Journal of Animal & Plant Sciences, 33(5): 2023, Page: 1148-1157
ISSN (print): 1018-7081; ISSN (online): 2309-8694
https://doi.org/10.36899/JAPS.2023.5.0708

HEMATOLOGICAL PROFILE OF THREE SPECIES OF Hipposideros spp.
(HIPPOSIDERIDAE) AS AN ADAPTATION IN CAVE HABITAT, IN GUNUNG SEWU
GEOPARK AREA, INDONESIA

T. B. P. Prakarsa'**, S. Hadisusanto'’, S. Pudyatmoko?, and I. Maryanto?

"Departement of Tropical Biology, Faculty of Biology, Universitas Gadjah Mada, J1. Teknika Selatan, Sekip Utara 55281
Yogyakarta, Indonesia.
2 Faculty of Forestry, Universitas Gadjah Mada, J1. Agro No. 1 Bulaksumur Yogyakarta 55281, Indonesia.
3Museum Zoologicum Bogoriense, Widyasatwaloka Building, Research Centre in Biology-LIPI,
JI. Raya Cibinong KM 46 Cibinong, Indonesia.
“Biology Study Program, Departement of Biology Education, Faculty of Mathematics and Science, Universitas Negeri
Yogyakarta,Jl. Colombo No. 1, Yogyakarta 55281, Indonesia.
SCenter for Environmental Studies, Universitas Gadjah Mada, J1. Kuningan, Caturtunggal, Depok, Sleman, Yogyakarta
55281, Indonesia.
“Corresponding Author’s email: bagusprakarsa@uny.ac.id

ABSTRACT

Bats that feed on insects and are members of the Hipposideridae family, category Chiroptera is widely dispersed
worldwide, including Hipposideros spp. There are 29 species of 73 species that inhabit Indonesia. Most of these species
use caves as their roosting habitat. In cave habitats, with different physicochemical conditions from surface habitats, the
hematological profile can be a physiological indicator in responding to habitat conditions. This study aims to analyze the
hematological profile of Hipposideros spp. as a parameter of physiological adaptation in the cave habitat in Gunung
Sewu Karst Area, Indonesia. Sampling was carried out purposively in six caves locality of the Gunung Sewu karst area.
Bats were collected with misnet (12 x 3 m), and Harpnet was installed at the entrance of the cave at 17.00 - 21.00 WIB.
The Blood samples from each bat were taken intravenously, as much as 1 mL, on the Forearm and inserted into a 1.5 mL
microtube that had been given EDTA anticoagulant. A total of 20 parameters were observed from erythrocyte, leukocyte,
and platelet profiles. These parameters use a Hematology Analyzer for analysis. Data differences in hematological
profiles between species and sex were analyzed using one-way ANOVA (sig= 95%), respectively. The relationship trend
between the physicochemical parameters of the roosting area in the cave with erythrocytes and hemoglobin was then
analyzed using a univariate linear model with multiple regression. All statistical analyses were performed using the
Paleontological statistics program (PAST) ver. 4.09 and R. Studio v1.4.1717-3. We found three species (Hipposideros
diadema, H. larvatus, and H. ater) with 70 individuals. This study concluded that there were differences in the
hematological profiles between the three Hipposideros species based on species and gender, although some samples did
not show significant differences based on statistical tests. Erythrocytes and hemoglobin can be used as parameters of
physiological adaptation to cave habitats. This is indicated by an increase in erythrocytes and hemoglobin followed by a
decrease in air temperature and oxygen levels, as well as increased humidity and ammonia levels in cave habitats. These
study results can be supported if similar studies analyze the hematological profile of non-cave-roosting bat. It is
recommended that future studies analyze the hematological profile of non-cave-roosting bats around the caves of the
studies or in areas with similar conditions.
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INTRODUCTION this genus are found on Java island. Hipposideros spp.
Ecologically plays an important role as a predator of

Hipposideros is a genus of the Hipposideridae agricultural pests (Ramteke et al., 2012; Wijayanti, et al.
family that has been distributed worldwide. This bat 2011). Naturally, they feed on different groups of insects,

belongs to one of the insectivorous bats. In Indonesia, ~ including Hemiptera, Lepidoptera, and Coleoptera. These
there are 29 species out of 73 in the world (Maryanto et bats hl}“" using foliage gleaners and narrow Space bat.s
al., 2019; Tucnredlist, 2021). Moreover, seven species of strategies. This strategy allows them to combine their
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echolocation capabilities to find prey in dense forests and
vegetation (Fenton, 1990; McKenzie et al, 1995;
Prakarsa, 2013).

