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ABSTRACT

Chelonia mydas is an endangered marine species globally, which its reference blood parameters intervals have been published
for some group populations, but baseline health status values are lacking from Malaysia. This study aims to better understand
the hematology, biochemical, and blood gas of a wild-nesting green turtle population in the South China Sea. The health
status of nesting turtles at the Chagar Hutang Turtle Sanctuary, Pulau Redang, were performed on different individuals, (26
females laid one nest and 2 females laid two nests). A portable handheld blood analyzer (iSTAT) used in the field to obtain
immediate results of pH, lactate, pO2, pCO2, HCO3

-, Hct, Hb, Na, K, iCa, and glucose levels in blood samples, while standard
laboratory hematology techniques were conducted at Universiti Malaysia Terengganu (UMT) for red and white blood cell
counts. The results for all blood analytes (except Na, iCa, and hematology values) were not within the healthy index range
for wild turtles, compared to previous studies from different geographic populations. Therefore, the results of this current
study help to develop a baseline profile of healthy wild-nesting turtles as a global reference for detecting abnormalities in
blood chemistry and the health status of turtle populations worldwide.
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INTRODUCTION

Sea turtles are marine creatures that are well adapted
to the ocean, but females are still tied to the land
and will eventually come ashore for nesting activity.
Mating event occurs offshore in the early phases of
the nesting season, oftentimes nearby the nesting
beaches, and nesting females come ashore alone at
night time to lay their eggs. They possess natal
homing characteristics, return to their birth general
region, and previous nesting grounds to lay eggs
(Bowel, 1995 in Miller (1997). Green sea turtle
(Chelonia mydas) is currently listed as an
endangered marine chelonian (IUCN, 2010) with a
circum-tropical distribution. Within the South
China Sea region, Malaysia has the highest density
of nesting beaches compared to other neighboring
countries, large nesting populations of green turtles

can mainly found in Sabah and Sarawak’s Turtle
Islands, whereas in Peninsular Malaysia, it in the
states of Terengganu (Pulau Redang, Pulau
Perhentian, Kemaman and Kerteh) (Chan, 2006).

Green turtle populations are facing various
major threats; 1) habitat destruction, 2) pollution,
3) disease, 4) consumption of meat and eggs by
local populations, 5) death due to fishing gear
entanglement, and 6) consumption of plastics and
other anthropogenic materials (Denkinger et al.,
2013). Blood biochemical and hematology para-
meters are useful diagnostic tools in animal
management, the population stock for wildlife
biology, and species conservation (Aguirre & Lutz,
2004; Lewbart et al., 2014). Reference intervals (RIs)
for sea turtles in Aguirre and Lutz (2004), Casalé
et al. (2009), Labrada-Martagón et al. (2010a),
Anderson et al. (2011a), and Zhang et al. (2011)
used as guidelines for this study. Wild sea turtle
blood gas values have been reported and analyzed
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(Hamann et al., 2006; Wolf et al., 2008), but very
limited studies have combined hematology, blood
gases, and biochemical parameters from the same
geographic sub-population of sea turtles. This
present study appears to be the first health assess-
ment study evaluates selected hematology, blood
gases, and biochemical parameters of wild-nesting
green turtles from one of the highest density nesting
beaches in the South China Sea.

MATERIALS AND METHODS

Ethics statement
Outputs mainly focused on the maternal health

status of endangered species to save our natural
heritage from extinction. The research was con-
ducted under Permit Park. Tr.2214 Jld 2 (12) by
Department of Fisheries (DOF) Terengganu and
University Animal Ethics Approval Reference
Number is UMT/KJEPHT/2019/37.

Study site
Sample collected (late July – early September

2019) at Chagar Hutang Turtle Sanctuary (5°
48.778’ N; 103° 0.502’ E), Pulau Redang, Terengganu,
Malaysia (Figure 1), managed by the Sea Turtle
Research Unit (SEATRU), Universiti Malaysia
Terengganu (UMT). Chagar Hutang was recorded
to have the highest nesting density in Peninsular
Malaysia during 2018 and provides the best
opportunity in the region to sample multiple nesting
females during the peak nesting season.

Data collection
Sea turtle nest monitoring was conducted to

collect blood samples from wild-nesting turtles for
hematological and blood biochemistry profiling.
A total of 30 blood samples from 26 individual
turtles nested once and two individuals each nested
twice were obtained in this study. Blood sample
collections were drawn after oviposition (laying
eggs) as it may bring further consequences upon
disturbance during the process.

