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Abstract Top predators like the Neotropical otter,
Lontra longicaudis annectens, are usually considered
good bioindicators of habitat quality. In this study, we
evaluated heavy metal contamination (Hgtot, Pb, Cd)
in the riverine habitat, prey (crustaceans and fish), and
otter feces in two Ramsar wetlands with contrasting
upstream contamination discharges: Río Blanco and
Río Caño Grande in Veracruz, Mexico, during the dry,
the wet, and the nortes seasons. Most comparisons
revealed no differences between sites while seasonal
differences were repeatedly detected for all of the
compartments. Higher concentrations of Pb during
the dry season and of Cd during the wet season in

otter feces mirrored differences detected in the most
seasonally consumed prey. Compared with fecal meth-
ylmercury values reported for the European otter (0.25–
0.75 mg kg−1) in unprotected areas, the Hgtot levels that
we measured were lower (0.02–0.17 mg kg−1). How-
ever, Pb (117.87 mg kg−1) and Cd (9.14 mg kg−1)
concentrations were higher (Pb, 38.15 mg kg−1 and
Cd, 4.72 mg kg−1) in the two Ramsar wetlands.
Protected areas may shelter species, but those with
water-linked diets may suffer the effect of chemicals
used upstream.
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Introduction

A common belief (and the reason for their existence) is
that protected areas (Primack et al. 2001) provide
better conditions for the persistence of species than
unprotected ones. The Ramsar Convention on Wet-
lands (Ramsar, Iran, 1971) was established to protect
sites of particular interest due to their biodiversity and
the ecosystem services they provide. Species inhabit-
ing these protected ecosystems should therefore have
optimal living conditions.

Heavy metals in the environment have repeatedly
been reported to have an effect on the physiology and
survival of animals (Chen et al. 2009; Rowsell et al.
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2010). Due to the biomagnification effect (US EPA
1997), top predators are especially vulnerable to the
effects of these contaminants as a result of bioaccu-
mulation (Cervantes and Moreno-Sánchez 1999) and
their persistence throughout the food chain without
degradation (Erlinge 1968).

A recent study on heavy metals bioaccumulated by
the Eurasian otter, Lutra lutra (Delibes et al. 2009),
showed that some contaminated habitats may function
as ‘ecological traps’ or ‘attractive sinks’ (Schlaepfer et
al. 2002; Battin 2004). The animals are unable to
detect residual quantities of chemicals in these habi-
tats, and these compounds can reduce the animals’
breeding success and/or increase their mortality. The
most important conclusion of that study was that, even
though otters are usually considered indicators of good
water quality, their premature recolonization of sites
where toxic spills have occurred casts doubt on their
usefulness as bioindicators (Delibes et al. 2009).
Otters may instead be good biomonitors (Zhou et al.
2008) and reveal contamination changes over time and
space in protected wetlands.

Land use (and the associated use of water) in the
upper sections of a basin affects the amount of heavy
metals running throughout the river to the lower sec-
tions (Chen et al. 2009; Ruelas-Inzunza et al. 2009).
The amount, however, changes throughout the year
(Ruelas-Inzunza et al. 2009) due to variations in the
volume of the stream or river (about half the concen-
tration of Hgtot and Pb during the rainy season com-
pared with the dry season). This may result in a
differential risk of poisoning throughout the year for
the organisms living in the lower sections of a river.

Feces have been used to measure the exposure of
wildlife to heavy metals in the environment (Mason
and MacDonald 1986; Mason and Ratford 1994;
Delibes et al. 2009). The relationship between the
amounts defecated and absorbed gives an idea of the
potential effect on the organism. Quantifying heavy
metal concentrations in the feces collected in different
areas gives an idea of the daily consumption of con-
taminants by a species (Mason and MacDonald 1986;
Mason and Ratford 1994; Delibes et al. 2009). Addi-
tionally, measuring the concentrations of contaminants
in the different compartments and elements of the
trophic chain may allow for comparisons not only of
the consumption by the predator but also of the quality
of the habitat in which the predators and their prey are
living.

