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Organochlorine compounds (OCCs), like pesticides (OCPs) and polychlorinated biphenyls (PCBs), are per-
sistent lipophilic chemicals classified as endocrine-disruptors. Caiman latirostris inhabits wetlands
throughout north-eastern Argentina and may accumulate OCCs. The aims of this study were to determine
OCC residues in the eggs of C. latirostris and to correlate OCC burden with clutch size, hatching success
and hatchling survival as measures of reproductive performance. Fourteen caiman clutches were har-
vested from sites with different degrees of anthropogenic intervention on wetlands surrounding Paraná
River tributaries. Two to four eggs by clutch were used to quantify OCCs. OCP residues were found in all
clutches. The principal contributors to the OCPs burden were the DDT family (range BDL-153.0 ng g�1

lipid) and oxychlordane (range BDL-34.3 ng g�1 lipid). PCBs were present in 92.9% of the clutches (range
BDL-136.6 ng g�1 lipid). Both higher concentrations and higher diversity of pesticides, including endosul-
fan sulfate, were found in the nests harvested close to croplands. A negative correlation was found
between clutch size and

P
OCCs (p = 0.02, Pearson r = �0.53, r2 = 0.28), mainly due to the

P
OCPs

(p = 0.04, Pearson r = �0.54, r2 = 0.30). Since egg OCCs concentrations predict maternal burden, present
findings suggest that higher OCCs exposure could lead to smaller clutches. Although, other factors like
mother age could influence clutch size. Additionally, as caimans are a long-lived and non-migratory spe-
cies, the maternal OCCs burden reflects the environmental status throughout their home range; thus, cai-
man eggs could be useful as a biomonitor of local contamination.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Organochlorine compounds (OCCs), such as organochlorine pes-
ticides (OCPs) and polychlorinated biphenyls (PCBs), are persistent
lipophilic chemicals identified as endocrine disruptor compounds
(EDCs). These EDCs may have a broad range of adverse effects on
wildlife (Matter et al., 1998; IPCS, 2002). Expansion of agricultural
frontiers, intensive deforestation, increased use of agrochemicals,
growing industrial development and frequent non-adherence to
environmental protection rules are major threats to the ecohealth
in Argentina. Despite the steady increase of the above mentioned
activities (INTA – www.inta.gov.ar), little is known about the con-
centrations of OCCs in Argentinean wetlands. In Argentina, ANMAT
and SENASA are responsible for the regulation of OCCs (ANMAT –
www.anmat.gov.ar; SENASA – www.senasa.gov.ar). Most OCPs
were banned in 1968 (Ley Nacional N� 17.751/68). Despite these
ll rights reserved.
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restrictions, some of them remained in use as household insecti-
cides until 1998 (ANMAT 7292/98). Uses, handling and safe dis-
posal of PCBs were firstly regulated in 1991 (Ley Nacional N�
24051/91). PCBs were completely banned in 2002 (Ley Nacional
25.670/02) but the replacement and disposal of PCB transformers
is still in process (Decreto N� 657/07 Entre Ríos; Resolución N�
043/03 Santa Fe).

Recently, we reported the high frequency and the elevated con-
centrations of OCC residues in breast adipose tissue of women from
an urban area adjacent to the Parana fluvial system. In addition,
our findings showed a positive association between breast OCC
concentrations and freshwater fish consumption (Muñoz-de-Toro
et al., 2006). Furthermore, PCBs and OCPs are known to increase
in concentration with increasing trophic level (Gross et al., 2003).

Caiman latirostris (broad-snouted caiman) is a species of aqua-
tic habits that is widely distributed across South America’s wet-
lands. Caimans have ecological and physiological features that
make them particularly vulnerable to exposure to OCCs. Due to
their longevity, carnivorous diet and position at the top of the
food net, caimans have the potential to accumulate high concen-
trations of OCCs. In Argentina, the C. latirostris population has

http://www.inta.gov.ar
http://www.anmat.gov.ar
http://www.senasa.gov.ar
http://dx.doi.org/10.1016/j.chemosphere.2011.04.013
mailto:monicamt@fbcb.unl.edu.ar
http://dx.doi.org/10.1016/j.chemosphere.2011.04.013
http://www.sciencedirect.com/science/journal/00456535
http://www.elsevier.com/locate/chemosphere


312 C. Stoker et al. / Chemosphere 84 (2011) 311–317
been re-established due to successful ranching programs and pro-
tective legislations (CITES – www.cites.org; Larriera and Imhof,
2006).

The exposure to EDCs, however, could interfere with caiman
population stability by affecting their reproductive performance
and immune system (Beldoménico et al., 2007; Rey et al., 2009;
Stoker et al., 2003, 2008). Caimans may be exposed to contami-
nants at embryonic stages by maternal transfer or exposure
through the eggshell. After hatching, the remaining yolk sac, diet
and aquatic environment are the main sources of exposure. Diet
is an important source of exposure to persistent lipophilic com-
pounds, which, are absorbed through the digestive tract after
ingestion. Subsequently, the contaminants are transported to other
tissues and deposited into lipid stores (Bargar et al., 1999). Reptile
eggs have a high lipid content (Ashpole et al., 2004; Rauschenberger
et al., 2007) and lipophilic compounds are depurated into the eggs
by maternal transfer (Rauschenberger et al., 2007; Russell et al.,
1999). Therefore, the egg burden reflects the biological availability
of persistent lipophilic compounds in their maternal local environ-
ment (de Solla and Fernie, 2004). Clutch size and hatching success
are measures of reproductive performance in oviparous species.
Field and laboratory studies suggested that parental exposure to
OCCs may contribute to low clutch viability (de Solla et al., 2008;
Lundholm, 1997; Rauschenberger et al., 2004, 2007; Sepúlveda
et al., 2006). In this background, we conducted a study to estimate
the OCC residues present in the eggs of C. latirostris from north-
eastern Argentina and to determine the relationship between
OCC concentrations and measures of reproductive performance.
2. Materials and methods

