Biota Neotropica 18(3): €20180527, 2018

www.scielo.br/bn

ISSN 1676-0611 (online edition)

Isotopic niche of the catfishes Bagre bagre and Genidens barbus in a coastal area of
south-eastern Brazil

Ana Paula Madeira Di Beneditto'* , Maria Thereza Manhdes Tavares' & Leandro Rabello Monteiro’

!Universidade Estadual do Norte Fluminense, CBB, Laboratdrio de Ciéncias Ambientais, Av. Alberto Lamego,
2000, CEP 28013-602, Campos dos Goytacazes, RJ, Brasil
*Corresponding author: Ana Paula Madeira Di Beneditto, e-mail: anapaula@uenf.br

DI BENEDITTO, A. P. M., TAVARES, M. T. M., MONTEIRO, L. R. Isotopic niche of the catfishes Bagre
bagre and Genidens barbus in a coastal area of south-eastern Brazil. Biota Neotropica. 18(3): €20180527.
http://dx.doi.org/10.1590/1676-0611-BN-2018-0527

Abstract: The isotopic niche of Bagre bagre and Genidens barbus target of commercial fisheries in a marine
coastal area from northern Rio de Janeiro State (~21°S), south-eastern Brazil was compared to evaluate the feeding
assimilation and the trophic relationship. The mean isotopic values of the catfishes and their food items in the
813C-8N space were coherent with their respective trophic positions. The relative contributions of the food items
highlighted the shrimp Xiphopenaeus kroyeri as the most assimilated item in the diet of B. bagre, while for G. barbus
the model highlighted the fish Porichthys porosissimus. The absence of niche overlap together with the trophic
evenness point to a reduced feeding overlap between B. bagre and G. barbus in northern Rio de Janeiro State.
Keywords: Ariidae, feeding assimilation, stable isotopes, trophic niche, tropical area.

Nicho isotopico dos bagres Bagre bagre e Genidens barbus em area costeira do
sudeste do Brasil

Resumo: O nicho isotdpico de Bagre bagre e Genidens barbus alvos de pescarias comerciais em uma area
costeira marinha do norte do estado do Rio de Janeiro (~21°S), sudeste do Brasil, foi comparado para avaliar a
assimilagdo alimentar e a relagéo trofica. Os valores isotopicos médios dos bagres e de seus itens alimentares em
8'3C-8'°N foram coerentes com suas respectivas posic¢des troficas. As contribuigdes relativas dos itens alimentares
destacaram o camardo Xiphopenaeus kroyeri como o item mais assimilado na dieta de B. bagre, enquanto para
G. barbus o modelo destacou o peixe Porichthys porosissimus. A auséncia de sobreposi¢éo de nicho juntamente
com a uniformidade tréfica aponta para uma sobreposicao alimentar reduzida entre B. bagre e G. barbus no norte
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do estado do Rio de Janeiro.

Palavras-chave: darea tropical, Ariidae, assimila¢do alimentar, isotopos estaveis, nicho trofico.

Introduction

The catfishes are Siluriformes that show a wide and complex
geographic distribution throughout tropical, subtropical and temperate
waters, in lagoons, rivers, estuaries and marine environment (Diogo,
2004), being an important fish group in commercial fisheries worldwide
(Marceniuk 2005, Froese & Pauly 2018). Among this primarily
freshwater fish group, the family Ariidae is marine, generally more
abundant in shallow coastal waters, in muddy or sandy bottoms
(Marceniuk 2005, Silva et al. 2016). In general, the marine catfishes
seek out river mouths and coastal lagoons during the spawning period,
and they show reproductive adaptations as mouthbrooding (Chaves &
Vendel 1996, Ferraris Jr. 2007).

