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ABSTRACT. Lontra longicaudis Olfers, 1818 is a semi-aquatic carnivore widely distributed in the Neotropical 
region. Understanding their diet contributes to an indirect understanding of their ecology and the composition 
of the local fauna. To this end, we analyzed 109 fecal samples and identified 238 morphological structures; these 
samples were collected between May 2006 and September 2007 from the Santa Lúcia Biological Station (SLBS) 
in southeastern Brazil. The area is intersected by the Timbuí River, which arrives at the site after crossing the 
urban perimeter of the city of Santa Teresa in the state of Espírito Santo. We found a predominance of fish in 
the otters’ diets (82%), mainly cichlids (50%), which are fish with sedentary habits and low mobility levels. The 
crustacean Trichodactylus fluviatilis Latreille, 1828 was the third most consumed taxon; this occurred mainly 
during the rainy season, corresponding to the crustacean’s reproductive period, when it is more vulnerable to 
predation. Otters exhibited a seasonal variation in their prey selectivity. Furthermore, they displayed oppor-
tunistic foraging behavior, as the most preyed fish were those with both low mobility and a high frequency 
in the environment, followed by fish with high mobility and high frequency, and then those with low mobility 
and low frequency. We concluded that the feeding habits of the otters in the SLBS are in line with the optimal 
foraging theory since prey selection was optimized through the balance between net energy gained and the 
energy costs of foraging.
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INTRODUCTION

Lontra longicaudis Olfers, 1818, known as the 
Neotropi cal otter, is a medium-sized, semiaquatic mammal, 
usually found along the edges of lakes, rivers, and streams 
and occasionally in estuaries and mangroves of the Neo-
tropical region (Pardini and Trajano 1999, Uchoa et al. 2004, 
Rheingantz and Trinca 2015). The species is also present 
in human constructions like wharves and concrete slabs 
(Louzada-Silva et al. 2003). Lontra longicaudis is currently 
categorized as ‘vulnerable’ in the most recent List of Threa-

tened Species for the state of Espírito Santo, Brazil (Costa 
et al. 2019). The main threats faced by the Neotropical otter 
are associated with direct and indirect anthropogenic pres-
sure, for instance, hunting and roadkill, and degradation 
of water bodies and riparian areas, mainly since 2012 due 
to changes in the Brazilian Forest Code (Rodrigues et al. 
2013, Brasil 2010).

Studies on the ecological aspects of Neotropical otters 
are usually conducted indirectly, through the analysis of 
the distribution and composition of their feces; these are 
collected in prominent places in the environments they 
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inhabit, such as on rocks and aquatic vegetation (Uchoa et 
al. 2004, Rheingantz et al. 2012). These studies have shown 
that the otters feed preferentially on fish and crustaceans 
and occasionally on mollusks, mammals, birds, and reptiles 
(Pardini 1998, Quadros and Monteiro-Filho 2001, Kasper 
et al. 2008, Carvalho-Junior et al. 2010a, 2010b, Rheingantz 
et al. 2011). Although the otters’ diet is widely studied and 
known, food composition differs between areas according 
to the variety and prey abundance. Therefore, understand-
ing the composition of their diet is an indirect approach to 
unraveling the local ichthyofaunal diversity. Environments 
under anthropogenic interference are home to fish species 
with high levels of environmental tolerance (Casatti et al. 
2009), which may indirectly indicate an anthropogenic im-
pact on the local biodiversity and indirectly on the otters’ 
habits (Rodrigues et al. 2013).

In this context, the present study aimed to understand 
the trophic relationship of the otters along a section of the 
Timbuí River, based on the ecological characteristics of the 
prey species that are consumed by these animals in the Santa 
Lúcia Biological Station (SLBS). For this purpose, we used 
an indirect method to analyze the otters’ diet composition.

MATERIAL AND METHODS

Study area

The present study was performed along the river 
banks of the Timbuí, which crosses the SLBS (Fig. 1); the 
station is a protected natural area of 440 ha located in the 
municipality of Santa Teresa, in the mountainous region of 
Espírito Santo, Brazil. The Timbuí River crosses the entire 
urban perimeter, covering about 8 km until reaching the 
SLBS, from the northwest to the southeast, in a deep valley, 
with alternating sections of low inclination and others with 
rapids or waterfalls (Mendes and Padovan 2000).

The presence of otters in Santa Teresa was detected 
through direct observations in the field, specimens depos-
ited in collections, and fecal samples, mainly in and from 
the SLBS, a forest remnant intersected by the Timbuí River. 
The river crosses the municipal seat before reaching the 
SLBS, where it receives urban effluents, agricultural waste, 
and garbage (Mendes and Padovan 2000, Sarmento-Soares 
and Martins-Pinheiro 2010). A survey conducted between 
1997 and 1998 in the SLBS recorded 13 species in the area, 
in addition to the exotic Coptodon rendalli (Boulenger, 1897) 
(tilapia), Cyprinus carpio Linnaeus, 1758 (carp), and Clarias 
sp. (African catfish) (Bernabé 2003), suggesting a low level 
of local diversity. Although this may be regarded as an 

early study, given the lack of published information on the 
ichthyofauna of the Timbuí River, this information is valid 
if employed with caution.

Sampling

A total of 109 fecal samples were collected during the 
17 visits carried out monthly between May 2006 and Septem-
ber 2007. Sampling was performed along an 860-meter-long 
stretch of the Timbuí’s right riverbank in the direction of the 
river’s current, as this is the most accessible stretch. Odorifer-
ous marks and fecal samples of L. longicaudis were found in 
accessible locations of the habitat, such as exposed rocks on 
the banks and in the riverbed (Fig. 2). Most of the assessed 
river bank was characterized by a rocky environment with 
currents and bordered by rocks and arboreal vegetation 
(Fig. 2A), in addition to sandbanks covered by vegetation in 
some parts (Fig. 2B).

The collected samples were stored in plastic bags, 
which were labeled with information regarding the collec-
tion date and location. The samples were placed on fine-
mesh sieves in the laboratory and washed in running water. 
They were dried in the open air and in a kiln. The resulting 
material from the dry samples (fish scales, arthropod exoske-

Figure 1. Santa Lúcia Biological Station (SLBS) in the green 
area. The highlight (blue line) represents the Timbuí river 
which crosses the municipal seat of Santa Teresa, Espírito 
Santo, Brazil.
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letons, teeth, bristles, nails, bones, and other non-digestible 
parts) was then sorted. For the comparative analysis of the 
structures found in otter feces, fish from the zoological col-
lection of the National Institute of the Atlantic Forest from 
the Timbuí River were dissected to determine the species 
observed in the feces and to compare them with those re-
corded in Bernabé (2003). Bones, scales, teeth, otoliths, and 
other structures were extracted from these specimens; in 
doing so, we sought to create a reference collection to be 
used in comparisons with the items found in the feces. Fecal 
matter and the reference material were compared using a 
binocular stereoscopic microscope with LED lighting and a 
magnification of 20 to 40 times.

