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(4) ABSTRACT. This study described the metazoan parasite community structure of house geckos from Peninsular Malaysia. Six hundred ninety-two geckos were collected from five gecko species (Hemidactylus frenatus, H. platyurus, H. garnotii, Gekko monarchus and Gehyra mutilata) from eight sites in December 2006 until September 2010. Total of 8094 parasites from nine species were identified. They are ectoparasitic mite (Geckobia. ay. a. bataviensis), pentastomid (Raillietiella frenatus), cestode (Oochoristica javaensis), trematodes (Paradistomum geckonum, Postorchigenes ovatus) and nematodes. al. (Thelandros sp., Spauligodon sp., Pharyngodon sp., Skrjabinodon sp.). Host species,. M. gender and size were analyzed in relations to parasite prevalence, intensity, abundance, and diversity to provide baseline data in studying the effects of parasite infection based. of. on host species, gender and size, and overall parasite community structure. Results. ty. showed H. frenatus had the highest abundance and parasite diversity. However this parasite is not host specific as it had been found in non-gekkonid hosts About 60% of. si. the gecko community comprised of H. frenatus, thus it is more available for infection.. ve r. Host gender-biased susceptibility is apparent in blood-feeding parasites (R. frenatus and G. bataviensis) where infection in females is more prevalent (p<0.05). Females have. ni. higher parasite prevalence and diversity, but males have higher infection intensity,. U. suggesting hormone involvement. Younger geckos (>4 cm of SVL) have low parasite load which may be caused by diet restriction due to gape limitation, less interaction with. the environment and other geckos, reducing chance for infection. Infection increased when the gecko grows into reproductive size (4-6 cm of SVL) as the diversity and abundance of its diet, and interaction with the environment, increases. However as it grows older (<6 cm of SVL), infection decreased as it invests more energy on immune. iii. 

(5) system which then controls parasitic infection. Parasites that spread through autoinfection (nematodes) or direct transfer (mites) thrive in high density host community, evident in island habitats where parasite prevalence and intensity are higher. The northern region of Peninsular Malaysia had higher trematode prevalence and intensity while the central region had higher prevalence and intensity of nematodes, pentastomids, and mites. This suggested that northern region had higher diversity of intermediate hosts while the central region had a dense host community and a higher. ay. a. abundance of pests such as cockroaches. The parasite community structure showed a negative correlation between abundance and numerical density and this can be. al. explained by 1. gecko infection increases, then decreases with age as energy. M. expenditure changes according to priorities at different phases of life, 2. bigger geckos can accommodate higher diversity and abundance of parasites, 3. species richness is not. of. affected by host size as parasites are not age or size specific, only highly opportunistic.. ty. R. frenatus is euryxenous and had been recorded accidentally infecting humans. Other parasites from this study are stenoxenous, however parasites such as the oxyurid. si. nematodes may be capable of accidentally infecting hosts apart from geckos as they. ve r. spread through autoinfection. Therefore the potential of gecko parasites becoming zoonotic exists. More research into the distribution patterns and the parasites’ ecology. U. ni. are needed to gauge their potential.. iv. 

(6) ABSTRAK. Kajian ini menerangkan komuniti parasit metazoa cicak rumah dari Semenanjung Malaysia. Enam ratus sembilan puluh dua ekor cicak dari lima spesies (Hemidactylus frenatus, H. platyurus, H. garnotii, Gekko monarchus dan Gehyra mutilata) dari lapan kawasan pensampelan ditangkap dari Disember 2006 sehingga September 2010. Sejumlah 8094 ekor parasit dari sembilan spesies dikenalpasti. Ini. ay. a. termasuklah tungau ektoparasit (Geckobia bataviensis), pentastomida (Raillietiella frenatus), cestoda (Oochoristica javaensis), trematoda (Paradistomum geckonum,. al. Postorchigenes ovatus) dan nematoda (Thelandros sp., Spauligodon sp., Pharyngodon. M. sp., Skrjabinodon sp.). Spesies, jantina dan saiz cicak perumah dianalisa untuk melihat hubungkait antara ‘prevalence’, intensiti, kelimpahan, dan kepelbagaian parasit sebagai. of. maklumat asas untuk mengkaji kesan spesis, jantina dan saiz perumah terhadap. frenatus. mempunyai. ty. jangkitan, dan keseluruhan struktur komuniti parasit. Keputusan menunjukkan cicak H. kelimpahan. dan. kepelbagaian. parasit. tertinggi.. si. Walaubagaimanapun ia bukan perumah spesifik kerana parasit tersebut pernah dijumpai. ve r. dalam hos selain cicak. Populasi H.frenatus membentuk 60% daripada komuniti cicak, meningkatkan peluang jangkitan dalam cicak ini berbanding spesis lain. Kecenderungan. ni. parasit menjangkiti perumah berdasarkan jantina perumah diperhatikan di dalam. U. jangkitan parasit penghisap darah seperti R. frenatus dan G. bataviensis di mana jangkitan parasit ini lebih prevalen di dalam cicak betina (p<0.05). Jangkitan dan kepelbagaian parasit lebih prevalen di dalam cicak betina, tetapi cicak jantan mempunyai intensiti jangkitan lebih tinggi, menunjukkan penglibatan hormon. Cicak muda (SVL >4 cm) mempunyai beban parasit rendah yang mungkin disebabkan oleh 1, kekangan bukaan mulut menyebabkan kepelbagaian diet terhad, dan 2. kurang interaksi. v. 

