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CHAPTER|

INTRODUCTION

1.1 Introduction

All organisms have a unique role or functionan ecosystem, commonly called
“ecological niche” (Grinnell, 1917; Hutchinson, 195 The ecological niche is the
position or role of an organism in its environmet¢fined by such factors as foods,
predators, habitat, and temperature requirementsok®r et al., 2008). Each species
occupies an ecological niche which is the set gbueces it requires as well as its
influence on the environment and other specieshdjgarameters of different species
may overlap and organisms may compete with othecisp for the resources they have
in common. If two species are very similar, theiches will overlap resulting in
competition (Wessells and Hopson, 1998). Specieg mduced competition between
each other by reduced the resource partitioningnaterial change, activity time
changes, and morphological adaptations. Good exesmgfl these phenomena can be
found in carnivore communities (de Almeida Jacatnal ., 2004).

Carnivore communities often exhibit nicheedap because of the scarcity of major
prey species, thus many carnivore families suchUesidae (bears), Mephitidae
(skunks), Herpestidaémongooses), and Viverridae (civets, binturongsdimgs, and
genets) are adapted for feeding on a variety ofldoiekagul and McNeely, 1977).
Carnivores generally eat other animals, althoughaiicarnivores eat meat only; many

are omnivores (Vaughaat al., 2000). Many carnivore species avoid niche opew#h



other species by changing their food preferencen famimals to plants (Lekagul and
McNeely, 1977).

Viverrids are small to medium size (0.6-2f) &arnivores with short legs and a long
tail. They comprise 19 genera and 39 species, ynosthe family Viverridae (Vaughan
et al., 2000). Most species have well developed scesmdgl (excepPrionodon and
male Arctogalidia) which are used to mark their territories andaattthe opposite sex
during the breeding season (Lekagul and McNeely,7L9The substances from these
glands are used as raw materials to produce soperiefmes (Dannenfeldt, 1985).

Viverrids live in forest, brush, and grasslahabitats and sometimes can be found
near human habitations. Most are nocturnal andasplanimals. They sleep during the
day and become active at night (Mudappa, 2006)y Ekbibit a variety of lifestyles and
adaptations. For example, some species are excelietbers which forage in trees,
while many species live and forage on the grourmbigharet al., 2000).

Viverrids are primary carnivores in food wethekagul and McNeely, 1977) and
play important roles in tropical rain forest ecdsyss, as predators, prey, and seed
dispersers (Rabinowitz, 1991). They eat variousi$oguch as birds, snakes, rats, frogs,
fishes, and insects (Schreilatral., 1989). They also eat some fruits and plants ssch
coffee berries. Coffee beans that have passedghrtheir digestive systems are called
Kopi Luwak and well-known for being a very expersioffee with a unique taste and
aroma in Indonesia (Marcone, 2004).

One step in understanding community orgdimasof carnivores is to measure the
niche overlap of carnivore species in a commurlitye most common resource use to
calculate niche overlap are food and habitat. Meeeainderstanding the niche of a
species within a community requires information wbfeeding relationships, habitat

use, and reproductive biology (Masdi al., 1993). The objective of this study is to



investigate the diet and habitat use of viverrilsSSakaerat Environmental Research
Station, Nakhon Ratchasima province. The data ftloisi study will provide a better

understanding of the ecology of the sympatric vidsrin Thailand.

1.2 Resear ch objectives

1.2.1 To investigate the seasonal diet compaséial food niche breadth of the
viverrids at Sakaerat EnvironmeRakearch Station.
1.2.2 To compare the food niche overlaghefitiverrids between seasons.

1.2.3 To determine habitat use and distioloubf the viverrids at SERS

1.3 Scope and limitations of the study

1.3.1 Scats were collected in the study,areee a month and during 12 months
period from January to Decembe&&0

1.3.2 The diet composition was classified 6 categories i.e., small mammals,
arthropods, herpetofaunas, birds, fruits, @ther.

1.3.3 Habitat use of viverrids at the SBRSS classified into 4 types i.e., dry

evergreen forest, dry dipterodamnest, bamboo forest, and plantation forest.

1.4 Expected results

This study will provide some information aboutti¢ species of viverrids occur
at SERS, 2) the food niche and diet compositiothefviverrid group, 3) the relationship
between environmental factors and diets of thervid®, and 4) the habitat use and
distribution of the viverrids which can be appliéol ecological conservation and

management at Sakaerat Environmental ResearchrSiatihe future.



CHAPTERIII

LITERATURE REVIEWS

2.1 The concept of ecological niche

Ecological niche is a term for the position of ae@ps within an ecosystem,
describing both the range of conditions necessarpérsistence of the species, and its
ecological role in the ecosystem (Grinnell, 19174jtdhinson, 1957). Each species
occupies an ecological niche which is a set oftaalbésources for a species requires as
well as its influence on the environment and o8pacies (Wessells and Hopson, 1998;
Brookeret al., 2008). An organism’s niche is determined bottphysical factors such
as light, temperature, pH, and by biological fagtemch as food, diseases, and predators.
The segregation of these niche dimensions may pénmipartitioning of resources and
thus the ecological coexistence of species (de Wlandacomeet al., 2004). If two
organisms are very similar, their niches will oegrlwhich results in competition.
Competitors vie for the same limited resources @&ks and Hopson, 1998).

Ecologists distinguish two types of nichéeTrange which a species could occupy
in the absence of interference from other spedats i“fundamental niche”. The range
to which it is confined by competitors or predatasts “realized niche” (Hutchison,
1957). Under serve competition, a species may wsdya very narrow part of a resource

spectrum and has a small realized niche (BeebBamuhan, 1997).



The study of resource overlap is important Understanding niche relationships,
competitive processes, predations, and the infeetitat mammals exert on natural and
cultivated ecosystem (Kauhaeh al., 1998). There is evidence of strong competition
among the species in carnivore communities. (Hesten and Macdonald, 1992;
Palomarest al., 1996). Differences between sympatric carnivgrecgs in the use of
trophic, temporal, and spatial niches have beeajquiptly used to describe and explain
community structure (Rabinowiz and Walker, 1991ps¢levidence for this was based
on preliminary studies on patterns of resource laperThus, the study of resource
overlap between sympatric carnivore species mayahbgseful way to deepen the
knowledge of interactions and potential current petition of different carnivore

species (Barrientos and Virgds, 2006).

2.2 Family Viverridae

The family Viverridae is the basal stocklué Feloidae. Viverridae is divided into 7
subfamilies, 19 genera, and 39 species, includingf ahe genets, the binturong, most
of the civets, and the four linsangs. The taxonaifthis family is still uncertain due to
a lack of clearly derived features defining it (\ghanet al., 2000). The viverrids are to
a diverse family of small and medium carnivoresyfBatet al., 2002). They occupy
various habitats in open biotopes (grassland, sa)amain forests, logged forest, and
sometimes they can be found near human habitat{@uon, 2002). They have
diversified into a variety of biological roles suak predators, prey, and seed dispersers

(Rabinowitz, 1991).



