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The ectoparasites of bats in Sakaerat Biosphere Reserve, northeastern Thailand were
studied during June 2013 to May 2014. Altogether,66 bats were captured using mist nets
and investigated for their ectoparasites. Of these, 21 individuals of 4 bat species were
infested with ectoparasites (31.82%) i.e. Hipposideros larvatus, Rhinolophus affinis, Myotis
muricola and Cynopterus sphinx. A total of 64 ectoparasites were collected from bats
belonging to 4 families, 7 genera and 7 species i.e. Brachytarsina sp. (n = 28), Raymondia
sp. (n = 21), Nycteribia sp. (n = 2), Phthiridium sp. (n =4), Cyclopodia sp. (n = 2),
Spinturnix myoti (n = 6) and Ixodessimplex (n = 1). Number of parasite loads among bat
species was not different (H = 1.45, df = 3, p = 0.69). Mean intensity of infestation of
ectoparasites on bats ranged from 1 to 4.2. The highest Sorenson’s similarity index of
ectoparasites was found between Hipposideros larvatus and Rhinolophus affinis (0.67).The
Brillouin diversity index of ectoparasites on bats ranged from 0 t00.56 whereas the
Brillouin evenness index ranged from 0.71 to 1.
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Introduction

Ectoparasitesare organisms which live and feed on external surfaces
of other organisms. They feed on various animal hosts; both domestic
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animals and wildlife (Hopla et al., 1994). Most mammals are well known
harborers of ectoparasites, especially small mammals and bats (Ritzi and
Whitaker, 2003).

Bats are high mobile animalsand have broad distribution. Several bat
species can live together with thousands of individuals in one cave (Findley,
1993). These make them natural reservoirs of many ectoparasites such as
ticks, mites, chiggers, bugs, fleas and flies (Dick et al., 2003). Many
ectoparasites of bats are potential vector-borne which transmit numerous
diseases to other animals both wildlife and domestic animals.

Bats are  excellent models for  studyinghost-parasite
relationshipbecause their taxonomy and behaviours are extremely diverse
(Kurtaet al., 2007). In Southeast Asia, about 30% of total bat species in the
world were documented (320 species) (Kingston, 2010). However, there is a
lack of data on ectoparasites associated with bats in tropical regions,
particularly in Southeast Asia (Krichbaum et al., 2009).Hence, studying
host-parasite relationship between bats and their ectoparasites is important
information in biology, systematics and phylogeny of their hosts (Fritz,
1983). Moreover, data on ectoparasites of bats are needed to determine their
role as vectors of zoonotic pathogens (Kim et al., 2012).

Obijectives: The objectives of this study were to identify and quantify
rates of infestation of ectoparasites related to bat species in Sakaerat
Biosphere Reserve, northeastern Thailand.

Materials and methods
Study area

Sakaerat Biosphere Reserve (SBR) is located in Nakhon Ratchasima
province, northeastern Thailand (14° 30" N, 101° 51' E) (Fig 1). The
approximate area is 80 km?. The elevation ranges from 250 to 762 m above
sea level. Average maximum temperature was 35°C, average minimum
temperature was 16°C andthe annual precipitation was 1,200 mm. SBR has
a tropical climate and three distinct seasons; the summer (March-May), the
rainy season (June-October) and the winter (November-February). The main
vegetation types in SBRare dry evergreen and dry dipterocarp forests. Dry
evergreen forest covers 60% anddry dipterocarp forest covers 18% of the
station area. Other vegetation types in the station include bamboo forest,
plantation forest and grassland(Sakaerat Biosphere Reserve, 2013).
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Fig. 1.Sampling plots and location of Sakaerat Biosphere Reserve (SBR), northeastern
Thailand; (®) study plots: DEF = dry evergreen forest, DDF = dry dipterocarp forest

Data collection

Bats were captured at eight sampling sites in SBR. At each sampling
site, two mist nets (9.4 m long x 2.5 m high, 25 mm mesh size, 4 shelves)
were set up at ground level (2.5 m high) and two more others were set up at
a higher level (5 m high). Nets were placed at flyways of bats such as
ponds, open trails and gaps, operated for six hours from 18.00 to 24.00 and
checked every 30 minutes.Bats were captured from June 2013 to May 2014.
The total trapping effort, calculated according to Aguirre (2002), was
81,216 net meter hours (nmh).