In this study, we ask whether differences in land use
in the upper sections of basins result in differential
habitat quality in two Ramsar protected wetlands.
Total mercury (Hgtot), lead (Pb), and cadmium (Cd)
in different compartments of the habitat (soil, water)
and the trophic chain (fish and crustaceans) of the
Neotropical otter (Lontra longicaudis annectens) were
measured. Because of seasonal changes in the volume
of the rivers (Vázquez-Sauceda et al. 2005; Ferreira et
al. 2009), samples were taken seasonally from all of
the compartments to quantify potential changes in
heavy metal ingestion by the otters throughout the
year.

Materials and methods

Study area

Two rivers and their lagoons thought to have con-
trasting contamination levels were selected (Fig. 1):
Río Blanco (RB) and Río Caño Grande (RCG) in
the state of Veracruz, Mexico. Both of these wet-
lands are habitats for the Neotropical otter. RB is
born in the lower slopes of the Pico de Orizaba
volcano and runs eastwards to the Gulf of Mexico.
Although there is a large wastewater treatment plant
in the area for both industrial and domestic waste-
water (Fideicomiso del Sistema de Aguas Resi-
duales del Alto Río Blanco, FIRIOB), its capacity
is limited. Consequently, there is effluent discharge
from small communities and some industries along
the Orizaba-Córdoba industrial corridor into the up-
per sections of the RB before it drains into the
Tlalixcoyan lagoon of the Alvarado complex (18°
44′00" to 18°52′15" N; and 95°44′00" to 95°57′00"
W; Flores-Coto and Méndez-Vargas 1982; Fig. 1).
This series of lagoons contains the largest man-
grove forest in the state (Portilla Ochoa 2003),
and of the wetland sites (Ramsar) in Mexico; it is
classified as the second highest priority for conser-
vation. Before it drains into the lagoon, the riverine
vegetation of RB is dominated by pasture and ag-
ricultural land (Reséndez-Medina 1973). RB is con-
sidered one of the most contaminated rivers in
Mexico (Comisión Nacional del Agua 2005) with
concentrations of pollutants above the maximum
permissible level for human use and the protection
of wildlife (Cervantes and Moreno-Sánchez 1999;
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NOM-001-SEMARNAT-1996; NOM-127 SSA I-
1994) in continental waters.

The RCG rises in the Manuel Díaz mountain range
and drains into the La Mancha Lagoon. Located in the
central part of the state (19° 34" to 19° 42" N; and 96°
23" to 96° 27" W) some of its water is rerouted to
irrigate sugar cane plantations and then returned to the
main stream of the river. It was decreed a Ramsar site
because of the variety of wetlands and terrestrial eco-
systems it runs through, including coastal dunes and
lowland forests (Moreno-Casasola 2003). The domi-
nant vegetation in the riverine zone before the stream
arrives at the lagoon is Rhizophora mangle, Laguncu-
laria racemosa, Avicennia germinans, and Conocarpus
erectus mangrove (Barreiro-Güemes and Balderas-
Cortés 1991). There were no previous reports of con-
taminants in this river.

The climate of both sites is subhumid and hot, with
summer rains.

Sample collection and analysis

Sampling was done between May 2008 and February
2009 during the dry, rainy, and nortes seasons (the
latter is characterized by strong winds from the north,
rain, and low temperatures between November and
March).

Paired sampling stations 1 m from the shoreline and
separated by 1.5 km were set up on the wetland. We
followed the protocols of the US Geological Survey
for the collection of samples for the evaluation of
heavy metals (ADEQ 1995). Briefly, 0.5 L of water
was collected in polypropylene flasks and acidified
with 1 ml of concentrated HNO3. Sediment was col-
lected from a depth of 3 cm with a plastic spoon.

For the sediment, Marine Sediment Reference Ma-
terial (PACS-2) was used and, for tissue, Dogfish
Muscle Certified Reference Material (DORM-2) from
the National Research Council Canada.

