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Abstract
Anthropogenic impact and environmental threats can cause diseases to marine turtles and in severe cases death, contributing to
population decline worldwide. The Gulf of Ulloa (GU) represents an important foraging habitat for loggerhead sea turtles and
olive ridley turtles; it is also considered a highly productive area for fisheries and is known for the mortality of marine turtles,
which has been associated to bycatch. However, there is little information in the area regarding the health status of marine turtles;
thus, the aims of this study were to (1) assess the health of marine turtles via physical examination, (2) generate their vital signs,
(3) determine their hematological values, and (4) describe blood cell characteristics and its relationship with functional damage
which can affect the organism’s systems. Clinical examinations were performed; complete blood count, clinical biochemistry,
and clinicopathological evaluations were made, and their relationships with the functioning of the organism’s systems were
described. With the sequential integration of medical and clinicopathological analysis, 56 loggerhead sea turtles and 16 olive
ridley turtles from the GUwere diagnosed as healthy. These pathological analyses are essential to evaluate marine turtles’ health,
as well as to evaluate the health status of free-ranging populations, and have important applications for treatment and rehabil-
itation of sick and injured marine turtles. The baseline generated in this research provides information that can be taken as a
reference for future research and used to generate management plans and conservation strategies for the organisms and for the
ecosystem, together with the authorities.
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Health status

Introduction

During the different stages of marine turtles’ life cycle,
these species can face a wide range of factors specific to

their environment and anthropogenic origin that can cause
them disease and in severe cases death (Reséndiz et al.
2018). Based on their life history, size, longevity, and
interaction between the water-air interfaces, these organ-
isms represent a growing interest group as a potential
bioindicator of marine ecosystems; thus, they can provide
useful information on environmental changes at spatial,
temporal, and trophic scales since they are especially vul-
nerable to anthropogenic degradation of the environment
(Aguirre and Lutz 2004). Thus, the health status and pro-
ductivity of the habitat where they inhabit and develop
can be inferred. Internationally, several clinicopathologi-
cal studies have been carried out on marine turtles (Casal
and Orós 2007; Stacy and Innis 2017); some authors have
reported their values and propose these analyses as a di-
agnostic orientation tool to complement the health studies
of these species (Casal and Orós 2009; Delgado et al.
2011; Fazio et al. 2012a).
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The Pacific coast of Baja California Sur (BCS) and partic-
ularly the Gulf of Ulloa (GU) waters represent an important
foraging habitat for juvenile and adult loggerhead sea turtles
(Caretta caretta) and olive ridley turtles (Lepidochelys
olivacea) (Peckham et al. 2008; Seminoff et al. 2014) which
have also presented courtship and mating behavior (Merino-
Zavala et al. 2018). In the GU, which is considered a highly
productive area, fisheries represent the main economic activity
and the interaction of fishing gear with non-target species,
such as marine turtles, resulted in the establishment of the
GU as a fishing refugee (Cepeda et al. 2012; DOF 2016).
The GU is also known for the high mortality of marine turtles
previously reported, which has been associated mainly to by-
catch (Peckham et al. 2008); however, disease, anthropogenic
impact, and environment changes are also contributing to pop-
ulation decline. Thus, the effect and extent of disease have
been examined in several populations (Ward and Lafferty
2004). Despite these, there is little information regarding the
health status of loggerhead sea turtles and olive ridley turtles
in the GU; the knowledge of normal vital signs, hematologic
and biochemical values, and cell morphology for marine tur-
tles from this region would allow investigations of their con-
dition and status. In this manuscript, the objectives were to (1)
assess the health of marine turtles via physical examination
and document clinical signs, (2) generate their vital sign
values, (3) determine hematological values of loggerhead
sea turtles and olive ridley turtles from the GU, and (4) de-
scribe blood cell structural characteristics, morphology, and its
relationship with functional damage which can affect the or-
ganism’s systems. This baseline information will be a refer-
ence for future research and will provide supporting informa-
tion to evaluate the health status of loggerhead and olive ridley
turtles’ population from BCS in an integral and sequential
way. In addition, this regional data will be comparable with
values reported at the national and international levels.

Material and methods

Study site

The GU is located in the continental shelf of BCS, between 25
and 27° North latitudes and between 112 and 114° West lon-
gitudes, including the coast from Punta Abreojos south to
Cabo San Lázaro (Funes-Rodríguez et al. 2000) with depths
from 0 to 400 m (Ramírez Rodríguez et al. 2010). The GU is
considered a biological active center (BAC), where the inter-
action of different oceanographic processes such as the up-
welling and convergence of masses of water from the North,
Central, and Eastern Tropical Pacific, as well as the California
Current and the Mexican Current, leads to high and recurrent
biological activity (Lluch Belda 2000); thus, this region is a

hotspot for a wide variety of species, including marine turtles
(Seminoff et al. 2014).

Sample size and capture technique

The study populations were loggerhead and olive ridley turtles
caught daily in the GU during daylight hours from September
to December 2016. All turtles were captured by hand modify-
ing rodeo-jumping technique proposed by Limpus (1978).

Morphometric data

For each turtle, curved carapace length (CCL) (centimeters)
and weight (kilograms) were obtained following the method-
ology proposed by Bolten (1999); the turtles were classified
into age classes according to Peckham et al. (2008) and
Márquez (2002) and by sex according to the sexual dimor-
phism criteria indicated by Wyneken (2001).

Health assessment

Clinical examination

The clinical evaluation and the generation of the vital signs,
including heart rate (HR) and corporal temperature (carapace,
plastron, groin, and cloacae), was carried out following the
methodology described by Reséndiz and Lara-Uc (2018)
and Reséndiz et al. (2018). To calculate the individual pulse
rate in relation to their body weight, the following equation
was used: X (·) (Y − 0.25), where X = beats per minute (beats/
min) and Y =weight in kilograms (kg) (Martínez 1994).

