gI?wg Bulgarian Journal of Veterinary Medicine, 2026
§

@i‘&é ISSN 1311-1477; DOI: 10.15547/bjvm.2026-0014

Original article

HAEMATOLOGICAL PROFILE OF CAPTIVE CRITICALLY
ENDANGERED MALAYSIAN GIANT TURTLES
(Orlitia borneensis) IN INDONESIA

A. B. HARDIAN'?, . P. RAHMAWATI', J. V. TIRTAYANL’, B. ALVIYANTO?,
R. KUSUMA®, A. I. KUMARALALITA®, D. WIDIGDAYA®, M. A. NUGROHO?,
A. A. PUTRI* & H. JAYANTO’

'Yogyakarta Nature Conservation Foundation — Wildlife Rescue Centre Jogja, Indonesia;
*Laboratory of Veterinary Anatomic Pathology, Faculty of Veterinary Medicine, Univer-
sitas Brawijaya, Indonesia; *Gembira Loka Zoo, Yogyakarta, Indonesia; *Faculty of Veteri-
nary Medicine, Universitas Brawijaya, Malang, Indonesia; ’KONKLUSI - Kolaborasi
Inklusi Konservasi (Yayasan), Sleman, Yogyakarta, Indonesia

Summary

Hardian, A. B., I. P. Rahmawati, J. V. Tirtayani, B. Alviyanto, R. Kusuma, A. I. Kumarala-
lita, D. Widigdaya, M. A. Nugroho, A. A. Putri & H. Jayanto, 2026. Haematological profile
of captive critically endangered Malaysian giant turtles (Orlitia borneensis) in Indonesia.
Bulg. J. Vet. Med. (online first).

Malaysian giant turtles (Orlitia borneensis) are known as the largest critically endangered terrapins in
Southeast Asia. Conservation breeding programmes conducted as an initiative to reinforce the popula-
tion in the wild require physically and genetically healthy founders. Blood tests might be the most
feasible versatile health assessment tool. However, standardised medical reference data for this spe-
cies remain unavailable. This study aimed to provide pictorial guidance for blood cell identification,
establish haematology and blood biochemistry reference intervals (RIs), and assess the dynamic of
blood sample quality towards storage duration. A mixed-direct-indirect method was applied using
blood samples from selected 46 considered healthy adult turtle individuals and 11 archival medical
records containing the turtles’ blood test results from previous medical check-up. Morphological
analyses were conducted in Image] 1.54g using Giemsa-stained blood smears. All statistical tests
were conducted in R version 4.4.3. Blood cell morphology of Malaysian giant turtles was consistent
with other chelonian blood cells. Azurophils and basophils became noticeable due to their rarity and
cryptic morphology compared to other cell lines. Reference intervals were generated for key haemato-
logical parameters, including hematocrit, total erythrocyte and leukocyte count, total plasma protein,
total haemoglobin, MCV and MCH. No statistical significant differences were observed in most pa-
rameters during four-day observation towards the baseline in day-1. Blood biochemistry data re-
mained insufficient for robust RI generation and are therefore presented only as descriptive ranges.
Despite these constraints, this study provides an important baseline for assessing the Malaysian giant
turtles’ health status and supports the development of evidence-based conservation breeding pro-
grammes. Comparative studies with other terrapin species may further enhance understanding of
species’ physiology, thereby informing and improving captive breeding strategies.

Key words: bajuku, blood test, byuku, haematology, Malaysian giant turtles, reference in-
terval, terrapins
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INTRODUCTION

Generating healthy assurance colonies of
Malaysian giant turtles (Orlitia borneen-
sis) for population reinforcement and ge-
netic rescue require thorough founder
and/or parental candidate examinations
including genetic testing and comprehen-
sive medical check-up. These testings are
pivotal steps to guarantee the breeding
individuals’ readiness to deliver physi-
cally healthy and genetically viable off-
spring. With the presence of masking phe-
nomenon in wildlife, regular health
checks become an inevitable action to
monitor health status of wild animals,
especially those that display subtle or no
clinical signs, thereby preventing disease
carriers from being accidentally released
into the wild. Healthy and high reproduc-
tive capability also set a standard for wel-
fare status, contributing to the success of a
breeding programme. Thus, having a
physically healthy and genetically viable
O. borneensis population is expected to
sustain the longevity and life expectancy
of the offspring released.

Routine health examinations are per-
formed in captive wildlife within conser-
vation breeding programmes to ensure the
healthy parents or breeding individuals.
These assessments generally include phy-
sical examinations, parasitological scree-
ning, haematological and biochemical
analyses, and other laboratory tests to
detect potential diseases that could be
transmitted to offspring (Sanchez Romano
et al., 2019; Silveira et al., 2024). How-
ever, the lack of established medical ref-
erences for rare wildlife species poses
challenges in interpreting health status
using standardised diagnostic criteria
(Broughton et al., 2017; Moore et al.,
2020). Difficulties in generating reliable
reference intervals (RIs) in wildlife often
arise from the limited availability of stan-
dardised, clinically healthy individuals

and the challenge of obtaining sufficiently
large sample sizes for robust statistical
analysis (Broughton et al., 2017). Fur-
thermore, capturing endangered wild in-
dividuals from the wild for reference in-
terval development is logistically deman-
ding and constrained by conservation re-
gulations and permitting requirements.
Defining “healthy” individual status in
wild populations also remains inherently
complex (Cray, 2015). Consequently, it is
often suggested to establish medical refer-
ence intervals and health parameters using
minimally invasive approaches, such as
curation of long-term medical records and
sample collection from well-managed
captive populations (Jones et al., 2014).
Circulating blood reflects the overall
physiological status, as changes in the
concentration of its components may in-
dicate dynamic alterations in body condi-
tion. Therefore, the blood test results are
widely considered reliable indicators for
evaluating animal health. As blood circu-
lates throughout nearly all organ systems,
it can also act as a messenger of organ
dysfunction through specific biochemical
or cellular markers. Haematological ex-
amination is often performed as part of
routine health assessment in wildlife due
to its practicality, feasibility, and the ver-
satility of its indices, which can reveal
physiological responses to injury, infec-
tion, or disease exposure (Sykes &
Klaphake, 2015). However, establishing
standardised species-specific haematolo-
gical reference intervals remains a major
challenge in wildlife medicine. Research-
ers frequently encounter small sample
sizes, inconsistencies in sample handling
and laboratory protocols, confounding
external factors, and difficulties in accu-
rately defining “healthy” individuals — all
of which contribute to variability and re-
duced reliability of results (Sykes &
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Klaphake, 2015). Beyond their diagnostic
value, blood cells also contain genetic
material that can be utilised for genetic
analyses.

