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Abstract The aim of this study was to determine con-
centrations of heavy metals (cadmium [Cd] and mercury
[Hg]) and metallothioneins (MTs) in blood plasma and
caudal scutes of Morelet’s crocodile (Crocodylus moreletii)
from Rio Hondo, a river and natural border between
Mexico and Belize. Three transects of the river (approxi-
mately 20 km each) were surveyed in September 2012 and
April 2013, and samples were collected from 24 crocodiles
from these areas. In blood plasma, Cd (7.6 £ 9.6 ng/ml)
was detected in 69 % of samples (n=09); Hg
(12.2 + 9.2 ng/ml) was detected in 46 % of samples
(n = 6); and MTs (10,900 &+ 9,400 ng/ml) were detected
in 92 % of samples (n = 12). In caudal scutes samples, Cd
(31.7 £ 39.4 ng/g) was detected in 84 % of samples
(n = 12) and Hg (374.1 £ 429.4 ng/g) in 83 % of samples
(n = 20). No MTs were detected in caudal scutes. Hg
concentrations in scutes from the Rio Hondo were 2- to
5-fold greater than those previously reported in scutes from
other localities in northern Belize. In blood plasma, a sig-
nificant positive relationship between Hg and body size
was observed. Mean concentrations of Cd and MTs in size
classes suggest that MTs may be related to Cd exposure.
This is the first report of MT presence in crocodile blood.
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Heavy-metal pollution in terrestrial and aquatic ecosystems
has increased in the last 50 years (Schneider et al. 2013).
Because of the persistence of metals in the environment,
there is a concern about the impact of agricultural activities
and untreated sewage on ecosystems (Defew et al. 2005;
Schneider et al. 2013). Heavy metals are nonbiodegradable
and can be toxic to both vertebrate and invertebrate fauna.
After absorption by an organism, metals can biomagnify
through the food chain (Heaton-Jones et al. 1997) and
affect regulatory and metabolic processes, such as cellular
respiration, metabolism of lipids and carbohydrates, hor-
monal secretion and synthesis, as well as reproduction and
growth, in exposed organisms (Fingerman et al. 1996).
Depending on the exposure concentration, metal toxicity
can also result in mortality (Wolfe et al. 1998; Vazquez
2005).

Although environmental pollution has been recognized
as one of the major threats to reptiles, research regarding
the impacts of heavy metals on reptile populations is lim-
ited (Smith et al. 2007). The primary routes of heavy-metal
exposure in crocodilians are ingestion, dermal contact,
maternal transfer, and potentially egg contact with metals
in nesting media (Smith et al. 2007). Several studies have
reported heavy metals in various crocodilian tissues (De-
lany et al. 1988; Brisbin et al. 1998; Burger et al. 2000;
Almli et al. 2005; Xu et al. 2006; Campbell et al. 2010). In
Morelefs crocodile (Crocodylus moreletii), Rainwater et al.
(2002, 2007) measured mercury (Hg), cadmium (Cd),
copper (Cu), lead (Pb), and zinc (Zn) concentrations from
animals sampled in northern Belize.

Metallothioneins (MTs) are heavy metal-binding pro-
teins that play an important role in the transport of metals
in internal tissues and have been related to heavy-metal
detoxification in mammals (Margoshes and Vallee 1957;
Nordberg and Nordberg 2009). Studies with laboratory
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mice suggest that even after a single exposure to Cd, sig-
nificant proportions of the Cd-MT complex may be found
in plasma (Nordberg and Nordberg 2009). Some studies
have noted that Cd and Hg induce expression of MTs in
reptiles just as in mammals and birds (Hidalgo et al. 2009).
However, there is a significant lack of information
regarding MTs in reptiles, although they have been iden-
tified in Asian tortoises (Clemmys mutica) (Yamamura and
Suzuki 1984) and American alligators (Alligator missis-
sippiensis) (Bell and Lopez 1985).

