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ABSTRACT. This study aims to analyze karyotypes of Sulawesi’s small mammals with
Giemsa banding technique. Five fruit bats species (Boneia bidens, Dobsonia viridis,
Styloctenium wallacei, Thoopterus nigrescens, Thoopterus suhaniahae) and eight rat species
(Bunomys andrewsi, Bunomys chrysocomus, Bunomys heinrichi, Paruromys sp., Rattus
dommermani, Rattus exulans, Rattus hoffmanni, Taeromys celebensis) from Mt.
Bawakaraeng, South Sulawesi were analyzed. Karyotypes of three species in this study were
described for the first time. There were two species of bats and one species of rats showed
the best of karyotypes. B. bidens has 2n = 30, FN = 53, FNa = 50, sub metacentric and
telocentric for X and Y chromosomes respectively. T. suhaniahae has 2n = 38, FN = 64,
FNa = 60 and metacentric X chromosomes. R. hoffmanni has 2n = 44, FN = 61, FNa = 59
and telosentric X chromosomes.
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INTRODUCTION

Rats and bats constitute aproximately 55% of 720 mammal species that have been
distributed in Indonesia (LIPI - Bappenas - KLH 2014). Indonesian rats (Muridae) show
highest endemism in Sulawesi among all islands. Over 75.7% of island species are endemic.
Fruit bats also show high endemism in Sulawesi, of which 10.7% (28 species) is endemic to
the island (Maryanto and Higashi, 2011). Moreover, new endemic species of rats and fruit
bats are recently discovered in Sulawesi, such as Margaretamys christinae from Mekongga
mountains (Mortelliti et al., 2012); Paucidentomys vermidax from Latimojong mountains
(Esselstyn et al., 2012); Rousettus linduensis from Lore Lindu National Park (Maryanto and
Yani, 2003) and T. suhaniahae that widely distributed in Sulawesi and adjacent islands
(Maryanto et al., 2012).
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Chiroptera and rodentia have been estimated to have a high rate of karyotype
evolution (Wilson et al.,1975). Karyotype is a complete description of the chromosomes on
cells metaphase cells arranged properly (Eldridge et al., 1985). Baker and Bickham (1980)
applied the G-banding and C-banding technique toward 78 bat species that represent four
families (Mormoopidae, Noctilionidae, Phyllostomatidae, and Vespertilionidae) to explain
the pattern of karyotype mega-evolution.

Karyotype analysis of rats (Rodentia, Muridae) and fruit bats (Chiroptera,
Pteropodidae) in Southeast Asia has been performed on several species. Harada and
Kobayashi (1980) conducted a study of Mus musculus (2n = 40, FN = 38), Rattus rattus
chromosomes (2n = 42, FN = 58) (Rodentia, Muridae) and Aethalops Alecto (2n = 34),
Cynopterus bachyotis (2n = 34), Pteropus vampyrus (2n = 38, FN = 62) (Chiroptera,
Pteropodidae) in Sabah, Malaysia. Li et al. (2008) study three rat species (Muridae) from
Hainan Island, China, including Niviventer fulvescens, N. lotipes and Rattus nitidus. The
results showed N. fulvescens (2n = 46, FN = 64) has the same karyotype with N. fulvescens
in Southeast Asia. While, N. lotipes (2n = 52, FN = 66) has distinct karyotypes of other
Niviventer species. Hood et al. (1988) described karyotypes of Cynopterus sphinx,
Eonycteris spelaea, Macroglossus sobrinus, Megaerops niphanae, Pteropus lylei, and
Rousettus amplexicaudatus in Thailand. The results revealed that an undescribed diploid and
fundamental number in P. lylei (2n = 26; FN = 72) which is new to the genus Pteropus.
Futhermore, karyotype of M. niphanae (2n = 26; FN = 42) has different diploid number with
M. niphanae from peninsular Malaysia (2n = 24) also to be identic to some population of
closely related species M. ecaudatus, which indicates there are chromosome variation among
Megaerops species because of Robertonian translocation.

