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Health assessments of wildlife species are becoming increasingly important in an ever-changing environment. Kemp’s ridley
sea turtles (Lepidochelys kempii; hereafter, Kemp’s ridleys) are critically endangered and incur several on-going threats to
their population recovery; therefore, it is imperative to advance the understanding of baseline blood analyte data as a
diagnostic and monitoring tool. For in-water, trawl-captured, immature Kemp’s ridleys (minimum N = 31) from Georgia,
USA, the objectives of this study were to (1) establish reference intervals (RIs) for packed cell volume (PCV) and 27 plasma
biochemistry analytes and (2) determine length-specific relationships in blood analytes. We observed significant positive
correlations between minimum straight carapace length and PCV, amylase, calcium:phosphorus ratio, cholesterol, magnesium, triglycerides, total solids, total protein and all protein fractions (e.g. alpha-, beta- and gamma-globulins); aspartate
aminotransferase and chloride showed significant negative relationships. These results suggest that certain blood analytes
in Kemp’s ridleys change as these animals grow, presumptively due to somatic growth and dietary shifts. The information
presented herein, in due consideration of capture technique that may have impacted glucose and potassium concentrations,
represents the first report of blood analyte RIs for Kemp’s ridley sea turtles established by guidelines of the American Society
for Veterinary Clinical Pathology and will have direct applications for stranded individuals in rehabilitative care and for future
investigations into the health status of wild individuals from this population.
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Introduction

Logistical challenges (e.g. animal capture, sample size,
confounding effects of stress and handling) occur with
establishing RIs in threatened and endangered wildlife species
in various settings (Wobeser, 2007; Ryser-Gegiorgis, 2013;
Deem and Harris, 2017; Coogan et al., 2018). Therefore, RI
establishment in wildlife populations is a developing field of
study. RIs have been established in some sea turtle species and
populations [leatherback sea turtles (Dermochelys coriacea);
hereafter, leatherbacks; loggerhead sea turtles (Caretta
caretta); hereafter, loggerheads; green turtles (Chelonia
mydas)] (Aguirre and Balazs, 2000; Flint et al., 2010a, b;
Osborne et al., 2010; Kelly et al., 2015; Page-Karjian et al.,
2015, 2020; Stacy et al., 2018a, 2019; Fleming et al., 2020),
yet no RIs exist for critically endangered Kemp’s ridley
sea turtles [Lepidochelys kempii; hereafter, Kemp’s ridleys]
(Wibbels and Bevan, 2019). Understanding baseline health of
this sea turtle species is critical, as several on-going threats
to their population recovery still exist (Wibbels and Bevan,
2019).
Nesting grounds for Kemp’s ridleys are mostly restricted to
the western Gulf of Mexico (Texas, USA, to Veracruz, Mexico), with Rancho Nuevo, Tamaulipas, Mexico, experiencing
the majority of nesting. Developmental and foraging habitats
for Kemp’s ridleys produced on these beaches are located
throughout the Gulf of Mexico and along the Atlantic coast
of the United States (Wibbels and Bevan, 2019). Prior to the
2010 ‘Deepwater Horizon’ (DWH) oil spill, the Kemp’s ridley
nesting population of Rancho Nuevo, Mexico, was experiencing an exponential increase. Since that disaster, there has been
a deviation from this trend. Reasons for the decline remain
unknown but could include fisheries interactions, poaching,
pollution impacts from the DWH oil spill and/or carrying

Materials and Methods
Ethical procedures
Our study was carried out in accordance with an Endangered
Species Act Section 10(a)(1)(A) permit #19621, a Georgia
Department of Natural Resources Scientific Collection Permit
#CN21303 and an approved Institutional Animal Care and
Use Committee protocol (UF IACUC# 201706823).

Trawls
Sea turtle captures and sampling occurred from 31 May–15
Jul 2016 and 5 Jun–19 Jul 2017 and were conducted similar
to methods (to include trawl gear) described in Arendt et al.,
(2012a, b). Trawls occurred at 2.8 knots for ≤30 min between
4.6 m and 17.0 m depth. One Kemp’s ridley sea turtle was
captured off Charleston, South Carolina, USA; all others were
captured near Brunswick, Georgia, USA.

Sea turtle capture, morphometrics, physical
examination and sample collection and
processing
Upon capture, Kemp’s ridley sea turtles were given a physical
examination that consisted of visual evaluation of body condition, epibiota, external injuries and any other overt visible
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Blood analytes (e.g. hematology, biochemistry) are commonly
investigated in wildlife species in an effort to further
understand physiology and disease (Christopher et al.,
1999; Bounous et al., 2000; Borjesson et al., 2000; Geffré
et al., 2009; Flint et al., 2010b; Kaufman et al., 2018).
These measures provide useful information regarding the
physiological state and health status of an individual, such
as nutritional and hydration status, electrolyte balance,
reproductive state and organ system functions (Geffré et al.,
2009). Fifty years ago, the concept of reference intervals (RIs)
was introduced in human medicine in an effort to understand
changes in blood analytes, by defining health and disease
through comparisons to ‘normal’ data of known apparently
healthy individuals with refined inclusion criteria, a concept
that has been adopted by veterinary medicine (Gräsbeck and
Saris, 1969; Gräsbeck, 1983, 1990; Walton, 2001; Geffré
et al., 2009; Inoue et al., 2012). These RIs are most commonly
formulated by calculating the range that represents the central
95% of the reference population, with 90% confidence
intervals of the lower and upper limits of the range also
reported (Geffré et al., 2009; Friedrichs et al., 2012).

capacity of this species in the Gulf of Mexico (Gallaway et al.,
2016; McDonald et al., 2017; Mitchelmore et al., 2017;
Wallace et al., 2017; Caillouet et al., 2018; Wibbels and
Bevan, 2019). The DWH oil spill in the Gulf of Mexico
provided significant justification for the need to establish RIs
in this species, so that potential deviations in blood analytes
may be recognized as a result of future environmental or
physiological perturbations (e.g. natural disasters, disease,
pollution impacts) (Stacy et al., 2017). A number of studies
have investigated blood analytes in Kemp’s ridleys (McNally
et al., 2020); however, these are usually in relation to some
type of stressor including forced submergence (Stabenau
et al., 1991; Snoddy et al., 2009), cold stunning (Carminati
et al., 1994; Turnbull et al., 2000; Innis et al., 2007, 2009),
transport stress (Hunt et al., 2016) or exposure to biotoxins
and toxicants (Innis et al., 2008; Perrault et al., 2014, 2017).
Additionally, blood analytes established in other Kemp’s
ridley studies used captive, rehabilitating individuals exposed
to dietary differences and other captivity effects (e.g. stress,
water temperature differences, etc.) (Stabenau et al., 1991;
Moon et al., 1999; Anderson et al., 2011; Innis et al., 2007,
2008, 2009; Coleman et al., 2016; Hunt et al., 2016, 2019).
Therefore, extrapolation to wild populations should be done
with appropriate caution (Bolten and Bjorndal, 1992). For
in-water, trawl-captured, immature Kemp’s ridleys from
Georgia, USA, the objectives of this study were to (1) establish
RIs for blood analytes including packed cell volume (PCV)
and 27 plasma biochemistry analytes and (2) determine
length-specific relationships with blood analytes.
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abnormalities. Mass (in kg) and minimum straight carapace
length (SCLmin , in cm) were recorded using a digital hanging
scale (Pesola PSH200) and calipers, respectively. Body condition index (BCI) was calculated (Bjorndal et al., 2000).

Following physical examinations, 10 ml of blood were collected from the dorsal cervical sinus (i.e. external jugular vein)
of each turtle using a 21-gauge, 1.5 needle and 10 ml sodium
heparin vacutainer tubes (Becton Dickinson, Franklin Lakes,
New Jersey, USA), following federal regulations regarding
animal handling and sample collection (National Marine
Fisheries Service Southeast Fisheries Science Center, 2008).
The sampling site was swabbed with alternating applications
of povidone iodine and alcohol prior to blood collection. A
subsample of whole blood was aliquoted for PCV analysis
(described below) and the remaining blood was centrifuged
immediately (within <5 min) on the research vessel at 944 g
(3600 rpm) for 5 min in a Clay Adams Sero-fugeTM centrifuge
(Becton Dickinson, Sparks, Maryland, USA). Plasma was separated and stored in liquid nitrogen onboard until completion
of multi-day overnight research cruises before storage in a
shore-based ultralow freezer for up to 3 months prior to
sample analysis, which is generally assumed to have no major
effects on various analytes (Cray et al., 2009; Townsend
et al., 2020); however, potential artifactual changes cannot
be completely ruled out (Thoresen et al. 1995).