2.1. Study sample

Fourteen C. latirostris clutches were harvested from wetlands on
Paraná River tributaries in north-eastern Argentina. Sites with dif-
ferent degrees of anthropogenic intervention were selected for the
study. Nests came from a wildlife refuge in a remote subtropical
area of the Chaco Province (CH), from a region in Entre Rios Prov-
ince (ER) where agriculture activities increased substantially in the
last decades, and from an area in Santa Fe Province (SF) with low
anthropogenic intervention (Fig. 1). To minimize OCC transfer from
nest material or any post-laying environmental factors, eggs were
harvested soon after they were laid and were transported to the lab
(nesting was monitored by local residents). One or two eggs by
clutch were opened in the field to stage embryos (Stoker et al.,
2003). Only the nests with embryos in stages lower than 12 were
transported to the lab for this study.

Two to four eggs from each clutch (n = 46 eggs) were selected
randomly to determine the OCC egg burden (Rauschenberger
et al., 2007; Wu et al., 2000a,b). The embryo was removed and
the whole egg content was stored at �70 �C until OCC analysis,
in glass vials pre-cleaned with acetone/hexane. The remaining eggs
from each clutch were incubated in controlled conditions at 33 �C
or 30 �C (temperatures at which 100% of males or females are pro-
duced, respectively) (Stoker et al., 2003). Upon hatching, neonates
were identified using tags (style 1005-1, National Band and Tag Co.,
USA) and housed in controlled conditions.
2.2. Detection of OCC residues

Forty-six egg samples were analyzed for the presence of the fol-
lowing compounds: hexachlorobenzene (HCB), hexachlorocyclo-
hexane isomers (a-HCH, b-HCH, and lindane), aldrin (ALD),
oxychlordane (OCLD), a-chlordane (a-CLD), c-chlordane (c-CLD),
heptachlor (HPT), heptachlor epoxide (HTX), dieldrin (DLD),
endrin, mirex (MRX), methoxychlor (MTX), dichlorodiphenyldi-
chloroethylene (p,p0-DDE and o,p0-DDE), tetrachlorodiphenyle-
thane (p,p0-TDE, o,p0-TDE), dichlorodiphenyltrichloroethane (p,p0-
DDT, o,p0-DDT), a-endosulfan (a-END), b-endosulfan (b-END),
endosulfan sulfate (ENDSULF) and 14 polychlorinated biphenyl
congeners (PCBs) (International Union of Pure and Applied Chem-
istry numbers 1, 5, 25, 28, 50, 52, 86, 101, 138, 153, 154, 180, 200
and 209).

Concentrations of OCCs were measured following the method
described in Muñoz-de-Toro et al. (2006), with minor modifica-
tions. Briefly, for lipid extraction, defrosted egg homogenates were
dehydrated with anhydrous sodium sulfate (Merck, Germany) and
extracted twice with n-hexane/acetone (4:1). The clear organic
phase was separated and evaporated to dryness. The percent of
extractable lipids were gravimetrically determined in the residue
(Mettler Toledo AB 204 scale). 100 mg of lipids were dissolved in
0.3 mL of n-hexane. Eight milliliters of acetonitrile (1% acetic acid)
saturated in n-hexane were added, mixed by vortex and centri-
fuged. The organic phase was discarded. Then, 4 mL of n-hexane,
0.5 mL of a NaCl-saturated solution and 25 mL of water were added
to the acetonitrile phase and mixed. The organic phase was kept
apart. The extraction step was repeated. The aqueous phase was
discarded, and the new organic phase was added to the former.
The resulting organic phase was evaporated to dryness and redis-
solved in 1 mL of n-hexane. The extract was transferred into a Solid
Phase Extraction (SPE) cartridge containing Alumina (0.5 g), Florisil
(1 g) and anhydrous Na2SO4 for the cleanup. Solid-phase extraction
cleanup was performed using Supelclean LC-Alumina-N SPE tubes
(Supelco, Bellefonte, PA, USA). The SPE cartridge was eluted with
10 mL of n-hexane and 5 mL of n-hexane/diethyl ether (85:15).
The eluent was concentrated to 0.5 mL, and a second cleanup
was performed using Supelclean Envi-Florisil SPE tubes (Supelco).
The solvent was reduced to dryness with a nitrogen stream and
redissolved in 1 mL of iso-octane.

Gas Chromatography (GC) analysis was performed with GLC
(Hewlett Packard Model 5890) 63Ni ECD. Pas 5 (25 m, 0.32 mm
ID, film th. 0.52 mm) and Pas 1701 (25 m, 0.32 mm ID, film th.
0.25 mm) columns were used. Organochlorine pesticide standards
Pestanal (Honeywell Riedel–de Haen Fine Chemicals, Seelze,
Germany) and PCB congener standards (Ultra Scientific, North
Kingstown, RI, USA) were used. All the solvents used were of pes-
ticide-grade quality (Merck, Darmstadt, Germany). The presence
and concentrations of OCC were confirmed using a GC–MS system
(VG Trio 2; VG Analytical, Manchester, UK) in randomly-selected
samples. Surrogate samples of chicken eggs (Gallus gallus) were
prepared using known concentrations of OCPs and PCBs. The aver-
age percentage recoveries were P80%. The Relative Standard Devi-
ation (RSD) was lower than 20% for all residues. The Detection
Limit (DL), based on three times the average SD of the blank repli-
cates, was 10 ng g�1 lipids for b-HCH, CLD, p,p0-DDT and ENDSULF;
2 ng g�1 for BZ 1, 5, 25, 86, 101, 138, 154, 180, 200 and 209 and
5 ng g�1 for the remaining OCPs and PCB congeners assessed. The
quantitation limit (QL) was calculated as 6 times the average SD
of blank for compounds with DLs between 5 and 10 ng g�1 and
7.5 times for those with DLs of 2 ng g�1.