Fig. 1 Study location in the state of Veracruz, Mexico. Heavy
metals (total mercury, lead, and cadmium) were measured for
water and sediment from the rivers and throughout the food
chain (crustaceans and fish) of the Neotropical otter. Fecal
samples were used to monitor heavy metal consumption by

the otter. Two protected wetlands thought to have contrasting
degrees of contamination were selected: 1 Rio Blanco and
Tlalixcoyan Lagoon, with heavy contamination sources in the
upper basin (large cities and industry) and 2 Rio Caño Grande
and La Mancha Lagoon with very low human activity
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Potential prey (fish and crustaceans) and otter feces
were collected along the area delimited by outermost
pair of sampling stations. Potential prey was collected
with the help of local fishermen. Otter feces were
located by walking along the riverbanks or searching
for them from a boat. Each sample was kept refriger-
ated until processed. Prey tissue was homogenized
with an Ultra Turrax T-25 basic IKA-Werke using
subsamples of muscle, skin, bone, and inner organs
(whole weight tissue). Sediment and fecal samples
were dried in an oven at 40 °C until dehydrated and
then pounded to a fine powder.

Samples were digested in a microwave oven (CEM
Corp. MARS-X) using the 3015 US EPA method
(1994). Briefly, 1 g of sample (wet base) or 0.25 g
(dry base) and 5 ml (50 %) of nitric acid were placed
in the Teflon® digester vessels and processed at 100 °
C for 6 min, 150 °C for 6 min and 175 °C for 15 min.
3 ml of H2O2 (30 %) were added, and the samples
were redigested again using the same digestion pro-
gram. Digested samples were dissolved to 50 ml with
distilled water and kept frozen until analysis.

Levels of total mercury (Hgtot), lead (Pb), and cad-
mium (Cd) were measured with a lamp Atomic Absorp-
tion Spectrometer (Perkin Elmer 1100 B, with a specific
cathode lamp). For QA/QC purposes, blanks, dupli-
cates, and references (DORM-2 dogfish muscle and
PACS-2 marine sediment reference materials for trace
metals from the National Research Council Canada)
were analyzed for each metal. Mean percent recovery
for Hg in tissue was 81% and in sediment, 92%, and the
mean relative percent difference was 15 %. For Pb,
mean percent recovery for tissue and sediment was
80 %, and mean relative percent difference was 6 %.
For Cd, mean percent recovery in tissuewas 90% and in
sediment, 78%, and the mean relative percent difference
was 5 %. Detection limits were: water (Hgtot00.48, Pb0
2, and Cd00.016 μg mL−1), sediment (Hgtot0 0.088,
Pb00.18, and Cd00.003 mg kg−1), feces, and prey
tissue (Hgtot00.044 mg kg−1, Pb00.036 mg kg−1year,
Cd00.0015 mg kg−1).

After testing for normality, for each sample type,
concentrations were compared between sites and sea-
sons using two-way ANOVAs with interaction. When
the distribution was not normal, we used the ANOVA
option of the generalized linear models specifying a
Poisson distribution and correcting for overspread data
(Crawley 1993). Statistical analyses were done with
STATISTICA 7.1 software (StatSoft 2006).

Heavy metal absorption index

The quantity of heavy metals absorbed was calculated
using the absorption percentages of each metal
reported for mammals (Mason and MacDonald
1986). According to these authors, 10 % of Pb and
5.5 % of Cd ingested are absorbed by the intestinal
wall, and the rest is excreted. It has been reported that
about 95 % of methylmercury is absorbed through the
intestinal wall in mammals (Chen et al. 2009). Be-
cause in this study only Hgtot concentrations were
measured, it was not possible to estimate the amount
of mercury that was absorbed.

To obtain a daily average of Pb and Cd excretion by
the otters at each site, the average amount of feces
produced daily by the European otter (0.070 kg; Mason
and MacDonald 1986) was multiplied by the average
concentration of the metals measured in the feces.

Results

All three metals were detected in all of the compart-
ments sampled at both sites of the study area (RB and
RCG), during all three sampling seasons.