Analysis of blood analytes
Onboard the vessel, PCV was determined using whole blood
drawn into microhematocrit tubes followed by centrifugation
for 5 min at 13 000 g (11,500 rpm) using a micro-capillary
centrifuge (Model MB, International Equipment Company,
Needham Heights, Massachusetts USA). A hematocrit microcapillary tube reader was used to determine PCV as a percentage. Also onboard, total solids in plasma were estimated using
a Westover Scientific RHC-200 ATC handheld refractometer
(Woodinville, Washington, USA) and plasma color was visually assessed.
Frozen plasma samples were shipped overnight on dry ice
to the University of Miami Avian and Wildlife Laboratory for
biochemical analyses using an Ortho 250XR (Ortho Clinical
Diagnostics, Rochester, New York, USA) dry slide chemistry
analyzer. Biochemical analytes included alkaline phosphatase
(ALP), amylase, aspartate aminotransferase (AST), blood urea
nitrogen, calcium, chloride, cholesterol, creatine phosphokinase (CPK), gamma-glutamyl transferase (GGT), glucose,
lipase, magnesium, phosphorus, potassium, sodium, total pro-

Protein fractions were determined using the SPIFE 3000
system (Helena Laboratories Inc., Beaumont, Texas, USA).
Fraction delimits were placed using the following conventions
in electrophoretograms: pre-albumin, albumin, alpha1 globulins, alpha2 -globulins, beta-globulins and gammaglobulins. Total globulins and the albumin:globulin ratio
were calculated. For comparison to free-ranging, immature
green turtles, loggerheads, leatherbacks and hawksbill sea
turtles (Eretmochelys imbricata; hereafter, hawksbills) of
the same life-stage class, representative electrophoretograms
from each species using identical methodology for protein
electrophoresis were chosen from other projects.

Statistical analyses
Statistical analyses were performed using Medcalc® statistical
software (version 19.1, Ostend, Belgium). Mean, standard
error, standard deviation, median and range are reported for
PCV and plasma biochemistry in standard international (SI)
units. Length–mass relationships were assessed using power
regression.
RIs (95% with associated 90% confidence intervals) were
also calculated using parametric methods based on recommendations by Friedrichs et al. (2012) for sample sizes ≥20,
but <40. Normality was assessed using the Shapiro–Wilk test
(Shapiro and Wilk, 1965), while outliers were detected using
the Dixon–Reed test (Reed et al., 1971). When appropriate, logarithmic transformations were employed and outliers
were removed to generate accurate RIs. For CPK, RIs were
calculated using the robust method, as data could not be
normalized to fit a Gaussian distribution (i.e. parametric
method).
Relationships between SCLmin and the measured blood
analytes were determined using least-squares linear regressions. Because of the very strong correlation between SCLmin
and mass (see Results section below), only SCLmin was used in
analyses. Outliers were determined by Tukey’s test and were
removed as appropriate. Data were transformed when necessary to meet the assumptions of the tests. The slopes of the
lines of best fit between pre-albumin + albumin and globulins
in relation to SCLmin were compared using a Student’s t-test
(e.g. the slope of the line of best fit between pre-albumin +
albumin and SCLmin was compared to the slope of the line of
best fit between total globulins and SCLmin ).

Results
Physical examination and morphometrics
A total of 36 individual Kemp’s ridleys were captured from
31 May–15 July 2016 (N = 17) and 5 June–19 July 2017
(N = 19). A summary of mass, SCLmin and BCI are reported
in Table 1. Three turtles were excluded from the length–mass
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All captured Kemp’s ridleys were examined for internal
and external tags; if neither of these tags were present, up
to two Inconel flipper tags and an internal PIT tag (Biomark,
Inc., Boise, Idaho USA) were applied prior to release (Florida
Fish and Wildlife Conservation Commission, 2016). The tagging sites were disinfected with povidone iodine and isopropyl
alcohol to prevent infection before and after tag application
(Florida Fish and Wildlife Conservation Commission, 2016).

tein, triglycerides and uric acid. The calcium:phosphorus ratio
was calculated.
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Table 1: Mass and morphometric data from in-water Kemp’s ridley
sea turtles (Lepidochelys kempii) from Georgia, USA (N = 33).
Individuals with visible abnormalities (e.g. shark bites, monofilament
line ingestion) were excluded from the following dataset

Mean ± SE

Mass (kg)

SCLmin (cm)

BCI

42.1 ± 1.6

1.62 ± 0.02

8.2

9.1

0.09

Median

12.2

42.3

1.63

Range

2.6–35.0

26.2–61.5

1.45–1.90

Figure 1: Relationship between mass (kg) and minimum straight
carapace length (SCLmin , cm) for in-water assessed Kemp’s ridley sea
turtles (Lepidochelys kempii) from Georgia, USA. The equation for the
line of best fit is shown.

analyses due to one individual having an abnormally shaped
carapace (from an old healed shark predation lesion, 31 cm
long × 8 cm wide, to the right posterior carapace), one individual missing a measurement for mass and another individual (the turtle caught in South Carolina) having monofilament
fishing line wrapped around the neck and front flippers in
addition to observed line extruding from the oral cavity,
which likely impacted the ability to forage as shown by a
comparatively low BCI (= 1.40). This animal was taken to the
Sea Turtle Care CenterTM at the South Carolina Aquarium for
treatment.
Thirty-five of 36 turtles were considered to be of immature
life-stage class based on SCLmin (range: 26.2–56.6 cm);
one individual was determined to be an adult female
(SCLmin = 61.5 cm) based on size estimates at maturity
(breeding size of Kemp’s ridleys is ≥58 cm SCLmin ; Florida
Fish and Wildlife Conservation Commission, 2016). Mass (in
kg) and SCLmin (in cm) showed a very strong relationship
(r2 = 0.99; P < 0.001; Fig. 1).
Turtles (N = 35) included in this study were determined to
be in good body condition based on visual observations of
the thickness of neck and shoulder soft tissues and BCI scores
of known healthy compared to emaciated sea turtles (Stacy
et al., 2018b). Minimal barnacle coverage on the carapace,

Reference intervals
Hemolysis was absent in all samples, while mild (1+) lipemia
was detected in one sample, which is considered insufficient
to cause interference with dry chemistry analysis (Andreasen
et al., 1997; Stacy and Innis, 2017; Stacy et al., 2019).
Measures of central tendency, range and RIs in SI units are
reported in Table 2. Supplemental Table 1 reports the same
values in conventional units. Two turtles were removed from
calculation of RIs: (1) the adult female, as this individual was
the only mature turtle captured and her blood biochemical
analytes skewed much of the health data to the right; (2) the
turtle with severe monofilament line ingestion and low BCI
showing evidence of hyporexia based on chemistry results.
A representative electrophoretogram for Kemp’s ridleys is
presented in Fig. 2 along with representative electrophoretograms from four other immature, foraging sea turtle species
for comparison. All individuals included in Fig. 2 were analyzed using the same laboratory and analytical methods as this
study.
A very strong positive relationship (r2 = 0.86; P < 0.001;
N = 35) existed between total solids and total protein (both
in g L−1 ), with the relationship described by the formula:


Total solids = 1.032 × total protein – 0.945

Correlations with Size
Several blood analytes showed significant positive or negative
relationships with SCLmin as determined by linear regression.

..........................................................................................................................................................
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13.6 ± 1.4

SD

plastron, jaw and/or inguinal region was present on 7/35
(20.0%) turtles. Thirty-three physical abnormalities/injuries
were noted among 21/35 (60.0%) turtles, with 6/35 (17.1%)
turtles having more than one abnormality. Ten (28.6%) presented with capture-induced lesions, predominantly minor
abrasions/erythema/bruises to the neck, flippers/claws and/or
inguinal region, but which also included four (11.4%) with
minor cloacal prolapses that resolved prior to release back
into the ocean. Physical trauma not associated with capture was the most prevalent observation noted among 21
turtles (including four with capture-induced observations)
and consisted of four (11.4%) with notches in the marginal
scutes, right dorsal maxilla or ventral left mandible; four
(11.4%) with rake marks or healed/healing injuries likely
from interactions with sharks; three (8.6%) with scars above
the left eye, around the midline carapace, or the marginal
scutes; and two (5.7%) with indentations in the marginal
scutes or at the base of the skull. Four (11.4%) turtles also
exhibited erosion of the marginal scutes and/or jaw as a result
of barnacles, and two (5.7%) turtles exhibited presumed
developmental deformities such as a vertebral scute bump
and an extra marginal scute. All the described observations in
included study animals were considered representative of the
population captured by trawling in a group exposed to similar
capture and handling conditions, in addition to acceptable
variability in free-ranging sea turtles.
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Table 2: Measures of central tendency, range and reference intervals (with 90% confidence intervals for upper and lower limits) for packed cell
volume and plasma biochemical data (including protein electrophoresis) in standard international units for in-water, immature Kemp’s ridley sea
turtles (Lepidochelys kempii) from Georgia, USA. Parametric methods for sample sizes ≥20 but <40 were used to calculate reference intervals
(Friedrichs et al., 2012), unless otherwise indicated in the footnotes. Normality was assessed using the Shapiro–Wilk test (Shapiro and Wilk, 1965),
while outliers were detected using the Dixon–Reed test (Reed et al., 1971). All plasma samples were free of hemolysis and lipemia, except for one
sample with mild (1+) lipemia, which is not considered to cause interference using dry chemistry analysis (Andreasen et al., 1997; Stacy and Innis,
2017; Stacy et al., 2019). Abbreviations: CI, confidence interval; LRL, lower reference limit; RI, reference interval; SD, standard deviation; URL, upper
reference limit
Median