Both study of chromosome and karyotype data for fruit bats (Chiroptera,
Pteropodidae) and rats (Rodentia, Muridae) in Sulawesi are poorly known. Only several
karyotype data of Indonesian fruits bats and rats that have been studied, including
Cynopterus brachyotis javanicus, Cynopterus sphinx titthaecheilus, Eonycteris spelaea
spelaea, Macroglossus minimus minimus from Java (Ando et al., 1980); Bunomys
chrysocomus, Maxomys hellwaldi, Rattus argentiventer, Rattus hoffmanni linduensis, Rattus
marmosurus facetus; Margaretamys beccarii and Margaretamys elegans from Sulawesi
(Duncan, 1976; Musser, 1981). While, karyotype data of some other taxa such as Boneia,
Dobsonia, Nyctimene, Styloctenium, Thoopterus, Taeromys or Paruromys genera has not
been described. This study aims to provide karyotypes of fruit bats and rats in Sulawesi.

MATERIAL AND METHODS

Sample Collections

The field work was conducted at Mt. Bawakaraeng of South Sulawesi, Indonesia, from
September to December 2013. The elevation of the study area is between 1453 to 2165 m
asl. Four sites of different altitudes and habitats were set up. Habitats were divided into: (1)
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mixed garden (1453 m asl.), (2) pine forest (1545 m asl.), (3) secondary to primary forest
(transition forest) (1835 m asl.) and (4) primary forest (2165 m asl.) (Figure 1). Bats and rats
were traped by mist nets (9x2.5 m and 12x3 m) and Kasmin cage traps (28x12x12 cm)
respectively. Mist net were set up in bats flying coridor such as around fruit trees and river
flows, two until three meters above the ground. Cage traps baited with roasted coconut.
Traps were placed during four nights continously. All of living specimens were acclimated
to cage for karyotype analysis in the field. All individuals were sacrificed as voucher
specimens and keep in Museum Zoologicum Bogoriense (MZB).

Karyotyping

Karyotyping was made based on Baker et al., (1982) and Dobigny and Xuereb (2011) with
some modifications in incubation and yeast solution. Specimens were injected
subcutaneously with 0.1 ml/ 10 g body weight yeast solution (3 g yeast : 2 g dextrose : 12 ml
H20) for 12 to 24 hours before the next step. The specimens were intraperitoneally injected
with mitotic inhibitors Colchicine 0.005% (0.1 ml/ 10 g body weight) for 2 to 3 hours before
sacrificed. Bone marrow of humerus in fruit bats and femur in rat were treated to hipotonic
KCI 0.075 M solution for 45 minutes at room temperature, fixed in Carnoy solution (3
methanol : 1 acetat acid glacial) for 15 minutes and air-drying. Performing centrifugation
and resuspention were carried out in 1200 rpm for 10 minutes. Staining using 10% Giemsa
solution for 30 minutes. Observation was done on the microscope with 400 to 1000
magnification. Metaphase images were captured by OptiLab Profesional Microscope camera
(Micron Technology, Inc.).

Data Analysis

Chromosomes were arranged by the position of the centromere and chromosome size (Levan
et al., 1964). Metaphases image were edited by Adobe Photoshop CS3 version 10.0 (Adobe
System, Inc.) within 35% magnification. Long arm length (p), short arm length (q), total
length and arm ratio (AR) of chromosome were measured using ImageJ version 1.46r
software (Abramoff et  al,, 2004; free  software downloaded in
http://rsbweb.nih.gov/ij/download.html). All measurements were conducted with five
repeatations then averaged. Chromosomes type were classified automatically by Imagel
Levan  Plugin  (Sakamoto  and  Zacaro, 2009; free  downloaded in
http://rsbweb.nih.gov/ij/plugins/index.html). Diploid number (2n), centromer index (ClI),
fundamental number (FN) and fundamental number autosom (FNa) were calculated as well.
Cl is the precentage ratio of long arm and total arm length of the chromosome (Loganathan
et al., 2012). FN is the total number of chromosome arms either autosomal or sex
chromosomes. Whereas, FNA is the total number of body chromosome arm (autosomes)
without the sex chromosomes (Baker and Patton, 1967).
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RESULT AND DISCUSSION

A total five species (15 individuals) of fruit bats and eight species (24 individuals) of rats
were examined for karyotyping, which are mostly endemic species of Sulawesi including
Boneia bidens, Dobsonia viridis, Styloctenium wallacei, Thoopterus nigrescens, Thoopterus
suhaniahae (Pteropodidae) and Bunomys andrewsi, Bunomys chrysocomus, Bunomys
heinrichi, Paruromys sp., Rattus dommermani, Rattus exulans, Rattus hoffmanni, Taeromys
celebensis (Muridae).