(7) dengan persekitaran dan dengan cicak lain, mengurangkan peluang jangkitan. Jangkitan parasit meningkat apabila cicak memasuki fasa pembiakan (4-6 cm) kerana kepelbagaian dan kelimpahan diet meningkat, dan cicak mula berinterasi dengan persekitaran dan dengan cicak lain. Apabila cicak membesar (<6 cm), jangkitan semakin berkurangan kerana penggunaan tenaga cicak beralih dari pembiakan kepada perkembangan sistem imun yang akan mengawal jangkitan parasit. Parasit yang tersebar melalui ‘autoinfection’ (nematoda) atau pemindahan langsung (tungau) berkembang di. ay. a. dalam komuniti perumah dengan kepadatan tinggi, dan ini jelas dalam habitat pulau di mana prevalen and intensiti parasit adalah lebih tinggi. Kawasan utara Semenanjung. al. Malaysia mempunyai prevalen trematoda yang tinggi manakala kawasan tengah pula. M. mempunyai prevalen dan intensiti nematoda, pentastomida dan tungau yang tinggi. Ini menunjukkan kawasan utara mempunyai kepelbagaian perumah perantara yang tinggi,. of. manakala kawasan tengah mempunyai kelimpahan haiwan perosak seperti lipas dan. ty. komuniti perumah dengan kepadatan tinggi. Komuniti parasit menunjukkan korelasi negatif antara kelimpahan dan kepadatan numerik dan ini boleh dijelaskan melalui 1.. si. jangkitan parasit cicak meningkat, dan kemudian berkurangan berkadaran dengan usia. ve r. cicak kerana penggunaan tenaga berubah mengikut kepentingan pada fasa hidup berlainan. 2. cicak bersaiz besar boleh menampung kepelbagaian dan kelimpahan. ni. parasit yang lebih tinggi. 3. kekayaan spesis tidak bergantung kepada saiz perumah. U. kerana parasit bersifat oportunistik dan tidak menjangkiti perumah berdasarkan umur atau saiz. R. frenatus adalah parasit ‘euryxenous’ dan pernah menjangkiti manusia. secara tidak sengaja. Parasit lain dari kajian ini adalah parasit ‘stenoxenous’. Walaubagaimanapun parasit seperti nematod oxyurida mampu menjangkiti perumah selain cicak kerana ia tersebar melalui ‘autoinfection’. Potensi parasit cicak untuk. vi. 

(8) menjadi zoonotik sentiasa ada, dan kajian terhadap pola taburan dan ekosistem parasit. U. ni. ve r. si. ty. of. M. al. ay. a. untuk melihat potensi parasit tersebut perlu dijalankan.. vii. 
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(22) CHAPTER 1:. INTRODUCTION. Parasite infection requires numerous factors in order to be considered successful. There are two types of parasites, one with direct life cycles (do not require intermediate hosts) and parasites with indirect life cycles (require intermediate hosts). For parasites with indirect life cycles, they must be able to find intermediate hosts, which in turn must. a. be able to reach the final hosts in order to complete the life cycle. Rationally, a parasite. ay. that is less discriminatory (generalists) in choosing its intermediate or final host is. al. deemed to be more successful than a parasite species that requires very specific. M. intermediate or final hosts (specialists). However this is sometimes not the case in the. of. natural environment.. In the parasite context, a generalist species is a parasite that can utilize multiple. ty. species as its final host. These species of parasites do not discriminate their hosts, as. si. long as their life cycle is completed. Bursey and Brooks (2011) showed that reptilian. ve r. nematodes are capable of infecting more than one host species. Chances are these nematode species share intermediate hosts with similar lifestyles, i.e. the intermediate. ni. hosts perform coprophagial behavior therefore share the same infection route because of. U. the same behavior characteristic. The pentastomid species Raillietilla frenatus has been found in hosts ranging from toads, to lizards to even some species of colubrid snakes (Barton & Riley, 2004; Barton, 2007, 2015; Kelehear et al., 2012, 2013, 2014, 2015). Raillietiellids’ known intermediate host is the cockroach (Lavoipierre & Lavoipierre, 1965), and the cockroaches although in the menus of frogs and toads, are not a part of a snake’s diet. Therefore this particular species of pentastomid must have taken up intermediate hosts which are not its usual hosts, or infect the snakes accidentally and 1. 

(23) found the snakes to be a viable final host. Generalists can also act as pioneer species as they can thrive in various sometimes unfavorable conditions. Specialist parasites on the other hand are very particular about their intermediate host and their final host. Ending up in the wrong intermediate host or final host will result in the life cycle terminating prematurely, not being able to produce viable offspring and jeopardizing the survival of its species.. ay. a. The patterns of species richness of parasites are less well documented compared to free-living organisms. The reasons that may explain as to why some species support. al. high or low parasite richness are not completely resolved. Most reptile parasites are. M. well-documented to being generalists, able to infect various types of hosts, in certain cases, even mammals and birds. Being generalists, the reptile parasitofauna however is. of. not as rich as compared to the mammals. Their unique lifestyle is the main focus of this. ty. study, a foray into how the parasites behave in a natural environment, and the impact. Geckos as hosts. ve r. 1.1. si. they have on their hosts and their community as a whole.. ni. Geckos are the most conspicuous group of reptiles, not only because that they live in. U. close association with human habitation, but also due to their highly unique morphology. These animals have distinctive morphological characteristics; large heads with bulging, lidless eyes, exquisitely-shaped pupils, and of course, the digit specialization or scansors that allows them to stick on almost every surface. The scansors consist of expanded, flattened surfaces with fine projections called setae, each in turn branching into hundreds of bristles terminating in fine endplates (Cox et al., 1998).. 2. 

(24) Geckos are sought after especially in traditional Chinese medicine, for example ‘ge jie ding chuan wan’ are pills with dried gecko to relieve asthma (Gong et al., 1998). They are disliked because of their commensalistic habits of eating human food. Commensal geckos are often considered a pest (Csurhes & Markula, 2009) and their habit of making human habitation their home has been a source of irritation to many. However, these geckos play a very important role in controlling insect pests, especially. a. cockroaches and mosquitoes, resulting in a household free of disease vectors.. ay. House geckos live in close contact to humans play a crucial role as a parasite. al. reservoir. Geckos are host to a plethora of ecto- and endoparasites, each with a potential. M. to cross host species given the right condition. Previous literature highlighted reptile parasites known to cross the species barrier and infect humans, for example, Linguatula. of. serrata (Maleky, 2001), Borrelia burgdorferi, a bacterium species that causes Lyme disease can be found in ticks on lizards (Földvári et al., 2009), and sparganosis in. ty. humans (Wiwanitkit, 2005). However not much is known of the behavior of these. si. parasites in their host’s population and their potential to cross species barrier and infect. ve r. humans. Some accidental infections have been reported, for example Raillietiella sp. caused localized inflammation and intestinal infection in humans (Adeoye &. ni. Ogunbanwo, 2007). One particular species from this genus of cephalobaenid. U. pentastome, Raillietiella frenatus has been documented in animals other than lizards; infecting toads (Kelehear et al., 2012), geckos (Ali, 1983; Riley et al., 1991; Goldberg. & Bursey, 2010; Barton, 2007), skinks (Riley et al., 1991), iguanas (Almeida et al., 2008), anoles (Barton & Riley, 2004) and snakes (Goldberg et al., 2005). Reports of human infection with Raillietiella species (Tappe et al., 2016); ingestion of live lizards for therapeutic reasons in south-east Asia was linked to subcutaneous pentastomid infection called "creeping disease" was tentatively attributed to Raillietiella hemidactyli 3. 

