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Abstract
In order to improve the knowledge of total mercury (THg) bioaccumulation in bioindicator species of sea catfish (Siluri-
formes, Ariidae) and taking into account the relatively recent approach with respect to estuarine fish on the Brazilian coast, 
65 individuals were caught in the northern and southern regions of the Cananeia estuary to determine the concentration of 
the THg in muscles, gills, gonads and kidney of the Cathorops spixii and Genidens genidens specimens. The difference in 
the THg accumulation associated to the maturity of the catfish reflects a differential metabolism regarding THg bioaccumula-
tion in adults (males and females) and juveniles. These observations reinforce the importance of considering the maturity of 
the individual in order to understand the bioaccumulation and metabolism of fish under different environmental stress and 
conditions. Furthermore, abiotic conditions such as salinity should be evaluated in association with metabolic/biological 
conditions of the fish’s bioindicators, especially in environments with large natural or anthropogenic transition gradients.
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In the bioaccumulation process, the chemical compounds are 
retained in different organs/tissues depending on their chem-
ical form and biochemistry interactions. Therefore, bioac-
cumulation of metals such as mercury (Hg) can cause meta-
bolic disruptions and acute and/or chronic consequences. Hg 
can occur in the environment in both organic and inorganic 
forms, in different proportions and exert potent neurotoxic 
effects on the biota (Heath 1990; Lacerda and Malm 2008). 
Therefore, this element has great capacity for bioaccumula-
tion and biomagnification, to the marine environment (Dias 
et al. 2008).

The somatic indexes, the hepatosomatic index (HSI) 
in particular and condition factors (CF), are important to 
describe additional information concerning damage to the 

liver, hepatic atrophy and the degree of well-being (Adams 
and McLean 1985; Gomiero and Braga 2003). Besides 
evaluating biological changes, such as reproduction (Vaz-
zoler 1996), it is possible to evaluate the impact of abiotic 
conditions of the aquatic systems in fish species since they 
are poikilothermic organisms.

To evaluate the bioavailability of metals in biota, it is 
important to use bioindicators that are relevant for ecologi-
cal, environmental, and biodiversity importance. Sea cat-
fish (Siluriformes, Ariidae) were suggested as a bioindicator 
species for metal contamination (Azevedo et al. 2012a) and 
is a regionally relevant representative of an ecological and 
environmental bioindicator.

The Cananéia-Iguape estuarine-lagoon complex (CIELC) 
is an aquatic ecosystem subject to minimal anthropogenic 
influence, considered a Biosphere Reserve (UNESCO). 
Recently, it was included on the Ramsar list of wetlands of 
international importance (https​://rsis.ramsa​r.org/ris/2310). 
Thus, the monitoring of Hg and its effect on the metabo-
lism of bioindicator species is recommended in this area 
mainly because other studies have indicated the presence 
of Hg in sediments of the northern region of this system 
(Amorim et al. 2008). This area receives Ribeira de Iguape 
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River inflow via Valo Grande (artificial channel) with mate-
rials from continental and anthropogenic origins. The south-
ern region is more preserved than the northern area of the 
CIELC, since it receives major influence from the ocean, 
therefore presenting more estuarine features naturally attrib-
uted to the tides and the sea hydrodynamic (Fig. 1). Azevedo 
et al. (2012b) recommended the evaluation of biological 
variables such as the length, weight, and liver weight of the 
fish, enabling the calculation of the somatic indices; CF and 
HSI, in order to understand the total mercury (THg) bioac-
cumulation in fish subjected to anthropogenic and natural 
environmental conditions. This study aimed to improve the 
knowledge of the bioaccumulation process of THg in the 
muscles, gills, gonads and kidneys of the Ariidae catfish 
Cathorops spixii and Genidens genidens, observing HSI 
and CF indices with consideration towards a sexual pattern 
and the maturity phase, e.g. adults (male and female) and 
juvenile.

Materials and Methods

The bottom water samples were obtained in the same sites of 
the catfish collection, but before the Ariidae catch. For the 
water sampling a van Dorn bottle was used. The salinity of 
the bottom water was determined by inductive method, using 
Beckman® salinometer, model RS-10, with an accuracy 
of ± 0.001. The equipment was calibrated using ampoules 
of standard seawater.

A total of 65 fish were collected during the winter of 2014 
(August 26) in the northern (coordinates: 24°54′S, 47°48′W) 
(n = 32) and southern (coordinates: 25°02′S, 47°54′W) 
(n = 33) regions of CIELC (SP, Brazil) (Fig. 1). The fish 

were caught using an “Otter Trawl” bottom trawls at a mean 
depth of 6 m for 10 min at 3 mph. Immediately, the catfish 
were separated and the species identified according to Figue-
iredo and Menezes (1978). The fish were transported to the 
laboratory in an icebox and the biometric data, such as total 
length (TL), total weight (TW), body weight (BW), and liver 
weight (LW) were obtained in accordance with Vazzoler 
(1996), with posterior dissection of each individual organ-
ism for extraction of muscle, gill, gonad and kidney. The 
obtained tissues were identified, packed in zippered bags and 
stored at − 4°C until the time of THg analysis.