Three species (two species of fruit bats and a species of rat) showed the best
karyotype results, those are B. bidens, T. Suhaniahae and R. hoffmanni. Karyotype of D.
viridis and T. nigrescens were not showed the good result; only diploid number (2n) that
were observed. The chromosome of other species (both fruit bats and rats) were not show
good results, because the chromosomes were being in the cell (Table 1).

The number and types of chromosomes differ among each species which showed the
best karyotype. Specimens B. bidens and T. suhaniahae have four types of chromosomes i.e
metacentric, sub metacentric, sub telocentric and telocentric. R. hoffmani have three types of
chromosomes, that are sub metacentric, sub telocentric and telocentric. The number of sub
metacentric tends to be more and most widely in B. bidens. There are more types of
telocentric chromosomes in R. hoffmani compared to B. bidens (Figure 2).

Boneia bidens (Jentink, 1879). Only one adult male (MZB37354) has shown the best
karyotype and most of chromosome preparation were not demonstrated in a good condition.
The chromosome number B. bidens is 2n = 30, consisting of 19 pairs of somatic
chromosomes (autosomes) and a pair of sex chromosomes. FNA = 53 and FN = 50 (Figure
3). This species has three types of chromosomes, i.e four pairs of metacentric (M; p = 2.43
t0 1.15; g = 2.74 t0 1.34; pq = 5.17 to 2.49; Cl = 47.9 to 45.23%; AR = 1.22 to 1.10); seven
pairs of sub metacentric (SM; p = 1.90 to 0.82; g = 3.83 to 1.39; pq = 5.73 to 2.21; CI =
39.36 t0 29.05%; AR = 2.41 to 1.60) and three pairs of telocentric (T; p =0; q and pg = 3.85
to 1.67; CI = 0; AR = a); The metacentric X chromosome (p = 0.94; q = 2.57; pq = 3.51; ClI
= 26.77%; AR = 2.74) and the telocentric Y chromosome (g and pg = 1.58 respectively)
(Table 2). There is one additional chromosome between the two normal chromosomes
(Figure 3, arrowed). The relative length of the short arm (p), long arm (q), total length (pq)
and arm ratio (AR) chromosome tend to be stable to the whole of chromosome pairs (both
the autosom and sex chromosomes).

Thoopterus suhaniahae (Maryanto et al., 2012). An adult female (MZB 37355) showed the
best karyotype. The chromosome number of this species is 2n = 38, FN = 64 and FNa = 60
(Figure 5). This species has 18 autosom and a pair of sex chromosome i.e two pairs of
metacentric (p = 1.30 to 1.24; g = 2.18 t01.56; pg = 3.48 to 2.80; Cl = 44.25 to 37.41%; AR
= 1.34 to 1.70); six pairs of sub metacentric (p = 1.04 to 0.45; g = 2.14 t0 1.13; pq = 3.18 to
1.58; Cl = 34.45 to 25.84%; AR = 2.93 to 1.98); four pairs of sub telocentric (p = 0.10 to
0.38;q9=
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3.91 to 1.49; pq = 4.91 to 1.87; Cl = 24.60 to 18.06%; AR = 4.56 to 3.13); six pairs of
telocentric (g and pg 2.630 t01.156%, respectively) and metacentric for both the X
chromosome (p = 1.67 and 1.59; g = 2.38 and 2.00. ClI = 41.29% and 44.23%; AR = 1.43
and 1.27, respectively) (Table 3). The relative lengths of the short arm (p), long arm length
(9), total (pg) and arm ratio (AR) tend to be stable on the whole chromosome pairs.

