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Food habit studies are useful in determining how species
deal with ecological changes in prey populations and habitat
availability (ANOOP & HUSSAIN 2005). The feeding habits and
availability of prey are essential features of ecological aspects
of mammals and for the understanding of populations and
communities (DEBLASE & MARTIN 1980, GALINDO-LEAL & KREBS

1998), and are one of the most important niche dimensions of
Hutchinson’s theory (HUTCHINSON 1957).

Otters have a very specialized diet when compared with
other carnivores and their diet is one of the aspects of their
ecology that has been most studied, especially as this is a rela-
tively easy topic to study (KRUUK 1995). The use of spraints (feces)
for studying otter diet is the most recommended for such an
objective, because it is difficult to obtain stomach contents from
dead animals or stomach contents from captured animals (WISE

1980, CARSS & PARKINSON 1996). The method is facilitated by the
fact that otters defecate in conspicuous places, making it simple
to collect fecal samples (FONSECA et al. 2008).

The Neotropical otter Lontra longicaudis (Olfers, 1818) has
a wide distribution in Latin America, occurring from Mexico
to the north of Argentina, and it is present throughout Brazil.

The species can be found in almost all freshwater habitats,
marine shores associated with coastal lagoons and habitats as-
sociated with water bodies, such as forests (BLACHER 1987, EMMONS

& FEER 1990, MASON 1990, ROSAS et al. 1991, LARIVIÈRE 1999).
As with other otter species, most studies undertaken with

Neotropical otters have focused on their diets. In general, these
studies have shown that the species feeds mainly on fish, be-
sides other aquatic animals such as crustaceans, mollusks and
insects, plus amphibians, reptiles, birds and small mammals
(JOSÉ & KER DE ANDRADE 1997, PARDINI 1998, COLARES & WALDEMARIN

2000, QUADROS & MONTEIRO-FILHO 2001, GORI et al. 2003, ALARCON

& SIMÕES-LOPES 2004, KASPER et al. 2004, JOSEF et al. 2008, CARVALHO-
JUNIOR et al. 2010). However, only the study by CARVALHO-JUNIOR

et al. (2010), which was carried out in a Lagoon environment,
was done over a long period of time. Other studies were carried
out for short periods of time, which did not permit the evalu-
ation of possible differences in the diet of the species in different
years. Also, most of the studies did not include continuous
collections during the year, and testing for seasonal patterns
in the feeding of the species was not possible.

The present study aimed to identify the diet of the Neo-
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tropical otter in the lower Mambucaba River basin (state of Rio
de Janeiro, Brazil), and includes seasonal and annual differ-
ences of the feeding habits of the species.

MATERIAL AND METHODS

The present study was conducted in the Angra dos Reis
municipality, including the 13 final kilometers of the
Mambucaba River, 1 km of the Perequê River (tributary of the
first river) and 1 km of swamp channels near to the mouth of
the Mambucaba River into Ilha Grande Bay (between
23º01’40.61”S, 44º31’12.02”W and 22º59’16.50”S, 44º32’
33.88”W). The entire study area is a typical Atlantic Forest
coastal environment (Fig. 1).

Mambucaba River begins in the Serra da Bocaina, state
of São Paulo, and flows towards Ilha Grande Bay, state of Rio
de Janeiro, Southeastern Brazil. The lower part of Mambucaba
watershed, which includes the study area, has a slow water flow,
high anthropogenic influence, including a national highway
crossing the river, deforestation of the riparian forests, houses,
sand extraction, and sewage flowing into the river (NATRONTEC

1998).

The stretch of the Perequê River under study has sewage
discharge and no riparian vegetation in its lower part. The
mangrove channels, on the other hand, present a good man-
grove vegetation and no sewage input.