Data on local rainfall during the collection period 
(2006 and 2007) were retrieved from the National Institute 
of Meteorology (InMet 2022) to assess the influence of 
seasonality on sampling since many rocks covered by rising 
river levels and feces were washed away by rain during the 
rainy season. Monthly rainfall averages were compared for 
dry (February to August) and rainy (September to January) 
seasons using the Mann-Whitney U test with α = 5% to deter-
mine the seasonality period during sampling. The samples 
of Bernarde (2003) were on a monthly basis; therefore, our 
results were adjusted to the same seasons utilized here so 
that results between that study and ours could be compared.

Data analysis

The Coleman rarefaction curve (Colwell 2013) was 
obtained using EstimateS9 to certify that the number of 
samples collected in the study was sufficient to represent 

the richness of species potentially constituting the otters’ 
diet. The frequency of food items consumed by otters, ex-
pressed as a percentage value (%), was calculated by absolute 
frequency (AF = number of occurrences of each item in the 
samples x 100/total number of samples) and the relative 
frequency (RF = number of occurrence of each item x 100/
total number of occurrences).

The trend of seasonal variation in the consumption 
of some diet components was assessed for 17 months; such 
variation was classified under two categories (wet and dry 
seasons) based on the analysis of the significant differences 
in the mean rainfall estimated by the Mann-Whitney U test.

The differences between the AF of each prey throughout 
the seasons were analyzed using the Mann-Whitney U test 
for pairwise comparison of samples (Snedecor and Cochran 
1980). Our results on the fish consumption of the Neotropical 
otters, confirmed after the dissections as described above, 
were compared with the inventory of local ichthyofauna 
performed by Bernabé (2003). It is important to highlight that 
Bernabé (2003)’s study was carried out approximately eight 
years before the sampling of feces took place in the SLBS. 
Therefore, comparisons must be considered with reservation, 
as the biota may have been altered during this period.

We tested the null hypothesis of food selectivity (≈ 
“preference”) for fish species using the Ivlev’s selectivity 
index (Wootton 1998), based on a study on the ecology of 
local fish carried out between 1997 and 1998 by Bernabé 
(2003): E = (ri – Pi) / (ri + Pi), where: E = selectivity index; ri 
= percentage of each item in the stomach contents; Pi = per-
centage of each item in the environment (see Bernabé 2003).

Figure 2. Stretches of the Timbuí River in the Santa Lúcia Biological Station (SLBS) with environments conducive to the 
presence of otters: (A) rocky environments; (B) sandbanks covered by vegetation. Images captured on May 27, 2007.
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The index values range from -1 to +1; values equal to 
zero indicate null selectivity, results that are <0 indicate an 
item’s low selection, and >0 stand for a positive selection 
(Zavala-Camin 1996). Calculations of ri and pi were per-
formed using the frequency of points (FO) method, obtained 
through the quotient between the number of times a certain 
item was found in each sample and the total number of items 
collected (Hynes 1950).

Furthermore, we evaluated the ecological features of 
the species consumed by the otters in the SLBS in relation 
to their ease of capture. For this, we considered prey mo-
bility and place of occurrence within the aquatic substrate 
(Rheingantz et al. 2012).

RESULTS

Otters’ diet in SLBS

Of the 109 fecal samples analyzed, 80 were collected 
during the dry season and 29 during the rainy season. The 
Coleman rarefaction curve demonstrated a tendency toward 
stability after approximately 70 samples were analyzed (Fig. 
3), which means that the number of samples analyzed was 
sufficient to establish the richness of the species present in 
the otters’ diet at SLBS. We recorded 238 identifiable mor-
phological structures in the fecal samples collected; these 

structures belonged to 13 taxa, including fish, amphibians, 
reptiles, birds, and arthropods.

Fish were the main components in the diet of Neo-
tropical otters at SLBS and were present in about 82% of 
the samples (Table 1). Of the most consumed fish, Cichlidae 
represented about 50% RF (Table 1), with the pearl cichlid 
Geophagus brasiliensis (Quoy & Gaimard, 1824) as the most 
consumed fish species (AF=74%; RF=34.03%).

Other fish consumed in frequency order were the ex-
otic species tilapia Coptodon rendalli (AF=32%; RF=14.71%), 
mandi (PTBR) Pimelodella spp. (AF=23.85%; RF=10.92%), 
lambari (PTBR) Astyanax sp. (AF=22.01%, RF=10.08%), and 
wolf fish Hoplias malabaricus (Bloch, 1794) (AF=14.67%, 
RF=6.72%).

The other fish had a low frequency of consumption; 
these included Rhamdia quelen (Quoy & Gaimard, 1824) 
(jundiá [PTBR], AF=3.66%, RF=1.68%), Clarias gariepinus 
(Burchell, 1822) (African catfish, AF=1.83%, RF=0.84%), 
Hypostomus affinis (Steindachner, 1877) (cascudo [PTBR] 
AF=0.91%, RF=0.42%), and Hypomasticus copelandii (Stein-
dachner, 1875) (piau [PTBR], AF=0.91%, RF=0.42%).

The third most widely consumed component by otters 
in the SLBS was the freshwater crab Trichodactylus fluviatilis 
Latreille, 1828 (AF=27.52%, RF=12.61%).

Prey selectivity and seasonality

Rainfall data suggest the occurrence of two seasons 
between 2006 and 2007: a dry season with an average rain-
fall of 82.4 mm (±33.96) between February and August and 
a wet season with an average rainfall of 167.2 mm (±83.34) 
between September and January; the seasons were sig-
nificantly different according to the Mann-Whitney U test 
(U = 3; p = 0.018).

Figure 4 depict the results concerning food selectivity. 
Corresponding to the results of the Ivlev’s selectivity index 
for the dataset resulting from all of the studied months and, 
the wet and dry periods.

DISCUSSION

Prey characteristics, food selectivity, and seasonality

Fish accounted for more than 80% of the diet compo-
sition of otters in the Timbuí River of SLBS. These findings 
are in line with most studies on the feeding ecology of otters, 
which also recorded fish as the most consumed taxa, as is 
the case in the Reserva Biológica Duas Bocas in Cariacica, 
Espírito Santo (Andrade and Helder-José 1997); Betari River 
in the upper portion of Ribeira do Iguape, state of São Pau-

Figure 3. Randomized species accumulation curve (Cole-
man) for fecal samples of Lontra longicaudis collected during 
the wet and dry seasons in the Santa Lúcia Biological Station 
(SLBS) between May 2006 and September 2007.
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lo (Pardini 1998); Saí-Mirim River in Itapoá, state of Santa 
Catarina (Quadros and Monteiro-Filho 2001); Mambucada 
River in Angra dos Reis, state of Rio de Janeiro (Rheingantz 
et al. 2011); Arroio Grande River in the municipalities of 
Piratini, São Gonçalo, and Mangueira, state of Rio Grande 
do Sul (Souza et al. 2013), among others.