Thoopterus nigrescens (Gray, 1870). T. nigrescens chromosome number is 2n = 38; the
same number of chromosomes with T. suhaniahae. Data of FN, FNa and the chromosome
type were not available due the image of metaphase were hardly described.

Dobsonia viridis (Heude, 1897). Chromosome number of D. viridis is 2n = 36. Data of FN,
FNa and chromosome type were not determined because the image of metaphase were not
describable.

Rattus hoffmani (Matschie, 1901). Chromosome number of R. hoffmani is 2n = 44. FN =
61 and Fna = 59 (Figure 7). This species has four pairs of sub metacentric (p = 1.01 to 0.65;
q=2.541t0 1.25; pg = 3.55 to 1.90; Cl = 35.33 to 26.97%; AR = 2.74 to 1.85), three pairs of
sub telocentric (p = 0.72 t0 0.48; q = 2.20 to 1.61; pq = 2.92 to 2.09; Cl = 24.71 to 23.02%;
AR = 3.35 to 3.06) and 12 pairs of telocentric (q and pq = 2.73 to 1.21, respectively). Both
X chromosomes have telocentric (both g and pg = 2.33 to 2.36) (Table 4). Only one adult
female (MZB 37043) that showed the best karyotype. The relative length of short arm (p),
long arm (q), total length (pq) and arm ratio (AR) chromosome were stable.

DISCUSSION

Genus Rousettus has been resemble to B. bidens (Bergmans and Rozendaal 1988). In this
study, we found a lower diploid number of B. bidens (2n = 30) comparing to several
Rousettus species from Africa and India (2n = 36) (O’brien et al., 2006). The difference
between the diploid numbers of B. bidens and Rousettus suggested that at least three more
pairs of chromosomes lost in this species. In contrast, the chromosome types of B. bidens
showed the same form as both the autosomes and sex chromosomes of Rousettus. The form
of sex chromosome XY on B. bidens has similar sex chromosomes XY on R. lanosus. B.
bidens additional chromosome is suspected to be supernumery chromosomes as found in
Rattus rattus (Harada and Kobayashi, 1980). This additional chromosome was also reported
from another fruit bat species Dobsonia praedatrix (Haiduk, 1983). It is probably due to
chromosome aberration in the form of chromatid breaks that has separate fragments from
the unknown origin (Bakare et al., 2011).

T. suhaniahae is sympatric with T. nigrescens that widely distributed in Sulawesi,
Talaud and Wowoni islands (Maryanto et al., 2012). Karyotypes showed no variation in
diploid number between T. suhaniahae and T. nigrescens. The consistence of diploid
number between species in a genus were also found in Rousettus
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(R. aegyptiacus, R. leschenaulti, R. lanosus, R. angolensis; 2n = 36) and Pteropus (P.
rodricensis, P.giganteus, P.vampyrus; 2n = 38) (O’brien et al., 2006; Harada and Kobayashi,
1980). Diploid number and FN were remarkably constant in Pteropodidae family (Hood et
al., 1988). We are not able to compare chromosome morphology between T. suhaniahae and
T. nigrescens since the chromosome preparation for T. nigrescens was less optimal.

Thoopterus are closely related to Cynopterus (Andersen, 1912). Some karyotype data
of Cynopterus was recorded. Diploid number of C. brachyotis from Sabah is 2n = 34 which
consist of 12 pairs of metasentric and sub metacentric, two pairs of sub telocentric and three
pairs of acrocentric. In addition, the sex chromosomes and FN were not determined (Harada
and Kobayashi, 1980). Moreover, both karyotypes of Cynopterus brachyotis javanicus and
Cynopterus sphinx titthaecheilus from Java were identic in diploid number, FN and
chromosome types (2n = 34, FN = 58, M-SM = 11); which differ in one pair M-SM in C.
brachyotis from Sabah (Ando et al., 1980). Based on our study, T. suhaniahae and T.
nigrescens lose at least two more chromosome pairs than Cynopterus. Metacentric and sub
metacentric number in Cynopterus tends to be many than Thoopterus which have many sub
metacentric and telocentric. The consistence of diploid number in Thoopterus also revealed
in Cynopterus; showing no variation.