Range

N

RI

LRL 90% CI

URL 90% CI

0.32 ± 0.05

0.31

0.20–0.44

33

0.23–0.41

0.21–0.25

0.39–0.43

Alkaline phosphatase [U L−1 ]

119 ± 54

108

40–344

34

52–232a

44–63a

193–280a

Amylase [U L−1 ]

461 ± 86

473

229–622

34

293–629

250–335

587–671

Aspartate aminotransferase [U L−1 ]

185 ± 51

175

130–427

b

34

122–233

b

b

219–247b

Blood urea nitrogen [mmol L−1 ]

25.5 ± 4.8

24.8

17.5–38.6

34

16.1–34.9

13.7–18.5

32.5–37.3

Calcium [mmol L−1 ]

2.4 ± 0.2

2.4

2.0–2.9

34

1.9–2.8

1.8–2.1

2.7–3.0

Downloaded from https://academic.oup.com/conphys/article/8/1/coaa091/6013050 by jperrault@marinelife.org on 07 December 2020

Mean ± SD

Analyte
Hematology
Packed cell volume [L L−1 ]
Biochemistry

108–136

0.88 ± 0.13

0.86

0.65–1.19

34

0.63–1.13

0.57–0.69

1.07–1.19

Chloride [mmol L−1 ]

124 ± 5

124

115–139

34

115–134

112–117

132–136

Cholesterol [mmol L−1 ]

2.7 ± 0.5

2.6

1.6–4.2

34

1.6–3.7

1.4–1.9

3.4–4.0

Calcium:phosphorus ratio

Creatine phosphokinase [U L−1 ]
Gamma glutamyl transferase [U L−1 ]

1513 ± 865

1239

784–4513

34

510–2955

c

395–693

c

2187–3812c

–

<5

<5–7

34

–

–

–

Glucose (plasma) [mmol L−1 ]

6.8 ± 1.1

6.7

4.7–9.2

34

4.7–8.9

4.1–5.2

8.4–9.4

Lipase [U L−1 ]

22 ± 18

14

1–65d

32

4–71a,d

3–6a.d

49–104a,d

Magnesium [mmol L−1 ]

2.3 ± 0.2

2.3

1.9–2.8

34

1.9–2.8

1.7–2.0

2.7–2.9

Phosphorus [mmol L−1 ]

2.8 ± 0.4

2.7

1.9–3.7

34

2.0–3.5

1.8–2.2

3.3–3.7

Potassium [mmol L−1 ]

4.9 ± 0.3

5.0

4.3–5.5

34

4.3–4.6

4.1–4.5

5.4–5.7

Sodium [mmol L−1 ]

164 ± 4

164

154–175

34

155–172

153–157

170–174

Triglycerides [mmol L−1 ]

1.1 ± 0.5

1.1

0.4–2.7

34

0.4–2.5

103.0 ± 31.2

107.6

41.6–178.4

34

Total protein [g L−1 ]

38 ± 6

38

24–52

Total solids [g L−1 ]

37 ± 6

38

24–50

Pre-albumin [g L−1 ]

2.2 ± 1.5

1.7

0.7–6.4

Albumin [g L−1 ]

Uric acid [μmol L−1 ]

a

a

0.3–0.5

2.0–3.1a

41.9–164.2

26.5–57.3

148.8–178.0

34

26–50

23–29

47–53

34

25–49

Total solids and protein electrophoresis

22–28

46–52

34

0.6–5.7

a

a

0.5–0.8

4.3–7.5a

7.8 ± 1.7

7.6

4.8–12.2

34

4.5–11.0

3.7–5.4

10.2–11.8

Alpha1

-globulins [g L−1 ]

3.3 ± 1.1

3.5

1.3–5.2

34

1.2–5.5

0.6–1.7

4.9–6.0

Alpha2

-globulins [g L−1 ]

4.3 ± 1.1

4.2

2.4–7.7

34

2.1–6.4

1.6–2.6

5.9–7.0

Beta-globulins [g L−1 ]

9.3 ± 2.6

8.9

5.0–19.4

Gamma-globulins [g L−1 ]

10.7 ± 2.8

10.3

Total globulins [g L−1 ]

27.6 ± 5.0

Albumin:globulin ratio

0.37 ± 0.07

34

5.5–14.8

a

a

4.9–6.2

13.0–16.7a

5.3–17.5

34

5.4–16.1

4.0–6.7

14.8–17.4

28.0

17.4–39.8

34

17.9–37.4

15.5–20.4

34.9–40.0

0.37

0.21–0.53

34

0.22–0.51

0.19–0.26

0.48–0.55

a

Reference intervals were calculated using logarithmic transformations, as original data were non-normal.
b
427 U L−1 was an outlier; this value was removed from reference interval calculations. The second highest value was 246 U L−1 .
c
Reference intervals were calculated using the robust method with a logarithmic transformation, as data could not be transformed to meet the assumptions of normality
for parametric methods.
d
1 U L−1 was an outlier; this value was removed from reference interval calculations. The second lowest value was 5 U L−1 .
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PCV (r2 = 0.69; P < 0.001; N = 32), amylase (r2 = 0.55;
P < 0.001; N = 34), calcium:phosphorus ratio (r2 = 0.19;
P = 0.011; N = 33), cholesterol (r2 = 0.17; P = 0.017; N = 33),
magnesium (r2 = 0.16; P = 0.020; N = 33), triglycerides
(r2 = 0.14; P = 0.030; N = 33), total solids (r2 = 0.47; P < 0.001;
N = 34), total protein (r2 = 0.48; P < 0.001; N = 34), prealbumin (r2 = 0.13; P = 0.039; N = 34), albumin (r2 = 0.28;
P = 0.001; N = 34), alpha1 -globulins (r2 = 0.29; P = 0.001;
N = 34), alpha2 -globulins (r2 = 0.16; P = 0.021; N = 34), betaglobulins (r2 = 0.15; P = 0.022; N = 34), gamma-globulins
(r2 = 0.23; P = 0.005; N = 34) and total globulins (r2 = 0.34;

P < 0.001; N = 34) showed a significant positive relationship
with SCLmin , while AST (r2 = 0.15; P = 0.025; N = 33) and
chloride (r2 = 0.23; P = 0.005; N = 33) showed a significant
negative relationship with SCLmin (see Supplemental Table 2
for complete statistical results).
The slopes of the lines of best fit comparing pre-albumin
+ albumin (m = 0.16) and total globulins (m = 0.35) in relation to SCLmin were significantly different (t(64) = −2.11;
P = 0.008) (Fig. 3).

..........................................................................................................................................................
6

Downloaded from https://academic.oup.com/conphys/article/8/1/coaa091/6013050 by jperrault@marinelife.org on 07 December 2020

Figure 2: Representative plasma protein electrophoretograms of five immature, free-ranging sea turtle species based on identical laboratory
methodology: (a) Kemp’s ridley sea turtle, Lepidochelys kempii (SCLmin : 45.8 cm; this study), (b) green turtle, Chelonia mydas (SCLmin : 25.9 cm;
captured in Florida’s Big Bend, USA; Perrault, unpublished data), (c) loggerhead sea turtle, Caretta caretta (SCLmin : 33.1 cm; captured in Florida’s
Big Bend, USA; Perrault, unpublished data), (d) leatherback sea turtle, Dermochelys coriacea (curved carapace length: 134.3 cm; captured off of
Shackleford Banks, NC, USA; Harms, unpublished data) and (e) hawksbill sea turtle, Eretmochelys imbricata (SCLmin : 36.0 cm; captured off of Key
West, FL, USA; Wood, unpublished data), showing the fractions of interest: pre-albumin, albumin, alpha1 -globulins, alpha2 -globulins, beta
globulins and gamma-globulins. By convention, no units are reported on the y-axis (Gicking et al., 2004).

Conservation Physiology • Volume 8 2020

Research article

..........................................................................................................................................................

Figure 3: Lines of best fit from the linear regression of pre-albumin
+ albumin and globulins in comparison to minimum straight
carapace length (SCLmin ) in Kemp’s ridley sea turtles (Lepidochelys
kempii) from Georgia, USA. The slope of pre-albumin + albumin was
significantly lower than the slope of globulins.