Blood collection and preparation

Blood samples were collected from each turtle using methods
previously described (Owens and Ruiz 1980) and were stored
in two 6-ml vacutainer© tubes. The first tube included lithium
heparin (He/Li) as an anticoagulant to determine complete
blood count (Work and Balazs 1999). The second tube lacked
anticoagulant in order to later recover serum and perform he-
patic and renal function tests by clinical biochemistry
(Reséndiz et al. 2018). The hematologic analytes and mea-
surements were as follows: hemoglobin (HGB), hematocrit
(HCT), mean cell volume (MCV), mean corpuscular hemo-
globin (MCH), mean corpuscular hemoglobin concentration
(MCHC), erythrocytes (E), thrombocytes (TH), leukocytes
(LEU), lymphocytes (LYM), monocytes (MOs), eosinophils
(EOs), heterophils (HET), and basophils (BA) as described
previously by Flint et al. (2010) and Reséndiz et al. (2018).
HGB was determined by a commercial kit Labtest®; HCT
was manually measured fill ing a capillary of the
microhematocrit with the routine technique (Stacy et al.
2011). The total E and LEU cell count was made in a
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Neubauer chamber, using Natt and Herrick methodology
(Stacy et al. 2011). The E indices (MCV, MCH, and
MCHC) were calculated from the total E count, HCT, and
HGB. The number of TH per 1000 E was counted.
Differential white cell count (LEU) was carried out through
the blood smears made at the time of blood sample collection
(two blood smears were prepared, air-dried, and then fixed
with methanol). Later on, they were stained with a rapid blood
staining kit Hemacolor® (Merck-Millipore®) at the Marine
Botany laboratory at the UABCS. Blood smear slides were
reviewed for LEU and identified and classified based on the
morphological features (Casal and Orós 2007; Sykes and
Klaphake 2008; Casal et al. 2009; Ramírez-Acevedo et al.
2012) using a microscope Olympus® CX31 with × 100 lens.
Plasma was separated by an automatic centrifuge model
Ecospin III® (Medical Econet®) at 3000 rpm for 15 min,
pipetted into 2-ml sterile vials, and stored in a freezer at − 4°
until transferred for further hepatic and renal function tests by
clinical biochemical analysis. Plasma biochemical analytes
were urea, blood urea nitrogen (BUN), creatinine, aspartate
aminotransaminase (AST), alanine aminotransferase (ALT),
alkaline phosphatase (ALP), total protein (TP), lactate dehy-
drogenase (LDH), gamma-glutamyl transferase (GGT), albu-
min, globulin, and values of albumin/globulin according to
Aguirre et al. (1995) and were assessed using a chemistry
analyzer and commercial kits with the routine technique at
Fidelis labs®.

Clinical pathology and morphometric analysis
of blood cells

Blood smears used for these measurements were those used
for differential counting. 50 E and 20 LEU from each turtle
were measured using an image analysis program, Image-Pro
Plus, version 7.0 (Media Cybernetics), obtaining the length,
width, and perimeter of both cells and nucleus (Casal and
Orós 2007; Orós et al. 2010; Zhang et al. 2011; Ramírez-
Acevedo et al. 2012). The measurements were taken on the
x-y axes of a Cartesian plane, with the largest measure being
assigned as length (maximum length) and the smallest mea-
sure as width (minimum length) (Fei-Yan et al. 2011). The
quotient of the division between the maximum length and
minimum length is known as morphological index (MI), and
values close to 1 represent rounded morphologies while
values farther from 1 represent elliptical shapes (Ramírez-
Acevedo et al. 2012). Due to the scarcity of basophils in the
blood of both groups of turtles, it was not possible to deter-
mine their dimensions. Finally, the clinical pathological inter-
pretation of the morphological characteristics of the cells was
carried out based on the description proposed by Núñez and
Bouda (2007) and its relationship with structural and function-
al systemic changes according to Trigo (2011), Núñez and

Bouda (2007), Campbell (2012), Stacy and Innis (2017),
and Reséndiz et al. (2018).

Data analysis

Descriptive statistics, mean, standard deviation (SD), and
minimum and maximum values, were reported for CCL and
weight; carapace, plastron, groin, and cloacae temperatures;
hearth rate and pulse rate; and values for each blood elements.

Results

Morphometric data and vital signs

Among the 72 studied organisms, 56 loggerhead sea turtles
were classified as juvenile and 16 olive ridley turtles were
adults; loggerheads were registered as 32 females (F), 18 un-
defined (U), and 6 males (M), and olive ridleys were 11 F, 4
M, and 1 U. All the organisms were Bclinically healthy^;
bodyweight, CCL, and vital sign index for clinically healthy
turtles are shown in Table 1. The clinical exams did not show
evidence of clinical signs, lesions, or neoplasms that compro-
mise the function of the organisms or threaten its health.

Blood values

Complete blood count (CBC) and hepatic and renal function
tests by clinical biochemistry (CB) values are shown in
Tables 2 and 3, respectively.

Clinical pathology

Blood cell description, morphology, and dimensions of blood
cells are shown in Tables 4 and 5, respectively, and in Figs. 1,
2, 3, 4, and 5.

Discussion

Vital sign (corporal temperature, heart rate, and pulse rate
according to the weight) results helped to determine im-
mediate alterations in the basic functions of marine tur-
tles, monitor health problems, and indicate the physiolog-
ical state of core organs (Cunningham and Bradley 2009).
These values indicate immediate functional changes in
organisms that otherwise could not be qualified nor quan-
tified (Barrett et al. 2010). Drastic changes in temperature
can affect turtles’ immune system functions, making them
vulnerable to threats such as infectious disease (Osborne
et al. 2010) like fibropapillomatosis (FP) (Arthur et al.
2008; Van Houtan et al. 2014). Marine turtles’ core activ-
ities depend on environmental temperature; when it
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decreases, its metabolism and available energy decrease
too, preventing them from developing their vital functions
in low temperatures. Under 9 °C, they become lethargic
and can be affected by cold stunning, resulting in death
(Innis et al. 2007; Foley et al. 2007). In marine turtles,
deep cloacal temperature is representative of the actual
environmental temperature (Smith et al . 2000) .
According to the results for loggerhead sea turtles, there
was evidence to affirm that deep cloacal and groin tem-
peratures had the same average. For olive ridley turtles,
carapace and plastron temperature had the same average

temperature, as well as deep cloacal and groin tempera-
tures. These values were similar to deep cloacal tempera-
tures obtained by Sapsford and Hughes (1978),
Southwood et al. (2003), and Norton (2005) from healthy
marine turtles and are into the reference values for healthy
Eastern Pacific green turtles (EPGT) in a nearby area
(Reséndiz et al. 2018). In that context, based on the groin
temperature values and with regard to the water average
temperature in those months (22.5 °C), water temperature
was discarded as a risk factor for cold stunning and FP,
suggesting that marine turtles in the GU can carry out

Table 1 Morphometry and vital signs of loggerheads and olive ridleys from the Gulf of Ulloa

Loggerhead sea turtles (Caretta caretta) n = 56 Olive ridley turtles (Lepidochelys olivacea) n = 16

