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1. Introduction 

Anthropogenic activities, such as coastal development, landfills and 
oil spills, have resulted in the loss and degradation of habitats that have 
exposed sea turtles to pathogens such as bacteria, fungi, parasites, and 
viruses. In turn, sea turtles spread diseases by being in contact with other 
populations and species (Reséndiz et al., 2019). Likewise, ocean 
contamination makes sea turtles susceptible to bioaccumulation of 
environmental pollutants such as heavy metals and organochlorines that 
are additively affecting sea turtle populations’ health (Gámez-Vivaldo 
et al., 2009). Implementing a health assessment program for sea turtles 
is a fundamental research and management plan component; such a plan 
should incorporate specific strategies under the broad heading of health 
and disease intended to enhance recovery and prevent further decline of 
a species (Aguirre and Balazs, 2000; Arthur et al., 2008). 

Physical examinations are often used to determine a sea turtle’s 
health status. The examination includes the estimation of epibiotic load 
(Deem et al., 2009) and the body condition index (BCI), which allows to 
know the health condition related to the nutritional status and estimated 
stored energy of organisms (Labrada-Martagón et al., 2010). However, 
the establishment of reference values using biochemical parameters is 
an essential tool that, when combined with clinical examination, allows 
for diagnosing the health status of an organism or a population (Ley--
Quiñónez et al., 2017; Mejia-Radillo et al., 2019; Whiting et al., 2007). 
However, the lack of blood reference values and the variability that may 
exist between geographic areas, ecological habitat, populations 
(Camacho et al., 2013; Montilla et al., 2008; Whiting et al., 2007), sexual 
maturity, reproductive status, migration, as well as diet (Anderson et al., 

2011; Flint et al., 2010) limits the use of these tools. Therefore, it is 
essential to consider population and geography when establishing 
health parameters (Aguirre and Balazs, 2000; Arthur et al., 2008). This is 
particularly essential for endangered species since the information must 
be included in management plans and Campo conservation strategies 
(Ley-Quiñónez et al., 2017). 

Kemp’s ridley turtles (Lepidochelys kempii) are subjected to risks such 
as pollution, fishing, and other anthropogenic activities in the Gulf of 
Mexico and listed as the most endangered sea turtle on the IUCN Red List 
(Wibbels and Bevan, 2019). Nearly all nests are found on GOM beaches, 
with 90% of the population nesting in Rancho Nuevo Sanctuary (RNS), 
Tamaulipas, Mexico (Lara-Uc and Mota-Rodríguez, 2014a; Márquez, 
1994). Their distribution coincides with an area of heavy oil exploration 
and extraction, where recent spills have had high ecological impacts 
(Campagna et al., 2011), such as the Ixtoc I oil spill, from June 1979 to 
March 1980 (Jernelöv and Olof, 1981), the Deepwater Horizon oil spill 
from April 2010 to August 2010 (Gallaway et al., 2016b) and the Taylor 
oil spill from September 2004 to present (O’Reilly, 2020). At present, the 
levels at which chemical contaminants can become harmful to the health 
of sea turtles are unknown since they present a high physiological 
sensitivity to small concentrations of pollutants (Cortés-Gómez et al., 
2017). Therefore, it is a priority to establish blood biochemistry values 
to establish preventative, control, or treatment programs for sea turtles 
(Gámez-Vivaldo et al., 2009). 

Our study aimed to establish the blood biochemical reference values 
for the reproductively active adult female Kemp’s ridley turtles nesting 
at RNS. These values provide indicators that allow health to be moni-
tored and evaluated to allow for the assessment of disease patterns in the 
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population contributing to species conservation. 

2. Materials and methods 

2.1. Sample collection 

The collection of blood samples from nesting turtles was performed 
at RNS, Tamaulipas, located in the Gulf of Mexico and Coastal Plain 
region of the Mexican state of Tamaulipas (23◦ 18′ 10″ N – 97◦ 45′ 40″ W 
and 23◦ 10′ 10″ N – 97◦ 45′ 30” W), the primary nesting area for the 
species (Lara-Uc and Mota-Rodríguez, 2014b; Márquez, 1994). 