In humans, the MT isoform MT-IV is expressed in the
stratified squamous epithelium of the skin, tongue, and
upper alimentary tract (Santucci et al. 2000). In addition,
expression of the MT-I and MT-II isoforms have been
observed in basal keratinocytes of the epidermis (Van-
deer-Oord and DeLey 1994). Reptiles are characterized by
a hard, dry skin that consists of a thin epidermis and a
thicker dermis (Ortiz-Cervantes and Rubio-Lozano 2012);
their scales are mainly epidermal and formed by keratin. In
crocodilians, scutes can remain throughout life and grow
gradually (Ortiz-Cervantes and Rubio-Lozano 2012).
Therefore, although not previously reported, it is possible
that MTs may also be found in caudal scutes of crocodiles.

Studies in the Rio Hondo, a transboundary river between
southern Mexico and northern Belize, and Chetumal Bay,

Fig. 1 Map of Rio Hondo
showing the three transects
surveyed during this study,
Pucte (P), Cocoyol (C), and La
Union (L)
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in which the Rio Hondo drains, have reported heavy metals
in water and sediments and have suggested that pollution
sources are human settlements and the use of agrochemi-
cals in the Rio Hondo basin (Euan-Avila et al. 2002;
Garcia-Rios and Gold-Bouchot 2003; Buenfil-Rojas and
Flores-Cuevas 2007). Morelet’s crocodile inhabits the Rio
Hondo and associated wetlands (Cedefio-Vazquez et al.
2006), but the accumulation and impact of heavy metals in
this population remains uncertain. The aim of the present
study was to determine the presence of Cd and Hg in blood
plasma and caudal scutes of Morelet’s crocodiles from Rio
Hondo and that of MTs as a heavy-metal detoxification
mechanism.

Materials and Methods
Study Area

The Rio Hondo is located in the southeast of the Yucatan
Peninsula and is considered to be the natural border
between Mexico and Belize (Fig. 1) (Magnon Basnier
2002). It extends approximately 115 km from La Union
village to Chetumal Bay (Comision Nacional del Agua
2012). Morelet’s crocodiles were sampled along three
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transects of the Rio Hondo (approximately 20 km each),
with each named according to a representative human set-
tlement: as follows P = Pucte (18°11'N, 88°41"W—-18°18'N,
88°35'W), C = Cocoyol (18°02'N, 88°45'W-18°10'N,
88°40'W), and L = La Union (17°54'N, 88°53'W-18°01'N,
88°46'W) (Fig. 1). These transects were selected consider-
ing potential sources of heavy-metal pollution from agri-
cultural areas and discharges of wastewater (Euan-Avila
et al. 2002).

Sample Collection

Caudal scutes and blood plasma samples were collected
from crocodiles in September 2012 and April 2013.
Crocodiles were captured by traditional active methods
using snares (Messel et al. 1981; Woodward and Marion
1978). Total length (TL), body mass, and sex were deter-
mined for each animal. Size classes were based on TL as
yearlings (<50 cm), juveniles (51-100 cm), subadults
(101-150 cm), and adults (>150 cm) (Sigler et al. 2011).

Blood was obtained from the dorsal postcranial sinus,
stored in tubes containing lithium heparin, mixed by
inversion (Sanchez-Herrera et al. 2011), and stored on ice
in the field. Plasma was obtained by centrifugation at 3,157
RPM for 15 min in a portable centrifuge (Mobilespin;
Vulcon Technologies, Inc., Grandview, Missouri).

Caudal scutes were removed with a scalpel and placed
in labeled plastic containers (previously treated with 5 %
HNOs;). Iodine solution was applied to scute removal sites
to prevent potential infection. Plasma and scutes samples
were stored on ice until the arrival to the laboratory where
they were stored frozen until analysis (Rainwater et al.
2007).