(25) (Dollfus & Canet, 1954; Drabick, 1987). Human infection is transmitted through accidental ingestion of the eggs (Nash, 2005). Handling fecal contaminated water, dishes, and other equipment may also result in accidental transmission.. Developments in Lyme disease research show that ticks that utilize lizards as an agent have reduced case of infection and act as a zooprophylactic agent (Tijsse-Klasen et al., 2010). The western fence lizard Sceloporus occidentalis appears to be immune to. a. infection of B. burgdorferi after being exposed to infected ticks (Lane et al., 2006).. ay. Infection in ticks also cleared after biting the lizards suggesting S. occidentalis typically. al. destroys B. burgdorferi spirochetes present in tissues of attached ticks and feeding ticks. M. nymphs, therefore reducing probability of transmission of these bacteria to humans or. of. other animals.. Not only parasites of reptiles are of medical and economic importance to. ty. humans but the knowledge on reptile parasitofauna is crucial in arming ourselves. si. against reptile-borne zoonoses. Among the major cause of new zoonotic agents. ve r. emerging in human population is increased contact between humans and wildlife. In this ever-changing, fast-paced world, human-wildlife conflict is unavoidable as humans. ni. encroach into wilderness or movements of wild animals into human habituated areas.. U. Reducing health risks from zoonoses is not an easy task and often not straightforward. It requires proper management in order to control risks and consideration of the complexity of human-animal interaction with the environment.. 4. 

(26) 1.2. Parasite species composition. The final and the intermediate hosts must co-occur within the same environment in order for the parasites to survive. Some parasites are endemic, for example the blood parasite of Hoplodactylus duvaucelii, a large gecko species from New Zealand (Barry et al., 2011). Reptiles and amphibians are proven to be good colonizers, adapting to local environment and even the parasitic composition of the local fauna. Reptile and. a. amphibian parasites also are successful generalists, able to interchange their hosts,. ay. adapting well to produce viable parasite eggs in order to continue its survival (Kelehear. M. al. et al., 2013).. The global dispersion of house geckos is widespread and assisted by human. of. movement. For example the Spiny-Tailed Gecko (Hemidactylus frenatus) is highly cosmopolitan, aided by human travel on cargo ships (Lever, 2003; Newbery & Jones,. ty. 2007). It is considered an invasive species and a threat to local gecko fauna as it. si. competes for food and habitat (Gallina-Tesaro et al., 1999; Rodder et al., 2008). It is. ve r. also capable of getting infected with the parasite composition of local geckos (Hanley et al., 1995a; Prenter et al., 2004; Barton, 2007). Interactions with local gecko fauna may. ni. cause parasite transfer and while in most cases H. frenatus are able to adapt to the. U. parasites; past studies have shown that local fauna did not fare as well as the H. frenatus (Prenter et al., 2004).. 5. 

(27) 1.3. Parasite community structure and its implications. Parasites alter community structures of their hosts. For example direct impacts of parasitism on intertidal ecosystem includes behavior modification of hosts such as burrowing ability or spatial distribution, which will then lead to changes of various features of the habitat and affects settlement success of other organisms in the ecosystem (Mouritsen & Poulin, 2002). Changes in host diversity and community. a. structures have been linked to diseases (Johnson et al., 2008). In order to understand the. ay. structure of a community, basic information on the available species and their. al. abundance are required. Other complementary information such as body size, biomass. M. and density of the species will assist to explain the community structure better. Parasite community is unique because of their dependency on their hosts unlike those observed. of. in the free-living organisms. Host body size is one of the important criterion (Lo et al., 1998; Roca et al., 2009), followed by habitat and dietary component (Muñoz et al.,. ty. 2002; Roca et al., 2005), and social behaviour (Sorci et al., 1997). Aspects such as. si. microhabitats, body sizes, and associations between species have also been considered. ve r. (Holmes, 1973; Lotz & Font, 1985; Adamson & Noble, 1993; Rohde, 1994; Sorci et al., 1997; Sasal et al., 1999; George-Nascimento et al., 2004). In addition, the habitat size. ni. (host weight or microhabitat area) may also affect the understanding of parasite. U. communities in abundances and densities because, in general, a large habitat may have more resources than small habitats and may support more individuals and species.. 6. 

(28) 1.4. Objectives and justification of research. 1.4.1 Baseline ecological data and population characteristics of house gecko parasites.. This study is essential to form a baseline data about the community structure and infection patterns of parasites in geckosto help elucidate basic population dynamics of. ay. a. the parasites’ community.. al. 1.4.2 How host specificity affects infection behavior of the parasites. M. The study aims to elucidate host specificity affects the infection behavior of parasites in. of. house geckos. Although host specificity is not synonymous with reptilian parasites, this study attempts to see whether host specificity or even some form of host preference. si. ty. occurs in the gecko community.. ve r. 1.4.3 Gender-based infection in gecko parasites and its implications. ni. The premise is males and reproductive females have a higher, more intense rate of infectiondue to compromised immunity. Males compromise immunity to develop. U. secondary sexual characteristics to compete for mating rights,as highly evident in birds and mammals. In geckos, males and females have similar physical appearance however adult male geckos are generally bigger in size compared to adult femalesas males invest. more energy to gain bigger body in order to compete for mating rights or to defend their territory. Reproductive females sacrifice immunity in exchange for egg production. 7. 

(29) which requires vast amount of energy. This study aims to examine whether the same strategy is applied by female geckos.. 1.4.4 Infection of parasites in different host sizes and its implications.. Prevalence and intensity of parasites usually increase with host body size and age, as the range of dietary component expands, hosts consume a more diverse food which exposes. ay. a. them to more infection. This study attempts to see how the size of the gecko host affects. Community structure of gecko parasites in Malaysia. M. 1.4.5. al. parasitic infection.. of. This study is designed to identify and analyze the community structure of parasites of. ty. the Malaysian house geckos, by focusing on parasite abundance, species richness, and. U. ni. ve r. si. density in relation to host body size.. 8. 