Discussion
This study reports blood analyte RIs and length-specific correlations for immature Kemp’s ridley sea turtles from an
in-water study in Georgia, USA. In addition to filling a
knowledge gap for basic clinicopathological data for this
life stage, geographical region and season (spring/summer)
of this species, the data herein contribute to understanding blood analyte changes in association with presumptive
somatic growth and dietary shifts, which will be useful for
interpretations on an individual and population level. Trawl
times in this study were kept to a minimum (≤30 mins) to
reduce the impacts of forced submergence; however, possible
effects on blood analytes associated with the time frame
and method of animal capture utilized in this study cannot
be ruled out (Stabenau et al. 1991; Gregory et al., 1996;
Stabenau and Vietti, 2003). We observed minimal evidence of
capture stress, as glucose concentrations in only 5/34 turtles
(14.7%) were >8.3 mmol/L (>150 mg/dL), a cut-off value
considered suggestive of hyperglycemia as compared to previous investigations of clinically convalescent Kemp’s ridleys
(Turnbull et al., 2000; Innis et al., 2007, 2009). Additionally,
in rehabilitating Kemp’s ridleys and green turtles in North
Carolina, USA, significant changes in glucose concentrations
were not observed 2 h after a meal (Anderson et al., 2011).
Despite this finding, feeding immediately before capture may
also have contributed to slight plasma glucose variations in
Kemp’s ridleys from this study.

Physical examination and morphometrics
For the establishment of clinically relevant RIs, the population of interest must be apparently healthy (Walton, 2001;
Osborne et al., 2010). The animals included in this study
were assumed to be in ‘good health’ at time of capture
and representative of a free-ranging, in-water caught group
based on external physical examination as the turtles (1) had
few, mostly minor, external abnormalities, (2) were free of

The BCI of all turtles in this study ranged from 1.45
to 1.90 (mean ± SE: 1.62 ± 0.02), which overlaps with
apparently healthy Kemp’s ridleys of similar size (mean ± SE:
1.56 ± 0.02) captured in Florida’s Big Bend (Perrault et al.,
2017). In immature and adult loggerhead turtles that were
stranded along the southeastern coast of the United States,
BCIs were, on average, 1.09, 1.27 and 1.49 for individuals
that stranded dead with chronic debilitation (CD), stranded
alive with CD and then began feeding for up to 10 weeks
in rehabilitation and for those that recovered from CD (prerelease data), respectively. In that same study, healthy control
loggerheads had a mean BCI of 1.56 (Stacy et al., 2018b).
Therefore, it can be assumed that the turtles in this study
were of good body condition and that our blood analytes
and subsequent RIs are likely representative of an apparently
healthy population that can serve as a reference for future
health-based investigations of Kemp’s ridleys. Subsequent
studies should provide descriptions of BCI by species, lifestage class and health status (i.e. emaciated, normal, robust),
so that these scores may be used to interpret the results
of physical examinations and morphometric measurements
(Flint et al., 2010a; Stacy et al., 2018b). For example, one
of the excluded turtles of this study with monofilament line
ingestion was removed due to a number of measured blood
analytes falling on the extreme low or high end of the range
in comparison to other study animals.

Packed cell volume
PCV is an important indicator of health as it provides information on hydration status and anemia (Stamper et al., 2005).
The PCV of study turtles ranged from 0.20 to 0.44 L L−1
(mean ± SE: 0.32 ± 0.01 L L−1 ), which is similar to mean
values reported in other immature Kemp’s ridley studies
(Stabenau et al., 1991: 0.31 L L−1 ; Carminati et al., 1994:
0.31 L L−1 ; Innis et al., 2009: 0.30 L L−1 ). We observed
a positive relationship between PCV and SCLmin , a finding
that has been documented in six of seven sea turtle species
including green, hawksbill, Kemp’s ridley, leatherback, loggerhead and olive ridley sea turtles (Lepidochelys olivacea) (Frair,
1977; Wood and Ebanks, 1984; Casal et al., 2009; Rousselet
et al., 2013; Perrault et al., 2016b; Stacy et al., 2018a). Red
blood cells (RBCs) are known to increase in diameter, number
and volume as turtles grow and age (Frair, 1977). It is also
presumed that an increased number of circulating RBCs is
beneficial for meeting oxygen demands associated with longer
dive times in larger turtles, hence the higher PCV in mature
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excessive epibiota and (3) all had good BCI. It is possible that
some stress effects occurred due to trawling capture methods,
as several blood analytes (e.g. CPK, glucose, lactate, LDH,
phosphorus) in sea turtles reportedly change significantly in
response to increased entanglement times in gillnets (Snoddy
et al., 2009); however, trawl times in our study were limited
to a maximum of 30 min, which was lower than the study
conducted by Snoddy et al., (2009) with soak times ranging
from 20–240 min.
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life stages (Stamper et al., 2005; Perrault et al., 2016b; Stacy
et al., 2018a).

Electrolytes and minerals

We found no significant trends with turtle size and plasma
potassium concentrations. However, potassium should be
interpreted in context of possible spurious increases, especially if hemolysis is observed in plasma (Stacy et al., 2019)
or based on methodology of turtle capture since trawling can
result in rapidly increased potassium due to metabolic acidosis in response to short-term forced submergence (Stabenau
et al., 1991). Mean potassium concentrations of Kemp’s ridleys in this study (mean ± SD = 4.9 ± 0.3 mmol L−1 ; range
4.3–5.5 mmol L−1 ) were within previously reported normal
limits for this species (Innis et al., 2009; Coleman et al.,
2016; Stacy and Innis, 2017; McNally et al., 2020); however,
17/34 (50%) of turtles had values >5.0 mmol L−1 , with two
turtles having potassium concentrations of 5.5 mmol L−1 .
In cold-stunned Kemp’s ridleys, potassium concentrations
>5.5 mmol L−1 were associated with mortality (Innis et al.,
2009; Keller et al., 2012), with concentrations ranging from
5.0 to 5.4 mmol L−1 also considered to be abnormally high
(Stacy et al., 2013). For healthy, foraging Kemp’s ridleys
captured by trawl, underlying mechanisms for hyperkalemia
include metabolic acidosis and/or muscle damage from exertion during trawling, and thus slightly elevated potassium

Tissue enzyme activities
Generally, plasma enzyme activities (e.g. ALP, AST, GGT)
are highly variable in sea turtles and not as tissue specific
as in mammals, making interpretation difficult and thereby
limiting their diagnostic value (Anderson et al., 2013;
Petrosky et al., 2015). Conversely, amylase and lipase are two
digestive enzymes with reported high activities in pancreatic
tissue; however, the clinical significance of these enzymes
in sea turtles remains unknown (Anderson et al., 2013;
Petrosky et al., 2015). A moderate positive correlation
between SCLmin and plasma amylase was observed in
Kemp’s ridleys from this study, similar to captive, immature
loggerheads from Japan (Kakizoe et al., 2007). Juvenile
green turtles reportedly showed significantly higher plasma
activities of amylase post-prandially in comparison to
baseline values established pre-prandially (Anderson et al.,
2011), suggesting that food intake increases amylase activity.
The positive size-related trend observed between SCLmin and
amylase in this study could be attributed to post-prandial
increases as the most recent food consumption in study
turtles is unknown. Additionally, general dietary and/or water
salinity shifts that occur as younger Kemp’s ridleys transition
from their oceanic phase to their neritic phase could be at
play, as these animals are known to forage on dissimilar food
items during these different stages of development (Shaver,
1991; Jones and Seminoff, 2013).
We also observed a weak negative correlation between
SCLmin and plasma AST activity, a trend that has been documented in immature and mature green turtles from Taiwan
(Fong et al., 2010). This enzyme has low organ specificity and
showed activities in 19/30 (63.3%) and 9/9 (100%) different
tissues of loggerheads and Kemp’s ridleys, respectively, with
highest tissue activities observed in liver, kidney, pancreas and
cardiac/skeletal muscle (Anderson et al., 2013; Petrosky et al.,
2015). Normal plasma AST activity for reptiles is <250 U L−1
and all Kemp’s ridleys in this study, except one (427 U L−1 , an
outlier), had values below this threshold (Campbell, 2006).
Increased AST activities in clinical settings can suggest hepatic
or muscular injury, but due to its low organ specificity, other
conditions must be considered (Campbell, 2006; Anderson
et al., 2013). A possible explanation for the negative correlation between AST activity and SCLmin includes faster
tissue growth at smaller body sizes (Stacy and Innis, 2017;
Stacy et al., 2018a), with a gradual slowing of growth rate as
turtles continue to mature (Chaloupka and Zug, 1997; Bolten,
2003).