Physical examinations and morphometric data
Physical examinations of an individual are

rated by 1) a visual body examination and 2) body
condition score (BCS) (Norton & Wyneken, 2015),
charted from a score of 1 (emaciated) to 5 (obese)
(Li et al., 2015). A visual body examination
describes lesions or injuries alongside any presence
of epibiotic organisms. As for morphometric data,
curved carapace lengths (CCL) and curved carapace
widths (CCW) were obtained by using a measuring
tape, whereas weight was recorded by applying a
manual crane scale concept and a handheld infrared
thermometer used to read temperature values (Burns
et al., 2015).

Blood samples
Approximately 5.0 mL of blood samples were

humanely collected from the dorsal jugular vein
(Dutton, 1996) as followed in Standard Operational
Procedures while handling reptiles (Wyneken,
2001), using a 21-gauge needle and heparinized
tubes attached to a 6.0 mL syringe. Antiseptic agent

Fig. 1. Map of Peninsular Malaysia, where the location of (i) Terengganu and (ii) Chagar
Hutang Turtle Sanctuary in Pulau Redang. All the data required for this were collected along
the 350 meters beach during nesting activity.
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(iodine solution) applied to the puncture site of the
skin to disinfect the area prior-to and after-blood
sample collection (Li et al., 2015). Blood samples
obtained were immediately placed in lithium
heparin tubes and shaken well before divided into
sub-samples for further hematological and blood
biochemistry analyses. Samples were stored in a
portable DISON electronic refrigerated mini box
with a constant temperature at 8°C for field usage.
Ice cubes were then added into the box to maintain
the temperature while transporting the samples to
the laboratory at The Taaras Beach & Spa Resort,
Pulau Redang for laboratory analysis.

Hematological values, blood gases, and bio-
chemistry profiles

The iSTAT Portable Clinical Analyzer (Heska
Corporation) with CG-4+ and CG-8+ cartridges
were used to measure the levels of blood gases,
electrolytes, and biochemistry parameters with only
a few drops (0.095 mL) of blood, allowed to obtain
reliable results in-situ on nesting turtles. The
parameters of pH, lactate (Lac), the partial pressure
of oxygen (pO2), the partial pressure of carbon
dioxide (pCO2), bicarbonate (HCO3

–), hematocrit
(Hct), hemoglobin (Hb), sodium (Na), potassium
(K), ionized calcium (iCa), and glucose (Glu) were
measured and recorded within 10 min obtaining
blood samples. Packed Cell Volume (PCV) values
were determined by high-speed centrifugation of
blood-filled microhematocrit tubes at 12000 rpm for
5 min (Nardini et al., 2013). Differential white blood
cell (WBC) counts were manually performed on
blood films stained with Wright’s solution using
estimation of WBC count (Flower et al., 2015).
Leukocytes were manually categorized using a
compound light microscope into the following
groups: heterophils (HETE), lymphocytes (LYM),
monocytes (MONO), eosinophils (EOS), and
basophils (BASO) (Li et al., 2015).

Data analysis
The overlapping values of the CG-4+ and

CG-8+ cartridges from iSTAT blood chemistry
results, which consisted of all analytes except for
lactate, were compared using student t-tests. All
statistical analyses were done using IBM SPSS
statistical software version 25.

RESULTS AND DISCUSSION

In Table 1, the mean CCL for turtles in this study
was 96.2 cm (ranges 84 cm – 107.2 cm) and the mean
CCW was 84.5 cm (ranges 67 cm – 94 cm). Mean
body weight was 93.9 kg (ranges 79.3 kg – 121.5 kg)
and mean body temperature was 27.8°C (ranges
26.1°C – 30.1°C). All turtles determined to be

clinically healthy with BCS ranging between 3 and
4, indicated the normal range. This study is relatable
with previous findings of Chan (2013), who reported
in Pulau Redang that the annual average of CCL
ranged from 98.9 cm to 100.9 cm. Meanwhile, the
mean CCL of nesting populations in Heron Island
and Rain Island, Australia where it is 107 cm and
106 cm respectively (Limpus et al., 2009) and in the
Turtle Islands, Philippines with 99.5 cm (Seminoff
et al., 2015). Such differences might due to regional
differences depending on biochemical parameters,
food availability, and composition of the diet
(Labrada-Martagón et al., 2010a). Thus, the physical
examinations and morphometric data able to act
as an evaluating tool for body conditions of wild-
nesting green turtles.

Blood biochemical values obtained from CG-4+
and CG-8+ cartridges were consistent and no
significant differences statistically, hence the blood
gases and biochemistry (Table 2) and hematological
(Table 3) values reported were based on the first
cartridge run for all samples (CG-8+). Some resulted
in slightly smaller sample sizes due to the iSTAT
blood analyzer unable to detect the values because
of the unsuitable condition of the blood, temperature
for the equipment, or the cartridges. The reported
blood parameters for this study were not similar to
Reference Intervals (RIs) of healthy wild green
turtles (Flint et al., 2010; Labrada-Martagón et al.,
2010; Lewbart et al., 2014) due to the RIs referred
were populations of pre or post-nesting season,
where our study prior on wild-nesting green turtles.