Mean SD Min–Max Mean SD Min–Max

Variable

CCL (cm) 63.49 8.06 46.00–80.70 65.58 4.04 56.5–71.00

Weight (kg) 36.14 22.51 12.00–110 34.26 7.62 15.00–44.00

Sex 32 (F), 18 (U), 6 (M) 11 (F), 1 (U), 4 (M)

Vital signs

Carapace temp. (°C) 27.27 3.01 22.00–35.40 28.11 3.60 22.90–37.40

Plastron temp. (°C) 24.50 2.70 19.60–30.50 25.78 2.57 21.00–30.00

Groin temp. (°C) 21.01 3.20 17.97–24.38 21.43 3.44 18.01–24.56

Cloacae temp. (°C) 20.97 3.60 17.86–24.71 21.12 3.71 17.92–24.11

Heart rate (beat/min) 41.38 6.04 32.00–52.00 40.78 8.89 28.00–50.00

Pulse rate 17.46 3.10 11.97–25.24 17.43 2.34 11.86–20.50

CCL curved carapace length, SD standard deviation, Min minimum value, Max maximum value, Temp temperature, °C Celsius degrees

Table 2 Blood values (complete blood count) of loggerheads (Caretta caretta) and olive ridleys (Lepidochelys olivacea) from the Gulf of Ulloa

Analytes Loggerhead sea turtles (Caretta caretta) Olive ridley turtles (Lepidochelys olivacea)

n = 56 n = 16

Mean SD Min–Max Mean SD Min–Max

HGB (g/dl) 8.70 2.44 5.10–11.10 8.86 1.18 7.10–10.90

HCT (%) 36.34 20.50 16.90–43.60 30.77 12.31 13.10–44.50

MCV (fl) 61.23 2.66 56.70–76.10 63.12 3.01 51.12–79.84

MCH (pg) 20.01 1.93 18.60–22.03 21.03 3.06 17.43–24.43

MCHC (gr/dl) 18.32 2.14 15.70–21.09 19.14 2.09 14.30–22.61

E (103/μl) 3.28 1.25 1.30–5.70 2.85 0.99 1.40–4.00

TH (103/μl) 12.30 7.85 2.60–45.60 19.75 15.47 6.90–44.10

LEU (103/μl) 7.48 2.90 4.90–10.11 8.41 3.43 5.10–11.34

LYM (103/μl) 6.82 2.16 3.73–9.00 6.33 1.89 4.02–7.98

MOs (103/μl) 2.28 1.45 0–8.00 2.38 1.59 0–8.00

EOs (103/μl) 0.77 0.31 0–3.00 0.92 0.86 0–3.00

HET (103/μl) 7.30 2.44 6.44–8.60 7.27 2.15 6.70–8.10

BA 0 0 0 0 0 0

HGB hemoglobin, HCT hematocrit, MCV mean corpuscular volume, MHC mean corpuscular hemoglobin, MCHC mean corpuscular hemoglobin
concentration, E erythrocytes, TH thrombocytes, LEU leukocytes LYM lymphocytes,MOsmonocytes, EOs eosinophils,HET heterophils, BA basophils
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their physiological activities in a normal way during the
sampling months. The results shown in this manuscript
confirm the effectiveness of the digital infrared laser ther-
mometer to monitor corporal temperature in the groin,
being less invasive and stressful.

The HR matched with the values proposed by Southwood
et al. (2003) and Norton (2005) for healthy marine turtles and
are into the reference values for healthy EPGT in a nearby area
(Reséndiz et al. 2018). As the HR obtained did not present
considerable variations, physiological alterations that can led

to tachycardia such as fatigue, excitation, digestive processes,
or gravid females (Reséndiz et al. 2018) were discarded, and
pathological processes like hyperthermia, hydremia, septice-
mia, and pericarditis in the case of the pathological disorders
(Reséndiz et al. 2018) were eliminated. HR discarded brady-
cardia due physiological processes such as starvation or leth-
argy (Cunningham and Bradley 2009; Reséndiz et al. 2018)
and due pathological processes such as cerebral compression,
vagus nerve stimulation, and intoxication (Trigo 2011;
Reséndiz et al. 2018). In marine turtles, the autonomic

Table 3 Hepatic and renal function tests by clinical biochemistry values of loggerheads (Caretta caretta) and olive ridleys (Lepidochelys olivacea)
from the Gulf of Ulloa

Analytes Loggerhead sea turtles (Caretta caretta) Olive ridley turtle (Lepidochelys olivacea)

n = 56 n = 16

Mean SD Min–Max Mean SD Min–Max

UREA (mg/dl) 36.12 7.82 10.60–38.80 33.33 6.11 8.22–37.60

BUN (mg/dl) 141.18 32.81 63.60–209.70 69.75 18.43 18.02–129.10

Creatinine (mg/dl) 0.83 0.41 0–0.50 0.55 0.33 0–2.10

AST (U/l) 197.14 72.22 136.00–341.10 147.41 119.79 25.10–312.65

ALT (U/l) 4.10 2.76 0–8.00 3.16 2.11 1.29–7.41

ALP (U/l) 156.75 14.24 36.00–246.10 42.33 25.72 10.90–94.90

LDH (U/l) 8.60 12.83 0–36.50 7.80 4.66 0–24.7

GGT (U/l) 2.86 1.60 1.00–2.78 1.02 0.18 0–1.00

TP (g/dl) 4.75 1.86 3.33–5.90 4.67 1.81 3.11–6.00

Albumin (g/dl) 1.83 1.06 0.78–2.07 1.12 0.91 0.30–2.00

Globulin (g/dl) 2.91 0.69 2.00–3.60 3.05 0.51 1.40–3.70

A/G ratio 0.56 0.23 0.40–0.60 0.33 0.20 0.10–1.10

BUN blood urea nitrogen, AST aspartate aminotransaminase, ALT alanine aminotransferase, ALP alkaline phosphatase, TP total protein, LDH lactate
dehydrogenase, GGT gamma-glutamyl transferase, A/G ratio values of albumin/globulin

Table 4 Blood cell morphology
description Analytes Description Fig.