The marine catfishes are generalistic benthophagous feeders,
consuming fishes, crustaceans, molluscs and polychaetes (Mishima &
Tanji 1982, Aratjo 1984, Marceniuk et al. 2015). Tavares & Di Beneditto
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(2017) investigated the feeding habits of adult specimens of Bagre bagre
(Linnaeus 1766) and Genidens barbus (Lacépede 1803) in northern Rio
de Janeiro State, south-eastern Brazil. Both consumers are carnivorous
with differences in feeding preference: the fish Trichiurus lepturus
(Linnaeus 1758) and the shrimp Xiphopenaeus kroyeri (Heller 1862)
were the most frequent prey species in the stomach contents of B. bagre
and G. barbus, respectively. Both catfish species occur in Southwest
Atlantic, being sympatric from northern to southern Brazil, where they
support important resources to artisanal coastal fisheries (Froese &
Pauly 2018). The conservation status of G. barbus deserves concern
along Brazilian waters, since it is considered an “endangered” species
of economic interest (Portaria MMA n° 445 de 17/12/2014, available
at http://www.icmbio.gov.br/portal/images/stories/biodiversidade/
fauna-brasileira/avaliacao-do-risco/PORTARIA_N%C2%BA_445_
DE 17 DE DEZEMBRO_DE 2014.pdf).
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Stable isotopes of nitrogen (6'°N) and carbon (8"°C) provide data on
marine vertebrates feeding ecology, understanding feeding preferences
and food assimilation, and integrating diet over time (e.g. Cherel et al.
2005, Capelli et al. 2008, Di Beneditto et al. 2017, Navarro et al. 2017).
The isotope values gradually increase with the trophic level, but the
enrichment for 8""N is more evident than for §'*C (Hobson & Welch
1992, Fry 2008). The 8"3C values, in turn, are useful to indicate the
carbon sources to the diet, as aquatic vs. terrestrial, pelagic vs. benthic
and inshore vs. offshore (Peterson & Fry 1987). Isotopic models are
particularly powerful when results of previous dietary studies are
combined, reducing bias in data interpretation (Phillips et al. 2014). In
tropical coastal areas where the availability of feeding resources is high,
previous information on feeding preferences helps isotopic modelling
(Di Beneditto et al. 2011).

The aim of this study is to compared the isotopic niche of adult
specimens of B. bagre and G. barbus that are sympatric and target of
commercial fisheries in a marine coastal area from northern Rio de
Janeiro State, south-eastern Brazil, evaluating the feeding assimilation
and the trophic relationship. We raised two assumptions: i) the main
prey species recovered in the stomach contents are probably the most
assimilated species by the consumers and ii) the isotopic niche of the
consumers reflects their feeding preferences and assimilation.

Materials and Methods

1. Sampling

The sampling site is a marine coastal area from northern Rio
de Janeiro State, southeastern Brazil (~21°S; 41°W) (Figure 1). The
catfishes B. bagre and G. barbus are targets of commercial gillnet
fisheries practised between 21°35°S and 22°00°S, from less than one to
10 nautical miles from shore, in depths varying from 10 to 30 m. The
specimens captured in these fisheries are classified as adults according
to its total length: the asymptotic or maximum length recorded for B.
bagre is 55.0 cm (Marceniuk et al. 2015), while for G. barbus it is 120
cm, with the first maturity reached around 40.0 cm (Velasco et al. 2007,
Froese & Pauly 2018).

In January 2016, 28 specimens of B. bagre (50.1 =4.2 cm of mean
total length; 1,017.9 + 248.0 g of mean total weight) and 16 of G. barbus
(50.4 + 4.4 cm of mean total length; 1,281.3 + 263.9 g of mean total
weight) were obtained from commerecial fisheries. The back dorsolateral
muscle samples (5 g) were collected for isotopic analysis.