Fish of the family Cichlidae, which accounted for about 
50% of the otters’ diet in the SLBS, have sedentary habits 
and a limited mobility capacity. They are often restricted to 
lake shores, near rocks, and aquatic macrophytes (Carval-
ho-Junior et al. 2010b, Rheingantz et al. 2012), sites that are 
frequently foraged by these mammals. In the Ribeirão das 
Lajes reservoir, Gomes et al. (2008) observed the prevalence 
of otters consuming Cichlidae species, particularly C. rendalli, 
Cichla ocellaris Bloch & Schneider, 1801, and G. brasiliensis, 
with relative abundance levels of 50, 18, and 17%, respec-
tively (Agostinho et al. 2007). Prey behavior seems to influ-
ence its consumption, with low-mobility fish species more 

frequent in the otters’ diet (Passamani and Camargo 1995, 
Rheingantz et al. 2012). In addition, these fish can be found in 
groups in the environment (Andrade and Helder-José 1997), 
which would ultimately facilitate their capture. Species of 
Geophagus, which was the most consumed fish by otters in 
the SLBS, are categorized as sedentary (Carvalho-Junior et 
al. 2010b, Rheingantz et al. 2012). Because it is a low-mobility 
species (Kullander 2003, Mendes et al. 2021), the significant 
presence of G. brasiliensis in the otters’ diet may be attributed 
to the low energetic cost with which this fish can be captured.

Coptodon rendalli, the second most consumed species 
by otters in the present study, is very tolerant to wide envi-
ronmental variations (Avella et al. 1993), has high fecundity 
and reproductive success (Duponchelle et al. 1998), rapid 
growth rates (Liti et al. 2005), and an omnivorous habit (El-
Sayed 1999). These characteristics contribute to its success in 
degraded environments and/or as an invasive alien species, 
generally dominant where it is introduced.

Table 1. Absolute frequency (AF) and relative frequency (RF) percentages of the 238 morphological structures consumed 
by Neotropical otters in the SLBS and present in 109 fecal samples in the municipality of Santa Teresa, Espírito Santo, 
southeastern Brazil, sampled between May 2006 and September 2007. The updated database of Fricke et al. (2022) was 
used to name the species. Ecological characteristics of fish families were obtained from Rheingantz et al. (2012), except for 
Erythrinidae (Oyakawa et al. 2003), Clariidae (Mili and Teixeira 2006), and Anostomidae (Balassa et al. 2004).

Taxon Popular name Ecological features Abundance in the Timbuí River* N AF (%) RF (%)

Ostariophysi

Cichlidae

Geophagus brasiliensis pearl cichlid Low mobility, pelagic occurrence in aquatic macrophytes Biomass (1st) Abundance (2nd) 81 74.31 34.03

Coptodon rendalli (exotic) Tilapia Low mobility, pelagic in the water column Visualized but not captured 35 32.11 14.71

Characidae

Astyanax sp. Piaba, lambari (PTBR**) High mobility, pelagic in the water column Biomass (3rd) Abundance (1st) 24 22.01 10.08

Oligosarcus acutirostris Piaba-cachorro (PTBR**) High mobility, pelagic in the water column Biomass (11th) Abundance (10th) 2 1.83 0.84

Heptapteridae

Pimelodella sp. Mandi-chorão (PTBR**) Low mobility, benthic Biomass (4th) Abundance (3rd) 26 23.85 10.92

Rhamdia quelen Jundia (PTBR**) Low mobility, benthic Biomass (5th) Abundance (4th) 4 3.66 1.68

Erythrinidae

Hoplias malabaricus wolf fish Low mobility, benthic Biomass (2nd) Abundance (8th) 16 14.67 6.72

Clariidae

Clarias gariepinus (exotic) African-catfish Low mobility, lentic environment, benthic Visualized but not captured 2 1.83 0.84

Loricariidae

Hypostomus affinis Cascudo (PTBR**) Low mobility, benthic Biomass (8th) Abundance (7th) 1 0.91 0.42

Anostomidae

Leporinus copelandii Piau (PTBR**) High mobility, lotic environment, benthopelagic, rheophilic Not captured 1 0.91 0.42

Amphibians Frog, toad – – 3 2.75 1.26

Reptiles (Ophidia) Snake – – 2 1.83 0,84

Birds – – 5 4.58 2.11

Crustacea (Trichodactylidae)

Trichodactylus fluviatilis Crab Low mobility in the rainy season (reproductive) No information 30 27.52 12.61

Unidentified Insecta 6 5.5 2.52

* According to Bernabe (2003). **PTBR: Brazilian Portuguese (language).
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Figure 4. Results of the Ivlev’s selectivity index for the dataset from: (A) May 2006 to September 2007; (B) September 2006 
to January 2007 (wet season); (C) February to August 2007 (dry season).
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We also found two species of Heptapteridae in the 
otters’ diet, although with different frequencies. Pimelodella 
spp. (mandi) was the third most consumed fish species, while 
R. quelen was not very significant in the diet (AF = 3.66%; RF 
= 1.68%; Table 1). Despite belonging to the same family, these 
fish have different sizes and behaviors. Whereas Pimelodella 
sp. is smaller, slower, usually occurs in groups, and prefers 
specific locations and slower waters (Bockmann and Guaz-
zelli 2003, Rheingantz et al. 2012), R. quelen is larger, more 
agile, solitary, and is widespread throughout the aquatic 
environment (Schulz and Leuchtenberger 2006).

Astyanax sp. (lambari [PTBR]; AF = 22.01%, RF = 
10.08%) was the fourth fish and fifth most consumed item 
by otters in the SLBS. This species is a highly agile characid 
in the water column (Mili and Teixeira 2006, Rheingantz et 
al. 2012), and, therefore, its significant consumption cannot 
be explained by a behavior that could facilitate its capture. 
Astyanax spp., like many Ostariophysi species, have alarm 
reaction behavior, thus hampering their capture (Pfeiffer 
1977, Duboc 2007). One plausible explanation for this find-
ing is that lambaris tend to be very common and abundant 
in Neotropical rivers (Lima et al. 2003, Pasa et al. 2019), 
besides having the habit of forming shoals; therefore, their 
high consumption by the otters could be attributed to their 
abundance in the area. However, Rheingantz et al. (2012) 
found that species of Characidae, including those that were 
abundant but highly agile, were rarely consumed by otters 
in Angra dos Reis, Rio de Janeiro.