Samples were collected when the nesting female was in a trance 
while laying her eggs (Deem et al., 2006). Blood extraction was per-
formed using the puncture technique of the dorsal cervical sinuses 
(Owens and Ruiz, 1980). Between 5 and 8 ml of blood were collected 
using a 10 ml syringe with a 21-gauge needle (Sikes IV and Klaphake, 
2008), then transferred to a 10 ml Vacutainer® tube with lithium hep-
arin as an anticoagulant agent for recovery of plasma and white blood 
cells. The samples were refrigerated at 4 ◦C for up to 5 h until laboratory 
processing (Sykes and Klaphake, 2015). 

2.2. Morphometric data and physical evaluation 

The turtle’s morphometric data was taken at the end of oviposition, 
according to the methodology proposed by Bolten (2000). The bio-
metrics considered were Curved Carapace Length (CCL), Straight 
Carapace Length (SCL) and Curved Carapace Width (CCW), taken using 
vernier calipers and fabric measuring tape, respectively. In addition, 
captured turtles were tagged on the left front flipper with a Monel 
(National Band and Tag Company) alloy tag for capture, recapture, and 
sighting reports (Balazs, 2000). In addition, the turtle’s physical con-
dition was evaluated according to their plastron, classifying them as 
Good if the plastron was convex, Acceptable if it was flat, and Poor if it 
was concave (Thomson et al., 2009). In turn, a physical evaluation was 
performed, classifying them as healthy, without apparent diseases, 
injured if they had epibionts, external lesions on the skin, carapace, or 
both. Not physically evaluated turtles were categorized as “no data” 
(Labrada-Martagón et al., 2010). 

2.3. Blood biochemistry 

For the separation of plasma, white blood cells and red blood cells, 
the samples with anticoagulant were centrifuged at 3200 rpm for 15 min 
(Ley-Quiñónez et al., 2017) in a COMPACT II centrifuge model 420225 
(Becton Dickinson). 

Plasma was collected in 1.6-ml cryovials and subsequently analyzed 
500 μL using an Alinity ci integrated clinical biochemistry and immu-
noassay system (ABBOTT diagnostics), according to the supplier’s 
specifications to analyze the parameters divided into nutrients and 
metabolites: Total Protein (TP) (g/dL-1), Albumin (ALB) (g/dL− 1), 
Globulin (GLOB) (g/dL− 1), Albumin/Globulin (A/G) ratio, Creatinine 
(mg/dL− 1), Total bilirubin (mg/dL− 1), Blood urea nitrogen (BUN) (mg/ 
dL− 1), Glucose (GLU) (mg/dL− 1), Cholesterol (CHOL) (mg/dL− 1), and 
Triglycerides (TRIG) (mg/dL− 1), enzymes: Alanine Aminotransferase 
(ALT) (U/L− 1), Aspartate Aminotransferase (ASP) (U/L− 1), Alkaline 
Phosphatase (ALP) (U/L− 1), Creatinine Phosphokinase (CK) (U/L− 1), 
Gamma-Glutamyl Transpeptidase (GGT) (U/L− 1), Amylase (AMYL) (U/ 
L− 1), and Electrolytes: Calcium (Ca) (mg/dL− 1), Phosphorus (P) (mg/ 
dL− 1), Sodium (Na) (mg/dL− 1) analysis was performed using an AR-
CHITECT ci8200 analyzer (ABBOTT diagnostics). 

2.4. Statistical analysis 

The results were presented as arithmetic means and standard devi-
ation (Mean ± SD), followed by the minimum and maximum values. The 
data normality and homoscedasticity for each variable (morphometric 

data and blood biochemistry) were evaluated using the Kolmogorov- 
Smirnov and Levene tests. One-way analysis of variance (ANOVA) (α 
= 0.05) and Tukey’s multiple comparison tests were used to determine if 
there were significant differences in blood parameters between variables 
(morphometric data and year). Finally, a simple regression model (R2 >

50%) was used to determine correlations between variables (morpho-
metric data and the measured blood parameters per year). All analyses 
are performed using Minitab® 18 statistical software with a confidence 
level of 95% (α ≤ 0.05). 