Lipids
The observed positive size-related correlations in Kemp’s
ridleys between cholesterol and triglycerides and SCLmin were
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Plasma electrolytes (e.g. sodium, chloride, potassium) and
minerals (e.g. calcium, phosphorus, magnesium) of study
turtles fell within the normal ranges for other sea turtle
species (Stacy and Innis, 2017). Negative size-related changes
in electrolytes in sea turtles have been previously observed
(Hasbún et al., 1998; Stacy et al., 2018a). The negative
association between SCLmin and plasma chloride may be
associated with changes in diet as these organisms transition
from oceanic to neritic habitats. Kemp’s ridleys are described
as having an oceanic-neritic developmental pattern (Snover
et al., 2007), where they undergo early development in the
pelagic environment followed by recruitment back to neritic
zones for foraging and reproduction (Collard and Ogren,
1990; Bolten, 2003). This habitat shift likely leads to a dietary
shift, whereby oceanic Kemp’s ridleys forage on epipelagic
organisms (e.g. gastropods, malacostracans, algae) and then
change to a diet of benthic crabs and mollusks in the neritic
environment (Shaver, 1991; Jones and Seminoff, 2013). Other
potential explanations for this association include osmoregulatory differences that may occur as these animals transition
in diets and change their diving behavior or as they experience somatic growth, including that of the salt gland (Stacy
et al., 2018a). The observed positive correlations of SCLmin
with calcium:phosphorus ratio and plasma magnesium are
presumptively associated with dietary shifts in addition to
phases of somatic growth of this life stage in this region, as
lower concentrations of minerals reportedly are typical for
immature life-stage classes in comparison to adults (Delgado
et al., 2011).

concentrations may be less concerning here than with coldstunned individuals; yet, hyperkalemia should be considered
due to potential impacts on cardiac function (Innis et al.,
2014).
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Protein electrophoresis and total solids
Plasma protein fractionation has been evaluated in just two
studies of ridley turtles to date, both in Kemp’s ridleys from
the eastern Gulf of Mexico in Florida’s Big Bend; however, RIs
were not established due to low sample sizes and the presence
of a harmful algal bloom (HAB) at the time of sampling
(Perrault et al., 2014, 2017). Perrault et al. (2017) used the
same laboratory and analytical methodology as this study to
analyze for plasma proteins in Kemp’s ridleys from the Big
Bend. Results for total protein and all protein fractions were
similar between the two populations with the exception of the
gamma-globulins, which were 5 g/L lower in turtles from this
study. This can be explained by the red tide (HAB) bloom and
its associated brevetoxins that were present near the time of
sampling in the Big Bend, as a number of protein fractions,
including gamma-globulins, have been shown to be positively
correlated with brevetoxin exposure in manatees (Trichechus
manatus), loggerheads and green turtles (Walsh et al., 2015,
2019; Perrault et al., 2016a, 2017). Other potential explanations for this dissimilarity include additional differences in
antigenic stimulation (e.g. parasite burden) between the two
populations (Osborne et al., 2010).
As expected, all plasma proteins showed significant positive correlations with SCLmin . Other sea turtle studies have
noted similar size-related increases and suggest that these
changes are related to dietary shifts, immune stimulation,
physiological changes associated with vitellogenesis and/or
somatic growth (Frair and Shah, 1982; Kakizoe et al., 2007;
Casal et al., 2009; Osborne et al., 2010; Rousselet et al., 2013;
Espinoza-Romo et al., 2018; Stacy et al., 2018a).
Globulins (alpha-, beta- and gamma-globulins) show variations more frequently than albumin (often with pre-albumin
included) in sea turtles (Stacy et al., 2018a). Size-related
increases in plasma globulin concentrations are presumably
related to nutritional alterations and/or increased exposure
to antigens as turtles grow and age, especially as they recruit
back to neritic habitats where more frequent antigen exposure occurs (Innis et al., 2010; Stacy et al., 2018a). This
is further confirmed by the increasing trend of beta- and
gamma-globulins with SCLmin as both of these protein fractions are known to contain immunoglobulins and various
acute phase proteins (Osborne et al., 2010; Evans, 2011).
Globulins in Kemp’s ridleys from this study showed a rate
of increase 2.2 times that of pre-albumin + albumin. Plasma
globulins in juvenile Azorean loggerheads showed a rate of

increase 3.6 times that of albumin, further indicating that
globulins increase faster than albumin as juvenile turtles
undergo somatic growth (Stacy et al., 2018a); however, prealbumin was not included in those calculations as protein
electrophoresis was not conducted in that study. Interestingly,
the albumin:globulin ratio did not decrease with increasing
SCLmin in turtles from this study, as it did in Azorean loggerheads (Stacy et al., 2018a). This is possibly due to the slower
rate of increase of globulins versus pre-albumin + albumin
seen here in comparison to Azorean loggerheads, although
differences in analytical methodology must be considered
(Stacy et al., 2018a).
The comparison of immature Kemp’s ridleys electrophoretograms to those from representatives of four other immature
sea turtle species in Fig. 2 provides a unique opportunity for
visual comparison and shows some similarities, including the
presence of a pre-albumin fraction in all species. Some minor
variations are observed in alpha-globulins, with more obvious
differences in beta- and gamma-globulins. Considerations for
these species-specific differences include variations in diet,
fibrinogen concentration and antigenic exposure in various
habitats.
The gold standard for determination of total plasma protein in sea turtles is the Biuret method, while refractometry provides the ability to rapidly and easily estimate total
solids, which correlate with total plasma protein in normal
colored samples (Macrelli et al., 2013, Stacy and Innis, 2017).
Potential overestimation errors in total solid estimates can
arise due to confounding factors including hemolysis, lipemia
or elevated concentrations of various biochemical analytes
(e.g. glucose, urea, sodium, chloride) (Stacy and Innis, 2017).
Previous studies of loggerhead and green turtles have documented strong to very strong correlations between total
solids and total protein (Bolten and Bjorndal, 1992; Rousselet
et al., 2013), similar to our findings. Additionally, our results
showed overlapping measures of central tendencies and reference ranges for total solids and total protein (Table 2),
similar to leatherback and loggerhead turtles (Deem et al.,
2006, 2009). Mammalian conversion equations from total
solids to total protein exist; yet, these have not been proven
useful in reptiles to date, and species-specific total solid to
total protein conversion equations should be developed for
sea turtles (Bolten and Bjorndal, 1992).

Conclusions
Here, we provide morphometric and blood analyte data from
immature, actively foraging Kemp’s ridleys from the northwest Atlantic Ocean that were considered representative of
the population and that were captured by trawling. Conservation physiology projects like these seek to explore wildlife
populations and provide a baseline for future studies investigating their responses to physiological changes, environmental disturbances or disease, so that we may better understand
reasons for population declines or changes in population
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expected (Day and Alexander, 1974; Morpurgo and Gelman,
1991; Hasbún et al., 1998; Labrada-Martagón et al., 2010;
Delgado et al., 2011; Rousselet et al., 2013). Similar to other
analytes, these size-related changes are presumably associated
with dietary shifts (Shaver, 1991; Jones and Seminoff, 2013;
Stacy et al., 2018a). Changes in plasma lipids as a result
of nutritional alterations occurring during seasonal changes
have also been documented in other reptiles (Morpurgo and
Gelman, 1991; Labrada-Martagón et al., 2010).

Research article

Conservation Physiology • Volume 8 2020

..........................................................................................................................................................

Supplementary material
Supplementary material is available at Conservation Physiology online.

Acknowledgements
We would like to thank the crew of the research vessel Georgia
Bulldog, including Lindsey Parker, Lisa Gentit and H. ‘Truck’
McIver. We also thank the team involved with blood processing, which was carried out by Christopher Evans, Austin
Pickhardt, Julie Dingle, Sharleen Johnson, S. Michelle Pate
and Shannon Howard. We thank Charlie Innis for providing
feedback on earlier drafts of this manuscript.

Funding
This project was supported by the National Marine
Fisheries Service Southeastern Regional Office Award
#NA13NMF4720182.

Author contributions
J.R.P., M.D.A. and N.I.S. conceptualized the study. M.D.A.,
J.A.S. and J.L.B. led all fieldwork and sample collection, with
data contributions from C.A.H., C.C., K.A.T. and L.D.W.;
J.R.P. analyzed the data, with contributions from all authors.
J.R.P., M.D.A. and N.I.S. wrote the original manuscript,
while all authors reviewed and edited the final draft. All coauthors reviewed, edited and approved the final version of
this manuscript.

Competing interests
The authors declare no competing interests.