(30) CHAPTER 2:. LITERATURE REVIEW. Previous works on reptile parasites broadly ranges from classical taxonomy (Ali & Riley, 1983; Barton & Riley, 2004; Barry et al., 2011; Antinori et al., 2013; Bertrand et al., 2013), to ecological (Aho, 1990; Almeida et al., 2003; Balmer et al., 2009; Barton, 2007, 2015), to physiological studies (Girons, 1980; Belliure et al., 2004). Reptilian parasitofauna is unique as vast majority of them are generalists and have a wide range. a. of intermediate and final hosts. They also appear to tolerate a wider range of climates.. ay. Parasites such as Raillietiella frenatus have been found in different continents with. al. different climates such as in south east Asia (Ali & Riley, 1983; Matsuo & Oku, 2002),. M. Australia (Barton, 2007; Hoskin, 2011; Kelehear et al., 2012), Africa and the Caribbean (Riley et al., 1991, Rivera et al., 2003), and South America (Anjos et al., 2008;. of. Kelehear et al., 2015). Armed with the ability to infect a wide range of hosts, they infect local fauna, competing fiercely with naturally occurring parasites (Dobson, 1985;. ty. Hanley et al., 1995a,b; Petren & Case, 1996; Balmer et al., 2009; Johnson & Buller,. Parasite diversity of the saurian group. ni. 2.1. ve r. si. 2011; Kelehear et al., 2013).. U. Saurians host a rich diversity of parasites. High diversity of endoparasites shows a highly diverse dietary component, and shed light as to the size of the animal’s home range. Information regarding parasites’ intermediate host will help describe human impact on the particular habitat (e.g. cockroaches host a variety of reptilian parasites and it is also a pest in human habitation). High diversity of ectoparasites on the other hand may provide clues how the host population is distributed, and the interactions. 9. 

(31) between members of the same species or other host species with similar ectoparasites composition.. 2.1.1 Nematodes. Most nematode species infecting geckos are from the family Oxyuridae. Oxyurid nematodes are more common in the colons of turtles and lizards but are rarely. ay. a. considered as pathogenic, although in large numbers they can cause impaction, leading to anorexia in the hosts (Wilson & Carpenter, 1996; Bouamer & Morand, 2002). They. al. have a direct life cycle (ingestion of fertilized eggs although in some cases transmission. M. of eggs may occur via fomites) therefore do not require an intermediate host (Anderson, 2000; Grear & Hudson, 2011). Examples of common oxyurids infecting lizards. of. especially geckos are Skrjabinodon sp. (Vicente et al., 2000; Goldberg et al., 2011;. ty. Yildirimhan et al., 2011; Jones, 2013), Pharyngodon sp. (Amer & Bursey, 2008; Bursey et al., 2008; Goldberg et al., 2011), Spauligodon sp. (Hering-Hagenbeck & Boomker,. si. 2000; Goldberg et al., 2011), Thelandros sp. (Goldberg et al., 2003), Physaloperoides. ve r. sp. (Goldberg et al., 2011).. ni. Bursey and Goldberg (2000) described a nematode, Hedruris henlayi from. U. Hemidactylus garnotii from Cook Islands, Oceania. Hemidactylus garnotii is commonly found in Malaysia but there is no information on its parasitofauna (see Table 2). Information on the parasitofauna of such a widely distributed host species will provide information on distribution of geckos; even shed light on the host-parasite evolutionary path.. 10. 

(32) Another well dispersed genus is Spauligodon. Jiménez-Ruiz et al., (2003) described Spauligodon garcioprietoi in the lacertid Cnemidophorus spp from Southern Mexico. Another study featured Spauligodon aloisei from Podacris sicula, lacertid from Italy (Casanova et al., 2003). Ramallo et al., 2002) described Spauligodon loboi from Liolaemus, an iguanid lizard, from Argentina. Another Spauligodon species, Spauligodon zweifeli, was found in the mourning gecko, Lepidodactylus novaeguineae from Papua New Guinea (Bursey et al., 2005). Bursey and Goldberg (1996b) described. ay. a. Spauligodon hemidactylus from Hemidactylus frenatus, a gecko species with worldwide distribution. H. frenatus have adapted so well in new colonies to the point that they have. al. a potential of affecting native species by introducing their infection to the local fauna. M. (Galina-Tessaro et al., 1999). H. frenatus is widely distributed due to human activities (Hardy & McDiarmid, 1969; Stebbins, 1985). Studying gecko parasitofauna will. of. provide vital clues on its evolution and migration path, which enables us to trace back to. ty. its origin.. si. The biology of some gecko nematodes have also been studied. Hering-. ve r. Hagenbeck & Boomker (2000) described a new species of nematode found in the peritoneal wall of the gecko Pachydactylus turneri. In addition, they also studied its. ni. developmental stages by reinfecting the nematode in its intermediate host, Phlebotomus. U. duboscqi (Diptera : Psychodidae). Studies of parasite developmental stages are beneficial to determine infection patterns and the factors affecting infection. This is essential, especially in the management and control of zoonotic diseases.. 11. 

(33) 2.1.2 Trematodes. Reptilian trematodes also infect various reptile groups. Scholz and Ditrich (1991) highlighted this phenomenon in a study carried out in Laos. They found Paradistomum geckonum, a common trematode of geckos (such as Hemidactylus frenatus and H. platyurus). parasitising. a. skink. species,. Mabuya. multifasciata. (Scincidae).. Paradistomum parvissimum was recorded from a variety of hosts from the saurian. ay. a. group, such as Ameiva ameiva (teiid), Hemidactylus mabouia (gekkonid), Iguana iguana (iguanid), Liolaemus lutzae (agamid), Mabuya macrorhyncha (scincid), M.. al. agilis (scincid), Tropidurus torquatus (gekkonid) and Tupinambis teguixin (teiid) (Ávila. M. and Silva, 2010). Ability to infect hosts of different families is possibly due to the hosts. of. sharing similar dietary components.. ty. Allopharynx macallisteri (Trematoda: Plagiorchiidae) was first described from the small intestines of the gecko Lepidodactylus lugubris from Guam, Micronesia. si. (Dailey et al., 1998). Since then it was found in other gekkonid species such as. ve r. Cyrtodactylus louisiadensis, Gekko vittatus and Lepidodactylus lugubris from Papua New Guinea (Bursey et al., 2005; 2010). Another species of trematode is. ni. Postorchigenes. spp.. found. in. the. intestines. of. Hemidactylus. frenatus, H.. U. platyurus, Gehyra mutilata, and Gekko gecko from Indonesia (Kennedy et al., 1987a);. G. gekko, H. frenatus and H. platyurus from Laos (Scholz and Ditrich, 1991); H. frenatus from Thailand (Wongsawad et al., 1998); Chamaeleo chamaeleon from Egypt (Morsy et al., 2012). One species of this genus, P. gymnesicus was discovered in a rodent Eliomys quercinus gymnesicus (Rodentia) from Menorca, Balearic islands in Spain (Más-Coma et al., 1981). A common reptile species, P. ovatus was found bat. 12. 