TW, TL, BW and LW were used to calculate somatic indi-
ces: Fulton CF as BW/TL3 and HSI as LW/BW × 100.

Muscle, gill, gonad and kidney samples were stored 
at − 20°C until THg analysis. Each sample was weighed 
according to the type of tissue, for instance: gill: 0.1–0.2 g, 
gonads: 0.01–0.1 g, muscle: 0.8–1.0 g, and kidney: 0.1–0.2 g 
and placed in a nickel sample. The THg determination was 
made by solid thermal decomposition using a Direct Mer-
cury elementary analyzer (DMA-80 Milestone). The ana-
lytical control was made by the simultaneous analysis of 
the certified material DORM-4 (National Research Council 
Canada – NRC). The obtained detection and quantification 
limits were 0.408 ng g−1 and 3.619 ng g−1, respectively, with 
circa 90% recovery compared with DORM-4, showing high 
precision and accuracy of the THg determination. Results 
of THg were expressed in wet weight.

Initially, species (C. spixii and G. genidens) were evalu-
ated concerning differences in THg concentrations and 
somatic indices. However, as no statistically significant dif-
ferences were obtained, species were then grouped in order 
to increase the sample number. No females were collected 
in the northern region. Differences in the somatic indices 

Fig. 1   Sampling sites show-
ing the southern and northern 
regions in the CIELC, São 
Paulo State, Brazil
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(HSI and CF) were tested by ANCOVA and TL were used 
as co-variable to CF. Differences in THg concentration in the 
catfish tissues were tested by the non-parametric median test 
using a Kruskal–Wallis test with Dunn’s multiple compari-
sons test using all groups available (males/females/juvenile, 
and Northern/Southern areas). Regarding the THg levels, 
principal components analysis (PCA) was used in order to 
verify the dependence of the each variable in each sampling 
site and the hierarchical clustering analysis was also used 
in order to classify THg in the tissues in accordance with 
the abiotic differences, by the salinity values, in the areas. 
All tests were evaluated for significance at α = 0.05 and the 
statistical calculations were executed by using GraphPad 
Prism and Past 3.0.

Results and Discussion

The northern region showed lower values of salinity, as a 
consequence of the freshwater inflow due to the proximity 
to the Ribeira de Iguape River input by Valo Grande chan-
nel. Meanwhile, the southern area showed a more hydrody-
namic profile, with higher salinity due to the influence of the 
marine water and tidal cycle (Table 1). The biological data 
and THg contents in different tissues are shown in Table 1. 
HSI showed no significant differences between the sexes 
in the two areas (northern and southern) of the CIELC. CF 
values did not show significant sex differences, however, 
there were higher THg values in fish from the northern area. 
The lowest HSI values were observed in male Ariidae catfish 
from the northern regions of the CIELC compared to the 
southern region, likely. In general, results of the somatic 
indices suggest absence of hepatic stress in catfish from both 
areas, but a better health condition for catfish from the south-
ern area than catfish from the northern region of the CIELC.

Independent of catfish sex, a decreasing pattern of accu-
mulation was observed in this order: kidney > gonad > mus-
cle > gill (Fig. 1). Taking into account the data from this 
study along with the results of THg contents in C. spixii 

collected in the southern area of the CIELC in 2009 
(Azevedo et al. 2012b), it was possible observe a decrease 
in the THg contents in all tissues of catfish sampled in 
2014. However, individual catfish collected in 2014 were 
substantially smaller than specimens collected in 2009 and 
thus differences may be attributed to length and age dif-
ferences. Concerning the THg concentrations by sex of 
the catfish, absence of sexual differences were observed in 
catfish sampled in 2009 (Azevedo et al. 2012b) and in the 
present work (male and female from the southern region of 
the CIELC). However, differences were observed regard-
ing adults male catfish and juvenile catfish from the north-
ern region of the CIELC (Fig. 2). Comparing the areas, in 
general, the median THg levels in the tissues of the catfish 
showed higher concentrations in fish from the southern area, 
where they are metabolically more active with more energy 
expenditure and greater detoxification capacity, thus with 
a higher level of metal in detoxification structures such as 
liver and kidney; due to the hydrodynamic conditions and 
not specifically due to the greater anthropogenic impact 
(northern). There was sexual variation between male and 
females and higher accumulation in the gonad of males than 
females (Fig. 2). Juvenile/immature catfish showed a similar 
profile of detoxification with the males since the THg levels 
in kidneys were similar. Absence of immature catfish in the 
southern region is a weak aspect that should be inspected in 
the future. The highest THg concentrations were found in the 
kidneys with a decrease toward: gonad, muscle and gill; and 
is corroborated by previous studies with other fish species 
(Kojadinovic et al. 2007; Kasper et al. 2009). However, it is 
a relatively recent approach with respect to estuarine fish on 
the Brazilian coast. The difference in the Hg accumulation 
associated to the maturity of the fish reflects a differential 
metabolism regarding THg bioaccumulation with respect to 
males, females and juveniles.