References
Aguirre AA, Balazs GH (2000) Blood biochemistry values of green turtles,
Chelonia mydas, with and without fibropapillomatosis. Comp Haematol Int 10: 32–137.
Aguirre AA, Lutz PL (2004) Marine turtles as sentinels of ecosystem
health: is fibropapillomatosis an indicator? EcoHealth 1: 275–283.
Anderson ET, Minter LJ, Clarke EO, Mroch RM, Beasley JF, Harms CA
(2011) The effects of feeding on hematological and plasma biochemical profiles in green (Chelonia mydas) and Kemp’s ridley (Lepidochelys
kempii) sea turtles. Vet Med Int 2011:890829.
Anderson ET, Socha VL, Gardner J, Byrd L, Manire CA (2013) Tissue
enzyme activities in the loggerhead sea turtle (Caretta caretta).
J Zoo Wildl Med 44: 62–69.
Andreasen CB, Andreasen JR, Thomas JS (1997) Effects of hemolysis on
serum chemistry analytes in ratites. Vet Clin Pathol 26: 165–171.
Arendt MD et al. (2012a) Spatial clustering of loggerhead sea turtles in
coastal waters of the NW Atlantic Ocean: implications for management surveys. Endang Spec Res 18: 219–231.
Arendt MD, Schwenter JA, Boynton J, Segard AL, Byrd JI, Whitaker JD,
Parker L (2012b) Temporal trends (2000–2011) and influences on
fishery-independent catch rates for loggerhead sea turtles (Caretta
caretta) at an important coastal foraging region in the southeastern
United States. Fish Bull 110: 470–483.
Bjorndal KA, Bolten AB, Chaloupka MY (2000) Green turtle somatic
growth model: evidence for density dependence. Ecol Appl 10:
269–282.
Bolten AB (2003) Variation in sea turtle life history patterns. In PL Lutz, JA
Musick, Wyneken, eds, The Biology of Sea Turtles, Volume II. CRC Press,
Boca Raton, FL, pp. 243–258.
Bolten AB, Bjorndal KA (1992) Blood profiles for a wild population of
green turtles (Cheloniamydas) in the southern Bahamas: size-specific
and sex-specific relationships. J Wildl Dis 28: 407–413.
Borjesson DL, Christopher MM, Boyce WM (2000) Biochemical and
hematologic reference intervals for free-ranging desert bighorn
sheep. J Wildl Dis 36: 294–300.
Bounous DI, Wyatt RD, Gibbs PS, Kilburn JV, Quist CF (2000) Normal
hematologic and serum biochemical reference intervals for juvenile
wild turkeys. J Wildl Dis 36: 393–396.
Caillouet CW Jr, Rayborn SW, Shaver DJ, Putman NF, Gallaway BJ, Mansfield KL (2018) Did declining carrying capacity for Kemp’s ridley sea
turtle population within the Gulf of Mexico contribute to the nesting
setback in 2011–2017? Chelonian Conserv Biol 17: 123–133.
Campbell TW (2006) Clinical pathology of reptiles. In DR Mader, ed,
Reptile Medicine and Surgery, Ed2nd. WB Saunders, Co., St. Louis, MO,
pp. 453–470.
Carminati CE, Gerle E, Kiehn LL, Pisciotta RP (1994) Blood chemistry
comparison of healthy vs hypothermic juvenile Kemp’s ridley sea
turtles (Lepidochelys kempi) in the New York Bight. In KA Bjorndal,

..........................................................................................................................................................
10

Downloaded from https://academic.oup.com/conphys/article/8/1/coaa091/6013050 by jperrault@marinelife.org on 07 December 2020

dynamics (Wikelski and Cooke, 2006, Cooke and O’Connor,
2010). The RIs established here, in due consideration of
capture technique in this study, provide valuable information
for individuals that strand and enter rehabilitation facilities,
in addition to future health assessment studies that may
be conducted for population monitoring or in response to
environmental changes or disturbances (Deem et al., 2001;
Aguirre and Lutz, 2004; Osborne et al., 2010; Flint et al.,
2015; Kelly et al., 2015; Page-Karjian et al., 2015, 2020; Villa
et al., 2017; Stacy et al., 2017, 2018a). We identified a number
of physiological changes in these organisms considered in
‘good health’ that are likely associated with dietary/habitat
shifts, somatic growth and/or other physiological alterations.
The information herein provides a better understanding of
physiological changes associated with growth in immature
Kemp’s ridley sea turtles, which can provide clinical utility
for individuals during rehabilitation and in interpretations
of blood data in population-level health assessments to help
guide conservation and management decisions.

Conservation Physiology • Volume 8 2020

Research article

..........................................................................................................................................................
AB Bolten, DA Johnson, PJ Eliazar, eds, Proceedings of the 14th Annual
Workshop on Sea Turtle Conservation and Biology. NMFS Technical
Memorandum NOAA-TM-NMFS-SEFSC-351, pp. 203–207.
Casal AB, Camacho M, López-Jurado LF, Juste C, Orós J (2009) Comparative study of hematologic and plasma biochemical variables in
Eastern Atlantic juvenile and adult nesting loggerhead sea turtles
(Caretta caretta). Vet Clin Path 38: 213–218.

Christopher MM, Berry KH, Wallis IR, Nagy KA, Henen BT, Peterson CC
(1999) Reference intervals and physiology alterations in hematologic and biochemical values of free-ranging desert tortoises in the
Mojave Desert. J Wildl Dis 35: 212–238.
Coleman AT et al. (2016) Population ecology and rehabilitation of incidentally captured Kemp’s ridley sea turtles (Lepidochelys kempii) in
the Mississippi Sound, USA. Herpetol Conserv Biol 11: 253–264.
Collard SB, Ogren LH (1990) Dispersal scenarios for pelagic posthatchling sea turtles. Bull Mar Sci 47: 233–243.
Coogan SCP, Coops NC, Janz DM, Cattet MRL, Kearney SP, Stenhouse
GB, Nielsen SE (2018) Towards grizzly bear population recovery in a
modern landscape. J Appl Ecol 56: 93–99.
Cooke SJ, O’Connor CM (2010) Making conservation physiology relevant to policy makers and conservation practitioners. Conserv Lett 3:
159–166.

Evans EW (2011) Proteins, lipids, and carbohydrates. In KS Latimer, ed,
Duncan and Prasse’s Veterinary Laboratory Medicine Clinical Pathology,
Ed5th. John Wiley and Sons, Inc., Ames, IO, pp.173–210.
Fleming KA, Perrault JR, Stacy NI, Coppenrath CM, Gainsbury AM (2020)
Heat, health and hatchlings: associations of in situ nest temperatures
with morphological and physiological characteristics of loggerhead
sea turtle hatchlings from Florida. Conserv Physiol 8: coaa046.
Flint M, Matthews BJ, Limpus CJ, Mills PC (2015) Establishment of reference intervals for plasma protein electrophoresis in Indo-Pacific
green sea turtles, Chelonia mydas. Conserv Physiol 3: cov037.
Flint M, Morton JM, Limpus CJ, Patterson-Kane JC, Mills PC (2010a) Reference intervals for plasma biochemical and hematologic measures in
loggerhead sea turtles (Caretta caretta) from Moreton Bay, Australia.
J Wildl Dis 46: 731–741.
Flint M, Morton JM, Limpus CJ, Patterson-Kane JC, Murray PJ, Mills PC
(2010b) Development and application of biochemical and hematologic reference intervals to identify unhealthy green sea turtles
(Chelonia mydas). Vet J 185: 299–304.
Florida Fish and Wildlife Conservation Commission (FFWCC) (2016)
Marine Turtle Conservation Handbook. Tallahassee, Florida. Available
via: https://myfwc.com/media/3133/fwc-mtconservationhandbook.
pdf.
Fong C-L, Chen H-C, Cheng I-J (2010) Blood profiles from wild populations of green sea turtles in Taiwan. J Vet Med Anim Health 2: 8–10.

Cray C, Rodriguez M, Zaias J, Altman NH (2009) Effects of storage temperature and time on clinical biochemical parameters from rat serum.
J Am Assoc Lab Anim Sci 48: 202–204.

Frair W (1977) Sea turtle red blood cell parameters correlated with
carapace lengths. Comp Biochem Physiol A 56: 467–472.

Day CE, Alexander C (1974) Comparative electrophoretic profiles of
serum lipoproteins. In G Schettler, A Weizel, eds, Atherosclerosis III.
Springer, Berlin, pp. 672–675.

Frair W, Shah BK (1982) Sea turtle blood serum protein concentrations correlated with carapace lengths. Comp Biochem Physiol A 73:
337–339.

Deem SL, Dierenfeld ES, Sounguet GP, Alleman R, Cray C, Poppenga RH,
Norton TM, Karesh WB (2006) Blood values in free-ranging nesting
leatherback sea turtles (Dermochelys coriacea) on the coast of the
Republic of Gabon. J Zoo Wildl Med 37: 464–471.

Friedrichs KR, Harr KE, Freeman KP, Szladovits B, Walton RM, Barnhart KF,
Blanco-Chavez J (2012) ASVCP reference interval guidelines: determination of de novo reference intervals in veterinary species and
other related topics. Vet Clin Pathol 41: 441–453.

Deem SL, Harris HS (2017) Health assessments. In CA Manire, TM Norton,
BA Stacy, CA Harms, CJ Innis, eds, Sea Turtle Health and Rehabilitation.
J. Ross Publishing, Plantation, FL, pp. 945–957.

Gallaway BJ, Gazey WJ, Shaver D, Wibbels T, Bevan E (2016) Evaluation
of the status of the Kemp’s ridley sea turtle following the 2010
Deepwater Horizon oil spill. Gulf Mex Sci 33: 192–205.

Deem SL, Karesh WB, Weisman W (2001) Putting theory into practice:
wildlife health in conservation. Conserv Biol 15: 1224–1233.