Medical reference intervals (RIs) for
many Indonesian wildlife species remain
largely unavailable, particularly for those
not considered charismatic and/or flagship
species. Such data are essential for estab-
lishing evidence-based baseline to assess
health status, including in captive Malay-
sian giant turtles (Orlitia borneensis),
which require regular health monitoring.
This gap persists despite the recognition
that all species contribute to key ecosys-
tem functions — such as nutrient cycling,
bioturbation, pollination, seed dispersal,
and energy flow (de Miranda, 2017).
Conservation attention and research ef-
forts, however, are often biased towards
more charismatic species due to greater
public interest, targeted funding, and per-
ceived economic or cultural value. Con-
sequently, biological and medical data for
less prominent species remain limited.
Addressing this, the development of hae-
matological Rls for understudied species
including O. borneensis, is essential to
support more equitable and comprehen-
sive wildlife health management.

To date, there are very few studies in
Indonesia reporting haematological refer-
ence values for endemic and/or native
wildlife. Most available Rls data for che-
lonians are derived from sea turtles, with
relatively few studies focusing on tor-
toises and terrapins — such as Galapagos
tortoises (Chelonoidis  donfaustoi, C.
hoodensis, C. chathamensis), ploughshare
tortoise (Astrochelys yniphora), radiated
tortoise (Astrochelys radiata), Hermann’s
tortoise (Testudo hermanni), ornate box
turtle (Terrapene ornata), spotted turtles
(Clemmys guttata), and eastern Her-
mann’s tortoise (7Testudo hermanni boett-
geri) (Andreani et al., 2014; Bielli et al.,
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2015; Lopez et al., 2017; Harden et al,
2018; Buscaglia et al., 2021; LaShomb et
al., 2022; Nieto-Claudin et al., 2024). In
this study, we present haematological and
blood biochemistry profiles of captive O.
borneensis and establish preliminary ref-
erence intervals based on routine blood
test parameters. The morphology and
morphometry of blood cells were further
described to guide more accurate interpre-
tation of diagnostic results.

Given the inherent constraints of wild-
life studies including limited sample sizes,
restricted geographic coverage, and chal-
lenges in defining clinically healthy indi-
viduals, these reference intervals should
be interpreted as provisional baselines.
Nevertheless, they represent a critical step
towards strengthening clinical diagnostics
and informing conservation strategies for
this species.

MATERIALS AND METHODS

Permits

Specimen procurement and access of this
study have been permitted by Indonesian
Ministry of Environment and Forestry
through document number SK
118/KSDAE/SCT.3/KSA.216/2022.  All
procedures conducted in this study have
been approved and monitored by Re-
search Ethics Committees of Universitas
Brawijaya with letter number No. 088-
KEP-UB-2023.

Specimen and data procurement

Blood samples were collected from 46
adult Malaysian giant turtles (Orlitia
borneensis) housed at Gembira Loka Zoo
and Wildlife Rescue Centre (WRC) Jogja,
Indonesia, weighing between 2.5 to 31 kg.
Sampling was conducted during February,
March, May and August between 2022
and 2024, corresponding to the wet sea-
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son in Indonesia. Due to limited standard-
ised reference data and restricted access to
advanced diagnostic technologies, indi-
viduals were classified as clinically
healthy based on the following criteria:
absence of morphological abnormalities,
normal appetite and excretory function
(i.e. defecation and urination), no observ-
able pathological lesions on the skin, car-
apace, or plastron, absence of clinical
signs of disease, normal respiration, regu-
lar movement and activity, and appropri-
ate reflex responses of superficial nervous
system. Radiology examinations were
also performed to detect foreign bodies,
abnormalities in skeletal or internal struc-
tures including skeleton and visceral in-
tegrity, and variations in organ density
indicative of any space-occupying lesions
such as tumours or chronic inflammation.
Approximately 1-2 mL of blood was
collected from accessible venepuncture
sites (e.g. saphenous vein, cephalic vein,

femoral vein, humeral vein, coccygeal
veins) and stored in 1 mL heparinised
blood container. Blood smears were pre-
pared immediately, fixed with absolute
methanol, and stained using 10% Giem-
sa’s azure eosin methylene blue solution
(Merck KGaA, Darmstadt, Germany) for
blood cell morphology and morphometry
analyses. We strongly recommend taking
the blood sample through saphenous veins
which are relatively visible and safe,
away from the turtle’s head thus minimis-
ing the risk of getting bitten. A pedestal is
necessary to prop the turtle body in ven-
tral recumbency and let the hind limb
hang freely (Fig. 1).

Blood samples exhibiting clotting, rel-
atively low cellularity — exhibiting bright
red to yellow discoloration, haemolysis
(reddish plasma following separation), or
rapid sedimentation (jelly-like yellowish
clot formation) were excluded from ana-
lysis. For comparative purposes, blood

Fig. 1. Venepuncture protocol for blood sample collection in O. borneensis is highly recommended
performed through femoral or saphenous veins in the hind limbs considering its safety and easier
accessible site (A). Pedestal is required to prop the turtle body and let the limbs hang freely (B).
Subcarapacial sinus venepuncture in smaller individuals might be optional if the saphenous veins are
inaccessible, however lymph contamination from nearby lymph vessel network is frequently report-

ed diluting the blood sample (C).
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samples were also collected from 21 red-
cared slider (RES) turtles (Trachemys
scripta elegans) and processed following
the similar procedures to assess interspe-
cific variation among chelonians.

Blood cell morphology and morphometry

Mono-layered blood smears were exam-
ined under a microscope (Olympus CX23,
Olympus Corporation, Japan) equipped
with a mounted camera (OptiLab Ad-
vance, PT Miconos, Yogyakarta, Indone-
sia) at 400x magnification, producing a
4100%x3075 px picture resolution. We
captured 5—7 high powered fields (HPF),
each containing at least 15-30 red blood
cells (RBC) for each sample. Morpholo-
gical analyses and descriptions were con-
ducted following established references
on turtles described by Heatley & Russel
(2010), Hernandez et al. (2017) and
eClinPath (2025) focusing on comparative
characteristics of cell shape, size, and
staining properties of whole cells, nuclei,
cytoplasms, and cytoplasmic granules.

Erythrocyte morphometric analyses
were performed in Image] 1.54g (Wayne
Rasband and contributors, NIH, USA) by
measuring major erythrocyte morphomet-
ric indices: cell major axis, cell minor
axis, nucleus major axis, nucleus minor
axis (Fig. 2). The straight line tool was
used as a ruler, calibrated using a standard
manufactured calibration slide at DIV
0.01(PT Miconos, Yogyakarta, Indonesia)
in a micrometer (Wm) unit.