(34) species Pipistrellus abramus in China (Qu & Gong, 1994). This shows that this parasite is not restricted to the lizards only, but also insectivorous mammals.. 2.1.3 Cestodes. Linstowiid cestodes consist of 12 genera with 3 occuring in reptiles as adults (Conn, 1985; Beveridge, 1994) and nine genera reported in mammals (Chandler & Melvin,. ay. a. 1951; Hickman, 1954; Okafor, 1988; Beveridge, 1994). Oochoristica cestodes have been found in various lizard groups (Loewen, 1940; Malhotra, 1984; Bursey &. M. al. Goldberg, 1996; Yildirimhan et al., 2011; Mašová et al., 2012; Norval et al., 2014).. Oochoristica maccoyi is exclusively found in lizard was documented from an. of. anolis lizard, Anolis gingivinus from Anguilla, Lesser Antilles. (Bursey & Goldberg,. ty. 1996a) , Oochoristica javaensis from Gehyra mutilata and Hemidactylus frenatus from the Philippines (Goldberg et al., 2005), both geckos are commonly found in Malaysia.. si. Oochoristica tuberculata was found in the Ocellated Lizard, Lacerta lepida from. ve r. Turkey (Yildirimhan et al., 2011) while Oochoristica javaensis was recorded from. ni. Phelsuma grandis in Hawaii (Goldberg et al., 2008).. U. 2.1.4. Pentastomids. The majority of studies on pentastomids on taxonomy (Ali et al., 1981, 1982a, 1982b, 1982c, 1983, 1984a, 1984b, 1985), the biology of pentastomids (Riley, 1986), and the life cycle studies (Lavoipierre & Lavoipierre, 1965; Bosch, 1986) are among important. pioneer. works.. One. particular. genus,. Raillietiella. (Pentastomida:. 13. 

(35) Cephalobaenida) is the most commonly found pentatomid in lizards. A common parasite of reptiles and amphibians, it has been described from various hosts such as toads (Barton & Riley, 2004; Kelehear et al., 2015), lizards (Lim & Yong, 1977; Krishnasamy et al., 1985; Almeida et al., 2008; Anjos et al., 2008; Barton, 2007; Kelehear et al., 2012; Riley et al., 1991; Sousa et al., 2014), snakes (Almeida et al., 2003; Kelehear et al., 2014) and vultures (Riley et al., 2003).. a. Ectoparasites – Ticks and mites. ay. 2.1.5. al. Ectoparasitic mites infest lizards indiscriminately; evident from previous works. M. documenting how mites are not specific to a particular host (Lawrence, 1936; Diong & Ho, 2001; Sri Prawasti, 2011; Bertrand et al., 2013; Paredes-León et al., 2013; Sri. of. Prawasti et al., 2013). The most common gecko ectoparasites are the pterygosomatid. ty. mites (Bochkov & Mironov, 2000; Haitlinger, 2004; Bertrand et al., 2013; Sri Prawasti et al., 2013). Adults are sessile in adulthood; therefore they have a short timeframe to. si. reach their host during their larva stage. The lizards have develop adaptations in order to. ve r. cope with ectoparasites infestation such as developing ‘mite pockets’ in order to minimize the effects of parasitism by having the mites congregate in the pockets instead. ni. (Loveridge, 1926; Bauer et al., 1990; Bertrand, 2002). Mites are an important vector to. U. blood parasites (Amo et al., 2005).. Ho and Ambu (1986) conducted a survey on ticks found on snakes and varanid lizards in Malaysia. One tick species found was theixodid tick Aponomma lucasi. In a South American and Caribbean study, mites found were Geckobia leonilae from Phyllodactylus lanei rupius; G.guyanensis and G.manaensis from Platydactylus; G.. 14. 

(36) cayennensis from Phyllodactylus sp.; G.tarentolae from Tarentola americana, and Geckobia hemidactyli from Hemidactylus mabouia (Rivera et al., 2003).. Larvae and nymphs of the tick (Ixodes pacificus) have been found to infect the fence lizard, Sceloporus occidentalis. The tick is of medical significance as a vector for Lyme disease spirochaete bacterium, Borrelia burgdorferi (Schall et al., 2000). Mites, including Geckobiella spp., also infect fence lizards and are vectors of the coccidian. ay. a. blood parasite, Schellackia occidentalis.. al. Rivera et al. (2003) recorded pterygosomatid mite Geckobia hemidactyli. M. infesting various gecko species, including two Asian gecko species, Hemidactylus frenatus and Hemidactylus mercatorius. Bochkov and Mironov (2000) described two. of. new species of Geckobia, from a lacertid and a eublepharid lizard that, exclusively. si. Parasite community structure. ve r. 2.2. ty. parasitize geckos (Lawrence, 1936).. Parasite community presents a unique association due to their dependency on their hosts.. ni. One of the variables, the host’s body size, is agreed by various previous works (Roca et. U. al., 2009; Lo et al., 1998) among the important criterion, followed by habitat and dietary component (Roca et al., 2005; Muñoz et al., 2002), and social behaviour (Sorci et al., 1997). Other aspects such as microhabitats, body sizes, and associations between species have also been considered (e.g., Holmes, 1973; Lotz & Font, 1985; Adamson & Noble, 1993; Rohde, 1994; Sorci et al., 1997; Sasal et al., 1999; George-Nascimento et al., 2002). In addition, the habitat size (host weight or microhabitat area) may also affect. 15. 