Figure 3a shows the PCA for THg levels in gills, muscles, 
kidneys and gonads of adult male and female and juveniles 
catfis from the northern and southern regions of the CIELC. 
PC1 explained 84% of the variance and 13% was explained 

Table 1   Catfish biological data 
as sex, mean TL (cm), TW (g), 
HSI and CF (mean ± standard 
deviations) and salinity of the 
bottom water in the northern 
and southern regions in 
Cananeia estuary (CIELC)

n = number of samples. To the same variable, different letters indicate statistical differences ANCOVA test 
at p < 0.05

Sex n TL TW HSI CF Salinity

Southern 30.59
Total 33 18.42 ± 3.43 63.86 ± 47.87 1.94 ± 0.45b 0.80 ± 0.06a

Female 20 18.63 ± 3.48 66.00 ± 48.40 1.96 ± 0.54b 0.80 ± 0.05a

Male 13 18.23 ± 3.55 62.47 ± 50.30 1.92 ± 0.29b 0.79 ± 0.07a

Northern 11.67
Total 32 15.51 ± 2.97 30.67 ± 16.22 1.84 ± 0.43b 0.71 ± 0.06a

Male 10 18.11 ± 1.87 44.51 ± 13.45 1.76 ± 0.48b 0.71 ± 0.03a

Juvenile 22 14.60 ± 2.75 25.60 ± 14.40 1.87 ± 0.41b 0.71 ± 0.07a
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by PC2. Two groups were clearly separated in PC2, repre-
senting the Southern (THg in kidneys of adults male and 
female) and Northern area (THg in kidneys of juveniles) 
in the CIELC without direct dependence of the abiotic 
parameter as salinity. In order to observe the relationship 
between the salinity and the THg contents in different tis-
sues of adults (male and female) and juvenile catfish, cluster 
analysis was applied (Fig. 3b). The salinity had associated 
only the THg contents in the gills of adults and juvenile 

catfish. The gills, feeding, water uptake and the epithelial 
tissue are the most common input route of the xenobiotic in 
the fish (Heath 1990), where the gills represent the specific 
target of adsorption and absorption of metals (Kalbassi et al. 
2011). Fluctuations in salinity represent variations in the salt 
balance which can change the pH and consequently the solu-
bility of elements like trace metals in the water and in the 
medium as a whole (Kennish 1991). This changes the pat-
tern of bioaccumulation and biodistribution of metals such 

Fig. 2   Box and whiskers plot of concentrations of THg in different 
tissues from female, male and juvenile specimens of catfishes cap-
tured in the southern and northern regions of the CIELC. Box plots 
(Bars = 10 and 90 percentiles; boxes = 25 and 75 percentile; vertical 

line = median). Outliers are indicated as * above the boxplots. Dif-
ferent letters indicate statistical differences Kruskal–Wallis test at 
p < 0.05

Fig. 3   Multivariate approach by a PCA of THg levels in different tis-
sues such as the gill, kidney, muscle and gonad from adult (female 
– F and male – M) and juvenile (Juv) catfish captured in the south-
ern and northern regions of the CIELC and; b dendogram illustrating 

similarity (Euclidean distance) as assessed by UPGMA among the 
THg concentrations in the gill, kidney, gonad and muscle of adults 
(male and female) and juvenile catfish from the Southern and North-
ern regions of the CIELC
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as THg in the fish. Therefore, the grouping observed among 
THg levels in gills of catfish and the salinity of the water is 
representative and abiotic conditions should be evaluated in 
association with metabolic/biological conditions, especially 
in environments with large natural or anthropogenic transi-
tion gradients.

These observations reinforce the importance of consid-
ering the stage of maturity of individual fish in order to 
understand the bioaccumulation and metabolism of fish 
under different environmental stress and conditions. THg 
concentrations in the catfish gonads may reflect a direct 
effect on reproduction but the integrated observation of the 
THg levels with the gonad integrity by microscopy analysis 
is interesting.

Although the THg concentrations are below the limit 
established for human consumption of 1.0 µg g−1 (ANVISA 
2013; USEPA 1997), the observed variations among the tis-
sues reflect a differential bioaccumulation process, as well 
as the possibility of anthropogenic input in the northern 
area close to the Ribeira de Iguape River. It can be trans-
ported in association with the organic matter of the water 
and deposited towards the southern area of the CELCI. In 
fact, even at low concentrations, THg levels in this region 
deserve attention, since parts of the CELCI are considered 
a biosphere reserve (UNESCO) and therefore, over time, 
chronic effects and damages may be observed in the local 
biota, with a future ecosystem imbalance.
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