyuroid

form with valved bulb; cephalic vesicle present; cervical alae absent; deirids not seen.

Male (holotype and 6 paratypes from P. dominator of Mangolo) —Posterior body bent
ventrally. Length 1.37-1.65 (1.49) mm, maximum width 114-133 (123); lateral alae large,
vesicular; distance between amphids 18 (n =1); cephalic vesicle 67-89 (78) wide; total
esophagus 219-245 (229) long: pharynx 13—16 (14) long and 14-16 (15) wide, corpus 157—
176 (164) long and 28-33 (30) wide, isthmus 15—-18 (17) wide at narrowest level, and bulb
48-56 (51) long by 47-59 (53) wide; nerve ring slightly posterior to midlevel of oesophageal
corpus, 104-115 (109), and excretory pore far posterior to oesophago—intestinal junction,
544-618 (568) from cephalic end; three mamelons developed at ventral posterior body;
anterior mamelon 66—83 (72) long, middle mamelon 54-64 (58) long and posterior mamelon
45-61 (53) long; distance from cephalic end to anterior edges of anterior, middle and
posterior mamelons 0.76—0.88 (0.81) mm, 0.90—-1.09 (0.97) mm and 1.06-1.32 (1.15) mm,
respectively; spicule single, relatively short, thin, needleshaped, slightly constricted basal to
middle, 53-59 (56) long (i.e. 3.5-4.1 (3.8)% of WL); gubernaculum, 27-35 (30) long with

thin, unornamented accessory piece of
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11-14 (13) long; caudal papillae present in three pairs, two pairs small, near cloaca and one
pair, large, protruding posterolaterally; tail 112—134 (124) long (i.e. 6.8-9.3 (8.4)% of WL),

with whip—like appendage of 71-102 (82) long.

Female (allotype and 9 paratypes from P. dominator of Mangolo) —Body relatively stout;
length 2.65-2.98 (2.80) mm, width 201-256 (223); distance between amphids 32 (n = 1);
lateral alae absent;cephalic vesicle 112—-127 (119) wide; total esophagus 299-346 (326) long:
pharynx 15-17 (16) long and 17-19 (18) wide, corpus 217-257 (237) long and 45-53 (50)
wide, isthmus 24-30 (26) wide at narrowest level, and bulb 67-81 (72) long by 71-90 (83)
wide; nerve ring at midlevel of oesophageal corpus, 115-143 (130), excretory pore 396-584
(491), from cephalic end; vulva not protruding, 566—699 (650) from cephalic end (i.e. 21.9—
26.4 (23.4) % of WL); vagina and ovejector directed posteriorly; distance between excretory
pore and vulva 126-188 (147) (i.e. 4.4-7.1 (5.3) % of WL); eggs elliptical, asymmetrical
with one side flattened, operculated, shell surface pitted, embryonated in uteri, 64—72 (68) x
24-29 (26); uterus extending anteriorly to the oesophageal bulb and ending posteriorly near
anus; tail relatively long, tapering to pointed end, 384449 (408) long (i.e. 12.8-17.4 (14.6)%

of WL).

Measurements of worms from P. dominator of Lambanan.

Male (3 worms) —Length 2.04-2.12 (2.07) mm, maximum width 131-138 (134); cephalic
vesicle 96128 (112) wide; total esophagus 237-253 (243) long: pharynx 14—-16 (15) long
and 14-16 (15) wide, corpus 166—176 (170) long and 30-34 (32) wide, isthmus 15-22 (18)
wide at narrowest level, and bulb 51-58 (55) long by 49-61 (54) wide; nerve ring 136—141
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(138), and excretory pore 769—825 (797) from cephalic end; anterior, middle and posterior

mamelons 74—108 (90), 54-80 (68) and 45-70 (58) long, respectively; distance from cephalic
end to anterior, edges of anterior, middle and posterior mamelons 1.12—1.19 (1.16), 1.33-1.45
(1.39) and 1.63-1.71 (1.67) mm, respectively; spicule 5659 (58) long (i.e. 2.6-2.9 (2.8)% of
WL); gubernaculum 26-37 (31) long; accessory piece of gubernaculum relatively thin, 10-13
(11) long; tail 138—158 (150) long (i.e. 6.8-7.7 (7.2)% of WL); whip—like appendage 99-126

(116) long.

Female (5 worms) —Length 3.16-3.91 (3.58) mm, width 267-293 (280); cephalic vesicle
131-150 (141) wide; total esophagus 329-352 (338) long: pharynx 19-22 (20) long and 19—
21 (21) wide, corpus 224-250 (236) long and 54-61 (57) wide, isthmus 26-32 (30) wide at
narrowest level, bulb 74-93 (83) long by 86102 (95) wide; nerve ring 118-128 (122), and
excretory pore 503—650 (587), from cephalic end; vulva 612—-871 (783) from cephalic end
(i.e. 19.4-23.0 (21.8)% of WL); distance between excretory pore and vulva 109-240 (196)
(i.e. 3.5-6.8 (5.4)% of WL); eggs 65-72 (69) x 24-29 (28); tail 541-576 (557) (i.e. 14.4-17.1

(15.6)% of WL).

Type host- Paruromys dominator (Thomas, 1921) (Rodentia: Muridae).

Site of infection- Cecum.

Type locality -MasemboWatershed, Mekongga Mountains, south—east Sulawesi, Sulawesi,

Indonesia.
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Other locality -Indonesia: south Sulawesi, Lambanan.

Date of collection -June 2011 (Mekongga); July 1992 (Lambanan).

Specimens deposited -Holotype male and allotype female (MZB Na 604), six male and nine

female paratypes (MZB Na 605); other specimens from Mekongga (MZB Na 612; NSMT-As

3905); three males and five females from Lambanan (NSMT—As 3906).

Etymology -Species epithet is derived from the generic name of the host murine, Paruromys.
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Fig. 2-5a. Male of Syphacia (Syphacia) paruromyos from Paruromys dominator in south-east
Sulawesi, Indonesia: (A) holotype, lateral view; (B) cephalic end, apical view; (C) cephalic

end, sublateral view; (D) midbody in cross-section; (E) posterior end, lateral view; (F) spicule

and gubernaculum, lateral view.
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Fig. 2-5b. Female of Syphacia (Syphacia) paruromyos from Paruromys dominator in south—
east Sulawesi, Indonesia: (G) paratype, lateral view; (H) midbody in cross—section; (I)
cephalic end, apical view; (J) cephalic end, ventral view; (K) egg; (L) posterior portion,

lateral view.
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Fig. 2-5c¢. Scanning electron microscopy of female Syphacia (Syphacia) paruromyos from
Paruromys dominator in south—east Sulawesi, Indonesia: (M) cephalic end, apical view; (N)
cephalic end, lateral view; (O) egg, lateral view; (P) enlarged view of eggshell surface. Scale
Bar: M, N, O =20 um; P =25 pm.
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Syphacia (Syphacia) semiadii Dewi, Asakawa and Fitriana, 2014 (new species)
(Figs. 2-6a, b)

General —Small worms with transverse cuticular striations. Cuticle forming vesicular
widening at head which extends to nerve ring. Mouth leading directly into small pharynx.
Esophagus with pharynx, corpus and posterior bulb. Cervical and lateral alae absent in both
sexes. Deirids not seen. Cephalic plate round; mouth surrounded by 3 lips with ‘teeth’—like
structure on apical margin, 1 dorsal and 2 subventral. Four large cephalic papillae; 2 placed
at dorsal lip and 1 at each subventral lip, amphidial pores situated between cephalic papillae

with porous patches laterally. Excretory pore posterior to oesophago—intestinal junction.

Male (holotype and 9 paratypes) —Length 0.88—1.06 (0.93) mm, maximum width 79-95 (89).
Total esophagus including pharynx, corpus and bulb 168-221 (203) long: pharynx 13—-16
(14) long, corpus 125—-153 (144) long and 20-26 (23) wide, bulb 4653 (49) long by 42-47
(45) wide. Nerve ring 87-100 (93), and excretory pore 341452 (385) from cephalic end,
respectively. Three hemispherical mamelons with transverse striations at ventral posterior
body, anterior mamelon 54-62 (57) long, middle mamelon 54—65 (58) long and posterior
mamelon 50-56 (53) long. Distance from anterior end to anterior, middle and posterior edges
of mamelons 366—488 (390), 488—615 (511), and 604—708 (643), respectively. Posterior
extremity bent ventrally. Spicule thin, needle—shaped, anterior proximal portion broad
compared to posterior distal portion which is pointed, 61-78 (70) long, i.e. 5.7-6.5 (6.1) % of
worm length (WL); gubernaculum stout, hook—shaped, 30-36 (33) long; accessory piece of
gubernaculum relatively thin, unornamented. Caudal papillae in 3 pairs, 2 pairs adanal close
together and 1 posterior pair protruding posterolaterally. Tail whip—like, 117-134 (126) long,

i.e. 11.0-14.6 (13.5) % of WL.
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Female (10 paratypes) —Length 1.93-2.37 (2.22) mm, maximum width 169-249 (208).
Distance between amphidial pores 20. Lateral alae absent. Total esophagus including pharynx,
corpus and bulb 271-288 (280) long: pharynx 21-25 (23) long, corpus 171-206 (189) long
and 3240 (35) wide, bulb 6671 (68) long by 74-79 (77) wide. Nerve ring 114-148 (137),
excretory pore 415-485 (452), from cephalic end. Vulva lip salient, 527— 647 (590), i.e.
24.7-29.2 (26.7) % of WL, from cephalic end; vagina and ovejector directed posteriorly.
Cephalic vesicle 253294 (273) long. Distance between excretory pore and vulva 90-145
(139), i.e. 4.0-8.2 (6.26) % of WL. Eggs numerous with a flattened side, operculated,
embryonated in uteri, 68—70 (69) x 23-29 (27). Uterus extending anteriorly to the
oesophageal bulb and ending posteriorly near anus. Tail long, tapering to a slender point,

440-556 (480) long, i.e. 19.0-25.0 (21.7) % of WL.

Type host —Halmaheramys bokimekot Fabre et al., 2013 (Mammalia: Muridae)

Site of infection —Cecum.

Type locality —Boki Mekot, Central Halmahera, Indonesia (00°36'42.60"N, 128°2'49.00"E.)

Type specimen was collected 15 km NW of Sagea village, (central 29 Halmahera, Halmahera

Island, North Moluccas, Indonesia), at 723 m elevation.

Date of collection-26 January 2010.

Etymology —The new species is named after Prof. G. Semiadi (MZB) for his kind help in

providing the host specimens.
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Collector— G. Semiadi, Y. S. Fitriana and N. Supriatna (MZB).

Specimens deposited —MZB Na 483 (holotype); MZB Na 484 (paratypes).

Symbiotypes -MZB Mamm.33249, MZB Mamm.33251, MZB Mamm.33255.
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Fig. 2-6a. Syphacia semiadii Dewi, Asakawa and Fitriana, 2014 collected from
Halmaheramys bokimekot on Halmahera Island, Indonesia. (A) cephalic end of female
(apical view); (B) cephalic end of female (right lateral view); (C) female (paratype) (left
lateral view); (D) anterior portion of female (right lateral view); (E) midbody in cross section
of female; (F) midbody in cross section of male; (G) egg; (H) male (holotype) (left lateral
view); (I) posterior end of male (ventral view); (J) spicule and gubernaculum (right lateral
view); (K) posterior end of male (right lateral view). Scale bars: A: 10um; B, E, I, K: 50 um;
C, D: 200 pm; F, J: 25 pm , G: 20 pm; H: 100 pm.
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Fig. 2-6b. Scanning electron microscopy of Syphacia semiadii Dewi, Asakawa and Fitriana,
2014 collected from Halmaheramys bokimekot on Halmahera Island, Indonesia. (L) cephalic

end of female (apical view); (M) anterior portion of female (lateral view). Scale bars: L:
10pum; M: 20pum.
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Syphacia (Syphacia) maxomyos from Maxomys spp. (in press)
(Fig. 2-7a, b, ¢)

General —Small nematodes; cuticle with fine transversal striations; cephalic vesicle well
developed; soft, making waved contour in apical view cephalic plate elongated laterally with
dorsoventral constriction; mouth opening triangular, surrounded by 3 protruded lips, dorsal
lip smaller than subventral ones. Two submedian papillae and one amphid, closely set,
located at each lateral side of cephalic plate; amphids with porous patches laterally; cephalic
vesicle present, soft, making waved contour in apical view; cervical alae absent; deirids not
seen; excretory pore posterior to esophago-intestinal junction; esophagus club—shaped with
posterior bulb containing a valvular apparatus.
Male (holotype and 10 paratypes from M. musschenbroekii) —Posterior body bent ventrally.
Length 1.29-1.78 (1.63) mm, maximum width 101-138 (122); distance between amphidial
pores 29-30 (n=2); lateral alae as slight cuticular theickenings with median furrow; total
esophagus 176230 (209) long; pharynx 14-19 (17) long; corpus 110-152 (133) long, 27-37
(33) wide; isthmus 13-24 (20) wide; bulb 50—64 (58) long by 51-64 (58) wide; nerve ring
86—125 (106), and excretory pore 364—505 (454) from cephalic end: 3 mamelons developed
at ventral posterior body; first mamelon 48—75 (63) long, second mamelon 40—69 (60) long
and third mamelon 56-83 (73) long; distance from cephalic end to anterior edges of first,
second and third mamelons 439632 (559), 598-830 (757) and 794—1126 (1041),
respectively; testis recurrent at level of firts mamelon; spicule single, relatively short, thin,
needle-shaped, slightly constricted at 1/3 length from proximal end, sharply pointed distally,
64-78 (72) long [i.e. 3.8-5.6 (4.5) % of WL]; gubernaculum, 27-35 (32) long with

relatively large, unornamented accessory piece 21-24 (23) long; caudal papillae 3 pairs: 2
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pairs small, near cloaca and 1 pair large, postanal, protruding posterolaterally; tail tapered,

forming whip—like process, 213-269 (245) long [i.e. 13.1-17.8 (15.1) % of WL].

Female (allotype and 10 paratypes from M. musschenbroekii) —Body relatively stout; length
3.44-4.51 (4.08) mm, width 192-260 (212); distance between amphidial pores 38-39 (n=2);
lateral alae absent; total esophagus 271-324 (302) long: pharynx 18-24 (20), corpus 177-211
(197) long and 45-51 (47) wide, isthmus 24-32 (29) wide at narrowest level, and bulb 75—
102 (90) long by 93—-101 (97) wide; nerve ring at midlevel of esophageal corpus and
excretory pore 105-160 (127) and 436711 (558) from cephalic end, respectively; vulva
protruding and surrounded by smooth cuticle, 520-813 (676) from cephalic end [i.e. 16.9 %
of WL]; vagina and ovejector directed posteriorly; distance between excretory pore and vulva
short, 60-161 (118) [i.e. 14.0-18.6 (16.5) % of WL]; eggs elliptical, stumpy, asymmetrical
with one side flattened, both poles rounded, operculum reaching polar end, surface not pitted,
embryonated in uteri, [57.8 (54-59)] x [24.1 (23-26)] (n=20); tail long, tapering to pointed

end, 563-934 (777) long [i.e. 15.2-21.0 (19.0) % of WL].

Type host —Maxomys musschenbroekii (Jentink, 1878) (Musschenbroek’s spiny rat)

(Rodentia: Muridae).

Other host —Maxomys whiteheadi (Thomas, 1894) (Whitehead’s spiny rat) (Rodentia:

Muridae).

Site of infection —Cecum.
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Type locality —Lambanan, West Sulawesi, Indonesia.

Other locality -Mambulillin, West Sulawesi; Bukit Batu, Bengkalis, Riau, Sumatra,

Indonesia.

Date of collection —1 August 1992 (M. musschenbroekii in Lambanan); 30 July 1992 (M.

musschenbroekii in Mambulillin); 6 April 2011 (M. whitehead;).

Symbiotypes —~AMNH M-267759-267761; MZB Mamm.34132, 34133, 34138, 34143.

Specimens deposited —Holotype male and allotype female (host: M. musschenbroekii) (MZB

Na 675); 10 male and 10 females paratypes (host: M. musschenbroekii) (MZB Na 676—678);

2 males and10 females paratypes (host: M. whiteheadi) (MZB Na 679-680).

Etymology —The species epithet of this taxon is derived from the generic name of the host

rodent, Maxomys.
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Fig. 2-7a. Male of Syphacia maxomyos from Maxomys musschenbroekii in Sulawesi,
Indonesia. (A) male, holotype, lateral view; (B-E) cephalic portion: (B) apical; (C) lateral;
(D) dorsal; (E) ventral view; (F) cross section through midbody; (G-H) posterior extremity:

(G) right lateral, (H) ventral view; (I) spicule and gubernaculum, lateral view.
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Fig. 2-7b. Female of Syphacia maxomyos from Maxomys musschenbroekii in Sulawesi,
Indonesia. (J) female, allotype, lateral view; (K-N) cephalic portion: (K) apical, (L) lateral,

(M) dorsal, (N) ventral view; (O) cross section through midbody; (P) egg.
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Fig. 2-7c. Scanning electron microscopy of Syphacia maxomyos collected from Maxomys
musschenbroekii in Sulawesi, Indonesia. (Q) cephalic end of female (apical view); (R)
cephalic end of female (apical view); (S) anterior portion of female showing cephalic end and

vulva (ventro lateral view); (T) egg.

An overview of the genus Syphacia and Indonesian species; Before the present study,
only three subgenera have been recognized in the genus Syphacia, i.e. Syphacia Seurat, 1916,
Cricetoxyuris Hugot, 1988 and Seuratoxyuris Hugot, 1988 (Hugot, 1988). This study added
more two new subgenera, i.e. Rumbaisyphacia and Segienamsyphacia. Each genus has a new
species namely S. (R.) kumis and S. (Se.) yuniae, respectively. Therefore, five subgenera

have been hitherto recognized for this genus.
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Before the present author’s observation, 14 fully described species of the subgenus

Syphacia had been recorded in Indonesia-Australia bioregion, viz., S. abertoni Weaver and

Smales, 2006, S. australasiensis Smales, 2004, S. boodjamullaensis Weaver and Smales,

2010, S. brevicaudata Weaver and Smales, 2008, S. carnarvonensis Weaver and Smales,

2010, S. coccymyos Smales, 2011, S. darwini Hugot and Quentin, 1985, S. helidonensis

Weaver and Smales, 2010, S. longaecauda Smales, 2001, S. lorentzimyos Smales, 2010, S.

mamelontenuis Smales, 2010, S. muris (Yamaguti, 1935), S. pseudomyos Weaver and Smales,

2008, S. sulawesiensis Hasegawa and Tarore, 1996 from the area east of the Wallace’s line

(Hugot and Quentin, 1985; Hasegawa and Tarore, 1996; Smales, 2001, 2004, 2010, 2011;

Weaver and Smales, 2006, 2008, 2010). Adding to them, the present author found five more

species belonging to this subgenus and all species exhibited considerable diversity in

morphology, so they were described as new species as mentioned above, viz., S. rifaii Dewi

and Hasegawa, 2010, S. paruromyos Dewi and Hasegawa, 2014, S. taeromyos Dewi and

Hasegawa, 2014, S. semiadii Dewi, Asakawa and Fitriana, 2014 and S. maxomyos from

Maxomys spp. (in press). Except for the cosmopolitan species S. muris, they are endemic

species parasitic in endemic murines, suggesting co-speciation with hosts (Hugot and Quentin,

1985; Hasegawa and Tarore, 1996; Smales, 2001, 2004, 2010, 2011; Weaver and Smales,

2006, 2008, 2010; Dewi and Hasegawa, 2010, 2014; Dewi et al., 2014a, b).
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Restricting to Indonesia, 10 species of the genus Syphacia were hitherto recorded.

Eight species belong to the subgenus Syphacia: one species from Papua: S. longaecauda in

Melomys monktoni Thomas, 1904, four species from Sulawesi: S. paruromyos in Paruromys

dominator (Thomas, 1921), S. rifaii in Bunomys spp., S. sulawesiensi in Rattus xanthurus

(Gray, 1867), S. taeromyos in Taeromys celebensis (Gray, 1867) and one species from

Halmahera Island: S. semiadii in Halmaheramys bokimekot Fabre et al., 2013 (Hasegawa

and Tarore, 1996; Dewi and Hasegawa, 2010, 2014; Dewi et al., 2014a). Syphacia muris, the

cosmopolitan pinworm of Rattus spp. and Niviventer spp. as mentioned above, has also been

recorded in Sulawesi, Halmahera, Ambon, Bawean, Java, Kalimantan, Flores, Obi and

Lampung (Hasegawa and Syafruddin 1995; Hasegawa and Tarore, 1996; Dewi and

Purwaningsih, 2013; unpublished data); one species of the subgenus Rumbaisyphacia, S. (R.)

kumis, and one species of the subgenus Segienamsyphacia, S. (Se.) yuniae were obtained

from Sulawesi (Dewi et al., 2014Db).