Metals Analysis

Before use, all glassware was washed with phosphate-free
detergent (1:1), rinsed with tap water, and then kept in acid
solution for 24 h (5 % HNO; for Cd and HC1 1 N for Hg
and MTs). Glassware was subsequently rinsed with dis-
tilled water (Andreani et al. 2008; Perry et al. 1975).
Analysis of Cd and Hg was adapted from several methods
(Andreani et al. 2008; Delany et al. 1988; Perry et al. 1975;
Rainwater et al. 2007). Samples were thawed at room
temperature, and then 0.5-1 ml of plasma and 0.2-0.5 g of
scutes were transferred to 100-ml Teflon beakers. Before
analysis, scutes were rinsed with deionized water to
remove any possible external contamination.

Acid digestion was performed by adding 2 ml of con-
centrated HNO; to each beaker and allowing samples to
predigest for 2 days. Samples were then heated for 4 h at
90 °C and cooled for 30 min. They were then treated with
30 % H,0, and reheated for 2 h. Samples were cooled and

filtered with no. 2 Whatman filter paper in 10-ml volu-
metric flasks and brought to volume with 1 % HNOj; for Cd
analysis. Filtered samples for Hg were placed in 25-ml
volumetric flasks and treated with 1.25 ml of KMnO, until
there was persistence of a purple color (Sanchez-Rodriguez
2009; Triunfante et al. 2009). Solutions were clarified with
12 % NH,OH-HCI and brought to volume with deionized
water.

Samples were analyzed by graphite furnace—atomic
absorption spectrophotometry (Avanta PM-GF3000, GBC)
for Cd and hydride generation—atomic absorption spectro-
photometry (Avanta PM-HG 3000, GBC) for Hg. Accu-
racy of the analysis was determined using -certified
reference material TORT-2 (lobster hepatopancreas) from
the National Research Council of Canada and sample
blanks. The detection limits were 3.9 ng Cd/g and 2.3 ng
Hg/g, and recovery percentages were 92.1 % £ 3 % for
Cd and 94.3 % £ 9.5 % for Hg.

MT Analysis

To obtain the cytosol from scutes, 0.2-0.5 g of frozen
tissue were placed into a 5-ml tube with 4 volumes of
sucrose solution (0.25 M). Samples were homogenized at
high-speed with a Tissue Tearor (Model 985370-395;
Biospec Products Inc.) for 5 min (due to the hardness of the
tissue). Resulting homogenate was centrifuged at
18,000x g for 20 min at 4 °C (Scheuhammer and Cherian
1991). The supernatant fluid was transferred to an Eppen-
dorf tube and frozen until analysis. Plasma aliquots were
analyzed directly.

Scute cytosol and 0.1-0.5 ml of plasma were placed in
Eppendorf tubes. The MT assay was performed according
to the silver (Ag)-saturation method (Scheuhammer and
Cherian 1991; Bienengriber et al. 1995). The final super-
natants were aspirated, transferred to 5-ml volumetric
flasks, and brought to volume with 1 % HNO;. Ag was
measured by flame atomic absorption spectrophotometry
(Avanta PM, GBC); for the stoichiometry, it was assumed
that 1 pug of Ag™ represented 3.55 ug of MTs. Accuracy of
the analysis was determined using the reference standard
MT COPO3 95 % (metallothionein from rabbit liver) from
Creative Biomart (New York, USA) and sample blanks.
The detection limits were 0.7 pg Ag/ml, and the recovery
percentage for MTs was 89.2 % + 1.9 %.

Statistical Analyses

Statistical analyses were performed using the statistical
software Statistica (Version 7; Statsoft). Due to a small
sample size (n < 30) and failure to achieve normality and
homogeneity of variance, nonparametric procedures were
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used. Kruskal-Wallis test was used to identify differences
in metals and MT concentrations between size classes.
Spearman correlations were performed to detect relation-
ships between concentrations of metals and MTs. Finally,
linear regression analyses were performed to detect rela-
tionships between metals and MT concentrations and TL,
snout-to-vent length (SVL), and body mass. For statistical
purposes, concentrations decreasing lower than detection
limits were assigned values of one-half the detection limit
for that particular analyte (Rainwater et al. 2007). All tests
were considered significant when p < 0.05.