2.3. Reproductive parameters

Parameters evaluated to assess caiman reproductive perfor-
mance included clutch size (number of eggs by nest), hatching suc-
cess (number of eggs that hatch successfully by nest) and hatchling
survival at 10 d (% of survival at 10 d of age by nest). The total num-
ber of eggs in the nest was established in the field during the col-
lection process. The hatchability of eggs was calculated as the
number of hatchlings divided by the total number of eggs during
the entire incubation period. To determine whether the OCC egg

http://www.cites.org


Fig. 1. Geographical distribution of the sampling area in the north-eastern Argentina. Caiman latirostris nests were harvested in wetlands on Paraná River tributaries.
Sampling areas are represented by gray ellipses and nests by asterisks. 100 km scale bars differ because of perspective.
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burden affects temperature sex determination (TSD), the gonad sex
was assessed in all the hatchlings of the study which were assigned
to other experiments (Stoker et al., 2003).
2.4. Statistical analysis

The distributions of OCC data were not normal in their original
form, thus they were log transformed (ln) for statistical analyses.
All clutch values were expressed as the mean ± SEM. To determine
statistical differences among clutches, OCC concentrations and li-
pid contents, were analyzed with t test. Clutches from Santa Fe
were not included in the analyses because of the small sample size.
For statistical analysis, OCCs concentrations below detection limit
(BDL) were replaced by values representing the half of the detec-
tion limit for that compound, while the values below quantitation
limit (BQL) were considered to be half of the assay quantitation
limit. Correlations between OCC concentrations and reproductive
parameters were performed using Pearson analysis. A value of
p < 0.05 was accepted as significant.
3. Results and discussion

3.1. OCC residues in C. latirostris eggs

Detectable concentrations of OCCs were found in all C. latirostris
clutches (n = 14). The contaminant burden varied among the sites,
both in the absolute values and the relative proportions. The geo-
graphical distribution of the nests and the concentrations of OCCs
(
P

PCBs and
P

OCPs) are presented in Fig. 1 and Table 1, respec-
tively. No differences in egg lipid content were observed among
nests (21.6% ± 0.6% with a range from 17.9% to 25.3%, p = 0.14). Re-
cently, Guirlet et al. (2010) reported that OCC concentrations and
the percentage of lipid in leatherback turtle eggs declined in
successive clutches in the same season, highlighting a process of
off-loading from females to their eggs and a decreasing investment
of lipid from females into their clutches. C. latirostris lay only one
clutch each season or every two years. Because of their position in
the upper trophic levels, prey preferences, lack of migratory habits
and longevity, they have the potential to accumulate OCCs. Thus, it
is a species that provide a representative scenario of exposure.

We did not find differences in egg lipid content, either within a
clutch or between clutches, from different mothers. Moreover, as
described for wild alligators (Rauschenberger et al., 2004, 2007),
variations in egg lipid content were not associated with OCC
concentrations (p = 0.74, Pearson r = 0.09, r2 = 0.01).

OCC residues were found in 100% of clutches. Residues most fre-
quently detected at measurable concentrations included: OCLD in
92.9% of the clutches; p,p0-DDE in 85.7%; HCB and HPT in 35.7%;
o,p0-TDE, MTX and HTX in 21.4%; o,p0-DDT and ENDSULF in
14.3%; and o,p0-DDE in 7.0% of clutches. Concentrations of HCH iso-
mers, ALD, CLD isomers, DLD, endrin, MRX, p,p0-TDE, p,p0-DDT and
END isomers, if present, were below the detection limits in all
nests sampled. PCBs were present in 13 of the 14 clutches. Of the
14 targeted PCBs congeners, only BZ 138 (78.6%), BZ 28 (57.1%),
BZ 153 (42.9%), and 180 (28.6%) were detected.

It is not surprising that DDE and oxychlordane were the com-
pounds more frequently found, because they are the most persis-
tent metabolites from DDT and chlordane, respectively.
Chlordane was used extensively on agricultural crops and livestock
worldwide. As it was already mentioned, in Argentina, the use of
DDT and chlordane on livestock was banned a long time ago but
they remained in use as household insecticides until 1998 (Ley
Nacional N� 17.751/68; ANMAT 7292/98). Restrictions and recom-
mendations on uses and disposal of PCBs were considered later
(Ley Nacional N� 24051/91; Ley Nacional 25.670/02) but replace-
ment of PCB transformers is still in process (Decreto N� 657/07
Entre Ríos; Resolución N� 043/03 Santa Fe).

OCP residues have been detected in eggs and/or somatic tissues
of several crocodilian species, such as the American alligator



Table 1
Reproductive parameters and concentrations of organchlorine compounds in C. latirostris nests from Santa Fe (SF), Entre Ríos (ER) and Chaco (CH) provinces, Argentina.