Previous investigation about the local feeding habits of these
catfishes done by Tavares & Di Beneditto (2017) guided the prey species
selection for the present study. The prey species identified in the stomach
contents of B. bagre were the fish T. lepturus (most frequent prey),
Gymnothorax ocellatus (Agassiz 1831), Paralonchurus brasiliensis
(Steindachner 1875) and the shrimp X. kroyeri. For G. barbus, the prey
species recorded in the stomachs were the fish Porichthys porosissimus
(Cuvier 1829) and Conodon nobilis (Linnaeus 1758) and the shrimps
X. kroyeri (most frequent prey) and Farfantepenaeus sp. Besides the
prey species identified in the stomach contents (excepting G. ocellatus,
C. nobilis and Farfantepenaeus sp., whose sampling was not possible),
bottom-associated fish species that are common along the sampling
site (Di Beneditto et al. 2001, Gomes et al. 2003) were included in
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the isotopic analysis as potential prey to both catfishes: Isopisthus
parvipinnis (Cuvier 1830), Steliffer brasiliensis (Schultz 1945) and
Symphurus plagusia (Linnaeus 1766).

The prey species (or potential prey species) were collected by
local fishermen through gillnet and bottom trawl net fisheries along the
sampling site (Figure 1). A sample from the back dorsolateral muscle of
fish (5 g) and abdomen muscle of shrimp (3 g) was removed from each
prey (4-6 specimens) for isotopic analysis. All samples (consumers and
prey species) were kept frozen (-20°C) in acid washed vials, freeze-
dried and grounded into a fine, homogeneous powder using mortar and
pestle for isotope analyses.

2. Isotopic analysis

Stable isotope measurements were determined on fine powdered
freeze-dried samples (1 mg) using a Delta V Advantage isotope ratio
mass spectrometer (Thermo Scientific) interfaced with Conflo IV and
linked to Elemental Analyzer Flash 2000 (Thermo Scientific) from the
Laboratdrio de Ciéncias Ambientais - UENF. Stable isotope ratios were
expressed in & notation as parts per thousand (%o) deviations from the
international calibration standards. Pee Dee belemnite carbonate and
atmospheric nitrogen were standard values for carbon and nitrogen
analyses, respectively.

Quality control for muscle tissue was performed through the
reference standard Elemental Microanalysis Protein Standard OAS
of certified isotopic composition §"*C= -26.98%o and 6'"N= 5.94%o.
Reproducibility was tested with triplicate analyses at each five samples
(£ 0.3 %o for "N and + 0.2 %o for 8"*C). Lipid content was not
extracted from muscle samples prior to the analyses; however, the '3C
interpretation was not compromised because C:N ratios were lower than
3.5 (low lipid levels) (Post et al. 2007).

A Bayesian approach with stable isotope mixing models in the
SIAR (Stable Isotope Analysis in R) package (R Development Core
Team 2016, Parnell & Jackson 2013) estimated the relative contribution
of each food item to the diet of the catfishes. This package provides
the probability density distributions, mean proportion and credibility
intervals for each food item, incorporating uncertainty linked to
elemental concentrations, isotopic signatures and discrimination factors
(Parnell et al. 2010). Isotopic mixing models can have caveats when
food items with similar isotopic values are included; however, Phillips
et al. (2014) argued that when results of previous dietary studies are
combined with isotopic approach the models are more powerful and
the bias in data interpretation is reduced. Here, the previous description
about the local feeding habits of B. bagre and G. barbus guided the
isotope mixing models (Tavares & Di Beneditto 2017). Once the food
items have been identified, stable isotope mixing models are consistent
approaches to quantify the food assimilation (Phillips et al. 2014).

The Trophic Enrichment Factors (TEFs), or discrimination factors,
are key parameters in isotopic mixing models, representing the
isotopic differences between consumers’ tissue and their food sources
after they reached equilibrium (Parnell et al. 2010). In the absence of
species-specific TEFs values from controlled diet experiments, these
values can be obtained in meta-analyses for species phylogenetically
related, considering the same tissue (Newsome et al. 2007). In this
sense, we calculated TEF'*N and TEF'*C based on equations from a
meta-analysis of isotopic studies that considered muscle of fish species
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Figure 1. Map of Brazil, indicating the Rio de Janeiro State and its northern coast, where the sampling site of Bagre bagre, Genidens barbus and their prey

species is located (grey ellipse).