Hipposideros 1is also known as bat cave
(Sedgeley, 2003; Altringham and Senior, 2005; Kofoky,
et al, 2006). Every animal, including bats, has a
tolerance limit to the carrying capacity to keep it alive. In
habitat, not all of that capacity can be used by animals
because it is influenced by three main factors, including
access, biotic and abiotic factors (Chase and Leibold,
2003; Pocheville, 2015). Caves with dark characteristics,
high humidity, relatively lower oxygen levels compared
to the habitat outside the cave, and also high levels of
ammonia make the limited membership of the cave
community (Wijayanti et al., 2011). Therefore, many
animals can not use the cave as their habitat (Kurniawan
et al. 2022). Hipposideros spp. has become bats that can
adapt to cave habitats and are categorized as habitual
trogloxene (Prakarsa, et al. 2021).

Physiological adaptation is closely related to the
physicochemical conditions of the habitat. In cave
habitats with microclimatic conditions, the hematological
profile can be used as a physiological indicator of
animals respond to their habitat conditions. Parameters in
the hematological profile are used to detect health status
(including genetic disease), nutrition, stress levels, animal
populations' management, and the degree of protection
(Hall et al., 2014; McMichael et al., 2015; Saimina et al.,
2019). Hematological profiles provide material on many
elements of immunology and metabolic activity, for
example, the ability to bind oxygen for energy needs in
metabolic processes. Fitria & Sarto (2014) stated that
Animals' hematological profiles could be impacted by
factors including their activity and stress level of animals,
gender, age, environmental conditions, and amount of
anxiety, as well as bats (Ekeolu & Adebiyi, 2018).

Hematological studies of bats in Indonesia are
still lacking, specifically Microchiroptera bats, including
the Genus Hipposideros (Wijayanti et al., 2011; Rahma et
al., 2017; Saimina et al., 2019; Mubarok et al., 2021). So
this research needs to be done. This study aims to analyze
the hematological profile of Hipposideros spp. as a
parameter of physiological adaptation in the cave habitat
in Gunung Sewu Karst Area, Indonesia.

MATERIALS AND METHODS

Ethical Clearance Write it in the start of the materials
and methods: This research has obtained ethical
clearance approval from the Ethics Committee of the
Faculty of Veterinary Medicine, Universitas Gadjah
Mada

Field Study: This research was conducted from October
2021 to March 2022. Sampling was carried out
purposively in six caves in the Gunung Sewu karst area,
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including Cerme Landak Cave, Toto Cave, Sioyot Cave,
Plelen Cave, and Sodong Cave (Figure 1). These caves
are located in the Gunung Sewu Geopark, which belongs
to Gunung Kidul Regency, Special Region of
Yogyakarta, and Wonogiri Regency, Central Java,
Indonesia. This place has an annual average temperature
of around 25.1°C, and rainfall is about 1837 mm per year.

Sampling and Identification: Bats are caught and treated
following the guidelines recommended by the American
Society of Mammalogists (Sikes et al, 2011; Sikes,
2016). Catching bats using a misnet (12 x 3 m) and a
harpnet, placed across the entrance of the cave at 17.00 -
21.00 WIB. Identification was carried out by
echolocation identification (batsound) and morphometric
measurements, which included: body weight (W), sex
(S), head and body length (HB), ear/ear length (E),
forearm (Fa), tibia (TB), hindfoot (HF), and tail length

().