Heavy metals in the water (Fig. 2)

Hgtot differed between wetlands (χ
2015.055, P<0.001)

with mean concentrations of 0.001 mg L−1 in RB and
0.0004 mg L−1 in RCG and among seasons (χ20

70.145, P<0.001) and was higher during the dry season
(0.001 mg L−1). Lead (χ2011.165, P00.003) and Cd
(χ207.008, P00.03) were different among seasons, and
were significantly higher during the wet (0.188 mg L−1)
and dry seasons (0.032 mg L−1), respectively. The site×
season interaction was significant in all comparisons.

Heavy metals in the sediment (Fig. 3)

The concentrations of Hgtot (F2,36022.801, P<0.001),
Pb (F2,3605.407, P00.008), and Cd (F2,3605.783, P0
0.006) differed among seasons. While the maximum
concentrations of Hgtot (0.398 mg kg−1) and Pb
(38.701 mg kg−1) were recorded during the dry season,
the maximum concentration of Cd (6.333 mg kg−1)
occurred during the nortes season. Cadmium differed
between wetlands as well (F1,3604.348, P00.004) with
mean concentrations of 5.878 mg kg−1 in RCG and
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4.682 mg kg−1 in RB. The site×season interaction was
significant for Hgtot and Cd.

Heavy metals in potential prey (fish and crustaceans)
(Fig. 4)

In crustaceans, differences in Pb were detected only
among seasons (χ2022.844; P<0.001). It is worth
noting that Pb concentrations were lower (with an
average of 0.133 mg kg−1) in crustacean tissue during

the nortes season, compared with the very high concen-
tration (50.334 mg kg−1) during the dry season. In
contrast, Hgtot was rather high for all seasons, consider-
ing the higher toxicity of this metal. There was no site×
season interaction for any of the metals in potential prey.

In fish, Hgtot differed between wetlands (χ
204.027,

P00.044), with mean concentrations of 0.078 mg kg−1

in RCG and 0.051 mg kg−1 in RB and among seasons
(χ2025.244, P00.001) with higher concentrations

Fig. 2 Heavy metal concentration (milligrams per kilogram)
per season in water samples from two water bodies located in
Veracruz, Mexico. The gray bars are the values (mean±standard
error) measured in Rio Blanco (RB), and the dark bars are those
measured in Rio Caño Grande (RCG)

Fig. 3 Heavy metal concentration (milligrams per kilogram)
per season in sediment samples from two water bodies located
in Veracruz, Mexico. The gray bars are the values (mean±
standard error) measured in Rio Blanco (RB) and the dark bars
are those measured in Rio Caño Grande (RCG)
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during the wet season (0.150 mg kg−1). The site×
season interaction was also significant.

Pb concentration did not differ between sites or
among seasons, and there was no significant interac-
tion between the two factors. Cd differed only among
seasons (χ2012.109, P00.002) and was higher during
the wet season (2.525 mg kg−1).

Heavy metals in feces (Fig. 5)

Hgtot differed between wetlands (F1,260157.664, P<
0.001) with mean concentrations of 0.088 mg kg−1 in

RB and 0.058 mg kg−1 in RCG. The site×season
interaction was significant. In contrast, only sea-
sonal differences were found for Pb (F2,26040.578,
P<0.001), with higher concentrations occurring
during the dry season (66.693 mg kg−1) and for
Cd (F2,2606.056, P00.006) during the wet season
(0.690 mg kg−1).

Heavy metals absorption index

Table 1 reports the estimated amounts of Pb and Cd
absorbed daily by the otters for each season.

Fig. 4 Heavy metal concentration (milligrams per kilogram)
per season in samples of crustaceans (river shrimp, crab, and
crayfish; left side) and fish (right side) for two water bodies

located in Veracruz, Mexico. The gray bars are the values
(mean±standard error) measured in Rio Blanco (RB) and the
dark bars are those measured in Rio Caño Grande (RCG)
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Discussion

Contrary to what we expected, differences were found
only for Hgtot and Cd in a few of the compartments of
the two supposedly contrasting sites. Moreover, pro-
tected Ramsar wetlands are not free of contaminants,
and one of the top predator species inhabiting them,
the Neotropical otter, seems to be consuming signifi-
cant amounts of heavy metals.