Cell major axis

Cel inor axis

S|XE JoujW SnapnN

Nucleus major axis

Fig. 2. Major erythrocyte
morphometric indices.
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Statistical analyses were conducted in
R version 4.4.3 (R Core Team, 2025) to
evaluate differences in each major eryth-
rocyte morphometric indices between O.
borneensis and T. scripta elegans. All
datasets were tested for normality (one-
sample Kolmogorov-Smirnov test, a=0.05)
followed by homogeneity test (Levene
test, a=0.05). Depending on distribution,
comparisons were performed using either
t-test (parametric) or Wilcoxon-rank sum
test (non-parametric) at 95% confidence
level (0=0.05). Data of O. borneensis and
T. scripta elegans erythrocyte indices
were visualised in a comparative box-
violin-scatter-plot using “ggplot2” pack-
age (Wickham, 2016). Each data group
was visualised as histogram with density
line and normal curve line as reference to
natural population distribution and repre-
sentative sampling size procurement.

Haematology and blood biochemistry tests

The haematology counts were conducted
manually as described by Hardian et al.
(2020) for the following indices: packed
cell volume (PCV), total red blood cells
(RBC), total white blood cells (WBC),
total plasma proteins (TPP), haemoglobin
(Hb), mean corpuscular volume (MCV),
and mean corpuscular haemoglobin
(MCH). Natt-Herricks and modified Re-
es-Ecker solution (Natt & Herrick, 1952;
Dixon & Torbert, 1959) were used as dil-
uents for total RBC and WBC consecu-
tively, with optimised dilution factor at
1000 and 200 based on prior assessments
of cell density under microscope. Haemo-
globin (Hb) levels were estimated using
Sahli’s haemometer, and TPP was meas-
ured using a refractometer. The MCV and
MCH values were calculated using the
formulas:

MCV=[Haematocrit (%)*%10] + RBC (T/L)
MCH=[Haemoglobin (g/L)] + RBC (T/L)
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All haematological counts were per-
formed manually by two experienced op-
erators working independently from the
blood collection process. Each operator
processed no more than 20 samples per
day to minimise fatigue-related bias. Alt-
hough inter- and intra-observer variability
were not quantified, this controlled work-
flow was implemented to reduce operator-
dependent variability inherent to manual
counting techniques.

Blood biochemistry parameters — in-
cluding albumin, alkaline phosphatase
(ALP), alanine aminotransferase (ALT),
amylase, total bilirubin, blood urea nitro-
gen (BUN), calcium, phosphorus, glu-
cose, sodium, potassium, globulin, and
creatinine — were analysed using Vet-
scan® VS2 Chemistry Analyzer (Zoetis,
US) following manufacturer protocols.

Reference intervals

Reference intervals (RIs) were generated
for the erythrocyte morphometric indices
of both O. borneensis and T. scripta
elegans, as well as haematological and
biochemistry parameters of O. borneensis,
using raw (non-transformed) datasets.
Analyses were conducted in R version
4.4.3 using the “referencelntervals” pack-
age (Finnegan, 2024), following the rec-
ommendation of Friedrichs et al. (2012)
of which RIs were calculated with 95 in-
terval coverage, 90% confidence interval
(CI) using a basic bootstrap method. Out-
liers were identified using Horn’s method
and Tukey’s interquartile fences on a
Box-Cox transformation and subsequently
excluded (Finnegan, 2024). For datasets
containing less than 20 data, RIs were not

XAPCV (%)

calculated; instead, descriptive statistics
such as mean, median, minimum, and
maximum values were reported. Datasets
were visualised as histograms with densi-
ty curves generated in “ggplot2” package
to illustrate data distribution and their
representation relative to the natural
population.

Effect of prolonged storage to haematology

To assess the effect of storage duration on
haematological parameters, five blood
samples of O. borneensis were stored at
4-6 °C and analysed over four consecu-
tive days at 24-hour intervals. The dyna-
mics of changes in PCV, RBC, WBC, and
TPP were evaluated. Daily trends or aver-
age dynamics were visualised in boxplot
with the trend lines in “ggplot2” package,
R v.4.4.3. Mean daily changes i.e. value
declines were calculated, and regression
models were applied to estimate baseline
(day-1) value of haematological indices
when the bloods were freshly collected.

Statistical analyses included Shapiro-
Wilk test (0=0.05) for normality followed
by Levene test (a=0.05) for homogeneity.
Parametric data were analysed using re-
peated-measures ANOVA, while non-
parametric data were assessed using
Friedman-chi squared test (0=0.05). Post-
hoc tests were conducted using paired
t-test or Wilcoxon signed-rank tests
(0=0.05). Statistical power (1—p) were
estimated using “rcompanion” (Mangiafi-
co, 2025) and “pwr” package (Champely,
2020) packages. The average daily change
(XA) for each haematological parameter
was calculated to estimate baseline (day-
1) values, using the formulas below:

_ [PCViay 1 = PCVaay 2| + |PCViagy 2 — PCViay3| + |PCViay3 — PCVygy 4|

XARBC (T/L) =

3
|RBCyay1 — RBCuay2| + |RBCiayz — RBCuqy3| + |RBCuay3 — RBCuqy 4|

3
_ |WBCyay1 = WBCyay2| + [WBCaayz = WBCyay3| + [WBCyay3 = WBCay

RAWBC (G/L) =

XATPP (g/L) =

3
|TPPyay1 = TPPaay | + |TPPuay2 — TPPuay3| + |TPPuay3 — TPPagya

3
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RESULTS

Morphological description and morpho-
metry of Orlitia borneensis’ blood cells

At least six blood cell types in Giemsa-
stained O. borneensis blood smears were
identified: erythrocytes (and their defor-
med alternatives), heterophils, eosino-
phils, lymphocytes, monocytes, and throm-
bocytes. There were three cell types puta-
tively identified as basophils, azurophils,
and immature erythrocytes or mere reac-
tive monocytes. The O. borneensis’ blood
cell morphologies are presented on Fig. 3.

The O. borneensis erythrocytes sho-
wed the typical common RBC morpholo-
gy in reptiles. The cells were ovoid-to-
elliptical shape with purple cytoplasm,
almost round nuclei in the center with
dark violet coloration. Slight size varia-
tion might indicate macrocytic or micro-
cytic erythrocytes (Fig. 3A). Several ma-
jor deformities were observed including

tear-drop shape, cell with cytoplasmic
pallor, and the pleomorphic one (Fig. 3B-
D, respectively).

Heterophils (Fig. 3E) appeared as an
amoeboid-round shape, eccentric dark
violet nucleus with dense clumped chro-
matin and sometimes with lobulation. The
dark-red rod-shaped cytoplasmic granules
created a coarse appearance of hetero-
phils’ cytoplasm, which was distinct from
eosinophils. The O. borneensis eosino-
phils have similar morphological charac-
teristics to heterophils with less coarse cy-
toplasm due to smaller round pink cyto-
plasmic granules. This rendered eosino-
phils’ cytoplasm more homogenous com-
pared to that of heterophils. The eosino-
phils (Fig. 3F) contained eccentric and
chromatin-dense nuclei, however they
often were weakly stained in Giemsa dis-
playing partial to total very pale purple
coloration in the nucleus.