From New Guinea Island, of which western region belongs to Indonesia as Papua

(Irian Jaya), six species of Syphacia were described i.e. S. longaecauda in Melomys,

Paramelomys and Uromys, S. australasiensis in Rattus leucopus, S. darwini in Melomys

lutillus (Smales, 2001, 2009), S. lorentzimyos and S. mamelonitenuis both in Lorentzimys

nouhuysi, S. coccymyos in Coccymys ruemmleri (Smales, 2001, 2009, 2010, 2011, 2012).
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Lorentzicola wolleyae Smales, 2010 from Lorentzimys houhuysi and Pogonomicola rugala

Smales, 2013 from Pogonomys loriae and P. sylvestri, very peculiar syphaciins, were also

described from Papua New Guinea (Smales, 2010, 2013).

Weaver and Smales (2010) published a key to 11 species of Syphacia in Indonesia to

Australian bioregion. Subsequently, Dewi et al. (2014) revised the key by adding seven

species and one Syphacia sp. of Weaver and Smales, 2010. Herein, an emended key to 22

species in three subgenera of Syphacia distributing in Sunda to Sahul is proposed. In this key,

the three species of Syphacia sp. by Weaver and Smales, 2010 are not included because

morphology of males remains unknown.
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Key to species of Syphacia in Indo-Australian bioregion (revised after Weaver and

Smales, 2010; Dewi et al., 2014)

A. — Oral aperture hexagonal in female .............cccoecveeenin. Syphacia (Segienamsyphacia)

One known species Syphacia (Segienamsyphacia) yuniae (Host: Eropeplus; Locality:

Sulawesi)

Female cephalic end of Syphasia yuniae (after Dewi, Hasegawa and Asakawa, 2014)

- Oral aperture not hexagonal in both SEXes..........ccccveveviinieiiienieeieeieene, B

B. — Anterior margin of pharynx setiferous..................... Syphacia (Rumbaisyphacia)

One known species Syphacia (Rumbaisyphacia) kumis (Host: Eropeplus; Locality:

Sulawesi)

Cephalic end of Syphacia (Rumbaisyphacia) kumis (after Dewi, Hasegawa and Asakawa,
2014)
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- Anterior margin of pharynx without setae .............cccoeeeveeennennne. C

C. — Cervical alae developed; deirids apparent; accessory piece of gubernaculum with

ornamentations .........cccceeeeveereeervennen. Syphacia (Seuratoxyuris)

Only one species known from the bioregion........... Syphacia (Seuratoxyuris) pahangi

(Host: Chiropodomys; Locality: Malay peninsula and Thailand)

— Cervical alae absent or present; deirids not seen; accessory piece of gubernaculum

without ornamentations .............ccccceeeuveennennne. Syphacia (Syphacia) .............. 1
1. - Cephalic plate elongated laterally, often with dorsoventral constriction
laterally..................... 2

- Cephalic plate round, oval or square, without dorsoventral constriction laterally.........

2. - Alae (either lateral and cervical) absent............ 3

- Alae Present.......coeeveeeereenienieneeieseneeene 6

3. - Female tail length >600, male tail length >350..... Syphacia longaecauda (Melomys;

Australia and Papua New Guinea)

Male tail of Syphacia longaecauda (after Smales, 2001)
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Female tail of Syphacia longaecauda (after Smales, 2001)

- Female tail length <500 , male tail length <150.................. 4

- Male spicule length >75; female tail length >580; eggs large, >125 long ......... Syphacia

boodjamullensis (Zyzomys, Australia)

Male tail of Syphacia boodjamullensis (after Weaver and Smales, 2010)

- Male spicule length <70; female tail length <580; eggs <125 long ...................... 5

- Male with two pairs of postanal papillae; female with excretory pore posterior to

oesophageal bulb.......... Syphacia brevicaudata (Pseudomys; Australia)
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Male tail of Syphacia brevicaudata (after Weaver and Smales, 2008)

- Male with one pair of postanal papillae; female with excretory pore close-set to

esophago-intestinal junction

Syphacia pseudomyos (Pseudomys; Australia)
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Male tail of Syphacia pseudomyos (after Weaver and Smales, 2008)

6. - Both cervical and lateral alae present

Syphacia coccymyos (Coccymys, Papua New

Guinea)
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'

Lateral and cervical alae of Syphacia coccymyos (after Smales, 2011)

- Only lateral or cervical alae present................. 7

- Lateral alae present; cervical alae absent............. 8

- Cervical alae present; lateral alae absent.................. 10

- Male with two mamelons....................... Syphacia darwini (Melomys; Australia)

Male of Syphacia darwini (after Hugot and Quentin, 1985)

- Male with three mamelons .....oo.eeeeeeeeeeeeeee e eeeeeeeeaaees 9
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9. - Lateral alae present in both sexes; male tail length <150; eggs >100

1ONE .o Syphacia helidonensis (Pseudomys; Australia)

Male tail of Syphacia helidonensis (after Weaver and Smales, 2010)

- Lateral alae only in male as slight cuticular thickenings; male tail >200; eggs <60

long ................ Syphacia maxomyos (Maxomys, Sumatra,

Sulawesi)

Male tail and lateral alae in male of Syphacia sp.(cross section)

10. - Cervical alae wide; male tail length >100; spicule length <60; egg length

<80 et i Syphacia abertoni (Zyzomys, Australia)
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Male tail of Syphacia abertoni (after Weaver and Smales, 2006)

- Cervical alae narrow; male tail length <100; spicule length >60; egg length

>100..... oo Syphacia carnarvonensis (Pseudomys, Australia)

Male tail of Syphacia carnarvonensis (after Weaver and Smales, 2010)

11. - Cephalic plate square........................ 12

- Cephalic plate round.......................... 13
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12. - Eggs without longitudinal ridge; spicule length <60.....ccccerueeueenee Syphacia muris

(Rattus; cosmopolitan)

Egg of Syphacia muris (after Hugot and Quentin, 1985)

- Eggs with longitudinal ridge; spicule length >60.................... Syphacia australasiensis

(Rattus, Papua New Guinea and Australia)

Egg of Syphacia australasiensis (after Smales, 2004)

13. - Lateral alae present...................... 14
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- Lateral alae absent....................... 18

14. - Lateral alae small....................... Syphacia lorentzymyos (Lorentzymys; Papua New

Guinea)

Small lateral alae of Syphacia lorentzymyos (after Smales, 2010)

- Lateral alae [arge..........coocveeiiiiiiiiienieieeeeeeeeee e 15

Large lateral alae (in Syphacia paruromyos)

15 - Lateral alae present in both sexes .......... 16



- Lateral alae present only in male ............ 17

16. - Lips protruded prominently; eggs with uneven shell

(Taeromys, Sulawesi)

Cephalic end and egg of Syphacia taeromyos (after Dewi and Hasegawa, 2014)

- Lips not protruded prominently; eggs with even shell............. Syphacia sulawesiensis

(Rattus; Sulawesi)

Cephalic end and egg of Syphacia sulawesiensis (after H\asegawa and Tarore, 1996)

17. - Male tail long with whip like appendages................ Syphcia paruromyos (Paruromys,

Sulawesi)
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Posterior portion of Syphacia paruromyos (after Dewi and Hasegawa, 2014)

- Male tail short without whip like appendages.................... Syphacia rifaii (Bunomys;

Sulawesi)

Posterior portion of Syphacia rifaii (after Dewi and Hasegawa, 2014)

18. - Male tail thin, >100 long;.........cceevueenneen. Syphacia semiadii (Halmaheramys;

Halmahera Island, the Moluccas, Indonesia)
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Male tail of Syphacia semiadii (after Dewi, Asakawa and Fitriana, 2014)

- Male tail thick, <100 long, .................Syphacia mamelonitenuis (Lorentzymys:

Papua New Guinea)

Male tail of Syphacia mamelonitenuis (after Smales, 2010)
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Summary

The taxonomical and morphological study on the genus Syphacia will not only

become a baseline for further faunistic and/or biogeographical study, but also provide useful

diagnostic information. Descriptions about the taxa were made and a key to species recorded

from Sunda to Sahul bioregion including the newly found taxa from Indonesia was proposed.

Before the present study, only three subgenera have been recognized in the genus Syphacia,

i.e. Syphacia, Cricetoxyuris and Seuratoxyuris. The author added two more new subgenera

from Sulawesi, i.e. Rumbaisyphacia and Segienamsyphacia, each has a new species S. (R.)

kumis and S. (Se.) yuniae, respectively. Furthermore, this study also could find five more

new species belonging to the subgenus Syphacia, all exhibiting considerable diversity in

morphology at both light and scanning electron microscopy studies, viz., S. paruromyos, S.

rifaii, S. semiadii, S. taeromyos, and S. maxomyos. In total, 10 species of the genus Syphacia

species are distributed in Indonesia with seven new species described by the present author.
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Chapter 3
Molecular biological analysis and phylogenetic consideration of the genus

Syphacia from Indonesian murines

Introduction

As mentioned in the Chapter 2, the species of the genus Syphacia are considered to
have co-evolved generally with their rodent hosts. However, Okamoto et al. (2007)
suggested that such a co-evolutionary relationship might not be so strict and host switching
probably occurred during the course of evolution, at least in Japan. In this study, partial
sequences of the mitochondrial Cox/ gene and 28Sr DNA from Syphacia species obtained
not only from Indonesia, but also from Japan, were determined based on the method of
Okamoto et al. (2007) and tried to discuss the relationships between pinworms and their hosts

in Indonesia.
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Materials and methods

Several individuals from three species, viz., Syphacia rifaii from Bunomys spp. of
Sulawesi, S. muris from Rattus tanezumi of Sumatra and Java (see Chapter 2), and
Syphatineria sp. from a ground squirrel, Lariscus hosei (Sciuridae), of Kalimantan, and some
species obtained from Japan and kept in Biological Laboratory, School of Medicine, Oita
University, Japan, were used for the present analysis for nucleotides of the mitochondrial
CoxI gene and 28S r DNA. The DNA sequencing was attempted for pinworms fixed and
preserved in 100% ethanol solution. The individual worm was rinsed in phosphate buffer (pH
6.5), and homogenized in a 1.5 mL Eppendorf tube containing 100 pL distilled water using a
plastic pestle. Five puL of the homogenized solution was mixed with 50 pL liquid phase
Dexpat™ (Takara Bio. Inc., Otsu, Shiga, Japan) in a 200 pl, heated at 196 °C for 30 min, and
then cooled on ice. Subsequently, 5 puL of the solution was added to the 50 uL PCR mixture,
which contained 0.5 pL of KOD-Neo ™ polymerase, 5 pL of 10x PCR buffer, 5 pL of 2mM
dNTP, 5 pL of 2 mM MgSO4 (Toyobo Co., Tokyo, Japan) and 0.25uL each of forward and
reverse primers. PCR was performed using a thermal cycler, PC-801 (ASTEC Co., Ltd.,

Fukuoka, Japan). The primer sets for amplification and sequencing of were those used
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previously (Gouy de Bellocq, 2001; Hu et al., 2002; Okamoto et al., 2009; Hasegawa et al.,

2010) or newly designed.

For partial mitochondrial DNA cytochrome C oxidase subunit 1 (Cox/) gene:

StrCoxAfrF 5’-GTGGTTTTGGTAATTGAATGGTT-3’ (forward),

HkCoxMidF 5’-ACTGTTTATCCACCTTTAAGTA-3’ (forward),

MH28R 5’-CTAACTACATAAT AAGTATCATG-3’

JB3 5>-TTTTTTGGGCATCCTGAGGTTTAT-3’ (forward)

SyphCoxF1 5’-GGTCAGTTGTATAATGTTRT-3’ (forward)

SyphCoxF2 5’-TTGRACTTTATATCCTRCTTT-3" (forward)

SyphCoxF3 5’-CWATTTTTAATTTRCGTTCT-3’ (forward)

SyphCoxF4 5’-TTTGATCGTAATTTTAATWSTT-3’ (forward)

SyphCoxF5 5’-TGAGGTTTATRTTYTDRTTTT-3" (forward)

SyphCoxF6 5’-TAAGTACWCGTTTDTATTTTA-3" (forward)

SyphCoxR1 5’-AAGATTATTTAAACGAGGAAA-3’ (reverse)

SyphCoxR2 5’-GCTACATGCAAACCAAAAATAA-3’ (reverse)

SyphCoxR3 5’-AAGACACCAACAATAAAAAAGAA-3’ (reverse)

SyphCoxR4 5’-ACACCTCCTTTTTACCAGTTAAA-3’ (reverse)

SyphCoxR5 5’-CAAAGTTAACAACCAACTAAAAA-3’ (reverse)
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JB4.5 5>-TAAAGAAAGAACATAATGAAAATG-3’ (reverse).
For partial 28S rDNA:

Cl" 5-ACCCGCTGAATTTAAGCAT -3’ (forward)

D2 5-TCCGTGTTTCAAGACGG-3’ (reverse)

The PCR conditions were as follows: initial denaturation at 94 °C for 2 min, followed by 30
cycles of 98 OC for 10 sec, — 50 OC for 1 min, — 68 C for 1 min, 30 cycles of 98 OC for 10
sec, — 55 °C for 1 min, — 68 °C for 1 min, and a post-amplification extension at 68 °C for 7
min for Cox/.

PCR products were mixed with Ez-Vision"™ Three DNA Dye (Amresco, Solon, Ohio,
USA), electrophoresed in a 1.5% agarose gel plate and visualized using a UV illuminator.
Promising bands, when observed, were dissected and processed using Nucleospin™ column
(Machery-Nagel, Germany) according to the instruction provided by the manufacture to
purify DNA, and then ethanol precipitated for further purification. Proper amount of the
DNA was subjected to direct sequencing using the BigDye' ™ Terminator Cycle Sequencing
Kit Version 3.1 (Applied Biosystems, Foster City, California, United States of America), and
purified using CentriSep separation column according to the manifacture’s instruction. Then

sequencing was made in a genetic analyzer ABI-PRISM 3130 (Applied Biosystems).
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The nucleotide sequences determined in this study were registered in the DNA

Database (DDBJ, http://www.ddbj.nig.ac.jp/) with accession numbers LC038086 to

LC038099. Sequences were aligned using Clustal W, then phylogenetic analyses were made

by neighbor-joining (NJ) and maximum likelihood (ML) methods using MEGAS (v. 5.2.2)

software (Saitou and Nei, 1987; Tamura et al., 2002). Both nucleotide and amino acid

sequences translated using invertebrate mitochondrion code were analyzed for Cox/. In NJ

analysis of nucleotide sequences, the evolutionary distances were computed using the

Kimura’s two-parameter method (Kimura, 1980). The bootstrap values were calculated by

1,000 replicates (Felsenstein, 1985). Aspiculuris tetraptera was used as an outgroup species

to root tree of Cox].

Result and discussion

Among the Indonesian Syphaciinae materials tested, partial Cox/ DNA amplification

was successful for only three species, viz., S. rifaii from Bunomys penitus of Southeast

Sulawesi, S. muris from R. tanezumi of Central Java and Lampung, Sumatra (see Appendix 2),

and Syphatineria sp. from L. hosei of Kalimantan, whereas DNA could not be amplified for

other seven Indonesian species, in spite of repeated trials. Using primers StrCoxAfrF, JB3,
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MH28R and JB4.5, unambiguous sequence of 749bp of Cox/ was obtained for each one
sample of S. rifaii [LC038087] and Syphatineria sp. [LC038092]. Only shorter sequence
[LC038088] corresponding to 106™ to 748" positions of LC03087 was obtained from another
sample of S. rifaii. This shorter sequence had one synonymous substitution from C to T at
147™ position in Fig. A-1. Meanwhile, S. muris samples responded only to the primer set
JB3-JB4.5, giving shorter sequences with 395bp. Because of these differences in length of
the sequences obtained and limitation of the sequences in the DNA database, phylogenetic
analyses were carried out separately on the two datasets covering 618bp and 249bp,
respectively (Appendix Figs. A-1 to A-4). The shorter sequence obtained from S. rifaii was
not used for phylogenetic analysis.

The striking feature is the peculiarity of Cox/ of S. rifaii in nucleotide and amino acid
sequences. By Clustal W alignment, it was found that S. rifaii had deletions of three
consecutive nucleotides at two sites causing two amino acid deletions (Appendix Figs. A-1,
A-2). The genetic distance from other congeners was large (Appendix Tables A-1, A-2),
making extraordinarily long branch especially in the tree based on the longer sequences (Fig.
3-1). If outgroup setting was not done, S. rifaii diverged at the most basal node in the tree,
putting Aspiculuris within Syphacia spp. When Aspiculuris was used as an outgroup, S. rifaii

and Syphatineria sp. formed a clade clearly separated from other species of Syphacia. This
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peculiarity became less prominent but persisted when the analysis was performed based on

the short sequences (Fig. 3-2). Syphacia rifaii shared common ancestor with Syphatineria sp.

In the tree based on the short sequences of Cox1, S. rifaii and S. muris were close each other,

and they shared a common ancestor with Syphatineria sp. though the bootstrap value was not

high.

Phylogenetic reconstruction using ML method was attempted for amino acid

sequences translated from the long nucleotide sequences of Cox/ (Fig. 3-3). Again, S. rifaii

showed very curious position by having extraordinary long branch.
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Fig. 3-1. NJ reconstruction of phylogeny of Syphacia spp. based on long nucleotide
sequences of mtDNA Cox/. The optimal tree with the sum of branch length = 0.81201463 is
shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (1000 replicates) are shown next to the branches. The evolutionary distances
were computed using the Kimura 2-parameter method. The analysis involved 17 nucleotide
sequences. All positions containing gaps and missing data were eliminated. There were a

total of 618 positions in the final dataset.
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Fig. 3-2. NJ reconstruction of phylogeny of Syphacia spp. based on short nucleotide
sequences of mtDNA Cox/. The optimal tree with the sum of branch length = 0.85148172 is
shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (1000 replicates) are shown next to the branches. The evolutionary distances
were computed using the Kimura 2-parameter method. The analysis involved 24 nucleotide
sequences. All positions containing gaps and missing data were eliminated. There were a

total of 249 positions in the final dataset.
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Fig. 3-3. ML reconstruction of phylogeny of Syphacia spp. based on amino acids translated
from long nucleotide sequences of mtDNA Cox/ using the General Reverse Transcriptional
model. The tree with the highest log likelihood (-1382.5027) is shown. The percentage of
trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is
shown next to the branches. Initial trees for the heuristic search were obtained by applying
the Neighbor-Joining method to a matrix of pairwise distances estimated using a JTT model.
A discrete Gamma distribution was used to model evolutionary rate differences among sites
(2 categories (+G, parameter = 0.7383)). The tree is drawn to scale, with branch lengths
measured in the number of substitutions per site. The analysis involved 17 amino acid
sequences. All positions containing gaps and missing data were eliminated. There were a

total of 206 positions in the final dataset.
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Amplification of 28S rDNA was also successful only for S. rifaii from B. penitus of

Sulawesi, S. muris from R. tanezumi of Lampung, Sumatra and Central Java, and

Syphatineria sp. from Lariscus hosei of Kalimantan (see Appendix 2). DNA could not be

amplified for other seven Indonesia species of Syphacia. In the NJ tree based on 28S rDNA,

bootstrap values were generally high (Fig. 3-4). Even when outgroup setting was not made,

Aspiculuris tetraptera was located most basal. According to this tree, Syphacia

(Seuratoxyuris) petrusewiczi from Japanese Myodes (syn. Clethrionomys) diverged at the

most basal node, and then Syphatineria sp. was separated. Among the species of the

subgenus Syphacia, S. rifaii and S. muris formed a clade, sharing a long branch, diverging

from the common ancestor to the other Syphacia species. Syphacia agraria, S. stroma and S.

emileromani, all parasitic in Apodemus spp., are monophyletic. Syphacia vandenbrueli, S.

frederici, S. obvelata and S. montana formed another monophyletic group. Syphacia muris of

Rattus tanezumi of Sumatra and Java differed from that of Japan and USA, both were

collected from laboratory rats, Rattus norvegicus. In ML tree based on 28S rDNA (Fig. 3-5),

topology was generally identical with that of NJ tree, but Syphatineria sp. diverged earlier

than S. (Seu.) petrusewiczi. According to Hugot (1988), Syphaciinae arose with Glires as

hosts in Paleocene, and evolved as Syphaciini in Muroidea in early Eocene. Subsequently,

Syphaciins were divided into those in murids and sciurids during Eocene, and establishment
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of the subgenera of Syphacia (i.e., Syphacia, Seuratoxyuris and Cricetoxyuris) and genera of

Syphaciins (including Syphatineria and Syphabulea) of Sciurids occurred in Oligocene.