Nest identification Clutch size Hatching success Hatchling survival
P

PCBs (ng g�1 lipid)
P

OCPs (ng g�1 lipid) Lipid Content

SF1 39 91.9% 91.9% 11.6 61.9 19.5%
SF2 35 85.2% 85.2% BDL 63.0 25.3%
Mean ± SEM 37 ± 2 88.5 ± 3.3 88.5 ± 3.3 7.1 ± 4.6 62.5 ± 0.6 22.4 ± 1.6
Range 35–39 85.2–91.9 85.2–91.9 BDL-11.6 61.9–63.0 19.5–25.3

ER1 30 92.6% 92.6% 35.5 159.5 22.0%
ER2 34 96.6% 93.1% 7.7 37.2 19.9%
ER3 33 82.7% 79.3% BQL 28.9 23.3%
ER4 28 76% 44% 32.0 75.8 22.4%
ER5 18 0% 0% 44.5 189.0 24.3%
Mean ± SEM 28.6 ± 2.9 69.6 ± 17.8 61.8 ± 17.9 24.4 ± 8.2 98.1 ± 32.4 22.4 ± 0.7
Range 18–34 0–96.6 0–93.1 BQL-44.5 28.9–189.0 19.9–24.3

CH1 37 5.8% 0.7% BQL 33.5 21.9%
CH2 33 100% 100% 136.6 166.4 19.5%
CH3 39 94.6% 94.6% BQL 36.3 22.3%
CH4 36 91.2% 91.2% 21.0 46.0 19.9%
CH5 31 82.1% 78.6% 13.5 29.3 17.9%
CH6 30 82.1% 82.1% 13.0 31.0 20.7%
CH7 40 86.5% 86.5% 11.5 39.3 23.1%
Mean ± SEM 35.1 ± 1.5 78.7 ± 10.6 76.2 ± 12.9 30.1 ± 17.8 54.5 ± 18.8 21.6 ± 0.6
Range 30–40 5.8–100 0.7–100 BQL-136.6 29.3–166.4 17.9–23.1

PCBs: polychlorinated biphenyls. OCPs: organochlorine pesticides. BDL: below detection limit. BQL: below quantitation limit.
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(Alligator mississippiensis) (Cobb et al., 1997, 2002; Heinz et al.,
1991), the American crocodile (Crocodylus acutus) (Hall et al.,
1979; Wu et al., 2000a), Morelet’s crocodile (C. moreletti) (Wu
et al., 2000b, 2006) and the Nile crocodile (C. niloticus) (Skaare
et al., 1991). In agreement with the above-mentioned reports,
DDT family members were the most frequent OCCs found in C. lat-
irostris eggs.
Fig. 2. (A) Proportion of organochlorine pesticides (OCPs) and (B) polychlorinated biphen
and Chaco (CH) provinces, Argentina. Different colors represent mean clutch concentrati
(HPT), heptachlor epoxide (HTX), methoxychlor (MTX), dichlorodiphenyldichloroethyle
yltrichloroethane (o,p0-DDT), endosulfan sulfate (ENDSULF). PCBs congeners (Internation
Nests harvested in Entre Ríos (ER5, 1 and 4) showed the higher
concentrations of

P
OCPs (Fig. 2). Additionally, ENDSULF was pres-

ent only in ER1 and ER5 nests (18.5 and 46.0 ng g�1 lipid, respec-
tively). This fact could be explained by the expansion of
agriculture practices in Entre Ríos, where an overlapping of crop-
lands with the natural caiman habitat was observed (INTA –
www.inta.gov.ar).
yls (PCBs) (ng g�1 lipid) found in C. latirostris clutches in Santa Fe (SF), Entre Ríos (ER)
on for each compound. hexachlorobenzene (HCB), oxychlordane (OCLD), heptachlor
ne (p,p0-DDE and o,p0-DDE), tetrachlorodiphenylethane (o,p0-TDE), dichlorodiphen-
al Union of Pure and Applied Chemistry numbers BZ 28, BZ 138, BZ 153, BZ 180).

http://www.inta.gov.ar


Fig. 3. Correlation between organochlorine pesticides (OCPs) burden in C. latirostris
eggs and clutch size (Pearson r = �0.54, p = 0.04, r2 = 0.30).
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Despite of the diversity found in the OCPs, the principal contri-
bution to pesticide burden in the most contaminated nests was
from the sum of components from the DDT family (p,p0-DDE +
o,p0-TDE + o,p0-DDT + o,p0-DDE) (Fig. 2). According to Yogui et al.
(2003) and Cipro et al. (2010), p,p0-DDE/

P
DDTs ratios above 0.6

indicate old DDT contamination. As might be expected, the ratio
was higher than 0.6 in all but one nest. ER1 exhibited a p,p0-DDE/
P

DDTs = 0.16, showing a recent exposure to the banned DDT.
As expected, all nests collected in the Wildlife Refuge (Chaco),

except for one (CH2), exhibited a low OCC burden. CH2 signifi-
cantly differs from its neighbor’s burden. Additionally, CH2 was
the nest with the greatest diversity of OCCs and was the only nest
in which HTX was measurable (HTX: 12.3 ng g�1 lipid, Fig. 2).
Regarding PCBs, the CH2 nest showed the highest concentrations
of
P

PCBs, exceeding two or even three times the value of the
neighbor clutches. This observation was surprising because CH2
was harvested from the site with the lowest anthropogenic inter-
vention and no PCB sources were identified upstream. Since the
nests were harvested immediately after egg laying, post-laying
environmental factors could not affect egg OCC burden. An aged
mother or infrequent mother migration could account for the ob-
served differences (Ferguson, 1985; Rauschenberger et al., 2007).
There is evidence for long-range transport of PCBs to regions where
they have never been used or produced (Scheringer, 2009); as a
consequence, these pollutants are now distributed worldwide
and are even found in remote locations, such as the Polar Regions
(Braune et al., 2007; Cipro et al., 2010; Schiavone et al., 2009). BZ-
138 and BZ-153, both of which are hexachloro-biphenyl congeners,
were frequently found in C. latirostris eggs. The same pattern was
observed in penguin eggs from the Antarctica (Schiavone et al.,
2009), a region no directly exposed to PCBs. Although, no compar-
ison could be done between the three provinces because of the
small sample size from Santa Fe, significant differences were found
between Chaco (CH2 nest was not included in the analysis) and En-
tre Rios when

P
OCCs were compared. These differences were

mainly due to differences in
P

OCPs. Consistent with other studies
(Sepúlveda et al., 2006; Wu et al., 2006), we found that concentra-
tions and class patterns of OCCs were similar between eggs from
the same nest and differed among nests collected in different re-
gions (Fig. 2). To establish the number of clutches needed to char-
acterize a site, is beyond the scope of the present study, however,
as all but one of the neighbor clutches exhibited similar OCC
patterns. Caiman eggs could be sufficiently sensitive to biomonitor
local contamination.

