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Neotropical otters have been scarcely studied at the northern edge of their distribution in Mexico. The species has nocturnal-twilight
habits, and their principal food is fish and crustaceans. The aim of this work was to know the foraging habits of Neotropical otters (Lontra
longicaudis) in two monitoring sites one lentic and the other one lotic systems of the Rio San Lorenzo, Sinaloa México. From February 2009 to
January 2010, we surveyed the area during the four seasons by walking 15 km of the river edge of Rio San Lorenzo, and 15 km at the El Come-
dero reservoir. We collected 318 scats, 155 in the reservoir and 163 in the river. Fish were the most abundant prey item in both places, with a
frequency of occurrence of 98.1 % in the river and 100 % in the reservoir. The percentage of occurrence varied largely in the other prey items
in both places. Seven taxonomic groups compose their foraging habits in the river (relative frequency in parentheses): fish (64.3 %), insects
(9.2 %), mollusks (6.8 %), birds (6.0 %), mammals (5.6 %), crustaceans (5.2 %) and fruits (2.8 %). Five taxonomic groups in the reservoir compose
it: fish (65.1 %), birds (22.7 %), mammals (9.2 %), fruits (2.5 %) and insects (0.4 %). The most important fish in the diet belonged to the genus
Oreochromis, which includes an introduced species. We conclude that the Neotropical otter is an opportunistic carnivore that preys mainly on
fish, probably due to their high availability, but they also forage in other taxa that are available at Rio San Lorenzo basin.

Las nutrias neotropicales han sido poco estudiadas en el norte de su distribucion en México. Esta especie tiene habitos nocturno-crepus-
culares, y su principal alimento consiste en peces y crustaceos. El objetivo de este trabajo fue conocer los habitos alimentarios de la nutria
neotropical (Lontra longicaudis) en dos sitios uno Iéntico y otro I6tico del Rio San Lorenzo, Sinaloa México. De febrero de 2009 a enero de 2010,
se hicieron recorridos estacionales a pie, 15 km en el rio San Lorenzo y 15 km en el embalse El Comedero. Se colectaron 318 heces, 155 en el
embalse y 163 en el rio. En ambos lugares los peces fueron la presa méas abundante, con una frecuencia de ocurrencia de 98.1 % en el rio y un
100 % en el embalse; para los grupos restantes los porcentajes variaron entre grupos y entre sitios. La alimentacion se compuso de siete grupos
taxonomicos en el rio (entre paréntesis se presenta la frecuencia relativa): peces (64.3 %), insectos (9.2 %), moluscos (6.8 %), aves (6.0 %), ma-
miferos (5.6 %), crustaceos (5.2 %) y frutos (2.8 %); y de cinco grupos taxondmicos en el embalse: peces (65.1 %), aves (22.7 %), mamiferos (9.2
%), frutos (2.5%) e insectos (0.4%). Entre los peces, las presas mas importantes correspondieron al género Oreochromis, entre las cuales existe
una especie introducida. La nutria neotropical es un carnivoro oportunista, cuyo alimento principal lo constituyen los peces, probablemente
debido a su alta disponibilidad y, en menor medida, se alimenta de otros taxones también disponibles en la cuenca del Rio San Lorenzo.
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Introduction

Energy intake through feeding is essential for metabolic
processes like growth and individual physiological main-
tenance (Saint 2006). Poor nutrition leads to malnutri-
tion, limiting growth in body size (Yom-Tov et al. 2006) and

There are different methods for studying the feeding
habits of carnivores, including the analysis of scats, direct
observations, collection of prey remains in feeders (this
option yields limited results by not reflecting the whole
range of prey), and stomach content analysis (highly inva-

impacting individual performance.