2.3 Classification and diversity of viverrids

The exact number of viverrid species, omesgbspecies, is not yet known, and the
systematic arrangement of the seven main vivemaadigs differ in recent publications
(Schreiberet al., 1989).

Subfamily Viverrinae

The subfamily Viverrinae includes some methisized ground livingpecies
such as civets (gentsverra), but also genera adaptedato arboreal life (especially the
linsangs of the genwRoiana). Osbornictisis a monotypic aquatic genus.

Genus Viverra

Large Indian civeMjverra zibetha) (Linnaeus, 1758)

Malayan civet\(iverra tangalunga) (Gray, 1832)

Malabar civet\(iverra civettina) (Blyth, 1862)

Large-spotted civeYiverra megaspila) (Blyth, 1862)

Genus Civettictis

African civet Civettictis civetta) (Schreber, 1776)

Genus Viverricula

Small Indian civet\iverriculaindica) (Desmarest, 1817)

Genus Genetta

Haussa genet or Thierry's gertatrietta thierryi) (Matschie, 1902)

Abyssinian genet or Ethiopian gereérietta abyssinica) (Ruppell, 1836)

Johnston’s geneBénetta johnstoni) (Pocock, 1907)

Angolan geneQ@enetta angolensis) (Bocage, 1882)

Small-spotted genet or common gef&@Engtta genetta) (Linnaeus, 1758)

Panther genet or rusty-spotted ge@Gehétta maculata) (Gray, 1830)

Cape genet or large-spotted gef@enétta tigrina) (Schreber, 1776)



Servaline geneGeénetta servakna) (Pucheran, 1855)
Giant genetGenetta victoriae) (Thomas, 1901)
Bourlon's geneGenetta bourloni) (Gaubert, 2003)
Crested servaline genet or crested gépmtefta cristata) (Hayman, 1940)
Pardine geneGgnetta pardina) (I. Geoffroy Saint-Hilaire, 1832)
King genetGenetta poensis) (Waterhouse, 1838)
Genus Oshornictis
Aquatic genetdsbornictis piscivora) (J. A. Allen, 1919)
Genus Poiana
African linsangRoiana richardsoni) (Thomson, 1842)
Leighton's linsandgPpiana leightoni) (Pocock, 1908)
Subfamily Prionodontinae
The subfamily Prionodontinae includes 2 specidmeing. Both linsangs formerly
were placed in the subfamily Viverrinae, but recergearch suggests that their actual
relationships may be somewhat different. The ligsamre remarkable for their
morphological resemblance to cats, family Felidabkich is greater than in the other
viverrids. However, DNA analysis indicates that hihe linsangs are true viverrids
closely related to the genets, they are not andimsgad be the closest living relatives
of the Felidae family.
Genus Prionodon
Spotted linsangRrionodon pardicolor) (Hodgson, 1842)

Banded linsandP(ionodon Zinsang) (Hardwicke, 1821)



Subfamily Paradoxurinae

The palm civets and their allies form a sutfy which is, with the exception of the
Afrotropical genusNandinia (African palm civet), confined to the rain foresfstropical
Asia. Most species are arboreal and largely frugius.

Genus Arctictis

Binturong Arctictis binturong) (Raffles, 1821)

GenusArctogalidia

Small-toothed palm civeAilctogalidia trivirgata) (Gray, 1832)

Genus Paradoxurus

Common palm civePéradoxurus hermaphroditus) (Pallas, 1777)

Brown palm civet or Jerdon's palm civearadoxurus jerdoni) (Blanford, 1885)

Golden palm civeParadoxurus zeylonensis) (Pallas, 1777)

Mentawai palm civeParadoxurus Zignicolor) (Miller, 1903)

Genus Paguma

Masked palm civePgguma Zarvata) (Hamilton-Smith, 1827)

Genus Macrogalidia

Sulawesi palm civeMacrogalidia musschenbroekii) (Schlegel, 1877)
Subfamily Hemigalinae

The four genera classified as Hemigalinaatain some of the most elusive
viverrids. All are inhabitants of Southeast Asiamrforests. The otter civets dwell near
rivers and are to a large extent aquatic.

Genus Hemigalus

Banded palm civeHgmigalus derbyanus) (Gray, 1837)

Genus Chrotogale

Owston’s palm civeQhrotogal e owstoni) (Thomas, 1912)



Genus Diplogale

Hose’s palm civeQ)iplogale hosei) (Thomas, 1892)

Genus Cynogule

Otter civet or sunda otter civ€yfogal e bennettii) (Gray, 1837)
Subfamily Fossinae

The subfamily Fossinae is confined to Madagastsworily species exhibits several
phylogenetically primitive characteristics and mapow some affinities to the
Hemigalinae. Sometimes, the fanalouc (subfamilyl&nmae) is also included in the
Fossinae.

Genus Fossa

Malagasy civetHossa fossana) (P. L. S. Muller, 1776)
Subfamily Euplerinae

The fanalouc has a specialized way of life, feegireglominantly on earthworms.

Genus Eupleres

FanaloucHupleres goudotii) (Doyére, 1835)
Subfamily Cryptoproctinae

The fossa is the largest predator in Madzgyga$Some aspects of its morphology are
reminiscent of a cat species, a phenomenon whisheliaited much debate among
taxonomists.

Genus Cryptoprocta

Fossa(ryptoprocta ferox) (Bennett, 1833)

Notes from Lekagul and McNeely (1977); Schreileeal. (1989); IUCN (2008).
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2.4 Viverridsin Thailand

The viverrids in Thailand can be classifiatb 3 subfamilies, 9 genera, and 11

species (Lekagul and McNeely, 1977).

Table 1 Viverrids in Thailand (Lekagul and McNeely, 1977).

Subfamily

Scientific name

Common hame

1. Paradoxurinae

Arctictis binturong
Paradoxurus hermaphroditus
Paguma lavata

Arctogalidiatrivirgata

Binturong
Asian palm civet

Masked palm civet

Small-toothed palm civet

2. Viverrinae

Priondon linsang
Priondon pardiccolor
Vivera megaspila
Viverra zibetha

Viverricular indica

Banded linsang
Spotted linsang
Large-spotted civet
Large Indian civet

Small Indian civet

3. Hemigalinae

Cynogal e bennettii

Hemigal us derbyanus

Otter civet

Banded palm civet

2.5 Some ecological aspects of viverrids

M or phology

The family Viverridae is extraordinarily @irse families of mammals, and include
species adapted to terrestrial, aquatic, fossoaiad], arboreal life. They are small to
medium size (0.6-20 kg) carnivores with short leddsnder bodies, and a long tail. The

fur is short. The snout is pointed and the earesret. Most have five toes on each paw,
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though some may be lacking the hallux or pollelath. The claws are less developed
than in the Felidae, and may be retractile, noracéte, or partially retractile, with claw
sheaths or without (Lekagul and McNeely, 1977).