Heavy metals in the water and sediment

Elevated concentrations of Hgtot in the water from RB
are easily explained by: (1) the discharge of this metal
in effluents from the industrial complex located up-
stream; (2) the discharge of municipal wastewater into
the river without proper treatment; and (3) the runoff
from agricultural lands and large pastures along the
river, where fertilizers and pesticides are used (För-
stner and Wittmann 1981). In contrast, there are no
such activities in the upper RCG basin, and this could
explain the lower concentration of Hg in that wetland.

Although there are no previous reports of contam-
inants in RCG, the highest concentrations of Cd in
sediment were found there. This could be the result of
this river’s low water flux as it receives the runoff
from the extensive sugar cane plantations that sur-
round the study area (Marin 2007; Ferreira et al.
2009). It is known that, compared with other crops,
sugar cane plantations are treated with the largest
amounts of fertilizers and pesticides (Corbi et al.
2008) and that these agricultural inputs are highly
toxic to aquatic environments, wildlife, and human
beings. It is also known that fertilizers and pesticides
contain heavy metals (El Gharmali et al. 2002; Li and
Wu 2008).

Seasonal differences were observed in all of the
compartments, with higher concentrations during the
dry season except for Pb in water (higher in the wet
season) and Cd in sediment (higher in nortes). Higher
concentrations of pollutants in rivers during the dry
season are related to the lower water level that is char-
acteristic of this time of the year (Vázquez-Sauceda et al.
2005; Ferreira et al. 2009) and also to the high evapo-

Fig. 5 Heavy metal concentration (milligrams per kilogram)
per season in samples of feces of Neotropical otters inhabiting
two water bodies located in Veracruz, Mexico. The gray bars are
the values (mean±standard error) measured in Rio Blanco (RB)
and the dark bars are those measured in Rio Caño Grande (RCG)

Table 1 Estimated concentrations of lead and cadmium
absorbed (milligrams) daily by the Neotropical otter in different
seasons at two sampling sites: Río Blanco and Río Caño Grande

River Season Lead (Pb)
(10 %)a

Cadmium (Cd)
(5.5 %)a

Río Blanco Dry 0.529 0.006

Wet 0.186 0.025

Norte 0.059 0.007

Río Caño Grande Dry 0.508 0.006

Wet 0.150 0.016

Norte 0.046 0.009

a Percent absorption reported by Mason and MacDonald 1986
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ration caused by the elevated temperatures typical of a
hot, subhumid climate (Travieso-Bello and Campos
2006), resulting in the slower movement of chemical
compounds.

The higher concentrations of Pb in the sediment
during the dry season are probably related to the lower
water flux of that season (Vázquez-Sauceda et al.
2005; Ferreira et al. 2009). Even though gasoline in
Mexico has been lead free since the early 1990s, the
use of leaded gasoline prior to this and the oil from the
motorboats that are used on both rivers could be the
source of the lead detected in the water and sediment
(Villanueva and Vázquez-Botello 1992; Portilla Ochoa
2003; Moreno-Casasola et al. 2006).

Heavy metals in potential prey (fish and crustaceans)

The wet and nortes seasons increase the dilution of
contaminants but can also transport greater amounts of
the contaminants from the highlands to the lower basin
(Moreno-Casasola et al. 2006; Ruelas-Inzunza et al.
2009). This could explain the high concentrations of
Hgtot and Cd measured in fish during this season.

The lack of difference in the concentrations of
Hgtot, Pb, and Cd bioaccumulated by crustaceans at
the two sampling sites could be the result of the
detritivorous diet of these organisms, which would
reflect the contaminants in the sediments (Morel et
al. 1998; Blackmore 2001) and for which there was
no difference in heavy metal content between sites
(except for Cd). This conclusion is supported by the
fact that the Pb concentration in crustaceans was
higher during the dry season, when it was also higher
in the sediments.