80046l
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Fig. 3. Actual size comparison and blood cells morphology of O. borneensis in 1000 magnification,
Giemsa azure staining. Blood cell identification: normal erythrocyte (a), tear-drop erythrocyte (b),
erythrocyte with cytoplasmic pallor (c), pleomorphic-deformed erythrocyte (d), heterophils (e),
eosinophils (f), lymphocytes (g), putative basophils (h), monocytes (i), putative azurophils (j),
thrombocytes (k), putative immature erythrocytes or reactive monocytes/macrophages (1).
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Lymphocytes (Fig. 3G) were the
smallest cell observed (apparently non-
reactive one). The cell shapes were almost
round with occasional indentation of the
cell membrane. The nuclei were round to
slightly pleomorphic with dense chroma-
tin. The cytoplasms were scant, pale blue
to purple comparatively quite small in
proportion toward the nuclei (roughly
10% of total cell area, nucleus-cytoplasm
ratio around 9:1).

Thrombocytes (Fig. 3K) were more
elongated ovoid to elliptical in shape both
in the whole cells and nuclei. The
cytoplasms were pale blue surrounding
the dark violet nuclei. Solitary thrombo-
cytes were commonly observed and no
platelet clump was spotted.

Monocytes (Fig. 31) were observed to
be more rounded in shape, containing
dark violet to blue nuclei that were occa-
sionally lobulated. The cytoplasms ap-
peared pink and often contained pale pink
to transparent vacuoles, creating a stip-
pled appearance. Cells identified as puta-
tive azurophils in monocytes (Fig. 3J)
were slightly larger and exhibited more
basophilic, pale blue cytoplasm, likely
due to the presence of fine blue cytoplas-
mic granules. However, similar morpho-
logical features may also be observed in
large or reactive lymphocytes, making
definitive  differentiation challenging.
Some azurophil-like cells were reluctantly
classified as immature erythrocytes (Fig.
3L), based on their resemblance to the
reference descriptions, characterised by
relatively larger cell size with dark blue to
purple cytoplasm. Basophils, as described
in standard references, were not clearly
identified in this study. Nevertheless, a
number of cells resembling putative baso-
phils (Fig. 3H) were observed, character-
ised by large, round, dark purple cyto-
plasmic granules that obscured or masked
the nuclei.

Statistical comparison of erythrocyte
morphometry between O. borneensis and
T. scripta showed no significant differ-
ences. The histograms and density line of
erythrocyte morphometric parameters of
both species showed no significant differ-
ent from the normal curve line — unless
the O. borneensis RBC major axis
(P=0.04787) — indicating that most of da-
tasets were normally distributed (Fig. 4).
Homogeneity tests revealed that nuclei
major axis groups were deemed not ho-
mogenous (P=1.749") whereas RBC and
nuclei minor axis of both groups were
homogenous (P=0.2673, P=0.9487, re-
spectively). The average of RESs’ eryth-
rocyte major axis (18.01+1.56 um) was
apparently higher than that of O.
borneensis’ (17.45£1.43 pum) though not
significantly different (P=0.6015). The
similar trend was also present in average
nuclei major axis comparison of O.
borneensis (5.27£0.62 um) and RESs
(5.58+£0.83 um) that also showed no sig-
nificant difference (P=0.8538). In con-
trast, the averages of minor axes of RBCs
and erythrocyte nuclei were apparently
higher in O. borneensis than T. scripta
that were showing statistically significant
differences in both morphometric indices
(P=2.2"% and P=0.0025, respectively).
The reference intervals (RI) of O. borne-
ensis and T. scripta erythrocyte morpho-
metric indices are presented in Table 1
and Table 2.

Reference range of Orlitia borneensis
haematology and blood biochemistry

Of twenty-one indices procured from O.
borneensis blood test results and archival
haematology test records, only seven
complied to be generated as reference
intervals referred to guidelines by
Friedrichs et al. (2012). The number of
data in each parameter (N) might vary due
to incomplete measurement, data unavail-
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Fig. 4. Statistical comparison of Malaysian giant turtles (O. borneensis) blood cell morphometry to
RESs (7. scripta) (uppermost and middle). The bottommost figures showed histograms with density
and normal curve lines indicating the data distribution of RBC major axis, RBC minor axis, nuclei
major axis, and nuclei minor axis of O. borneensis (a-d, respectively) and RESs (e-h, respectively).

ability, and data elimination in outlier
removal. None of O. borneensis blood
biochemistry data reached the minimum

number required to generate a reference
interval (N>20). Thus, only the mean,
median, minimum and maximum value
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were provided with the histogram as rec-
ommended by Friedrichs et al (2012).
The haematological reference intervals
and blood biochemistry range values are
presented in Table 3 and Table 4 consecu-
tively.
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Table 1. Reference interval of O. borneensis blood cells morphometry (CI=90%)

Parameter N RI Lower CI Upper CI
Cell major axis (um) 440 14.66—20.26 14.47-14.85 20.07-20.45
Cell minor axis (um) 441 9.52-13.90 9.38-9.67 13.76—14.05
Nucleus major axis (um) 425 4.05-6.50 3.97-4.13 6.41-6.58
Nucleus minor axis (Lm) 443 3.18—-5.77 3.09-3.27 5.69-5.86

Table 2. Reference interval of RESs blood cells morphometry (C1=90%)

Parameter N RI Lower CI Upper CI
Cell major axis (um) 456 14.98-21.05 14.77-15.18 20.85-21.25
Cell minor axis (um) 453 8.71-13.30 8.55-8.86 13.14-13.45
Nucleus major axis (pm) 450 3.98-7.15 3.87-4.09 7.04-7.26
Nucleus minor axis (pm) 449 3.04-5.64 2.95-3.13 5.56-5.73

Table 3. Haematological reference intervals of O. borneensis

Parameter N RI 90% CI lower limit 90% CI upper limit
PCV (%) 57 20.9-38.83 18.31-21.87 37.05-40.61
RBC (T/L) 53 0.04—0.77 -0.03-0.12 0.70—0.83
WBC (G/L) 55 0.60—4.05 -0.68—1.87 12.77-15.33
Hb (g/L) 23 29.7-49.3 18.3—41.0 137.9-160.7
MCV (fL) 23 198.28—2015.48 25.67-370.88 1872.87-2188.08
MCH (pg) 23 66.05—671.88 8.50—123.59 614.33-729.43

PCV: packed cell volume; RBC: red blood cells; WBC: white blood cells; Hb: haemoglobin;
MCV: mean corpuscular volume; MCH: mean corpuscular haemoglobin.