However, the phylogenetic trees based on 28S rDNA may suggest that diversification of

murid- and scuirud-parasitic lineages of Syphaciini and diversification of subgenera

Seuratoxyuris and Syphacia occurred in a relatively short geological period.
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Fig. 3-4. NJ reconstruction of phylogeny of Syphacia spp. based on sequences of partial 28S
rDNA. The optimal tree with the sum of branch length = 1.35815348 is shown. The

percentage of replicate trees in which the associated taxa clustered together in the bootstrap

test (1000 replicates) are shown next to the branches. The evolutionary distances were

computed using the Kimura 2-parameter method. The analysis involved 25 nucleotide

sequences. All positions containing gaps and missing data were eliminated. There were a

total of 689 positions in the final dataset.
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Fig. 3-5. ML reconstruction of phylogeny of Syphacia spp. based on sequences of partial 28S
rDNA based on the Kimura 2-parameter model. The tree with the highest log likelihood
(-4716.7483) is shown. The percentage of trees in which the associated taxa clustered
together is shown next to the branches. Initial trees for the heuristic search were obtained by
applying the Neighbor-Joining method to a matrix of pairwise distances estimated using the
Maximum Composite Likelihood (MCL) approach. A discrete Gamma distribution was used
to model evolutionary rate differences among sites (2 categories (+G, parameter = 0.9215)).
The tree is drawn to scale, with branch lengths measured in the number of substitutions per
site. The analysis involved 25 nucleotide sequences. All positions containing gaps and

missing data were eliminated. There were a total of 689 positions in the final dataset.
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As shown above, S. rifaii and S. muris are located close together both in the

phylogenetic trees on Cox/ and 28S rDNA. This is not unexpected because ancestors of the

host genera, Rattus and Bunomys, are considered to have diverged in early Pliocene while

ancestors of Micromys, Mus, Apodemus and Microtines established much earlier, in Miocene

(cf. Fabre et al., 2013). The numerous nucleotide and amino acid substitutions in Cox/ of S.

rifaii are very curious. Although this pinworm is parasitic in plural Bunomys species in

Sulawesi, only two worms from two hosts were subjected to analysis. DNA sequence

analysis of worms from other Bunomys spp. is necessary to elucidate the extent of genomic

diversification among S. rifaii populations.

It is also noticeable that individuals of S. muris of Java and Sumatra were rather

diverged from those in the laboratory rats both in Cox/ and 28S rDNA. Ancestor of S. muris

might be adapted to ancestral Rattus probably in Southeast Asia, and then made dispersal to

the surrounding areas. Some Rattus, i.e. R. norvegicus and R. rattus, widened distribution

over the world. The laboratory rat was domesticated from feral R. norvegicus in Europe or

North America in middle of 19th century, and then distributed to various laboratories all over

the world. Syphacia muris of them also has been maintained in the laboratory conditions.

Thus, genetic divergence of S. muris in 28S rDNA of U.S. and Japan materials was negligible.

Also, Cox1 in rats in Chinese laboratories lacked variations (Fig. 3-2). However, it is
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apparent that feral Rattus spp. harbored S. muris with genetic diversification as suggested by

the present study.

In order to elucidate comprehensive feature of evolution of Syphacia in Indonesia, it is

essential to analyze more species. In the present study, only nine species were subjected, and

DNA analysis was successful only in a few species. The causes of the difficulty might be

insufficient fixation/preservation of the worms and unsuitable primers. For best results,

worms should be fixed and preserved in pure ethanol. However, in rural field, it is difficult to

obtain pure chemicals. Some ethanol sold at local areas had lower concentration and contains

impurities, which might affect in DNA. Although various primers were employed to amplify

Cox1, only a few of them gave positive results. This is apparently due to nucleotide variations

as shown in Cox! of S. rifaii. The primers JB3 and JB4.5 are usually effective for various

nematodes, giving about 500bp band. However, in S. muris, they gave much shorter sequence.

In future studies, it is essential to design more effective or specific primers, or utilize so-

called next-generation sequencer.
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Summary

The species of the genus Syphacia are considered to have co-evolved generally with

their rodent hosts, in Japan, though host switching is also possible. The present study

determined partial sequences of the mitochondrial Cox/ gene and 28S rDNA from

Syphaciinae species, viz., S. rifaii from Bunomys spp., S. muris from Rattus tanezumi, and

Syphatineria sp. from Lariscus hosei, obtained from Indonesia, and tried to examine the

general aspect of the relationships. In the phylogenetic trees on Cox1, the peculiarity of S.

rifaii was found. Its genetic distance from other congeners was so large, making an

extraordinary long branch in the trees based on the long and short length sequences,

respectively. Syphacia rifaii was positioned close to S. muris (bootstrap value 89 in NJ tree).

In NJ and ML trees based on 28S rDNA, bootstrap values were generally high. In NJ tree, S.

(Seuratoxyuris) petrusewiczi from the Japanese Myodes (syn. Clethrionomys) diverged at the

first node, leaving Syphatineria sp. within other Syphacia spp., whereas the latter species

diverged first in ML tree. In both Cox/ and 28S rDNA trees, S. rifaii and S. muris were

positioned close together, possibly reflecting their host divergence history. The present

samples of S. muris derived from Indonesian R. tanezumi were much diverged from those

from laboratory rats both in Cox/ and 28S rDNA. Probably, the ancestor of S. muris might

95



be adapted to ancestral Rattus in Asia, and then made dispersal to the surrounding areas with

commensal rats. It is surmised that only limited strains of S. muris were chosen when Rattus

norvegicus was domesticated for laboratory use, and has been distributed worldwide today.

In order to elucidate comprehensive feature of evolution of Syphacia in Indonesia, it was

essential to analyze more species in future studies.
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CHAPTER 4
Biogeographical discussion on host—parasite relationship between the

Indonesian murines and the genus Syphacia

Introduction

Ten species of the genus Syphacia have been recorded from Indonesian murines.
They are parasitizing eight genera of murine rodents (see Chapter 2), showing mosaic
composition especially within the Wallacea. Some islands have a poor fauna, whereas others
have rich fauna with high level of endemism etc. Therefore, the author tried to analyze the

mosaic distribution and/or composition biogeographically.

Geographical history of Indonesian archipelago

The Indo-Pacific Archipelago consists of more than 20,000 islands. Within the area,
the Indonesian archipelago includes 17,000 islands spread across the equator in Southeast

Asia that includes many countries (Lohman et al., 2011; Fig. 4-1).
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For understanding distributions of parasitic nematode faunas in Indonesia, geological

history of the archipelagos provides the basis. The Indonesian archipelago was formed by

addition of continental fragments, mainly rifted from Australia, to the margins of Sundaland

as a result of the subduction event driven by the plate movement. Sundaland was an almost

permanent landmass from the beginning of the Mesozoic (Whitmore, 1981). The addition of

the continental fragments of Southwest Kalimantan and later East Java—West Sulawesi

formed a much larger emerged land by the Late Cretaceous that extended from Indochina to

West Sulawesi. Australia began to collide with Southeast Asia about 25 million years ago

(MA), effectively closing the deep ocean separating the two continents, and forming the

region today known as Wallacea (Hall, 2009). From the Miocene (15 MA before) to the

Pleistocene (about 20,000 years before), the islands westward of Borneo and Bali were

connected to the Southeast Asian mainland as Sundaland while New Guinea and Australia

were connected as Sahul. The remaining lands between these two regions were isolated

(Groves et al., 2001; Stelbrink et al., 2012). Finally, the Thai-Malay Peninsula, Sumatra, the

Sunda Shelf and Eastern Sundaland (west Borneo and parts of West Java) were joined (Hall,

2009; Stelbrink et al., 2012). The separation of islands due to continental drift or the rising

sea levels had influenced on the dispersal of non-volant mammals (Stelbrink et al., 2012),

especially the small bodied rodents (Fabre et al., 2013; Fig. 4-2).
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Hence, the Indonesian archipelago has been regarded as a good model for the
biogeographical field since 19" century (Maryanto and Higashi, 2011; Fig. 4-1). The islands
of Indonesia straddle two of the world’s seven major biogeographic regions, the Oriental and
Australasian, and include Wallacea mentioned above, a unique biotic and geographic area
that lies in the broad interface between these two major regions (Stelbrink et al., 2012). These
islands have fauna that are not particularly rich in species, but feature a very high level of
endemism in many islands. For this, Indonesia is considered one of the most biologically
diverse countries by having about 17% of all species and about 12% of mammal species

hitherto discovered in the world (Wilson and Reeder, 1993).
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Fig. 4-1. Map of Indonesian archipelago in the present time.
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Fig. 4-2. History of the origin of the Murinae based on Stelbrink et al. (2012) and Fabre et al.
(2013); ®. Hypothetical ancestor of the Murinae; dotted arrows: dispersal routes; MA:

million years ago.
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Host origin and phylogeny

Ancestor of the subfamily Murinae is suggested to have originated in Asia, and its

dispersal from Sundaland to Sulawesi mentioned below occurred between the late Miocene

and the Plio-Pleistocene (Fabre et al., 2013; Fig. 4-2). The molecular phylogenetic tree for the

genus Rattus and its allies in Indo-Pacific area was provided by Fabre et al. (2013) (Fig. 4-3).

The rodent taxa from the Indonesian-Australian archipelago used in the present study belong

to the tribes Rattini and Hydromyini defined by Fabre et al. (2013). The Rattini includes the

genera Maxomys, Bunomys, Taeromys, Paruromys, Halmaheramys etc., and the Hydromyini

includes Melomys, Lorentzimys, Pseudomys etc. The genus Eropeplus which is regarded as

very important taxon in the present study because two new subgenera of Syphacia, viz.,

Segienamsyphacia and Rumbaisyphacia, were found (see Chapter 2), was not treated in Fabre

et al. (2013).

The two tribes mentioned above are divided by main geographical distribution. The

Rattini occurs from Sundaland (Thailand, Malay Peninsula, Sumatra, Java etc) to Sulawesi/

Halmahera, and in Australia as well. However, the Hydromyini are distributed to Sahul and

Walacea (Papua Indonesia, Papua New Guinea and Australia). The Hydromyini make only

one clade altogether (Fig. 4-3). On the other hand, according to Fabre et al. (2013), the
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Rattini contains four main monophyletic lineages: 1) the Southeast Asian Maxomys group, 2)

the Melasmothrix lineage, 3) the Dacnomys division clade, and 4) the Rattus division clade.

Furthermore, the Rattus clade was divided by several sub-clades. The genera including

Bunomys, Taeromys, Paruromys and Halmaheramys formed the Sulawesian clade, or they

are called as the new endemic as well (Musser, 1987). But the genera of the old endemic

including Sulawesian genera Echiothrix, Melasmothrix and Taetomys may form one clade

(see Esselstyn et al., 2012). However, Maxomys is nested in Crunomys (Achmadi, 2013;

Fabre et al., 2013). Lorentzimys belongs to Hydromyini and Coccymys belongs to Anisomyini

(see Esselstyn et al., 2012).
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Host dispersal to Sunda and Sahul

Because murines migrated mostly through dispersal as mentioned above (Fig. 4-2),

the sea level can be the major factor affecting their dispersal and species richness (Fabre et al.,

2013). Even if the barrier distance is short, the migration of small mammals such as the

murines would be difficult between the islands. In very rare occasions, some murines could

manage to make dispersal by drifting across the deep sea surrounding the islands, which were

isolated for quite long period (Maryanto and Higashi, 2011). Hence, the murines in Indonesia

are divided into two groups, viz., the Sundaic group and the Sahulian group (Musser and

Durden, 2002). Adding to two groups, murines of Wallacea (Sulawesi and Halmahera

Islands) are located in transition area between the Sunda and Sahul.

Sundaic group; There are so many genera (Maxomys, Niviventer, Sundamys, Leipoldamys,

Rattus etc.) and species recognized in this group, and they have generally broad distributions

in the Malay Peninsula, Sumatra, Borneo, Java, the Mentawai Islands, the Palawan group of

islands in the Philippines, Thailand, Laos, Vietnam, and China (Achmadi et al., 2013; Fabre

et al., 2013). However, ancestor of the subfamily Murinae was originated in Asia (Fabre et

al., 2013; Fig. 4-2).
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Sahulian group; Adding to the dispersal from the Sunda Shelf, Sulawesi also provided the

migrating routes from the Sahul region (New Guinea and Australia; Fig. 4-2) with ancestors

of the old/new endemic murines accompanied with their parasitic nematodes (Smales, 2012).

Wallacean group; The Wallace’s line is a boundary separating Oriental and Australian

realms (Lomolino et al., 2010). The endemic non-volant eutherian mammals in the region

east of this line are considered to have originated in the west region, especially, Sundaland,

then dispersed across the line to the east, and diversified (Musser, 1987). The difference of

mammalian fauna on each side of the Wallace’s line is remarkable. Sulawesi is just east of

the Wallace’s line, constituting the biogeographical transition area between Oriental and

Australian regions (Lomolino et al., 2010). This island has a unique mammalian fauna that is

not only species richness, but also with features of very high level of endemism (Musser,

1987). The Sulawesian murines represent approximately 30% of the total mammalian species

and approximately 52% of all the endemic species of Sulawesi (Musser and Durden, 2002).

The aboriginal murines of Sulawesi have been assumed to have ancestors on the

South—East Asian mainland and on the Sunda Shelf islands (Musser, 1987; Musser and

Durden, 2002; Fig. 4-2). They are composed of the new endemics including the genera

Bunomys, Eropeplus, Paruromys, Rattus and Taeromys relatives of which are distributed on
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the Sunda Shelf during Pliocene to Pleistocene, and old endemics including 5 genera

(Crunomys, Echiotrix, Melasmothrix, Paucidentomys, Tateomys), of which ancestors were

probably derived from the Sunda Shelf in Miocene. Because no oxyurids could be obtained

from 19 invididuals belonging to five species of the old endemic murines examined

(Hasegawa et al., 2014; Hasegawa, personal communication), the present discussion is

focused on the new endemic murines and their pinworms.

There have been arguments on the origin and dispersal of the new endemic murines of

Sulawesi. Some researchers believe that the ancestors migrated via a land bridge connecting

Sulawesi to the Sunda Shelf in or before the Pleistocene, though there has been no evidence

of such a land connection during the Cenozoic era (see Hall, 1998). Meanwhile,

mammalogists consider that dispersal by sea level fluctuations as a possible scenario (Musser,

1987; Fabre et al., 2013). In any cases, dispersal to Sulawesi might have exerted a bottleneck

effect on the murines, driving them to experience adaptive radiation in the new environment

to form many endemic species (Musser, 1987).

Halmahera (North Moluccas) and other Moluccan islands were not connected by a

land bridge to the surrounding landmasses during the Pleistocene (Voris, 2000). Hence,

dispersal of non-volant mammals to Moluccan islands might have occurred only accidentally,

probably by drifting. The endemic murines of the South Moluccas seemed to be allied with
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those on New Guinea and small surrounding islands (Musser, 1987). Based on the

phylogenetic studies, Halmaheramys ancestors probably colonized to Halmahera (North

Moluccas) from the west (Sulawesi?) during the Pliocene (Fabre et al., 2013). Based on the

molecular reconstruction including most murine genera of Indo-Pacific group within the

Rattus Division, Fabre et al. (2013) assigned Halmaheramys to a new group, which includes

Bullimus, Bunomys, Paruromys, Sundamys and Taeromys. Halmaheramys differs from other

endemic murines of Halmahera Island, R. morotainensis and undescribed species of Melomys,

which probably colonized the North Moluccas in the Pleistocene from the east (Sahul).

Related studies of Syphaciinae and Heligmonellidae in Indo-Australian archipelago

The faunistic studies on parasitic nematodes of the related murines from the Indo-

Australian archipelago should be reviewed first, because such data will become base for

discussion on the origins of the Wallacean nematode fauna. Some studies on the murine

nematodes had been done in the subfamily Syphaciinae and the family Helilmonellidae (see

Appendixes 3 and 4), and main reliable works of them, including those by the Indonesian

researchers (see Chapter 1 and Appendix 1), focused on taxonomy with new locality/host

records between the 1990° and 2010’s.
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The first publication of parasitic nematodes from Malaysian murines was done by

Adams (1933). He described Cyclodonstomum purvisi and reported Ancylostoma malayanum

and “Syphacia obvelata* from rats (no scientific names, but Rattus spp.) collected from both

Taiping and Pahang (see Ow-Yang, 1971). Later, Schacher and Chee-Hock (1960) examined

1,117 murine individuals, and found “Nippostrongylus muris *“ and Syphacia sp. from Rattus

norvegicus, R. diardi and/or R. exulans. From Thailand, Ohbayashi and Kamiya (1980)

described two new species of the genus Orientostrongylus, namely O. siamensis from “Rattus

surifer” (now, Maxomys surifer) and O. ratti from R. rattus and R. norvegicus. However,

Hasegawa et al. (1994) regarded O. ratti is a junior synonym of O. tenorai Durette-Desset,

1970. Yoshida et al. (1985) studied taxonomy of the genus Syphacia from 317 individuals

belonging to six murine species in Thailand. They recorded Syphacia muris from Rattus losea,

S. pahangi from Niviventer confucianus, Syphacia sp. 1 from Maxomys surifer and Syphacia

sp. 2 from R. tanezumi. It is presumed that Syphacia sp. 1 of Yoshida et al. (1985) is the same

species with S. maxmyos from Maxomys spp. in Sulawesi and Sumatra in the present study

(see Chapter 2). On the other hand, Syphacia sp. 2 of Yoshida et al. (1985) might be S. muris.

Recently, Chaisiri et al. (2012) examined 725 individuals belonging to 17 murines

species in various habitats in Thailand, and found “Syphacia muris” in 8.6% of them, but

without strict taxonomical consideration. Furthermore, the first survey in Lao PDR was made
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by Pakdeenarong et al. (2013), who investigated a total of 404 murines belonging to 13

species, and recorded “S. muris” from Berylmys berdmorei, R. exulans, Maxomys surifer and

Syphacia obvelata from Mus caroli and M. cookii. However, so-called ““S. muris” by

Pakdeenarong et al. (2013) might contain plural species because of the host specificity of

Syphacia. Unfortunately, their report lacked taxonomical and morphological data. Besides

this species, “Trichostrongylidae sp.” was listed in their study though heligmonellid

nematodes were not reported.

In Australia, there are so many Syphacia and heligmonellid species reported from

murines (Gibbons & Spratt, 1995; Smales, 2008, 2011; Appendixes 3 and 4).

Overall, the reliable faunistic studies on the origin of the Wallacean nematode fauna

in the Indo-Australian archipelago are limited. Therefore, for the biogeography of the host-

parasite relationships between the murines and their parasitic nematodes, only reliable

records of the host specific nematodes should be selected. In general, such nematode groups

as preferable candidates are the subfamily Syphaciinae and the families Heligmonellidae and

Heligmosomidae in the murinae (Durette-Desset, 1971; Hugot, 1988; Hasegawa, 1999;

Hasegawa and Asakawa, 2003; Asakawa, 1991, 1995). However, the species of the

Heligmosomidae (see Durette-Desset, 1971; Asakawa, 1991, 1995), especially genus

Heligmosomoides, were not recorded from the archipelago (see Appendix 1), so this group
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was omitted. On the other hand, many species belonging to the family Heligmonellidae have

been described and/or reported (see Appendix 4), but Wallacean taxa are now under study, so

their analyses will be done in the future. Hence, the most adequate candidate at the present

time is the genus Syphacia.

Morpho-phylogenetic relationship in the subgenus Syphacia

Phylogenetic analyses of Syphacia should be based on the taxonomical

(morphological) and/or phylogenetical (molecular biological) data along with host

biogeographical/evolutionary evidence (Hugot, 1988; Okamoto et al., 2007). The present

morphological and molecular data (see Chapters 2 and 3) are expected to depict a convincing

phylogenetical relationship among Syphacia spp. recorded not only from the archipelago

including Indonesia (Fig. 4-4), but also with those in the other part of the world.

There are distinct tree morphological types in the cephalic end of Syphacia spp.,

especially in the subgenus Syphacia shown in Fig. 4-5; namely, round, square and laterally-

elongated head, respectively. These cephalic shape types and geographical distributions have

relations with each other: square cephalic end is rare, being found in the cosmopolitan S.

muris and S. australasiensis in the new endemic Rattus of Sahul; round type is found in most
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of representatives of the Wallacean new endemic species and some of Sahul (Papuan) old

endemic species; laterally-elongated type is shared by one species in Maxomys-parasitic

species in Sunda and Wallacea and most species in the old endemic murines of Sahul (Fig. 4-

6).

In the evolutionary trend of the morphological characters in Syphacia or Oxyuridae,

the rounded type has been believed as primitive because such cephalic end is commonly

found in pinworms of sciurids and/or ground sciurids (Quentin, 1971; Hugot, 1988).

However, this theory should be applicable only for early phase of evolution of Syphaciinae.

Among the members of Syphacia, laterally-elongated head is predominant, being known in

the species of subgenera Cricetoxyuris, Seuratoxyuris and Syphacia from the Indo-Australian

archipelago, the Holarctic region, Africa and the New World (Quentin, 1971; Hugot and

Quentin, 1985; Hugot, 1988). It is notable that the laterally-elongated head is found in the

Syphacia (S.) spp. of the old endemics murines in Sahul (Fig. 4-6). Therefore, the laterally-

elongated type of the head seems to be an ancestral form in the evolution of Syphacia, and the

round and square heads are thus regarded as derived characteristics.