Geffré A, Friedrichs K, Harr K, Concordet D, Trumel C, Braun J-P (2009)
Reference values: a review. Vet Clin Pathol 38: 288–298.

Deem SL, Norton TM, Mitchell M, Segars A, Alleman AR, Cray C, Poppenga RH, Dodd M, Karesh WB (2009) Comparison of blood values in
foraging, nesting, and stranded loggerhead turtles (Caretta caretta)
along the coast of Georgia, USA. J Wildl Dis 45: 41–56.

Gicking JC, Foley AM, Harr KE, Raskin RE, Jacobson E (2004) Plasma
protein electrophoresis of the Atlantic loggerhead sea turtle, Caretta
caretta. J Herpetol Med Surg 14: 13–18.

Delgado C, Valente A, Quaresma I, Costa M, Dellinger T (2011) Blood biochemistry reference values for wild juvenile loggerhead sea turtles
(Caretta caretta) from Madeira Archipelago. J Wildl Dis 47: 523–529.
Espinoza-Romo BA, Sainz-Hernández JC, Quiñónez CP, Hart CE, LealMoreno R, Aguirre AA, Zavala-Norzagaray AA (2018) Blood biochem-

Gräsbeck R (1990) Reference values, why and how. Scand J Clin Lab Invest
50: 45–53.
Gräsbeck R (1983) Reference value philosophy. Bull Mol Biol Med 8: 1–11.
Gräsbeck R, Saris NE (1969) Establishment and use of normal values.
Scand J Clin Lab Invest 26 (Suppl 110): 62–63.

..........................................................................................................................................................
11

Downloaded from https://academic.oup.com/conphys/article/8/1/coaa091/6013050 by jperrault@marinelife.org on 07 December 2020

Chaloupka M, Zug GR (1997) A polyphasic growth function for the
endangered Kemp’s ridley sea turtle, Lepidochelys kempii. Fish Bull 95:
849–856.

istry of olive ridley (Lepidochelys olivacea) sea turtles foraging in
northern Sinaloa, Mexico. PLoS One 13: e0199825.

Research article

Conservation Physiology • Volume 8 2020

..........................................................................................................................................................
Keller KA, Innis CJ, Tlusty MF, Kennedy AE, Bean SB, Cavin JM, Merigo
C (2012) Metabolic and respiratory derangements associated with
death in cold-stunned Kemp’s ridley turtles (Lepidochelys kempii): 32
cases (2005–2009). J Am Vet Med Assoc 240: 317–323.

Hasbún CR, Lawrence AJ, Naldo J, Samour JH, Al-Ghais SM (1998) Normal
blood chemistry of free-living green sea turtles, Chelonia mydas, from
the United Arab Emirates. Comp Haematol Int 8: 174–177.

Kelly TR, McNeill JB, Avens L, Hall AG, Goshe LR, Hohn AA, Godfrey
MH, Mihnovets AN, Cluse WM, Harms CA (2015) Clinical pathology
reference intervals for an in-water population of juvenile loggerhead
sea turtles (Caretta caretta) in Core Sound, North Carolina, USA. PLoS
One 10: e0115739.

Hunt KE, Innis CJ, Kennedy AE, McNally KL, Davis DG, Burgess EA, Merigo
C (2016) Assessment of ground transportation stress in juvenile
Kemp’s ridley sea turtles (Lepidochelys kempii). Conserv Physiol 4:
cov071.
Hunt KE, Innis C, Merigo C, Burgess EA, Norton T, Davis D, Kennedy AE,
Buck CL (2019) Ameliorating transport-related stress in endangered
Kemp’s ridley sea turtles (Lepidochelys kempii) with a recovery period
in saltwater pools. Conserv Physiol 7: coy065.
Innis CJ, Merigo C, Cavin JM, Hunt K, Dodge KL, Lutcavage M (2014) Serial
assessment of the physiological status of leatherback turtles (Dermochelys coriacea) during direct capture events in the northwestern
Atlantic Ocean: comparison of post-capture and pre-release data.
Conserv Physiol 2: cou048.
Innis C et al. (2010) Health evaluation of leatherback turtles (Dermochelys coriacea) in the Northwestern Atlantic during direct capture and fisheries gear entanglement. Chelonian Conserv Biol 9:
205–222.
Innis CJ, Ravich JB, Tlusty MF, Hoge MS, Wunn DS, Boerner-Neville LB,
Merigo C, Weber ES III (2009) Hematologic and plasma biochemical findings in cold-stunned Kemp’s ridley turtles: 176 cases (2001–
2005). J Am Vet Med Assoc 235: 426–432.
Innis CJ, Tlusty M, Merigo C, Weber ES (2007) Metabolic and respiratory
status of cold-stunned Kemp’s ridley sea turtles (Lepidochelys kempii).
J Comp Physiol B 177: 623–630.
Innis CJ, Tlusty M, Perkins C, Holladay S, Merigo C, Weber ES III (2008)
Trace metal and organochlorine pesticide concentrations in coldstunned juvenile Kemp’s ridley turtles (Lepidochelys kempii) from
Cape Cod, Massachusetts. Chelonian Conserv Biol 7: 230–239.

Labrada-Martagón V, Méndez-Rodríguez LC, Gardner SC, López-Castro
M, Zenteno-Savín T (2010) Health indices of the green turtle
(Chelonia mydas) along the Pacific coast of Baja California Sur,
Mexico. I. Blood biochemistry values. Chelonian Conserv Biol 9:
162–172.
Macrelli R, Ceccarelli MM, Fiorucci L (2013) Determination of serum
albumin concentration in health and diseased Hermann’s tortoises
(Testudo hermanni): a comparison using electrophoresis and the
bromocresol green dye-binding method. J Herpetol Med Surg 23:
20–24.
McDonald TL et al. (2017) Density and exposure of surface-pelagic
juvenile sea turtles to Deepwater Horizon oil. Endanger Spec Res 33:
69–82.
McNally KL, Mott CR, Guertin JR, Gorham JC (2020) Venous blood gas
and biochemical analysis of wild captured green turtles (Chelonia
mydas) and Kemp’s ridley turtles (Lepidochelys kempii) from the Gulf
of Mexico. PLoS ONE 15: e0237596.
Mitchelmore CL, Bishop CA, Collier TK (2017) Toxicological estimation of
mortality of oceanic sea turtles oiled during the Deepwater Horizon
oil spill. Endanger Spec Res 33: 39–50.
Moon DY, Owens DW, MacKenzie DS (1999) The effects of fasting and
increased feeding on plasma thyroid hormones, glucose, and total
protein in sea turtles. Zool Sci 16: 579–587.
Morpurgo B, Gelman A (1991) The effect of age, sex and diet on the
plasma cholesterol levels of the Nile crocodile, Crocodylus niloticus.
Comp Biochem Physiol A 99: 687–689.

Inoue H, Clifford DL, Vickers TW, Coonan TJ, Garcelon DK, Borjesson
DL (2012) Biochemical and hematologic reference intervals for the
endangered island fox (Urocyon littoralis). J Wildl Dis 48: 583–592.

National Marine Fisheries Service Southeast Fisheries Science Center
(NMFS SEFSC) (2008) Sea Turtle Research Techniques Manual. NOAA
Technical Memorandum NMFS-SEFSC-579, pp 69–71.

Jones TT, Seminoff JA (2013) Feeding biology: advances from fieldbased observations, physiological studies, and molecular techniques. In J Wyneken, KJ Lohmann, JA Musick, eds, The Biology of Sea
Turtles Vol III. CRC Press, Boca Raton, FL, pp. 211–247.

Osborne AG, Jacobson ER, Bresette MJ, Singewald DA, Scarpino RA,
Bolten AB (2010) Reference intervals and relationships between
health status, carapace length, body mass, and water temperature and concentrations of plasma total protein and protein electrophoretogram fractions in Atlantic loggerhead sea turtles and
green turtles. J Am Vet Med Assoc 237: 561–567.

Kakizoe Y, Sakaoka K, Kakizoe F, Yoshii M, Nakamura H, Kanou Y,
Uchida I (2007) Successive changes of hematologic characteristics
and plasma chemistry values of juvenile loggerhead turtles (Caretta
caretta). J Zoo Wildl Med 38: 77–84.
Kaufman AC, Robinson SJ, Borjesson DL, Barbieri M, Littnan CL (2018)
Establishing hematology and serum chemistry reference intervals for
wild Hawaiian monk seals (Neomonachus schauinslandi). J Wildl Dis
49: 1036–1040.

Page-Karjian A et al. (2020) Comprehensive health assessment of green
turtles Chelonia mydas nesting in southeastern Florida, USA. Endanger Spec Res 42: 21–35.
Page-Karjian A, Rivera S, Torres F, Diez C, Moore D, Van Dam R, Brown
C (2015) Baseline blood values for healthy free-ranging green sea
turtles (Chelonia mydas) in Puerto Rico. Comp Clin Pathol 24: 567–573.