Captured bats were kept in individual cloth bags and sent to field
laboratory in SBR. Subsequently, bats were identified to species level,
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followingFrancis (2008).Ectoparasites were directly collected from captured
bats using forceps and a fine toothbrush. In addition, the cloth bags were
examined for ectoparasites that moved off the bats. The collected
ectoparasites were preserved in vials containing 70% ethyl alcohol.
Ectoparasites were mounted on glass slides in polyvinyl alcohol
(PVA)(Millar et al., 1999). These, ectoparasites were identified following
the method put forward byArthur (1956), Maa(1962) and Uchikawa et al.
(1994).After processing, bats were released at the capture sites. The study
was performed under the approval of the Suranaree University of
Technology Animal Care and Use Committee.

Data analysis

Brillouin diversity index (HB)was used to quantify diversity of
ectoparasites among hosts. Brillouin evenness index (E) was used to
quantify  equitability of ectoparasites among hosts (Magurran,
1988).Similarity in ectoparasites assemblages among hosts was compared
using Sorenson’s coefficient (CC) (Krebs, 1998).Kruskal-Wallis H-test was
used to examine differences in parasite loads among bat species. The
prevalenceof infestation by ectoparasites was calculated as number of
infested hosts per number of examined hosts and was expressed as a
percentage.The mean intensity of parasitism was examined asnumber of
parasites per number of infested hosts(Bush et al., 1997).The ecology
indices and statistical analyses were performed using PAST 3.02a (Hammer
et al., 2001).The parasitism parameters were calculated using The
Quantitative Parasitology 3.0 software (R6zsa et al., 2000).

Results

Altogether 66 individuals of 9 bat species were investigated for
ectoparasites. Of these, 21 individuals of 4 bat species were infested with
ectoparasites (31.82% of total captured bats), including Hipposideros
larvatus, Rhinolophus affinis, Myotis muricola and Cynopterus
sphinx.Noectoparasite was found on Hipposideros diadema,Megaderma
spasma, Chaerephon plicata,Cynopterus brachyotis andMegaerops
niphanae (Table 1).
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Tablel Number of infested hosts and prevalence of ectoparasites of captured batsin SBR,
northeastern Thailand

Host species No. captured bats No. infested hosts Prevalence (%)

Hipposideros larvatus 23 11 47.83
Hipposideros diadema 4 - -
Megaderma spasma 6 - -
Chaerephon plicata 3 - -
Rhinolophus affinis 5 5 100
Myotis muricola 4 3 75
Cynopterus sphinx 10 2 20
Cynopterus brachyotis 2 - -
Megaerops niphanae 9 - -
Total 66 21 31.82

A total of 64 individuals of ectoparasites were collected from batsin
SBR, representing 3orders i.e. orders Diptera, Mesostigmata and
Parasitiformes. The order Diptera comprised of Brachytarsina sp. and
Raymondia sp. of family Streblidae and Nycteribia sp., Phthiridium sp. and
Cyclopodia sp. of family Nycteribiidae. The order Mesostigmata contained
Spinturnix myotiof family Spinturnicidae and the order Parasitiformes
contained Ixodessimplexof familylxodidae(Table 2).

Table 2 Prevalence, mean intensity, Brillouin diversity index (HB) and Brillouin evenness

index (E) of ectoparasites collected on bats in SBR, northeastern Thailand

Host species n  Ectoparasite n Host Mean Prevalence HB E
taxon infested intensity (%)

Hipposideros 23 Brachytarsina 22 11 2 47.83 0.56 0.71

larvatus sp.
Nycteribia sp. 2 1 8.7
Phthiridium 4 4 1 17.39
sp.