E Oval morphology with an oval central nucleus and dense purple chromatin (violet, dark
purple); irregular edges and cytoplasm with a uniform orthochromatic color, slightly blue.
Immature E: round to oval morphology with the presence of a large, round
heterochromatic nucleus and orthochromatic cytoplasm

1

TH Elliptical morphology, nucleus in a central position with dense purple chromatin. Small
cytoplasm in relation to the nucleus, with the presence of some cytoplasmic vacuoles
slightly differentiated

2

LYM Round morphology with a large nucleus (in relation to the cytoplasm) in central position.
Small LYM: scarce cytoplasm slightly basophilic (pale blue). Big LYM: higher
cytoplasmic volume and paler nucleus, homogeneous cytoplasm, without vacuoles or
granules

2

MOs Round to amoeboid morphology with nucleus variable in shape (round, oval, or lobed) and
less condensed and pale chromatin. Abundant blue gray cytoplasm with some vacuoles

3

EOs Round to oval morphology with small eosinophilic granules of spherical shape. The nucleus
has round to oval morphology and is located in a central or eccentric position with
irregular edges

4

HET Round to oval morphology, amorphous in some cases. Spindle-shaped eosinophilic granules
were observed in the colorless cytoplasm. Round to oval nucleus, frequently eccentric
with moderately dense chromatin.

5

E erythrocytes, TH thrombocytes, LYM lymphocytes, MOs monocytes, EOs eosinophils, HET heterophils

Comp Clin Pathol (2019) 28:1637–1650 1641



nervous system is the main determinant of pulse rate
(Wyneken 2001); thus, in response to vagotonic stimuli, a
bradysfixia will be presented and to sympatheticotonic stimu-
li, a tachysphyxia (Cunningham and Bradley 2009; Barrett
et al. 2010). Pulse rate was within the reference values for
healthy EPGT in a nearby area (Reséndiz et al. 2018) and it
was considered regular. The data suggested that the succession
of diastolic pauses was stable and continuous, and the duration
between them was similar. Therefore, pathological causes

such as arrhythmias due to variable blocks, polyextrasyses,
or atrial fibrillation (Trigo 2011) were dismissed. Also, true
intermittent pulse rates due to sinoatrial or atrioventricular
blockages, false intermittent pulse rate by premature ventric-
ular systoles, and/or hemodynamically inefficient extrasys-
toles (Trigo 2011; Reséndiz et al. 2018) were eliminated as
pathological changes.

The CBC evaluation begins with the revision of the rela-
tionship between the HCT and the TP (Núñez-Ochoa 2007a;

Table 5 Dimensions in μm (mean, standard deviations (SD), minimum and maximum values, and morphological index (MI) of blood cells and their
nucleus)

Analytes Dimensions (μm) Loggerhead sea turtles (Caretta caretta) Olive ridley turtles (Lepidochelys olivacea)

n = 56 n = 16

Mean SD Min–Max MI Mean SD Min–Max MI

E Length 19.36 1.69 18.31–19.56 1.51 19.19 1.47 18.43–20.72 1.05
Width 12.81 1.14 12.03–12.99 18.13 1.19 7.75–18.79

Perimeter 51.28 2.54 50.15–52.00 51.22 2.09 50.27–51.59

Nucleus Length 5.62 1.78 4.73–6.51 1.40 5.56 1.14 4.12–5.31 1.04
Width 4.01 0.49 3.86–6.43 4.22 0.34 3.93–6.21

Perimeter 17.11 1.02 16.90–18.01 17.32 1.10 16.79–17.93

TH Length 10.53 3.75 6.01–13.90 1.15 10.97 3.18 7.89–16.53 1.15
Width 9.12 2.18 5.30–13.21 9.46 2.50 4.90–13.64

Perimeter 32.12 2.34 32.00–33.25 32.24 2.19 32.18–33.43

Nucleus Length 7.24 1.79 5.40–9.19 1.39 7.62 1.04 5.17–8.73 1.43
Width 5.18 1.12 5.02–6.04 5.32 1.33 5.12–6.21

Perimeter 23.34 2.65 23.02–23.90 23.16 2.93 23.00–23.79

LYM Length 11.65 2.67 10.60–12.13 1.57 11.52 2.09 9.88–13.09 1.39
Width 7.41 1.86 5.54–13.99 7.60 1.09 5.10–14.00

Perimeter 36.20 2.48 36.13–37.82 36.12 3.01 36.28–37.96

Nucleus Length 9.18 2.23 7.31–10.43 1.26 9.07 1.92 7.66–11.07 1.44
Width 7.25 1.67 6.00–8.12 6.29 1.96 5.18–8.18

Perimeter 29.14 2.78 29.40–30.04 29.21 2.94 29.01–30.16

MOs Length 15.56 3.62 14.18–16.36 1.19 15.31 4.02 13.23–17.51 1.20
Width 13.00 2.75 7.01–16.65 12.72 2.85 7.52–15.91

Perimeter 49.13 2.18 48.33–50.21 49.32 2.55 48.00–50.17

Nucleus Length 11.57 2.56 8.55–14.09 1.26 11.10 2.02 8.41–15.20 1.21
Width 9.18 1.15 8.23–9.78 9.12 1.61 8.24–9.79

Perimeter 36.40 3.01 35.00–37.34 36.33 3.30 35.31–38.00

EOs Length 18.42 4.14 16.11–20.84 1.36 18.01 3.96 15.18–22.10 1.27
Width 13.54 2.04 9.37–17.96 14.09 2.31 8.87–16.72

Perimeter 58.66 3.12 57.03–59.87 58.42 2.99 57.44–59.51

Nucleus Length 8.57 1.61 8.18–9.13 1.48 8.40 1.42 8.00–9.99 1.62
Width 5.76 1.18 5.10–6.31 5.18 1.13 5.08–6.12

Perimeter 24.21 2.02 24.00–25.23 24.22 2.19 24.13–25.39

HET Length 17.08 2.68 15.37–19.00 1.19 17.30 2.36 14.60–18.88 1.22
Width 15.17 1.69 14.75–18.40 15.06 1.39 14.05–18.65

Perimeter 54.53 3.16 53.07–55.25 54.84 2.99 53.12–55.93

Nucleus Length 8.16 1.29 8.12–8.76 1.63 8.25 1.13 8.26–8.88 1.65
Width 4.99 1.22 4.20–5.39 5.00 1.27 4.82–5.87

Perimeter 21.34 2.62 21.22–22.24 21.27 2.47 21.19–22.12

E erythrocytes, TH thrombocytes, LYM lymphocytes, MOs monocytes, EOs eosinophils, HET heterophils