The skull has a moderately long rostrum. Tgremolars are large and the
carnassials are usually trenchant. The upper malars¢ritubercular and are wider than
they are long, the lower molars have well develofdnids. The dental formula is
generally 3/3, 1/1, 3-4/3-4, 2/2 = 36-40 (Vauglenal., 2000).

Viverrids are the only carnivores with scgtnds (perfume glands between the
anus and the genital organs) that produce a ssomeling substance used for defense,
territory marking, and sexual communication. Thgiseds are most developed in civets
and genets (exceprionodon and maléArctogalidia) (Lekagul and McNeely, 1977).

Behavior

Viverrids are generally solitary, althougbnse may live in pairs or small groups.
Most are nocturnal animals. They sleep during thg dnd become active at night
(Mudappa, 2006). They exhibit a variety of lifestyland adaptations for example; the
common palm civet is almost exclusively arboredle Btter civet and the aquatic genet
live near rivers and streams (Vaugtetal., 2000).

Most viverrids mark territories and treermiaes with scent secretions. They also
deposit feces on rocks, topping them with scentesiens to advertise ownership. Some
species can produce sounds, including hisses, lssreand coughs. Some breed
throughout the year. Others breed during certaas@es. Some may give birth two or
three times a year. The average litter size istwibiree kittens. Kittens are born with a
full coat. Males do not share in parenting (Lekagudl McNeely, 1977; Vaugha al.,

2000).
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Habitat and distribution

Viverrids occupy tropical rain forests thmbvide canopies. They also inhabit tall
grasses and thick brush for cover. Some preferamed, while others live near rivers
and streams. Although these animals are a forestlelwsome have come to favor
living near areas of human habitation (@gl2002).

Viverrids are confined to the Old World, khe center of their distribution is in
tropical and southern temperate areas, as wetbas New Guinea and Australia. They
do not occur, even as fossils, in the New Worlduitaanet al., 2000).

Diet

Viverrids are primary carnivores in food wefllhey eat a variety of foods such as
rodents, insects, reptiles, frogs, birds, crabgsegnd carrion (dead and decaying flesh).
They tend to be generalist feeders exploiting sewidriety of resources and sometimes
switching between prey types in order to buffectiiations in abundance that inevitably
occur (Hanskiet al., 1991). They may also eat some fruits and plasush as coffee,
berries, fruits, and nuts (Marcone, 2004). Palnetsivare predominantly frugivores,

eating pulpy fruits and berries.

2.6 Viverridsand people

Viverrid meat is consumed by some peoplené&epecies are kept as pets to control
rodents. Humans sometimes kill those that attacktoand lambs. Oil from the civet
is valued by perfume makers for enhancing the tualf fragrances (Dannenfeldt,
1985).

In 2002, an outbreak of severe acute regpyrasyndrome (SARS) in southern

China was linked to the consumption of masked peaivet. SARS is an infectious,
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potentially deadly disease. When the World Healtgabization announced the end of
the SARS outbreak in July 2003, more than 8,00@ksdsad been reported in 27
countries, with 774 deaths. In January 2004, wh&RS resurfaced in China,

authorities ordered the killing of all palm civetaised on farms. Other animals,
including the raccoon dog and the Chinese ferrdgég also carry SARS virus. These
are not eaten by humans and have not been dest(8yéf 2004, Wang and Eaton,

2007; Shi and Hu, 2008).

2.7 Conservation status

Thelnternational Union for Conservation of Nature (INClists eight species as
threatened. The Malabar civet is classified asddatly Endangered, facing an extremely
high risk of extinction, due to habitat loss, prgol® and hunting by humans. The otter
civet and the crested genet are listed as Endahgéaeing a very high risk of
extinction, because of habitat loss, predation, lmating by humans. Five species are
listed as Vulnerable, facing a high risk of extiant mostly because of habitat loss and
hunting by humans. These are Owston's palm civeseld palm civet, the Malagasy

civet, the Sulawesi palm civet, and Jerdon's paket ({[UCN, 2008).



CHAPTER I

METHODOLOGY

3.1 Study site description

L ocation

The study was conducted at the Sakaeratr&mwental Research Station (SERS) in
Wang Nam Khieo and Pak Thong Chai districts, Nakiatchasima province,
Northeast Thailand. SERS covers 81%land is situated approximately at°130 N,
102° 55 E, about 300 km northeast of Bangkok (Fig. 1) ifyorong, 2003).

History

SERS is one of the five UNESCO designateggiiere reserves of Thailand. It was
first established in September, 1967, by the App&eientific Research Corporation of
Thailand to use as a national forest reserve fmnstic propose by the Royal Forest
Department, Ministry of Agriculture and Cooperativén 1976, SERS was delegated by

the UNESCO to be a World Biosphere Reserve of @hdilHanboonsong, 2000).
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Figure 1 Location of Sakaerat Environmental Research Std8&RS) (Modified from

UNESCO-MAB, Online, 2006).

Climate

Meteorological summary data for the year@®@ere available from the Sakaerat 1
meteorological station at SERS (14° 30' 65" N; 186°03" E; altitude: 394 m), which
was situated about 50 m southwest of the statificeof

During the study period (January-Decembed820monthly precipitation ranged
between a minimum of 5.1 mm (January 2008) and aimuan of 270.5 mm
(September 2008). Monthly mean temperatures rarggdeen 15.5°C (December

2008) and 35.4°C (April 2008). Annual precipitatisnabout 1131.9 mm. Mean annual
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temperature is 25.7°C and mean annual relative dityris 90% (http://www.tistr.or.th
/sakaerat/Meteorlogical/Mont/2008-mont.htm).

SERS has a tropical climate and three disBrasons, summer (March-May), rainy
season (June-October), and winter (November-Fepr{@ampanpanish, 2005).

Topography

SERS was mainly dominated by dry evergreed dry dipterocarp forest. The
majority of vegetation is dense dry evergreen fiorescept for the north and northeast
sections of the area where an open dry dipteroagst occurs. The elevation ranges
between 280 to 762 m. above sea level (Suriya20@g).

Wildlife diversity

Approximately 380 wildlife species of botrammals and birds were described at
SERS. Among those 70 species are small mammalespgech as barking deer and wild
pig and 200 species are birds. Several speciesldfife in SERS are rare species and
some, like the wild deer, the tiger, and the wikhpock are close to become extinct
(Hanboonsong, 2000). The Viverrid assemblage is #imea included five species
(Viverra zibetha, Viverricula indica, Paradoxurus hermaphroditus, Paguma larvata,

Arctictis binturong) (Pakarnsereet al., 2003).