(37) the understanding of parasite communities in abundances and densities because, in general, a large habitat may have more resources and may support more individuals and species.. 2.3 Conclusion. Most gecko parasites are not host specific. Some can infect across the saurian groups,. ay. a. stenoxenous parasites such as Paradistomum parvissimum (recorded from teiids, gekkonids, iguanids, agamids, and scincids) (Ávila & Silva, 2010), or euryxenous such. al. as Raillietiella frenatus, recorded from gekkonids (Barton, 2015), toads (Barton & Riley,. M. 2004), snakes (Kelehear et al., 2014) and vultures (Riley et al., 2003). This shows there is some potential of these parasites becoming zoonotic. However there is little known. of. about the parasitofauna and the community structure of the Malaysian gecko metazoan. U. ni. ve r. si. management.. ty. parasites and should be addressed as these information are crucial in future disease. 16. 

(38) CHAPTER 3:. PARASITE INFECTION SUCCESS – EFFECTS OF HOST SPECIES. 3.1. Introduction. 3.1.1. Gecko Host Diversity and Identification. Geckos are the most diverse genus of lizards with 1,492 species (source: The Reptile. a. Database www.reptile-database.org). This number continues to grow as more species. ay. are being discovered every day. In Malaysia there are about 96 species of geckos. al. (Appendix B), and can be found from highly disturbed, human-managed areas, to undisturbed, primary forests. Some gecko species, for example Hemidactylus frenatus,. M. or the Spiny-Tailed Gecko, are cosmopolitan and spread throughout the world by hitch. of. hiking on cargo ships. Geckos are originally from the Old World region, migrating from Asia to the African continent (Vidal & Hedges, 2004). Due to their high adaptability,. ty. these animals are able to colonize new habitats successfully, competing with native. ve r. si. fauna for food and space. (Galina-Tessaro et al., 1999).. The most common house gecko species in Malaysia are from the genera Gehyra,. ni. Gekko and Hemidactylus. Gehyra or Four-clawed Geckos are named after the inner-. U. digit on all four feet lacks a claw. They are also known as web-clawed geckos or dtellas. Gehyra species have toepads and powerful claws. Their eyes are relatively large with vertical pupils, and they have very loose skin. Worldwide, around 40 species have been described, with five recorded species in Malaysia (see Appendix B). Many are found in or nearby human habitation.. 17. 

(39) Hemidactylus geckos are the most common house geckos. It has adapted to human habitations, although some species are true forest dwellers. These geckos are found in all the tropical regions, extending into the subtropical parts of Africa and Europe. Some species like Hemidactylus frenatus and H. garnotii have been introduced to various parts of the world through human activities. One hundred and thirty-seven species have been described; with five species recorded in Malaysia (see Appendix B). The dorsal scales of the Hemidactylus geckos are either uniform or heterogenous. Their. ay. a. pupils are vertical. Fingers and toes are free (webless); each toe has a slender distal clawed joint. Underneath the fingers and toes, they have two rows of lamellae in a. M. al. pattern resembling a leaf.. The Gekko genus consists of large individuals, with more than 50 species. of. described globally. About 30 species have been reported in Southeast Asia. Geckos of. ty. this genus can reach sizes with length up to 35 cm (Gekko gecko). They have robust bodies with large eyes and vertical pupils. Some Gekko species can make loud calls. ve r. si. audible from great distances.. 3.1.2 Parasite Identification.. U. ni. 3.1.1.1 Nematodes. Nematode identification can be arduous as there are many characteristics that must be taken into consideration in differentiating between the species. It is crucial to become. familiar with basic nematode morphology before attempting to identify it as there are many aspects that must be deliberated. For the purpose of a broad and generic identification, these six observations are helpful; overall body type, lip/mouth region,. 18. 

(40) oesophageal region, tail region, reproductive structures, and position of the nematode when in a relaxed state. To further differentiate the nematodes into higher levels of identification, more in-depth observation and measurements of the characteristics must be performed. Listed below are crucial diagnostic characteristics that will enable identification.. a). The body length, width and shape (i.e. cylindrical, tapering at the end, kidney-. ay. a. shaped, lemon-shaped etc.), and its position after death (straight, arctuate, spiral, etc.). Cuticle thickness, striations, annulation (both transverse and longitudinal),. al. b). M. punctuation and ornamentation.. Cuticular modification (ridges, spines, scales, alae).. d). The shape and the degree of separation from the body of the cephalic region are. of. c). ty. used in species differentiation.. Intestines, prerectum, rectum and anus morphology.. f). Female reproductive system (can be classified as either didelphic, monodelphic,. si. e). ve r. pseudomonodelphic, prodelphic, opisthodelphic, monoprodelphic and monoopisthodelphic); observe the shape and location of the vulva, the. U. ni. presence/absence of lateral vulval membranes and epiptygma, and the shape and. g). size of spermatheca and its position in respect to the genital branch (axial or offset).. In male reproductive system, observe the size and shape of the spicules, gubernaculum and the spermatozoa.. h). Tail length and shape.. 19. 

(41) i). Observations of juvenile characteristics such as tail shape, and the shape and arrangement of spines.. 3.1.1.2 Trematodes. A basic trematode morphology consists of a dorsoventrally flattened body, bilateral. a. symmetry and a definite anterior end. Trematodes are leaf-shaped, possess an oral. ay. sucker around the mouth and a ventral sucker or acetabulum that is used to adhere to host tissue. They have a well-developed alimentary canal with a muscular pharynx and. al. oesophagus. The intestine is usually a branched tube; the main branches may end. M. blindly or open into an excretory vesicle. Trematodes are hermaphrodites, with both male and female reproductive organs in the same individual. The male organs consists. of. of two testes with accessory glands and ducts leading into a cirrus which extends into. ty. the common genital atrium. The female organs consists of a single ovary with a seminal. ve r. ootype.. si. receptacle and vitellaria or yolk glands that connect to the oviduct as it expands into an. ni. 3.1.1.3 Cestodes. U. Adult cestodes are flattened, elongated and consist of segments known as proglottids. The body is divided into a scolex (bears organs of attachment), neck (region of segment proliferation) and a chain of proglottids (strobila). The scolex is characterized by its attachment organs. These organs consist of a rostellum, bothria, or acetabula. A rostellum is a retractable, conelike structure located on the anterior end of the scolex. In some species, the rostellum has hooks. Bothria are long, narrow, muscular grooves that. 20. 