The above idea of ancestry of cephalic shape is also supported by both of the present

molecular relationships on Cox/ and 28S rDNA (Fig. 4-7). The species with “round” and

“square” heads were derived from the ancestor with “laterally-elongated head” species. Each
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morpho-species group should be regarded as a phylogenetic lineage; namely, “Round head

lineage (abbreviated to R)”, “Square head lineage (abbreviated to S)” and “Laterally-

elongated head lineage (abbreviated to LE)”.

When the murines have adapted to and speciated in their new insular environments

of Wallacea, some of their host-specific nematodes might become extinct, whereas the others

might co-evolve with their hosts or be shifted (switched) to a new hosts (Warner, 1998). In

the latter two cases, for example the genus Syphacia, each nematode species underwent

speciation in Wallacea, finally becoming morphologically distinct from the original species.

This could be the beginning of a new evolutionary lineage. Probably, the two new subgenera,

Rumbaisyphacia and Segienamsyphacia found in the present study (see Chapter 2) represent

such case: they might have co-evolved with Eropeplus, a monotypic murine. Unfortunately,

positive molecular data of the new subgenera taxa could not be obtained because of

inadequate fixation of the worms in 1990°s. Moreover, the molecular phylogenetic

relationship of Eropeplus with other murines remains unsolved (cf. Fabre et al., 2013) though

close relationship with Lenothrix, a member of the earliest group derived from the core

murine lineage in Sundaland, was suggested by morphological observation (Musser and

Newcomb, 1983; Musser, 1987; Musser & Carleton, 2005).
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Fig. 4-4. Distribution of Syphacia spp. in the areas from Malay Peninsula/ Thailand to

Australia. Black marks showing locality of each Syphacia in Indonesia. All taxa new species
including 2 new subgenera and species derived from long period-isolation and remarkable

endemism occurred.

X S. (Seu.) pahangi, B : S.(S.) maxomyos,®: S. (R.) kumis, @: S. (S.) yuniae, ® (S.)
rifaii, 8 : S. (S.) taecromyos, % : S.(S.) paruromyos, A:S.(S.) semiadii, O: S.(S.)
sulawesiensis, Q: S. (S.) lorentzimyos, w: S. (S.) mamelonitenuis, ©: S. (S.) coccymyos, $: S.
(S.) boodjamullensis, @: S. (S.) brevicaudata, &: S. (S.) pseudomyos, A: S. (S.) helidonensis,
©: S. (S.) abertoni, «:S. (S.) carnavonensis, #: S. (S.) longaecauda, b : S. (S.)

australasiensis, &: S. (S.) darwini, *: S. (S.) muris,
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Fig. 4-5. Cephalic shape of Syphacia spp. in Indo-Australian Archipelagos.

Morphological characters of the cephalic end, namely Square head lineage (abbreviated to
S)”, “Round head lineage (abbreviated to R)” “and “Laterally-elongated head lineage
(abbreviated to LE)”.

SEM Photos of upper site, left: S. muris from Niviventer cremoniventer (Dewi, unpublished);
middle: S. rifaii from Bunomys penitus (see Chapter 2); right: Syphacia maxomyos from

Maxomys whiteheadi (Dewi et al., in press).
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Biogeography of host-parasite relationship between murines and subgenus Syphacia

Overview of the world distribution; The host-parasite relationship between the murines

and subgenus Syphacia seems to be as follows: at first, an ancestral Sypacia LE species

parasitized the ancestral murine. The ancestral murine/Syphacia LE dispersed from

Sundaland to Wallacea, and to Sahul between the late Miocene and the Plio-Pleistocene and

coevolved. This process made the Syphacia LE species present in the Indo-Australian

archipelago with the Rattini and Hydromyini. Almost simultaneously, the species also

invaded to north Eurasian Continent including North Africa and its islands with the ancestral

murines of the genera Apodemus, Mus, Micromys etc. Furthermore, some of the Syphacia LE

in the Eurasian murines shifted (switched) to the microtines (Microtidae), and the descendant

species occur today not only in the Palearctic Subregion with the genera Myodes, Microtus,

Eothenomys etc., but also in North America with the genera Myodes and Microtus. Syphacia

obvelata belonging to the LE group became cosmopolitan with commensal Mus spp., and its

habitat close to humans might cause zoonotic parasitism (see Chapter 1).

Indo-Australian Archipelago; Before the eastward invasion events, the speciation of

Syphacia species with round head shape (Syphacia R) might occur from Syphacia LE. The
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ancestral Syphacia R was introduced with host murine dispersal to Walacea, especially

Sulawesi, which is the island with extremely high diversity of fauna. Subsequently, the

Syphacia R diversified with the evolution of their hosts. Exceptionally, only one species

Syphacia LE occurs in Sulawesi (S. maxomyos from Maxomys; Dewi et al., in press).

Because this species also occurs in Maxomys spp. of Sumatra and Asia continent (see Chapter

2), it could be regarded as an example of dispersal from Sunda to Wallacea with host murines.

Wallacea; On the other hand, the LE, R and S lineages of Syphacia invaded Sahul, and

now many endemic LE, two R and one S species are known in Australia and Papua (see Fig.

4-5). The Sahulian endemic R species, which occur on Papua have a remarkable

characteristics of small or absent of lateral alae in both sexes (Smales, 2010). Meanwhile, the

R species of Sulawesi have large lateral alae at least in one sex (see Chapter 2). The

presence/absence of the alae is regarded as an important key character, and it could be sub-

lineage criteria mentioned above. Hence, it is likely that Syphacia spp. on Sulawesi belong

not only to new two subgenera, but also to plural lineages, namely the R with probably sub-

lineages, the LE with one species during colonization of this island.

However, on Halmahera Island an extraordinary event occurred. The R species,

Syphacia semiadii parasitizes Halmaheramys (the new endemic mentioned above) and the
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species lacks lateral alae in both sexes. Because the Moluccan islands including Halmahera

Island were not connected by a land bridge to the surrounding landmasses as mentioned

above, the murine dispersal into the islands is still in controversy (Fabre et al., 2013), but

might be by drifting. At least, after Halmaheramys ancestors colonized from Sulawesi

Island, presumably, ancestral S. semiadii invaded from Sahul into Halmahera Island with a

Sahul origin murine, and thereafter the pinworm shifted to Halmaheramys or ancestral

Halmaheramys and coevolved on the island, although the ancestral murines brought ancestral

S. semiadii was unknown. It is expected that the allies of this Syphacia will be found from

some endemic murines on Halmahera in future, unless the ancestral host became extinct

already.

Similar event of the host-shifting/ancestral host died-out is known in the host-parasite

relationship between Apodemus and Heligmosomoides (Asakawa, 1991, 1995).

Heligmosomoides kurilensis is widely distributed with 4. speciosus in Japan, but the

nematode species of the lineage are typical parasites of the lemmings (Microtinae; Muridae),

for example Dicrostonyx, Lagurus, Lemmus etc. During the Glacial periods of the Pleistocene,

they invaded Japan via land bridge(s), but just after the period, the lemmings were extinct

there. Asakawa (1991, 1995) suggested that ancestral H. kurilensis shifted to the ancestral A.

speciosus when both of the old/new hosts shared same habitat.
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After the ancestral S diversified from the LE, one endemic species, S. australasiensis,

in Sahul (Australia) and common species, S. muris, occurred there. Since end of the

Plesitocene, human commensal rats have continued to invade everywhere with human

activities, making S. muris as a cosmopolitan species.

Overall, the dispersal to Sulawesi might have exerted a bottleneck effect not only on

the new endemic murines, but also on their nematode parasites. Since arrival on Sulawesi, the

Syphacia species in the new endemic murines of Sulawesi have experienced adaptive

radiation and formed 6 endemic taxa including the new subgenera and species.
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Fig. 4-8. Summarization of hypothetical dispersal and events of the subgenus Syphacia.
Solid, broken and double lines indicating dispersal routes of LE, R and S cephalic types,
respectively.
®. Hypothetical ancestor of the subgenus Syphacia, which might belong to LE lineage;
Myodes etc.: Microtinae occurs in the Holoarctic region, including the genera Myodes,
Microtus, Eothenomys etc.
Apodemus etc.: Murinae occurs in the Palearctic subregion (East and mid-Asia, Japan,
Europe, and North Africa), including the genera Apodemus, Mus and Micromys; Rattini and
Hydromyini: see the Fig. 4-3;
O Shift to new end from Sahul: showing the event that ancestral Syphacia semiadii invaded
into Halmahera Island with an extinct (?) rodent of the Hydromyini and the nematode
parasitizes Halmaheramys.

Dispersal of S. muris with commensal Rattus spp. Syphacia obvelata belonging to the

LE is also cosmopolitan with Mus spp., but not included here.
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Conclusion; past, present and future of the host-parasite relationship between murines

and their Syphacia

Ten species of the genus Syphacia have been recorded from Indonesian murines by

the present study. Because the species composition shows specific features among the

islands of the Wallacea, the Syphacia fauna was analyzed in the context of biogeography.

Ancestors of the insular murines were suggested to have originated in Asia, and their

dispersal from Sundaland to Sahul occurred during the period from the late Miocene to the

Plio-Pleistocene. Because the murines migrated generally throughdispersal, the straits

separating the lands and islands might be barriers for dispersal even though they became

narrower and shallower at glacial age. This geological history has made the Indonesian

murines divided into the Sundaic and the Sahulian groups, and Wallacean murines constitute

transit but diversified fauna between the two groups. The Wallacean Syphacia should be

analyzed based not only on their morpho/taxonomy and molecular data, but also on the

geological background and host dispersal events. According to the morphological

characteristics, the species of the subgenus Syphacia were divided into three groups; square

(S), round (R) and laterally-elongated (LE) cephalic plate types. By considering the

evolutionary trend of the characters, the LE type was regarded to be the primitive character.
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A dispersal scenario of the host parasite-relationships between murines and the

nematodes was presented. An original dispersal from Southeastern Asia was made with the

LE type, spreading not only to Wallacea and Sahul, but also to Europe, North Africa, East-

mid Asia and Japan, finally to North America. Before the north-eastward movement, the

speciation of the R type occurred, and the ancestral R and LE types invaded Wallacea and

colonized. Simultaneously LE, R and S types also invaded Sahul, and many endemic LE,

four R and one S species evolved in Australia and Papua. However, the origin of Syphacia

semiadii, which parasitizes Halmaheramys on Halmahera Island seems to be exceptional: the

host murine, Halmaheramys, is considered to have derived from Sulawesi, its Syphacia

showed phylogenetic resemblance with Papuan representatives. It remains unknown whether

the ancestral murines that introduced ancestral S. semiadii to Halmahera became extinct or its

descendant is still extant after the pinworm shift to Halmaheramys. During such dispersal

events, Syphacia muris evolved and became the common species of the S type.

The One Health concept is founded on an awareness of the major opportunities that

exist to protect public health through policies aimed at preventing and controlling pathogens

at the level of animal populations, that is, at the interface between humans, animals and the

environment. The Indo-Australia Archipelago is regarded as the biodiversity hotspots, but the

archipelago is one of the most suffered areas by the recent climate change as well. The
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climate change acts as a threat multiplier that interacts both directly and indirectly with

variables such as disease, animal products and conservation of wildlife in the archipelago

(Black and Butler, 2014; Romanelli et al., 2014). A better understanding of the links between

biodiversity and diseases (or their responsible agents) shows understandable and excellent

example of research models in the area. For example, there have been the viral and/or

bacteria pathogens such as One Health approach models in South-east Asia and Australia

including the archipelago (Pastoret et al., 2014; Godfroid et al., 2014; Peiris and Yen, 2014;

de La Rocque and Formenty, 2014; Wang and Crameri, 2014; Michel, 2014). However, a

parasitic nematode has not been identifies as a key One Health issue. So, the present study

will become an ideal model for the approach, because the agents could infect not only

wildlife, but also both human beings and captive animals (e.g., experimental and pet ones).
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Summary

The Syphacia fauna of Indo-Australian regions was analyzed in a context of the

biogeography. Ancestors of the host murines were suggested to have originated in Asia

continent, and made dispersal from Sundaland to Sahul during the period from the late

Miocene and the Plio-Pleistocene by dispersal. By the dispersal and subsequent evolution,

the present Indonesian murines are divided into the Sundaic and the Sahulian groups, and

Wallacean murines constitute peculiar fauna. According to the morphological characteristics

of the cephalic end, members of the subgenus Syphacia were divided into the three groups;

square (S), round (R) and laterally-elongated (LE) types, and LE type seemed to be the

primitive form.

A dispersal scenario was presented to explain the host parasite-relationships between

murines and their pinworms. The ancestor of Syphacia LE type, which parasitized the

ancestor of murines, made dispersal from the original area in continental Asia southward not

only to Wallacea and Papua/Australia, but also northward to spread over Northern

Hemisphere. Probably before the northward movement, the R type evolved, and the ancestral

R and LE types invaded Wallacea and colonized. Simultaneously, the other LE types, R and
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S types invaded Sahul, resulting in the presence of many endemic LE, R and S types of

Syphacia in both Papua and Australia.

During the dispersal of the intimate host-parasite relationship, an extraordinary

phenomenon was found in Syphacia from Halmahera Island. The ancestor Halmaheramys as

a host of S. semiadii is suggested to be Sundaland origin, whereas S. semiadii has similar

characters with Sahulian Syphacia. Probably, a host-switching was occurred in Halmahera.

Furthermore, a cosmopolitan species of the S type, Syphacia muris, invade everywhere with

human commensal rats. Finally, Syphacia could infect to human beings, and to

experimental/pet rats, as well, and the issues should be regarded and presented as the One

Health model.

127



Conclusion

The biogeography is one of the evolutionary biology fields, focusing on a

historical process of an animal dispersal. Nowadays, preventive (veterinary) medicine is

needed for making preventive measures of an outbreak of infectious diseases including

nematodiasis. The preventive (veterinary) medicine related to an ecosystem especially as the

One Health context, the preventive measures are based on the past things, viz., from where

the nematode came, when and how to invade into the place. Murine rodents (rats and mice)

are the principal reservoirs of many important parasitic nematodes of humans beings and

livestock because they are commonly live around human. For that reason, it is important to

study the nematodes of murines and their biogeography.

One of the interesting nematodes is the pinworms of the genus Syphacia because this

genus has zoonotic importance in human. Furthermore, Syphacia has direct life cycle so it

easier to acquired a new host. Therefore, the taxonomical and faunistic study on this genus

should be regarded as medical parasitological importance.

Based on this study, 20 species including a new heterakid genus/species, two new

subgenera and seven new speciesof Syphacia could be newly recorded. Hence, descriptions

about the taxa were done, and a key of all Syphacia species recorded in Indo-Australia region

128



including the newly found taxa was given. Adding to the taxonomical study, partial

sequences of the mitochondrial Cox/ gene and 28Sr DNA from Syphaciinae species obtained

not only from Indonesia, but also from Japan,were determined. The molecular biology from

the Syphaciinae species from Indonesia was succeeded in the extraction of DNA from only

three species i1.e. Syphacia rifaii, S. muris and Syphatineria sp. Among the species of the

subgenus Syphacia, S. rifaii and S. muris formed a clade, sharing a long branch, diverging

from the common ancestor to the other Syphacia species in both Cox/ and 28S rDNA trees.

The tree lineages of the subgenes Syphacia were found based on the morphology of the

cephalic end and molecural phylogeny. Finally, the author challenged to analyze the

biogeography on the host-parasite relationship between murines and Syphacia. If the scenario

presented here is correct, the Wallace’s line could be applied for almost endemic Syphacia

spp. as well, and the biogeographical approach could be regarded as one of the One Health

model researches.

Up to now, total 35 species and three genera of Indonesian murines have been

investigated nematologically. However, there are at least 173 murine species in Indonesia, so

over 130 murine species are waited for future faunal studies of parasitic nematodes.

Unfortunately, many of the murine species are listed as endangered or extinct. The extinction

of hosts means extinction of their parasitic nematodes, especially if they are host-specific or
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endemic. Hence, the studies should be kept, and such continuous studies may ultimately

provide an intrinsic information of biodiversity of parasites and their coevolution with their

hosts in a geographical area that provides the setting for high levels of endemism.
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Appendix 1
Checklist of the nematode parasites of Indonesian murids

This checklist was presented in a nematode list by host and also in host list by

nematode. The classification mainly follows Anderson (2000). The nematode list by host,

families and species are listed in alphabetical order. Data for each species are arranged as

follows:

Family of nematodes (in bold)
Scientific name of nematode parasite (in bold—faced italic)
Synonyms occuring in the literature (if available and the literatures) (in italics)
Site of infection of nematode in the host
LOCATION OF HOST (in capital): Scientific name of host (in italic) (author and publication
date, if available). [Catalogue number of MZB, if specimen is type].
Notes: the formal reported name if any taxonomic changes
In the host list by nematode, data are presented as follows:
Scientific name of host (in bold—faced italic)
Scientific name of nematode (in italic)
*; zoonotic agent, or possible one
@; new recorded in Indonesia and/or host species by the present auhor
§; data from MZB catalogue (not published yet)
@; data from the author’s observation (not published yet)

Nematode — host List

Acuariidae Railliet, Henry and Sisoff, 1912
@Tikusnema javaense Hasegawa, Shiraishi and Rochman, 1992
Syn: Molinacuaria indonesiensis Gibbons, Crawshaw and Rumpus, 1992 (Gibbons et al.,
1992; Smales, 1995)
Site of infection: intestine, stomach
LAMPUNG: Rattus argentiventer (Robinson and Kloss) (Purwaningsih, 2000)
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WEST JAVA: Rattus argentiventer (Robinson and Kloss) (Hasegawa et al., 1992;
Gibbons 1992; Purwaningsih 2000), Rattus tanezumi Temminck, Rattus tiomanicus
Miller (Kadarsan et al., 1986)

CENTRAL SULAWESI: Bunomys prolatus Musser (Purwaningsih and Dewi, 2007);
Rattus hoffmanni (Matschie) (Purwaningsih and Dewi, 2007)

Notes: Specimens of Kadarsan et al. (1986) were originally identified as Victorocara sp.;
while Gibbons (1992), Purwaningsih (2000) and Purwaningsih and Dewi (2007)

recorded it as Molinacuaria indonesiensis

Angiostrongylidae Bohm and Gebauer, 1934

Angiostrongylus sp.
Site of infection: lung
§NORTH SUMATRA: Rattus tanezumi Temminck
SJAKARTA: Rattus tanezumi Temminck

*Angiostrongylus cantonensis (Chen, 1935)
§SOUTH SUMATRA: Rattus exulans (Peale), Rattus tiomanicus Miller
WEST SUMATRA: Rattus tanezumi Temminck (Cross, 1979)
NORTH SUMATRA: Rats (Kwo and Kwo, 1968); Rattus tanezumi Temminck (Cross
1979), Rattus tiomanicus Miller (Cross, 1979)
LAMPUNG: Rattus argentiventer (Robinson and Kloss) (Lim Boo Liat, 1978; Cross,
1979); Rattus tanezumi Temminck (Cross, 1979); Rattus exulans (Peale) (Cross, 1979);
Rattus tiomanicus Miller (Lim Boo Liat, 1978; Cross, 1979)
JAKARTA: Bandicota indica (Bechstein) (Cross, 1979); Rattus argentiventer (Robinson
and Kloss) (Margono and Ilahude, 1974); Rattus tanezumi Temminck (Margono and
I[lahude, 1974)
WEST JAVA: Rattus argentiventer (Robinson and Kloss) (Cross, 1979); §Rattus exulans
(Peale), §Niviventer lepturus (Jentink); §Rattus tanezumi Temminck; §Rattus tiomanicus
Miller; § Bandicota indica (Bechstein), § Maxomys bartelsii (Jentink)
§CENTRAL JAVA: Rattus exulans (Peale), Bandicota indica (Bechstein)
Notes: Cross (1979) noted that the host of A. cantonensis from West Sumatra was R.
diardii, but R. diardii is synonym of R. tanezumi (Anonim, 2012)

*Angiostrongylus malaysiensis Bhaibulaya and Cross, 1971
Site of infection: lung
§SOUTH SUMATRA: Rattus sp.
SWEST SUMATRA: Rattus lugens (Miller)
SLAMPUNG: Rattus exulans (Peale); Rattus tiomanicus Miller
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SJAKARTA: Rattus tanezumi Temminck

Capillariidae Moravec, 1982
Baruscapillaria traverae (Ash, 1962)

Site of infection: intestine

HALMAHERA: Rattus rattus (Linnaeus) (Hasegawa and Syafruddin, 1995)
Capillaria sp.