2.5. Ethics statement 

The study was conducted following the guidelines of the Mexican 
authorities to study and manage wildlife samples or species under 
SEMARNAT (Secretary on Environment and Natural Resources) permit 
numbers SGPA/DGVS/04674/10 and SGPA/DGVS/003769/18 and 
approved by the National Commission of Protected Natural Areas 
(CONANP). 

3. Results 

During the 2020 and 2021 nesting seasons, 50 blood samples were 
collected from nesting turtles in Rancho Nuevo, Tamaulipas, Mexico, 30 
of 2020 and 20 of 2021. There were no recaptures during the study. The 
size and health parameters of nesting turtles L. kempii were summarized 
in Table 1. 

The sampled individuals presented good general health, without 
external fibropapillomas, deformities, or injuries and low or null epi-
biotic load. Unfortunately, we could not weigh the nesting females due 
to regulations at RNS; consequently, we could not calculate the turtle’s 
body condition index. 

Nesting turtles had a mean SCL of 60.39 ± 2.86 cm (55.74–65.74 
cm). It was observed that the average size of turtles in 2021 was greater 
than that of nesters in 2020 (p = 0.003) (Table 1). 

Nineteen blood parameters were analyzed, including the concen-
tration of proteins, electrolytes, lipids, excretion products, enzyme ac-
tivity, glucose, and inorganic phosphorus (Table 1). 

Significant differences were observed in four biochemical values by 
year (Table 1). Nesting turtles from the 2020 season had significantly 
higher levels of globulin (GLOB), blood urea nitrogen (BUN), and 
amylase (AMYL) and lower levels of AST compared to nesters from 2021 
(p < 0.05). In addition, Creatinine, Alanine aminotransferase (ALT), and 
Gamma-glutamyl transpeptidase (GGT) values were below the detection 
limits of the assay kit. 

No significant associations were observed regarding the relationship 
between size and biochemical values (R2 < 50%). In contrast, by season, 
the nesting turtles of 2020 presented a positive correlation of the CCL vs 
GLOB (R2 = 1) and vs A/G ratio (R2 = 0.9947) (Fig. 1). 

4. Discussion 

According to Márquez (1996) and Lara-Uc and Mota-Rodríguez 
(2014b), nesting Kemp’s ridley turtles from RNS present sizes of 60–65 
cm, and young nesting turtles recently recruited at the area (first nest-
ing) have a mean length of 61.8 ± 1.8 cm (Caillouet et al., 2011). The 
nesting turtles in the present study mainly comprised smaller nesting 
females (60.39 ± 2.86 cm). These sizes were smaller than those previ-
ously reported by Wang (2005), who observed an SCL of 65 ± 3.3 cm in 
nesting turtles, corresponding to mature nesting turtles. Gallaway et al. 
(2016a) found that the Deepwater Horizon oil spill affected 34.5% of 
Kemp’s ridley turtles in 2010. Therefore, recruitment occurs in neritic 
areas and nesting beaches, with these turtles hatched after 2010 (Cail-
louet Jr, 2019). 

Regarding nesting turtle size by season, turtles nesting in 2020 were 
primarily composed of young, first-time nesting turtles, while in 2021, 
we saw significantly larger nesting turtles. This difference may result 
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from different population cohorts nesting each season since the mean 
remigration interval of the species’ nesting is two years. However, it also 
occurs at one- and three-year intervals (US Fish and Wildlife Service, 
2018). 

Sea turtle health parameters are population-specific and can vary 
between populations and by a turtle’s life stage and sex. Therefore, 
reference values must be generated for each geographic area, 

considering the turtles habitat type, diet, individual condition, size, sex, 
and health status. In addition, sample handling, species, reproductive 
status, and contamination can cause variations in parameters (Camacho 
et al., 2013; Flint et al., 2010; Labrada-Martagón et al., 2010; Montilla 
et al., 2008; Whiting et al., 2007). 