Comp Clin Pathol (2019) 28:1637–16501642



Stacy and Innis 2017), since several variants indicative of
disease may be present, such as high HTC (erythrocytosis)
with high TP (hyperproteinemia), normal range TP
(normoproteinemia) or with low TP (hypoproteinemia); nor-
mal range HTC with high TP (hyperproteinemia), normal
r ange TP (no rmopro t e inemia ) o r w i th low TP
(hypoproteinemia); and lastly, low HTC (anemia) with high
TP (hyperproteinemia), normal range TP (normoproteinemia)
or with low TP (hypoproteinemia) (Núñez-Ochoa 2007a). In
these cases, the relationship of HCT and TP did not show any
of the variants mentioned above. Blood biometrics from log-
gerhead sea turtles were similar and within the reference
values reported internationally by Kakizoe et al. (2007),

Casal and Orós (2009), Casal et al. (2009), Deem et al.
(2009), Gelli et al. (2009), Basile et al. (2012), Fazio et al.
(2012a), Alberghina et al. (2015), and Stacy et al. (2018) and
to those previously reported in the area by Cordero-Tapia and
Reséndiz Morales (2014) for healthy loggerhead sea turtles.
Blood biometrics from olive ridley turtles were within the
international reference values by Santaro and Meneses
(2008), Zhang et al. (2011), and Ramakrishnan et al. (2018)
and nationally by Ramírez-Acevedo et al. (2012) for healthy
olive ridleys. However, blood values can vary according to
different intrinsic (Pinto et al. 2015) and extrinsic factors
(Stacy et al. 2018), as well as diseases, stress, and venipunc-
ture site (Campbell 2012; Jenkins-Perez 2012). These numeric

Fig. 2 (a) Thrombocyte (TH) and (b) lymphocyte (LYM) of olive ridley
turtles (Lepidochelys olivacea) and magnification of the cells with mor-
phometric measurements (length, width, and perimeter of both cell and
nucleus). Rapid blood staining kit Hemacolor® (Merck-Millipore®) ×
100; scale bar = 10 μm

Fig. 3 Monocyte (MO) of loggerhead sea turtles (Caretta caretta) in
contact with erythrocytes (E) and magnification of the cell with morpho-
metric measurements (length, width, and perimeter of both cell and nu-
cleus). Rapid blood staining kit Hemacolor® (Merck-Millipore®) × 100;
scale bar = 10 μm

Fig. 1 Erythrocytes (E) of loggerhead sea turtles (Caretta caretta) and
magnification of the cell with morphometric measurements (length,
width, and perimeter of both cell and nucleus). Rapid blood staining kit
Hemacolor® (Merck-Millipore®) × 100; scale bar = 10 μm

Fig. 4 Eosinophil (EO) of olive ridley turtles (Lepidochelys olivacea) and
magnification of the cell with morphometric measurements (length,
width, and perimeter of both cell and nucleus). Rapid blood staining kit
Hemacolor® (Merck-Millipore®) × 100; scale bar = 10 μm
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values will only be drastically increased or decreased by spe-
cific conditions such as diseases (Núñez and Bouda 2007), its
relation to the status of the organism (Stacy and Innis 2017),
and the presence of an etiological agent (Campbell 2012)
among others.

Blood cell morphology was similar to previous reports
(Work et al. 1998; Sykes and Klaphake 2008) in reptiles and
other marine turtle species, for healthy loggerhead sea turtles
(Casal and Orós 2007; Orós et al. 2010) and for healthy olive
ridley turtles (Zhang et al. 2011; Ramírez-Acevedo et al. 2012;
Ramakrishnan et al. 2018). The perimeter of both cell and
nucleus were into the reference values for loggerhead sea tur-
tles (Casal and Orós 2007; Orós et al. 2010); however, length
and width measurements of E and TH varied from 1 to 4 μm,
respectively, and although they were within the reference
values, this only indicated that they had more elliptical or
rounded shapes, respectively. Cell and nucleus morphology
of olive ridley turtles coincided with previous reports for this
species (Zhang et al. 2011; Ramírez-Acevedo et al. 2012). In
these cases, the MI was similar to the data reported by
Ramírez-Acevedo et al. (2012).

In the review of the different cells, immature E (in less
quantity) were observed with characteristics similar to those
previously reported by Ramírez-Acevedo et al. (2012). No
intraerythrocyte inclusions were observed such as cytoplasmic
spots and Howell-Jolley bodies; thus, pernicious anemia and
splenic problems were dismissed. No Pappenheimer bodies
were observed and excess of iron was discarded. No basophil-
ic stippling was detected, and chronic anemia and intoxication
were discarded (mainly by lead) (Mondragón-Vargas and
Robles de la Torre 2007; Campbell 2012). No Cabot rings
were spotted, and the possibility of exposure to hemolytic
agents was eliminated (Mondragón-Vargas and Robles de la
Torre 2007). There were no parasitic inclusions, so the

presence of Theilera sp. was dismissed (Cordero-Tapia and
Reséndiz Morales 2014); Heinz bodies were not perceived,
and the presence of intraerythrocytic masses of denatured
HGB by the action of oxidizing agents was discarded, as well
as hemolytic anemia due to denaturation and precipitation of
HGB (Mondragón-Vargas and Robles de la Torre 2007).
Neither hemosiderin nor hemosiderosis was observed, so
spleen, liver, bone marrow, and lymph node problems were
eliminated (Mondragón-Vargas and Robles de la Torre 2007;
Stacy and Innis 2017). In these reviews, no echinocytes (E
with projections and cytoplasmic prolongations, irregular size,
and shape) were observed, so glomerulonephritis and chronic
toxicosis were dismissed (Mondragón-Vargas and Robles de
la Torre 2007). There were no acanthocytes (E with prolonga-
tions of star-shaped membrane), and excessive cholesterol
content was discarded in relation to the amount of phospho-
lipids; with this, problems in the spleen and diffuse liver dis-
ease were dismissed, as well as portosystemic communica-
tions (Mondragón-Vargas and Robles de la Torre 2007).
There was no presence of codocytes (abnormal E), and anemia
due to iron deficiency was discarded as well as liver disease
with cholestasis due to spleen problems and in hypothyroid-
ism (Mondragón-Vargas and Robles de la Torre 2007). No
oxidative damagewas observed, and the possibility of damage
to the E in at least three ways was eliminated: (1) by the
oxidation of iron in the heme group, (2) by denaturing the
protein part (globin) of HGB (Heinz bodies), and (3) by the
oxidation of proteins that cross or are attached to the mem-
brane (Mondragón-Vargas and Robles de la Torre 2007).
There were no elliptocytes or ovalocytes (E with abnormal
oval shape), and macrocytic anemia was discarded
(Mondragón-Vargas and Robles de la Torre 2007). No schis-
tosomes were found (fragmented E), distinctive in disseminat-
ed intravascular coagulation (DIC), and therefore problems
such as uremia and malignant neoplasms were eliminated
(Mondragón-Vargas and Robles de la Torre 2007).
Stomatocytes were not spotted (E that in its clear central re-
gion have a mouth-shaped cleft), and hepatic problems and
hemolytic anemia by autoantibodies were dismissed
(Mondragón-Vargas and Robles de la Torre 2007; Stacy and
Innis 2017). There was no presence of dacryocytes (abnormal
E characterized by an elongated projection in a pole (tear
form)); therefore, serious anemia and myelofibrosis with my-
eloid metaplasia, bone marrow problems, and extramedullary
hematopoiesis were eliminated (Mondragón-Vargas and
Robles de la Torre 2007). Anisochromia with hypochromia
did not occur either, that is, when red blood cells have less
color than normal, in consequence, it was inferred that there
was enough pigment that carried oxygen (HGB) (Mondragón-
Vargas and Robles de la Torre 2007). There were no cases of
spherocytes (E that lost their biconcave shape), and immune-
mediated hemolytic anemia of variable severity with the pres-
ence of peripheral blood spherocytes was eliminated