(Caut et al. 2009) (AN =—-0.2813"N + 5.879 and A"*C = -0.2485"*C
— 3.4770). The calculated values for our data were +2.1 + 0.2%o for
TEF"N and +0.7 & 0.1%o for TEF3C.

3. Niche width analysis

The isotopic niche width of B. bagre and G. barbus was estimated by
the quantitative metrics based on the position of individuals in the niche
space (8°C x 6"N) (Layman et al. 2007, Jackson et al. 2011). These
metrics were calculated by the functions for Stable Isotope Bayesian
Ellipses in R (SIBER - Jackson et al., 2011). The Bayesian assessment
for the comparison of isotopic niche metrics proposed by Jackson et
al. (2011) is appropriate for small sample sizes (at least 10 samples),
as in the present study (n= 28 for B. bagre and n= 16 for G. barbus).

Five quantitative metrics derived from stable isotope data compared
the trophic structure of the catfishes populations in the study area: a)
8N range (NR) that is the distance between the two individuals with
the highest and lowest 8'°N value within a population, providing an
indication of the total nitrogen range exploited by a population (a large
NR might suggest omnivory); b) 3"*C range (CR) that is the distance
between the two individuals with the highest and lowest 6'*C value
within a population, providing an indication of the total carbon range
exploited by a population and representing the variability of food sources
consumed (a large CR implies difference in basal resources within food
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webs); c) Standard ellipse area (SEA) or trophic niche width, where
the standard ellipse is centred on the group centroid and scaled to
encompass a 40% chance (P = 0.40) of including a subsequently sampled
datum; d) Mean distance to centroid (CD) that is the average Euclidean
distance of each individual of a population to the §'*'N-3"*C centroid
for that population, used as a measure of population trophic diversity
and e) Standard deviation of nearest neighbour distance (SDNND) that
is the standard deviation of Euclidean distances of each individual to
its nearest neighbor in the §'*C-3"°N scatterplot space, used to infer
population trophic evenness (a low SDNND indicates a more even
distribution of individuals in the trophic niche space).

The differences between the catfishes regarding mean 8N and
&3C values were assessed via t-tests. The SEAs of the catfishes were
compared probabilistically with the posterior Bayesian distributions,
calculating the proportion of ellipses for group 1 that was larger than
ellipses for group 2 in the simulated draws (Jackson et al. 2011). The
percent of overlapping SEA between the catfishes was the measure
of isotopic niche overlap. Mean differences between species in CD
were assessed by t-tests. The statistic SDNND, a standard deviation,
was compared between groups by an F-ratio test. Here, the P values
were interpreted as strengths of evidence toward null hypotheses,
rather than on the dichotomic scale of significance testing (Hurlbert
& Lombardi 2009).
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Results

Considering B. bagre and G. barbus, the mean values for '°N and
813C were +13.6 + 0.4%o and +12.7 £ 0.4%o, and -16.8 + 0.2%o and -16.9
+ 0.2%o, respectively (Figure 2). The comparison between the mean
values indicated that differences between 6'°N (P= 6.03¢%) were more
significant than §"°C (P= 0.07). The mean values for 6'°N in the prey
species identified from the stomach contents of B. bagre (T. lepturus,
P. brasiliensis, X. kroyeri) were lower than those found in consumer,
and the same pattern was noted for the prey species of G. barbus (P.
porosissimus, X. kroyeri) (Figure 2).

Figure 2. Relationship between 8"°C and 8'°N of the catfishes Bagre bagre and
Genidens barbus and their prey species. Error bars are standard deviations.
Bb: Bagre bagre, Gb: Genidens barbus, Tl: Trichiurus lepturus, 1p: Isopisthus
parvipinnis, Pb: Paralonchurus brasiliensis, Sb: Stellifer brasiliensis, Sp:
Symphurus plagusia, Pp: Porichthys porosissimus, Xk: Xiphopenaeus kroyeri.