(42) are characteristic of the pseudophyllidean cestodes. Acetabula or suckers are characteristics of cyclophyllidean cestodes. The segments of proglottids near the neck are immature. As the strobila elongates, the segments become mature. Those that are more posterior are gravid, meaning the uteri are full of eggs.. 3.1.1.4 Pentastomids. ay. a. Pentastomid identification uses body shape, hook morphology, annulus number and the position of the female gonophore to distinguish broad, generic identification (Riley,. al. 1986). Considerable emphasis has been placed on the rigid parts of the anatomy such as. M. hooks and copulatory spicules, as these are less susceptible to artifacts (Riley and Self, 1979, 1980, 1981, 1982; Ali et al., 1981, 1982a,b,c,, 1983, 1984a,b, 1985). Female. of. pentastomids provide better identification as males tend to be short-lived, however in. ty. raillietiellids, males become important in specific diagnosis (Ali et al., 1985).. si. The pentastomid body wall is thin and elastic, therefore fixation greatly affect its. ve r. shape, the details of the cephalotorax, ventral aspect, and the lateral aspect, Live pentastomids are fragile, even the slightest puncture will cause deflation and contraction,. ni. which will affect annulus counts. Therefore preservation must be done carefully with. U. 70% alcohol as it has been proven to produce the most consistent results (Riley, 1986). The number of abdominal annuli is frequently used as an important diagnostic character especially in certain porocephalids where differences are marked, but this characteristic is not rigidly determined. In large raillietiellids, variations are evident (Ali et al., 1982a,b,c; 1984a,b). The annulus also can be too close and overlapping, further reducing its diagnostic value. A few factors must be taken into account, such as. 21. 

(43) incomplete annuli, interannular distances, and protocols for the counting procedure in order for annulus counts to be of value.. Hook dimensions is a more reliable diagnostic tool to differentiate between porocephalids and cephalobaenids. Gross hook morphology and hook size has been used extensively as the hooks are tough and heavily sclerotized, therefore unaffected by fixation. They are also easily removed for measurement. Hook size increases with each. ay. a. moult, and this causes problems in determining which the fully-matured adult stage is in order to obtain the correct measurements. However this does not affect the males as. of. 3.1.1.5 Ectoparasites – Ticks and Mites. M. al. they have copulatory spicules.. ty. Geckobia mites are described as having a dorsal scutum, short eyes, mouth parts almost wholly exposed on the anterio-dorsal surface of the body, and coxae armed with. si. spurs. Very little is known about mite transmission within the host population. They are. ve r. motile in the larval stage, but once they reach adulthood, they become sessile and will stay at the same place on the host’s body unless forcibly removed or transferred to. U. ni. another host during fights or mating between the hosts.. Mite identification was performed by studying identifying characteristics, the. palpal, idiosomal and leg setation follows Granjeans's nomenclature (Grandjean, 1939; 1944: 1946) as implemented for Pterygosomatidae by Bochkov and O’Connor (2006), Bochkov et al. (2006) and Paredes-León et al. (2013).. 22. 

(44) 3.1.3 Basic life cycles of gecko parasites – possibility of zoonotic potential.. Oxyurid nematodes have a direct life cycle (Anderson, 2000), therefore they do not require an intermediate host. Transmission does occur via fomites sometimes, but generally it is through fecal ingestion. Autoinfection is how a reptile maintains the nematodes, and a dense host population facilitates transmission. Ectoparasitic mites of the genus Geckobia have a direct life cycle where transmission is from gecko to gecko. ay. a. (Bauer et al., 1990). Adult mites are sessile; therefore they have a small window during the early larva stage to infest their gecko hosts. Both of these parasites, albeit having. al. different mode of living, share one factor in their transmission. Their transmissions are. M. closely dependant on the density of the host population they parasitize. The higher the. of. density of a host population is, the easier the transmission of parasites.. ty. Trematodes have a complex life cycle, requiring two invertebrates as intermediate hosts in order to complete its life cycle. The first intermediate host is. si. usually a freshwater mollusc, followed by a second intermediate host which is usually. ve r. an insect. A life cycle study of the gecko trematode (Paradistomum geckonum) used a terrestrial gastropod (Lamellaxis gracilis) as the first intermediate host while the second. ni. intermediate host was unnecessary as the larvae from the gastropod was fed directly to. U. the geckos (Kennedy et al., 1987a).. Depending on the families, cestodes may have a simple or complex life cycle. Most lizard cestodes have a simple life cycle, requiring only one intermediate host. Among suitable intermediate hosts for linstowiid cestodes are tenebrionids (Cestrinus punctatissimus), cockroach Platyzosteria melanaria, the dermestid Anthrenocerus. 23. 

(45) australis and the carabs Mecyclothorax ambiguous, Promecoderus gibbosus, and Homothes guttifer (Hickman, 1963). The intermediate hosts consumed fecal matter infected with the oncospheres of the cestodes. The oncosphere then enters the hemocoel where it develops into cysticercoids, which after a certain amount of time (21 days in the case of Oochoristica vacuolata), it will become a fully developed larva (Hickman, 1963). Lizards consumed the infected intermediate hosts, where the larva then continues its life cycle. Gravid proglottids are passed through fecal matter and the cycle repeats. ay. a. itself.. al. Pentastomids can have a simple or a complex life cycle, depending on its final. M. host. Gecko pentastomids usually require one invertebrate intermediate host in order to complete its life cycle (Ali & Riley, 1983). The cycle started when eggs are expelled. of. from an infected reptile, and these eggs are ingested by coprophagial insects such. ty. cockroaches (Lavoipierre & Lavoipierre, 1965). The eggs then hatched inside the gut of the insect (cockroach) and underwent two moults to become an infective third stage. si. larva. After ingestion of a cockroach by a reptile, the larvae then burrows into the. ve r. stomach to the lungs and undergoes further moults and finally matures into adulthood. Copulation is a once-in-a-lifetime event, when both males and females are of the same. U. ni. size.. Life cycle studies may provide hints to the possibility of parasites becoming. zoonotic. There are records of pentastomid Raillietiella infecting humans (Dollfuss & Canet, 1954; Tappe et al., 2016). The nematode Thelandros is also speculated to be capable of infecting humans due to its similar morphology to human parasites and for sharing its habitat with humans (Ameh & Ajayi, 2005). And as oxyurid nematodes have. 24. 