Hoplias malabaricus (wolf fish) was the fifth most 
consumed fish and the sixth most consumed item in the 
otters’ diet in the SLBS. Species of the Erythrinidae are 
slow and sedentary (Rheingantz et al. 2012), and wolf fish 
are considered top predators, ambushing and capturing 
their prey during the day and at night (Shibatta et al. 2002). 
Hoplias malabaricus is the only erythrinid widely distributed 
and relatively common in rivers throughout the Neotropics 
(Oyakawa 2003). The species’ behavior and its recurrent 
presence in freshwater may explain its consumption by 
otters in the SLBS.

Considering the five fish taxa most consumed by the 
otters during our sampling in relation to the findings of 
Bernabé (2003) on fish diversity, abundance, and biomass 
in the SLBS, we observed that: I) Geophagus brasiliensis had 
the highest biomass and was the second most abundant 
item in the area between 1997 and 1998; it was also the 
most consumed item by otters in the diet analysis between 
2006 and 2007; II) Pimelodella sp. was the species with the 
fourth-highest biomass and the third most abundant in the 

river; it was the third most frequent fish in the otters’ diet; 
III) Astyanax sp., the species with the third-largest biomass 
and the greatest abundance, was the fourth most consumed 
species; IV) Hoplias malabaricus placed second among the 
species with the highest biomass, and it was the eighth-most 
abundant species and the fifth-most consumed item by the 
otters; V) Coptodon rendalli, the second most consumed spe-
cies by otters, was not captured by Bernabé (2003). However, 
the study by Bernabé (2003) was carried out between 1997 
and 1998, approximately eight years before our sampling; 
thus, this level of extrapolation should be carefully evaluated, 
including the possible fact that its introduction was started 
only after this period.

Rheingantz et al. (2012) found that very fast fish, even 
those that are highly abundant in the environment, were 
seldom consumed by the otters, while sedentary and slow 
fish, including those less common in the environment, were 
highly preferred. Therefore, according to the authors, fish 
abundant along the river stretch, like characids, were the 
most avoided due to their high velocity. This could explain 
the low consumption of Oligosarcus acutirostris Menezes, 
1987 (piaba-cachorro [PTBR]), which is a characid present 
in the water column and was a rare item in the otters’ diet 
in our study.

Despite being slow and having sedentary habits 
(Rheingantz et al. 2012), the loricariid H. affinis is a benthic 
animal, occurring predominantly in the lower portion of the 
river stratum, which may have hindered the otters’ access to 
it. However, Rheingantz et al. (2012) detected longitudinal 
differences in prey abundance: they recorded the same prey 
species avoided in one stretch and then preferred in another, 
possibly due to their relative mobility according to the local 
waterway characteristics.

Regarding the consumption of species that lack agility, 
such as the tilapia C. rendalli (second most consumed fish), 
its representativeness in the otters’ diet may result from 
their hunting strategy, which seeks to balance the benefit of 
capturing the prey with the energetic cost of the endeavor 
(Pianka 2011, Carvalho-Junior 2007), thus making its forag-
ing more efficient.

The lvlev’s selectivity index data showed that otters 
display a clear preference for five fish species among the 12 
analyzed and that the remaining seven were avoided. How-
ever, the selectivity varied between the wet and dry seasons: 
O. acutirostris was consumed only during the wet season, 
while the consumption of Pimelodella sp. was much higher 
during the dry season, and that of G. brasiliensis was slightly 
higher during the dry season. In any case, consumption of 

Optimal foraging of Neotropical otters

ZOOLOGIA 40: e22033 | https://doi.org/10.1590/S1984-4689.v40.e22033 | August 4, 2023 7 / 13



H. malabaricus and the exotic C. rendalli was frequent and 
abundant throughout the year, demonstrating a marked 
preference for these two species.

We observed that the otters in the SLBS showed a 
feeding preference for low-mobility, sedentary, and abundant 
fish with higher biomass. Regarding behavior, we can list 
the following in order of importance: low mobility and high 
frequency/abundance, high mobility and high frequency, low 
mobility and low frequency.

We also found that biomass has a preponderance on 
prey selection over abundance. Therefore, more nutritious 
and abundant prey that require less energy expenditure to 
be captured will be consumed. This is because the cost-effec-
tiveness of foraging and ease of capture are important factors 
for improving predator survival (Pianka 2011). Thus, otters 
tend to forage optimally, seeking to minimize energy expen-
diture while capturing their prey (Rheingantz et al. 2012).

This food preference can be explained through the 
optimal foraging theory (OFT), an evolutionary trait that 
correlates the success of survival and reproduction of a 
species to the optimal use of resources available, like food. 
In this case, the nutritional characteristics of the prey, 
including biomass and caloric input, as well as ethological 
characteristics, such as the ability to escape, are considered 
when analyzing whether the predator has optimized forag-
ing (Thompson and Stelle 2014). In this sense, otters can be 
considered efficient foragers according to the OFT criteria.

Thompson and Stelle (2014) tested the OFT in captive 
animals in their study with Lontra canadensis (Schreber, 
1777) from the Seneca Park Zoo, Rochester, USA. The authors 
found that otters exhibited a preference for the consuming 
species that provided significantly more calories per unit of 
time. Therefore, these animals preferred large prey, even if 
the energy cost for their capture was higher, which Thomp-
son and Stelle (2014) attributed to the gain of greater caloric 
intake per unit of prey. Another advantage would be ther-
moregulation, given the energy savings the animal would 
retain when staying out of the water for longer periods while 
consuming their prey. These same authors found that fish 
that were more difficult to capture but easier to handle and 
consume were preferred over species of similar size that were 
easier to capture but had a body circumference and spines 
on the fins that would make handling and consumption 
difficult. With this, Thompson and Stelle (2014) concluded 
that North American river otters preferred species with 
specific morphology, even of equal size, to other species 
that are easier to capture but more difficult to handle, which 
corresponds to the OFT predictions since prey selection 

maximized the net energy obtained after accounting for 
the metabolic costs of foraging.

Crustaceans are widely reported in the literature as a 
representative food item in the diet of many populations 
of otters (Pardini 1998, Quadros and Monteiro-Filho 2001, 
Quintela et al. 2008, Carvalho et al. 2010b, Rheingantz et al. 
2012). The high consumption of T. fluviatilis may be related to 
its abundance and relatively low capacity for escape (Pardini 
1998), especially during its reproductive cycle, which occurs 
at the beginning of the rainy season (Costa-Neto 2007). 
During this period, T. fluviatilis may be more vulnerable, 
thereby facilitating its capture by otters. This corroborates 
our data since crustaceans were mainly found in fecal sam-
ples collected during the rainy season.