D. viridis is one of Dobsonia species that has been distributed in Sulawesi and
Mollucas (Corbet and Hill, 1992). The chromosome of some Dobsonia species are already
studied, those are D. praedatrix and D. molluccensis from New Guinea (2n = 38, FN = 66
and 2n = 38, FN = 68, respectively) with the chromosome X identical to Rousettus (Haiduk,
1983). The chromosomes type of D. praedatrix are mostly metacentric and sub metacenric.
Based on the research results of D. viridis chromosome number (2n = 36) showed D. viridis
has lost one pair of chromosomes of D. praedatrix and D. molluccensis. The chromosome
types of D. praedatrix are mostly metacentric and sub-metacentric (Haiduk, 1983); whereas
the chromosome type of D. viridis was not determined in this study.

Most Pteropodidae showed diploid numbers trend of 34, 36 and 38 (Haiduk et al.,
1980) and some species were out of the trend such as M. niphanae and Balionycteris that has
diploid number ranged from 24 to 28 (Hood et al., 1988). Based on our study, B. bidens has
departed to this trend. While T. suhaniahae, T. nigriscens and D. viridis are included in this
trend.

R. hoffmanni is one of endemic Rattus in Sulawesi. The five subspecies are R.h
linduensis, subditivus, mengkoka, palelae and mollicomus (Laurie and Hill, 1954). In this
study, it was difficult to describe sex chromosomes in R. hoffmanni. We suspected the pairs
of chromosome number 13 are the X chromosomes seen from the chromosome shape and
type. The chromosome types of Rattus and other rats tend to have many telocentric and X
chromosomes has great telocentric (O'Brien et al., 2006). R. hoffmanni has more telocentric
of 13 pairs.
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Opposite to chromosome subspecies R.h linduensis (2n = 42, FN = 58), R. hoffmanni
in this study has addition of single pair chromosome. We suspected that R. hoffmanni
chromosome occur Robertsonian translocation (fission or fusion event) to subspecies R.h
linduensis. This event also occur among M. niphanae species from Thailand and peninsular
Malaysia (Hood et al., 1988; Yong, 1984; Harada et al., 1982). Referring to Atlas of
Mammalian Chromosomes, some species of genus Rattus have 2n ranged from 38 to 46
(O’Brien et al., 2006; Li et al., 2008). If the R. hoffmanni chromosome were compared with
R. Rattus and R. norvegicus, would occur addition of each chromosome 6 and 2
chromosomes.
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Husni Mubarok, Dyah Perwitasari-Farajallah and Ibnu Maryanto

Table 1: Chromosome status of four fruit bat species and one rat species from Mt.
Bawakaraeng, South Sulawesi

Number of specimens

Species studied Locality 2n FN FNa X X Y
Male Female
Pteropodidae
B. bidens 3 - (1) 30 53 5 SM - T
T. suhaniahae 6 2 D, (2) 38 64 60 M M
T. nigrescens - 1 1) 38 - - - -
D. viridis 1 1 (1) 36 - - - -
Muridae
R. hoffmanni 5 4 1), (2) 44 61 59 T T

2n : Diploid cell; Fna: Fundamental number autosom; FN: Fundamental number; X :
Chromosome X; Y: Chromosome Y; M : Metacentric, SM: Sub Metacentric; ST: Sub
Telocentric; T: Telocentric.
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Karyotypes of Fruit Bats (Chiroptera, pteropodidae) And Rats (Rodentia, muridae) From Mt. Bawakaraeng, South Sulawesi, Indonesia