No blood biochemical reference values exist for nesting turtles in 
RNS, even though 90% of Kemp’s ridley clutches occur on these beaches 
(Lara-Uc and Mota-Rodríguez, 2014b; Márquez, 1994; Polidoro et al., 
2008; SEMARNAT, 2011). Despite Kemp’s ridley being the sea turtle 
species at greatest risk of extinction (Polidoro et al., 2008; SEMARNAT, 
2011), blood biochemistry is regarded as an essential tool for assessing 
the health status of individuals. Despite this, the existing biochemistry 
studies for the species have focused on turtles from foraging areas 
(Anderson et al., 2011; Innis et al., 2008; Snoddy et al., 2009). 

The blood biochemical values of nesting Kemp’s ridley turtles ob-
tained in this study were similar to those reported for the species in other 
life stages and males studied in foraging areas (Table 2). Although other 
species of sea turtles, such as green turtles (Chelonia mydas), present 
different blood biochemistry values depending on their age and diet 
(Anderson et al., 2011; Labrada-Martagón et al., 2010), this appears not 
to be the case for Kemp’s ridleys. The difference observed in some blood 
parameters between the foraging and nesting areas, such as GLU, CHOL, 
TRIG, ALB, GLOB, BUN, AST, CK and AMYL, could be the result of diet 
and capture method, as well as the nesting process (Anderson et al., 
2011; Perrault et al., 2020; Snoddy et al., 2009). 

We found low levels of BUN and GLU compared to those reported for 
turtles from different life stages captured in foraging areas (Perrault 
et al., 2020; Snoddy et al., 2009). However, blood biochemistry values 
decrease during the sea turtle nesting process due to stress and loss of 
energy, as well as the fasting state (Honarvar et al., 2011) present in 
females as they reduce foraging during mating and nesting (Ehsanpour 
et al., 2015; Santillana-Segovia, 2013). 

Similarly, the low levels of total protein (TP) and ALB found in 
nesting turtles when compared to turtles on foraging grounds were 
previously described in loggerhead turtles (Caretta caretta) by Kakizoe 
et al. (2013), who found that the concentrations of TP and ALB in nesting 
loggerheads increased between winter and spring but decreased during 
the nesting period; likewise, lipids presented seasonal changes as did TP. 
In addition, TRIG increased from winter until the nesting season, which 
is related to using these nutrients during folliculogenesis. 

Table 1 
Morphometric and blood biochemistry values of Kemp’s ridley turtles (Lepidochelys kempii) from a nesting area in Rancho Nuevo, Tamaulipas, Mexico, 2020–2021.  