Table 4. Blood biochemistry range values of O. borneensis

Parameter N Mean Median Min Max
Albumin (g/L) 13 17.5+4.3 18 10 24
Globulin (g/L) 13 39.7+5.6 41 30 49
ALP (U/L) 13 454.08 £162.5 439 244 867
ALT (U/L) 11 12+ 148 12 9 15
Amylase (U/L) 12 77.5+£29.78 80.5 25 136
Total bilirubin (umol/L) 13 11.46 +1.88 11.97 8.55 13.68
BUN (mmol/L) 11 3.34+£2.02 2.86 0.71 8.57
Calcium (mmol/L) 12 2.55+0.14 2.58 23 2.75
Phosphorus (mmol/L) 13 1.37+0.24 1.26 1.2 1.91
Glucose (mmol/L) 13 3.55+1.06 3.27 1.94 5.88
Sodium (mmol/L) 13 1273.8 £39.7 1280 1190 1320
Potassium (mmol/L) 11 63.3+£17.2 61 37 97
Creatinine (umol/L) 6 26.52+5.3 26.52 17.68 35.36
Parameter N RI 90% CI

TPP (g/L) 23 18.3-71.7 13.4-23.5 (lower limit)

66.6—76.7 (upper limit)

ALP: alkaline phosphatase; ALT: alanine aminotransferase; BUN: blood urea nitrogen; TPP:
total plasma protein.
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Table 5. Paired comparison of PCV, RBC, WBC, and TPP in 4-day measurement

Day 1
PCV RBC WBC TPP
P-value 1-B P-value 1-B P-value 1-B P-value 1-B
Day 2 0.13 0.07 0.65 0.27 0.14 0.18 0.19 0.05
Day 3 0.19 0.06 0.06 0.13 0.14 0.37 0.39 0.12
Day 4 0.06 0.12 0.12 0.30 0.03 0.45 0.15 0.64

PCV: packed cell volume; RBC: red blood cells; WBC: white blood cells; TPP: total plasma protein.

The histograms with density values re-
flecting data distribution of all indices are
displayed as Supplementary Materials .

Effect of prolonged storage to the blood
count in low temperature preservation

Four-day monitoring of blood quality
dynamics of O. borneensis revealed no
statistically significant difference between
day-2 to day-3 towards day-1 as control
(P>0.05) (Table 5). An exception was
observed for white blood cell (WBC)
counts, which showed a significant differ-
ence after three days of storage relative to
day-1. However, obtained statistical pow-
er (1-P) across comparisons was low:
1—-p<0.08, suggesting limited sensitivity
to detect differences. Despite the lack of
strong statistical significance, temporal
trends — slight value changes — were evi-
dent along four-day monitoring (Fig. 5).
Both red blood cells (RBC) and WBC
counts presented a consistent downward
trend over the four-day period, whereas
the total plasma proteins (TPP) showed a
gradual increase. Packed cell volume
(PCV) value displayed a fluctuating pat-
tern, with a slight overall decline follow-
ing a peak on day-3. The average daily
decline of RBC and WBC consecutively
were 20+10 T/L and 1340+740 GI/L,
whilst TPP level increased daily by an

* available at https://trakia-uni.bg/wp-con-
tent/uploads/2026/04/supplementary-materi-

als.pdf
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average of 2.1£1.1 g/L. Linear regression
model of PCV, RBC, and TPP value dy-
namics over the 4-day observation
showed weak fit to the data (R*=0.08;
0.07; 0.1 respectively), whereas the WBC
model demonstrated a moderate fit to the
dataset (R*=0.52).

DISCUSSION

Our study demonstrated that the blood
cell morphology of O. borneensis was
broadly consistent with that reported in
other chelonians. However, staining
methods may affect cell recognition, po-
tentially leading to misidentification due
to variation in colour intensity and ab-
sorbance among different cell types.
Overall, cell and nuclear shapes, cyto-
plasmic granules, and coloration or stain-
ing characteristics aligned with descrip-
tions from previous studies by Heatley &
Russel (2010), Hernandez et al. (2017),
and eClinPath (2025).

Basophils were the rarest cells ob-
served and exhibited relatively cryptic
morphology, often resembling and there-
fore potentially being misidentified as
nuclei from lysed cells or smudge cells
(Perpifian, 2017). Their identification re-
mained uncertain, particularly due to the
presence dense dark blue to purple cyto-
plasmic granules that may obscure nucle-
ar visibility (Heatley & Russel, 2010;
Andreani et al., 2014; Hernandez et al.
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PCV Durability: Value Dynamics in 4-Day Measurement
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Fig. 5. The dynamics of several haematological indices (PCV, total RBC, total WBC, TPP) of O.
borneensis towards storage time displayed an increase trend in PCV and TPP in 4-day monitoring
whereas RBC and WBC values showed downward trend. Note the slight decrease in PCV value on

the fourth day after culminating on the third day.

2017; Nieto-Claudin et al., 2024). While
these features were consistent with cells
identified as basophils in O. borneensis,
confirmatory identification would benefit
from special stains such as toluidine blue
which can distinguish more accurately
granule biochemical properties (Andreani
et al., 2014; Hernandez et al., 2017).
There were three mononuclear-like
cells identified as monocytes, putative
azurophils, and immature erythrocytes

12

according to  available references
(Perpifian, 2017; Garcia-De la Pefia ef al.,
2020; Soulsbury et al., 2022). These cells
were distinct in cytoplasmic colour and
intensity as well as relative size. The
weak eosinophilic cytoplasm of mono-
cytes might indicate different biochemical
activities from other two mononuclear-
like cells possessing more basophilic cy-
toplasm. The sizes of putative azurophils
and monocytes were identical, suggesting
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that these cells are more alike in mor-
phology and supports the hypothesis that
they may originate from a single primor-
dial cell line (Penman et al., 2022),
whereas the larger size and more intensely
basophilic cytoplasm of putative imma-
ture erythrocyte distinguish them as a
separate population (Perpiiian, 2017).
Azurophils were rarely reported in chelo-
nian haematology, contributing to diffi-
culty in their identification. In some cases,
blue-stained cytoplasmic monocyte-like
cells were not suggested to be defined as
azurophils and conservatively classified
as monocytes (Perpifian, 2017; Nieto-
Claudin et al, 2024). Although their
physiological role remains poorly under-
stood, azurophils are thought to function
similarly to monocytes, contributing to
inflammatory responses through phago-
cytic activity and fine basophilic granules
in their cytoplasm (Dervas ef al., 2023).