Fig. 5 Heterophil (HET) of loggerhead sea turtles (Caretta caretta) and
magnification of the cell with morphometric measurements (length,
width, and perimeter of both cell and nucleus). Rapid blood staining kit
Hemacolor® (Merck-Millipore®) × 100; scale bar = 10 μm
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(Mondragón-Vargas and Robles de la Torre 2007). No
eccentrocytes (E with condensed HGB at its ends as a result
of oxidative damage) were observed (Mondragón-Vargas and
Robles de la Torre 2007; Campbell 2012).

Macrocytes (E larger than normal) were not observed, and
deficiency in the ingestion or inadequate absorption of min-
erals and vitamins, as well as macrocytic, normal hypochro-
mic anemia, problems in the synthesis of HGB, and regener-
ative anemia due to erythropoiesis, was dismissed (Jardón-
Herrera 2007). Microcytes (E smaller than normal) were not
present, and the deficiency of minerals such as copper, iron,
and vitamins (pyridoxine and riboflavin) was discarded
(Mondragón-Vargas and Robles de la Torre 2007). There were
no cases of normocytes; therefore, the possibility of chronic
protein deficiency was eliminated, which could lead to
normocytic normochromic anemia, that is, when the E size
and the amount of HGB are normal but the total number of
E is diminished (Mondragón-Vargas and Robles de la Torre
2007; Ordóñez-Badillo 2007a). There was no megalocytosis
and the possibility of megaloblastic anemia was eliminated.
There was no poikilocytosis, and the presence of E in different
shapes was dismissed, which is indicative of iron deficiency
anemia and megaloblastic anemia due to vitamin deficiency
(Ramírez-Díaz 2007; García-Escamilla 2007).

No disorders were observed in the cellular arrangements of
the E such as agglutination (cluster). Therefore, the presence
of antibodies against the erythrocytic membrane and immune-
mediated anemia was discarded (Mondragón-Vargas and
Robles de la Torre 2007; Stacy and Innis 2017). The accom-
modation of the E in the form of batteries or coins (rouleaux)
was not observed, and an increase in inflammatory proteins
was dismissed as well as lesions causing inflammation
(Mondragón-Vargas and Robles de la Torre 2007; Campbell
2012). There was no natural destruction of E, which can be
due to the lack of organelles or to the loss of their capacity to
synthesize newmembrane components; when they go through
the circulation (especially in the spleen), E usually lose part of
the plasmalemma, their enzymatic reserves are used up, and,
over time, they adopt the spherical shape (Campbell 2012).
Consequently, E do not tolerate the great deformation neces-
sary to perform its function and they become more fragile, or
after a half-life (which varies according to the species), the E
modified by age are eliminated from the bloodstream and are
degraded bymacrophages from the liver and bone marrow but
mainly from those of the spleen (Mondragón-Vargas and
Robles de la Torre 2007). The iron released from the HGB is
used again and, together with the iron in the diet, enters the
production of new HGB for the new E. The non-iron part of
the heme is transformed into the bile pigment called bilirubin.
The globin portion of HGB is degraded to free amino acids,
which become part of the organisms’ stock of amino acids
(Mondragón-Vargas and Robles de la Torre 2007; Campbell
2012). There was also no E destruction by biochemical

pathways such as (1) BEmbden-Meyerhof pathway,^ (2)
Bhexose monophosphate pathway,^ (3) Bmethemoglobin-re-
ductase pathway,^ and (4)BLuebering-Rapoport pathway^
(Mondragón-Vargas and Robles de la Torre 2007; Ramírez-
Díaz 2007; Campbell 2012).

The morphology of the E observed in relation to the HCT
suggests that there was no anemia, dehydration, hemorrhages,
and deficiency of vitamins and minerals (Núñez-Ochoa
2007a; Stacy et al. 2011; Campbell 2012; Stacy and Innis
2017). The relationship between the morphological character-
istics of the E and the numerical values obtained allowed to
discard erythrocytosis and may confirm that there were no
renal and heart diseases, drowning threats, and polycythemia
(Mondragón-Vargas and Robles de la Torre 2007; Ordóñez-
Badillo 2007a). These values and descriptions suggested there
were no erythropenia, autoimmune diseases, infections, and
neoplasms (Jardón-Herrera 2007; Mondragón-Vargas and
Robles de la Torre 2007).

The values of HGB obtained, in regard to the morphology
and numerical values of the E, indicated that there were no
problems in the transport of oxygen from the lungs to the
tissues and carbon dioxide in the opposite direction; this indi-
cates that there were no faults in the regulation of the acid-base
balance by the elimination of carbon dioxide from the lungs
and by the buffering action of the globin imidazole and histi-
dine groups (Ordóñez-Badillo 2007a; Stacy and Innis 2017).
These elements together indicate that there were no hemoglo-
binopathies or dyshemoglobinemias, such as methemoglobin
b y t h e p r e s e n c e o f o x i d i z i n g s u b s t a n c e s o r
carboxyhemoglobin by the combination of hemoglobin with
carbon monoxide. HGB values indicated that there was no
bleeding in the digestive tract (Mondragón-Vargas and
Robles de la Torre 2007; Ordóñez-Badillo 2007a), for exam-
ple, by the presence of hooks, neither hypoxia nor pulmonary
lesions (Campbell 2012; Stacy and Innis 2017).