Rhinolophus affinis 5  Brachytarsina 6 2 3 40 0.47 0.79
sp.
Raymondiasp. 21 5 4.2 100

Myotis muricola 4 Spinturnix 6 3 2 75 0 1
myoti

Cynopterus sphinx 10 Cyclopodiasp. 2 2 1 20 0.37 1
Ixodes simplex 1 1 1 10

Total 42 64 30 - - - -
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Mean intensity of infestation of ectoparasites on bats ranged from
0.75 to 2.7. However, numbers of parasite loads among bat species were not
different (H = 1.45, df = 3, p = 0.69). The similarity of ectoparasites of
Hipposideros larvatus and Rhinolophus affinis was 0.67. The sample sizes
of other bat species did not allow for investigation of the similarity
index.The diversity of ectoparasites on bats ranged from 0 t00.56, whereas
the evenness of ectoparasites ranged from 0.71 to 1 (Table 2).

Discussions
Ectoparasite community and parasitism parameters

In total, 64 individuals in 7 species of ectoparasites were found on 66
bats in SBR, comprising bat flies (n = 57), mites (n = 6) and tick (n = 1).
Only one ixodid tick recorded in this study can be regarded as a
contaminant. There were no fleas, chiggers and bat bugs which were
reported previously from bats in Thailand (Nadchatram and Mitchell, 1965;
Hill and McNeely, 1975;Uchikawa and Kobayashi, 1979). Some
ectoparasites were not found in this study may be because of the low
number of hosts captured. According toChangbunjong et al. (2010)who
surveyed ectoparasites of bats in Kanchanaburi, Thailand, only 2 individuals
of ectoparsites from 23 bats were found.

Bat flies are the most common ectoparasites of bats in this area,
followed by mites. This data corroborate with the study of Autinoet al.
(2011) who reported that mites and bat flies were common ectoparasites on
bats, whereas fleas are rarely observed on bats. Many studies also showed
that bat flies and mites were the most abundant ectoparasites of bats. For
example, Moraset al. (2013) found 14 bat fly species and 9 mite species
from bats in southern Minas Gerais, Brazil. Almeida et al. (2011) sampled
10 bat fly species and 11 mite species from bats in southeastern Brazil.
Bertola et al. (2005) recorded 19 bat fly species from bats in Sdo Paulo,
Brazil. These data confirm that bat flies and mites are the primary
ectoparasites of several bat species.

Although bats are notorious ectoparasite reservoirs, few bats in this
study were infested by ectoparasites (31.82% of total captured
bats).Similarly, other studies in Southeast Asia also showed that there were
low ectoparasites prevalence on bats. For instance, Ahamad et al. (2013)
found that 25.6% of bats in Kelantan, Malaysia were infested with acarines.
Mariana et al. (2008) reported that 7.32% of bats were infested by
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ectoparasites in Kedah, Malaysia.Mean intensity of ectoparasites on bats in
this study varied from 1 to 4.2. There is no data on gquantitative parasitism
of ectoparasites on bats in Thailand.However, Camilotti et al. (2010)
hypothesized that mean intensity increases when competition of
ectoparasites for hosts decreases. Moreover, variations in parasitism rates of
ectoparasites on bats can be influenced by many factors such as temperature
(Marshall, 1982),host shelter (Lewis, 1995;Patterson et al., 2007), roosting
biology (Whiteman and Parker, 2004;ter Hofstede and Fenton, 2005) and
grooming behaviour (Hart, 1994).

Ectoparasites associated with each bat species

Hipposideros larvatus

In the present study, H. larvatus were infested by three species of
ectoparasites i.e. Brachytarsina sp.,Phthiridium sp. and Nycteribia sp..
This bat species was also found to be associated with many ectoparasite
groups. For example, Bush and Robbins (2012) reported that H. larvatus
were infested by Ixodes vespertilionis in southern China. Mariana et al.
(2005) found that H. larvatus were infested by chiggers in Malaysia.
Moreover, Gay et al. (2014) showed that H. larvatus were infested by 15
ectoparasite species. These data confirm that H. larvatus were harbours of
numerous ectoparasite groups.