We observed that amphibians, reptiles (ophidians), 
and birds were seldom consumed by otters, which is in ac-
cordance with previous studies on their diet (Andrade and 
Helder-José 1997, Pardini 1998, Quadros and Monteiro-Filho 
2001, Kasper et al. 2004). Although uncommon and not re-
corded in the present study, mammal parts have also been 
found in otter fecal samples. Quintela et al. (2008) recorded 
the presence of the capybara Hydrochoerus hydrochaeris (Lin-
naeus, 1766), and Quintela and Gatti (2009) the presence of 
armadillo (Cingulata: Dasypodidae) in otter feces, therefore 
demonstrating the occasional consumption of other taxa.

The sampling area in SLBS was limited due to access 
to samples; therefore, we may have sampled a small number 
of individuals, considering the linear density of the species 
of approximately one individual per kilometer (Trinca et al. 
2013). This limitation may bias the extrapolation of eating 
habits to the entire SLBS population, as the occurrence of 
high intraspecific food specialization of otters in the same 
population must be considered, with food variation asso-
ciated with temporal, spatial variables, and individual diet 
specializations (Carrasco et al. 2020).

Environment quality and otter diet

The degradation of aquatic habitats is one of the conse-
quences of anthropogenic modification of the environment 
(Reis 2013). In addition to the pollution and unhealthy 
conditions of the water in the Timbuí River, part of the 
garbage from the urban area is retained by the vegetation on 
the riverbanks along the entirety of the SLBS (Mendes and 
Padovan 2000, Louzada and Fonseca 2002, Bernabé (2003) 
and our field observations). Sarmento-Soares and Martins-
Pinhei ro (2010) reported the persistence of the anthropogen-
ic influence in the Timbuí River even after implementation 
of the sewage treatment plant; as a matter of fact, finding 
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garbage and oil stains in the river is still commonplace. 
Sarmento-Soares and Martins-Pinheiro (2010) suggest that 
the persistent pollution along the Timbuí River may have 
compromised the integrity of its ichthyofauna. Official data 
from the Companhia Espírito Santense de Saneamento 
(Sewage Company of the Espírito Santo; CESAN) suggest a 
low level of adherence of many of the residents to the sew-
erage system in Santa Teresa; as a result, urban effluents are 
still being released into the Timbuí River, a situation that is 
aggravated during the dry season (CESAN 2017).

Habitat destruction and species introduction are 
among the main threats to vertebrate extinction, where 
specialists or poorly tolerant species are the most vulnera-
ble to environmental adversities (Diamond 1984, Marshall 
1988). Even if ecosystem services are maintained, biodiversity 
reduction can threaten the maintenance of viable popula-
tions of many different species since low genetic diversity 
represents a major limitation for them to respond to various 
threats and changes in the environment (Naeem et al. 2012). 
Consequently, there may be a decline in the functioning 
ecosystems and their stability (Naeem et al. 2009, Isbell 2010).

The reduction in the volume of prey and/or water 
pollution can interfere with otter distribution, even if the 
level of disturbance the species tolerates is difficult to assess 
(Quadros 2009). Neotropical otters might have a certain 
tolerance to anthropogenic environments since they can 
be found in degraded environments (Rheingantz et al. 2011, 
Rodrigues et al. 2013), provided sufficient resources are 
available to support its populations (Carvalho-Junior 2007). 
However, Rheingantz et al. (2014) found that protected ar-
eas are more suitable places for the long-term population 
viability of otters, especially in large areas where human 
disturbances are minimized.

Regarding the diversity of the ichthyofauna in the 
SLBS, Bernabé (2003) found that the indices of diversity and 
species richness were relatively low throughout the year in 
the area, suggesting that the ichthyofauna of the Timbuí 
River may be constituted by only a few species practically 
all months. Therefore, the low diversity of fish in the com-
position of otters’ diet in the SLBS, with a predominance of 
generalist species and with high environmental plasticity, 
may indicate the influence of water quality on local ichthy-
ofaunal diversity.

Although the SLBS provides sufficient subsidies for the 
presence and maintenance of otter populations, this is only 
because the area still offers shelter, low human disturbance, 
and areas suitable for refuge and reproduction, in addition 
to sufficient food stocks necessary for their survival, even 

though such stock comprises generalist species that are 
tolerant to environmental changes.

This way, the otters from the SLBS demonstrated a 
preference for slow and sedentary fish. Prey selection con-
sidered the cost-benefit between the energy expenditure 
required to obtain the prey in relation to the energy supply 
provided by it; accordingly, factors of abundance, biomass, 
and prey behavior were counterbalanced. This may explain 
the record of highly agile prey in the otters’ diet, provided 
their high abundance. In order of importance, the most 
preyed fish present: i. low mobility and high abundance in 
the environment; ii. high mobility and high abundance; iii. 
low mobility and low abundance. Such behavior demon-
strates the otters’ high predatory efficiency, optimizing their 
energy expenditure while foraging. This is in line with OFT 
premises, in which prey selection maximizes the net energy 
obtained when counterbalanced with the metabolic costs 
of foraging.

ACKNOWLEDGMENTS

We thank the Conselho Nacional de Desenvolvimento 
Científico e Tecnológico and the Fundação de Amparo à 
Pesquisa do Estado do Espírito Santo for the research schol-
arship and financial support granted to TAV (CNPq/FAPES 
Edictal 11/2019, Process 316204/2020-0, and Term of Grant 
541/2020). Thanks to the Instituto Nacional da Mata Atlân-
tica (Museu de Biologia prof. Mello Leitão, INMA/MBML) 
for authorizing access to the SLBS and its ichthyological 
collection. We are also grateful to Carlos Roberto Nardi da 
Silva, Thiago Miranda Moreira, Molino, and Lourdes for their 
support in the field, in addition to Luisa Sarmento-Soares, 
Mikael Mansur Martinelli, Gladstone Almeida, and João Gas-
parini for the taxonomic review of the fish. We wish to thank 
Arthur Machado for designing the map, Francisco Candido 
Cardoso Barreto for his assistance in the statistical analysis, 
and Eduardo Loyola Muhl for preparing the figures. Finally, 
thanks to Antônio da Silva Ferreira for providing essential 
information regarding the Santa Teresa sewage network. 
The English language of this manuscript was reviewed by 
EscritaLAB (https://sites.google.com/view/escritalab).

LITERATURE CITED

Agostinho AA, Gomes C, Pelicice FM (2007) Introdução de 
espécies. In: Agostinho AA, Gomes C, Pelicice FM (Eds) 
Ecologia e manejo de recursos pesqueiros em reser-
vatórios do Brasil. Eduem, Maringá, 339–372.