The concentrations of OCCs reported here agree with those ob-
served in Morelet’s crocodile eggs from Belize (Wu et al., 2000a,b,
2006) and in the alligator eggs from reference sites in USA (Cobb
et al., 2002; Rauschenberger et al., 2004, 2007). OCC residues were
detected in sediment and different trophic levels, including hu-
mans from coastal environments in Argentina (González Sagrario
et al., 2002; Lajmanovich et al., 2002; Muñoz-de-Toro et al.,
2006; Cid et al., 2007; Arias et al., 2010). We have reported not only
a high frequency and elevated concentration of OCC residues in hu-
man breast adipose tissue but also a positive association between
OCC concentrations and freshwater fish consumption (Muñoz-
de-Toro et al., 2006).

3.2. Reproductive parameters

The OCC egg burden did not affect sex determination at the
studied temperatures, thus all the eggs incubated at 30 �C resulted
in female hatchlings and those incubated at 33 �C resulted in male
hatchlings. In species with temperature-dependent sex determina-
tion, such as turtles and alligators, OCCs were able to act as xenoes-
trogens, overriding the effect of temperature, thus, phenotypical
females were born at male producing temperatures (Bergeron
et al., 1994; Matter et al., 1998). In C. latirostris, both 17b-estradiol
(E2) and the xenoestrogen bisphenol A induced sex reversion
(Stoker et al., 2003); however, neither END nor atrazine were able
to induce sex reversion (Beldoménico et al., 2007; Rey et al., 2009).
In American alligators, E2- and p,p’-DDE-induced sex reversion
have been found (Milnes et al., 2005). In the present study, we used
only incubation temperatures, which are known to produce all fe-
male or all male caiman hatchlings (Stoker et al., 2003). Developing
caimans, however, could be more sensitive to OCCs at intermediate
incubation temperatures that produce both sexes (Milnes et al.,
2005). Studies concerning the ability of environmental contami-
nants to alter sex determination in TSD species should take into ac-
count not only pollutant concentration but also incubation
temperature. In addition, as evidenced by nest OCC class pattern,
caimans are exposed to complex pollutant mixtures. In turtles, it
has been demonstrated that temperature sex determination was
affected by a synergistic effect of aroclor 1242, chlordane, cis-
and trans-Nonachlor and p,p0-DDE (Willingham and Crews, 1999).

A significant negative correlation was found between C. latiros-
tris clutch size and mean

P
OCC concentrations (p = 0.02, Pearson

r = �0.53, r2 = 0.28),
P

OCPs clearly contributed to this association
(p = 0.04, Pearson r = �0.54, r2 = 0.30) (Fig. 3). No correlations were
found between OCCs and hatching success or hatchling survival
(p > 0.05).

For alligators, it has been demonstrated that OCP concentra-
tions in maternal tissues and eggs were strongly correlated, allow-
ing the mean egg burden to be used as a predictor of the OCP
burden in maternal tissues (Rauschenberger et al., 2004). In the
present study, a significant negative correlation was found be-
tween the clutch size and the mean sum of OCC concentrations
in C. latirostris eggs, suggesting that the reproductive performance
of the mother is affected by exposure to contaminants. It is well
known that OCCs behave as endocrine-disrupting compounds. A
plethora of evidence suggests that exposure to EDCs affects repro-
duction in several species (Colborn and Clements, 1992; Guillette
and Edwards, 2008; IPCS, 2002). For alligators and turtles it has
been shown that OCCs maternally transferred to the developing
egg are associated with reduced clutch success and increased
embryonic mortality (de Solla et al., 2008; Rauschenberger et al.,
2007). Previously, we have demonstrated that in ovo exposure to
EDCs during caiman gonadal organogenesis alters follicular
dynamics, steroid concentrations and increases multioocyte follicle
incidence in females (Stoker et al., 2003, 2008) and testicular hist-
oarchitecture and testosterone concentrations in males (Rey et al.,
2009). Since OCCs are EDCs, we hypothesize that similar gonadal
disruptions could be caused by OCC exposure in polluted habitats,
leading to impaired caiman fertility that could be evidenced at
clutch size level. Although, other factors such as mother age or size
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need to be considered to explain the observed relationship be-
tween clutch size and OCCs (Ferguson, 1985; Rauschenberger
et al., 2007). Sampling a larger number of nests for OCC quantifica-
tion and/or recording maternal size should help to better charac-
terize each site.

4. Conclusions

The presence of OCPs and PCBs in caiman eggs from the Paraná
River tributary regions reveals their past and recent use. Egg bur-
den can be used as predictor of OCC burden in oviparous maternal
tissues. Caimans are long-lived and non-migratory with a small
home range; therefore, the maternal burden of OCCs reflects the
environmental status throughout their home range. Consequently,
caiman eggs could be sufficiently sensitive to biomonitor local con-
tamination as reported for turtles and alligators (de Solla et al.,
2007; Rauschenberger et al., 2007). Biomonitoring is a valuable
tool for identifying exposures to chemicals that pose potential
harm to the ecosystem health.