Results

Twenty-four Morelefs crocodiles, ranging from 32 to
190.5 cm TL, were captured along the surveyed transects,
(Table 1). Caudal scutes were collected from all croco-
diles, whereas blood plasma samples were obtained only
from 13 individuals (64—190 cm TL).

Heavy Metals

In blood plasma, Cd was detected in 100 % of samples
from Pucte (n = 5) and Cocoyol (n = 2) and in 33 % of
samples from La Union (n = 2); Hg was only detected in
40 % of samples from Pucte (n = 2) and in 67 % in
samples from La Union (n = 4). Significant differences
were observed in Hg concentrations between adults and the
other size classes (p = 0.04). A significant positive rela-
tionship (p < 0.05) was observed between concentrations
of Hg and TL, SVL, and body mass.

In caudal scutes, Hg was detected in 100 % (n = 8) of
samples from La Union, in 71 % (n = 5) from Cocoyol, and
in 78 % (n = 7) from Pucte. Due to the small amount of
tissue obtained from caudal scutes of small crocodiles, it was
possible to analyze Cd from only 13 individuals (Pucte
[n = 4], Cocoyol [n = 4], and La Union [n = 5]). This
metal was detected in 100 % of crocodiles from Pucte and La
Union and in 50 % from Cocoyol. No significant relations
were detected between Hg or Cd concentrations and TL or
body mass of crocodiles. Mean concentrations of Cd in adults
(16.04 £+ 1.45 ng/g wet weight [ww]) were considerably
lower compared with the other size classes, whereas con-
centrations of Hg in juveniles (630.4 £ 806.8 ng/g ww)

were the highest (Table 2). Scute samples from yearlings
contained detectable amounts of Hg (271.3 £ 162.1 ng/g
ww) with a maximum concentration of 435 ng/g.

Metallothioneins

In blood plasma, MTs were detected in 100 % of samples
from Pucté (n = 5) and La Union (n = 6) and one sample
(50 %) from Cocoyol. No MTs were detected in caudal
scutes. No significant relationships between MT concen-
trations and TL, SVL, and body mass were observed. The
disparities in sample size of juveniles, subadults, and adults
(4:7:2) precluded some statistical analyses (Table 2).
Nevertheless, mean concentrations of Cd and MTs in the
three size classes were closely related but not significant
(Fig. 2). Finally, Spearman correlation test showed no
relationships between metals (Cd and Hg) and MT
concentrations.

Discussion
Heavy Metals in Blood Plasma

Because there have been no studies of heavy-metal con-
centrations in blood plasma of crocodiles, the results for
Morelet’s crocodile in this study can only be compared
with similar studies of other reptile groups. The presence of
Cd and Hg in blood plasma may be due to recent exposure
(Shaikh and Smith 1984). However, studies in water snakes
(Nerodia sipedon) suggest that Hg in blood of these
organisms is directly proportional to the accumulation in
internal tissues (liver, kidney, and muscle) (Burger et al.
2005). Therefore, Hg present in plasma could be an indi-
cator of chronic exposure.

Some studies have noted Hg in blood is directly related
to the body burden of Hg in organisms (i.e., the total
amount before excretion). When exposure is recurrent, this
becomes a persistent body burden (Burger et al. 2005). Hg
detected in plasma of Morelet’s crocodiles in this study is
directly proportional to the TL, SVL and body mass of
individuals. This suggests that body burdens of Hg increase
with increasing body size (Andreani et al. 2008), a pattern
also observed in wild cottonmouths (Agkistrodon piscivo-
rus) using liver, kidney, and tail tips (Rainwater et al.