3.2 Habitat classification

A digital land cover map was used to determine thalavailability and habitat use.
This map was developed from satellite images whth support of data from field
surveys. Satellite images of the study area caom the summer of 2003.

ArcView 3.2a (ESRI, California, USA) was dsdo analyze the habitat

characteristics and calculate the habitat avaitghiThe map was divided to 1 Kroell
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grids to match the Universal Transverse Mercatof MY format (Fig. 2). Habitat
availability was calculated using polygons on tigitdl land cover map.
Habitats were classified into four differdvabitat classes: dry evergreen forest, dry

dipterocarp forest, bamboo forest, and plantatiwast.

3.3 Sign surveys

Preliminary surveys were conducted in Deaam@®07. All main roads, fire breaks,
and forestrails were surveyed for viverrid signs such asksascrapes, and scats. The
viverrid signs were recorded and removed from &atss

Field observations were started from Januatif December 2008, with a one week
per month. Ten transects, where animals signs fowatkestablishedor survey in this
study (Fig. 3). Ten line transects were surveyed lwehicle driving at 10-20 km/h or
walked along transects. At each line transectksagcats, and viverrid species detected
were recorded. Animal tracks were identified ussngey book (Kanjanavanit, 2004).
Site locations, dates, and habitat descriptiongatso recorded.

Camera trap and spotlight surveys were etswlucted in this study. Two camera
traps were placed at optimal locations, based enptiesence of viverrid signs. Each
camera trap station was baited with chicken, bamarsea fish. Cameras were not set
during inclement weather.

Spotlight surveys were conducted on the sign sutkansects by driving a vehicle
at 10-15 km/h, two or more observers used spotlighscan both sides of transect.
Surveys were completed between 8 pm and 12 pm anel not undertaken on nights of

inclement weather.
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The locations from sign surveys, camera strapnd spotlight surveys were
determined by GPS (Garmin GPSMAP 76CSx) and redoird&TM format. Locations
were not recorded into the GPS until the estimaeduracy was <10 m. Species
presence/absence locations were imported into Aw\3.2a (ESRI, California, USA)

to examine habitat use (Woafal., 2001).

3.4 Trapping procedure

Six line transects were distributed acrdses various habitat types including dry
evergreen forest, dry dipterocarp forest, bambaestp and plantation forest (Fig. 3).
Ten traps were set at 100 m intervals along the med and fire breaks, where animal
signs were detected. 10 steel mesh cages (106:6@&m) baited with chicken, banana
or sea fish (Perkin, 2004; Jenningsal., 2006; Martinoliet al., 2006). Traps were
placed on dry ground and near large trees, cougyddaves with the trap floor covered
with soil and leaf litter. Traps were set at duskl ahecked once per day in the morning
(Colon, 2002; Jenningst al., 2006). The traps were sampled over five conseeuti
nights for each month from February 2008 to Decer2bés.

Captured animals were returned to the figfbratory at Station, anesthetized with
an intramuscular injection of Zoleti(Vibrac Laboratories, Carros, France) at 5 mg/kg.,
weighted, measured, and photographed. Animals alassified into subfamily, genus,
and species by the key book from Lekagul and MciNé&D77). Sex and age were
recorded. Age was classified as juvenile, sub addilt or old according to body size,
reproductive condition, and tooth wear. Ectopaesasivere collected by combing the
animal’s fur or examining the skin and removinggsates with tweezers. Blood samples
were collected from marginal ear veins for examib&xbd parasites. After processing,

animals were marked by ear notching and releastgk aiaptured location.
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3.5 Scat collection and analysis

Scats were collected along the road in toeysarea every month for one year
(January-December 2008). Scats were identified bgsgnce of tracks and
morphological characteristics (see Appendix C fetaded description of viverrid's
tracks). Scats were collected in plastic bag abdlé for transect, scat description, and
date. Incomplete scats were excluded from the aisaly

Analysis of scats was carried out followthg standard method of washing, sifting,
and drying (Kruuk and Parish, 1981; Reynolds andbi&eher, 1991). Scats were
washed in a fine meshed sieve and dried in theldndigested remains in the scat were
classified into bone fragments, reptile scales, mafian hairs, feathers, invertebrate
remains, grasses, and seeds. They were identiffec¢omparison with specimens
collected inside the study area (Martindiial., 2006) and by using a key book from

Lekagul and McNeely (1977).
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3.6 Data analysis
3.6.1 Habitat analysis
Trapping success

Trapping success was calculated usindotmeula as follows:

% trapping success =Number of captures X 100

Number of trap nights

Distribution pattern
Distribution pattern was calculated using the sséadided Morisita indexIg)

(Morisita, 1962; Krebs, 1998).

where Iy = Morisita’s index of dispersion
n = sample size
¥x = sum of the quadrat counts

¥x?= sum of the quadrat counts squared

then calculated two critical values fore tMorisita index from the following

formulas:

2
X grs— N+ D X

(2x-1)

Uniform index =M, =
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where x%g975= value of chi-squared from table with-{) degree of freedom
X = number of samples in quadrat

n = number of quadrat

2
X s =N+ DX

(2x-1)

Clumped index M=

where X% 25= value of chi-squared from table with-{) degree of freedom
X = number of samples in quadrat

n = number of quadrat

then calculated the standardized Morisita indewty of the following four formulas:

when 14> Mc> 1.0; m=05+05@d‘Mi
n—-M,
l, -1
when M¢>l4 >1.0; [pb=0.5
M, -1
l, -1
when 1.0 33> M,; lb=-0.5
M, -1
Id _Mu
when 1.0 M, > Ig; [pb=-0.5+0.5 v
Habitat use

Habitat use was calculated using the Ivlev's eldgtindex (lvlev, 1965; Jacobs,

1974).
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E = (ui _31)
U +a)

where E; = the Ivlev’s index for habitat
u; = the proportion of observations in habitat

a = the proportion of habitatavailable in the study area

3.6.2 Dietary analysis
Dietary diversity
Diversity of diet was calculated using the Shankdener index (Krebs, 1998).
S
= Z PilogePi
i=1
where H' = species diversity index
P; = the proportion of individuals in thepecies

S = total number of diet species

Frequency of occurrence (% FO)
Percentage frequency of occurrence of food itemscats is a measure of how
often an animal feeds on a certain type of foodh&f@m and Zuberogoitia, 2003). It was

calculated using the formula as follows:

%EO— Number of scats containing a particular |te§1300

Total number of scats
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Volume of food items (% V)

Percentage of volume of food items in scats is asme of major and minor food
of animals (Zabala and Zuberogoitia, 2003). It wasmated by eye (Kruuk and Parish,
1981) and scored on a nine point scale: 0, 1 (<2%);-5%), 3 (6—10%) 4 (11-25%), 5
(26-50%), 6 (51-75%), 7 (76-98%), and 8 (>98%). Rdhropods, scores were
converted to the midpoint of each percent inteéydl (0.5%), 2 (3%), 3 (8%), 4 (18%),
5 (38%), 6 (63%), 7 (87%), and 8 (99%) (Ray anddBist, 2001). Then, sum of bulk-

scores containing iterdivided by the total number of scats

Minimum number of individuals (MNI)

Minimum number of individuals is a measure of numbieprey in food. MNI for
mammals was estimated by counting jaw or jaw fragsjeand for herpetofauna and
fish by counting vertebrate. When only hair or esalvas contained in a scat, the MNI

was assumed to equal 1 (Ray and Sunquist, 2001).