Acknowledgements

We thank Agustín Manavella for assistance with the cartogra-
phy and Juan Grant and Juan C. Villarreal for technical assistance
and animal care. We are grateful to the reviewers for excellent sug-
gestions that were incorporated into the final manuscript. Field
work was done in collaboration with ‘‘Programa Refugios’’ of
‘‘Fundación Vida Silvestre Argentina’’ and ‘‘Programa Yacarés de
Entre Ríos’’. This study was supported by grants from the Argentine
National Council for Science and Technology (CONICET, PIP 112-
200801-0), the Argentine National Agency for the Promotion of
Science and Technology (ANPCyT) (PICTO-2003 N� 13-13246 and
PICT-2004 N� 16-25575) and Universidad Nacional del Litoral
(CAI+D program). M.A.Z. is a Fellow and C.S. and E.H.L. are Career
Investigators of the CONICET. G.H.G. is a Fellow of Universidad
Nacional del Litoral.

References

ANMAT (National Administration for Drugs and Medical Technology), 1998. ANMAT
No. 7292/1998. <http://www.anmat.gov.ar/Legislacion/Domisanitarios/
Disposicion_ANMAT_7292-1998.pdf> (accessed 26.08.10).

Arias, A.H., Pereyra, M.T., Marcovecchio, J.E., 2010. Multi-year monitoring of
estuarine sediments as ultimate sink for DDT, HCH, and other organochlo-
rinated pesticides in Argentina. Environ. Monit. Assess.. doi:10.1007/s10661-
010-1315-9.

Ashpole, S.L., Bishop, C.A., Brooks, R.J., 2004. Contaminant residues in snapping
turtle (Chelydra s. serpentina) eggs from the Great Lakes–St. Lawrence River
basin (1999 to 2000). Arch. Environ. Contam. Toxicol. 47, 240–252.

Bargar, T.A., Sills-McMurry, C., Dickerson, R.L., Rhodes, W.E., Cobb, G.P., 1999.
Relative distribution of polychlorinated biphenyls among tissues of neonatal
American alligators (Alligator mississippiensis). Arch. Environ. Contam. Toxicol.
37, 364–368.

Beldoménico, P.M., Rey, F., Prado, W.S., Villarreal, J.C., Muñoz-de-Toro, M., Luque,
E.H., 2007. In ovum exposure to pesticides increases the egg weight loss and
decreases hatchlings weight of Caiman latirostris (Crocodylia: Alligatoridae).
Ecotoxicol. Environ. Saf. 68, 246–251.

Bergeron, J.M., Crews, D., McLachlan, J.A., 1994. PCBs as environmental estrogens:
turtle sex determination as a biomarker of environmental contamination.
Environ. Health Perspect. 102, 780–781.

Braune, B.M., Mallory, M.L., Grant Gilchrist, H., Letcher, R.J., Drouillard, K.G., 2007.
Levels and trends of organochlorines and brominated flame retardants in ivory
gull eggs from the Canadian Arctic, 1976 to 2004. Sci. Total Environ. 378, 403–
417.

Cid, F.D., Antón, R.I., Caviedes-Vidal, E., 2007. Organochlorine pesticide
contamination in three bird species of the Embalse La Florida water reservoir
in the semiarid midwest of Argentina. Sci. Total Environ. 385, 86–96.

Cipro, C.V., Taniguchi, S., Montone, R.C., 2010. Occurrence of organochlorine
compounds in Euphausia superba and unhatched eggs of Pygoscelis genus
penguins from Admiralty Bay (King George Island, Antarctica) and estimation of
biomagnification factors. Chemosphere 78, 767–771.

Convention on International Trade in Endangered Species of Wild Fauna and Flora
(CITES), 1997. <http://www.cites.org/esp/cop/10/amend_append.pdf> (accessed
27.08.10).
Cobb, G.P., Wood, P.D., O’Quinn, M., 1997. Determination of PCBs in eggs and
chorioallantoic membranes of American alligators (Alligator mississippiensis).
Environ. Toxicol. Chem. 16, 1456–1462.

Cobb, G.P., Houlis, P.D., Bargar, T.A., 2002. Polychlorinated biphenyl occurrence in
American alligators (Alligator mississippiensis) from Louisiana and South
Carolina. Environ. Pollut. 118, 1–4.

Colborn, T., Clements, C., 1992. Chemically Induced Alterations in Sexual and
Functional Development: The Wildlife/Human Connection. Princeton Scientific
Publishing, Princeton, New York.

de Solla, S.R., Fernie, K.J., 2004. Characterization of contaminants in snapping turtles
(Chelydra serpentina) from Canadian Lake Erie Areas of Concern: St. Clair River,
Detroit River, and Wheatley Harbour. Environ. Pollut. 132, 101–112.

de Solla, S.R., Fernie, K.J., Letcher, R.J., Chu, S.G., Drouillard, K.G., Shahmiri, S., 2007.
Snapping turtles (Chelydra serpentina) as bioindicators in Canadian areas of
concern in the Great Lakes Basin. 1. Polybrominated diphenyl ethers,
polychlorinated biphenyls, and organochlorine pesticides in eggs. Environ. Sci.
Technol. 41, 7252–7259.

de Solla, S.R., Fernie, K.J., Ashpole, S., 2008. Snapping turtles (Chelydra serpentina) as
bioindicators in Canadian areas of concern in the Great Lakes Basin. II. Changes
in hatching success and hatchling deformities in relation to persistent organic
pollutants. Environ. Pollut. 153, 529–536.

Decreto N� 657/07 Provincia de Entre Ríos. Disposición de medidas y destino de
fondos para las obras necesarias para la eliminación de PCB’s de los equipos y
transformadores afectados al servicio, ubicados en el territorio provincial.
<http://www.entrerios.gov.ar/wsdecreto/decreto.php?codigo=32903> (acce-
ssed 20.12.10).

Ferguson, M.W.J., 1985. Reproductive biology and embryology of the crocodilians.
In: Gans, C., Billet, F., Maderson, P.F.A. (Eds.), Biology of the Reptilia.
Development A. Wiley, New York., pp. 329–491.