Table 1 Sample size (N) by

: Transect N Ratio of male, female, Total length (cm)
transect, sex ratio, and total and undetermined
length of Morelet’s crocodiles Scutes Plasma Mean (£SD) Range
sampled in this study
Pucte 9 5 3:4:2 90.91 + 62.33 33.5-190.5
Cocoyol 7 5:2:0 89. 93 + 47.03 32-150.7
La Uni6n 8 4:3:1 91.03 £ 37.51 32-125.5
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Table 2 Mean (£SD) concentrations of Cd, Hg, and MTs (ww) detected in blood plasma and caudal scutes of Morelet’s crocodiles by size class

Tissue Size class Cd Hg MTs
Blood plasma Juveniles 12.74 + 17.26% 1.15° 16.46 + 9.55°
Subadults 4.57 + 2.8* 521 +£521* 7.1 £ 7.15°
Adults 7.85 + 1.05% 20 + 12.73% 12.95 4+ 15.49°
Caudal scutes Yearlings NA 155.49 + 184.32° NA
Juveniles 31.87 £ 30.6° 525.53 £ 765.95¢ ND
Subadults 28.5 + 44.4° 288.9 + 217.4° ND
Adults 16.04 + 1.46° 322.5 + 34.65° ND
Concentrations given in ng/ml (*), pg/ml (h), and ng/g ()
ND nondetected, NA not analyzed
Fig. 2 Mean (£SD) 35 -
concentrations of Cd and MTs
in the three size classes 30
25 -
E 20 +
)
=X 15+
10
5 .
0
Juveniles Subadults Adults

2005). It is noteworthy that the concentrations of Hg
obtained in this study (4-29 ppb) are within the values
reported for other wildlife species (<50 ppb) including
birds, mammals, and reptiles (Lehner et al. 2013). If Hg
concentrations in plasma and internal tissues are directly
proportional (Burger et al. 2005), it is likely that Hg in
plasma represents a persistent body burden and not a recent
exposure. To corroborate this theory, it would be pertinent
to analyze relationships between plasma and internal
tissues.

The highest values of Hg in blood plasma of adults
(according to significant differences between size classes)
confirm that there is a correlation between this metal and
crocodiles size. However, because Hg was only analyzed in
two adults, we recommend a larger sample size and a
similar number of individuals by size classes to increase
the statistical power for these correlations. Although values
are within those reported in reptiles (Lehner et al. 2013),
biological and genetic effects of chronic exposure to Hg in
crocodiles remain unknown (Schneider et al. 2012). Even if
Hg in plasma represented the total body burden, it must be
noted that crocodilians appear to possess a remarkable
capacity to accumulate Hg without presenting toxic effects,
e.g., emaciation, malformations, or abnormal motor coor-
dination (Peters 1983; Rainwater et al. 2002).

@ Metallothioneins Cadmium

Heavy Metals in Caudal Scutes

The results obtained for caudal scutes indicate that Mor-
elet’s crocodiles in the Rio Hondo have been exposed to Cd
and Hg and that these metals are accumulated in their
tissues. Some studies in Alligator mississippiensis (Heaton-
Jones et al. 1997; Jagoe et al. 1998; Burger et al. 2000) and
water snakes (Nerodia sipedon) (Burger et al. 2005) also
reported accumulation of heavy metals in internal and
external tissues (scutes). Burger et al. (2000) mentioned the
strong correlation between scutes and internal tissues in A.
mississippiensis and suggested that high concentrations of
Cd and Hg may represent internal accumulation.

Overall, Cd and Hg concentrations detected in scutes
obtained in this study were greater than those reported for
Morelet’s crocodiles in northern Belize (Table 3), sug-
gesting that exposure to these metals is greater in the Rio
Hondo basin. It was noted that Hg concentrations from La
Union (561.63 + 224.73 ng/g) were greater than those at
the other transects as well as at two sites previously sam-
pled in northern Belize (98.7 £+ 21.6 ng/g) (Rainwater
et al. 2007). A possible explanation could be presence of
Booth’s River in Belize, which drains into the Rio Hondo
(very close from La Union). This river may receive Hg
coming from an area with intense use of agrochemicals by
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Table 3 Mean (£SD) concentrations of Cd and Hg (wet mass) detected in caudal scutes of Morelet’s crocodiles in Rio Hondo and additional