The higher Hgtot concentration measured in fish is
probably the result of longer exposure to the metals
(compared with the crustaceans) due to their longer
lifespan. It would have been interesting to analyze the
Hg levels for different species of fish in the context of
their feeding habits, considering that predators, carrion
eaters, and detritivorous fish are expected to have
higher concentrations of contaminants than herbivo-
rous fish (Blackmore 2001).

For both wetlands, the highest concentrations of
Pb and Cd measured in crustaceans (126 and
7.5 mg kg−1) and fish (79.79 and 6.26 mg kg−1)
exceeded the maximum permitted levels for consump-
tion by humans as set forth in the Official Mexican
Standards (1.0 and 0.5 mg kg−1, respectively). This

represents a potential problem for the health of the
Neotropical otter and a significant risk for the human
population that makes use of these resources both as
hobby food and for daily consumption. A recent study
in Luxembourg focused on the evaluation of heavy
metals in the prey fish of the European otter (Boscher
et al. 2010). There, the highest Hg concentration was
0.535 mg kg−1; that of Pb was 0.181 mg kg−1, and for
Cd it was 0.104 mg kg−1, one and two orders of
magnitude lower than our values. Even though their
results are reported in wet weight, the Luxembourg
otters are probably exposed to lower contaminant
concentrations.

Heavy metals in feces

The high concentration of Hgtot in otter feces year
round is of particular concern as these values indicate
elevated absorption throughout the year. The Hgtot
levels detected in the feces of the Neotropical otter
(0.02–0.17 mg kg−1) are, however, lower than those of
methylmercury (0.25–0.75 mg kg−1) reported for the
European otter (L. lutra; Mason and MacDonald
1986). Since these values are for samples taken from
a number of sites in England, Mason and MacDonald
(1986) suggested that they should be considered normal
values for this species, and we use them as a reference.
The highest concentrations of Pb (117.87 mg kg−1) and
Cd (9.14 mg kg−1) recorded in our study sites were,
however, higher than the highest reported by those
authors for L. lutra (Pb, 38.15 and Cd, 4.72 mg kg−1)
for a series of European sites.

The higher concentration of Pb in feces during the
dry season corresponded to higher concentrations of this
metal in crustaceans, while Cd in feces was higher in the
wet season, as found for fish. This reflects the propor-
tion of the otter’s diet made up by these prey (40–54 %
fish and 30–44 % crustaceans; Macías-Sánchez and
Aranda 1999; Gallo-Reynoso et al. 2008) and indicates
this otter may be having a problem in terms of accumu-
lation of these contaminants.

Seasonal differences in the concentration of heavy
metals in the different prey suggest differences in the
amounts of type of prey ingested by the otter through-
out the year. This means that the risk of poisoning by
each metal may be season-specific. For example, Pb
concentrations were higher in the feces during the dry
season, when there are more births and a higher prob-
ability of maternal transfer to the pups (Basu et al. 2005;
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Croteau et al. 2005; Yates et al. 2005; Scheulhammer et
al. 2007). Because Cd is higher in the wet season, it
might not affect nursing pups.

Heavy metal absorption index

The absorption indices revealed that at both sites the
Neotropical otter is at risk of poisoning and that the
risk varies depending on the season. As otter prey,
crustaceans contribute the higher amounts of Pb and
Cd. Because of their larger body size, males consume
more food each day than females do (otters eat 1 to
1.5 kg of food per 10 kg of body weight every day,
Mason and MacDonald 1986) so heavy metal bioac-
cumulation is potentially higher in males, and they
might be at greater risk than females.