(46) similar life cycle (autoinfection), there is the possibility of accidental infection in humans, especially to those with weak immune system. Pterygosomatid mites have been reported to spread blood-borne parasites (Walter & Shaw, 2002) albeit to other reptiles,. U. ni. ve r. si. ty. of. M. al. ay. a. however the possibility of accidental zoonotic infection exists.. 25. 

(47) Table 3.1 Examples of Known Intermediate Hosts.. Pentastomid. Insects. Known Intermediate Hosts. Authors. Periplaneta americana P.australasiae Supella longipalpa Neostylopyga rhombifolia Lupparia notulata, Blattela germanica Pycnoscelus surinamensis Cotinus nitida (Coleoptera) Phlebotomus dubosqi (Diptera: Psychodidae) Ephemera strigata (Ephemeroptera) Cephalotes atratus (Hymenoptera) Lasius niger Tapinoma sessile (Formicidae) Cestrinus punctatissimus (Coleoptera) Platyzosteria melanaria (Blattodea), Anthrenocerus australis, Mecyclothorax ambiguous, Promecoderus gibbosus, Homothes guttifer (Coleoptera) Trithemis annulata, Crocothemis erythraea, Anax imperator, A. parthenope (Odonata). Jeffrey et al., 1985. Stewart & Kent (1963). ay. Nematode. Potential Intermediate Hosts Cockroach, beetles. a. Parasite. Hering-Hagenbeck et al.,2000). si ve r Molluscs, insects. Padgett & Boyce (2005). Hickman, 1963. Macy (1964). U. ni. Trematode. Hughes et al., 2008. of. Insects, copepod. ty. Cestode. M. al. Hirasawa et al.,(2004). 26. 

(48) 3.1.4 Host specificity in gecko parasites. For most parasites, their hosts must be very specific, or their life cycle will reach an untimely end. These specialists face tremendous challenges in order to ensure their species survival; however they maximize their chances, developing specialized adaptations in order to ensure host colonization. For generalists however, this problem is minimized as the parasites are able to occupy a range of hosts, provided they fulfill. ay. a. certain criteria required by the parasites (i.e. hosts belonged to the same family ie Skrjabinodon sp. only infecting the saurids; same mode of living or habitat ie. al. coprophagial behavior in insects such as flies, cockroaches and coprophagic beetles. M. (Graczyk et al., 2005; Huber et al., 2007). Previous literatures have shown that the parasite species obtained are not host-specific. Some parasite species may even use. of. amphibians or snakes as its final host and still manage to produce viable eggs in order to. ty. continue its existence, as in the case of the pentastomid Raillietilla frenatus. It has been found in toads (Kelehear et al., 2013), skinks (Riley et al., 1991), iguanas (Almeida et. U. ni. ve r. si. al., 2008), anoles (Barton & Riley, 2004) and snakes (Goldberg et al., 2005).. 27. 

(49) Table 3.2 Examples of host diversity in reptilian parasites.. Postorchigenes ovatum. Gehyra mutilata and Hemidactylus frenatus (Gekkonidae) Sphenomorphus jobiensis (Scincidae) Oedura robusta (Gekkonidae) Hoplodactylus maculates (Gekkonidae) Nephrurus laevissimus (Gekkonidae) N. levis N. vertebralis Mabuya dorsivittata (Scincidae) Hemidactylus mabouia (Gekkonidae) Mabuya varia (Scincidae) M. striata Gonatodes albogularis (Gekkonidae) Hemidactylus garnotii (Gekkonidae) Egernia stokesii Agama mossambica (Agamidae). M. U. ni. ve r. si. ty. of. Skrjabinodon sp.. Thelandros sp.. Scholz & Ditrich, 1991 Matsuo & Oku, 2002 Scholz & Ditrich, 1991 Qu & Gong, 1994 Chakravorty & Manna, 1982 Matsuo & Oku, 2002 Goldberg & Bursey, 2001 Goldberg et al., 2005a. al. Oochoristica javaensis. Authors Csurhes & Markula, 2009. a. Paradistomum geckonum. Known Hosts Hemidactylus frenatus (Gekkonidae) Hemidactylus platyurus and H. frenatus (Gekkonidae) Gehyra mutilata (Gekkonidae) Mabuia multifasciata (Scincidae) Pipistrellus abramus (Mammal) Hemidactylus flaviviridus (Gekkonidae) H. platyurus (Gekkonidae) H. frenatus (Gekkonidae). ay. Parasite Species Geckobia bataviensis. Goldberg et al., 2005b Jones, 2013 Bursey & Goldberg, 1999b. Vicente et al., 2002 Hering-Hagenbeck & Boomker, 2000 Bursey & Brooks, 2010. Hallas et al., 2005 Hering-Hagenbeck & Boomker, 2000. 28. 

(50) Pharyngodon sp.. Bursey & Brooks, 2010 Hering-Hagenbeck & Boomker, 2000 Bursey & Goldberg, 1999 Ali et al., 1981, 1983, 1984 Anjos et al., 2008 Kelehear, Brown and Shine, 2013 Riley et al., 1991 Almeida et al., 2008 Barton & Riley, 2004 Goldberg et al., 2005. al. Raillietiella frenatus. Hering-Hagenbeck & Boomker, 2000. a. Hemidactylus mabouia (Gekkonidae) Mabuya quinguetaeniata (Scincidae) M. striata M. sulcata sulcata Pachydactylus bibronii P. turneri Phyllodactylus tuberculosus (Gekkonidae) Agama culeata culeata (Agamidae) Gehyra oceanica (Gekkonidae) Hemidactylus frenatus (Gekkonidae) H. mabouia Rhinella marina (Bufonidae). ay. Table 3.2, continued Spauligodon sp.. of. M. Mabuya perrotetti (Scincidae) iguanas anoles snakes Gekko monarchus (Gekkonidae) Hemidactylus frenatus (Gekkonidae) Gehyra mutilata (Gekkonidae) Mabuya homalocephala (Scincidae). Ali et al., 1981, 1983, 1984 Ali et al., 1981, 1983, 1984 Ali et al., 1981, 1983, 1984 Pence & Canaris, 1973. U. ni. ve r. R. gehyrae. si. R. hemidactylii. ty. R. monarchus. 29. 
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