Site of infection: intestine

WEST SUMATRA: Maxomys pagensis (Miller) (Saim and Purwaningsih, 1999)

EAST KALIMANTAN: Maxomys pagensis (Miller) (Saim and Purwaningsih, 1999)

CENTRAL SULAWESI: Maxomys pagensis (Miller) (Saim and Purwaningsih, 1999)
Eucoleus bacillatus (Eberth, 1863)

Site of infection: intestine

WEST JAVA: Rattus argentiventer (Robinson and Kloss) (Hasegawa et al., 1992)
*Calodium hepaticum (Bancroft, 1893)

Syn. Capillaria hepatica Bancroft, 1893

Site of infection: liver

WEST JAVA: Rattus spp. (Wiroreno, 1978)

Chabertiidae (Popova, 1952)

*@Cyclodontostomum purvisi Adams, 1933
Syn. Ancistronema coronatum Smales, 1992
Site of infection: caecum
WEST JAVA: Niviventer lepturus (Jentink) (Wiroreno, 1978); Rattus tiomanicus Miller;
Maxomys whiteheadi (Thomas) (Wiroreno, 1978)
EAST KALIMANTAN: Rattus tiomanicus Miller (Purwaningsih and Suwito, 1996);
Rattus exulans (Peale) (Purwaningsih and Suwito, 1996); Maxomys whiteheadi (Thomas)
(Hasegawa and Syafruddin, 1994a); Lepoldamys sabanus (Thomas) (Hasegawa and
Syafruddin, 1994a); Niviventer cremoniventer (Miller) (Hasegawa and Syafruddin,
1994a)
SOUTH SULAWESI: Eropeplus canus Miller and Hollister (Hasegawa and Syafruddin,
1994a); Paruromys dominator Thomas (Hasegawa and Syafruddin, 1994a); Rattus
hoffmanni (Matschie) (Hasegawa and Syafruddin, 1994a)
CENTRAL SULAWESI: Rattus hoffmanni (Matschie) (Purwaningsih and Dewi, 2007)

Gongylonematidae (Hall, 1916)
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Gongylonema sp.
Site of infection: stomach
@CENTRAL SULAWESI: Bunomys chrysocomus (Hoffmann)
@Gongylonema neoplasticum (Fibiger and Ditlevsen, 1914)
Syn: Gongylonema orientale Yokogawa, 1924 (Yamaguti, 1961)
Site of infection: stomach wall
LAMPUNG: @Rattus tanezumi Temminck (Dewi and Purwaningsih, 2013b);
§Niviventer lepturus (Jentink)
@WEST JAVA: Rattus tanezumi Temminck
CENTRAL SULAWESI: Rattus tanezumi Temminck (Dewi, 2011); Bunomys
chrysocomus (Hoffmann) (Dewi, 2011)
HALMAHERA: Rattus rattus (Linnaeus) (Hasegawa and Syafruddin, 1995)

Heligmonellidae (Skrjabin and Schikhobalova, 1952)
Bunomystrongylus abadii Hasegawa and Mangali, 1996
Site of infection: small intestine
SOUTH SULAWESI: Bunomys penitus (Miller and Hollister) (Hasegawa and Mangali,
1996) [Holotype and allotype (MZB Na 282); paratype (MZB Na 283)]
Bunomystrongylus miyagii Hasegawa and Mangali, 1996
Site of infection: small intestine
SOUTH SULAWESI: Bunomys andrewsi (Allen) (Hasegawa and Mangali, 1996)
[Holotype and allotype (MZB Na 282); paratype (MZB Na 283)]
Hasanuddinia maxomyos Hasegawa and Syafruddin, 1994
Site of infection: small intestine
SOUTH SULAWESI: Eropeplus canus Miller and Hollister (Hasegawa and Syafruddin
1994b); Maxomys musschenbroekii (Jentink) (Hasegawa and Syafruddin, 1994b)
Heligmonoides musseri Hasegawa and Tarore, 1994
Site of infection: small intestine
SOUTH SULAWESI: Maxomys musschenbroekii (Jentink) (Hasegawa and Syafruddin,
1994b). [Holotype and allotype (MZB Na 235), paratype (MZB Na 278)]; Margaretamys
elegans Musser (Hasegawa and Syafruddin, 1994b); Eropeplus canus Miller and
Hollister (Hasegawa and Syafruddin, 1994b)
Maxomystrongylus yasumai Hasegawa and Syafruddin, 1997
Site of infection: small intestine
EAST KALIMANTAN: Maxomys whiteheadi (Thomas) (Hasegawa and Syafruddin,
1997) [Holotype and allotype (MZB Na 286); paratype (MZB Na 287)]; Niviventer
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cremoniventer (Miller) (Hasegawa and Syafruddin, 1997); Rattus tanezumi Temminck

(Hasegawa and Syafruddin, 1997)
@Nippostrongylus brasiliensis (Travassos, 1914)

Site of infection: small intestine

Syn: Heligmosomum muris Y okogawa, 1920, Nippostrongylus muris (Y okogawa, 1920)

(Yamaguti, 1961; Anderson, 2000)

LAMPUNG: Rattus tanezumi Temminck (Dewi and Purwaningsih, 2013b); Rattus

exulans (Peale) (Dewi and Purwaningsih, 2013b); Rattus tiomanicus Miller (Dewi and

Purwaningsih, 2013b)

§JAKARTA: Rattus tanezumi Temminck

WEST JAVA: Rattus argentiventer (Robinson and Kloss) (Hasegawa et al., 1992);

§Rattus sabanus (Thomas)

§CENTRAL JAVA: Rattus tanezumi Temminck

§CENTRAL SULAWESI: Taeromys sp.

HALMAHERA: Rattus tanezumi Temminck (Hasegawa and Syafruddin, 1995a)
Nippostrongylus marhaeniae Hasegawa and Syafruddin, 1995

Site of infection: small intestine

HALMAHERA: Rattus cf. morotainensis Kellogg (Hasegawa and Syafruddin, 1995b)
Nippostrongylus sembeli Hasegawa and Tarore, 1995

Site of infection: small intestine

NORTH SULAWESI: Rattus xanthurus (Gray) (Hasegawa and Tarore, 1995) [Holotype

and allotype MZB Na 261; paratype MZB Na 262]
Odilia sp.
Site of infection: small intestine
HALMAHERA: Rattus cf. morotainensis Kellogg (Hasegawa and Syafruddin, 1995b)
Odila moatensis Hasegawa, Miyata and Syafruddin, 1999
Site of infection: small intestine
NORTH SULAWESI: Rattus xanthurus (Gray) (Hasegawa, Miyata and Syafruddin,
1999) [Holotype and allotype (MZB Na 259); paratype (MZB Na 260)]
Odilia mallomyos Hasegawa and Syafruddin, 1994
Site of infection: small intestine
PAPUA: Mallomys rothschildi Thomas (Hasegawa and Syafruddin 1994c) [Holotype
and allotype (MZB Na 274), paratype (MZB Na 275)]
Odilia mamasaensis, Hasegawa, Miyata and Syafruddin, 1999

Site of infection: small intestine
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NORTH SULAWESI: Maxomys musschenbroekii (Jentink) (Hasegawa et al., 1999)

[Holotype and allotype (MZB Na 355); paratype (MZB Na 356)]
Odilia maxomyos Hasegawa, Miyata and Syafruddin, 1999

Site of infection: small intestine

NORTH SULAWESI: Maxomys musschenbroekii (Jentink) (Hasegawa et al., 1999)

[Holotype and allotype (MZB Na 357); paratype (MZB Na 358)]
Odilia sulawesiensis Hasegawa, Miyata and Syafruddin, 1999

Site of infection: small intestine

SOUTH SULAWESI: Rattus xanthurus (Gray) (Hasegawa et al., 1999)
Orientostrongylus sp.

Site of infection: small intestine

NORTH SULAWESI: Rattus xanthurus (Gray) (Hasegawa et al., 1999)

HALMAHERA: Rattus cf. morotaiensis Kellogg (Hasegawa and Syafruddin, 1995b)
Orientostrongylus tenorai Durette—Desset, 1970

Site of infection: small intestine

HALMAHERA: Rattus rattus (Linnaeus) (Hasegawa and Syafruddin, 1995a)
Paraheligmonelloides eropeplios Hasegawa, Miyata and Syafruddin, 1999

Site of infection: small intestine

SOUTH SULAWESI: Eropeplus canus Miller and Hollister (Hasegawa et al., 1999)

[Holotype and allotype (MZB Na 359), paratype (MZB Na 360)]
Paraheligmonelloides paruromys Hasegawa, Miyata and Syafruddin, 1999

Site of infection: small intestine

SOUTH SULAWESI: Paruromys dominator Thomas (Hasegawa et al., 1999) [Holotype

and allotype (MZB Na 361), paratype (MZB Na 362)]

Heterakidae Railliet and Henry, 1912
Heterakis sp.
Site of infection: intestine, stomach
§WEST SUMATRA: Rattus lugens (Miller)
@Heterakis spumosa Scneider, 1866
Syn. Ganguleterakis gangula Lane, 1914; Heterakis dahomensis Gendre, 1911
(Yamaguti, 1961)
Site of infection: intestine, stomach, caeccum
LAMPUNG: Rattus tanezumi Temminck (Dewi and Purwaningsih, 2013b); Rattus

tiomanicus Miller (Dewi and Purwaningsih, 2013b)
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CENTRAL SULAWESI: Bunomys andrewsi Allen (Hasegawa et al., 2014); Bunomys
chrysocomus (Hoffmann) (Purwaningsih and Dewi, 2007; Hasegawa et al., 2014);
Bunomys prolatus Musser (Purwaningsih and Dewi, 2007); Crunomys celebensis Musser
(Hasegawa et al., 2014); Rattus hoffmanni (Matschie) (Purwaningsih and Dewi, 2007);
Rattus marmosurus Thomas (Purwaningsih and Dewi, 2007); Rattus xanthurus (Gray)
(Purwaningsih and Dewi, 2007); Tateomys macrocercus Musser (Hasegawa et al., 2014)
Tateomys rhinogradoides Musser (Hasegawa et al., 2014)
WEST SULAWESI: Bunomys penitus (Miller and Hollister) (Hasegawa et al., 2014);
Eropeplus canus Miller and Hollister (Hasegawa et al., 2014); Margaretamys elegans
Musser) (Hasegawa et al., 2014); Paruromys dominator Thomas (Hasegawa et al.,
2014); pFLORES: Rattus hainaldi Kitchener, How and Maharadatunkamsi
@Musserakis sulawesiensis Hasegawa, Dewi and Asakawa, 2014
Site of infection: caccum
CENTRAL SULAWESI: Echiothrix centrosa Miller & Hollister (Hasegawa, Dewi and
Asakawa, 2014) [Paratype (MZB Na 646)]

Heteroxynematidae (Skrjabin and Schikhobalova, 1948)

@Aspiculuris sp.
Site of infection: caecum
LAMPUNG: Rattus tanezumi Temminck (Dewi and Purwaningsih, 2013b; Maxomys
surifer (Miller) (Dewi and Purwaningsih, 2013b)

Molineidae Skrjabin and Schulz, 1937
Molineus sp.
Site of infection: bile duct
RAKATA ISLAND: Rattus tanezumi Temminck (Purwaningsih and Saim, 1988),
Maxomys surifer (Miller) (Purwaningsih and Saim, 1988)
Hepatojarakus sp.
Site of infection: liver, ductus choledochus, lung
§NORTH SUMATRA: Lepoldamys sabanus (Thomas)
§WEST SUMATRA: Maxomys pagensis (Miller); Rattus lugens (Miller)
SLAMPUNG: Rattus exulans (Peale); Rattus tiomanicus Miller
§UJUNG KULON: Rattus tiomanicus Miller
§PEUCANG ISLAND: Rattus tanezumi Temminck
§WEST JAVA: Rattus sp.
§NORTH SULAWESI: Rattus tanezumi Temminck
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§SOUTH EAST SULAWESI: Rattus tanezumi Temminck
§CENTRAL SULAWESI: Lenothrix sp.

Hepatojarakus malayae Yeh, 1955
Site of infection: liver, bile duct
SLAMPUNG: Rattus argentiventer (Robinson and Kloss); Rattus tanezumi Temminck;
Rattus tiomanicus Miller
§PEUCANG ISLAND: Rattus tiomanicus Miller
WEST JAVA: §Rattus argentiventer (Robinson and Kloss); Rattus tiomanicus Miller
(Purwaningsih and Saim, 1988)
CENTRAL SULAWESI: Margaretamys elegans Musser (Purwaningsih and Dewi,
2007); Rattus hoffmanni (Matschie) (Purwaningsih and Dewi 2007); Rattus marmosurus
Thomas (Purwaningsih and Dewi, 2007)

Molineidae gen. sp.
Site of infection: intestine
SOUTH EAST SULAWESI: Paruromys dominator (Thomas, 1921) (Dewi et al., 2013)

Onchocercidae Chabaud and Anderson, 1959
Onchocerca sp.

Site of infection: intestine

§LAMPUNG: Rattus tiomanicus Miller
Breinlia tinjili Purnomo and Bangs, 1996

Site of infection: intestine

WEST JAVA: Rattus tiomanicus Miller (Rattus tiomanicus) (Purnomo and Bangs, 1996)

Oxyuridae Cobbold, 1864
Syphacia longaecauda Smales, 2001
Site infection: caecum and colon
PAPUA: Melomys monktoni Thomas, 1904 (Smales, 2001)
@Syphacia maxomyos Dewi et al., xxxx
Site infection: caecum
WEST SULAWESI: M. musschenbroekii (Jentink, 1878) (Dewi et al., in press)
RIAU: Maxomys whitheadi (Thomas, 1894) (Dewi et al., in press)
@Syphacia muris Yamaguti, 1941
Site of infection: intestine, caecum
LAMPUNG: Rattus tanezumi Temminck (Dewi and Purwaningsih, 2013b)
WEST JAVA: Rattus argentiventer (Robinson and Kloss) (Hasegawa et al., 1992)

163



CENTRAL JAVA: Rattus tanezumi Temminck; Rattus tiomanicus Miller
EAST KALIMANTAN: Rattus tanezumi Temminck
NORTH SULAWESI: Rattus xanthurus (Gray) (Hasegawa and Tarore, 1996)
HALMAHERA: Rattus exulans (Peale) (Hasegawa and Syafruddin, 1995); Rattus rattus
(Linnaeus) (Hasegawa and Syafruddin, 1995)
@FLORES: Rattus hainaldi Kitchener, How and Maharadatunkamsi
pBAWEAN ISLAND: Rattus sp.
@Syphacia paruromyos Dewi and Hasegawa, 2014
SOUTH EAST SULAWESI: Paruromys dominator (Thomas, 1921) Dewi and
Hasegawa, 2014. [Holotype and allotype (MZBNa 604), paratype (MZB Na 605)]
@Syphacia rifaii Dewi and Hasegawa, 2010
Site of infection: intestine, caccum
CENTRAL SULAWESI: Bunomys chrysocomus (Hoffmann) (Dewi and Hasegawa,
2010) [Holotype and allotype (MZB Na 418), paratypes (MZB Na 423)]; Bunomys
prolatus Musser (Dewi and Hasegawa, 2010; Purwaningsih and Dewi, 2007) [Paratypes
(MZB Na 216)]
Notes: Specimens of Purwaningsih and Dewi, 2007 were oiginally identified as S. muris.
@Syphacia semiadii Dewi, Asakawa and Fitriana, 2014
Site of infection: intestine, caecum
HALMAHERA: Halmaheramys bokimekot Fabre et al., 2013 (Dewi, Asakawa and
Fitriana, 2014) [Holotype and allotype (MZB Na 483), paratypes (MZB Na 484)]
Syphacia sulawesiensis Hasegawa and Tarore, 1996
Site of infection: intestine, caccum
NORTH SULAWESI: Rattus xanthurus (Gray) (Hasegawa and Tarore, 1996) [Holotype
and allotype (MZB Na 254), paratype (MZB Na 255)]
@Syphacia taeromyos Dewi and Hasegawa, 2014
Site of infection: intestine, caecum
SOUTH EAST SULAWESI: Taeromys celebensis (Gray, 1867) (Dewi and Hasegawa,
2014) [Holotype and allotype (MZB Na 602), paratype (MZB Na 603)]
@Syphacia kumis Dewi, Hasegawa and Asakawa, 2014
Site of infection: intestine, caccum
CENTRAL SULAWESI: Eroplepus canus Miller and Hollister, 1921 (Dewi et al., 2014)
[Holotype and allotype (MZB Na 624), paratype (MZB Na 625)]
@Syphacia yuniae Dewi, Hasegawa and Asakawa, 2014

Site of infection: intestine, caecum
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CENTRAL SULAWESI: Eroplepus canus Miller and Hollister, 1921 (Dewi et al., 2014)
[Holotype and allotype (MZB Na 624), paratype (MZB Na 625)]

Physalopteridae (Railliet, 1893)
Physaloptera sp.
Site of infection: intestine, stomach
§WEST SUMATRA: Rattus lugens (Miller)
SLAMPUNG: Rattus tiomanicus Miller
WEST JAVA: Rattus argentiventer (Robinson and Kloss) (Hasegawa et al., 1992);
§Maxomys bartelsii (Jentink); §Niviventer fulvescens Gray
SEAST JAVA: Rattus tiomanicus Miller
SEAST KALIMANTAN: Maxomys whiteheadi (Thomas)
§WEST NUSA TENGGARA: Rattus tanezumi (Jentink)

Rictulariidae (Hall, 1915)
*@Pterygodermatites sp.
Site of infection: intestine, stomach
NORTH SUMATRA: Lepoldamys sabanus (Thomas) (Dewi, 2010); §Rattus tanezumi
(Jentink); §Sundamys muelleri (Jentink)
LAMPUNG: Rattus tanezumi Temminck (Dewi and Purwaningsih, 2013b)
KRAKATAU ISLAND: Rattus tanezumi (Jentink) (Dewi, 2010)
SOUTH SULAWESI: Rattus sp. (Dewi, 2010)
FLORES: Rattus hainaldi Kitchener, How and Maharadatunkamsi (Dewi, 2010)
@Pterygodermatites tani (Hoeppli, 1929)
Syn: Rictularia tani Hoeppli, 1929 (Hasegawa et al., 1993)
Site of infection: intestine, stomach
KRAKATAU ISLAND: Rattus tanezumi Temminck (Purwaningsih and Saim, 1988)
WEST JAVA: Maxomys bartelsii (Jentink) (Wiroreno, 1978); Rattus tanezumi
Temminck (Wiroreno, 1978)
CENTRAL SULAWESI: Rattus xanthurus (Gray) (Purwaningsih and Dewi, 2007)
Notes: Wiroreno (1978) noted the host of P. tani from West Java as R. diardii whereas R.
diardii 1s synonym of R. tanezumi (Anonim, 2012)
@Pterygodermatites whartoni (Tubangui, 1931)
Site of infection: intestine, stomach
SWEST JAVA: Rattus xanturus (Gray)
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CENTRAL SULAWESI: Rattus tanezumi Temminck (Dewi 2010:Dew, 2011); Rattus
xanturus (Gray), Bunomys chrysocomus (Hoffmann) (Dewi, 2011)

HALMAHERA: Rattus rattus (Linnaeus) (Hasegawa and Syafruddin, 1995); Rattus
exulans (Gray) (Hasegawa and Syafruddin, 1995)

Seuratidae (Hall, 1916)

Seuratum sp.
Site of infection: unspecified habitat
EAST KALIMANTAN: Maxomys whiteheadi (Thomas) (Purwaningsih and Suwito,
1996)

Spiruridae QOerley, 1885
@Masthoporus muris (Gmelin, 1790)
Syn: Protospirura muris Gmelin, 1790; Spiroptera obtusa Rud., 1809; Mastophorus
echiurus Dies., 1853; Protospirura ascaroidea Hall, 1916; P. gracilis Cram. 1924; P.
columbiana Cram, 1926; P. marsupialis Baylis, 1934, P. glareoli Soltys, 1949; P.
bestiarum Kreis, 1953 (Yamaguti, 1961; Anderson, 2000)
Site of infection: intestine, stomach
SLAMPUNG: Sundamys muelleri (Jentink)
§PANGGANG ISLAND: Sundamys muelleri (Jentink)
S§WEST JAVA: Niviventer lepturus (Jentink); Sundamys muelleri (Jentink); Niviventer
lepturus (Jentink)
@CENTRAL JAVA: Rattus tiomanicus Miller
CENTRAL SULAWESI: Bunomys chrysocomus Hoffmann (Purwaningsih and Dewi,
2007); Rattus xanthurus (Gray) (Purwaningsih and Dewi, 2007); R. tanezumi (Dewi,
2011)
HALMAHERA: Rattus rattus (Linnaeus) (Hasegawa and Syafruddin, 1995)
Physocephalus sexalatus (Molin, 1860)
Syn: Spiroptera strongylina suis labiata Molin, 1860
Site of infection: intestine
@CENTRAL JAVA: Leopoldamys sabanus (Thomas)

Strongyloididae Chitwood and McIntosh, 1934
Strongyloides ratti Sandground, 1925
Site of infection: intestine
WEST JAVA: Rattus argentiventer (Robinson and Kloss) (Hasegawa et al., 1992)
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HALMAHERA: Rattus rattus (Linnaeus) (Hasegawa and Syafruddin, 1995)
Strongyloides venezuelensis Brumpt, 1934

Site of infection: intestine

HALMAHERA: Rattus exulans (Peale) (Hasegawa and Syafruddin, 1995); Rattus rattus

(Linnaeus) (Hasegawa and Syafruddin, 1995)

Subuluridae (Travassos, 1914)
@Subulura andersoni Cobbold, 1887
Syn. Latibuccana funambulensis Patwardhan, 1935; Subulura hindi Mirza, 1936
(Yamaguti 1961)
Site of infection: intestine, caccum, stomach
WEST SUMATRA: Rattus lugens (Miller) (Saim and Purwaningsih, 1999)
KRAKATAU ISLAND: Rattus tanezumi Temminck (Purwaningsih and Saim, 1988;
Purwaningsih, 2003)
WEST JAVA: Maxomys bartelsii (Jentink); Rattus tiomanicus Miller
NORTH SULAWESI: Bunomys chrysocomus (Hoffmann) (Purwaningsih et al., 2000);
Rattus hoffmanni Thomas (Purwaningsih et al., 2000)
CENTRAL SULAWESI: Bunomys chrysocomus (Hoffmann) (Purwaningsih and Dewi,
2007); Margaretamys elegans Musser (Purwaningsih and Dewi, 2007); Maxomys
bartelsii (Jentink) (Purwaningsih and Dewi 2007); Rattus hoffmanni Thomas
(Purwaningsih and Dewi, 2007); Rattus marmosurus Thomas (Purwaningsih and Dewi
2007); Bunomys prolatus Musser (Dewi, 2008); Rattus xanthurus (Gray ) (Purwaningsih
and Dewi, 2007)
SOUTH EAST SULAWESI: Bunomys penitus (Miller and Hollister) (Purwaningsih et
al., 2000); §Rattus sp.
Notes: Specimens of Purwaningsih and Saim, 1988 were oiginally identified as Cruzia sp.
Subulura spiroki Purwaningsih, 2003
Site of infection: intestine, caccum
NORTH SUMATRA: Lepoldamys sabanus (Thomas) (Purwaningsih, 2003) [Holotype
and allotype (MZB Na 306), paratype (MZB Na 312)]

Trichuridae Ransom, 1911
@Trichuris muris Schrank, 1788
Syn: Trichocephalus nodosus Rud., 1809 (Yamaguti, 1961)

Site of infection: intestine
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CENTRAL SULAWESI: Bunomys chrysocomus (Hoffmann) (Purwaningsih and Dewi,
2007)

Host— nematode List

Bandicota indica (Bechstein)

Angiostrongylus cantonensis (Chen, 1935)

Bunomys andrewsi (Allen)

Bunomystrongylus miyagii Hasegawa and Mangali, 1996
Heterakis spumosa Scneider, 1866

Bunomys chrysocomus (Hoffmann)

Gongylonema sp.