Physicochemical Parameters: Physicochemical
parameteric data were measured, including air
temperature, humidity, oxygen levels, and air ammonia
levels of the sample roosting area in the cave. The
average temperature and humidity were measured using a
digital Thermo Hygro Meter Digital (HABOTEST HT
618), oxygen levels with the Oxygen Meter Tester (Smart
Sensor AR8100 O2 Detector Analyzer Oxygen Tester),
and ammonia using the Ammonia Tester (Gas Detector
Smart Sensor Amonia Tester AR-8500 NH3).

Hematological Profile: Xetamine-Xylazine (50 mg/kg
body weight) was used to anesthetize the bats. The Blood
samples from each bat were taken intravenously, as much
as 1 mL, on the Forearm, and inserted into a 1.5 mL
microtube that had been given EDTA anticoagulant. A
Hematology Analyzer Sysmex XP-100 was used to
measure 20 parameters from the erythrocyte, leukocyte,
and platelet profiles. Hematology analyses were carried
out at the LPPT Laboratory of Gadjah Mada University
and the Laboratory of IDB FMIPA Universitas Negeri
Yogyakarta. The twenty hematological parameters
consist of Red blood cells (RBC), hemoglobin (HGB;
g/dL), hematocrit (HCT; %), mean corpuscular volume
(MCV; fL), mean corpuscular hemoglobin (MCH; pg),
mean corpuscular hemoglobin concentration
(MCHGC;g/dL), red cell distribution width standard
deviation (RDW-SD), red cell distribution width
coefficient counts made up the measured hematological
(RDW-CV), white blood cells (WBC), lymphocytes
(#LYM), neutrophils (#NEUT;), lymphocyte percentage
per microliter blood (% LYM), neutrophil percentage per
microliter blood (% NEUT), mixed number (#MXD),
mixed percentage were the parameters on the leukocyte
profile (% MXD), the number of platelets (PLT), the
platelet distribution width (PDW), the mean platelet
volume (MPV), the platelet large cell ratio (P-LCR), and
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the platelet crit (PCT).
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Figure 1. Gunung Sewu Karst Area, Sampling locations (1. Cerme cave; 2. Landak cave; 3. Toto Cave; 4. Sioyot

cave; 5. Plelen cave; and 6. Sodong cave).

Statistical Analysis: The results of hematological
measurements were tabulated, and the data were tested
for normality by applying a 95% confidence level for the
Shapiro-Wilk reliability test. One-way ANOVA analysis
(P < 0.05) was performed to analyze the differences in
hematological profiles by species and sex categories. The
relationship trend between the physicochemical
parameters of the roosting area in the cave with
erythrocytes and hemoglobin were analyzed using a
univariate linear model with multiple regression. All
statistical ~analyses were performed using the
Paleontological statistics program(PAST) ver. 4.09

(Hammer et al., 2001) and R. Studio v1.4.1717-3.
RESULTS

We found three species of Hipposideros,
including Hipposideros diadema, Hipposideros larvatus,
and Hipposideros. ater. Seventy individuals of the three
species collected from six caves (sampling sites) were
used in this study. Detailed data on the number of
individuals by sex is presented in Table 1.

Table 1. Number of individuals caught from the three Hipposideros species

Species a.m a.f j-m j.f Number of each species
H. diadema 8 8 4 4 24
H. larvatus 8 8 4 2 22
H. ater 8 8 4 4 24
Total number caught 70

a.m: adult male, a.f: adult female, j.m: juvenile male, j.f: juvenile female

Erythrocyte Profile: The average value of erythrocyte
profiles in three Hipposideros species can be seen in
Table 2. According to ANOVA analysis, males and
females of H. diadema, H. larvatus, and H. ater showed
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significant differences in the number of erythrocytes
(RBC) (P=0.021, P=0.000, and P=0.047) and red cell
distribution width standard deviation (RDW-SD)
(P=0.000, P=0.000, and P=0.033)..
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Platelet Profile: The average value of platelet profiles
in three Hipposideros species can be seen in Table 4.
According to ANOVA analysis, males and females of
H. diadema, H. larvatus, and H. ater did not show
significant differences in platelet profiles.