It has been calculated that the average otter in the
Guadiamar River, which was recolonized by European
otter populations after a toxic spill, consumes 3–4 mg
of Pb and 0.25 mg of Cd daily (Delibes et al. 2009).
Using the same type of calculations, an average Neo-
tropical otter at the Veracruz sites would be consuming
3.347 mg of Pb and 0.349 mg of Cd every day. Given
that 10 % of Pb and 5.5 % of Cd consumed are
absorbed, this would represent a yearly absorption of
122.17 mg of Pb and 8.28 mg of Cd. A recent study in
the Loire River catchment, France, where liver bioac-
cumulation of heavy metals in otters killed by road
traffic was analyzed, indicated concentrations of
1.0 mg kg−1 for Pb, 0.3 for Cd, and 8.2 mg kg−1 of
Hg (Lemarchand et al. 2010). In Oregon and Wash-
ington, a similar study of male river otters, Lontra
canadensis, reported concentrations of 0.5 mg kg−1

of Cd in juveniles and 1.18 mg kg−1 in adults, with
concentrations of Hgtot as high as 12.6 mg kg−1

(Grove and Henny 2008). Since the liver and kidneys
are where the greatest amounts of contaminants accu-
mulate (after that which is eliminated in growing hair;
Mason et al. 1986), Neotropical otters in Veracruz may
be bioaccumulating at least an order of magnitude
more of heavy metals than the animals studied in
France and the USA.

Even though we expected higher concentrations of
heavy metals in RB due to the presence of industry as
an important source of upstream contamination, in
general, the heavy metal concentrations in the habitats
and compartments of the sites did not bear out this
expectation. This lack of difference between rivers is
likely associated with the lower water flux and the

very high organic content of the sediments in the
mangrove (Golia et al. 2008) of RCG. Both of these
conditions facilitate heavy metal accumulation (mainly
through adsorption and immobilization by sediments),
even though heavy metal input may have been lower
at RCG. Therefore, the results of this study support
the idea that atmospheric input, water flux, and sed-
iment characteristics could result in similar contami-
nation levels in basins with contrasting land uses
(Golia et al. 2008).

The levels of Hgtot measured in crustaceans and
fish did not exceed the maximum permitted levels
for human consumption (1.0 mg kg−1), but the detec-
tion of Hg in the samples collected indicates the need
for a monitoring program owing to the potential health
risks to people. The daily diet of the local inhabitants
is based on potentially contaminated resources, and
this could lead to future health problems (NOM-027-
SSA1-1993; NOM-029-SSA1-1993; Chen et al. 2009;
White et al. 2009) resulting from the potential bioac-
cumulation of metals in the liver, tissues, kidneys,
bone marrow, and brain. Of particular concern is the
potential vertical transfer from mothers to their off-
spring, both in otter and in human populations (Basu
et al. 2005; Croteau et al. 2005; Yates et al. 2005;
Scheulhammer et al. 2007).

It has been mentioned that the synergistic effects of
several metals in a single individual are to be
expected, and there is a call for studies on these prob-
lems (Walker et al. 2001). Also, since the study areas
are designated as Ramsar sites, these wetlands are
expected to be in better shape than other sites where
the Neotropical otter occurs. Water in both wetlands,
however, exceeded the maximum permitted levels of
heavy metals for human consumption (NOM-001-
SEMARNAT-1996; NOM-127 SSA I-1994), and this
indicates that otters living within protected areas are
not necessarily sheltered, as these sites receive water
from contaminated sources located far away.

Conclusions

Protected wetlands are thought to shelter wildlife as-
sociated with aquatic ecosystems. This study indi-
cates, however, that water coming from transformed
areas that are upstream brings contaminants into the
habitat and trophic chains of organisms inhabiting
RAMSAR sites. Heavy metals such as Pb, Cd, and

Environ Monit Assess (2013) 185:1163–1173 1171



Hgtot were detected in similar concentrations in the
habitat and along the trophic chain of the Neotropical
otter in the two protected sites studied. Even though
upstream land uses suggested otherwise, lower water
flux and higher organic matter content in the sediment
of the more conserved site resulted in similar concen-
trations of metals. We also found that seasonal differ-
ences in the diet modify the amounts of contaminants
ingested, which may have an effect on the develop-
ment or nourishment of pups. Compared with the
European otter studied in unprotected and contaminat-
ed sites, the Hgtot levels detected in the feces of L.
longicaudis are lower than those of methylmercury.
However, the highest concentrations of Pb and Cd
recorded in the Ramsar sites studied were higher than
the highest reported for L. lutra in the contaminated
areas in Europe.
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