Table 2: Morphometric of male B. bidens (MZB37354) chromosomes

Relative Length

Chromosome Cl
. . i Total AR  Morphology
Pair P q %
(Mean+SD) Min  Max (Mean+SD) Min  Max (%)
1 a 2.43+0.28 2.13 2.77 2.74+0.13 262 292 517 4693 114 M
b 2.26x0.11 2.06 2.33 248+0.15 223 264 473 4766 110 M
2 a 2.07£0.13 1.93 2.20 244+0.05 238 249 451 4585 118 M
b 2.16+0.22 180 2.38 2.34+0.12 224 255 450 4793 109 M
3 a 1.57+0.07 1.48 1.66 1.82+0.17 164 204 340 4632 116 M
b 1.43£0.12 1.27 1.59 1.73£0.18 149 198 317 4523 122 M
4 a 1.35£0.10 1.24 1.50 1.54+0.09 146 166 290 46.75 114 M
b 1.15+0.13 1.05 1.36 1.34+0.08 1.2 141 249 46.23 117 M
5 a 1.90+0.24 1.68 2.29 3.83t0.28 359 428 573 3311 205 SM
b 153+0.12 1.39 1.68 3.68£0.14 353 3.84 521 2941 241 SM
6 a 1.59+0.22 1.30 1.92 3.13+0.07 3.01 320 471 3370 200 SM
b 1.76+0.07 1.67 1.84 2.80£0.27 252 321 456 38.62 160 M/SM
7 a 1.22+0.17 0.98 1.42 2.12+0.20 184 236 333 3647 178 SM
b 1.17+0.10 1.05 1.26 2.01+0.37 151 250 317 36.74 173 SM
8 a 1.11+0.10 1.02 1.28 1.94+0.13 174 208 3.05 3641 176 SM
b 1.16+0.12 0.96 1.24 1.78+0.16 1.6 198 294 3936 156 M/SM
9 a 1.04+£0.17 0.86 131 1.74+0.17 158 196 278 3741 170 M/SM
b 0.95+0.12 0.88 1.16 1.79+0.22 159 212 274 3480 188 SM
10 a 0.87£0.09 0.74 0.98 1.80+0.09 165 190 267 3256 209 SM
b 0.87+£0.16  0.68 111 1.68+£0.03 165 171 255 3414 198 SM
11 a 0.85+0.08 0.73 0.94 1.60£0.05 153 168 245 3472 189 SM
b 0.82+0.16  0.65 1.08 1.39+0.17 114 156 221 37.07 176 SM
12 a 0.00 0.00 0.00 3.85£0.12 374 4.04 385 0.00 o T
b 0.00 0.00 0.00 3.28+0.12 317 343 3.28 0.00 T
13 a 0.00 0.00 0.00 254015 237 278 254 0.00 o T
b 0.00 0.00 0.00 274022 256 3.02 274 0.00 o T
14 a 0.00 0.00 0.00 1.86+0.09 171 193 186 0.00 o T
b 0.00 0.00 0.00 1.67£005 163 176 1.67 0.00 o T
X 0.94+0.08 0.84 1.00 257+0.10 245 269 351 2677 274 SM
Y 0.00 0.00 0.00 1.58+0.17 134 180 158 0.00 o T
p: short arm length; g: long arm length; CI: centromer index; AR: arm ratio; ab :

chromosome pair; M : metacentric; SM: sub metacentric; ST: sub telocentric ;T: telocentric
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Husni Mubarok, Dyah Perwitasari-Farajallah and Ibnu Maryanto