No platelet clumping was observed in
O. borneensis blood smears, suggesting
relatively low thrombocyte reactivity
compared to avian species. In contrast,
other chelonians exhibit more diverse
thrombocyte morphology including ellip-
tical, round and irregular forms that can
be more distorted due to cytoplasmic fra-
gility (Perpifian, 2017). Nevertheless,
variability in staining intensity and proto-
col remains a source of potential bias in
cell identification. While specialised
staining techniques would improve diag-
nostic precision, their application may be
impractical in field-based settings.

Several abnormal erythrocyte mor-
phologies were observed, that may reflect
both physiological and pathological pro-
cesses. Erythrocyte deformities can indi-
cate underlying pathology, although
artefactual changes must also be consid-
ered (Guevara-Meléndez et al., 2023).
Tear-drop erythrocyte (dacrocyte), for
instance, might be associated with
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dyserythropoiesis, myelofibrosis, or com-
pression in stenotic vessels, but can also
arise from mechanical distortion during
smear preparation. Other observed ab-
normalities, including pleomorphic bipo-
lar erythrocytes, may relate to osmotic
imbalance/disturbance, oxidative stress,
and haemolytic anaemia, although
artefactual origins due to excessive press-
ing in blood smear preparation cannot be
excluded. The presence of central pallor
in some erythrocytes may resemble fea-
tures seen in iron-or-haemoglobin-defi-
cient mammalian erythrocytes. Compara-
ble abnormalities have also been reported
in other chelonians, including the pres-
ence of cytoplasmic foreign bodies (e.g.
remnants, vacuoles, inclusion bodies),
distortion due to aquatic pollutant expo-
sure (e.g lobbed, binucleated, blebbed,
bud, notched, eight-shaped, and micronu-
cleus) and other deformed cellular shapes
(Perpinan, 2017; Guevara-Meléndez et
al.,2023).

Variation of morphologic and mor-
phometric features among chelonian spe-
cies might reflect decades of adaptation
towards environmental challenges fitting
to their physiological requirements. It is
evident that anatomical and physiological
variation in squamate reptiles might con-
tribute to erythrocyte morphologic and
morphometric diversity (Bury et al.,
2023). Several studies reported that che-
lonian haematology correlated to seasonal
period, environment, and sex (Pulcherio
et al.,, 2023). While large erythrocytes
were reported way more efficient in com-
pensating high metabolic and oxygen de-
mand due to their larger storage capacity,
high number of small erythrocytes might
be more efficient in supporting rapid oxy-
gen delivery in energetically demanding
species such as migratory birds (Penman
et al., 2022; Soulsbury et al., 2022). The
comparatively smaller erythrocytes ob-
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served in O. borneensis and T. scripta
relative to desert Bolson tortoises (Gophe-
rus flavomarginatus) (female average cell
length 22.4+1.5 pm; cell width 12.5+1.0
pm) may reflect differences in habitat and
oxygen utilisation strategies (Garcia-De la
Peiia et al., 2020). Clinically, such varia-
tion should be carefully considered when
interpreting macrocytic and microcytic
conditions and assessing regenerative
responses in anaemia.

Our study established reference inter-
vals for primary haematological parame-
ters/indices of O. borneensis, while blood
biochemistry values were presented as
descriptive ranges due to limited sample
size. Compared with other tortoise spe-
cies, several analytes — including PCV,
RBC, WBC, MCV, MCHC, calcium,
phosphorus, potassium — appeared elevat-
ed in O. borneensis, at least in compari-
son with three tortoise species (Heatley &
Russel, 2010; Andreani et al., 2014; Her-
nandez et al., 2017; Nieto-Claudin et al.,
2024). This pattern is consistent with
findings in semi-aquatic reptiles, where
higher haematocrit and haemoglobin lev-
els are associated with oxygen demands in
transitional environments (Brischoux et
al., 2011). These factors may contribute
to the relatively higher RI upper limits
observed MCV and MCH in this species.

Several technical and sampling-related
factors might affect haematological meas-
urements and hence the reference interval
accuracy. For instance, lymph contamina-
tion — particularly from sites such as
subcarapacial sinus where lymph vessel
network architecture is close to veins —
might dilute blood samples and reduce
measured values of PCV, Hb, and total
RBC counts, potentially leading to clini-
cal misinterpretation. Thus, drawing
blood from relatively deeper peripheral
veins (e.g. saphenous, femoral, humeral
veins) is strongly recommended. In addi-
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tion, manual haematological analysis re-
quires technical expertise and may be
influenced by operator fatigue, particular-
ly when processing large numbers of
samples, triggering bias in counts.

Visualisation of data distributions us-
ing histogram and density plots is essen-
tial to assess representativeness and sup-
port the validity of reference intervals.
Previous studies in Indonesia have often
reported reference values without suffi-
cient adherence to established guidelines,
including an initial proper health screen-
ing, adequate sample size, and appropriate
statistical methodology in generating ref-
erence intervals. Consequently, the validi-
ty and broader applicability of these refer-
ence intervals remain uncertain. To ensure
that reference intervals are representative
of the natural population, distribution of
the data should be evaluated, such as by
assessing the alignment between data
density curve and the normal distribution
curve. This approach supports generalisa-
tion of reference intervals for clinical use,
rather than limiting their applicability to
the sampled population alone (Shatz,
2024).

The observed changes in haematologi-
cal parameters during storage highlight
the sensitivity of blood components to
external conditions. Following collection,
physiological regulation ceases, leading to
cellular degeneration and osmotic shifts.
These shifts involve the movement of
fluid from plasma into blood cells, which
have relatively higher intracellular osmo-
lality, resulting in increased corpuscular
volume and reduced plasma solvent. An-
ticoagulants help to maintain the blood
cells in dispersed state and are calculable
under microscope. However, low temper-
ature storage can alter fluid dynamics by
reducing solvent volume and affecting
membrane permeability. Refrigeration can
induce plasma volume reduction and in-
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creased cellular permeability, resulting in
transient increases in PCV, followed by a
decline associated with haemolysis. This
mechanism likely explains the increase in
PCV observed during the first three days
of monitoring, followed by a decrease on
day-4 as cellular degeneration progressed.
Similar fluctuations have been reported in
refrigerated porcine and caprine blood
over five days (Thedioha & Onwubuche,
2007). The total RBC and WBC were
predictively declined as reported in previ-
ous studies (Ihedioha & Onwubuche,
2007). In contrast, total plasma proteins
(TPP) levels increased over time, likely
due to reduction in plasma solvent volume
as fluids were drawn to the degenerated
blood cells. The regression models
showed poor fit for most parameters ob-
served (low R? close to 0), likely due to
low, limited sample size. Nonetheless,
these patterns illustrate the effect of pro-
longed storage on blood quality dynamics.
Although most changes were not statisti-
cally significant/different and remained
within the 90% confidence interval toler-
ance of upper-lower limits, clinicians
should be aware of the temporal variabil-
ity of haematological values in stored
blood samples. Understanding blood du-
rability and resilience to external field
conditions are pivotal to maintain blood
sample integrity, especially when the col-
lection sites are remote from laboratory
facilities and delays in sample processing
are unavoidable. Thus, the availability of
basic tools for manual haematological
assessment is strongly advised, rather than
reliance on automated analysers distant
from the sampling location.