Rhinolophus affinis

R. affinis in this study were infested by Brachytarsina sp. and
Raymondia sp.. Several studies also recorded that this bat species is
associated with various ectoparasites groups. For example, Kolonin (2003)
recorded that R. affinis was infested by Ixodes simplex in Vietnam. Mariana
et al. (2008) found that R. affinis was infested by chiggers in Malaysia.
Dahal and Thapa (2009) found fleas in family Ischnopsyllidae and bat flies
in families Nycteribiidae and Streblidae fed on R. affinis in Nepal.Gay et al.
(2014) showed that eight ectoparasite species fed on R. affinis. These data
indicate that R. affinis also harbours many ectoparasites groups.

Myotis muricola

There were no records of ectoparasites associated with M. muricola
(Bush and Robbins, 2012;Gay et al., 2014).However,Spinturnix myoti was
found on M. muricola in this study.This is the first record of ectoparasite
associated with Myotis muricola.
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Cynopterus sphinx

In this study, C. sphinxis associated withCyclopodia sp. and
Ixodessimplex. Theodor (1955) reported that bat flies of the genus
Eucampsipoda fed on C. sphinx in India.Rajasekar et al. (2006) reported
that bat flies of the genus Basilia were common ectoparasites of C.
sphinx.These data support that many bat flies of family Nycteribiidae prefer
Old World fruit bats (Dick and Patterson, 2006).

Other remaining bat species

There were no recorded ectoparasites on  Hipposideros
diadema,Megaderma spasma, Chaerephon plicata,Cynopterus brachyotis
and Megaerops niphanae in this study. However,Gay et al. (2014) showed
that H. diadema was associated with 7 ectoparasite species,M. spasmawas
associated with 7 ectoparasite species, C. plicata was associated with 11
ectoparasite species and C. brachyotis was associated with 11 ectoparasite
species.None of these ectoparasites were found on these bats probably
because of the low sample size of hosts. It should be noted that the number
of hosts is important for quantitative study on ectoparasites of bats.

Acknowledgement

The authors thank Sakaerat Biosphere Reserve for permission to use
the areas for research purposes and Royal Forest Department for permission
to study protected wild animals of Thailand. Financial support in this study
was granted by National Research Council of Thailand (NRCT) and
Suranaree University of Technology (SUT).

References

Aguirre, LF. (2002). Structure of a Neotropical savanna bat community.Journal of
Mammalogy 83: 775-784.

Ahamad, M., Ibrahim, H., Bujang, MK., Sah, SA., Mohamad, N., Nor, SM., Ahmad, AH.
and Ho, TM.(2013). A survey of acarine ectoparasites of bats (Chiroptera) in
Malaysia. Journal of Medical Entomology 50: 140-146.

Almeida, JC., Silva, SSP., Serra-Freire, NM. and Valim, MP. (2011). Ectoparasites (Insecta
and Acari) associated with bats in southeastern Brazil. Journal of Medical
Entomology 48: 753-757.

1788



Journal of Agricultural Technology 2015 Vol. 11(8): 1781-1792

Arthur, DR. (1956). The Ixodes ticks of chiroptera (Ixodoidea, Ixodidae). Journal of
Parasitology 42: 180-196.

Autino, AG., Claps, GL., Barquez, RM. andDiaz, MM. (2011). Ectoparasitic insects
(Diptera: Streblidae and Siphonaptera: Ischnopsyllidae) of bats from Iquitos and
surrounding areas  (Loreto, Peru). Memdrias do Instituto  Oswaldo
Cruz106: 917-925.

Bertola, PB., Aires, CC., Favorito, SE., Graciolli, G., Amaku, M. and Pinto-da-Rocha, R.
(2005). Bat flies (Diptera: Streblidae, Nycteribiidae) parasitic on bats (Mammalia:
Chiroptera) at Parque Estadual da Cantareira, Sdo Paulo, Brazil: parasitism rates
and host-parasite associations. Memorias do Instituto Oswaldo Cruz 100: 25-32.

Bush, SE. and Robbins, RG. (2012). New host and locality records for Ixodes simplex
Neumann and Ixodes vespertilionis Koch (Acari: Ixodidae) from bats (Chiroptera:
Hipposideridae, Rhinolophidae and Vespertilionidae) in southern China.
International Journal of Acarology 38: 1-5.