Table 3: Morphometric of female T. suhaniahae (MZB 37355) chromosomes

Clhromosams Falztrve Lenzth
Pair P Min  Max  qMeanSD)  Min  Max Toml  CIC% AR Momphology
(Mean+SD) : ’
] a 1.30=0.17 1.03 149 2182016 1.98 238 348 3742 1.70 M
b 1.28x0.12 1.135 143 2022018 1.81 223 3.30 3880 1.57 M
.\ a 1.27=0.03 1.15 140 1700215 1.38 2 297 421 82 134 M
B b 1.24=0.0%9 1.13 1.53 1562011 1.42 1.68 180 44 25 1.27 M
i a 1.04=0.15 HIETE 1.1& 2.14=0.07 203 221 3.18 32.58 2.10 Shi
g b 0882015 071 1.04 2. 162010 202 223 3.04 2847 152 Snd
4 a 0.86=0.05 078 041 2122015 1.91 225 1598 2877 148 SM
b 0.82=0.08 0.65 0.33 2.10=0.09 1.95 220 291 2804 2.59 Shi
~ a 0.8620.15 062 1.07 1882030 1.51 204 195 3147 131 Shd
. b 0.70=0.08 HE 0.33 2.02=0.06 1.96 211 171 2363 192 Shi
¢ a 081014 HE L0g 1.7220.15 160 1.87 154 3194 218 Snd
b 0.6820.08 039 0.78 1.49=0.0%9 138 1.59 117 3137 2.20 Shd
. a 6E=0.10 0.0 (.83 1.26=0.10 1.25 1.55 2.14 31.84 218 Shd
b 0.66=0.12 036 0.33 1.26=0.15 094 1.40 152 3445 198 Shi
. a 0.49=0.06 041 0.58 1.41=0.0% 34 55 1.20 2584 193 Shd
b 0452005 039 0.50 1132001 12 1.15 1.5% 2873 153 Shd
8 a 1.00=0.11 028 1.17 3.51=0.15 378 4.08 4591 2030 397 =T
b 0.73=0.05 067 0.7% 3.25=0.18 313 3351 4.02 15.08 4,56 =T
10 a 0.93=0.12 0.74 1.03 284019 262 3.00 3.7 24 80 3.13 5T
b 0.74=0.03 062 0.33 2.78=0.13 263 247 52 21.02 3.B0 =T
1 a 0822016 038 1.02 2522011 240 2161 334 2443 3.20 5T
b (.62=0.05 045 0.73 2.23=020 195 144 285 21.72 3.69 5T
13 a 0.61=0.068 034 0.638 2.10=0.08 1.97 2.1% 17 2247 347 =T
b 0.3820.06 033 043 1.49=0.05 144 155 187 2048 394 ST
13 a Q.00 0,00 0.0 2632006 235 271 183 0.0 o T
b Q.00 000 0.00 2.58=0.13 243 278 258 0.00 o T
14 a 0.00 000 0.00 2.37=0.05 232 243 137 0.0 o T
b 0.00 000 0.00 2.26=0.07 217 2537 226 0.0 o T
r a .00 0.00 0.0 2152015 1.95 258 113 0.0 o T
b 0.00 000 0.00 2.13=0.12 202 229 213 0.0 o T
16 a .00 0,00 0.0 1.10=0.11 1.88 218 1.10 0.0 o T
b Q.00 000 0.00 1.56=0.03 1.33 160 1.56 0.00 o T
17 a Q.00 0,00 0.0 1.44=0.11 .l 160 144 0.0 o T
b .00 0.00 0.0 1.42=0.0% 34 1.53 142 0.0 o T
18 a 0.00 000 0.00 1.30=0.068 24 38 130 0.0 o T
b Q.00 000 0.00 1.17=0.14 095 1.34 1.14 0.00 o T
X 1.67=0.12 1.33 1.34 2.38=0.12 217 248 405 41.2% 1.43 M
i 1.59=0.09 1.48 1.67 2002016 1.84 24 3.59 44 23 1.27 M
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Karyotypes of Fruit Bats (Chiroptera, pteropodidae) And Rats (Rodentia, muridae) From Mt. Bawakaraeng, South Sulawesi, Indonesia

p: short arm length; g: long arm length; CI: centromer index; AR: arm ratio; ab :
chromosome pair; M : metacentric; SM: sub metacentric; ST: sub telocentric ;T: telocentric

Table 4: Morphometric of female R. hoffmanni (MZB 37043) chromosomes

Chromeszome

Bair

Felative Length

B
(Mems§Dy = B

Max

q

(hean=500)

Min

Max

Tofal

CT (%)

AR

Idorphology

LO1+.07 0481
1.06+0.07 098
1.13+0.06 147
1014008 042
0.85+0.09 0.8
0.81£0.13 .68
0.75£0.04 .65
088011 072
068013 0.58
0.80+0.06 077
0.55£0.06 0.45
0.65£0.14 0.50

117
121
1.08
1.03
0.35

L

L.00
a7
080
062
051

1344018
217008
2.05+0.09
2084009
2061012
211+0.00
1.9540.13
1624013
1784014
1644012
1.45£0 16
1.2540.19

s hir:
4.0

-

.00
195
194
201
172
145
.1
133
131
093

168
115

e
AR

Led Lpad Led
i i :.ll
b3 o Lh

[ T S O T

[ L ]