González Sagrario, M.L., Miglioranza, K.S., Aizpún de Moreno, J.E., Moreno, V.J.,
Escalante, A.H., 2002. Polychlorinated biphenyls in different trophic levels from
a shallow lake in Argentina. Chemosphere 48, 1113–1122.

Gross, T.S., Arnold, B.S., Sepúlveda, M.S., McDonald, K., 2003. Endocrine disrupting
chemicals and endocrine active agents. In: Hoffman, D.J., Rattner, B.A., Burton,
G.A., Jr., Cairns, J., Jr. (Eds.), Handbook of Ecotoxicology. Lewis Publishers, Boca
Raton, pp. 1033–1098.

Guillette Jr., L.J., Edwards, T.M., 2008. Environmental influences on fertility: can we
learn lessons from studies of wildlife? Fertil. Steril. 89, 21–24.

Guirlet, E., Das, K., Thomé, J.P., Girondot, M., 2010. Maternal transfer of chlorinated
contaminants in the leatherback turtles, Dermochelys coriacea, nesting in French
Guiana. Chemosphere 79, 720–726.

Hall, R.J., Kaiser, T.E., Robertson Jr., W.B., Patty, P.C., 1979. Organochlorine residues
in eggs in the endangered American crocodile (Crocodylus acutus). Bull. Environ.
Contam. Toxicol. 23, 87–90.

Heinz, G.H., Percival, H.F., Jennings, M.L., 1991. Contaminants in American alligator
eggs from Lake Apopka, Lake Griffin, and Lake Okeechobee, Florida. Environ.
Monit. Assess 16, 277–285.

National Institute for Agricultural Technology (INTA). <http://www.inta.gov.ar/
index.asp> (accessed 23.03.10).

International Programme on Chemical Safety (IPCS), 2002. Global Assessment of the
State-of-the-Science of Endocrine Disruptors. World Health Organization.

Lajmanovich, R., Lorenzatti, E., de la Sierra, P., Marino, F., Peltzer, P., 2002. First
records of organochlorine pesticide residues in amphibians of the mesopotamic
region, Argentina. <http://www.open.ac.uk/daptf/froglog/FROGLOG-54-4.html>
(accessed 27.08.10).

Larriera, A., Imhof, A., 2006. Proyecto Yacaré: Cosecha de huevos para cría en granjas
del género Caiman en la Argentina. In: Bolkovic, M., Ramadori, D. (Eds.), Manejo
de Fauna Silvestre en la Argentina. Programas de uso sustentable. Dirección de
Fauna Silvestre, Secretaría de Ambiente y Desarrollo Sustentable, Buenos Aires,
pp. 51–64.

Ley Nacional N� 17751. Prohibición de plaguicidas en base a dieldrin, heptacloro e
hidrocarburos clorados. Boletin oficial de la República Argentina N� 21449,
fecha de publicación 03 de junio de 1968. Buenos Aires, Argentina.

Ley Nacional N� 24051/91. Régimen de desechos peligrosos. Boletín oficial de la
República Argentina N� 27.307, año C, fecha publicación 17 de Enero de 1992,
Buenos Aires Argentina. <http://www2.medioambiente.gov.ar/sian/pan/Leyes-
decretos/Ley24051.htm> (accessed 20.12.10).

Ley Nacional N� 25.670. Presupuestos mínimos para la gestión y eliminación de los
PCBs. Boletin oficial de la República Argentina N� 30.029, año CX, fecha de
publicación 19 de noviembre de 2002. Buenos Aires, Argentina.

Lundholm, C.D., 1997. DDE-induced eggshell thinning in birds: effects of p,p’-DDE
on the calcium and prostaglandin metabolism of the eggshell gland. Comp.
Biochem. Physiol. C. Pharmacol. Toxicol. Endocrinol. 118, 113–128.

Matter, J.M., Crain, D.A., Sills-McMurry, C., Pickford, D.B., Rainwater, T.R., Reynolds,
K.D., Rooney, A.A., Dickerson, R.L., Guillette Jr., L.J., 1998. Effects of endocrine-
disrupting contaminants in reptiles: alligators. In: Kendall, R., Dickerson, J.,
Giesy, J., Suk, W. (Eds.), Principles and Processes for Evaluating Endocrine
Disruption in Wildlife. SETAC Press, Pensacola, FL, pp. 267–289.

Milnes, M.R., Bryan, T.A., Medina, J.G., Gunderson, M.P., Guillette Jr., L.J., 2005.
Developmental alterations as a result of in ovo exposure to the pesticide
metabolite p,p0-DDE in Alligator mississippiensis. Gen. Comp. Endocrinol. 144,
257–263.

Muñoz-de-Toro, M., Beldoménico, H.R., García, S.R., Stoker, C., De Jesús, J.J.,
Beldoménico, P.M., Ramos, J.G., Luque, E.H., 2006. Organochlorine levels in
adipose tissue of women from a littoral region of Argentina. Environ. Res. 102,
107–112.

http://www.anmat.gov.ar/Legislacion/Domisanitarios/Disposicion_ANMAT_7292-1998.pdf
http://www.anmat.gov.ar/Legislacion/Domisanitarios/Disposicion_ANMAT_7292-1998.pdf
http://dx.doi.org/10.1007/s10661-010-1315-9
http://dx.doi.org/10.1007/s10661-010-1315-9
http://www.cites.org/esp/cop/10/amend_append.pdf
http://www.entrerios.gov.ar/wsdecreto/decreto.php?codigo=32903
http://www.inta.gov.ar/index.asp
http://www.inta.gov.ar/index.asp
http://www.open.ac.uk/daptf/froglog/FROGLOG-54-4.html
http://www2.medioambiente.gov.ar/sian/pan/Leyes-decretos/Ley24051.htm
http://www2.medioambiente.gov.ar/sian/pan/Leyes-decretos/Ley24051.htm


C. Stoker et al. / Chemosphere 84 (2011) 311–317 317
SENASA (National Service of Health and Quality of Agriculture and Food). Ley 2143/
68, Ley 18.073/69). <http://www.senasa.gov.ar/indexhtml.php> (accessed
23.03.10).