Rainfall is abundant and well distributed through the year
(2240 mm), with a more humid period in the summer (between
October and March; maximum in January of 350 mm) and a
drier period in the winter (between April and September; mini-
mum in July of 75 mm) (Rainfall data from the Meteorology
System of Central Nuclear Almirante Álvaro Alberto – CNAAA).
There is a reduction in precipitation and river flow during the
colder period, as compared to the warmer period (NATRONTEC

1998).
We divided the study area into three stretches (5 km each)

along the river, in a coast-continent direction (Fig. 1): 1) Stretch
I – this diversified stretch includes the lower stretch of the
Mambucaba River (0-3 km from river mouth), of the Perequê
River (1 km), a tributary of Mambucaba River, and the man-
grove channels (1 km). The channels are close to the coast and
have conductivity between 417.2 and 1142 µS/cm, depth be-
tween 1.3 and 2.5 m, transparency around 0.3 m, water flow
between 0.02 and 0.37 km/h and tidal amplitude of 50 to 100 cm;

Figure 1. Location of the 13 kilometer study area along the lower Mambucaba River catchment (including mangrove channels and the
Perequê River), Angra dos Reis municipality, on the southern Rio de Janeiro state coast, Brazil, showing the different stretches surveyed
for Neotropical otter spraints.
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the bottom is composed of mud and sand and the water has the
highest temperatures (21.5-24.1°C). 2) Stretch II (3-8 km from
the river’s mouth) – does not have tidal influence; has a higher
water flow, with values between 0.17 and 1.5 km/h, depth be-
tween 3.2 and 5.5 m, water transparency around 1 m, and a
lower conductivity, between 36.9 and 132 ¼S/cm, and water
temperature between18.5 and 22.1°C. The riverbed is dominated
by sand, with few rocks and some fallen trees. 3) Stretch III –
located in the upper part of the study area (8-13 km from the
river’s mouth), has large rocks and many fallen trees, with a
gravel-sand riverbed. This stretch has the lowest values of water
conductivity, with values between 27.8 and 67.1 ¼S/cm and
water temperature between 17.5 and 21.3°C. It also has the high-
est water flow, between 0.3 and 2.5 km/h, depth, between 3.7
and 6.1 m and transparency around 1.2 m.

A total of 36 field trips to the study area were carried out
monthly from April 2001 to March 2004, but only data from
30 trips were analyzed. During each field trip, the river banks
were checked and all the otter spraints found were collected,
stored in plastic bags and labeled. In the laboratory, the samples
were washed in running water, using a 1 mm mesh sieve, and
dried for 48 hours at 40°C.

After drying, the remaining hard parts (scales, bones, fur
and exoskeletons) were sorted. The fragments were further clas-
sified into the following taxa: insects, crustaceans, amphibians,
reptiles, fish, birds and mammals. The items which could not
be classified, due to intense fragmentation, were classified as
“other”.

The data are presented as Frequency of Occurrence (FO)
which consists of the percentage of samples among the total
number of samples that contained each of the taxa.

We used Monotonic Multi-Dimensional Scaling (MMDS)
ordination to reduce the dimensionality of the prey items found
in each spraint, from a Jaccard similarity matrix. Prey compo-
sition was defined as the presence or absence of each prey
category in each spraint. We checked whether the spraint com-
position (MMDS dimension – dependent variable) varied
depending on the stretch and monthly accumulated rainfall
(factors), using multivariate analysis of variance (MANOVA) (ZAR

1999). For this analysis, we assumed that the prey items found
in otter spraints in a certain stretch represented the diet of the
Neotropical otter in that stretch. Thus, the MMDS standard-
ized dimensions were used as dependent variables in the
MANOVA model.

RESULTS

During the field work, a total of 450 fecal samples were
analyzed. In 2002 we collected and did not analyze spraints of
the months of January, April, July, November, and December,
and in 2003 we did not analyze spraints of January. Of the
total, 182 samples analyzed were collected during the first year
(April 2001 to March 2002), 102 samples in the second year

(April 2002 to March 2003) and 166 in the third year (April
2003 to March 2004).