Fod B3 B3 Lad g

[l = T ST i R e |

Ln

[
4=
=%

=~ A4
L ¥
-

ZMa

130

28.36
1342
1499
12,75
11.43
2771
27.96
1533
27381
12,82
26.97

3423

Pl
o
T4

ahd
SM
SM
ahd
SM
SM
8M
SM
SM
ahd
SM
aM

—— —
0720005 0.67
e e
05720008 a.51
0.54+0.13 043

0.51+0.07 041

078
068
069
061

R

2.200.00
1.83+0.11
1.68+0.05
164015

105
171
1.2
143

192
142

-y

115

471
1564
1448
15379

—
(=]

18

'I.'|

18

15

i)

Fs

0.48£0.02 044

-

.50

144

105

15.02

OO TR o R TR T R ORGSR TR TR TN TSNS M| | M MM T MO W

.00 0.00
0.00 0.0
0.00 0.0
0.00 0.0
2.00 2.00
.00 0.00
0.00 0.0
0.00 0.0
0.00 0.0
.00 0.00
.00 0.00
0.00 0.0
2.00 2.00
0.00 0.0
0.00 0.0
2.00 2.00
2.00 2.00
.00 0.00
0.00 200
2.00 2.00
2.00 2.00
2.00 2.00
.00 0.00
.00 0.00
2.00 2.00
2.00 2.00
- o

WAL WAL

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
(.00
Q.00
Q.00
(.00
Q.00
Q.00
0.00
Q.00
Q.00
Q.00
Q.00
0.00
0.00
Q.00
Q.00

P
' ()
0.00

173013
1604013
2574007
1364010

164
142
148
148
41
115
235
17
235
Il
205
151
193
151
150
1.85
153
1.78
172

l.aa

—
L e )
—

[

et e et
& wn
1 L O O Lo

[ T O Y

wd ol
=1
= Wx ]

[
=

3 Fed Bed Bed B Bed Bl
Ao Lad L = owmoLnoLn
Lad O Qe Lo O Oy -

0.00
0,00
0,00
0.0
0.00
0.00
0,00
0,00
0.0
0.00
0.00
0,00
0,00
0.0
0,00
0,00
0.00
0.00
0.00
0,00
0,00
0.00
0.00
0.00
0,00
0.00
o

S

R R K R RRERERERRE-RERRREREERRRIERERRRERERIRER®R

HHadH A A A A9 a9 ddd 94494

13



Husni Mubarok, Dyah Perwitasari-Farajallah and Ibnu Maryanto

p: short arm length; g: long arm length; CI: centromer index; AR: arm ratio; ab :
chromosome pair; M : metacentric; SM: sub metacentric; ST: sub telocentric ;T: telocentric.

FIGURES

Figure 1: Collecting specimens sites. (1) Mixed garden (1453m asl; (S05°15'029"
E119°53'56.0"); (2) Pine forest (1545m asl; S05°1529.3” E119°54'31.8"); (3) Secondary to
primary forest (transition forest) (1835m asl; S05°16'42.5" E119°54'58.5"); (4) Primary
forest (2165m asl; S05°17'11.4" E119°55'47.6") (Source: GoogleMap 2014)
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Figure 2: Number of chromosome types of B. bidens, T. suhaniahae and R. Hoffmanni
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Karyotypes of Fruit Bats (Chiroptera, pteropodidae) And Rats (Rodentia, muridae) From Mt. Bawakaraeng, South Sulawesi, Indonesia
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Figure 3: Karyotype of male B. bidens (MZB 3734), magnification-1000x, scala bar 2.17
pum. Arrow showed additional chromosome

it ¥

“30 40 BN A8 va .
B RIYIRY B
" ]. J. )l 04 oo !‘

Figure 4: Karyotype of female T. suhaniahae (MZB 3735) magnification-1000x, scala bar
3.16 um
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Figure 5: Karyotype of female R. hoffmanni (MZB 37043) magnification-1000x, scala bar
3.26 um
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