3.6.3 Dietary niche analysis
Dietary niche breadth (Ba)
Niche breadth was calculated using the Levins'swddedized niche breadth

(Krebs, 1998).

[ —

Byz 2=
A 1

B_
n_
where Ba = Levins’s standardized niche breadth

B = Levins’s measure of niche breadth

N = number of possible resource states
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B = Levins’s measure of niche breadth

p; = Fraction of items in the diet that are of foadegory |

Dietary niche overlap (Oy)
Niche overlap was calculated for seasalgtiary overlap by using the Pianka’s

index (Pianka, 1974).

2. PP

NI T

where Oy = Pianka’s measure of niche overlap between sgasmwmh seasok

0, =

pij = proportion resourckis of the total resources used in segson
pik = proportion resourceis of the total resources used in sedson

n = total number of resource states

3.6.4 Seasonal diet

Seasonal diet differences in the percentagume (%V) and the frequency of
occurrence (FO) of each prey group in the scat® w&amined using th¥’ test. The
Shannon-Wiener diversity indek') of diet was compared between seasons using the t-

test (Zar, 1999). SPSS 13.0 (SPSS, lllinois, USA3 wsed for all statistical analyses.



CHAPTER IV

RESULTSAND DISCUSSION

4.1 Sign surveysand livetrapping

A total of 238 records of three viverrid speciegaveollected; including 213 scats,
15 captures, 6 tracks, 2 observations, and 2 cameptures. Common palm civet
(Paradoxurus hermaphroditus, 15 captures, 2 camera captures, 2 tracks, and 1
observation), large Indian civeVigerra zibetha, 4 tracks)and small Indian civet
(Viverricula indica, 1 observation) were encountered during study.tsSesere not
identified for species in this study. The most camnspecies of viverrid at SERS was
common palm civet. They occured on all survey mesho

Pakarnsereeet al. (2003) recorded common palm civetPatadoxurus
hermaphroditus), large Indian civet\{iverra zibetha), small Indian civet \(iverricula
indica), masked palm civetPaguma larvata), and binturong Arctictis binturong) at
SERS. But masked palm civet and binturong weredatgcted during this study period.
Both masked palm civet and binturong difficult toceunter the transect surveys and
traps because they mostly living and foraging anttiee (Lekagul and McNeely, 1977).

The viverrid signs were found in all seasonsluding 45 scats and 1 track in
summer, 105 scats and 2 tracks in rainy season6asdats and 3 tracks in winter. The
mean number of viverrid signs were not differentoam three different seasons
(Kruskal-Wallis H = 0.967, d.f. = 2P = 0.616). These data differ from Ray and

Sunquist 2001) who found that the seasonal effast lwghly significant on the number
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of African rainforest carnivore scatHdrpestes naso, Bdeogale nigripes, Atilax
paludinosus, Genetta servalina, Civettictis civetta, Nandinia binotata, Profelis aurata,
andPanthera pardus), with a mean of 65.5 scats recovered per dryosea®nth versus
30.1 per month in the early wet and 33.9 in the {sét season. Rosalino and Santos-
Reis (2002) found that the number of genet scatsummer, spring, and winter were
higher than autumn in central Portugal. Thosesskave high decay rate because high
average rainfall (1,457 mm.) in African rainforemtd coastal condition in central
Portugal. It can be concluded that the ecologiaatdrs among seasons at SERS have
few effects on the decay rate of viverrid’s signs.

A total of 15 common palm civets were captim 606 trap nights; seven civets
were recaptured and one civet was captured bupedgaior to processing. Thus, seven
individual civets were captured in this study; detisg of three juvenile males, three
adult males, and one adult female. The body meamnts of trapped animals are
presented in Table 2. The body measurements retatu®ved that the common palm
civets caught in this study were closer to the joevrecorded in Thailand (Lekagul and
McNeely, 1977).Four nontarget species were captured; includednseadable squirrel
(Callosciurus finlaysoni), three common treeshrewlupaia glis), one Indochinese
ground squirrel flenetes berdmorei), and nine yellow rajah raliaxomys surifer).

Trapping success was 1.7% in juveniles (teptured in 606 trap nights, seven
recaptured) and 0.7% in adults (four captured i& 88p nights, none recaptured). Total
trapping success was 2.3%. Viverrids are notorjodsficult to capture because of their
suspicion when encountering traps. For examplenidgs et al. (2006) showed a
success rate of 3.1% in trapping Malay civets idohesia. Cain (2002) showed a
success rate of only 2.2% in trapping Malay civetsMalaysia. These data are

confirming the trap shyness of this carnivore group



Table 2 Body measurements of captured common palm ciratmadoxurus hermaphroditus) at SERS, 2008.

. Head-bgdy Tail Neck Height at Right hind Right ear Upper right
Civet  Sex Age Weight Length length circumference shoulder foot length length  canine length
C1 M Adult 2.0 46.5 46.5 16.0 24.0 8.0 5.0 0.7 Kerg
C2 F Adult 3.2 40.0 54.0 20.0 26.0 5.0 5.5 1.0
C3 M Juvenile 1.2 34.0 43.0 13.0 17.0 7.5 4.2 0.5
C4 M Juvenile 1.3 37.0 39.0 12.0 17.0 7.0 5.0 0.7
C5 M  Juvenile 1.2 32.0 43.0 11.5 12.5 6.0 4.3 0.6
C6 M Adult 3.5 50.0 54.0 17.5 20.0 7.5 5.0 1.1
C7 M Adult 4.0 58.0 53.0 19.5 23.0 7.0 4.5 1.2
*  Weight in kg.

** All measurements in cm.

62



30

4.2 Distribution and habitat use

The survey area was covered about 12.27 &nd dominated by dry evergreen
forest (6.97 ki 56.81%), followed by dry dipterocarp forest (3.R8Y, 27.63%),
plantation forest (1.89 kin15.40%), and bamboo forest (0.02%kM.16%).

In total of 238 location records of vivesjd165 locations were found in dry
evergreen forest, 66 locations in dry dipterocamedst, and 7 locations in plantation
forest. No viverrid’s signs were found in bamboee&i (Fig. 4). The viverrids at SERS
showed the use of habitat in dry evergreen forasdom use in dry dipterocarp forest,
and avoidance in plantation forest and bamboo fqfég. 5). The presence of these
animals was generally associated with dry evergfessst, probably because the better
cover of this habitat type was useful for den sited favored foraging areas (Mudappa,
2006). Dry dipterocarp forest, plantation forestd eébamboo forest were less cover
compared with dry evergreen forest.