locations in northern Belize

Location N Cd (ng/g) Hg (ng/g) Reference
Gold Button Lagoon, Belize 9 ND 98.7 £ 21.6 Rainwater et al. (2007)
New River Watershed, Belize 10 70.7 £ 45.7 72.7 £ 204 Rainwater et al. (2007)
Pucte, Rio Hondo 9 11.7 £ 5.7 260.7 £ 164.8 This study
Cocoyol, Rio Hondo 7 85.2 + 83.6 232.8 £ 100.7 This study
La Union, Rio Hondo 8 26.3 + 15.8 561.63 + 635.6 This study

Mennonites from Blue Creek village (Magnon Basnier
2002).

Some studies suggest that Cd concentrations must
exceed 200 ppm in the kidneys to produce nephrotoxic
effects (for example, Shaikh and Hirayama 1979). Cd
concentrations obtained from caudal scutes of C. moreletii
from Rio Hondo do not exceed 145 ppb. Assuming that Cd
in scutes is directly proportional to Cd in liver and kidneys
(Burger et al. 2000), crocodiles sampled in the present
study may not be at risk of hepatic or renal toxicity.

Metal accumulation varies among aquatic and terrestrial
species depending on a variety of factors (Smith et al.
2007); thus, the finding that the highest Cd and Hg con-
centrations observed in this study were in caudal scutes of
juveniles may be in part due to the diet, which is based
mostly on aquatic gastropods, crustaceans, fish, and nonfish
vertebrates (Platt et al. 2006). In fact, gastropods usually
inhabit substrates rich in organic matter where contami-
nants are accumulated in greater concentrations (Bryan and
Langston 1992). Another possible explanations could be
due to transfer from mother to offspring (Smith et al. 2007,
Schneider et al. 2013) or due to chronic pollution such as
constant agrochemical inputs to the river (Magnon Basnier
2002). In the last scenario, juveniles with rapid metabolism
accumulate greater concentration of metals than adults;
however, in the case of long-term constant exposure, the
relationship between metals concentration and size of the
crocodiles could change (Trillanes et al. 2014).

Metallothioneins

Our results indicate that MTs are present in blood plasma
but not in the caudal scutes of Morelet’s crocodiles and that
MT concentrations are greater than those of metals. MTs in
blood plasma may appear long before the effects of
nephrotoxicity are manifested (Shaikh and Hirayama
1979). Once toxic metals are found in the tissues of the
organisms, MTs bind these metals to prevent any toxic
effect (Amiard et al. 2006). High concentrations of metal—
MT complexes in internal organs tend to retard the transfer
of metals into the blood; therefore, MT concentrations in
plasma is greater (Deb and Fukushima 1999). It should also
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be considered MTs bind multiple metal ions; thus, they
could not only regulate Cd and Hg toxicity but also that of
essential metals to perform metabolic processes in the
organism (Amiard et al. 2006). Similarly, metals in blood
plasma not only bind to MTs but also to other proteins such
as albumin and globulins (Shaikh and Hirayama 1979).

MTs in our study were not correlated with the concen-
trations of heavy metals, TL, SVL, or weight. In addition,
no significant differences in MT concentrations between
size classes were observed. Nordberg and Nordberg (2009)
described that the main function of MTs in blood plasma
consists of transporting metal-MT complexes to other
organs. Therefore, MT synthesis does not occur in blood
plasma but rather n response to the presence of Cd in the
liver. Depending on the type of exposure, the release of
MTs in the bloodstream may be fast (recent exposure) or
slow (chronic exposure). If a chronic exposure exists, MT
synthesis becomes continuous. Our findings suggest that
concentrations of MTs in crocodiles may not depend on
their age or size but the type of exposure. The greatest
concentrations of MTs were observed in males. Previously,
it was noted male organisms tend to hold greater amounts
of MTs than females, though this trend has not been clearly
described (Nordberg and Nordberg 2009).