Parameter Total (n = 50) 2020 (n = 30) 2021 (n = 20) Statistical test 

SCL (cm) 60.39 ± 2.86 (55.74–65.74) 59.55 ± 2.98 b (55.74–69.74) 62.19 ± 1.47a (59.30–64.50) p = 0.003 
Total protein (g/dL− 1) 3.12 ± 0.76 (2.02–4.48) 3.058 ± 0.810 (2.04–4.48) 3.220 ± 0.700 (2.020–4.480) p = 0.471 
Albumin (g/dL− 1) 1.08 ± 0.34 (0.51–1.80) 1.106 ± 0.400 (0.51–1.80) 1.050 ± 0.243 (0.550–1.380) p = 0.577 
Globulin (g/dL− 1) 1.72 ± 0.81 (0.24–3.90) 1.95 ± 0.93a (0.24–3.90) 1.376 ± 0.430 b (0.670–2.290) p = 0.013 
A/G ration 0.93 ± 1.11 (0.13–7.50) 0.95 ± 1.39 (0.13–7.50) 0.928 ± 0.476 (0.210–1.580) p = 0.935 
Total bilirubin (mg/dL− 1) 0.13 ± 0.017 (0.11–0.16) 0.14 ± 0.02 (1.11–0.16) 0.133 ± 0.014 (0.110–0.160) p = 0.148 
Creatinine (mg/dL− 1) ND ND ND  
BUN (mg/dL− 1) 9.23 ± 0.97 (7.45–10.96) 9.53 ± 1.05a (7.45–10.96) 8.777 ± 0.653b (7.560–9.550) p = 0.006 
Glucose (mg/dL− 1) 76.12 ± 6.33 (61.83–87.00) 76.53 ± 6.55 (64.00–87.00) 75.51 ± 6.11 (61.83–85.63) p = 0.580 
Cholesterol (mg/dL− 1) 217.42 ± 49.55 (130.12–299.70) 216.50 ± 51.87 (134.60–299.70) 218.8 ± 47.1 (130.1–286.4) p = 0.874 
Triglycerides (mg/dL− 1) 68.36 ± 16.95 (36.6–93.00) 69.75 ± 16.33 (36.60–93.00) 66.28 ± 18.08 (36.26–88.48) p = 0.484 
ALKP (U/L− 1) 28.57 ± 5.14 (20.14–38.31) 28.24 ± 4.72 (20.26–35.00) 29.07 ± 5.80 (20.14–38.31) p = 0.578 
ALT (U/L− 1) ND ND ND  
AST (U/L− 1) 17.33 ± 1.56 (14.23–19.74) 16.96 ± 1.63b (14.23–19.74) 17.899 ± 1.27a (16.06–19.74) p = 0.036 
GGT (U/L− 1) ND ND ND  
CK (U/L− 1) 187.9 ± 85.4 (29.0–344.1) 172.70 ± 101.00 (29.00–344.10) 210.8 ± 48.3 (132.6–284.9) p = 0.123 
AMYL (U/L− 1) 254.66 ± 52.86 (162.00–345.29) 268.7 ± 56.0a (162.00–345.30) 233.64 ± 40.59b (165.55–287.16) p = 0.020 
Calcium (mg/dL− 1) 7.48 ± 0.87 (6.06–9.00) 7.420 ± 0.901 (6.06–9.00) 7.57 ± 0.85 (6.290–8.860) p = 0.541 
Phosphorus (mg/dL− 1) 7.26 ± 0.45 (6.56–8.00) 7.33 ± 0.46 (6.57–8.00) 7.174 ± 0.453 (6.560–7.820) p = 0.243 
Sodium (mg/dL− 1) 145.44 ± 3.55 (132.83–149.98) 146.13 ± 2.91 (140.20–149.90) 144.40 ± 4.21 (132.83–149.98) p = 0.090 

Statistics data in Mean ± SD (min-max), SCL: Straight caparace length, A/G = Albumin/Globulin, BUN = Blood urea nitrogen, AMYL = Amylase, ALKP = Alkaline 
phosphatase, ALT = Alanine aminotransferase, AST = Aspartate aminotransferase, GGT = Gamma-glutamyl transpeptidase, CK = Creatine phosphokinase. ND = Not 
detected. Standard deviation (SD)., Minimum (min), Máximum (max). Differing letters indicate significant difference between groups (p ≤ 0.05). Statistical test: 
ANOVA. 

Fig. 1. Relationship between Curved Carapace Length (cm) vs Globulin (g/ 
dL− 1) and Albumin/Globulin ratio for the nesting Kemp’s ridley sea turtles 
(Lepidochelys kempii) from Rancho Nuevo, Mexico, 2020. 
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In the present study, the levels of electrolytes observed in nesting 
turtles, including Ca, K, P and Na, are similar to those previously re-
ported for adult Kemp’s ridley turtles in foraging areas (Snoddy et al., 
2009). The levels of Ca and P are elevated during the reproductive 
period in nesting turtles since Ca is mobilized for the formation of eggs 
(Deem et al., 2006; Goldberg et al., 2011) and tends to decrease with 
each nest-laid during the season, which ranges between two and three 
nests per female (Shaver et al., 2016a; US Fish and Wildlife Service, 
2018). Blood samples were taken during the first arribada mass nesting 
event of the season, which may account for the turtles not presenting a 
significant depletion in the levels of Ca and P. 

Lipids TRIG and CHOL concentrations were higher in nesting Kemp’s 
ridleys than for individuals in foraging areas. This coincides with Espi-
noza-Romo et al. (2018), who found lower concentrations of TRIG and 
CHOL in foraging areas than at nesting sites. Increases in these param-
eters in L. kempii during the reproductive season are due to vitellogenesis 
and folliculogenesis (Casal et al., 2009; Hamann et al., 2003; Santoro 
and Meneses, 2007) and are consistent with the observed in other spe-
cies of sea turtles (Deem et al., 2009; Prieto-Torres et al., 2013; Santoro 
and Meneses, 2007). 