The viverrids showed uniform distributiontgean in study area (standardized
Morisita index = - 0.304R = 0.05) (Fig. 4). Uniformly distributed populationscurred
when resources were spread thinly and evenly onvilndividuals were antagonistic to
one another. This pattern mostly occurred with gredor territorial animals such as

bears, coyotes, and hawks (Wessells and Hopso8).199
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DEF DDF PF BF

Ivlev's index

Habitat types

Figure5 Ivlev’s electivity index indicating habitat selemti (positive value) or
avoidance (negative value) for viverrids at SER®8 (DEF = dry evergreen
forest, DDF = dry dipterocarp forest, PF = pddiain forest, BF = bamboo

forest).

4.3 Diet of viverrids

A total of 162 scats, out of a total of 213 enceved scats, were collected and
examined for diet of viverrids. Of these, 35 saanples were collected in summer, 81
in rainy season, and 46 in winter. Another 51 inplate scats could not be identified,
because they were destroyed by many factors suctlimate, animals or human
activities.

A total of 192 food items was detected iatsgeach scat containing approximately

one component on average (mean = 1.1, SD = 0.mallSnammals were the most
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important diet of viverrids, both in frequency afcorrence and volume (%FO = 53.70,
%V = 51.84). Four species of mammals were foundieéh Yellow rajah ratNlaxomys
surifer) was the most important individual prey in thetdighey were the major portion
in diet and frequently consumed by viverrids (%F60:00, %V = 48.75, MNI = 81).

Fruits were the second important diet oewiids (%FO = 37.65, %V = 34.75). Ten
species of wild fruits were found in diet of viviels. Antidesma acidum was the most
important fruits in diet (%FO = 8.02, %V = 7.78)th@r fruits were also important
supplemented in dieDialium cochinchinense (%FO = 6.79, %V = 6.78)Diplocyclos
palmatus (%FO = 6.17, %V = 5.86), arddemecylon ovatum (%FO = 5.56, %V = 4.72).

Arthropods were the third important dietvoferrids (%FO = 14.82, %V = 10.57).
The most important arthropod was millipedes (%F8.64, %V = 7.06), corresponding
to almost 66.79% of the total volume in arthropougested.

Herpetofauna, bird, and grass were relativelv importance in diet. They were
consumed in low volume of all food items. Overall @ammals, 1 lizard, and 1 snake
were consumed by viverrids in this study. The sumnud frequency of occurrence,
minimum number of individuals, and volume of fodeins of viverrids are presented in
Table 3.

These results showed that viverrids at SE®RSumed a wide variety of food items,
which is similar to other tropical rainforest prémtacommunity (Ray and Sunquist,
2001). The tropical rain forest has the highesediity, abundance, and species richness
of biological community, conservatively 3 millioninkls of plants, animals and
microorganisms (Wessells and Hopson, 1998). Thues,clrnivores in tropical rain

forest have more food choice than other terredtaitats.
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Kanchanasaka (2000) showed that the bulkepgages of large Indian civet's diet
were not differed between animals and plants imeualplantation, Surat Thani province.
But the bulk percentage were differed between asiraad plants in this study{ =
7.364, df = 1P < 0.01). Suggest that the SERS has more abundémcenaal prey than
in rubber plantation. Thus, viverrids were consuraednals more than plants in this
area. The abundance of small mammals at SERS isvnsha Appendix B
(Pinmongkholgul, 2008).

However, plants are important diet for viverridenTspecies of wild fruits were
found in the viverrid’'s diet in this study (%FO Z.85, %V = 34.75). These results are
similar to those of Rabinowitz (1991) who foundtthéverrids fed on at least 18 fruit
species in Huai Kha Khaeng Wildlife Sanctuary, Tdrad. Corlett (1996) found that 15
fruit species in viverrid scats in Hong Kong. Vikids exhibited high degree of
frugivory in this study. Both animals and plantse amportant diet of viverrids,

especially small mammals and fruits.
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Table 3 Frequency of occurrence (FO), volume of food it€#¥), and minimum

number of individuals (MNI) in the diet of vikrégds at SERS, 2008.

Prey items n % FO %V MNI
Small mammals 87 53.70 51.84 87
Maxomys surifer 81 50.00 48.75 81
Leopol damys sabanus 2 1.23 1.23 2
Rattus rattus 1 0.62 0.57 1
Callosciurus finlaysoni 1 0.62 0.62 1
unidentified 2 1.23 0.67 2
Arthropods 24 14.82 10.57 -
Scorpion 1 0.62 0.61 -
Isopterans 2 1.23 1.15 -
Millipedes 14 8.64 7.06 -
Centipedes 1 0.62 0.61 -
Orthopterans 1 0.62 0.05 -
Coleopterans 1 0.62 0.02 -
unidentified 4 2.47 1.07 -
Her petofaunas 2 1.24 0.42 2
Lizard 1 0.62 0.11 1
Snake 1 0.62 0.31 1
Birds 1 0.62 0.62 -
unidentified 1 0.62 0.62 -
Fruits 61 37.65 34.75 -
Dialium cochinchinense 11 6.79 6.78 -
Uvaria dac 1 0.62 0.62 -
Diplocyclos palmatus 10 6.17 5.86 -
Microcos tomentosa 2 1.23 0.93 -
Memecylon ovatum 9 5.56 4.72 -
Willughbeia edulis 1 0.62 0.03 -
Morinda coreia 1 0.62 0.62 -
Syzygium cumini 6 3.70 3.70 -
Musa acuminata 1 0.62 0.01 -
Antidesma acidum 13 8.02 7.78 -
unidentified 6 3.70 3.70 -
Other 17 10.49 3.10 -
Grass 17 10.49 3.10 -
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4.4 Seasonal diet of viverrids

The diversity of food consumed by the viidsrwere highest in rainy seasdt (=
2.017) followed by summeH(’' = 1.844) and winterH ' = 1.100), respectively. But
they were not differed among seasons (summer/rsgagont = 0.233, df = 6P =
0.824, summer/wintet;= 2.394, df = 4.417R = 0.069, rainy season/winter 2.346, df
= 4.105,P = 0.077). Overall the Shannon-Wiener diversityeiavas 2.294. Viverrids
consumed diversified food throughout the year.datt that the SRES has high species
richness and diversity of prey species.

There were no difference in the frequencyahropods X? = 3.130, df = 1P =
0.077), herpetofauna¥{= 0.333, df = 1P = 0.564), and gras¥X{= 0.600, df = 2P =
0.741) in diet among season. Arthropods were nohdoin winter and herpetofaunas
were not found in summer, while bird was found anlyainy season (Fig. 6).