Camilotti, VL., Graciolli, G., Weber, MM., Arruda, JLS. and Céaceres, NC. (2010). Bat flies
from the deciduous Atlantic forest in southern Brazil: host-parasite relationships
and parasitism rates. Acta Parasitologica 55: 194-200.

Changbunjong, T., lJirapattharasate, C., Buddhirongawatr, R., Chewajon, K,
Charoenyongyoo, P., Suwanapakdee, S., Waengsothorn, S., Triwitayakorn, K.,
Chaichoun, K., and Ratanakorn, P. (2010). Ectoparasitic fauna of birds, and volant
and non-volant small mammals captured at Srinakarin Dam, Kanchanaburi,
Thailand. Southeast Asian Journal of Tropical Medicine and Public Health 41:
526-535.

Dahal, S. and Thapa, S. (2010). A report on preliminary study of ectoparasites of bats of
Kathmandu Valley. Tribhuvan University, Nepal.

Dick, CW., Gannon, MR., Little, WE. and Patrick, MJ. (2003). Ectoparasite associations of
bats from Central Pennsylvania. Journal of Medical Entomology 40: 813-8109.

Dick, CW. and Patterson, BD. (2006). Bat flies: obligate ectoparasites of bats. In:
Micromammals and macroparasites: from evolutionary ecology to
management(eds. S. Morand, BR. Krasnov and R. Poulin). Springer-Verlag,
Tokyo: 179-194.

Findley, JS. (1993). Bats: a community perspective. Cambridge University Press,
Cambridge.

Francis, CM. (2008). A field guide to the mammals of Thailand and South-East Asia. Asia
Books, Bangkok.

Fritz, GN. (1983). Biology and ecology of bat flies (Diptera: Streblidae) on bats in the
genus Carollia. Journal of Medical Entomology 20: 1-10.

Gay, N., Olival, KJ., Bumrungsri, S., Siriaroonrat, B., Bourgarel, M. and Morand, S.
(2014). Parasite and viral species richness of Southeast Asian bats: fragmentation

1789



of area distribution matters. International Journal for Parasitology: Parasites and
Wildlife3: 161-170.

Hammer, @., Harper, DAT. and Ryan, PD. (2001). PAST: Paleontological Statistics
Software Package for education and data analysis. Palaeontologia Electronica: 4:
1-9.

Hart, BL. (1994). Behavioural defense against parasites: interaction with parasite
invasiveness. Parasitology 109; 139-151.

Hill, JE. and McNeely, JA. (1975). The bats and bat's parasites of Thailand. U.S. Army
Research and Development Group (Far East), North Carolina.

Hopla, CE., Durden, LA. and Keirans, JE. (1994). Ectoparasites and classification. Revue
Scientifique et Technique 13: 985-1017.

Kim, HC., Han, SH., Dick, CW., Choi, YG., Chong, ST., Klein, TA. and Rueda, LM.
(2012). Geographical distribution of bat flies (Diptera: Nycteribiidae and
Streblidae), including two new records, Nycteribia allotopa and N. formosana,
collected from bats (Chiroptera: Rhinolophidae and Vespertilionidae) in the
Republic of Korea. Journal of Vector Ecology 37: 333-337.

Kingston, T. (2010). Research priorities for bat conservation in Southeast Asia: a consensus
approach. Biodiversity and Conservation 19: 471-484.

Kolonin, GV. (2003). New data on the ixodid tick fauna of Vietnam. Entomological
Review 83: 190-192.

Krebs, CJ. (1998). Ecology methodology (2™ ed). Benjamin/Cummings, California.

Krichbaum, K., Perkins, S. and Gannon, MR. (2009). Host-parasite interactions of tropical
bats in Puerto Rico.Acta Chiropterologicall: 157-162.

Kurta, A., Whitaker, JO.,Jr., Wrenn, W. and Soto-Centeno, A. (2007). Ectoparasitic
assemblages on mormoopid bats (Chiroptera: Mormoopidae) from Puerto Rico.
Journal of Medical Entomology 44: 953-958.

Lewis, SE. (1995). Roost fidelity of bats: a review. Journal of Mammalogy 76: 481-496.

Maa, TC.(1962). Records and descriptions of Nycteribiidae and Streblidae (Diptera).
Pacific Insects 4: 417-436.