Heterakis spumosa Scneider, 1866

Masthoporus muris (Gmelin, 1790)

Pterygodermatities whartoni (Tubangui, 1931)

Subulura andersoni Cobbold, 1887

Syphacia rifaii Dewi and Hasegawa, 2010

Trichuris muris Schrank, 1788

Bunomys penitus (Miller and Hollister)
Bunomystrongylus abadii Hasegawa and Mangali, 1996
Heterakis spumosa Scneider, 1866

Subulura andersoni Cobbold, 1887

Bunomys prolatus Musser

Heterakis spumosa Scneider, 1866
Subulura andersoni Cobbold, 1887
Syphacia rifaii Dewi and Hasegawa, 2010

Tikusnema javaense Hasegawa, Shiraishi and Rochman, 1992

Crunomys celebensis Musser

Heterakis spumosa Scneider, 1866

Echiothrix centrosa Miller & Hollister

Musserakis sulawesiensis Hasegawa, Dewi and Asakawa, 2014
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Eropeplus canus Miller and Hollister
Cyclodontostomum purvisi Adams, 1933

Hasanuddinia maxomyos Hasegawa and Syafruddin, 1994
Heligmonoides musseri Hasegawa and Tarore, 1994
Heterakis spumosa Scneider, 1866

Paraheligmonelloides eropeplios Hasegawa, Miyata and Syafruddin, 1999

Lenothrix sp.

Hepatojarakus sp.

Lepoldamys sabanus (Thomas)
Cyclodontostomum purvisi Adams, 1933
Hepatojarakus sp.

Physocephalus sexalatus (Molin, 1860)
Pterygodermatities sp.

Subulura spiroki Purwaningsih, 2003

Mallomys rothschildi Thomas
Odilia mallomyos Hasegawa and Syafruddin, 1994

Margaretamys elegans Musser

Hepatojarakus malayae Yeh, 1955
Heterakis spumosa Scneider, 1866
Subulura andersoni Cobbold, 1887

Maxomys bartelsii (Jentink)
Angiostrongylus cantonensis (Chen, 1935)
Physaloptera sp.

Pterygodermatities tani (Hoeppli, 1929)
Subulura andersoni Cobbold, 1887

Maxomys pagensis (Miller)

Capillaria sp.
Hepatojarakus sp.
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Maxomys musschenbroekii (Jentink)

Hasanuddinia maxomyos Hasegawa and Syafruddin, 1994
Heligmonoides musseri Hasegawa and Tarore, 1994

Odilia mamasaensis, Hasegawa, Miyata and Syafruddin, 1999
Odilia maxomyos Hasegawa, Miyata and Syafruddin, 1999

Syphacia maxomyos Dewi et al., xxxx

Maxomys surifer (Miller)
Aspiculuris p.

Molineus sp.

Maxomys whiteheadi (Thomas)

Cyclodontostomum purvisi Adams, 1933

Maxomystrongylus yasumai Hasegawa and Syafruddin, 1997
Physaloptera sp.

Seuratum sp.

Syphacia maxomyos Dewi et al., Xxxxx

Niviventer cremoniventer (Miller)
Cyclodontostomum purvisi Adams, 1933

Maxomystrongylus yasumai Hasegawa and Syafruddin, 1997

Niviventer fulvescens Gray
Physaloptera sp.

Niviventer lepturus (Jentink)

Angiostrongylus cantonensis (Chen, 1935)

Gongylonema neoplasticum (Fibiger and Ditlevsen, 1914)
Masthoporus muris (Gmelin, 1790)

Paruromys dominator Thomas

Cyclodontostomum purvisi Adams, 1933

Heterakis spumosa Scneider, 1866

Paraheligmonelloides paruromys Hasegawa, Miyata and Syafruddin, 1999

Syphacia paruromyos
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Rattus sp.
Angiostrongylus malaysiensis Bhaibulaya and Cross, 1971
Hepatojarakus sp.

Rattus argentiventer (Robinson and Kloss)
Angiostrongylus cantonensis (Chen, 1935)
Eucoleus bacillatus (Eberth, 1863)
Hepatojarakus malayae Yeh, 1955
Nippostrongylus brasiliensis (Travassos,1914)
Physaloptera sp.

Strongyloides ratti Sandground, 1925
Syphacia muris Yamaguti, 1941

Tikusnema javaense Hasegawa, Shiraishi and Rochman, 1992

Rattus exulans (Peale)

Angiostrongylus cantonensis (Chen, 1935)
Angiostrongylus malaysiensis Bhaibulaya and Cross, 1971
Cyclodontostomum purvisi Adams, 1933

Hepatojarakus sp.

Nippostrongylus brasiliensis (Travassos,1914)
Strongyloides venezuelensis Brumpt, 1934

Syphacia muris Yamaguti, 1941

Rattus hainaldi Kitchener, How and Maharadatunkamsi
Heterakis spumosa Scneider, 1866

Pterygodermatities sp.

Subulura andersoni Cobbold, 1887

Syphacia muris Yamaguti, 1941

Rattus hoffmanni (Matschie)
Cyclodontostomum purvisi Adams, 1933
Hepatojarakus malayae Yeh, 1955
Heterakis spumosa Scneider, 1866
Subulura andersoni Cobbold, 1887

Tikusnema javaense Hasegawa, Shiraishi and Rochman, 1992
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Rattus lugens (Miller)

Angiostrongylus malaysiensis Bhaibulaya and Cross, 1971
Hepatojarakus sp.

Heterakis sp.

Physaloptera sp.

Subulura andersoni Cobbold, 1887

Rattus marmosurus Thomas

Hepatojarakus malayae Yeh, 1955
Heterakis spumosa Scneider, 1866
Subulura andersoni Cobbold, 1887

Rattus cf. morotainensis Kellogg
Nippostrongylus marhaeniae Hasegawa and Syafruddin, 1995
Odilia sp.

Orientostrongylus sp.

Rattus xanthurus (Gray)

Heterakis spumosa Scneider, 1866

Masthoporus muris (Gmelin, 1790)

Nippostrongylus sembeli Hasegawa and Tarore, 1995

Odila moatensis Hasegawa, Miyata and Syafruddin, 1999
Odilia sulawesiensis Hasegawa, Miyata and Syafruddin, 1999
Orientostrongylus sp.

Pterygodermatities tani (Hoeppli, 1929)

Syphacia muris Yamaguti, 1941

Syphacia sulawesiensis Hasegawa and Tarore, 1996

Rattus rattus (Linnaeus)

Capillaria traverae Ash, 1962

Gongylonema neoplasticum (Fibiger and Ditlevsen, 1914)
Nippostrongylus brasiliensis (Travassos, 1914)
Orientostrongylus tenorai Durette—Desset, 1970
Pterygodermatities whartoni (Tubangui, 1931)
Strongyloides ratti Sandground, 1925

Strongyloides venezuelensis Brumpt, 1934
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Syphacia muris Yamaguti, 1941

Rattus tanezumi Temminck

Angiostrongylus sp.

Angiostrongylus cantonensis (Chen, 1935)
Angiostrongylus malaysiensis Bhaibulaya and Cross, 1971
Aspiculuris sp.

Gongylonema neoplasticum (Fibiger and Ditlevsen, 1914)
Hepatojarakus sp.

Hepatojarakus malayae Yeh, 1955

Heterakis spumosa Scneider, 1866

Maxomystrongylus yasumai Hasegawa and Syafruddin, 1997
Masthoporus muris (Gmelin, 1790)

Molineus sp.

Nippostrongylus brasiliensis (Travassos, 1914)
Physaloptera sp.

Pterygodermatities sp.

Pterygodermatities tani (Hoeppli, 1929)
Pterygodermatities whartoni (Tubangui, 1931)

Subulura andersoni Cobbold, 1887

Syphacia muris Yamaguti, 1941

Tikusnema javaense Hasegawa, Shiraishi and Rochman, 1992

Rattus tiomanicus Miller

Angiostrongylus cantonensis (Chen, 1935)
Angiostrongylus malaysiensis Bhaibulaya and Cross, 1971
Breinlia tinjili Purnomo and Bangs, 1996
Cyclodontostomum purvisi Adams, 1933
Hepatojarakus sp.

Hepatojarakus malayae Yeh, 1955

Heterakis spumosa Scneider, 1866
Masthoporus muris (Gmelin, 1790)
Nippostrongylus brasiliensis (Travassos,1914)
Onchocerca sp.

Physaloptera sp.

Subulura andersoni Cobbold, 1887
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Syphacia muris Yamaguti, 1941

Tikusnema javaense Hasegawa, Shiraishi and Rochman, 1992

Sundamys muelleri (Jentink)
Masthoporus muris (Gmelin, 1790)
Pterygodermatities sp.

Taeromys sp.
Nippostrongylus brasiliensis (Travassos,1914)

Taeromys celebensis (Gray, 1867)
Heterakis spumosa Scneider, 1866

Syphacia taeromyos Dewi and Hasegawa, 2014

Tateomys macrocercus Musser

Heterakis spumosa Scneider, 1866

Tateomys rhinogradoides Musser

Heterakis spumosa Scneider, 1866
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Appendix 2. DNA Sequence of Syphacia spp.

['‘pEnunuod =qo)] ‘BPIIOS|INU Jo 30uUsse s3jedpul ysep [ TS 78Z0%] 0i0paago npoydls yim sepios)ang snofo|owoy 21e1pul 53100,

il BRI Sl [EE08E ”_wrm_umﬂ_ﬁ_m.u__fwﬂﬁﬁmmrﬁwﬂ
) - IR ZE08E0T] &whﬂm.ﬂﬁmdﬁ._&
AR [ TE0BE0TMT] smensys
Slieey M (26500007 ] mremwsige
mmmmmmm.i ETEGLEW
FPOSEEHY] swedm
Tmmmmmﬂj ELEILEW
Z05E 8y swedim
[To5za ”_.m.:.mu__.ﬂs.”
[ga5eaedy] onEmany
£B5E0eHY | IRERLT
98520cd | IDREERLT
S g S Smmmmmﬁﬂ?ﬁgﬁﬂﬁ%.
g ¢ S e g Bl woy 2 i) errsme
LOEERO U 2R il . ; sy STV Sleanand [ £808E07MT] Frerns
(98095 00T ] EyeySums

JOLISLIRRL LLIFRIOONY QLLLLITOIY QIFLCROLLL DCrealoanl LLISTTRLL IOLLISALLS LISLLLLLID LLRLISLD FHdE_H_N [Te52070% ] saeraums |

kiRl
et

it

1

BOE
=L

AL
-

Luaan -
Do
(LT

BUOBBOOY

-1
i e T g T
ekt M T e
LILIOR

3%@5@@@5
mmmmmmmmmmmmmmw

a3 [Ee0aenoT] e=ainey Snmmonisy
9 Z603E07T] nwm_wmqﬁ__mﬁ&._,w
AL [TA08E0T] creasys
aL [ze520edy ] mmimwype
a 5852 80dY | cRor
a Fa5Z8cd% | cnraon
ke B 85200y e
R 52 8% | ERII
ey
&0
&
3
&
aL

i

_o.. g gy
:
___@__

YR
LN
i

e

EEUU

SIS
SUEE

A0 0D

Haaééeggggaa
]
o

(18578077 ] emeyer
[Beszazay] /ey
[ casgacay] mrmpagy
pEERR s e 9852600 FIREEL
U SUUR D - E Loespaay] rmrm e
RO AL WY LUYYOD LD LY 9 WY lolD ¥ IO 1D LB0BENTT] TTeyEL
IOLLISILLD SRIFIFLRD LIANYERNSL SHISLLALS JALLIVYLLL LIVIOVLSY [RLLLIRYYL YILIALD LFIOLISRL JRLPBLIRL [Teszaeay ] eversuns

Lo g I e ; g g e [£E02E ”_Th_m.&u__ﬂ_ﬁ.u..ﬁfﬂmcmdu__mhrﬁ%.
g B eras penrgn e st oo e et g s e s e g et g B e e ! Loy N_H_mm_uD.H”_ _H.mw._.uﬁm.._.m..u_.__n.___.hurr._
SR PR L LR Y h::w:.w. PR RO D b B D e [TE05E0-T] e
[ze520eay] mimwyp o
585200y | snio

Fa5Z 0y | sriiow 5

CE5Z 0oy | srio 5

520y | srIio

[Ta5e8aTy] ermvrow

[BRSCRcy] mrmmny =
)

=

=

5

)

)

5

EEQQQQQQQQ
ﬂ:%%%%%%%%f
B EE RO URE

oo
HHHQQQEQEQHQ

SRR
o
B
G

5]
L
B ]

o
s s b
s e e e

At
i

Tmmmmmmﬂ IR
985£85dY ] ILENRLT
4§ e Ceig il SRE R TS At T T s S S C i R e e e L S ﬂmmmm%ﬂ”—”—ﬁwmw”“
ﬂﬁHﬂw gm&.ﬂ ..... B T T s wyog o — .Hwn.u_ .Hq.m.—.“—.. HhRa e o U U I :
SINELLISS LLLLTVLITE ILINDRISID IoeV—I00 LTOLYOLORN LLITRISHOL IIDOVIDOINL SLLLTRYSLT SRITHIZOHID LITFreRIvD [Te5za2a7 ] sveraems
T

-@HHHHHHHHHHE

‘. {s=zouznbas Buo|) p |e3sn)D Ag paudie ausl Txo) YN |BlpUoysolw jented Jo szousnbas sppoz|anp 1-y 814

175



['‘pEnunuod zqo]]

i
(]

ST o
e

:44
e R

N

AR A JU.:..,E

e AT e

i 0l
e

. e

ALICEROILIL LIS TLILIOL
et} et} o et

-
A
T

i i B
VUL OU VOVUVOCY

e sdmiei e s e adi B e e I

. oy
e adsge
Dl e D

o

g e gy

i

L]
oo
i

-QQQQQQQQQQQQQHH

-%f###%%

A

G e

‘€ -y "814) ssousnbas io0ys Jo) pasn s) uonaod papeys

e
Aos

L ey S
VVOVVBVVLY .

{ Goda

=]
=3
o

pEaly
CEHREWYL LD

Ll
Sns
=

BEECEE

= R K11 T

L,

T05
[ceoae

0%
[Er0gE

DLLLIEAED DLLLIFALLL IRINLLIEY S0CIF000 LITLIISALL LIALLIFCER JIRIALYRLL LIALILLTEL ZRIERLIAD JI¥YLLLLLL

ToE

] eEpdine; SrmmonEy
ZENae00T] ﬂmmﬁﬁqﬁmﬂh._&

[ TE0BE0I] cmas

[76528707 ] mmaeges
SESZATYV] SR
FOSZAZAV] smego
£85CA7HY ] srevow
CHSZATY] smegm

1 srrp e

[BRSFerHY] monEreary |

Tmmmmmmj ey

mJrErarr

(06570 a7 | Foemaymes -

£E5257Y] srmai

] rrernr

[9808E00T ] FaerEims

[Tr5za2a ] soeraems

[Ta5z2

9852820V

[ 430820

mmmmmmmmmmmmmmu

] eEpdhney srmmonky
ZenaenI] dE enEmenEls

[ T608ED ;
[ze5caeay ] wremesps
SE57acHY] s
FBE5Z By Lregne
LBSe ey | eniin
CHSERSHY | erine
[Ta52870%] LT

ABSERCHY | DnEORLT

] emanET S

985787 Y] monERry
E_m.mmmmmi MRS |
RE578ATY] FreEaE |

[ 80820

1 rreynr

[9808E00T ] SyLraEums |
[Te5282T7 ] evengame |

=)
=)
=
=
=
=)
[Bo5eaedy] mrEpmrny 5
=
=)
=)
=)
=
=
=

] e namy snmmnnky
CEOBENYT] o EnEnegs

[ Te08ED
[Ze5287a7] wraweype
585200y | enaiE
FoSEacHY | snainee
COSEacHY | R
COSEaCHY | enein
[T857820Y] sregaer
[gRgzaeay] mrEmary
LB5Z8 Y | rEmry
9RS-RZHY | InErary
_”_u_m.mmmmmﬁu_ O e
£852 87y Frrasse
[£808E07T) rrevnr
[9B08E00T] Frergene
[Te5za707 ] Frengens

[panunuo]

] shem =T

Ty Bl

176



] aEpney SrmpmnEy

TEOREIDT] OS nEwnicEs

[ Te08E07T] smanys
[FB57R7EY | mraaeyis
Tmmmmmmm I # o

¥ 057 APHY] sraesar

Tmmmmmmq I # ol

£A57 APAY] sraesany

[Ta57 820%] crnomw

[ 8857007 ] FArEmany
Tmmmmmmﬂq onErary
99578797 ] ormnary
Emmmmmmﬂ TR ] I
£95¢ 87dY] srmamse

[£a08E00T] rrewnr
(99098 00T | SyErgum
[Te5za2aF ] Srernaips

-

S

g g g L g Lo g L g g g U

[panunuod] ‘1-y 214

177



p=sn sl CO_HT_O& pEpeys "PI12E OUILLE JO s2Ussge s=]1EJ1pul Yysep

.H.
St sl
o
s e
g0 &
L "
Lo 4
. e - -
g - o .
a0 A ..“_F“.: s
Tooise s e SR CITAST

S

oS
P U
=
]

e = = e
Era Fo P PP P B [y

{szauznbas Buol) A

A SHA

I

e

e

v

[ 1R52878Y] piojaago n2oydis £

Ll

ke

s

f

|

| mmmene = s
4%%;@%%%%%%%%%

.E:.s
Ll
e
o
-
o
s o
o .
AR A

T

B meUQEmEm & T A STT TSAS - WA
SOHAMIITH HITYRTAAT SATTTASLAS TOOATTHAY THASTENTHY LLAHAMEEYA TESIEEAHTD ATNTAINSS-D JHTILSTIA TIASTSSHT

(- "814) s=2ouznbas 1i0us 104
" SPIDE oulEe snoSo|0wWwoy 31e3IpUl S1o(],

[ce0as ] e=aTEn= fﬁﬂﬁﬁﬁmﬁ.
Ze0aenoTl nm.wm_wmm.._.ﬁ__....._ﬁ.ﬁ._&
[ TEOQEOTT] sRnnrs™