Enzymes such as ALP, AST, GGT, CK, and AMYL are good indicators 
of health because an increase in these enzymes in the blood indicates 
liver or muscle damage in sea turtles (Anderson et al., 2013; Martí-
nez-Silvestre et al., 2013). However, when interpreting the results, it is 
essential to consider factors such as the location of turtles nesting and 

foraging areas. For example, in the present study, CK values were lower 
than those of Innis et al. (2008) and Anderson et al. (2011) in L. kempii in 
foraging areas. Such differences could result from stress during capture 
on foraging grounds. At the same time, in nesting areas, a cavity was 
made in the sand below the individual’s head to increase blood flow 
through the dorsocervical sinuses, facilitating the sample collection and 
avoiding undue stress to the turtle (Montilla et al., 2008). 

Our study found lower concentrations of ALT, AST, ALP and CK than 
those reported previously in the species in foraging areas (Anderson 
et al., 2011; Perrault et al., 2020; Snoddy et al., 2009). Ehsanpour et al. 
(2015) mentions that in nesting sea turtles, the values of ALP, AST, TP, 
CK and AMYL increase due to vitellogenesis, while in foraging areas, 
there is an increase in the levels of ALT and AST enzymes due to their 
metabolic role during the transformation of ingested food into energy. 
Therefore, the high levels of these enzymes observed in previous studies 
result from turtles in foraging areas. It should be noted that in the case of 
CK, Snoddy et al. (2009) reported that the levels of this enzyme can 
increase in turtles depending on the time of capture and the method 
used. 

In 2020 a more heterogeneous population was composed of a larger 
number of small, unmarked females, which suggests that they were first- 
time nesters, while in 2021, fewer of these smaller unmarked individuals 
were observed. Therefore, the differences in the blood parameters per 
year are related to the difference in sizes between nesting years, which is 
consistent with the positive correlations observed between carapace 
length (SCL) and GLOB levels and the A/G ratio for the 2020 females. 
The furthermore, Goldberg et al. (2011) observed a positive relationship 
between SCL and SCW with enzymes such as ALP and AST, attributing it 
to larger turtles having greater enzymatic activity. Likewise, Santilla-
na-Segovia (2013) mentions that parameters such as GLU, CHOL, BUN, 
Creatinine, AST, ALT, and TBIL positively correlated with the CCL. This 
was also observed by Whiting et al. (2014) and Ley-Quiñónez et al. 
(2017), who reported that the values of Creatinine, TBIL, ALP, CK, ALB, 
GLOB, Ca, P and Fe correlate positively with CCL. 

Although the present study was carried out exclusively on nesting 
female Kemp’s ridley turtles, Pinto et al. (2015) reported that there were 
no significant differences by sex for blood parameters, and this is 
consistent with what was observed in other sea turtle species, pop-
ulations and foraging and nesting areas (Casal et al., 2009; Ehsanpour 
et al., 2015; Prieto-Torres et al., 2013; Santoro and Meneses, 2007; 
Wrobel et al., 2011). That said, CHOL, TRIG, and Ca parameters tend to 
be more prevalent in nesting females compared to males as these are 
related to the vitellogenesis during nesting ((Deem et al., 2009; Espi-
noza-Romo et al., 2018; Hamann et al., 2003; Hamann et al., 2002). 

5. Conclusions 

The nesting population of Kemp’s ridley turtles observed during this 
study presented both first-time nesters and more mature females. This is 
encouraging as the recruits correspond to turtles born after the 2010 
Deepwater Horizon oil spill, which caused the loss of large numbers of 
turtles. 

Our study is the first to establish blood biochemical parameters of 
nesting kemp’s ridley turtles from RNS, the main nesting area for this 
critically endangered species. These values can be used as blood refer-
ence intervals for a healthy population, and this information will serve 
as a reference for the health and monitoring of nesting Kemp’s ridley 
turtles. 
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Table 2 
Reference values for biochemistry for different populations of sea turtles Lep-
idochelys kempii clinically healthy.  