The E indices obtained (the relationship between HCT,
HGB, and E) dismissed the presence of anemia, and related
to the size, morphology, and characteristics of the E and the
VCM, indicate that there was no microcytic and macrocytic
anemia (Mondragón-Vargas and Robles de la Torre 2007;
Ramírez-Díaz 2007). The characteristics and morphology of
the E in relation to the numerical values ofMCH indicated that
the turtles evaluated did not present hypochromic and
hyperchromic anemia (Ramírez-Díaz 2007; Fazio et al.
2012a). These characteristics together with the morphology
in relation to the MCHC numeric values obtained suggested
that there were no iron anemia deficiency, blood loss, neo-
plasms in the digestive tract, or hepatic problems (Ramírez-
Díaz 2007; Núñez-Ochoa 2007a). The observed characteris-
tics, morphology, MI, and normal disposition of E, in relation
to the morphology and MI of the TH as well as the numerical
values obtained from both, discarded hemorrhagic and throm-
botic events, thrombocytopenia, and thrombocytosis
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(Ramírez-Díaz 2007; García-Escamilla 2007). These also
dismissed autoimmune disorders, serious injuries (like blows
by propellers) in addition to marrow defects that limit ade-
quate thrombocytopoiesis, immune-mediated thrombocytosis,
TH consumption during DIC, and deficiency of some of the
coagulation factors (García-Escamilla 2007).

The characteristics and morphology described, as well as
the number of LEU obtained, indicate that there was no leu-
kocytosis; therefore, there was no presence of infectious and
inflammatory diseases, severe physical stress, or tissue dam-
age (Núñez-Ochoa 2007b; Stacy and Innis 2017); leukopenia
was dismissed indicating that there were no autoimmune dis-
eases (Martínez-Silvestre et al. 2011), nor hepatic, renal, and
spleen pathological changes (Quiroz-Rocha and Bouda 2007;
Campbell 2012; Jenkins-Perez 2012). LYM presented similar
characteristics and morphology to those described in other
species of healthy marine turtles and reptiles (Sykes and
Klaphake 2008); these characteristics, numerical values, and
MI were into the reference intervals according to Work et al.
(1998), Casal et al. (2009), Fei-Yan et al. (2011), and Ramírez-
Acevedo et al. (2012) and dismissed lymphocytosis; therefore,
struggle and lymphocytosis in young animals by physiologi-
cal reasons (Núñez-Ochoa 2007b; Campbell 2012) were
discarded. There was no lymphopenia, indicating that there
were no severe stress, endocrine diseases, viral infections
(Martínez-Silvestre et al . 2011; Campbell 2012),
lymphangiectasia, and quilotorax (Núñez-Ochoa 2007b).
According to MO characteristics, morphology, MI, and nu-
merical values, chronic and granulomatous inflammations,
tissue degradation, and stress were dismissed (Núñez-Ochoa
2007b; Reséndiz et al. 2018). EO characteristics, morphology,
and MI were similar to those previously reported (Casal et al.
2009; Fei-Yan et al. 2011; Ramírez-Acevedo et al. 2012). It
should be noted that it was the only cell type that had notable
differences in the size of intracytoplasmic granules, although
it was considered a normal characteristic (Jardón-Herrera
2007). These integrated with its numerical values and the oth-
er analyses allowed to discard eosinophilia, indicating no
stress, no cases of parasitosis, no tissue degradation, and no
hypoadrenocorticism (Campbell 2012; Stacy and Innis 2017).
HET morphology was consistent with previous reports for
healthy marine turtles (Casal et al. 2009; Fei-Yan et al.
2011). No toxic HET were observed, which indicated that
there were not inflammatory processes such as (1) local baso-
philia (Döhle bodies), (2) diffuse basophilia, (3) vacuolation
with diffuse basophilia, (4) toxic granulation, and (5) giant
HET (Jardón-Herrera 2007). In relation to its MI and together
with its numerical values, it was confirmed that there were no
inflammatory processes either (Jardón-Herrera 2007;
Ramírez-Acevedo et al. 2012). The Bleft shift^ was not ob-
served in the HET evaluation, which indicated that there was
no increase in the absolute values or in the percentage of
immature HET. Therefore, there was no presence of

inflammation due to an increase in the demand for HET, with
the bone marrow being unable to cover it, which results in the
release of immature cells into the circulation (Jardón-Herrera
2007). The Bright shift^ was also dismissed, that is, the in-
crease in nuclear lobes in HET; therefore, there was no lengthy
p r e s e n c e o f t h e HET i n t h e c i r c u l a t i o n b y
hyperadrenocorticism, or destabilization of the cell mem-
branes, which inhibits the HET migration towards the tissues
(Jardón-Herrera 2007). In these cases, there were no patholog-
ical changes caused by bacteria and fungi (Ramírez-Díaz
2007; Stacy and Innis 2017). During this study, BAwere not
observed; thus, there was no response to diseases nor antigen-
specific production or mastocytemia (Núñez-Ochoa 2007b).

Numerical values of hepatic and renal function tests were
also similar and within the reference values to those reported
internationally by Flint et al. (2010), Fazio et al. (2012b), and
Söbílen and Kaska (2018) and in the area by Cordero-Tapia
and Reséndiz Morales (2014), Ley-Quiñones et al. (2017),
and Espinoza-Romo et al. (2018) for healthy loggerhead and
olive ridley turtles. The concentration of proteins in the plas-
ma indicates functions of the hormonal, nutritional, water bal-
ance, and other factors that affect the health status, as well as
the status of renewal of the different proteins. Therefore, the
interpretation of protein concentrations in blood should con-
sider the general data of the organisms, clinical history data,
and information about the current problem (Mondragón-
Vargas 2007).

The measurement of the chemical elements that compound
the blood with other lab procedures and clinical exams helps
to diagnose, to emit a prognosis, and to evaluate the efficiency
of a treatment (Stacy et al. 2011). Collectively, plasma pro-
teins perform a nutritive function, exert colloid osmotic pres-
sure, and help maintain acid-base balance. Individually, they
work as enzymes, coagulation factors, hormones, and trans-
port substances (Latimer et al. 2005; Osborne et al. 2010). In
these cases, hyperproteinemia was not observed, neither
hyperglobulinemias associated with chronic inflammatory
diseases, hyperalbuminemias, nor hemolysis (Campbell
2012; Stacy and Innis 2017). Hypoproteinemia was not ob-
served; thus, possible cases of chronic malnutrition, protein
malabsorption, poor digestion, protein-losing enteropathies
(parasitism), blood loss, chronic hepatitis, or renal diseases
(Mondragón-Vargas 2007; Quiroz-Rocha and Bouda 2007)
were all dismissed.