Considering the total number of the analyzed samples,
fish were present in 86% of the samples, crustaceans 71%, frogs
10%, mammals 3%, birds 0.6%, reptiles 0.2% and 1.5% con-
tained unidentified material. Of the 450 samples, 105 (23.3%)
presented only fish, 47 (10.4%) presented only crustaceans and
two (0.4%) presented only frogs. Among the 450 samples, only
three (0.7%) did not contain fish or crustaceans as preyed taxa.
The monthly frequencies of taxa occurrence are presented in
Table I.

One MMDS dimension recovered 97% of the diet com-
position indicated in the Jaccard Correlation Matrix (stress =
0.10) and two dimensions recovered 99% (stress = 0.05). Al-
though one dimension recovered the majority of the variation,
the two dimensions were used because only one dimension
only cannot explain frog variation (Fig. 2).

The species diet was significantly different according to
the stretch (Pillay-Trace = 1.131, F12, 258 = 13.010, p < 0.001), prob-
ably due to the presence of frogs in the spraints, which occurred
more in the spraints from Stretches II and III (Figs 2-5).

Furthermore, the diet was also influenced by rainfall
(Pillay-Trace = 0.135, F3,84 = 4.380, p = 0.006). The frequency of
occurrence of crustaceans in the otter diet did not vary during
the year, but the frequency of frogs in the diet presented a
strong seasonality and seemed to be inversely related to the
area’s rainfall pattern. Fish and crustaceans were more frequent,
while reptiles and birds were only preyed, during the rainy sea-
son (Figs 2-5).

DISCUSSION

Otters are semi-aquatic carnivores that acquired, through
evolution, several morphological and physiological adaptations
that allowed them to efficiently occupy aquatic environments
(ESTES 1989). In spite of this, otters maintain a strong depen-
dence on the terrestrial environment for some activities such
as reproduction, parental care and resting (CHANIN 1985, ESTES

1989, KRUUK 1995). For these reasons, most otter activities are
carried out in the water and on banks along water bodies. Thus,
it is not surprising that the diet of the otters is composed mainly
of aquatic (fish and crustaceans) or semi-aquatic items (frogs)
(CHANIN 1985, ESTES 1989, KRUUK 1995).

The high frequencies of occurrence of fish (86%) and crus-
taceans (71%) observed in the Neotropical otter spraint samples
analyzed here are similar to what has been previously described
by several authors (OLÍMPIO 1992, JOSÉ & KER DE ANDRADE 1997,
PARDINI 1998, SPINOLA & VAUGHAN 1998, COLARES & WALDEMARIN

2000, QUADROS & MONTEIRO-FILHO 2001, GORI et al. 2003, CARVALHO-
JUNIOR et al. 2010) as well as what was observed in Lutra lutra
(Linnaeus, 1758) (ADRIAN & DELIBES 1987, CLAVERO et al. 2003, 2006)
and in Lontra canadensis (Schreber, 1777) (COTE et al. 2008). Fresh-
water otter diet usually shows seasonal patterns (PARDINI 1998),
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and in our study we observed that frogs occurred more in Neo-
tropical otter spraints collected during the dry periods. Differently
to what was carried out by PARDINI (1998), KRUUK et al. (1988,
1993), COTE et al. (2008), and CARVALHO-JUNIOR et al. (2010), we
compared the rainfall level, and not the whole aggregated sea-
son. By doing this, we could estimate the real influence of rainfall
in the otters’ diet. Excluding fish and crustaceans, the remain-
ing important items of the Neotropical otter diet varied
considerably among different studies. While in some areas in-
vertebrates like insects and mollusks were more important

(PARDINI 1998, UTRERAS et al. 1998, COLARES & WALDEMARIN 2000,
GORI et al. 2003, KASPER et al. 2004), in other studies vertebrates
such as amphibians, reptiles, mammals and birds assumed a
larger importance in the diet of the species (OLIMPIO 1992, JOSÉ &
KER DE ANDRADE 1997, COLARES & WALDEMARIN 2000, QUADROS &
MONTEIRO-FILHO 2001, ALARCON & SIMÕES-LOPES 2004).