Comparatively, this study determined wild-
nesting green turtles to have slightly lower HCO3

-,
pH, pO2, and Hb levels while pCO2, K, Glu, Hct, and
Lac were slightly higher values within RIs of
previous studies. Meanwhile, only Na and iCa of this
study were reported to be within the published RIs
and such differences might due to the current state
of the individuals (wild turtles of all ages during
pre or post-nesting season) (Anderson et al., 2011a;
Lewbart et al., 2014). Concentrations of sodium
(Na), a primary electrolyte in maintaining water in
one’s body, and potassium (K), a primary source of
food intake, depended upon the frequency of nesting
events, where both analytes decrease with increasing
nesting event counts as they are in a fasting state
during the nesting season (Honarvar et al., 2011).
The lactate levels, an index of muscle injury, in this
study ranges 8.08 to 20 mmol/L indicated the turtles
were facing muscle injury due to high muscle
activity during the nesting process, as compared to
the RIs in wild green turtles (life stage: immature
and mature) is between 0.80 to 8.73 mmol/L
(Lewbart et al., 2014). Nevertheless, the blood gases
and biochemical values in this study portray the
normal range of analyte concentrations of wild-
nesting green turtles.
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Table 1. Detailed morphometric data consists of 28 individuals with a turtle identification number
(Turtle ID), body weight (BW), curved carapace length (CCL), curved carapace width (CCW),
body temperature (BTemp), and body condition score (BCS) of wild-nesting green turtles at
Chagar Hutang Turtle Sanctuary, Pulau Redang

Turtle ID BW (kg) CCL (cm) CCW (cm) BTemp (°C) BCS

1993G019* 79.7 90.0 81.0 26.6 4
79.3 90.0 81.0 27.4 4

2009G059 95.2 95.8 81.8 27.1 3
2010G097 109.8 99.5 89.2 27.8 4
2013G160 82.5 97.0 83.0 28.1 4
2013G169 84.0 90.0 86.0 28.6 3
2014G073 100.5 104.5 93.5 28.3 3
2014G090 112.5 107.2 91.3 28.0 3
2014G121* 93.9 96.0 83.9 27.3 4

98.2 96.0 84.0 28.7 3
2016G236 121.5 101.5 67.0 28.2 3
2016G317 84.7 94.0 84.0 28.0 4
2019G205 90.1 96.0 83.3 27.9 3
2019G211 82.1 92.0 84.0 28.2 4
2019G225 84.7 94.0 79.0 26.9 4
2019G233 103.1 101.6 89.0 30.1 3
2019G239 90.8 95.2 82.5 27.9 4
2019G247 99.2 97.0 83.0 26.5 3
2019G250 91.1 90.0 81.0 28.0 3
2019G253 98.5 96.0 84.0 25.5 4
2019G259 82.1 90.0 85.0 27.6 3
2019G263 80.3 92.0 82.0 26.1 4
2019G264 55.8 84.0 71.0 26.1 4
2019G270 95.2 101.8 85.5 28.7 4
2019G275 104.6 100.0 87.5 28.4 4
2019G281 116.8 102.0 94.0 28.4 4
2019G282 112.5 102.0 89.0 28.4 4
2019G283 81.3 95.0 87.0 28.1 4
2019G284 102.1 96.0 94.0 29.0 3
2019G285 106.2 101.0 88.0 29.1 3

* = individual that nested twice during the sampling period.

Table 2. Mean, standard deviation, and range for blood gases and biochemical values
for wild-nesting green turtles at Chagar Hutang Turtle Sanctuary, Pulau Redang

Analyte n Mean SD Min Max

Na (mmol/L) 30 134.80 13.51 101.00 146.00
K (mmol/L) 30 5.70 2.01 3.60 9.00
iCa (mmol/L) 30 0.81 0.30 0.25 1.21
Glu (Umg/dl) 19 79.79 14.37 61.00 108.00
Lac (mmol/L) 28 13.05 3.36 8.08 20.00
pH 30 7.15 0.20 6.57 7.54
pCO2 (mmHg) 23 75.23 16.21 52.80 119.10
pO2 (mmHg) 19 96.63 36.13 60.00 175.00
BE (mmol/L) 25 -0.20 5.88 -12.00 11.00
HCO3

– (mmol/L) 25 28.08 4.64 17.00 38.00
TCO2 (mmol/L) 25 30.44 4.60 19.00 40.00
sO2 (mmol/L) 24 87.04 10.26 66.00 100.00

Na = Sodium. K = Potassium. iCa = Ionized Carbon. Glu = Glucose. pCO2 = Partial Carbon Dioxide.
pO2 = Partial Oxygen. BE = Base Excess. HCO3

– = Bicarbonate. TCO2 = Total Carbon Dioxide.
sO2 = Oxygen Saturation.