Leucocyte Profile: The average value of leukocyte
profiles in three Hipposideros species can be seen in
Table 3. According to ANOVA analysis, males and
females of H. diadema, H. larvatus, and H. ater
showed significant differences in the number of
leukocytes (WBC) (P=0.000, P=0.011, and P=0.000)..

J. Anim. Plant Sci., 33 (5) 2023

Physicochemical relationship of roosting habitat with
RBC, HGB, and WBC: The results of physicochemical
measurements in the roosting habitat of three species
of Hipposideros showed that H. diadema could roost at
the habitat with the highest temperature (26.1 + 1.24
°C) compared to the other species (H. larvatus (25.5 +
1.35 °C) and H. ater (25.1 £ 1.52 °C)). Meanwhile, H.
ater can adapt to roosting habitats with the highest
humidity (81 £ 1.51%). The complete differences in the
adaptability of the three species to physicochemical
conditions in their roosting area can be seen in Table5.

Table5. Physicochemical, erythrocyte, hemoglobin, dan leukocyte of three species Hipposideros

Species T (°C) H (%) 02 (%) NH3 (ppm)
H. diadema 26.1+1.24 79+ 1.17 22.7+0.88 1790 + 74
H. larvatus 25.5+1.35 75+1.33 21.8+1.05 1953 + 46
H. ater 25.1+1.52 81 +1.51 204+ 1.12 2131413

T = temperature, H = humidity, O2 = oxygen, NH3 = ammonia level, RBC = erythrocyte, HGB = hemoglobin, WBC = leucocyte

The multiple regression equation for the
physicochemical relationship of habitat with
erythrocytes and hemoglobin of three Hipposideros is
presented in Table 6.

The results of multiple regressions of the
effect of the physicochemical roosting habitat of each
species on the levels of erythrocytes and hemoglobin
showed that the physicochemical parameters (humidity,
temperature, oxygen, ammonia) had significant or
insignificant to the levels of erythrocytes, hemoglobin,

and leukocytes (Table 7 ). From the results of the
analysis, there is a tendency for the number/levels of
erythrocytes and hemoglobin to increase along with a
decrease in air temperature, an increase in humidity, a
decrease in oxygen levels, and an increase in ammonia
levels in the roosting habitat of three species of
Hipposideros. However, this is not in line with
leukocyte levels which are not significantly affected by
the high and low physicochemical parameters.

Table 6. Multiple regression equation of habitat physicochemical relationship with erythrocytes and

hemoglobin
Species physicochemical with erythrocytes physicochemical with hemoglobin
H. diadema Y=5.345-0.537X1+0.062X2-0.741X3+0.003X4 Y1=36.473-0.300X1+0.017X2-0.502X3+0.721X4
H. larvatus Y~11.603-0.187X1+0.012X2-0.025X3+0.001X4 Y1=16.811-0.022X1+0.110X2-0.124X3+0.061X4
H. ater Y~=12.598-0.204X1+0.103X2-0.216X3+0.020X4 Y:i=4.967-0.372X1+0.032X2-0.433X3+0.113X4

Ye: erythrocyte, Yn: hemoglobin, X1: temperature, X2: humidity, X3: oxygen, and X4: ammonia

Table7. The results of multiple regression of the relationship between cave physicochemical parameters,

erythrocyte, hemoglobin, and leukocytes.

Hematological parameters physicochemical parameters H. diadema H. larvatus H. ater
Constanta/Intercept 5.345" 11.603" 12.598"
erythrocyte Temperature -0.537* -0.187. -0.204.
Humidity 0.062" 0.012" 0.103"
0, -0.741™ -0.025" -0.216"
NH 0.003" 0.001" 0.020"
R-square 0,989 0.596 0.755
Constanta/Intercept 36.473" 16.811" 4.697"
hemoglobin Temperature -0.300" -0.022. -0.372.
Humidity 0.017° 0.110° 0.032"
0} -0.502" -0.124 -0.433"
NH 0.721° 0.061" 0.113"
R-square 0,948 0.725 0.687
Constanta/Intercept 2.812 5.024 8.441
Leukocytes Temperature -0.254 -0.378. 0.311
Humidity -0,128 0.032 -0.098
0} -0.095 -0.457 -0.696
NH 0.012 0.110 0.004
R-square 0,425 0.513 0.577