PARÁMETER Tamaulipas, 
Mexico Nesting 
Area (This 
Study) 

USA Adults 
Foraging 
Area ( 
Snoddy 
et al., 2009) 

USA 
Juveniles 
Foraging 
Area ( 
Anderson 
et al., 2011) 

USA 
Juveniles 
Foraging 
Area ( 
Perrault 
et al., 2020) 

Sample (n) 50 4 10 34 
Total protein 

(g/dL− 1) 
3.12 ± 0.76 3.1 3.7 38 ± 6 

Albumin (g/ 
dL− 1) 

1.08 ± 0.34 1.3 6.1 7.8 ± 1.7 

Globulin (g/ 
dL− 1)* 

1.72 ± 0.813 1.8 4.3 27.6 ± 5.0 

A/G ration 0.93 ± 1.108 NA NA 0.37 ± 0.07 
Total bilirubin 

(mg/dL− 1) 
0.13 ± 0.017 NA NA NA 

Creatinine 
(mg/dL− 1) 

ND NA NA NA 

BUN (mg/ 
dL− 1)* 

9.23 ± 0.97 73.7 NA 71.6 ± 4.8 

Glucose (mg/ 
dL− 1) 

76.12 ± 6.33 115.2 − 1.8 122.51 ± 1.1 

Cholesterol 
(mg/dL− 1) 

217.42 ±
49.55 

NA 5.3 1027.78 ±
0.5 

Triglycerides 
(mg/dL− 1) 

68.36 ± 16.95 NA 8.2 96.25 ± 0.5 

ALKP (U/L− 1) 28.57 ± 5.14 NA 4.5 119 ± 54 
ALT (U/L− 1) ND NA 5.0 NA 
AST (U/L− 1)* 17.33 ± 1.56 144.7 5.5 185 ± 51 
GGT (U/L− 1) ND NA NA NA 
CK (U/L− 1) 187.9 ± 85.4 NA 6.2 1513 ± 865 
AMYL (U/L− 1) 

* 
254.66 ±
52.86 

NA  461 ± 86 

Calcium (mg/ 
dL− 1) 

7.48 ± 0.87 7.4 − 2.6 9.62 ± 0.2 

Phosphorus 
(mg/dL− 1) 

7.26 ± 0.45 6.8 2.3 8.62 ± 0.4 

A/G = Albumin/Globulin, BUN = Blood urea nitrogen, AMYL = Amylase, ALKP 
= Alkaline phosphatase, ALT = Alanine aminotransferase, AST = Aspartate 
aminotransferase, GGT = Gamma-glutamyl transpeptidase, CK = Creatine 
phosphokinase. Standard deviation (SD). ND = Not detected. NA= Not 
Analyzed. 
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Reséndiz, E., Fernández-Sanz, H., Barrientos-Torres, D.S., Lara-Uc, M.M., 2019. Clinical 
pathology and health reference values for loggerhead sea turtles (Caretta caretta) 
and olive ridley turtles (Lepidochelys olivacea) in the Gulf of Ulloa, Baja California 
Sur, Mexico. Comp. Clin. Pathol. 28, 1637–1650. 

Santillana-Segovia, P.R., 2013. Valores hematológicos y bioquímicos sanguíneos de 
tortugas anidantes de Golfina (Lepidochelys olivacea) en El Salvador. Bioma, 
pp. 11–16. 

Santoro, M., Meneses, A., 2007. Haematology and plasma chemistry of breeding olive 
ridley sea turtles (Lepidochelys olivacea). Vet. Rec. 161, 818–819. 

SEMARNAT, 2011. Plan Binacional de Recuperación de la Tortuga Marina Lora 
(Lepidochelys kempii), p. 194. 

Shaver, D.J., Rubio, C., Shelby Walker, J., George, J., Amos, A.F., Reich, K., Jones, C., 
Shearer, T., 2016a. Kemp’s ridley sea turtle (Lepidochelys kempii) nesting on the 
Texas coast: geographic, temporal, and demographic trends through 2014. Gulf Mex. 
Sci. 33, 4. 

Sikes IV, J.M., Klaphake, E., 2008. Reptile hematology. Vet. Clin. Exot. Anim. 11, 
481–500. 