The volume of arthropods4= 2.000, df = 1P = 0.157) and grasX{= 0.200, df =
2, P = 0.905) in diet were not differed among seasohe Wolume of bird and
herpetofaunas in diet were insufficient for statedtcalculation.

Consumption of small mammals varied sigaifity among seasons. The
frequencies of occurrence were significant diffeeebetween summer and wint? €
9.151, df = 1P < 0.01) and between rainy season and wirkér(7.377, df = 1P <
0.01). The volumes of diet were also significarifedence between summer and winter
(X*=9.143, df = 1P < 0.01) and between rainy season and wiXér 6.759, df = 1P
< 0.01). But, there were no difference between samand rainy season in the
frequency of occurrenc&{ = 0.101, df = 1P = 0.750) and the volume of diexq(=

0.190, df = 1,P = 0.663). Viverrids consumed mammals more ofterwinter than
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summer and rainy season (Fig. 6). They also condumemmals more proportion in
winter than summer and rainy season (Fig. 7).

For fruits, the frequencies of occurrenceengignificant difference between rainy
season and winteiX{ = 6.914, df = 1P < 0.01). The volumes of diet were differed
between rainy season and wint&’ € 5.730, df = 1,P < 0.05). The frequencies of
occurrence were not different between summer aing seasonX’= 0.976, df = 1P =
0.323) and between summer and windér< 2.770, df = 1P = 0.096). The volume of
diet were not different between summer and raimgee = 0.205, df = 1P = 0.652)
and between summer and wint&f € 3.814, df = 1P = 0.051).

Small mammals and fruits were the major dfetiverrids.They were found in the
diet throughout the year. The frequency and proporf scats with fruits were highest
in rainy season and lowest in winter (Fig. 6, Fi.which corresponded with ripe fruit
abundance. Ripe fruits were highest diversity dmshdance in rainy season in tropical
forest in Thailand (Rabinowitz, 1991; Kitamueaal., 2002). It can be concluded that
seasonal differences in the ripe fruits probabRNect variations in the abundance of
mammalian preys (see Appendix B for detailed dpson of abundance of small
mammals among season at SERS). Viverrids were omtmore mammals in winter,
when the ripe fruits were decreased.

Viverrids were consumed arthropods, herpetods, and bird occasionally. For
example, arthropods, and herpetofaunas in the seas often found in rainy season
(Fig. 6), which corresponded with the abundanceheke animals. Arthropods were

highest abundance in rainy season in Thailand (Wiaya and Takeda, 2005).
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Similarly, herpetofaunas were highest abundancaiiy season in Thailand (Sretarugsa
etal., 2001).

These data show the seasonal diet of vileriThe diets of vivrrids were variable
among seasons, but viverrids were not switchednger food in this study (Fig. 6, Fig.
7). The results differ from those of Zheual. (2008.) who found that dietary switched
of masked palm civets in Central China. They chatige major food from small
mammals to fruits in fruiting season and changekbiacthe end fruiting season.
Viverrids were not switched the food in this stumcause the ripe fruits were available
throughout the year in tropical forests in ThailgRébinowitz, 1991; Kitamurat al.,

2002) (see Appendix B for detailed descriptionrafting season at SERS).
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Figure 6 Seasonal diet in frequency of occurrence (Y%FQ@)\adrrids at SERS, 2008.
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4.5 Dietary nicheof viverrids

Viverrids exhibited the widest dietary nicheeadth in rainy seasomB = 0.169)
followed by summerBa = 0.148). The narrowest dietary niche breadth vimsved in
winter Ba= 0.090). Overall dietary niche breadth of vivesridas 0.412. Viverrids had
the narrow dietary niche breadth throughout the,yespecially in winter, when the ripe
fruits were decreased.

Although viverrids exhibited the narrow @t niche breadth, but the diversity
index of prey was high in this study (Table 4). 3&alata indicate that viverrids can
select the favorite foods throughout the year, avltile large number of food items
available in this area.

Dietary niche of viverrids were high overlamong seasons (Table 5). This is
probably because similar food items were consurheaughout the year. These data

confirm the high species richness and diversityieérrid’'s diet at SERS.
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Table 4 Shannon-Wiener diversity indek () and niche breadttBg) among seasons of

viverrids at SERS, 2008.

Season Shannon-Wiener indéX)( Food niche breadiiB,)
Summer 1.844 0.148
Rainy season 2.017 0.169
Winter 1.100 0.090
Overall 2.294 0.412

Table 5 Pianka’s index calculated for food niche overlapagseasons of viverrids at

SERS, 2008.

Season Summer x Rain Summer x Winter Rain x Winter

Pianka's index 0.781 0.899 0.803




CHAPTER YV

CONCLUSION

This study confirms the generalist feeding behavior of viverrids. They regard as
omnivores and consume variety of food items. The diets of viverrids varied among
seasons, depended on abundance and availability of food items. Viverrids were not
switched the magor food among seasons because the maor food were available
throughout the year. Small mammals and fruits were the mgjor foods of viverridsin this
study, especially yellow rgjah rat (Maxomys surifer).

Viverrids exhibited the narrow food niche breadth, but high diversity of prey species
in this study. Indicate that viverrids can select the favorite foods, while the large number
of food items available in this area. Dietary overlap was high among seasons because
viverrids consume the similar food items throughout the year. Moreover, the data from
diet of viverridsin this study indicate the high species richness, abundance, and diversity
of organisms at SERS.

Theviverrids at SERS showed the use of habitat in dry evergreen forest, random use
in dry dipterocarp forest, and avoidance in plantation forest and bamboo forest, probably
because the better cover of dry evergreen forest was useful for den sites and favored
foraging areas (Mudappa, 2006). Uniformly distributed populations occurred with
viverrids in this study. This distribution pattern was similar with other carnivore such as

bear, coyotes, and hawks (Wessells and Hopson, 1998).



This study was emphasized on the survey method for viverrids. The other methods
such as intensive capture program, camera trapping, radio transmitter or molecular
methods, which help to improve the knowledge about these carnivores are needed.
Moreover, the study on the other carnivores, which share the niche with these carnivores
is needed.

This study provides important data on habitat use and seasonal dietary of viverrids
which can be used in wildlife conservation and management of wild carnivore in

Thailand.
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APPENDIX A

CLIMATIC DATA

Table A Monthly climatic data at the SERS, 2008 (http:/wiistr.or.th/sakaerat/

Meteorlogical/Mont/2008-mont.htm).