The Bayesian mixing model incorporated isotopic signatures of
consumers and prey species, and elemental concentrations and TEFs
values of prey species in the feeding assimilation analysis. The relative
contributions of the prey species highlighted X. kroyeri as the most
assimilated item in the diet of B. bagre, while for G. barbus the model
highlighted P. porosissimus (Figure 3).

The SEAs of the catfishes were rather similar in position in the
8BC axis, but differences were noted in the 8"°N axis (Figure 4). A
probabilistic comparison between the ellipse areas based on the posterior
distribution of simulated ellipses indicated that 93% of the SEAs of
G. barbus are larger than B. bagre. Moreover, no SEAs overlap was
detected between the catfishes (Figure 4).

The quantitative metrics to estimate the isotopic niche width of
the catfishes are presented in Table 1. Trophic preference measure
(8"N range) indicated that B. bagre and G. barbus are comparable as
consumers. The species are also comparable about variability of food
sources (8'°C range). The metric CD did not present a clear difference
between the catfishes (CD t= 0.91, df= 33.06, P= 0.37), indicating
similarities in the trophic diversity. Meanwhile, the SDNND value of
G. barbus was 3.5 times lower than the estimate for B. bagre (F=3.65,
df1= 27, df2= 15, P= 0.01), showing a more even distribution of G.
barbus in the trophic niche space.
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Discussion

The most frequent prey species in the stomach contents of B. bagre
and G. barbus were not the most assimilated species by the consumers,
contradicting the first assumption of this study. Differences between
ingestion and digestibility level (and assimilation) are not uncommon
and can vary among different food items and consumers (Degani &
Revach 1991, Fry 2008, Pereira et al. 2012), as within individuals of
the same species (Di Beneditto et al. 2017). Considering fish species,
for instance, the rainbow trout Oncorhynchus mukiss (Walbaum 1792)
seems to digest better red algae, whereas the Nile tilapia Oreochromis
niloticus (Linnaeus 1758) does better with green and brown algae
(Pereira et al. 2012). Moreover, there are bias in traditional dietary
studies performed only by stomach content analysis, such as sub-
or superestimation of prey contribution to consumer’s diet, due to
differences in their digestion rates (Pierce & Boyle 1991). Regardless
the relevance of these traditional studies that allow the identification
of the taxonomic level of prey species (e.g., Santos et al. 2002; Di
Beneditto & Siciliano 2007; Krishnan et al. 2008), the evaluation of
food items importance in the consumer’s diet should take in account
ingestion, digestion and assimilation rates.

The main assimilated prey by B. bagre (X. kroyeri) is the most
capture species by local shrimp fisheries (Fernandes et al. 2011, 2014),
while P. porossissimus, the main assimilated prey by G. barbus, is by-
catch in these fisheries and it is also an important prey for a coastal
dolphin that inhabits the study area (Di Beneditto & Lima 2003, Di
Beneditto & Ramos 2004). All prey species recorded in the stomach
contents of these catfishes are bottom-associated resources and common
year-round along the coast of northern Rio de Janeiro State (Gomes et
al. 2003, Fernandes et al. 2011, Tavares & Di Beneditto 2017). Thus,
the local availability of these prey to the consumers is high.

The mean isotopic values of the catfishes and their prey species
in the 8'3C-3'"N space were coherent with their respective trophic
positions; however, it might expect similar §'N values between
the catfishes, instead of higher values for B. bagre. The 6N value
has been widely considered a tool in establishing trophic levels and
feeding interactions among species. Meanwhile, its efficiency as
trophic marker is sensitive to consumers body size, nutritional status
and excretion metabolism (Hobson et al. 1996, Jennings et al. 2002),
as well as quantitative and qualitative differences in food ingestion and
assimilation (Kurle & Worthy 2001, Das et al. 2003).