In carnivores, feeding habits are drivers of social orga-
nization, habitat use, and reproductive rates, especially
when food availability is seasonal (Brafa et al. 1987). If food
is abundant, the predator can become selective (Young et
al. 2008), hunting for those preys that provide the highest
amount of energy with the lowest searching effort (Ste-
phens and Krebs 1986). By contrast, if food is scarce, prey
diversity increases because predators feed on any prey
available (Tinker et al. 2008).

sive). Of these, scat analysis is the method most com-
monly used for being non-invasive, relatively easy to
analyze, and posing no risk on endangered or threatened
species (Marucco et al. 2008). Besides, scat analysis yields
information on habitat use, hunting area, trophic niche,
home range, behavior, parasitic fauna, heavy metal con-
centration, and genetic diversity, among other aspects
(Chame 2003; Trinca et al. 2007; Josef et al. 2008; Weber
et al. 2009; Ramos-Rosas et al. 2013; Guerrero-Flores et al.

2015; Herndndez et al. 2018).
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DIET VARIATION OF OTTER IN SINALOA

Otters are top predators in aquatic ecosystems (Smir-
oldo et al. 2009; Prigioni et al. 2006). Lontra longicaudis, one
of the four species in the genus, is distributed from north-
ern Mexico to southern Argentina (Gallo-Reynoso 1989;
Eisenberg and Redford 1999; Perini et al. 2009; Kasper et al.

El Verde estuary (Gallo-Reynoso and Navarro-Serment, per-
sonal observation 2002) and El Fuerte River and its dams
(Gallo-Reynoso, unpublished data), as well as in Durango
rivers flowing to Sinaloa, such as the San Diego river (Cruz
et al. 2017) and Mezquital and San Pedro rivers (Servin et

2008). The diet of the Neotropical otter have been stud-
ied extensively in recent years (Perez-Claros and Palmquvist
2008; Monroy-Vilchis and Mundo 2009; Gallo-Reynoso
1997; Gallo-Reynoso et al. 2008; Rangel-Aguilar and Gallo-
Reynoso 2013), reporting the local availability of its poten-
tial prey, as well as the morphological, behavioral, and phys-
iological adaptations allowing otters to locate, capture, and
ingest biomass from a wide variety of species (Kok and Nel
2004). In general, these studies indicate that its main diet
consists of fish and crustaceans (Gallo-Reynoso 1989; 1997;
Macias-Sanchez 1999; Casariego-Madorell et al. 2006); how-
ever, this opportunistic predator occasionally feeds on rep-
tiles, amphibians, insects, birds, and small mammals such as
mice (Gallo-Reynoso 19899; Gallo-Reynoso et al. 2008), and
even on insects (Rangel-Aguilar and Gallo-Reynoso 2013).
Because of its relative selectivity, the Neotropical otter is
considered a bioindicator of well-conserved aquatic eco-

systems (Lodé 1993).

There are no specific studies on this species in Sinaloa.
Its presence has been reported in Ahome and Escuinapa,

al. 2003; Charre-Medellin et al. 2011). Studies to define its
current distribution and conservation status in Sinaloa are
needed because this area is close to its northern distribu-
tion limit. This paper aims to determine the diet composi-
tion of the Neotropical otter at two locations in the State of
Sinaloa, namely EI Comedero dam a lentic system and the
San Lorenzo River a lotic system, during one year to explore
any variability in the otter’s diet associated with the climatic
seasons. This study will provide data on the distribution of
the Neotropical otter and the characteristics of aquatic eco-
systems in Sinaloa, which could be used in management
plans for the conservation of the species and the mainte-
nance of river water quality.

Materials and Methods

Study Area. The work was carried out on the San Lorenzo
river that drains its waters into the José Lépez Portillo dam
(locally known as El Comedero), a reservoir shared between
the States of Durango and Sinaloa. The San Lorenzo river
basin is located in the Sierra Madre Occidental, running
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Figure 1. El Comedero dam (above) and San Lorenzo river (below - left) as the sites where scats of Neotropical otter were collected. Municipality of Cosala, Sinaloa (map drafted by

Gloria Ponce Garcia).
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across parts of Sinaloa and Durango and catching runoff
waters from summer rains. Both study sites are located in
the municipality of Cosald, Sinaloa. The dam a lotic system,
is located at an altitude of 258 meters above sea level, cen-
tered geographically at 24° 35 03.8” N and -106° 45’ 53.4"
W; the study site on the San Lorenzo River a lotic system is
located downstream at 168 meters above sea level, with a
geographic center located at the coordinates 24° 33'07.4"N
and -106° 48’ 12.8"W (Figure 1).