Temperature (°C)

Humidity  Precipitation

Month Max. Min. Mean (%) (mm)
January 29.7 16.1 22.9 84.0 5.1
February 29.3 16.9 23.1 89.0 27.4
March 34.4 20.7 27.6 88.0 29.4
April 35.4 23.0 29.2 89.0 123.0
May 31.2 23.2 27.2 92.0 160.3
June 31.5 23.5 27.5 90.0 112.4
July 31.4 24.9 28.2 90.0 46.3
August 30.7 24.3 27.5 91.0 126.0
September 29.1 24.1 26.6 94.0 270.5
October 28.0 23.9 26.0 96.0 190.1
November 25.5 19.6 22.6 92.0 35.5
December 24.9 15.5 20.2 89.0 5.9

Mean 30.1 21.3 25.7 90.0 94.3




APPENDIX B
THE DIET OF VIVERRIDS AND THE ABUNDANCE OF

FRUITSAND SMALL MAMMALS

Table B-1 Frequency of occurrence (FO) and volume of foooh&€%V) in the diet of

viverrids among seasons at SERS, 2008.

Summer Rainy season Winter

Prey class %FO %V %FO %V %FO %V

Small mammals 42.86 40.06 45.68 4391 76.09 72.33

Arthropods 28.57 20.00 17.28 12.49 0.00 0.00
Herpetofaunas 0.00 0.00 1.23 0.06 2.17 0.39
Birds 0.00 0.00 1.23 1.23 0.00 0.00
Fruits 37.14 37.14 45.68 41.10 23.91 21.78

Other 8.57 3.74 12.35 3.01 8.70 3.52
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Table B-2 Location and fruiting seasons of fruit in vivergdliet at SERS, 2008 (http://

www.tistr.or.th/sakaerat/Plant%20in%20Sakidglant. htm).

Fruit species Locations fruiting seasons
Dialium cochinchinense DDF, DEF, PF rainy season-winter
Uvaria dac DEF rainy season
Diplocyclos pal matus DDF winter
Microcos tomentosa DDF, DEF, PF rainy season-winter
Memecylon ovatum DEF, PF rainy season
Willughbeia edulis DEF rainy season
Morinda coreia DDF summer-rainy season
Syzygium cumini DDF rainy season
Musa acuminata DEF, PF year-round
Antidesma acidum DDF rainy season

*DEF = dry evergreen forest, DDF = dry dipteroctopest, PF = plantation forest.
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Table B-3 Number of different individuals and number of aapt(% of total capture)

obtained for nine small mammal species ifed#int habitat types at SERS,

Thailand (Pinmongkolgul, 2008).

Species Forest type Total number
DDF ECO DEF of individuals
Trap-night 3528
MURIDAE

1) Maxomys surifer

2) Rattus rattus

3) Leopoldamys sabanus
4) Mus cervicolor
TUPAIDAE

5) Tupaia glis
SCIURIDAE

6) Callosciurus
finlaysoni

7) Callosciurus caniceps
HERPESTIDAE

8) Herpestes javanicus
LEPORIDAE

9) Lepus peguensis

53 (14.29%)

28 (7.55%)

20 (5.39%)

1 (0.27%)

3(0.81%)

1 (0.27%)

78 (21.02%) 113 (30.46%) @BEL77%)

8 (2.16%) 6 (1.62%) 42 (11.32%)
8 (2.16%) 6 (1.62%)  (B4TT%)
- 1 (0.27%) 170%)

23 (6.20%) 7 (1.89%) 0 (53.48%)
8 (2.06%) 1(0.27%)  (2943%)
2 (0.54%) 4 (1.08%) 7 (1.89%)
- - 380%)
- - W 27%)

Total numbers

(% of total captured)

106 (28.57%)

127 (34.23%) 138 (37.20%) 371

Total captures

including recaptured

877

= dry evergreen forest, = dry dipteroctogest, = ecotone.
*DEF =d f DDF =dry di 151 ECO
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Table B-4 Number of different individuals and numbers of capt(% of total capture)
obtained for six small mammal species in dry digptarp forest in the each

season at SERS, Thailand (Pinmongkolgul, 2008).

DDF % of total
Species Season captures
Early rainy  Late rainy Winter Summer (371)

MURIDAE
Maxomys 19 (5.12%) 9 (2.43%) 12 (3.23%) 13 (3.50%) 53 (14.29%)
surifer
Rattus 7 (1.89%) 12 (3.23%) 5(1.35%) 4 (1.08%) 28 (7.55%)
rattus
SCIURIDAE
Callosciurus - - - 1(0.27%) (A.27%)
caniceps
TUPAIIDAE
Tupaia 2(0.54%) 11 (2.96%) 5(1.35%)  2(0.54%) 20 (5.39%)
glis
LEPORIDAE
Lepus - - - 1 (0.27%) (@27%)
peguensis
HERPESTIDAE
Her pestes 1 (0.27%) - 1 (0.27%) 1(0.27%) 3 (0.81%)
javanicus
Total numbers of 29 32 23 22 106
individuals (7.82%) (8.63%) (6.20%) (5.93%) (28.57%)

(%of total

captures)

*DEF = dry evergreen forest, DDF = dry dipteroctorest, ECO = ecotone.
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Table B-5 Number of different individuals and numbers of capt(% of total capture)
obtained for six small mammal species inalrgrgreen forest in the each

season at SERS, Thailand (Pinmongkolgul, 2008

DEF % of total
Species Season captures
Early rainy Late rainy Winter Summer  (371)
MURIDAE
Maxomys 26 (7.01%) 40 (10.78%)  30(8.09%) 17 (4.58%) 113
surifer (30.46%)
Rattus 1 (0.27%) 3 (0.81%) 2 (0.54%) - (1652%)
rattus
Leopoldamys 2 (0.54%) 1 (0.27%) - 3(0.81%) (1662%)
sabanus
Mus 1(0.27) - - - 130%)
cervicolor
SCIURIDAE
Callosciurus - 1 (0.27%) - - (A.27%)
finlaysoni
Callosciurus 1 (0.27%) - 1 (0.27%) 2 (0.54%) (1408%)
caniceps
TUPAIIDAE
Tupia 2 (0.54%) 2 (0.54%) 1 (0.27%) 2 (0.54%) 7 (1.89%)
glis
Total numbers of 33 47 34 24 138
individuals (8.89%) (12.67%) (9.16%) (6.47%) (37.20%)

(%of total captures)

*DEF = dry evergreen forest, DDF = dry dipteroctopest, ECO = ecotone.



APPENDIX C

THE KEY TO VIVERRID TRACKS

Small Indian civet (Viverriculaindica)

Common palm civet (Paradoxur us hermaphroditus)




238 mm.—

Masked palm civet (Paguma larvata)

Binturong (Arctictis binturong)
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Otter civet (Cynogale benetti)

Large Indian civet (Viverra zibetha)

(Modified from Kanjanavanit, 2004)
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APPENDIX D

PHOTOGRAPHSOF FIELD DATA COLLECTION

Picture 2 Trap setting for capture viverridsin this study.
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Picture 3 Captured viverrid from line trapping in this study.

Picture 4 Body measurement of viverrid after captured.
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Picture 6 Track of viverrid in the study area.
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