All catfish specimens analysed in the present study are comparable
about size and nutritional status, measured as total body length and
weight, respectively. The species B. bagre and G. barbus are probably
similar regarding excretion metabolism because of physiological
similarities since both belong to the Ariidae fish family. The biomass
ingested of each prey species was not estimated to compare possible
quantitative differences between the consumers (Tavares & Di Beneditto
2017), but differences in feeding assimilation were recorded in the
present study (X. kroyeri was the most important to B. bagre, while
P. porosissimus to G. barbus). The mean "N value of X. kroyeri is
higher than P, porosissimus, as showed in Figure 2, and it is reflecting
in the nitrogen isotope value of the consumers. It is worth to say that
the catfishes’ 8"°N values did not represent differences in their trophic
positions, but differences in their prey isotopic values. The interpretation
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Figure 3. Results of SIAR (Stable Isotope Analysis in R) showing 95, 75 and 25% credibility intervals of prey species contributions to the diet of the catfishes
Bagre bagre and Genidens barbus in northern Rio de Janeiro State, south-eastern Brazil. The mean contribution values (%) for each prey species are showed

above the credibility intervals.

Table 1. Quantitative niche metrics of the catfishes Bagre bagre and Genidens barbus in northern Rio de Janeiro State, south-eastern Brazil. NR= §"°N range, CR=
813C, CD=distance to centroid, SDNND= standard deviation of nearest neighbour distances, SEA= standard ellipse area, LQ = lower quartile and UQ = upper quartile.

SEA (%0%)
NR CR CD SDNND
LQ Median uQ
Bagre bagre 1.3 0.6 0.36 0.07 0.15 0.17 0.19
Genidens barbus 1.1 0.7 0.42 0.02 0.22 0.26 0.31

Figure 4. Stable isotope values of the catfishes Bagre bagre and Genidens barbus
in northern Rio de Janeiro State, south-eastern Brazil. Lines depict the standard
ellipse (the 40% confidence interval) for the isotopic niches.
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of consumers’ isotopic values without taking into account other food
chain or web components can lead to misunderstandings about the
species trophic role and/or their relationships in an ecosystem.

The second assumption that the isotopic niche of the consumers
reflects their feeding preferences and assimilation was partially
confirmed. The quantitative niche metrics indicated that specific
differences are negligible regarding NR, CR and CD; however, SDNND
and SEA were different between the species. The NR (8"°N range)
pointed to comparable carnivore levels between the two species and the
CR (8"C range) indicated no difference in basal resources, with food
web maintained mainly by bottom-associated resources. The metric
CD (trophic diversity) revealed that these species are similar in terms
of trophic function in the ecosystem (Layman et al. 2007). Although
the SDNND values were low for B. bagre and G. barbus, indicating
population trophic evenness for both species, the comparison showed
a more even distribution of G. barbus in the trophic niche space.
The trophic evenness reveals a more homogeneous feeding strategy
among individuals from a population, which might minimise the
interspecific competition. In turn, the possible increase of intraspecific
competition in a homogeneous feeding strategy is compensated by
ontogenetic differences in the diet, as widely reported in the literature
for marine catfishes (e.g., Yanez-Arancibia & Lara-Dominguez 1988,
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Mendonza-Carranza 2003, Mendonza-Carranza & Vieira 2009, Denadai
et al. 2012). The larger SEA for G. barbus indicates a greater niche
width in comparison with B. bagre, probably reflecting a greater use
of the available food resources.

The comparison between the isotopic niche width of the adult
specimens of B. bagre and G. barbus showed to what extent they are
sharing or segregating feeding resources in a marine coastal area. The
sampling included only adult specimens captured by coastal fisheries
practised in the same space-time period, revealing fish specimens in
the same ontogenetic phase sharing the habitat locally. The absence of
niche overlaps together with the populations trophic evenness point to a
reduced feeding overlap between these catfish species. Further analysis
that include spatial, seasonal and ontogenetic differences regarding the
feeding habits of B. bagre and G. barbus should be done for a more
comprehensive understanding about their trophic relationships in
northern Rio de Janeiro State, south-eastern Brazil.
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