Rauschenberger, R.H., Sepúlveda, M.S., Wiebe, J.J., Szabo, N.J., Gross, T.S., 2004.
Predicting maternal body burdens of organochlorine pesticides from eggs and
evidence of maternal transfer in Alligator mississippiensis. Environ. Toxicol.
Chem. 23, 2906–2915.

Rauschenberger, R.H., Wiebe, J.J., Sepúlveda, M.S., Scarborough, J., Gross, T.S., 2007.
Parental exposure to pesticides and poor clutch viability in American alligators.
Environ. Sci. Technol. 41, 5559–5563.

Resolución SMA N�043/03 Provincia de Santa Fe. Normas para el análisis del
contenido de transformadores eléctricos, transporte y eliminación de PCBs.
Ministerio de Salud y Medio Ambiente de la Provincia de Santa Fe. <http://www.
epe.santafe.gov.ar/fileadmin/archivos/Medioambiente/Resolucion_046_03.pdf>
(accessed 20.12.10).

Rey, F., González, M., Zayas, M.A., Stoker, C., Durando, M., Luque, E.H., Muñoz-de-
Toro, M., 2009. Prenatal exposure to pesticides disrupts testicular
histoarchitecture and alters testosterone levels in male Caiman latirostris. Gen.
Comp. Endocrinol. 162, 286–292.

Russell, R.W., Gobas, F.A.P., Haffner, D.G., 1999. Maternal transfer and in ovo
exposure of organochlorines in oviparous organisms: a model and field
verification. Environ. Sci. Technol. 33, 416–420.

Scheringer, M., 2009. Long-range transport of organic chemicals in the
environment. Environ. Toxicol. Chem. 28, 677–690.

Schiavone, A., Corsolini, S., Borghesi, N., Focardi, S., 2009. Contamination profiles of
selected PCB congeners, chlorinated pesticides, PCDD/Fs in Antarctic fur seal
pups and penguin eggs. Chemosphere 76, 264–269.

Sepúlveda, M.S., Del Piero, F., Wiebe, J.J., Rauschenberger, H.R., Gross, T.S., 2006.
Necropsy findings in American Alligator late-stage embryos and hatchlings
from northcentral Florida lakes contaminated with organochlorine pesticides. J.
Wildlife Dis. 42, 56–73.

Skaare, J.U., Ingebrigtsen, K., Aulie, A., Kanui, T.I., 1991. Organochlorines in crocodile
eggs from Kenya. Bull. Environ. Contam. Toxicol. 47, 126–130.

Stoker, C., Rey, F., Rodríguez, H., Ramos, J.G., Sirosky, P., Larriera, A., Luque, E.H.,
Muñoz-de-Toro, M., 2003. Sex reversal effects on Caiman latirostris exposed to
environmentally relevant doses of the xenoestrogen bisphenol A. Gen. Comp.
Endocrinol. 133, 287–296.

Stoker, C., Beldoménico, P.M., Bosquiazzo, V.L., Zayas, M.A., Rey, F., Rodríguez, H.,
Muñoz-de-Toro, M., Luque, E.H., 2008. Developmental exposure to endocrine
disruptor chemicals alters follicular dynamics and steroid levels in Caiman
latirostris. Gen. Comp. Endocrinol. 156, 603–612.

Willingham, E., Crews, D., 1999. Sex reversal effects of environmentally relevant
xenobiotic concentrations on the red-eared slider turtle, a species with
temperature-dependent sex determination. Gen. Comp. Endocrinol. 113, 429–
435.

Wu, T.H., Rainwater, T.R., Platt, S.G., McMurry, S.T., Anderson, T.A., 2000a.
Organochlorine contaminants in Morelet’s crocodile (Crocodylus moreletii)
eggs from Belize. Chemosphere 40, 671–678.

Wu, T.H., Rainwater, T.R., Platt, S.G., McMurry, S.T., Anderson, T.A., 2000b. DDE in
eggs of two crocodile species from Belize. J. Agric. Food Chem. 48, 6416–6420.

Wu, T.H., Cañas, J.E., Rainwater, T.R., Platt, S.G., McMurry, S.T., Anderson, T.A., 2006.
Organochlorine contaminants in complete clutches of Morelet’s crocodile
(Crocodylus moreletii) eggs from Belize. Environ. Pollut. 144, 151–157.

Yogui, G.T., de Oliveira Santos, M.C., Montone, R.C., 2003. Chlorinated pesticides and
polychlorinated biphenyls in marine tucuxi dolphins (Sotalia fluviatilis) from the
Cananéia estuary, southeastern Brazil. Sci. Total Environ. 312, 67–78.

http://www.senasa.gov.ar/indexhtml.php
http://www.epe.santafe.gov.ar/fileadmin/archivos/Medioambiente/Resolucion_046_03.pdf
http://www.epe.santafe.gov.ar/fileadmin/archivos/Medioambiente/Resolucion_046_03.pdf

	Organochlorine compound residues in the eggs of broad-snouted caimans  (Caiman latirostris) and correlation with measures of reproductive performance
	1 Introduction
	2 Materials and methods
	2.1 Study sample
	2.2 Detection of OCC residues
	2.3 Reproductive parameters
	2.4 Statistical analysis

	3 Results and discussion
	3.1 OCC residues in C. latirostris eggs
	3.2 Reproductive parameters

	4 Conclusions
	Acknowledgements
	References