..........................................................................................................................................................
12

Downloaded from https://academic.oup.com/conphys/article/8/1/coaa091/6013050 by jperrault@marinelife.org on 07 December 2020

Gregory LF, Gross TS, Bolten AB, Bjorndal KA, Guillette LJ Jr (1996) Plasma
corticosterone concentrations associated with acute captivity stress
in wild loggerhead sea turtles (Caretta caretta). Gen Comp Endocrinol
104: 312–320.

Conservation Physiology • Volume 8 2020

Research article

..........................................................................................................................................................
Perrault JR, Bauman KD, Greenan TM, Blum PC, Henry MS, Walsh CJ
(2016a) Maternal transfer and sublethal immune system effects
of brevetoxin exposure in nesting loggerhead sea turtles (Caretta
caretta) from western Florida. Aquat Toxicol 180: 131–140.
Perrault JR, Page-Karjian A, Miller DL (2016b) Nesting leatherback sea
turtle (Dermochelys coriacea) packed cell volumes indicate decreased
foraging during reproduction. Mar Biol 163: 232.

Perrault JR, Stacy NI, Lehner AF, Mott CR, Hirsch S, Gorham JC, Buchweitz
JP, Bresette MJ, Walsh CJ (2017) Potential effects of brevetoxins and
toxic elements on various health variables in Kemp’s ridley (Lepidochelys kempii) and green (Chelonia mydas) sea turtles after a red
tide bloom event. Sci Total Environ 605–606: 967–979.
Petrosky KY, Knoll JS, Innis C (2015) Tissue enzyme activities in Kemp’s
ridley turtles (Lepidochelys kempii). J Zoo Wildl Med 46: 637–640.
Reed AH, Henry RJ, Mason WB (1971) Influence of statistical method
used on the resulting estimate or normal range. Clin Chem 17:
275–284.
Rousselet E, Stacy NI, LaVictoire K, Higgins BM, Tocidlowski ME, Flanagan
JP, Godard-Codding CAJ (2013) Hematology and plasma biochemistry analytes in five age groups of immature, captive-reared loggerhead sea turtles (Caretta caretta). J Zoo Wild Med 44: 859–874.
Ryser-Gegiorgis M-P (2013) Wildlife health investigations: needs, challenges and recommendations. BMC Vet Res 9: 223.
Shapiro SS, Wilk MB (1965) An analysis of variance test for normality
(complete samples). Biometrika 52: 591–611.
Shaver DJ (1991) Feeding ecology of wild and head-started Kemp’s
ridley sea turtles in South Texas waters. J Herpetol 35: 327–334.
Snoddy JE, Landon M, Blanvillain G, Southwood A (2009) Blood biochemistry of sea turtles captured in gillnets in the lower Cape Fear
River, North Carolina, USA. J Wildl Manage 73: 1394–1401.
Snover ML, Hohn AA, Crowder LB, Heppell SS (2007) Age and growth
in Kemp’s ridley sea turtles: evidence from mark-recapture skeletochronology. In PT Plotkin, ed, Biology and Conservation of Ridley
Turtles. John Hopkins University Press, Baltimore, MD, pp. 89–105.
Stabenau EK, Heming TA, Mitchell JF (1991) Respiratory, acid-base and
ionic status of Kemp’s ridley sea turtles (Lepidochelys kempii) subjected to trawling. Comp Biochem Physiol A 99: 107–111.
Stabenau EK, Vietti KRN (2003) The physiological effects of multiple
forced submergences in loggerhead turtles (Caretta caretta). Fish Bull
101: 889–899.
Stacy NI, Bjorndal KA, Perrault JR, Martins HR, Bolten AB (2018a) Blood
analytes of oceanic-juvenile loggerhead sea turtles (Caretta caretta)
from Azorean waters: reference intervals, size-relevant correlations

Stacy NI, Chabot RM, Innis CJ, Cray C, Fraser KM, Rigano KS, Perrault JR (2019) Plasma chemistry in nesting leatherback sea turtles
(Dermochelys coriacea) from Florida: understanding the importance of sample hemolysis effects on blood analytes. PLoS One 14:
e0222426.
Stacy NI et al. (2017) Clinopathological findings in sea turtles assessed
during the Deepwater Horizon oil spill response. Endanger Spec Res
33: 25–37.
Stacy NI, Innis CJ (2017) Clinical pathology. In CA Manire, TM Norton, BA
Stacy, CA Harms, CJ Innis, eds, Sea Turtle Health and Rehabilitation. J.
Ross Publishing, Plantation, FL, pp. 147–207.
Stacy NI, Innis CJ, Hernandez JA (2013) Development and evaluation of
three mortality prediction indices for cold-stunned Kemp’s ridley sea
turtles (Lepidochelys kempii). Conserv Physiol 1: cot003.
Stacy NI et al. (2018b) Chronic debilitation in stranded loggerhead sea
turtles (Caretta caretta) in the southeastern United States: morphometrics and clinicopathological findings. PLoS One 13: e0200355.
Stamper MA, Harms C, Epperly SP, Braun-McNeill J, Avens L, Stoskopf
MK (2005) Relationship between barnacle epibiotic load and hematologic parameters in loggerhead sea turtles (Caretta caretta), a
comparison between migratory and residential animals in Pamlico
Sound, North Carolina. J Zoo Wildl Med 36: 635–641.
Thoresen SI, Tverdal A, Havre G, Morberg H (1995) Effects of storage
time and freezing temperature on clinical chemical parameters from
canine serum and heparinized plasma. Vet Clin Pathol 24: 129–133.
Townsend K, Ness J, Hoguet J, Stacy NI, Komoroske LM, Lynch JM (2020)
Testing the stability of plasma protein and whole blood RNA in
archived blood of loggerhead sea turtles, Caretta caretta. Biopreserv
Biobank 18: 358–366.
Turnbull BS, Smith CR, Stamper MA (2000) Medical implications of
hypothermia in threatened loggerhead (Caretta caretta) and endangered Kemp’s ridley (Lepidochelys kempii) and green (Chelonia mydas)
sea turtles. Proc Am Assoc Zoo Vet Int Assoc Aquat Anim Med 2000:
31–35.
Villa CA, Flint M, Bell I, Hof C, Limpus CJ, Gaus C (2017) Trace element reference intervals in the blood of healthy green sea turtles to evaluate
exposure of coastal populations. Environ Pollut 220: 1465–1476.
Wallace BP, Stacy BA, Rissing M, Cacela D, Garrison LP, Graettinger GD,
Holmes JV, McDonald T, McLamb D, Schroeder B (2017) Density
and exposure of surface-pelagic juvenile sea turtles to Deepwater
Horizon oil. Endanger Spec Res 33: 51–67.
Walton RM (2001) Establishing reference intervals: health as a relative
concept. Semin Avian Exotic Pet Med 10: 66–71.
Walsh CJ, Butawan M, Yordy J, Ball R, Flewelling L, de Wit M, Bonde RK
(2015) Sublethal red tide toxin exposure in free-ranging manatees
(Trichechus manatus) affects the immune system through reduced
lymphocyte proliferation responses, inflammation, and oxidative
stress. Aquat Toxicol 161: 73–84.

..........................................................................................................................................................
13

Downloaded from https://academic.oup.com/conphys/article/8/1/coaa091/6013050 by jperrault@marinelife.org on 07 December 2020

Perrault JR, Schmid JR, Walsh CJ, Yordy JE, Tucker AD (2014) Brevetoxin
exposure, superoxide dismutase activity and plasma protein electrophoretic profiles in wild-caught Kemp’s ridley sea turtles (Lepidochelys kempii) in Southwest Florida. Harmful Algae 37: 194–202.

and comparisons to neritic loggerheads from western Atlantic
coastal waters. Conserv Physiol 6: coy006.

Research article

Conservation Physiology • Volume 8 2020

..........................................................................................................................................................
Walsh CJ, Cocilova C, Restivo J, Flewelling L, Milton S (2019) Immune
function in Trachemys scripta following exposure to a predominant
brevetoxin congener, PbTx-3, as a model for potential health impacts
for sea turtles naturally exposed to brevetoxins. Ecotoxicology 28:
1085–1104.

Wikelski M, Cooke SJ (2006) Conservation physiology. Trends Ecol Evol
21: 38–46.
Wood FE, Ebanks GK (1984) Cytology and hematology of the green sea
turtle, Chelonia mydas. Herpetologica 40:331–336.

..........................................................................................................................................................
14

Downloaded from https://academic.oup.com/conphys/article/8/1/coaa091/6013050 by jperrault@marinelife.org on 07 December 2020

Wobeser GA (2007) Special problems in working with free-living animals. In GA Wobeser, ed, Disease in Wild Animals: Investigation and
Management, Ed2nd. Springer, Berlin, pp. 17–30.

Wibbels T, Bevan E (2019) Lepidochelys kempii. The IUCN red list of
threatened species 2019: e.T11533A142050590. Available via: http://
dx.doi.org/10.2305/IUCN.UK.2019-2.RLTS.T11533A142050590.en.