Frogs assumed considerable importance in the diet of the
Neotropical otter, occurring in approximately 30% of the
samples collected in July. When compared with other studies,
preying upon frogs by L. longicaudis in this study was higher,
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Figure 2. Neotropical otter, L. longicaudis diet differences in the Mambucaba River catchment in relation to rainfall.
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Figures 3-5. Frequency of Occurrence of fish, crustaceans and frogs in the Neotropical otter spraints collected in different stretches,
including rainfall data for the Mambucaba catchment during the present study. Each letter is related to one stretch, as follows: (3)
Stretch I, (4) Stretch II, and (5) Stretch III. Dashed lines represent the rainfall data per month in the study area during the study period
(rainfall data obtained from the Meteorology System of Centro Nuclear Almirante Álvaro Alberto – CNAAA).
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with frequency of occurrence varying from 0.35% to 4.5%
(OLIMPIO 1992, JOSÉ & KER DE ANDRADE 1997, PARDINI 1998, GORI et
al. 2003, KASPER et al. 2004). Even when considering the fre-
quency of total occurrence of this group in the samples analyzed
in the present study (FO = 9.56%), frogs occurred more than
previously observed for the species. For other otter species, such
as Lutra lutra, frogs occurred in higher frequencies, reaching

40% of the frequency of occurrence in the spraints (JENKINS &
HARPER 1980, LANSZKI & KORMENDI 1996, ROCHE 1998, JEDRZEJEWSKA

et al. 2001).
The seasonality verified in the predation of frogs observed

in the present study has already been documented for other
otter species. The predation on anurans of the genus Bufo has
been documented for Lutra lutra (SLATER 2002). The time of re-

Table I. Summary of Neotropical otter spraint samples collected in Mambucaba River catchment between April 2001 and March 2004.
The results are presented as Frequency of Occurrence and the numbers in parentheses are the number of spraints, for each prey category.

Date
Number of

spraints
collected

Frequency of spraints containing prey in each category

Fish Crustaceans Frogs Reptiles Birds Mammals Other

Apr-01  11 54.55  (6) 100.00 (11) 0.00 0.00 0.00 9.09 (1) 0.00

May-01  16 68.75  (11) 75.00 (12) 6.25 (1) 0.00 6.25 (1) 12.50 (2) 6.25 (1)

Jun-01  10 90.00  (9) 50.00 (5) 50.00 (5) 0.00 0.00 10.00 (1) 10.00 (1)

Jul-01  17 82.35  (14) 76.47 (13) 41.18 (7) 0.00 0.00 0.00 11.76 (2)

Aug-01  36 88.89  (32) 55.56 (20) 19.44 (7) 0.00 0.00 2.78 (1) 2.78 (1)

Sep-01  24 83.33  (20) 66.67 (16) 25.00 (6) 0.00 0.00 4.17 (1) 16.67 (4)

Oct-01  26 84.62  (22) 76.92 (20) 0.00 0.00 0.00 7.69 (2) 0.00

Nov-01  15 80.00  (12) 66.67 (10) 13.33 (2) 0.00 0.00 0.00 6.67 (1)

Dec-01  13 92.31 (12) 92.31 (12) 0.00 0.00 0.00 7.69 (1) 0.00

Feb-02  7 100.00  (7) 85.71 (6) 0.00 0.00 0.00 0.00 0.00

Mar-02  7 42.86  (3) 71.43 (5) 0.00 0.00 0.00 14.29 (1) 0.00

May-02  1 100.00  (1) 0.00 0.00 0.00 0.00 0.00 0.00

Jun-02  19 89.47  (17) 63.16 (12) 5.26 (1) 0.00 0.00 5.26 (1) 0.00

Aug-02  18 100.00  (18) 72.22 (13) 0.00 0.00 0.00 0.00 0.00

Sep-02  13 92.31 (12) 61.54 (8) 7.69 (1) 0.00 0.00 0.00 0.00

Oct-02  14 100.00  (14) 71.43 (10) 7.14 (1) 0.00 0.00 0.00 28.57 (4)