The values of albumin were within the reference values
according to Casal et al. (2009) and Söbílen and Kaska
(2018), indicating that there were no dehydration, no alter-
ations in protein synthesis (starvation, bad absorption of the
small intestine, hepatic processes, and severe trauma), nor a
decrease in protein synthesis from the kidney, intestine, hem-
orrhage, and sepsis (Mondragón-Vargas 2007; Ordóñez-
Badillo 2007a, b). Globulin values were within the reference
values at international level proposed by Kelly et al. (2015)
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and Söbílen and Kaska (2018) in juvenile loggerhead sea tur-
tles, Ley-Quiñones et al. (2017) in BCS for loggerhead sea
turtles, and for Espinoza-Romo et al. (2018) in olive ridley
turtles from Sinaloa. Therefore, possible cases of
hyperglobulinemia and hypoglobulinemia were dismissed
(Mondragón-Vargas 2007; Núñez-Ochoa 2007a, b). The A/
G ratio obtained did not show a difference with Kelly et al.
(2015), Söbílen and Kaska (2018), Ley-Quiñones et al.
(2017), and Espinoza-Romo et al. (2018) in a nearby area;
thus, possible cases of renal proteinuria or production of im-
munoglobulins by antigenic stimulation were dismissed
(Mondragón-Vargas 2007; Ramírez-Díaz 2007). Urea values
rise due to increased protein degradation, which is caused by
intestinal hemorrhage, necrosis, hyperthyroidism, and others.
These values can also be increased by a reduction of renal
perfusion (shock and hypoalbuminemia), for acute or chronic
renal insufficiency and for obstruction of urinary flow, while
values decrease if there is abnormal hepatic function or by
reduced protein intake (Quiroz-Rocha and Bouda 2007;
Campbell 2012; Stacy and Innis 2017). In this study, urea
levels were similar to those reported by Kelly et al. (2015)
and Söbílen and Kaska (2018) internationally, in the same
place for Cordero-Tapia and Reséndiz Morales (2014) and
Ley-Quiñones et al. (2017) in loggerhead sea turtles and for
Espinoza-Romo et al. (2018) in olive ridley turtles in a nearby
zone. The results of creatinine did not show difference to the
ones proposed by Deem et al. (2009), Kelly et al. (2015), and
Söbílen and Kaska (2018) for healthy loggerhead sea turtles;
therefore, acute and chronic renal failure, obstruction of the
primary urinary flow, and rupture of the bladder (Bouda and
Quiróz 2007; Campbell 2012) were dismissed. AST values
observed were within the limits reported by Cordero-Tapia
and Reséndiz Morales (2014), Ley-Quiñones et al. (2017),
and Espinoza-Romo et al. (2018) for healthy loggerhead sea
turtles and olive ridley turtles in similar conditions and age
class, so hepatic damage, skeletal and cardiac muscle damage
(ischemia), septicemia, and toxemia (Ordóñez-Badillo 2007b)
were dismissed. The results of ALTwere within the reference
values proposed internationally by Deem et al. (2009) and
Söbílen and Kaska (2018) for healthy loggerhead sea turtles
and for Ley-Quiñones et al. (2017) and Espinoza-Romo et al.
(2018) in Mexico; therefore, hepatic failures (Ordóñez-
Badillo 2007b; Quiroz-Rocha and Bouda 2007) were
dismissed. ALP values were similar to those obtained
by Deem et al. (2009) and Fazio et al. (2012b) and to
those described by Cordero-Tapia and Reséndiz Morales
(2014) and Ley-Quiñones et al. (2017) in BCS and
Espinoza-Romo et al. (2018) in Sinaloa, so it was in-
ferred that there was no biliary obstruction, extensive
or generalized bone disease, neoplasms, or septicemia
(Ordóñez-Badillo 2007b; Stacy and Innis 2017). BUN
levels did not show noticeable changes with the data of
Deem et al. (2009), Basile et al. (2012), and Söbílen and

Kaska (2018), and locally with Ley-Quiñones et al.
(2017) and Espinoza-Romo et al. (2018); thus, heart fail-
ure, excessive levels of protein in the digestive tract, and
renal diseases, as well as malnutrition and hepatic failure
(Quiroz-Rocha and Bouda 2007), were dismissed.
Similar values of LDH were observed to those reported
by Kelly et al. (2015), Delgado et al. (2011), and Söbílen
and Kaska (2018) at international level, and Cordero-
Tapia and Reséndiz Morales (2014), Ley-Quiñones
et al. (2017), and Espinoza-Romo et al. (2018) in
Mexico. Thus, blood flow deficiency, hepatic diseases,
muscle injury, or muscle weakness (Ordóñez-Badillo
2007b; Campbell 2012) and abnormal formation of new
tissues (neoplasms) (Reséndiz et al. 2018) were
dismissed.

With the integration of the results obtained, 56 juvenile
loggerhead sea turtles and 16 adult olive ridley turtles from
the GU were diagnosed as Bhealthy.^ The analysis of CBC
and hepatic and renal function tests, when related to the clin-
ical examinations, vital signs, cell morphology, characteris-
tics, and MI, indicated an absence of systemic, autoimmune
and metabolic diseases, nutritional problems, neoplasms, and
traumatisms.

Conclusion

The values of vital signs, hematological reference values, and
the characteristics and morphology of blood cells for logger-
head sea turtles and olive ridley turtles in the GU (baseline)
were generated and can be used as a reference for future
research.

Based on the physical examination, the vital signs, and the
hematological results (numerical values, characteristics, mor-
phology, and morphological index), it was concluded that the
condition of the stock of turtles evaluated was healthy.

Numerical values of CBC and hepatic and renal function
tests are an orientation tool for diagnosis; it is not an effective
method to correctly or completely diagnose the health status
of marine turtles; sequential integration of more clinical stud-
ies is needed.

Numerical values of CBC and hepatic and renal function
tests will only be drastically increased or decreased by specific
conditions such as diseases, and according to their progression
and chronicity, and in relation to the status of the organism, the
presence of a damage or an etiological agent, and its patho-
genic capacity, among others; these values depend and are
related to the morphological changes of the blood cells.

These analyses are essential to evaluate marine turtles’
health and have important applications for treatment and re-
habilitation of sick and injured marine turtles.

This research provides information that can be taken as a
reference to generate management plans and conservation
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strategies for the organisms and for the ecosystem, together
with the corresponding authorities.
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