Optimal foraging of Neotropical otters

ZOOLOGIA 40: e22033 | https://doi.org/10.1590/S1984-4689.v40.e22033 | August 4, 2023 9 / 13



Andrade HK, Helder-José (1997) Food and feeding habits 
of the neotropical river otter Lontra longicaudis (Carni-
vora, Mustelidae). Mammalia 61(2): 193–203. https://doi.
org/10.1515/mamm.1997.61.2.193

Avella M, Berhault J, Bornancin M (1993) Salinity tole-
rance of two tropical fishes, Oreochromis aureus and O. 
niloticus. I. Biochemical and morphological changes in 
the gill epithelium. Journal of Fish Biology 42: 243–254. 
https://doi.org/10.1111/j.1095-8649.1993.tb00325.x

Balassa GC, Fugi R, Hahn NS, Galina AB (2004) Dieta de 
espécies de Anostomidae (Teleostei, Characiformes) na 
área de influência do reservatório de Manso, Mato Gros-
so, Brasil. Iheringia, Série Zoologia 94(1): 77–82. https://
doi.org/10.1590/S0073-47212004000100014

Bernabé JF (2003) Ictiofauna do Rio Timbuí, Santa Tere-
sa-ES, Sudeste do Brasil. MsC. dissertation, Programa de 
Pós-Graduação em Ciências Biológicas: Biologia Animal, 
Universidade Federal do Espírito Santo, Vitória, 66 pp. 
https://cienciasbiologicas.ufes.br/pt-br/pos-graduacao/
PPGBAN/detalhes-da-tese?id=4821

Bockmann FA, Guazzelli GM (2003) Family Heptapteridae 
(Heptapterids). In: Reis RE, Kullander SO, Ferraris-Jr CJ 
(Eds) Check list of the freshwater fishes of South and 
Central America. EDIPUCRS, Porto Alegre, 406–431.

Brasil (2010) Lei nº 12.305, de 2 de agosto de 2010. Dispõe 
sobre a política nacional de resíduos sólidos. Diário Ofi-
cial da União. 03 ago 2010;147(Seção 1):3. Available on-
line at: http://www.planalto.gov.br/ccivil_03/_ato2007-
2010/2010/lei/l12305.htm [Accessed: 01/02/2023].

Carvalho-Junior O (2007) No rastro da lontra brasileira. 
Editora Bernúncia, Florianópolis, 103 pp.

Carvalho-Junior O, Macedo-Soares LCP, Birolo AB (2010a) 
Annual and interannual food habitats variability of 
a neotropical otter (Lontra longicaudis) population in 
Conceição lagoon, South of Brazil. IUCN Otter Specia-
list Group Bulletin 27(1): 24–32.

Carvalho-Junior O, Macedo-Soares LCP, Birolo AB (2010b) 
Ecological aspects of Neotropical Otter (Lontra longicau-
dis) in Peri Lagoon, South Brazil. IUCN Otter Specialist 
Group Bulletin 27(2): 105–115.

Carrasco TS, Lima RC, Botta S, Machado R, Simões-Lopes PC, 
Ott PH, Secchi ER (2020) Temporal and individual varia-
tion in the diet of the Neotropical otter, Lontra longicau-
dis (Olfers, 1818) (Carnivora, Mustelidae), as revealed by 
stable isotope analysis of vibrissae. Mammalian Biology 
100: 505–520. https://doi.org/10.1007/s42991-020-00060-8

Casatti L, Ferreira CP, Carvalho FR (2009) Grass-dominated 
stream sites exhibit low fish species diversity and domi-

nance by guppies: an assessment of two tropical pasture 
river basins. Hydrobiologia 632: 273–283. https://doi.
org/10.1007/s10750-009-9849-y

CESAN (2017) Tratamento do esgoto ajuda a despoluir 
rios no Espírito Santo. Companhia Espírito Santense 
de Saneamento. Available online at: https://www.cesan.
com.br/noticias/tratamento-do-esgoto-ajuda-a-despo-
luir-rios-no-espirito-santo [Accessed: 25/09/2021]

Colwell RK (2013) EstimateS: Statistical estimation of spe-
cies richness and shared species from samples. Version 
9. 2013. Available online at: https://www.robertkcolwell.
org/pages/estimates [Accessed: 15/11/2022]

Costa-Neto EM (2007) O caranguejo-de-água-doce, Trichodacty-
lus fluviatilis (Latreille, 1828) (Crustacea, Decapoda, Tricho-
dactylidae), na concepção dos moradores do povoado de 
Pedra Branca, Bahia, Brasil. Revista Biotemas 20(1): 59–68.

Costa LP, Bergallo HG, Caldara-Junior V, Evaldt BHC, Fagun-
des V, Geise L, Kierulff MCM, et al. (2019) Mamíferos amea-
çados de extinção no estado do Espírito Santo. In: Fraga 
CN, Formigoni MH, Chaves FG (Orgs) Fauna e Flora amea-
çadas de extinção no estado do Espírito Santo. Instituto 
Nacional da Mata Atlântica, Santa Teresa, 230–255.

Diamond JM (1984) “Normal” extinctions of isolated popu-
lations. In: Nitecki MN (Ed.) Extinctions. University of 
Chicago Press, Chicago, 191–246.

Duboc LF (2007) Análise comparativa e aspectos ecológi-
cos da reação de alarme em duas espécies de Mimago-
niates (Ostariophysi, Characidae, Glandulocaudinae). 
Revista Brasileira de Zoologia 24(4): 1163–1185. https://
doi.org/10.1590/S0101-81752007000400038

Duponchelle F, Pouyaud L, Legendre M (1998) Evidence of en-
vironmental effects on reproductive characteristics of Nile 
tilapia (Oreochromis niloticus) populations from manmade 
lakes of Ivory Coast. Aquatic Living Resources 11: 137–144.

El-Sayed AFM (1999) Alternative dietary protein sources 
for farmed tilapia, Oreochromis spp. Aquaculture 179: 
149–168.

Fricke R, Eschmeyer WN, Van der Laan R (2022) Eschmeyer’s 
Catalog of Fishes: Genera, Species, References. Available 
online: http://researcharchive.calacademy.org/research/
ichthyology/catalog/fishcatmain.asp [Accessed: 10/01/2022]

Gomes JHC, Dias ACIM, Branco CC (2008) Fish assemblage 
composition in three reservoirs in the State of Rio de 
Janeiro. Acta Limnologica Brasiliensia 20(4): 373–380.

Hynes HBN (1950) The Food of Fresh-Water Sticklebacks 
(Gasterosteus aculeatus and Pygosteus pungitius), with a 
Review of Methods Used in Studies of the Food of Fi-
shes. Journal of Animal Ecology 19: 36–58.