The dominant vegetation on the riverbanks corre-
sponds to low deciduous forest (classification of Miranda
and Hernandez 1963) or deciduous tropical forest (classi-
fication of Rzedowski 1978). Its most representative spe-
cies include mauto (Lysiloma divaricata), amapa (Tabebuia
palmeri), palo blanco (Ipomoea arboressen), pochote (Ceiba
acuminata), papelillo (Bursera grandifolia), Brazilwood (Hae-
matoxyllum brasiletto), mora (Chlorophora tinctoria) and
yellow rose (Cochlopermum vitium). Common animal spe-
cies include carnivores such as coyote (Canis latrans), coati
(Nasua narica), raccoon (Procyon lotor), gray fox (Urocyon
cinereoargenteus), capixtle (Bassariscus astutus), bobcat
(Lynx rufus), cougar (Puma concolor), jaguar (Panthera onca),
ocelot (Leopardus pardalis), margay (Leopardus wiedii), jag-
uarundi (Puma yaguarundi), and skunks (Conepatus leuco-
notus, Mephitis macroura, and Spilogale sp.). Ungulates
include the white-tail deer (Odocoileus virginianus) and the
necklace peccari (Pecari tajacu). Chachalaca (Ortalis polio-
cephala) and other birds are common to this type of veg-
etation. Riverbank vegetation includes Ficus and Salix as
the most representative genera, as well as vines. Riverbank
vegetation comprises some a strip of land stretching 15 to
20 m from the riverbank, with deciduous tropical forests
growing farther inland.

Sample Collection. Seasonal sampling was carried out at
each study site to represent the different climatic seasons
and explore any seasonal variations in the diet of otters. We
selected one month as representative of each climatic sea-
son (spring, summer, autumn, and winter). Sampling was
carried out by walking along the riverbank and collecting
any otter scats found that could be quantified as a single
unit, i.e., complete scats that could be determined as otter
scats with certainty. Otter scats were identified based on
their dark color with a slight musk odor when fresh, or whit-
ish when dry, and visibly composed of fish scales, insect
legs, prawn or shrimp heads, fragments of crab exoskel-
etons, fruit seeds, pastures, organic matter, etc. Individual
scat samples were stored in self-sealing plastic bags labeled
with the geographic location of the sample as recorded
with a manual geopositioner (GPS). In the dam, the sites
for scat collection were marked considering a separation of
approximately 3 km between them.

Sample Analysis. Scat samples were transferred to the
Zoology Laboratory at Universidad Auténoma de Sinaloa
(Culiacan Campus) for analysis. Once in the lab, samples
were immersed in soapy water for 48 hours, then rinsed and
screened through a 1 mm mesh to remove digested organic
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matter and other soluble materials. The hard remains of
preys contained in scats were sorted using dissecting nee-
dles and forceps; these were dried in an oven at 60 °C for
48 hours and stored in labeled bottles or self-sealable bags
until analysis. For species other than fish (i.e., invertebrates,
birds, mammals, reptiles, amphibians, etc.), the remains
were observed under a stereomicroscope for identification
aided with guides and catalogs (Garcia and Ceballos 1994).
In the case of fish, scales and vertebrae found in scats were
compared (based on morphological traits) with the respec-
tive parts of fish collected from the sampling sites as ref-
erence material. Fish were collected by local fishers using
seine nets (locally called chinchorro), hooks, fishing rods,
and by freediving with rudimentary harpoons.