Feb-03  20 80.00  (16) 65.00 (13) 0.00 0.00 0.00 0.00 15.00 (3)

Mar-03  17 52.94  (9) 88.24 (15) 0.00 0.00 11.76 (2) 0.00 11.76 (2)

Apr-03  15 86.67  (13) 66.67 (10) 6.67 (1) 0.00 0.00 0.00 13.34 (2)

May-03  12 75.00  (9) 91.67 (11) 0.00 0.00 0.00 0.00 0.00

Jun-03  32 90.63  (29) 75.00 (24) 6.25 (2) 0.00 0.00 3.13 (1) 3.13 (1)

Jul-03  16 93.75  (15) 68.75 (11) 18.75 (3) 0.00 0.00 0.00 0.00

Aug-03  18 100.00  (18) 61.11 (11) 22.22 (4) 0.00 0.00 0.00 5.55 (1)

Sep-03  12 91.67  (11) 66.67 (8) 8.33 (1) 0.00 0.00 0.00 0.00

Oct-03  9 100.00  (9) 55.56 (5) 0.00 0.00 0.00 0.00 0.00

Nov-03  8 100.00  (8) 62.50 (5) 0.00 0.00 0.00 0.00 0.00

Dec-03  10 100.00  (10) 70.00 (7) 0.00 0.00 0.00 0.00 0.00

Jan-04  9 100.00  (9) 88.89 (8) 0.00 11.11(1) 0.00 0.00 0.00

Feb-04  12 75.00  (9) 66.67 (8) 8.33 (1) 0.00 0.00 0.00 0.00

Mar-04  13 84.62  (11) 69.23 (9) 0.00 0.00 0.00 0.00 0.00

Total  450 85.78  (386) 70.67 (318) 9.56 0.22 (1) 0.67 (3) 2.67 (12) 5.11(23)
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production of B. crucifer and other frog species coincides with
their high frequencies in otter spraints, probably because this
is the period when the anurans are more exposed for sexual
activities, making them easier prey for otters (LANSZKI & KORMENDI

1996, ROCHE 1998, JEDRZEJEWSKA et al. 2001, SLATER 2002).
Although we cannot be sure what anuran species were

consumed by the otters during this study, the fact that anuran
consumption increased in the dry season, during which most
anuran species have decreased densities, may indicate Bufo cru-
cifer as a probable anuran species consumed by the otters in
the study area. This species reproduces in the dry season, be-
tween May and August, with a consequent aggregation, due to
the reproductive activities, of individuals on the river margins
(TOLEDO et al. 2003, PRADO & POMBAL-JR 2005).

The lower Mambucaba River catchment is an estuarine
area, with a high availability of crustaceans, including fresh-
water, marine and estuarine species. This was probably the
reason for the high importance of crustaceans in the Neotropi-
cal otter diet in the present study.

Although we did not analyze prey availability for this
study, we can suggest that the longitudinal differences in fre-
quencies of occurrence of prey in the spraints are related to
differences in prey availability, as other studies showed that
availability influences otter diet (PARDINI 1998). This river has
longitudinal differences in fish and crustacean availability, with
marine and estuarine species occurring in the lower stretch and
river species occurring in upper stretches.

This study describes Neotropical otter diet during three
years based on otter spraints, and shows variations in the diet
of this species between years, which was previously poorly
known, thus increasing the knowledge of the species’ feeding
behavior. Studies based on diet are important for otter conser-
vation, establishing the Neotropical otter food requirements
and, therefore, understanding one of the factors that deter-
mine the occurrence of this species, its reproductive strategies
and its dispersion pattern. The seasonal variation in the diet of
L. longicaudis observed in this study shows that the species feeds
mainly on fish and crustaceans, with higher occurrence of frogs
when occurrence of fish and/or crustaceans decreased.
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