(76 5c0 007 | MrLameyegn
5857870y ceninen
FE5CEIY] aware

£ 052870y ceninen
CE5C7IY] eananen
[Te5zonay] cwngarmr
[ea5caeay] mrEmany
JO5E0eaY] nEnary
9052000Y) orEmary
Em.mmmmmi T T
£E5C07aY] Frramw
[sg0gc001] rreyns
(9800E00T ] Everaims
[Te5caay ] sveraum

EEER

i HH

U*jU‘iU*jU‘iU*j'll‘ilﬁ'lﬁlﬁ'lﬁlﬁ'lﬁlﬁ'lﬁU

| REaTLSy SRR TOREY
ZEDREIDT] _nmw....._ﬂ.mm..ﬁﬁ__...mmh._&
[ Te0sengT] smiams
e [ze5zo7ay | nmawsige
Tmmmmmmﬂ TR
FR5caAaY) caegam
Tmmmmmmﬂ TR
7852 87y cegam
[Ta5CE2TY] enenynmmr |
[885caeaY] mnErary
Tmmmmmmj mnEany
9857879% | mnEEny
Smmmmmmﬂ TERTES I
6852 BedyY] crmze
[ZB0BEOJT] feynd
[9508E 00T ] cyerawm
[Te5za2ay ] sveraems

[a0aE

WW%%WWWW%%%%%WU‘

10T

RO s ¥ [cengenoT] SErdEneEy SEpmnts

SR HAME A v PRREIT] e ey
¥ 5 [ Te08E07T] smriys" o

SOAE HORRERS [ZeSeacdy] inreppn &
SR5Z0edY] e o

#O5Z0TY] o S

£R52 02Ty e o

2057 02TY] oo S
[Taszamay] cwnjarmr o
[8aszazay] mrEmary &
{BSERedy] mnEeny o
BSz0edy] nELRLT o
Smmmmmmi TR TS
pE5e0EY] FrrEEe o
[22095001] Treser 5
(98080001 ] Sy o
: [Te5ea7HY ] spersee o

[E3SN|D Aq paudije 3uzsd Tx07 YN [lpueydeliw jensed fo ssousnbas plae oulwe palejsuel] "g-y "84

178



["p=hunuol 3q o] ] BPII0S|INU Jo FUIsgE S31EIpUl Ysep ([ 165 7ZE79Y] 010/3ago nooydAs yia s3pRos)anu snoSojowoy 3E1pUl 530,

)
T
£
o]

0
e
AUILIVIVICIY

Guooo
o o

TSI Ve
RULILALIUIL LU

B88880e v
BEEEEEE

T
4440

gL

AL

U EE UG EUUOCUO0ULUY (U0
=
bl

LVYLY VVVY
e o b
VUBOUEUOUY CUBELLY (KOO

s
;

ol BT B R s R B0 B
IFYIFIRID SIDERIYLLL IRIALIICOL JRISROINIY SLLIIOAMS IRLIIFINL YOUVOISERD LLIQITAI0Y ISALIRLLL JOLIFIOLLL

[£60REMDT] BEEney Shmmonty
(ze08en0T] d= Snerrmyeges

TROBEOTT] smRes
Hmmmmmmm.ﬁ_ BRI

OROSC00T ] SRam
Tm_ummﬂmﬁwwﬁ :
Naguﬁmﬂwwﬁ :
Tgmgaﬁﬂmwﬁ :
Tmmmmmﬁ RN
¥B5Z8edY) sy

ETEF0CHH
0TEF0HH
20570ZHH

Tmmmmmﬁ Srsslraly
£8578cHY] sreyao
[Ta5c020%] snaynowr
[885782EY] ForEmary
Tmmmmmmﬂ merzpany
98578cdY ] mmrEmary
[o& mmmmmi TR T
RA57ECHY] Frmas

[ AB0BEOTT] frerns
[9808E 00T ] everaues
[T& 520297 ] syengeps

Tat

STRSR

4

0o
)
oo

H
s

O

e

R
Rt R L

i
(e e e e e

(022000000

i
HE

o O s
ALQaoda a0
LTI TG T I T

SERLAES
SEELELS

R B LT

LU
Lfuaaa
1 - ] o

JLRRLILIC RO
Ll

L e

:w:
Bl

Lo
e e
UL

Yo
¥
s
Bl ce v e e
—-— = S
AR TN SN S S O S N S~ 2t S . ULk .2 U SO S
YLIOLALYL LIZAIFISR0 LLIFOISALL LLISODYY SRYISDIRY LLIFIFLLLL YIRLYOLR LI¥LIVISDL LLIDAIOOAL ILIFOLLLY

00 UBUOVUYUEEEEEEEOUUY

=L
.
2
o
LI

L

iy

U Cr g g g o g g g g i G U

[£e08EnDT] eEpimsy Sna e nky
[FenaencT] d= ...uhmqﬁ_....__mnmm..

TengenoI] sians
Emmmmmmi RIS

06NEE0CT] SEmm |
Tm_ummﬁjmwwﬁ :
Tﬁmgaﬁmﬁﬁ ;
m_m_mguﬁmwwﬁ ;
Tmmmmmﬂ RO
FO5Z00Y) sTerm
Tmmmmmﬁ. SR
CB5287HY] snenmr
[Ta520097] crayamr
[BA578707] fonEmarny
ﬁmmmmmmmﬁj frrickot.=laTh ot g
ISnEmRLy
Smmmmmmi THEROET TS
RA5CECHY] Frane
[ zangendT] rreyns
[9808E00T] Syeraums
[Teszesdy] everaums

£Tar0ZHH
0TE¥0EHH
20570ZHH

9852520Y

LYy

L g g g g g o g L G g

. [s33usnbas yioys) Ay (E3sn|D Ag paulije susE Txo) yNQ |ElpUoydoliw jenled Jo s3ousnbas spros|any fg-y 814

179



" [1/52820Y] pioj3ago ojaoydAs

iy - I ———
e Ll e e i
i b e B B e e o s o e
el sl e o
dprbain G seila A L el
ey s R — e -
bl SRR i Akl
0 L T S i o
i 4
A R
LA A
i i e i
Sl h,_, i — ant
i i e R
e
R K _m::b,___ DT TS T e T e e

S YHmmspioe oullle L—._Obo_o_.to_._ 21E21pUl 5100,

e e e e =

e

&..
L_,_ a

ST
BeEERRE B

r:}:a:c}:

.&
&&

TIH TEANATATS AYTTIVYHL AT TAHHEENAAS STTYISTAYA ARETHOAAT ADLTATISHS TTEWYSITTI

T

¥85c8edY] Lo
mmmmmmmﬂ EERTIEEN
CE52 Y] sagnem

[T952827%] sraarom
[8o52070%] rmmary
nmmmmmmj IOLEERnT

nOnEnRrT

985287
Em_mmmmmﬂ TS T
RESCE7HY] srrmzw
[za0sc00T] frerne
[9808E 001 ] EversSenT
[TeScazay] syerann?

[ea0Re0]] eEpmney snamoniy

_”Nm._u_meWH_ _nmw_...._ﬂ..h.u..qnﬁ__._..._m&._&
TAOBENZT] enns
_”Nmmmmmm.ﬁ_ BTLIET
NEOSEOTT] Srmm
GROBEOCIL ) Snm
ETAF0CHE | S5mm
CLAF0CHE | S5Te
OTEFOCHE | Snmi
GOEF0CHE | SLTim
S08F0CHE ] Snmi
mmmmmmﬁﬂ ETAIEA

mmmmmmmmmmmmmmmmmmmmm&

*(s33usnbas 110ys) A [BISN|D AQ paudlje 3usd Txo) yNA |elpuoyrelw [enJed Jo s30usnbas ploe oulwe paiejsuel] H-y S14

...... e L
g w1 o Towe o
ool e et g
g v e
...... Lo aw g e T gy
...... TH8em 5 8 B T B
...... TT G T g L T
...... R Beoh T

...... T8 v g T

...... T B ow BB T

...... T 5w Hecg T
g g5 T B

g woa AT

¥ il aLs

Yoaa ¥om Rl i

...... % LT

...... w15 Cogp

...... ¥ & BT

...... w1 o gL

T PI Do g e

N it b P i e R B w R
SLLICRAMY ¥LITOLIOVL LLLITERWLL ¥IEOlTRIZD LISDDALLEL

T0E

FoSZEdY] sreno
mmmmmmﬁﬂ ERLQEEN
cOSE0dY] ETERE

[Ta578a0y] corgammy
[aB5c8zaY] onmoany |
nmmmmmmj FILERRLT

IDnErary
Smmmmmmﬂ TEENET TS
(052 B0dY] Frrmae
[£80800T] TTernr

[9308E001 ] SveySums
[Te5zaeaY ] syeyaams

985282dY

ﬂ_ch _HCOU o

[EEORENDT] SEpmrysy Srmmenty
Em__ummawd o= enErrysEls
TAOBE0JT] shnns
[Zh5Ca7TY] enEwns
N608E 00T ] SEmmr
RE0SE L] SEzm
CTAF0CHE | oz’
CTOF0ZHH | S
OTAF0CHE | 5T
GOAFOCHE | 5T
BOSFNCHH] Sramr
mmmmmmmﬂ CERIEE

mmmmmmmmmmmmmmmmmmm&

g g

214

180



['penuRuod 3q o] "BPRO3|2NU o 3oussqe se1e0lpul ysep ([ 5210059V ] 01oj3ago opooydds Ui sepiios]anuy snodo|owoy 21e31pUl S1o,

R At R B e
LD IR L R 2 LTI L LR

polouuooe 00
4

Qoo
T o
Qoo

¥
e g g e
: &

¥

|
et ot
[_4

g g g g gl
ko0 Rt LAt 3 e i o A0 3 LA o H

duddy
QQQQQ

TOT

[_.
[_|
=
o
[_.
I
(18]
I
I
SR

2

8]
il R
gt e
aS

=

E

=

[_|

o
et b
S TRT TSN
BEEGY
oot
UL
AR

o
Bt L B
e b K R
HEEE

UG dU gl dddd ol oo oo Bo o™
i
e g

00 10 0 L 00 0
]
39 E At dd R

i

S
e .3 % U SRS SO S
RIOL-SHY IFISCEDIOL CRYALSOISL HLRYINLD ¥OF—ROLY ¥OUDCEROL SEFDIVSEDL DYYOLNOCD SOVWISKLYD CCLINDERYD
1

BUREE
A

L]
[_|
e
A
o
~Lrg
w1
T

Liszouznbas Buo)) p |e1sn]D Aq pRUB)|E YNOL 587 (enaed

[6.LTO0GTY] BEpcRney SEmmonsy

[ee0genoIl] = Emﬁﬁh_u

thammmg TR

BEOCT] smmys
[99T0050F) FETmampay |
_m_Rs_uﬂi BILENG G
LBNBEDL] Snmmr
9LNBEOTL] SoEm |
E55F9FIL ] SnEm
FAI005F | snmwr |
Tws_ummj LT

TATO05TY,
85T005TY

EST005Y 33
ﬁmmﬁ_u__u_mmﬂ LRI
SE0SC00T) rreyns
[Fe08E07T] frevns
[94T005T7 ] Epersims
[54T005T7 ] eperauns

=3 Fy =
Tms_ummi ELEEo

= FY S
£LT0058Y] FonEmnery |
ZLTO05EY] Fonsneey
TLTO05EY) Fonsneey
0.T0058%] mormnary

mm._”_u_u_ﬁj FEERCNUS NS
TS

WWWWWMMMMMMMMMWMWWMMMMj

(6£T005TY] sEphinsy srmmonsy

[ee08E00T] d= _ﬁw..mﬁq._.ﬁmﬁmn_w

(84T _u__umm_ﬂ TFETLLTELTREY

BOOREOTT] smmps
_”mm_ﬁ_m_u_mmﬂ ] s ORT
LATO05TY ] wrimeges
LBNBENCTL | ERTMW

9608C 0L | SLTM
ESS5F9FAd | LI
FATOOSTY | Snomr |
ﬁmm_._”_”__”_ﬁ_ﬂ ETR LT |

= Ao ]s g

Tm.ﬁ_u__u_mmﬂ ERE e
LT R

EATO0SHY ) IonErany
CETONSEY | FohErmsnr |
TETO0SHY | FohERnr |
0LT0059Y ] onnErany
mmﬁ_u__u_mmi JUERLUES IS
TR S
ﬁmmﬁcaﬁ_ﬂ”_ LR .
SENRENJI) rreyns
[Fe0genT] rregnr
[94 100537 ] Foeyauns |
(52100537 ] syeraums |

T9T0053%
85T005TY.

65 T005Y

MWMMWMMMWMMMMMWMMMWMMMi

Jo szousnbas 3pRos|eny "s-y "Hi4

181



['‘penunuod aq o]
2 Ay
AT
R
JLFy oAl D

LElant
BEEER

R e e L
(CIGILTE B

e N
¥ a

BB 4 i |

SECRDILYL - YIERZTRWLID WORIFOEDCR WOCrecR 1D ¥IORYWOLTD YoORYOLL SRONCECRND DLIDWERRY CDLIOPRCD SROICOCRLD

TONDCER L VECORMEREOL IOROLVINYY JTOPRIOLY DID0VWYITE IDCOLIRYYD JTORCECRYD DOIDCALITR SOISREROLL TaLTRLISHL

B o e

Lot

i

BERE

Ll
L

Lo

i Lo e R R o

e o,

BBy -

[64T005TY] eEpinsy snmponky
[eenaerI] ds srewrmegls
[aiT _H_Dmm_ﬂ”_ IFELAFEREY 5
BROEENTT] srmps

[ _w_w._”_m__u_mm_ﬂ IEOREETL T
£ TO05AY ] mreameyis

F Bl <o

[ ey

* £9TO0STY] Erepaem
TAT005d% ] srEriom

* GST005dY | sraEwam
B5T005dY ] srapnrmwr

eI Emmj EIRERSry
ZLTONSTY) IonEraLny

TiT _u__u_mmj oOnEnAry
QLTONSY] orEranr
0OTO0SAY | Feeme sy I
%) ._”_m__u_ ST 5 mﬁ.uaﬁmhﬁmlm.
e, o

{aebeeau] Frerar

(ot O] BT
(52100537 ] sveraum

Q000

L 5 g 5 g gy gy g g g g g g e g L i Ly

ToE

— gD [621005F] eERTnEy SEmmOREy
CoAE L [eengenoT] de snEwrpones
[ mh_um_mmﬂ IFLAFETE S

SE05E00T] s
Eﬂ_m_m_mmﬂ IETrESTLORT
AETONSTY ] mnrenys 5
TS%BH srm 5
SR0RE0 ] Shmer 5
Tmmqmﬁm snmy 5
FLI00STF | shmwe S
Tmaamﬁ. )
TATO05TY] eyeow 5
Tms_umm@ ik L
GSTO05TY] smyeow 5

=)

i)

=

=

=

=

)

o]

)

)

=

I
S

o EeRe

mh_u_ummj nEpany
ZiT005TY] FinEmRy
E_u_ummj RIRERSRny
0/T0059Y] FirEpasy |
B9TO0STY ] FemiaE s
Fmaamﬁ TR |
ﬁmmaaﬁi EREIE
S60SE00T] Ireyns
[ PEO8E0CIT] ZTEFLT |
(94 TO05TY ] Evraipe
L (5 T005TY ] eyeraums |

[pEnunuor] g-y 214

182



[‘prunuod 2q o]

WD U¥LEUIOOY Y Ipoary oo [64T009TY] aEschney snomonky
Ut Sy S gt S ¥ g 8 s leensenoT] - ds erewrmyeois
e __.d__”””w e_”____””_ R ﬁmhﬁggmmm_ e s

5 808001 gy u
oaan e e Coonpgee] e e
S S LLT005EY | amaeygn
Dmeenn wd ety pee s [t sz
5
5

B0
Janeis 8

~T
Booe
&
I
S
e
EQ’E&

SRORECCT ] SEmmr
Rsid, S T Tmm&ﬁimﬂ% ”
SR RS
£9TO0STY] Ermesaon
T9T005TY) emeyecnr
65TO0STY] Emeyaen
B5T005TY) Ewmeyaown
£4T005Y] RorEpary |
ZLTONGEY) ForEmany
TATO0SEY] RonEmary
0/ TO0GEY] RonEmany
[89T0050] Frainimyruey |
EATONSTY ] reemunasymes
. T g e Jﬂ%ﬁiﬁ?mﬁﬂ
“..._ ..... .ﬂgw .ﬂ. ...... .H. mmDmmDUHMMIMI-_HJIL_-HMI
: 5 Dadinun madey TR b e
s e Lt Jadiia | Iidntine il BaalEn o IIBETL e
CORYER—20 ISHDISDICE JOAIOLRSD YoRoo—— —SOINIY-S0 YDALISIOIF SISEERDIOY JEERSIEND JDALIYAISD CALLLLIALD [5£T005T7] £9eraas
T05

et o
alaltale
ot o
BEEE

SR E
Lo N
SYSTEYS]
ialnialy

&
HiEae

Do
Lalalats
(S ]

B
b

i
4999
R

il
[_‘
L]
]

B e
0 5 S

CIOLE W DY
WOALIY O ORELL YL

19 oL [eiT0ngaY] BEwRmsy spmmmaEy
FIEOO Y R CIL

19

I

[6605500T] "= snEwrsls
Sa_um_mmﬂ IR 5
B00C00T] Sumys D
[99T005%] FomamaRy 5
£ TOOSTY | Amawygs
Tm_ammﬂj sEmm
SEOBELCIL ] SEmw
Tmmaﬁipﬁﬂa _
710053 | Sraw
D DEL ey L
ARSI At SRR i
emaon Wi s
¥

: _5
fisls

GG
aagg
Q
554
o

000
.gbg
o

L
Ea“
5
ﬁ
[_.
-0
-EI:
L

:5"'

499496
]
=5
]
E_

:www@%ﬁﬁ

L

ot e R R ) SRR L

L LTTIRLD RS Loy
LY L INLD e Lay
LR CLC ¥
L e, ¥

JETI

Eﬂ@:@w:.: .Hu:
AD vl LRl

et R
o

i
:
[_|

=Ll Gl el

DD DD Do o

g g
CEEEEG
L

pw

=
=)
=
=
=
=)
=
£ STO0STY | sreeewr o
......... 510Ny ] swniaen S
cAT0055% ) nEmsny 5
cAT005H | mhEmmny 5
TATO0SHY ) orEmrny 5
0ATO05FY ) =rEeny 5
ﬁmm_ﬂa_u_mmi TEROEmE S
£9T005TY | IERnE s L
] Hmm.ﬁ_u__u_mmﬂ SLIOTE o
¥ OO¥ Ll AN R w i A SROBE0TT) frEfns S
¥oOONLL U INDD WY - LTERCHL o [#£0BE07I] frevns =
; ; : : ; ) [927005F¢ ] everaem o
SOLDaLs0 —¥I00—%WL QLT ——1 Y_RLIooree JO0FYo-tRY SO0l —— JIOWCRTALY Loe0—ofD WY ZECCEDLY gﬁcw [5/T00537 ] everasps o

HHHHQG@U@@

=L
T g

= Ll

bk
as

T ey
T LR
L2
Lo

GGG

b
3
E

ﬁ
E
FEEheen

EE :

G
bbb
et

R SR SN A B - 3 |

ot

.
“GGG&&W????“
i

s000Uudg |
[_|
-:I:

AL D e et B
B
[_.