For each prey species identified, the frequency of occur-
rence (FO) was estimated as: FO = FE/N, where FE_ is the
total number of samples showing speciesiand Nis the total
number of samples. The percentage of occurrence (PO) of
each prey category was estimated according to Maher and
Brady (1986) as modified by Gallo-Reynoso and Garcia-
Aguilar (2008): PO = FCix 100/ X F, where FC, is the total fre-
quency of the prey i and F is frequency.

The differences in the otter’s diet (number and identity
of prey species) between the two water bodies studied
were explored with the Bray-Curtis Dissimilarity Index (Bray
and Curtis 1957). This index is commonly used to quantify
the difference in the number of species between two sites.
In this case, it was used to determine the magnitude of the
difference in the otter’s diet (number of elements in the
diet) in both water bodies. The Bray-Curtis dissimilarity fig-
ure ranges between 0 and 1, where 0 (zero) indicates total
similarity of elements in the diet in both sites, while 1 (one)
indicates that the diet is completely dissimilar (i.e., it shares
no common elements) in the two sites. The values obtained
are usually multiplied by 100 to report them as percent dis-
similarity. The Bray-Curtis dissimilarity index is calculated
as: BC=1-2C,/5+S, where j and j are the two sites, Si is
the total number of species at site /, and Sj is the number of
species at site j. Cij is the sum of the lowest counts for each
species found in both sites.

Finally, the Schoener index (Schoener 1974) was used
to determine the diet overlap between the dam and San
Lorenzo river (using the data in Table 1) to explore the
potential effect of reservoir waters on the overall composi-
tion of the diet. According to the Schoener index, a value
of 0 indicates no overlap, values close to 1 suggest marked
overlap, and 1 indicates complete overlap. Overlap values
above 0.6 are considered biologically relevant. C, esti-
mates the overlap in the diet between the dam (xi) and the
river (yi). P is the proportion of total resources in the diet in
the dam (xi) and the river (yi). C_=1-0.5(X|p,,-p,|).

Results

Frequency of Occurrence. A total of 318 scat samples were
collected, from which food items belonged to seven taxo-
nomic groups: mammals, birds, fish, crustaceans, insects,
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DIET VARIATION OF OTTER IN SINALOA

mollusks, and fruits. Of these groups, only five were found
in the dam, where no mollusks and crustaceans were
observed. In both sites, fish were the dominant food item
in the otter’s diet, with a frequency of occurrence of 98.1
% in the river and 100 % in the dam. The percentage of
occurrence of the remaining food types varies consider-
ably; for example, insects were the second most frequent
group (14.1 %) in the river, whereas they made a mere
0.6 % in the dam. The groups not detected in dam scats
were mollusks and crustaceans, which attained frequen-
cies of 10.4 % and 7.9 %, respectively, in the river. Seeds
accounted for 3.8 % of food items in the dam and 4.2 % in
the river (Table 1).

Dietary Dissimilarity. According to the Bray-Curtis index,
the dissimilarity in the otter’s diet between the water bod-
ies studied was not significant, with 0.205 (i. e., a difference
of 20.5%), suggesting that the feeding habits of otters were
not markedly different in the two water bodies.

Diet Overlap. The Schoener overlap index showed a non-
significant difference between the two water bodies, with 0.85,
indicating that the otter’s diet is highly overlapped in both
water bodies. However, there are some differences regarding
some elements of the diet (refer to the following section).

Identification of Prey Species. Most of the prey species

identified were fish. In both the dam and the river, mojarra
or tilapia (Oreochromis sp.) was the fish species showing the
highest percentage of occurrence, with 90.8 % in the river
and 98.1 % in the dam. This was followed by the carp (Cyp-
rinus carpio, 46 % and 56.8 %) and, in smaller percentages,
largemouth bass (Micropterus salmoides), catfish (Ictalurus
sp.), and charal (Dorostoma smithi; Table 1).