T. de A. Volpi et al.

ZOOLOGIA 40: e22033 | https://doi.org/10.1590/S1984-4689.v40.e22033 | August 4, 202310 / 13



InMet (2022) Instituto Nacional de Meteorologia – históri-
cos de dados climáticos anuais [2006-2007]. Available 
online at: https://portal.inmet.gov.br/dadoshistoricos 
[Accessed: 10/02/2022]

Isbell F (2010) Causes and consequences of biodiversity de-
clines. Nature Education Knowledge 3(10): 54.

Kasper CB, Bastazini VAG, Salvi J, Grillo HCZ (2008) Tro-
phic ecology and the use of shelters and latrines by the 
Neotropical Otter (Lontra longicaudis) in the Taquari 
Valley, Southern Brazil. Iheringia 98(4): 469–474. https://
doi.org/10.1590/S0073-47212008000400009

Kasper CB, Salvi J, Grillo HCZ (2004) Estimativa do ta-
manho de duas espécies de ciclídeos (Osteichthyes, 
Perciformes) predados por Lontra longicaudis (Olfers) 
(Carnivora, Mustelidae), através de análise das escamas. 
Revista Brasileira de Zoologia 21(3): 499–503. https://doi.
org/10.1590/S0101-81752004000300012

Kullander SO (2003) Family Cichlidae (Cichlids). In: Reis 
RE, Kullander SO, Ferraris-Jr CJ (Eds) Check list of the 
freshwater fishes of South and Central America. EDIPU-
CRS, Porto Alegre, 605–654.

Lima FCT, Malabarba LR, Buckup PA, Silva JFP, Vari RP, Ha-
rold A, et al. (2003) Genera Incertae Sedis in Characidae. 
In: Reis RE, Kullander SO, Ferraris-Jr CJ (Eds) Check list 
of the freshwater fishes of South and Central America. 
EDIPUCRS, Porto Alegre, 106–169.

Liti D, Cherop L, Munguti J, Chhorn L (2005) Growth 
and economic performance of Nile tilapia (Oreochro-
mis niloticus) fed on two formulated diets and two lo-
cally available feeds in fertilized ponds. Aquaculture 
Research 36:746–752. https://doi.org/10.1111/j.1365-
2109.2005.01265.x

Louzada AG, Fonseca IR (2002) Avaliação da qualidade da 
água do rio Timbuí tendo como referência o grupo de 
coliformes. In: VI Simpósio Ítalo Brasileiro de Engen-
haria Sanitária e Ambiental. SIBESA, Vitória. Available 
online at: https://silo.tips/download/iv-010-avaliaao-da-
qualidade-de-agua-do-rio-timbui-tendo-como-referen-
cia-o-grupo [Accessed: 20/06/2022]

Louzada-Silva D, Vieira TM, Carvalho JP, Hercos AP, Sou-
za BM (2003) Uso de espaço e de alimento por Lontra 
longicaudis no Lago Paranoá, Brasília, DF. Universitas: 
Ciências da Saúde 1: 305–316. https://doi.org/10.5102/
UCS.V1I2.513

Marshall LG (1988) Extinction. In: Meyers AA, PS Giller 
(Eds) Analytical biogeography: an integrated approach 
to the study of animal and plant distribution. Chapman 
and Hall, London, 219–254.

Mendes SL, Padovan MPA (2000) Estação Biológica de San-
ta Lúcia, Santa Teresa, Espírito Santo. Boletim do Museu 
de Biologia Mello Leitão 11/12: 7–34.

Mendes YK, Oliveira RS, Montag LFA, Andrade MC, Giar-
rizzo T, Rocha RM, Ferreira MAP (2021) Sedentary 
fish as indicators of changes in the river flow rate after 
impoundment. Ecology Indicators 125(107466): 1–11. 
https://doi.org/10.1016/j.ecolind.2021.107466

Mili PSM, Teixeira RL (2006) Notas ecológicas do bagre 
africano, Clarias gariepinus (Burchell, 1822) (Teleostei, 
Clariidae) de um córrego do sudeste do Brasil. Boletim 
do Museu de Biologia Mello Leitão 19: 45–51.

Naeem S, Bunker DE, Hector A, Loreau M, Perrings C 
(2009) Biodiversity, ecosystem functioning, and human 
wellbeing: an ecological and economic perspective. 
Oxford University Press, Oxford, 87 pp.

Naeem S, Duffy JE, Zavaleta E (2012) The Functions of Bio-
logical Diversity in an Age of Extinction. Science 336: 
1401–1406. https://doi.org/10.1126/science.1215855

Oyakawa OT (2003) Family Erythrinidae (Trahiras). In: Reis 
RE, Kullander SO, Ferraris-Jr CJ (Eds) Check list of the 
freshwater fishes of South and Central America. EDIPU-
CRS, Porto Alegre, 238–256.

Pardini R (1998) Feeding ecology of the neotropical ri-
ver otter Lontra longicaudis in Atlantic Forest stream, 
south-eastern Brazil. Journal of Zoology 245: 385–391. 
https://doi.org/10.1017/S0952836998008024

Pardini R, Trajano E (1999) Use of shelters by the neotro-
pical river otter (Lontra longicaudis) in an Atlantic Fo-
rest stream, southeastern Brazil. Journal of Mammalogy 
89(2): 600–610. https://doi.org/10.2307/1383304

Pasa R, Fernandes CHM, Rodrigues R, Kavalco KF (2019) 
Distribution and morphological diversity of Astyanax 
rivularis Lütken, 1874 (Teleostei Characiformes) in the 
upper São Francisco River basin, Brazil. Biodiversity 
Journal 10(4): 307–314. https://doi.org/10.31396/Biodiv.
Jour.2019.10.4.307.314

Passamani M, Camargo SL (1995) Diet of the river otter Lu-
tra longicaudis in Furnas Reservoir, south-eastern Brazil. 
IUCN Otter Specialist Group Bulletin 12: 32–34.

Pfeiffer W (1977) The Distribution of fright reaction and 
alarm substance cells in fishes. Copeia 1977(4): 653–665. 
https://www.jstor.org/stable/1443164

Pianka ER (2011) Evolutionary ecology. Addison Wesley 
Longman, San Francisco, 7th ed., 577 pp.

Quadros J (2009) Plano de conservação da lontra neotro-
pical (Lontra longicaudis). In: Instituto Ambiental do 
Paraná (Org.) Planos de conservação para espécies de 

Optimal foraging of Neotropical otters

ZOOLOGIA 40: e22033 | https://doi.org/10.1590/S1984-4689.v40.e22033 | August 4, 2023 11 / 13



mamíferos ameaçados. Instituto Ambiental do Paraná, 
Projeto Paraná Biodiversidade, Curitiba, 137–150.