Seasonal, environmental, and sex-
related factors are also known to influence
turtle haematology. However, multiple
attempts of handling and restraining a
group of critically endangered turtles for
frequent tests might induce unnecessary
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distress and negatively impact health and
reproductive performance. Care must be
taken to reduce and prevent those adverse
effects with programmed haematology
test regimens. While several blood pa-
rameters might meet the minimum re-
quirement as reference interval, the blood
biochemistry analytes levels of these tur-
tles were underpowered for robust refer-
ence interval generation. Consequently,
these values are presented only as descrip-
tive ranges and should not be interpreted
as definitive clinical thresholds. Further
studies of blood biochemistry analysis
with larger sample size are required to
establish a reliable blood biochemistry
reference interval.

The classification of individuals as
healthy was based on clinical examination
and limited diagnostic screening, thus the
potential inclusion of individuals with
subclinical conditions may have broad-
ened the calculated intervals and reduced
sensitivity for early disease detection.
This limitation is inherent to many wild-
life studies and should be considered
when applying these reference values in
clinical decision-making. In addition, sev-
eral blood-borne and systemic infections
agents might affect the turtle haematology
including ranavirus, herpesvirus, and
Chlamydia spp. infections are known to
affect reptile haematology. As no report
of systematic screening has been conduct-
ed in Indonesia, establishing baseline
pathogen surveillance would be an im-
portant next step to refine future haemato-
logical reference intervals and improve
diagnostic accuracy.

ACKNOWLEDGEMENTS

We acknowledge Guruh Jaya Wisnuwardhana
DVM and all parties involved in this study for
their generous support and contributions. This
study was partially funded by an internal re-

15



Haematological profile of captive critically endangered Malaysian giant turtles (Orlitia borneensis)...

search grant of Faculty of Veterinary Medi-
cine, Universitas Brawijaya with contract no.
1434/UN10.F13/TU/2023.

REFERENCES

Andreani, G., E. Carpené, A. Cannavacciuolo,
N. Di Girolamo, E. Ferlizza & G. Isani,
2014. Reference values for haematology
and plasma biochemistry variables, and
protein electrophoresis of healthy Her-
mann’s tortoises (7Testudo hermanni ssp.).
Veterinary Clinical Pathology, 43, 573—
583.

Bielli, M., G. Nardini, N. Di Girolamo & P.
Savarino, 2015. Haematological values for
adult Eastern Hermann's tortoise (7estudo
hermanni boettgeri) in semi-natural condi-
tions. The Journal of Veterinary Diagnos-
tic Investigation, 27, 68—73.

Brischoux, F., G. E. Gartner, Jr. T. Garlan &
X. Bonnet, 2011. Is aquatic life correlated
with an increased hematocrit in
snakes? PLoS One, 6, ¢17077.

Broughton, H. M., D. Govender, P.
Shikwambana, P. Chappell & A. Jolles,
2017. Bridging gaps between zoo and
wildlife medicine: Establishing reference
intervals for free-ranging African lions
(Panthera leo). Journal of Zoo and Wild-
life Medicine, 48,298-311.

Bury, S., L. Kratochvil & Z. Starostova, 2023.
Scaling of erythrocyte shape and nucleus
size among squamate reptiles: Reanalysis
points to constrained, proportional rather
than adaptive changes. Royal Society Open
Science, 10, 221513.

Buscaglia, N. A., D. N. Inman, S. Chen, K. L.
Arheart & C. Cray, 2021. Partial haema-
tology, biochemistry, and protein electro-
phoresis reference intervals for captive
spotted turtles (Clemmys guttata). Journal
of Zoo and Wildlife Medicine, 52, 704—
709.

Champely, S., 2020. pwr: Basic Functions for
Power Analysis. R package version 1.3-0.
https://CRAN.R-project.org/package=pwr
(January 3, 2025 date last accessed).

16

Cray, C., 2015. Reference intervals in avian
and exotic haematology. Veterinary Clin-
ics of North America: Exotic Animal Prac-
tice, 18, 105-116.

de Miranda, E. B. P., 2017. The plight of repti-
les as ecological actors in the tropics.

Frontiers in Ecology and Evolution, 5,
159.

Dervas, E., E. Michalopoulou, A. Liesegang,
M. Novacco, F. Schwarzenberger, U.
Hetzel & A. Kipar, 2023. Haematology,
biochemistry and morphological features
of peripheral blood cells in captive Boa
constrictor. Conservation Physiology, 11,
coad001.

Dixon, J. M. & B. J. Torbert, 1959. A dilu-
tion-stain for direct enumeration of avian
blood cells. Poultry Science, 38,222-223.

eClinpath, 2025. Turtle blood. Cornell Univer-
sity, https://eclinpath.com/atlas/exotic-
hematology/turtle-blood/ (August 16, 2025
date last accessed).

Finnegan, D., 2024. referencelntervals: Refer-
ence Intervals. R package version 1.3.1.
https://CRAN.R-project.org/package=refe-
rencelntervals (January 3, 2025 date last
accessed).

Friedrichs, K. R., K. E. Harr, K. P. Freeman,
B. Szladovits, R. M. Walton, K. F. Barn-
hart & J. Blanco-Chavez, 2012. ASVCP
reference interval guidelines: Determina-
tion of de novo reference intervals in veter-
inary species and other related top-
ics. Veterinary  Clinical ~ Pathology, 41,
441-453.

Garcia-De la Pefia, C., R. I. Rodriguez-Vivas,
J. A. Zegbe-Dominguez, L. M. Valenzue-
la-Nufiez, C. A. M. Herrera & Q. Siller-
Rodriguez, 2020. Blood cell morphometry
of wild Gopherus flavomarginatus (Bolson
tortoises) in the Chihuahuan desert.
Veterinaria México, 7, 1-9.

Guevara-Meléndez, A. M., M. Comas-Garcia
& V. Labrada-Martagon, 2023. Descrip-
tion and quantification of micronucleus
and nuclear abnormalities in erythrocytes
of the sentinel green turtle (Chelonia
mydas) with fluorescence microscopy. Ge-

BIVM, xx, No x



A. B. Hardian, I. P. Rahmawati, J. V. Tirtayani, B. Alviyanto, R. Kusuma, A. I. Kumaralalita ...

netic Toxicology and Environmental Mu-
tagenesis, 887, 503596.