Signif. Code : 0 <****,0.001 >, 0.01 <, 0.05 *.
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DISCUSSION

Erythrocyte Profile: The data of bat hematology is not
only used as a reference collection but is also useful for
understanding the physiological adaptations of various
bat species health conditions and, with no exceptions
for genetic disorders, nutrition, stress activity, and thus
will be able to help, at least, to determine in
consideration conservation status (Viljoen ef al., 1997,
Ratnasooriya ef al., 2011; Hall et al., 2014; Saimina et
al., 2019). Generally, male animals had more
erythrocytes, hemoglobin, leukocytes, and platelets
than female animals. Within the research, the profiles
of the three species H. diadema, H. larvatus, and H.
ater had low values or similar conditions along with the
hematological profiles of rats, mice, and some fruit bats
(Wolford et al., 1986; Smith et al., 1994; Rahma et al.,
2017). However, the location of the roosting may affect
the structure of the hematological profile. Such
conditions are the example of the incident in Rousettus
aegyptiacus, where the number of hemoglobin,
hematocrit, and erythrocytes of female R. aegyptiacus
collected via garden habitats was more than that of
males collected from caves (Van der Westhuyzen,
1988) or other examples from Mubarok ez al. (2021) in
Cynopterus brachyotis females from urban habitats had
higher erythrocytes and leukocytes than females from
non-urban habitats.

In this study, erythrocytes from the three
species tended to be strongly influenced by
environmental conditions. These environmental factors
in the form of physicochemical factors in the roosting
habitat influence erythrocytes and hemoglobin in the
three species of Hipposideros. Erythrocyte levels
increase when air temperature decreases, humidity
increases, oxygen decreases, and ammonia levels
increase. Likewise, hemoglobin levels increase along
with decreasing air temperature, increasing humidity,
decreasing oxygen levels, and increasing ammonia in
their roosting habitat. This research supports the claims
made by Ekeolu & Adebiyi (2018) and Mubarok et al.
(2021) that external factors, including humidity, heat,
and respiration rate, might affect the bat erythrocyte
profile.

Furthermore, Wijayanti et al. (2011) also
revealed that high erythrocytes and hemoglobin in cave
bats were influenced by decreased air temperature, high
humidity, low oxygen levels, and high ammonia levels.
In general, species that live in caves have relatively
higher levels of erythrocytes than those that live outside
the cave (Wijayanti et al., 2011). This is strongly
influenced by the environmental conditions of the cave
habitat having high ammonia levels and low O levels
(Wijayanti, et al, 2011; Prakarsa et al. 2021).
Therefore, it makes bats can adapt and survive. One of
these adaptations is a physiological adaptation by
increasing the number of erythrocytes and hemoglobin.
These conditions allow bats to be able to meet the
oxygen needs in their bodies. On the other hand, flying
activity also affects the hemoglobin in bats (Saimina et
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al., 2019).

Hemoglobin levels in bats are higher than
those in other large mammals. According to Arévalo et
al. (1991), Arad & Korine (1993), Mubarok et al
(2021), modifications in their vascular permeability
brought on by ambient air and flight activities are
responsible for this. The significant difference from
other Erythrocyte parameters is the Red Cell
Distribution Width Standard Deviation (RDW-SD)
between adult males and females related to hormonal
factors from sex but not to age (Balasubramaniam et
al., 2008; Padalia et al., 2014). According to Putra &
Bintoro (2019), the higher the RDW value, the greater
the variation in cell size. A common cause of increased
RDW is a nutritional deficiency (Tseliou et al., 2014).
This RDW is also a marker of certain diseases, such as
liver, kidney, and inflammation disorders (Lippi et al.,
2008; Tseliou et al., 2014).