The reported hematology values obtained
consistent with published ranges for healthy nesting
and wild green turtles (Flint et al., 2010; Anderson
et al., 2011a; Gibbons et al., 2013). The hemato-
logical values depended on the diet, environmental

conditions (Flint et al., 2010), and home range
(Page-Karjian et al., 2014). In this study, the PCV
describes an earlier detection of one’s health
condition, ranges 14% to 50% that is similar to
previous studies for healthy green turtles in the
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Table 3. Mean, standard deviation, and range for manually analyzed hematology values of
wild-nesting green turtles at Chagar Hutang Turtle Sanctuary, Pulau Redang

Analytes n Mean SD Min Max

PCV (%) 30 31.27 8.79 14.00 50.00
WBC (×109/L) 30 1.65 0.87 0.30 4.40
LYM (×109/L) 30 0.33 0.16 0.10 0.60
MONO (×109/L) 30 0.07 0.06 0.01 0.20
HETE (×109/L) 30 1.58 0.90 0.20 3.40
EOS (×109/L) 30 0.60 0.41 0.10 1.30
BASO (×109/L) 30 0.0000003 0.0000005 0.00 0.000001
Hct (L/L) 29 21.31 3.68 15.00 30.00
Hb (g/L) 28 7.37 1.14 5.00 10.00

PCV = Packed Cell per Volume. WBC = White Blood Cells. LYM = Lymphocytes. MONO = Monocytes.
HETE = Heterophils. EOS = Eosinophils. BASO = Basophils. Hct = Hematocrit. Hb = Hemoglobin.

Galapagos (Lewbart et al., 2014), and United Arab
Emirates (Samour et al., 1988). Thus, the wild-
nesting green turtles in Chagar Hutang beach were
deduced to be in good health condition. The
decrement of PCV level is related to increasing
amounts of nesting events throughout a season
(Day et al., 2007; Whiting et al., 2007), where it
correlated to the physiological stress of folliculo-
genesis and nesting.

Manual performed blood profiling found
heterophils (Figure 2c), a large, eosinophilic
fusiform cytoplasmic granule with a pinkish
cytoplasm, is the most abundant leukocyte with a
mean value of 1.58 × 109/L (Table 3). Eosinophil
(Figure 2b), round eosinophilic and cytoplasmic
granules, the second abundant in our study with a
mean of 0.60 × 109/L. Basophils (Figure 2a)
identified by a large and round granule deeply

Fig. 2. Microscopic images of white blood cells (Wright’s stain) under 1000×
magnification with a scale bar of 10 µm: (a) Basophil (BASO), (b) Eosinophil
(EOS), (c) Heterophil (HETE), (d) Lymphocyte (LYM), and (e) Monocyte
(MONO). The blood was collected from wild-nesting green turtles at Chagar
Hutang Turtle Sanctuary, Pulau Redang.
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stained in purple. Lymphocyte (Figure 2d) appeared
to have a small cytoplasm stained in blue, while
monocyte (Figure 2e) consisted of cytoplasm
stained in blue-grey, which seems slightly opaque
and may contain vacuoles or fine dust. Lymphocytes
are reported being the most abundant type of white
blood cells in some reptilian and amphibians
(Campbell, 1995) as it offers various purposes in
one’s body such as giving an immediate reaction to
foreign invaders. However, this study recorded
heterophils as the most abundant leukocytes, where
it might due to the occurrence of inflammatory
diseases (muscle stress, tissue injury, microbial and
parasitic infections) (Campbell, 2006; Sykes &
Klaphake, 2008). Hence, our reported values were
as such because the turtles were high in muscle stress
caused by nesting activities. Also, the number of
basophils in this study was scarce in healthy wild-
nesting green turtles, which is relatable to a previous
study reported on green turtles by Work et al.
(1998).

CONCLUSION

This study reports the first baseline data of
hematology, blood gases, and biochemistry
profiles for wild-nesting green turtle population in
Terengganu, Malaysia, which represents the normal
blood biochemistry of a significant portion of the
sea turtle population in the vicinity of the South
China Sea region. Comparison of the blood
parameters of unhealthy turtles with the reported
profiles of this study can act as guidelines towards
giving recommendations for rehabilitation and
the design of therapies for this species of turtles,
as health assessments are important especially on
endangered species. In the near future, it is hoped
that studies on the elucidating physiological
changes of wild-nesting green turtles for charac-
terizing differences between clutches in a season can
be investigated, as it enhances our understanding of
the possible association between blood chemistry
profile and reproductive outputs.
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