Harden, L. A., J. Fernandez, J. R. Milanovich,
B. P. Struecker & S. R. Midway, 2018.
Blood biochemical reference intervals for
wild ornate box turtles (Terrapene ornata)
during the active season. Journal of Wild-
life Diseases, 54, 587-591.

Hardian, A. B., W. P. Nugrahani, 1. P.
Rahmawati & D. V. Megarani, 2020.
Metode penghitungan eritrosit dan leukosit
total pada raptor di Wildlife Rescue Centre
(WRC) Jogja. Veterinary Biomedical and
Clinical Journal, 2, 11-20.

Heatley, J. J. & K. E. Russell, 2010. Box turtle
(Terrapene spp.) haematology. The Jour-
nal of Exotic Pet Medicine, 19, 160—164.

Hernandez, J. D., P. Castro, P. Saavedra, P.
Ramirez & J. Ords. Morphologic and
cytochemical characteristics of the blood
cells of the yellow-bellied slider
(Trachemys scripta  scripta). Anatomia,
Histologia, Embryologia, 46, 446-455.

Ihedioha, J. 1., & R. C. Onwubuche, 2007.
Artifactual changes in PCV, hemoglobin
concentration, and cell counts in bovine,
caprine, and porcine blood stored at room
and refrigerator temperatures. Veterinary
Clinical Pathology, 36, 60—63.

Jones, M. P., K. L. Arheart, C. Cray, 2014.
Reference intervals, longitudinal analyses,
and index of individuality of commonly
measured laboratory variables in captive
bald eagles (Haliaeetus leucocephalus).
Journal of Avian Medicine and Surgery,
28, 118-126.

LaShomb, A. M., J. Challis & C. Cray, 2022 .
Haematology and biochemistry reference
intervals for critically endangered radiated
tortoises (Astrochelys radiata): Reference
intervals in  previously confiscated
subadults and variability based on com-
mon techniques. PLoS One, 17, 1-18.

Lopez, J., M. Waters, A. Routh, T. F. Rakoto-
nanahary, L. Woolaver, A. Thomasson, E.
Holmes & H. W. Steinmetz, 2017. Haema-
tology and plasma chemistry of the
ploughshare tortoise (Astrochelys yni-
phora) in a captive breeding program.

BJVM, xx, No x

Journal of Zoo and Wildlife Medicine, 48,
102-115.

Mangiafico, S. S., 2025. rcompanion: Func-
tions to support extension education pro-
gram evaluation. version 2.5.0., https:/
CRAN.R-project.org/package=rcompanion
(January 3, 2025 date last accessed).

Moore, A. R.,, M. S. Camus, K. Harr, M.
Kjelgaard-Hansen, J. Korchia, U. Jeffery,
S. Paltrinieri, S. M. Pratt & B. Szladovits,
2020. Systematic evaluation of 106 labora-
tory reference data articles from nondo-
mestic species published from 2014 to
2016: Assessing compliance with refer-
ence interval guidelines. Journal of Zoo
and Wildlife Medicine, 51, 469—477.

Natt, M. P. & C. A. Herrick, 1952. A new
blood diluent for counting the erythrocytes
and leucocytes of the chicken. Poultry Sci-
ence, 31, 735-738.

Nieto-Claudin, M., B. Goossens, A. Arevalo,
A. N. Cruz, D. Born & H. L. Snell, 2024.
Haematology and plasma biochemistry
reference intervals of Espaiiola, San
Cristobal and Eastern Santa Cruz Galapa-
gos tortoise species. Conservation Physi-
ology, 12, coae055.

Penman, Z., D. C. Deeming & C. D.
Soulsbury, 2022. Ecological and life-histo-
ry correlates of erythrocyte size and shape
in Lepidosauria. Journal of Evolutionary
Biology, 35, 708-718.

Perpifian, D., 2017. Chelonian haematology 2.
Identification of blood cells. In Practice,
39, 274-283.

Pulcherio, R. S., M. N. Rocha, R. V. de Bar-
ros, E. S. Brito, D. P. Dos Santos, C.
Striissman & R. H. Ferraz, 2023. Influence
of season, environment, and sex on select-
ed blood parameters of Geoffroy's side-
necked turtles, Phrynops geoffroanus
(Schweigger, 1812). Journal of Zoo and
Wildlife Medicine, 54, 484—497.

R Core Team, 2025. R: A Language and Envi-
ronment for Statistical Computing, R
Foundation for Statistical Computing, Vi-
enna, Austria, https://www.R-project.org/
(January 3, 2025 date last accessed).

17



Haematological profile of captive critically endangered Malaysian giant turtles (Orlitia borneensis)...

Sanchez Romano, J., L. Grund, A. Obiegala, I.
H. Nymo, F. J.Ancin-Murguzu, H. Li, N.
Krol, M. Pfeffer & M. Tryland, 2019. A
multi-pathogen screening of captive rein-
deer (Rangifer tarandus) in Germany
based on serological and molecular as-
says. Frontiers in Veterinary Science, 6,
461.

Shatz, 1., 2024. Assumption-checking rather
than (just) testing: The importance of visu-
alization and effect size in statistical diag-
nostics. Behavior Research Methods, 56,
826-845.

Silveira, J. A. G. D., S. M. Moreira, A. F, D.
Nascimento, M. M. D. Oliveira, H. A. D
Santos, L. G. T. D. M. Estevam, C. R. Pe-
reira, A. G. G. Guimarédes Oliveira, M. L.
D’Elia, A. C. Araujo & J. M. M. Silva,
2024. Preparing collared peccary (Pecari
tajacu Linnaeus, 1758) for reintroduction
into the wild: A screening for parasites and
hemopathogens of a captive popula-
tion. Pathogens, 13, 47.

Soulsbury, C. D., J. Dobson, D. C. Deeming &
P. Minias, 2022. Energetic lifestyle drives
size and shape of avian erythrocytes. Inte-

18

grative & Comparative Biology, 62, 71—
80.

Sykes, J. M. & E. Klaphake, 2015. Reptile
haematology. Clinics in Laboratory Medi-
cine, 35, 661-680.

Wickham, H., 2016. ggplot2: Elegant Graphics
for Data Analysis. Springer-Verlag, New
York.

Paper received 18.01.2026; accepted for
publication 27.04.2026

Correspondence:

Andreas Bandang Hardian, DVM, MVSc
Yogyakarta Nature Conservation Foundation
Laboratory of Veterinary Anatomic Pathology,
Faculty of Veterinary Medicine,

Universitas Brawijaya, Indonesia

e-mail: andreasbandangh@ub.ac.id

BIVM, xx, No x