In this study, the physicochemical parameters
of the bat roosting habitat were also influenced by the
physical condition of the cave passage. Habitats with
high organic matter deposits have high ammonia levels
and lower oxygen levels compared to cave passages
with minimal or no organic material deposits. In
another case, for example, a tunnel with an active
underground river flow has higher oxygen levels and
lower ammonia levels. This is in line with the research
of Winkelmann et al. (2000) and Duran & Centano,
(2002), which revealed that the physicochemical
parameters in this cave habitat are influenced by cave
characters, such as the physical shape of the chamber,
subsurface flow, and organic material.

Leukocyte Profile: The leukocyte profile is beneficial
in the field of conservation. This is because it shows
the animal's stress level and can be directly related to
stress hormone levels (Davis ef al., 2008). According to
Smith et al. (1994), in mammals, as in mice and rats,
the overall amount of leukocytes, neutrophils,
lymphocytes, and platelets decreases over time. In this
study, both males and females between species showed
significant differences in leukocytes. In detail, the
number of male H. diadema and H. larvatus leukocytes
was higher than that of the female. In contrast, H.ater
had high leukocyte counts in females(Table3). In this
study, leucocytes of the three species were not affected
by physicochemical parameters so that the three species
could adapt to the cave habitat. According to Ekeolu &
Adebiyi (2018), leukocytes can reveal details regarding
antibody issues affecting the animal, like inflammation
and infection. According to McLaughlin et al. (2007),
species' immune systems can be stimulated, a normal
reaction during the processing and captures procedure,
which can result in high lymphocyte counts in certain
animals. In this study, the Ideals of the Neutrophil-
Lymphocyte Count Ratio (NLR) of H. diadema, H.
larvatus, and H. ater were 0.58, 057, and 0.51
respectively. This NLR value could serve as a measure
of an animal's discomfort and a diagnosis of severe
infectious disorders in mammals (Davis et al., 2008;
Dhabhar et al., 1996; Rahma et al., 2017). The NLR
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values from this study were all species below 5. This
indicated that the condition of the three species did not
experience severe infection and had low stress (Hung et
al., 2011; Kahramanca et al., 2014; Man et al., 2021).

Platelet Profile: Blood clotting is strongly influenced
by the condition of Platelets (Periayah, et al., 2017).
This study showed that H.diadema and H.ater had
higher platelet counts in females than in males. In
contrast, male H.larvatus had a higher platelet count
than females, although statistically, it did not show a
significant difference (>0.05). The same thing was also
found in several species from the Genus Myotis,
Scotophilus, and Pipistrellus;, males had higher
platelets than females, which were not significantly
different (Rashid et al., 2016). This study platelet
values were generally normal or in the range of 150 x
103/mL — 450 x 103/mL, except for male juvenile H.
ater, who had platelets of 117 x 103/mL (Table 5). In
adults, values below this range lead to
thrombocytopenia, but in juveniles, it cannot be
ascertained, this is considering age, gender, genetics,
the time of year, and pre-analytical conditions all have
a significant impact on platelets. (Biino et al., 2011;
Rashid et al., 2016). According to Padalia ef al. (2014),
Platelets in males will often decrease with age, but not
in females. Typically, a platelet count higher than the
reference interval for the species 1is reactive
thrombocytosis and has no direct pathological
importance (Eclinpath. 2021). However, according to
Alonso & Cox (2015), Platelets also play a role as a
defense in responding to viral and bacterial infections.

Conclusion: Hematological profiles of the three
species of Hipposideros (H. diadema, H. larvatus, and
H. ater) from the karst area in Gunung Sewu,
Indonesia, showed differences between species in both
males and females. However, not all of them showed
significant differences based on statistical tests.
Erythrocyte and hemoglobin levels can be used as
parameters of physiological adaptation to cave habitats.
This can be shown by the increase in erythrocytes and
hemoglobin, along with the tendency of air temperature
and oxygen levels to decrease and increased humidity
and ammonia levels in cave habitats. These study
results can be supported if similar studies analyze the
hematological profile of non-cave-roosting bat. It is
recommended that future studies analyze the
hematological profile of non-cave-roosting bats around
the caves of the studies or in areas with similar
conditions.
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