In the river, the group that ranked second in importance
after fish were insects. Of these, the family Tettigoniidae
(Orthoptera) had a percentage of occurrence of 9.2 %, fol-
lowed by unidentified coleopterans with 6.7 %, and the
family Gryllidae (Orthoptera) with 2.5 %. In the dam, the
most abundant group after fish was birds (which were not
identified), with 34 %; a significant difference was observed
versus the river, where birds represented only 9.2 %.

As for mammals, we recorded field mouse remains,
representing 8.2% in the river and 14.2% in the dam. The
river prawn Macrobrachium americanum and the river snail
(unidentified Gasteropoda) were absent in scat samples
from the dam but were found in river samples with frequen-
cies of 8.0 % and 9.2 %, respectively. Seeds of guamuchil, P.
dulce, were observed at lower frequencies, 4.3% in the river
and 0% in the dam; to note, 10% of the seeds found in otter
scats could not be identified.

Table 1. Number of occurrences (NO), frequency of occurrence (FO), and percentage of occurrence (PO) of the supra-specific taxonomic groups and species in the otter diet, from 318
scat samples collected in the San Lorenzo river and El Comedero dam, municipality of San Juan Cosala, Sinaloa.

San Lorenzo River

El Comedero dam

Species NO PO NO FO PO

FISH 160 64.3 98.2 155 65.1 100
Tilapia (Oreochromis sp) 148 90.8 152 98.1
Bass (Micropterus salmoides) 35 215 46 29.7
Catfish (Ictalurus sp) 27 16.6 37 239
Carp (Cyprinus carpio) 75 46.0 88 56.8
Charal (Dorostoma smithi) 0 0 15 9.7
INSECTS 23 9.2 14.1 1 0.4 0.6
Grasshopper: Tetigonidae 15 9.2 1 0.6
Coleoptera: Unidentified 11 6.7 0 0
Crickets: Grillidae 4 25 0 0
MOLLUSKS 17 6.8 10.4 0 0 0
River snail: Unidentified 15 9.2 0 0
Bivalve: Unidentified 2 1.2 0 0
BIRDS 15 6.1 9.2 54 227 34.8
Unidentified birds 15 9.2 54 348
MAMMALS 14 5.6 8.6 22 9.2 14.2
Unidentified mice 14 8.6 22 14.2
CRUSTACEANS 13 5.2 8.0 0 0 0
River prawn: Macrobachium americanum 13 8.0 0 0
PLANTS (FRUITS) 17 2.8 10.4 6 26 3.9
Guamuchil: Pithecellobium dulce 7 43 0 0
Unidentified 10 6.1 6 3.9
Total SAMPLES 163 155
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Seasonal Variation. The months selected were those
with no minor differences in the number of samples col-
lected. Accordingly, we analyzed 66 samples from the dam
and 65 from the river (Tables 2, 3).

Regarding the proportion of groups and species, a
marked difference was found both between seasons and
between the two sites (Tables 2, 3). In the dam, fish showed
no variations, as they were recorded in the same proportion
of the diet in the four seasons, although with fluctuations in
the proportion of species. Oreochromis sp. remained stable
at 50 % in spring and summer, increasing to 92 % in autumn
and then decreasing to 63 % in winter. Fish and birds were
identified in all seasons, with significant variations between
them. Insects and plants were found in otter scats only in
the spring, with 5 % each.

Discussion

Prey Abundance. This work supports the hypothesis that the
otter is a predominantly ichthyophagous species (Gallo-
Reynoso 1989, 1997; Macias-Sanchez 1999; Perini et al.
2009), as fish were the most abundant food item in the diet
of otters, both in the river and in the reservoir. The predom-
inance of fish in otter scats could be either a direct indicator
of its dietary preferences or a reflection of the local abun-
dance of their different types of prey (Gallo-Reynoso 1989
and 1997; Rangel-Aguilar and Gallo-Reynoso 2013). Birds,
mammals, and insects are also groups of greater impor-
tance than crustaceans. These differences may reflect the
relative availability of each of these groups due to the type
of ecosystem they inhabit. In addition, we found two spe-
cies of plants whose fruits were consumed by otters.