Snoddy, J.E., 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. Manag. 73, 1394–1401. 

Sykes, J.M.t., Klaphake, E., 2015. Reptile hematology. Clin. Lab. Med. 35, 661–680. 

Thomson, J.A., Burkholder, D., Heithaus, M.R., Dill, L.M., 2009. Validation of a rapid 
visual-assessment technique for categorizing the body condition of green turtles 
(Chelonia mydas) in the field. Copeia 2009 251–255. 

Wang, H-C., 2005 [Doctor of Philosophy thesis] Trace metal uptake and accumulation 
pathways in kemp’s ridley sea turtles (Lepidochelys kempii), 2005. Texas A&M 
University, p. 63. 

Whiting, S.D., Guinea, M.L., Limpus, C.J., Fomiatti, K., 2007. Blood chemistry reference 
values for two ecologically distinct populations of foraging green turtles, eastern 
Indian Ocean. Comp. Clin. Pathol. 16, 109–118. 

Whiting, S.D., Guinea, M.L., Fomiatti, K., Flint, M., Limpus, C.J., 2014. Plasma 
biochemical and PCV ranges for healthy, wild, immature hawksbill (Eretmochelys 
imbricata) sea turtles. Vet. Rec. 174, 608. 

Wibbels, T., Bevan, E., 2019. Lepidochelys Kempii. The IUCN Red List of Threatened Species 
2019 e.T11533A142050590.  

Wrobel, D., Wanderlinde, J., Alexandre, I., Pereira da Silva, L.C., Pereira, N.R., 2011. 
Serum Biochemistry Profile Determination for Wild Loggerhead Sea Turtles Nesting 
in Campos Dos Goytacazes, Rio de Janeiro, Brazil, vol. 41. Ciencia Rural, Santa 
Maria, pp. 143–148. 

Further reading 

Shaver, D.J., Hart, K.M., Fujisaki, I., Rubio, C., Sartain-Iverson, A.R., Peña, J., Gamez, D. 
G., de Jesus Gonzales Diaz Miron, R., Burchfield, P.M., Martinez, H.J., Ortiz, J., 
2016b. Migratory corridors of adult female Kemp’s ridley turtles in the Gulf of 
Mexico. Biol. Conserv. 194, 158–167. 

Witzell, W.N., Schmid, J.R., 2005. Diet of immature Kemp’s ridley turtles (Lepidochelys 
kempi) from Gullivan bay, ten thousand Islands, Southwest Florida. Bull. Mar. Sci. 
77, 191–199. 

V. Leal-Sepúlveda et al.                                                                                                                                                                                                                        

http://refhub.elsevier.com/S0272-7714(23)00278-0/sref44
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref44
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref44
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref45
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref45
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref45
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref47
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref47
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref47
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref47
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref48
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref48
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref48
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref49
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref49
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref50
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref50
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref51
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref51
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref51
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref51
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref53
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref53
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref54
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref54
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref54
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref55
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref56
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref56
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref56
http://refhub.elsevier.com/S0272-7714(23)00278-0/optncbAtLJmwZ
http://refhub.elsevier.com/S0272-7714(23)00278-0/optncbAtLJmwZ
http://refhub.elsevier.com/S0272-7714(23)00278-0/optncbAtLJmwZ
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref57
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref57
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref57
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref58
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref58
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref58
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref59
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref59
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref61
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref61
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref61
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref61
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref52
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref52
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref52
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref52
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref60
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref60
http://refhub.elsevier.com/S0272-7714(23)00278-0/sref60

	Blood biochemistry reference values for nesting Kemp’s ridley turtles (Lepidochelys kempii) in Rancho Nuevo Sanctuary, Mexico
	1 Introduction
	2 Materials and methods
	2.1 Sample collection
	2.2 Morphometric data and physical evaluation
	2.3 Blood biochemistry
	2.4 Statistical analysis
	2.5 Ethics statement

	3 Results
	4 Discussion
	5 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgments
	References
	Further reading