Mariana, A., Zuraidawati, Z., Ho, TM., Kulaimi, BM., Saleh, I., Shukor, MN. and
Shahrul-Anuar, MS. (2005). A survey of ectoparasites in Gunung Stong Forest
Reserve,Kelantan,Malaysia. Southeast Asian Journal Tropical Medicine and
Public Health 36: 1125-1131.

Mariana, A., Zuraidawati, Z., Ho, TM., Kulaimi, BM., Saleh, I., Shukor, MN. and
Shahrul-Anuar, MS. (2008). Ticks (Ixodidae) and other ectoparasites in Ulu Muda
Forest Reserve, Kedah, Malaysia. Southeast Asian Journal Tropical Medicine and
Public Health 39: 496-506.

Marshall, AG. (1982). Ecology of insects ectoparasitic on bats. In: Ecology of bats (ed. TH.
Kunz). Plenum, New York: 369-401.

1790



Journal of Agricultural Technology 2015 Vol. 11(8): 1781-1792

Millar, IM., Uys, VM. and Urban, RP. (1999). Collecting and preserving insects and
arachnids: a manual for entomology and arachnology. Ultra Litho, Johannesburg.

Moras, LM., Bernardi, LFO., Graciolli, G. andGregorin R. (2013). Bat flies (Diptera:
Streblidae, Nycteribiidae) and mites (Acari) associated with bats (Mammalia:
Chiroptera) in a high-altitude region in southern Minas Gerais, Brazil. Acta
Parasitologica 58: 556-563.

Nadchatram, M. and Mitchell, CJ. (1965). New bat chiggers from Thailand and the
Solomon Islands with notes on the subgenus Vercammen-Grandjean (Acarina:
Trombiculidae). Journal of Medical Entomology 2: 70-74.

Patterson, BD., Dick, KW. andDittmar, K. (2007). Roosting habits of bats affect their
parasitism by bat flies (Diptera: Streblidae). Journal of Tropical Ecology 23:
177-189.

Rajasekar, R., Chattopadhyay, B. and Sripathi, K. (2006). Depositing masticated plant
materials inside tent roosts in Cynopterus sphinx (Chiroptera: Pteropodidae) in
Southern India. Acta Chiropterologica 8: 269-274.

Ritzi,CM.,and Whitaker, JO., Jr. (2003). Ectoparasites of small mammals from the
Newport Chemical Depot, Vermillion County, Indiana. Northeastern
Naturalist 10:149-158.

Rézsa, L., Reiczigel, J. and Majoros, G. (2000). Quantifying parasites in samples of hosts.
Journal of Parasitology 86: 228-232.

Sakaerat Biosphere Reserve (2013). Sakaerat Environmental Research Station
environment.  Available:  http://www.tistr.or.th/sakaerat/SakaeratE/index.php
(accessed July, 2013).

ter Hofstede, HM. and Fenton MB. (2005). Relationships between roost preferences,
ectoparasite density, and grooming behaviour of neotropical bats. Journal of
Zoology 266: 333-340.

Theodor, O. (1955). On the genus Eucampsipoda, Kol and Dipseliopoda, n.g.
(Nycteribiidae, Diptera). Parasitology45: 195-229.

Uchikawa, K. and Kobayashi, T.(1979). A contribution to the ectoparasite fauna of bats in
Thaland 1. fur mites of the family Myobiidae (Acarina; Trombidiformes).
Acarologia 20: 368-384.

Uchikawa, K., Zhang, M-Y., O’Conner, BM. and Klompen, H. (1994). Contribution to the
taxonomy of the genus Spinturnix (Acari: Spinturnicidae), with the erection of a
new genus, Emballonuria. Folia Parasitologica 41: 287-304.

UNESCO -United Nations Educational, Scientific and Cultural Organization
(2009).Biosphere reserves directory.
Available:http://wwwz2.unesco.org/mab/br/brdir/asia/ Thailandmap.htm (accessed
July, 2013).

1791



Whiteman, NK. andParker, PG.(2004). Effects of host sociality on ectoparasite population
biology. Journal of Parasitology90:939-947.

1792