The trend observed in Cd and MTs may be due to this
protein induction and the formation of Cd—MT complexes,
whereas in Hg no trend related to MTs was noted. Chan
et al. (1992) performed a controlled assay (7 days) in
which they injected Cd, Hg, Cd—MT and Hg-MT in rats
and observed that both Hg as well as Hg—MT induce
synthesis of MTs only in kidneys, unlike Cd and Cd-MT,
which induce synthesis in both liver (Cd) and kidneys (Cd—
MT). In addition, MT levels in blood plasma increased
after 3 days of injecting Cd, which did not occur with
injections of Hg. These findings suggest that hepatic MT
significantly influences MTs in blood plasma and that Cd is
the metal inducing the synthesis of MTs in the liver.
Because Hg does not induce MTs in the liver, the presence
of Hg or Hg—MT in plasma is not significant (Chan et al.
1992).

Although some studies have demonstrated the presence
of MTs in skin (Santucci et al. 2000), in this study no MTs
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in scutes of Morelet’s crocodile were detected. This may be
an artifact of improper extraction of scute cytosol due to
their hardness. Nevertheless, MTs may not express in
crocodile’s skin. Dobrovoljc et al. (2012) examined MT in
different organs of salamanders (Necturus maculosus) and
toads (Bufo bufo). Interestingly, both species presented
concentrations of MTs and Cd-MT in liver and kidneys;
however, although MTs were not expressed in the skin, Cd
concentrations were detected. This proves that heavy
metals are stored in caudal scutes, but MTs are not syn-
thesized; thus, metal-MT complexes are not formed.

Conclusion

The results of the present study showed that Morelet’s
crocodile is exposed to heavy-metal pollution in the study
area as well as its capacity, like other crocodilians, to
accumulate toxic metals (Delany et al. 1988; Odierna 1995;
Yanochko et al. 1997; Jagoe et al. 1998; Jeffree et al. 2001,
2005; Campbell 2003, Rainwater et al. 2002, 2007; Trill-
anes et al. 2014). Although crocodiles sampled in the study
area did not show apparent signs of toxicity or disease, and
despite that a recent study determined that most of the
crocodiles from Rio Hondo exhibit a good body condition
(Cedefio-Vazquez et al. 2011), contamination by metals
such as Cd and Hg may represent a threat to the C.
moreletii population in this area in the future. Crocodilians
are susceptible to chronic effects of contaminants on
reproduction and long-term health (Brisbin et al. 1998;
Guillette et al. 2000; Lance et al. 2006) that are not visually
or externally measurable (i.e., decreases in fertility, egg
quality, hatchling health and survival). For example, in
reptiles Hg may cause adverse effects such as behavioral
and endocrine disruptions (Schneider et al. 2013).

In this study, heavy metals and MTs in blood plasma
suggest recent exposure (Shaikh and Hirayama 1979;
Shaikh and Smith 1984). However, Hg in plasma suggests
an accumulation in inner tissues in addition to chronic
exposure to this metal (Burger et al. 2005). Therefore, to
determine the type of exposure (recent or chronic), further
studies of heavy metals and MTs in blood fractions, urine,
feces, caudal scutes, and internal tissues are required.

Interestingly, we observed a similar pattern in the con-
centrations of Cd and MTs (Fig. 2). The presence of MTs
in blood plasma may fulfill the role of detoxification by
binding Cd to form the complex Cd-MT. However to
support this finding, Cd-MT analysis is needed for a better
understanding of detoxification strategies.

Finally, because this is the first report of heavy metals
and MTs in plasma of Morelet’s crocodile in its natural
environment, we recommend conducting studies with a
larger and similar sample size by size classes including egg

and consideration of other metals (Pb, Cu, Zn, selenium,
and iron) in the analyses. In addition, according to the
results of our study, the first for this species in Rio Hondo,
long-term monitoring is essential to assess health and
quality of habitat in the basin.
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