3HHHO@O@@O

[prnunuos] ‘o-y "S14

183



ooy Ie-al [64T005TY] SEamsy Sraymndy
e R lee0gennT] “ds ermwrpeols
AERshLE ARy Iy il e (8£T0058) rrearaman =
psan L Sk T RS e
33) [ognpsgy] Feemniar |
e LLT00ST | g
el 608E QL) sz |
) 9 08¢ (0L ] Sramr |
5 Escyoy ] saar |
I F2 005 ] S |
E91003Y] mrecw |
TAT005TY] Ewyecr |
6510058Y] emayur
i
e S ¥ £LT0050%] Eonmpmry
“Epsnen gy ¥ ZT005TY] ForEmRry
iR TR z s, |
s Pl e s : Telilads) ontol
Srnyea L Sl BadEEn B o e L
ekl TR Fo Saniean e [ el
At R h G s A (0] prmmae |
) YL 5608E001] Zrevns |
[#608E07T] Zreyne
JAIFILLISD S-ISAI0D YELAISREn0 ISRLOLLIAL AUTROIALLL JERISRO-00 (52700537 ] Everaugs
104

QI LR
ooog
FAH
el otaly
DD (-
Efilatals!
(D D} 1}

=0
EE

LTI
=
i

EoLTTEE
Gdog |

U0 g |
e o

]
o
et
]
i
~I
B
mmmmmmmmmmmmmmmmmmmmmm

2 T T A 3 A o N IO IR D 19-IF LSo ol ol o—IF Al 9 EDY —OUYIL C [p4T005TY] eEahLey SLmmondy
lall IFI=oloar L o YLYD — ol Ll ¥ U UILIAL LUYE [ee08c07T] de snsrnpepils
T T T T TROIIRL T I o oy o ITECR Ehs_ummﬂ AERTETE
2L I 5 ORISR s an i BE0BEDTT] ey
WL U et P -2 L 01 31 31| ﬁﬁﬁﬁmagﬁg§Msema.
. el R A e J AL LLTO0SEY ] mmmeyge
L 2 cooEow o LR —LRL mmgmmﬂmfasa.
I o ¥Rl ¥ OW I I® -1 %L 9 0SE 00T ] Sramer
L o Comoeome o w TR — LWL mm@ﬁﬁmﬂ%.
L 9 i3 CHL IR — LWL 7 T0050F | Sramr
Bt e T i e R T e o mﬁgﬂimﬁﬁ%.
w1 TAT005TY] srwgaonr
e s I GoTaSEORS SR _m.maamﬁmﬁﬁq.
L 85T0053Y] ey

L EATODSEY] FonEmary |

L TATO0SEY) ForEmry

L TAI0050F) Formmary

I 0:T0053%] FonEmery
897005 | TRRLE IS
GATONSTY ] TramEmy s
o . T ﬁmm_sgﬂﬂ ERIRER
e 1 S608E00T] Trevnr
j s COFODOYRLLYOY D ¥ I -l [¥E09E07T] Trevnr
[92T005TR ] Everaum

LISIPALLY DEnl¥e—L S-IDEY-ECR YRLY-DCERL YYOEOOORDD JoERlYLIYY CELYCECERD [SICenLINL Yore-v9yle Hﬁﬁnﬁ,% [54TONSTR | Syeraem

ssie

o
S e o
SO s

8
i
18]
-=I:
T8
T8
5 ;
A
-EI:
%
18]
=L
6444
(U
e

':HHHHHHH

88444

M
3

mmmmmmmmmmmmmmmmmmmmmm

[panunuos] g-y 214

184



TesEIEp [BU 8 Yl U SUonsod ploe o UIWE §07 PUE SPH022NU 219 JO [BI0]E alamala L]
‘pale LIWe alas elep BUissi pue sdeb Buiuieluos suolisod |y ple+p UZ+15] alam papnaul suopisod uopoD seauanbas
11 paaloall sIsARUE 8] UMOUS 8l seoUanbas Usamlad 8115 Jad seouslaip pIoe oUILUE pUE 858¢ JoJaguuinu syl ,

¥l0 AN ¥l0 el g1 210 g1 el g1 g1 210 g1 ¥l0 acn AR AN EADZEQNT] ENepTEne) SLAINTITEY ||
a1'0 g1 g1 210 g1 £10 g1 g1 ¥l0 ¥l0 ¥l0 210 ¥l0 LED g0 gL [ZE0EEnT] de ensugepdly q)
oo 210 f00 oo oo oo oo f00 el cll Lo GO0 f00 ge0 TR GO0 [TROZECOT] Bwens = gl
Lo 21 ¥on a0n f00 G0 GO0 fi00 Lo LD oo GO0 nLo gen0 GO0 oo [Ch5TECAY] weaye & ¢
LD 510 a0°n q0°0 Lo Lo Lo ¥o°n a0n a0n Lorn oo AN gen0 a0°n a0n [G850ecAY] svaa 2 g
LD S1°0 Lorn a0°0 non non non ¥o°0 f00 a0n a0n oo AR gen0 Lorn Lon [v850ecaY] svane 2 7|
Lo S1°0 q0°0 q0°0 non non non ¥o°0 a0n a0 Lorn oo AR gen0 Lorn Lon [E85cecay] svsne 2 ||
LD 510 a0°n a00 non non non ¥orn f00 a0rn a0n oo AN ge0 Lorn Lon [C85cecaY] svsna 2 (]
Lo 510 500 500 AN AR AR AR 200 200 200 GO0 LD LE a0°n a0 [lgazgegy] svauow @
g1 Lo oo fo0 FATR Lorn Lorn Lorn Lorn non Lo cll gLn LED fior0 o0 [o5zacdy]omepay g g
ol L0 oo f00 a0°n q0n q0°0 q0°0 Lorn non Lo AR ELn LED TR o0 [Loszagdy]soepay g |
ol L f00 a0 S0°0 S0°0 S0°0 S0°0 q00 Lo Lo Lo AN LED a0n aon [85zacdy]somepay & 0
oo ¥l0 Lo g0n Lorn a0°n Lorn Lorn q0°0 oo oo f00 LD ge0 fio0 oo [065EaE Y] svemeiniuun g §
Lo ¥l0 AR gon a0n Lorn a0n a0n Lorn oo Lo oo AR Al Lo Lo [G35gacay] svefe s
SE0 PED 980 LED 980 980 980 980 LED SE0 PEND ¥ED 980 980 ge0 gen ligogecon] seie g g
oo 51°0 S0°0 ¥o°0 g0n AR g0n gon g0n a0n a0n Lorn S0°0 q0n 980 non [OE0REI0T] SBEeRe B §
oo 510 S0°0 ¥o°0 gon AR gon g0n 200 a0n a0n Lorn S0°0 00 980 non [lGGEaEaY] Betee & |

il a1 51 ¥l gl il H 1] fi ] L 9 5 ¥ g 0 |

Isanusnbas Buo) e usad fxo0 eupuo ooy eued jo (e ucbeip ubu-laddn)
saoUanbas pioe ouwe pue (jeucbeip lal-lamo)) saaUa nbas spnos|anu Usariag a2 uabilaap ABUOINOAS O SEIBLUNST |- 2|08

185



j0 B0l E 31

JFERIEP |BUl) 343 Ul suonisod plae oUlWE £ PUE 3IPIOB|INU 647
2/ 3434 paleulwl]z 213m elep Buissiw pue sded Buiuieiucd suonisod ||y CplgLpuz<IsT 242m pRpn)audl suopsod uopor
's23Uanbas 7 paajoaul s1sAjEUE 34| "UMOYS 24E S20USnbas uasmEq 1S 13d S30URIBLIp PIDE OoUlLWE pUE 35EQ J0 J3guinu 2y] |,

2

[ee02s027]
L0 BO0 BOO WO WO GKO GKD GLO GKD GL0 800 800 800 800 /000 0KO OWVOD GO0 OKO BOO £20 8O0 200 BIIELN SLMYAACT Y FT
[ze0oE0oT] £2
Lo 0VD K0 OZ0 GKO OF0 OO0 020 020 020 k0 k0 V0 ZK0 Z¥0 SK0 SK0 ¥k0 0K0 240 220 EVD £10 “dE feueydAT
sro Lo 600 AVOD AVD BL0 BK0 8L0 2K0 8K0 B0 DO EO0 GOO A0 OVO LKO 0OKO 800 00 #2000 4000 [LE0gc0olewnds g 7T
0 ELO0 FOO 00 OZ0 BV0 SK0 8K0 810 8K0 900 900 900 900 00 0K0 OKo 0KD 900 K0 S0 8000 200 [EESTOROwleitioen S |
00 TZ0 9K0 810 000 FLO FLO FKO FKO FLO0 OZ0 GLO GLO GKO 2K0 GL0 00 BKO £K0 810 220 EBKOD 210 [os0gE0onlsumw s OF
0Z0 EZ0 910 210 000 S0 SKD SK0 SKE0 S0 080 EBKO BKO EBKO AKOD 0OZ0 OT0 GKO AVO 2K0 ZE0LKOD AKO [Eooocoolstnw S Bl
8K0 BKOD E10 9K0 EKO EK0 000 000 000 000 AK0 AKOD AKO AKO 9K0 8KO EKOD BKD 8K0 BL0 RS0 BKO 810 [£ 1erOzmH] s S 21
210 BLO ELD 910 V0 £K0 000 000 000 000 A0 AKD A0 AKD 9K0 8K0 210 810 9L0 210 20 2rd grn [z 12pOT K] st s 2]
2K0 BKOD EVO 9K0 £VO £K0 000 000 000 000 AKO AKD AKO AKOD 9KD 8KO BKO BKO SK0 BL0 FEO EBKO 210 [01erOzmH] s S 9
BK0 BLO ELO0 9K0 EVO0 EVO 000 000 000 000 AV0 AVO AKD AKD 9K0 8K0 8K0 8K0 S8L0 2K0 RT0 SK0 BK0 [EOeFOZMWH]SM R 'S 5
2K0 BLVO SL0 9K0 £V0 SKF0 000 000 000 000 AVDOLV0 AV0 A0 QK0 2K0 20 9K0 9k0 210 fE0 2Kd 2Kn [ZoerOzmH] s S F1
900 #0900 SO0 GL0 BLO FVO FKO RO RO LD MO0 W0 MWD0 SO0 0K0 OO0 800 BO00 0KO EZ0 900 900 [sE5zarEy] uspiou 'S £
9o #0900 SO0 6M0 BLO RO bLO #LO FLO ELO 000 OO0 OO0 OO0 BOO0 20D 900 2000 0LO ZT0 ADO A0 [toczoray] euspow 'S Z1
9o Fk0 900 SO0 6K0 BKO FKO FKO FKO FLO FVO OO0 000 00 00 GO0 800 800 800 OO ZZ0 00 400 [caseacay] euspiou S ||
900 #0900 SO0 6K0 BLO FKO FLO RKO FLO FVO OOOD 00D OO0 F¥O0 GO0 200 800 800 OO ZT0 MO0 MO0 [Foszoras] euspiow 'S 0|
SO0 £KO0 EO00 WO AKD AKD RO FKO FLO FKO RLOD FODOD FODO FOO FOQ o200 800 900 900 800 £€0 SO0 500 [Loszozay] uspow 'S
00 AVO 200 ADO SKO0 8K0 EV0 ELMO0 EVD EKO EVOD OKO OVO 0OKOD OVO 200 o w0 T T I O A [ [goszoravlaiepey o g
A0 810 0r0 200 610 B0 FLVO RLKO REKO bLO BKO 200 200 900 200 OLO MO0 O o T o T o A S A ] [toczoravlaepan s &
9o ALO 200 A0 BKO BK0 9K0 9K0 9K0 9K0 810 A0 MO0 AD0 D0 800 OO LOO o T AT T o = M R =0 0 [aeszeravladepay s g
SO0 L0 000 #O00 9Kd 9ro0 V0 £L0 £M0 E£K0 EVO 900 900 900 900 000 900 OL0 200 Lo S0 eon 200 [ORSTETAT]wEwoiEts S 5
SO0 L0 000 #O0 QK0 9k0 £V0 S0 E£K0 K0 EVO 900 900 900 900 00 800 OK0 800 000 cT0 oo 800 [foczozar]asedie o
L0 050 WO S50 k20 KE0 BTO0 ST0 BTO0 OST0 BTO0 MO MO WO MO FEOD K0 050 BTO LSO KED FZ0 FT0 [f208c007liEsd S £
PO FLO FOO ZO0 2K0 2K0 9K0 9K0 9K0 9K0 940 E00 Z00 E00 00 M0 Ok0 200 400 #0000 +O00 S50 000 [gonecoonl ssenqo s E
P00 FL0 #00 Z00 810 810 9K0 9L0 9K0 910 940 Z00 ZOO F00 F0O0 MO0 0KO0 900 /00 +00 #00 EE0 000 [Leszerav] ergemo s |
¥¢ £f @& W 0Z &L 8L A 9L 5. #L £ &L L oL /6 & 2 89 5§ £ F |

Wseausnbesuoys) ausl pxo0 eUp U yoonw eLed o (e ucbep 1ybu-leddn)
sgoUanbas pioe ouile pue (jeuolep ye-lamo|) seousnbas apnosonu Ueamiag adusfisalp Aeuonnioss Jo selelwnsg -y 2|del

186



BElsizl=ly)
U8 Ul U SUonsod g2g Jo (B0 B alasmalal)] pale ULl alamelep BuUissIW pue sdef Suiuieluod suonisod ||y seouanbas
ApNoaaNU 7 PAAIOALI SISABUR &1 " LUMOUS 218 S8 Us nbas usasmlad Wol) 8115 Jad saouala))ip aseq Jo Jaquinu ey ,

[5: 100587]
SE0 ZE0 L0 FE0 TE0 OSE0 S50 580 S50 OSSN0 E50 £50 RSO EE0 IS0 TS0 FE0 050 050 0S50 580 S50 OSSO0 ££0 BAMHENA SR NES Y 5T
820 820 BTO0 950 080 0S50 G20 620 20 280 AT0 20 L850 A20 A20 420 800 920 520 050 050 420 420 [6E02E007] deauewmPydAs 2
1’0 FZ0 FKO Z20 20 20 80 EV0 K0 ZK0 K0 V0 EK0 ZK0 20 4K0 8K0 £K0 W0 W0 L0 Lo [22 10057 lyemariapuen 5 £F
£50 SK0 E£20 S50 ET0 S0 AKO AKD AKOD AKO 8K0 9Kk0 9K0 SK0 W0 W0 600 KO BLO SK0 940 [gE0SE0]Bwens 5 22
£Z0 AT0 LT0 M0 AT0 520 S0 ST0 SE0 520 550 520 520 SC0 EE0 0 ST0 920 FEO0 FTO [991005g7liz ymesigad 5 |T
070 020 020 OT0 K0 EK0 EK0 EVD 90 910 SK0 9K0 SK0 SKO V0 080 OF0 £40 £40 [£2 100507 witiosye 5 OF
000 E00 E00 OZ0 OZ0 OZ0 00 020 020 OZ0 OZ0 €20 £20 W0 £VOD £L0 OZ0 070 [LG02E0o]stme s B
00 £00 OZ0 OZ0 OZ0 L0 OZ0 OZ0 OZ0 OF0 €20 £20 W20 £VO £L0 OZ0 070 [9502E0 0] st ' g1
000 OZ0 0F0 00 020 LWo W0 WO L0 S0 £20 W0 kL0 FK0 020 0T0 [£osrardd] snw g 2L
0Z0 OZ0 0OZ0 00 Wo W0 W0 W0 £20 £20 W0 K0 FLO0 OO0 OZ0 [#2 LO0SE] st S gl
OO0 000 MO0 800 200 800 200 AVO AKD £K0 GKO BLO FOO FOD [£al00say] Buepou s gl
0o M0 800 BO0 8000 200 AVO AKOD EKOD BVO BKO FO0O FOO [L3Lo0say] Buepou ' f1
W0 2000 BOD 800 200 AVD AKD £M0 GVO BLO FOO FOO [65 LO0SEy] Buapou '3 £
200 BO0 GO0 GO0 210 210 FL0 OZ0 OZ0 #OO 000 [85 Lo0SEy] Buepou '3 7|
000 000 000 AVO AKD £K0 OZ0 OZ0 200 200 [ 1o0sa7liademay s |
000 000 40 ALV0 EVD OF0 OO0 2000 200 [z LoosasTiadenad s 0L
0ro A0 AKD EK0 OZ0 OT0 200 200 [L210osaslioepmay s g
AVD AKD SVO O DE0D OZ0 200 200 [0 oosaslioepay s o
= = O = Y P A [E9 100w ]iewosars 'S 4
GO0 BLO BLO VO ALD [2aLoosawliewosas 'S g
00 0Z0 £k0 £L0 [{gi005av]aeedde s 5
000 020 070 [seogc0olies 5
0Z0 070 [PEOZCOOTINES 5 €
ooo [9:100587] Bisreme s T
[s:1005a7] s s |

¥z &L &t Oz G&F 2k ZF  9F S+ FF EF &k Wk OF B 8 £ 8§ % ¥ E & F

LYNOL S27 [elLed Jo spnospnu Usamlad adusblaalp A LUONN0AS |0 S8IBLUNST ¢-Y a|deL

187



Appendix 3. Geographical distribution of Syphaciinae
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Appendix 4. Geographical distribution of Heligmonellidae
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Abstract

1) Murine rodents are of special interest due to the role as reservoir of many important
parasitic nematodes for humans and livestock. For this reason, the study on parasitic
nematodes of murines was carried out to prevent outbreak of infectious diseases especially
nematodiasis. About 800 murines deposited in MZB were examined and published papers on
nematodes in Indonesia were overviewed as baseline data for the present study. In total, 20
nematode species including a new genus and two new subgenera are newly recorded in the
present study. The new taxa consist of Musserakis sulawesiensis from Echiothrix centrosa
(Sulawesi) and seven new species of the genus Syphacia including two new subgenera,
Rumbaisyphacia and Segienamsyphacia. A nematode species of Molineidae from Paruromys
dominator (Sulawesi) is possibly represent a new genus and a new species. It was also
discussed the role of Syphacia spp. as zoonotic agents. Furthermore, Angiostrongylus
cantonensis, A. malaysiensis, Cyclodonstomum purvisi and Pterygodermatities sp. are also
possible zoonotic agents. In total, 61 nematode taxa (46 known species and 15 other
unknown species identified up to the generic level) including zoonotic agents were recorded.
All nematodes studied were recorded from 38 Indonesian murine species including three

species that were identified only to the generic level

2) The taxonomical and morphological studies on the genus Syphacia will become a baseline
for further faunistic and/or biogeographical study, and also provide a quick diagnosis method.
The descriptions of the studied Syphacia and a key to Syphacia species recorded in Indonesia
and Australia are provided. Three subgenera have been hitherto recognized in the genus
Syphacia, i.e., Syphacia, Cricetoxyuris and Seuratoxyuris. In this present study, two new
subgenera from Sulawesi, 1.e., Rumbaisyphacia and Segienamsyphacia, are added with a new
species in each genus, i.e., S. (R.) kumis and S. (Se.) yuniae, respectively. Furthermore, this
study also described five new species belonging to the subgenus Syphacia, viz., S. rifaii, S.
paruromyos, S. taeromyos, S. semiadii and S. maxomyos. All of these species exhibited
considerable diversity in morphology as confirmed by both light and scanning electron
microscope studies. Hence, restricting to Indonesia, 10 species of Syphacia species have been

recorded in total.

3) The species of the genus Syphacia are considered to have generally co-evolved with their

rodent hosts. However, in Japan such an intimate relationship might be not so strict. Hence,
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the present study determines a general trend of the relationships among Syphaciinae species,
viz., S. rifaii from Bunomys spp., S. muris from Rattus tanezumi, and Syphatineria sp. from
Lariscus hosei, obtained from Indonesia through partial sequences of the mitochondrial Cox/
gene and 28S rDNA. The Cox/ phylogram shows that S. rifaii is quite peculiar by having
long genetic distance compared to the other studied species. It has an extraordinary long
branch from the base of the tree in both long and short sequences analyzed with NJ and ML.
The Cox1 bootstrap values are generally high. In the NJ tree of 28S rDNA, Syphacia
(Seuratoxyuris) petrusewiczi from the Japanese Myodes (syn. Clethrionomys) diverge from
the subgenus Syphacia at the first node. However, in ML tree, Syphatineria sp. diverge at the
first node, and make S. petrusewiczi in one clade with other Syphacia spp. Syphacia rifaii and
S. muris are closed to each other in both NJ and ML trees. The results may reflect their host
divergence history. Even in S. muris, the present isolates from Indonesia are much diverged
from those in laboratory rats, both in Cox/ and 28S rDNA. The ancestor of S. muris might be
adapted to the ancestral Rattus in Asia, and then made dispersal to the surrounding areas,
after then some of them were domesticated for laboratory use up to the present days.

Probably, this history of Rattus is reflected in the divergence found in S. muris.

4) The species composition of Syphacia seems to be mosaic among the islands, especially in
Wallacea. Based on the morphological characteristics of the cephalic ends, the species of the
subgenus Syphacia are divided into three lineages with square (S), round (R) and laterally-
elongated (LE) cephalic shapes. The LE type is considered primitive, and the S and R types
are derived from the LE type. Based on the types of the cephalic shape, a dispersal scenario
of the host-parasite relationships between murines and Syphacia is presented. The original
dispersal was made from southeastern Asia not only to Wallacea and Papua/Australia, but
also to Europe, North Africa, East-mid Asia and Japan, and finally North America by the LE
type. Before the north-eastward movement, the R type diverged from the LE type, and the
ancestral R and LE types invaded and colonized Wallacea. On the other hand, the LE, R and
S types invaded Sahul. The origin of S. semiadii, parasitic in Halmaheramys bokimekot on
Halmahera Island, seems to be extraordinary. The ancestor of Halmaheramys is suggested to
have originated from Sundaland. However, S. semiadii has similar characters with some
Sahulian Syphacia. Probably, a host-switching was occurred in Halmahera. Furthermore, a
cosmopolitan species of the S type, Syphacia muris, invade everywhere with human
commensal rats. Human commensal Syphacia, especially S. obvelata sometimes could infect

human being, and experimental/pet murines. If the scenario presented here is correct, the
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Wallace’s line could be applied for endoparasites like Syphacia spp. as well, and the

biogeographical approach could be regarded as one of the One Health model researches.
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