Quadros J, Monteiro-Filho ELA (2001) Diet of the neotropi-
cal otter, Lontra longicaudis, in an Atlantic Forest Area, 
Santa Catarina State, Southern Brazil. Studies of the 
Neotropical Fauna and Environment 36: 15–21. https://
doi.org/10.1076/snfe.36.1.15.8881

Quintela FM, Gatti A (2009) Armadillo (Cingulata: Dasypo-
didae) in the diet of the neotropical otter Lontra longi-
caudis in Southern Brazil. IUCN Otter Specialist Group 
Bulletin 26(2): 78–81.

Quintela FM, Porciuncula RA, Colares EP (2008) Dieta 
de Lontra longicaudis (Olfers) (Carnivora, Mustelidae) 
em um arroio costeiro da região sul do Estado do Rio 
Grande do Sul, Brasil. Neotropical Biology and Conser-
vation 3: 119–125. https://doi.org/10.4013/nbc.20083.03

Reis R (2013) Conserving the freshwater fishes of South 
America. International Zoo Yearbook 47: 65–70. https://
doi.org/10.1111/izy.12000

Rheingantz ML, Menezes JFS, Thoisy B (2014) Defining 
Neotropical otter Lontra longicaudis distribution, conser-
vation priorities and ecological frontiers. Tropical Conser-
vation Science 7(2): 214–229.

Rheingantz ML, Oliveira-Santos LG, Waldemarin HF, Cara-
maschi EP (2012) Are otters generalists or do they prefer 
larger, slower prey? Feeding flexibility of the neotropical 
otter Lontra longicaudis in the Atlantic Forest. IUCN Ot-
ter Specialist Group Bulletin 29(2): 80–94.

Rheingantz ML, Trinca CS (2015) Lontra longicaudis. The IUCN 
Red List of Threatened Species, e.T12304A21937379. https://
doi.org/10.2305/IUCN.UK.2015-2.RLTS.T12304A21937379.
en

Rheingantz ML, Waldemarin HF, Rodrigues L, Moulton TP 
(2011) Seasonal and spatial differences in feeding habits 
of the Neotropical otter Lontra longicaudis (Carnivora: 
Mustelidae) in a coastal catchment of southeastern Bra-
zil. Zoologia 28(1): 37–44. https://doi.org/10.1590/S1984-
46702011000100006

Rodrigues LA, Leuchtenberger C, Kasper CB, Carva lho-
Junior O, Silva VCF (2013) Avaliação do risco de extinção 
da lontra neotropical Lontra longicaudis (Olfers, 1818) 
no Brasil. Biodiversidade Brasileira 3(1): 216–227.

Sarmento-Soares LM, Martins-Pinheiro RF (2010) A fauna 
de peixes da bacia dos Reis Magos e microbacias de Ser-
ra, Espírito Santo, Brasil. Boletim do Museu de Biologia 
Mello Leitão 28: 105–141.

Schulz UH, Leuchtenberger C (2006) Activity patterns of 
South American silver catfish (Rhamdia quelen). Bra-

zilian Journal of Biology 66(2): 565–574. https://doi.
org/10.1590/S1519-69842006000300024

Shibatta OA, Orsi ML, Bennemann ST, Silva-Souza AT (2002) 
Diversidade e distribuição de peixes na bacia do rio Tiba-
gi. In: Medri ME, Bianchini E, Shibatta OA, Pimenta JA 
(Eds) A bacia do rio Tibagi. EDUEL, Londrina, 403–423.

Snedecor GW, Cochran WG (1980) Statistical methods. The 
Iowa State University Press, Ames, 7th ed., 507 pp.

Souza KS, Bastazini VAG, Colares EP (2013) Feeding eco-
logy of the Neotropical otter Lontra longicaudis in the 
Lower Arroio Grande River, southern Brazil. Anais da 
Academia Brasileira de Ciências 85(1): 285–294. https://
doi.org/10.1590/S0001-37652013005000014

Thompson L, Stelle LL (2014) Prey Preference of the Nor-
th American River Otter (Lontra canadensis) evaluated 
based on Optimal Foraging Theory. IUCN Otter Specia-
list Group Bulletin 31(1): 15–29. https://www.iucnosg-
bull.org/Volume31/Vol31_Iss1_Index.html

Trinca CS, Jaeger CF, Eizirik E (2013) Molecular ecology of 
the Neotropical otter (Lontra longicaudis): non-invasive 
sampling yields insights into local population dynamics. 
Biological Journal of the Linnean Society 109: 932–948. 
https://doi.org/10.1111/bij.12077

Uchoa T, Vidolin GP, Fernandes TM, Velastin GO, Mangi-
ni PR (2004) Aspectos ecológicos e sanitários da lontra 
(Lontra longicaudis Olfers, 1818) na Reserva Natural Sal-
to Morato, Guaraqueçaba, Paraná, Brasil. Cadernos da 
Biodiversidade 4: 19–28.

Wootton RJ (1998) Ecology of teleost fishes. Kluwer Acade-
mic Publishers, Dordrecht, 2nd ed., 386 pp.

Zavala-Camin LA (1996) Introdução aos estudos sobre ali-
mentação natural em peixes. EDUEM, Maringá, 129 pp.

Submitted: July 6, 2022 
Accepted: January 28, 2023
Editorial responsibility: Mauricio O. Moura

Author Contributions 
TAV: Conceptualization, Formal Analysis, Resources; Proj-
ect administration, Writing and Conceptualization – origi-
nal draft, Writing – review & editing; Data curation. TFBL: 
Conceptualization, Formal Analysis, Resources; Writing 
and Conceptualization – original draft, Writing – review & 
editing. LFD: Formal Analysis; Conceptualization, Data cu-
ration, Writing – original draft, Writing – review & editing. 
CASN: Formal Analysis; Conceptualization, Data curation, 

T. de A. Volpi et al.

ZOOLOGIA 40: e22033 | https://doi.org/10.1590/S1984-4689.v40.e22033 | August 4, 202312 / 13



Writing – original draft, Writing – review & editing. SFN: 
Conceptualization, Formal Analysis, Resources; Project 
administration, Writing and Conceptualization – original 
draft, Writing – review & editing; Data curation.

Competing Interests
The authors have declared that no competing interests exist.

How to cite this article
Volpi TA, Luz TFB, Duboc LF, Nascimento CAS, Nunes SF 

(2023) Optimal foraging of Neotropical otters (Carnivora: 

Mustelidae) in an urban river and the predominance of 
generalist and sedentary fish in their diet. Zoologia (Cu-
ritiba) 40: e22033. https://doi.org/10.1590/S1984-4689.v40.
e22033

Published by
Sociedade Brasileira de Zoologia at Scientific Electronic 
Library Online (https://www.scielo.br/zool)

Copyright
© 2023 The Authors.

Optimal foraging of Neotropical otters

ZOOLOGIA 40: e22033 | https://doi.org/10.1590/S1984-4689.v40.e22033 | August 4, 2023 13 / 13