Similar results supporting the predominance of ichthy-
ophagous feeding habits have been recorded for Lontra lon-
gicaudis, as fish represented 93 % in southern Mexico (Gallo-
Reynoso 1989) and Costa Rica (Pardini 1998), and 50 % to
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85 % in southern Brazil (Quadros and Monteiro-Filho 2001).
This was also the case for Lutra lutra, with fish representing
88 % of the diet in Scotland (Durbin 1997), and Lutra perspi-
cillata, with 92 % in India (Anoop and Hussain 2005).

Several works on the feeding habits of the otter report
crustaceans, particularly river prawn (M. americanum), as an
important component in the diet (Gallo-Reynoso 1989 and
1997; Pardini 1998; Casariego-Madorell et al. 2006). Crusta-
ceans were the second-most important group, even being
the main food type consumed by otters in some smaller riv-
ers (Gallo-Reynoso 1989 and 1997).

On the other hand, insects are an important component
of the diet of L. longicaudis, only second to fish in the river.
Three taxa, Coleoptera, Orthoptera, and Grilleidae, of which
only coleopterans (Gallo-Reynoso 1997) and crickets (Ran-
gel-Aguilar and Gallo-Reynoso 2013) had been reported,
were identified in this category.

This feeding behavior of the otter is consistent with the
optimal foraging theory (Stephens and Krebs 1986). This
theory predicts that a predator will feed preferentially on
the most abundant organism because of the ease of cap-
ture involving minimum energy expenditure; however, the
same outcome is predicted when the most energy-prof-
itable prey is also the most abundant one. Thus, the otter
could be either behaving according to optimal foraging or
forage opportunistically on the most abundant prey, simi-
lar to the coyote (Canis latrans; Boutin and Cluff 1989). The
optimal foraging theory (Stephens and Krebs 1986) also
predicts that an individual predator will become selective
towards the prey providing the highest energy profit per
unit of energy spent in the capture (Charnov 1976; Pyke et
al. 1977; Stephens and Krebs 1986). This is what we would
expect if species that are more energy-profitable become
available. In the present study, the bass would be the most
energy-profitable prey because of its larger size relative to

Table 2. Seasonal variations in the diet of the Neotropical otter in El Comedero dam, Cosald, Sinaloa. Findings from 66 samples analyzed, representing a single collection per month
and climatic season. Data shown are the percentage of occurrence, with the frequency of occurrence (FO) in parentheses.

Group and species occurrences Spring Summer Fall Winter
(n=20) (n=10) (n=14) (n=22)
Fish (FO) n=140(7) n=190(19) n=143(10.2) n=113(5.1)
Oreochromis sp. (FO) 357 26.3 92.8 63.6
Ictalurus sp. (FO) 214 10.6 28.5 18.1
Micropterus salmoides (FO) 25 36.8 7.1 13.6
Cyprinus carpio (FO) 17.9 26.3 14.2 18.1
Birds (FO) n=35(1.8) n=>50(5) n=43(3.1) n=32(0.7)
Unidentified (FO) 35 50 428 31.8
Mammals (FO) n=15(0.8)
Mice (FO) 15
Insects (FO) n=5(0.3)
Grillidae (FO) 5
Plants (fruits) (FO) n=5(0.3)
Unidentified (FO) 5
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tilapia; indeed, this species predominates in otter scats in
summer, in both the river and the dam.

Identification of Prey Species. Tilapia, Oreochromis sp.,
which is an introduced fish, is the mostimportant prey for the
Neotropical otter, attaining the highest frequency in scats,
besides clearly being the most available species, with various
growth stages observed. This species has been reported in
other works, albeit not as the most abundant species (Gallo-
Reynoso et al. 2008; Rangel-Aguilar and Gallo-Reynoso
2013). The largemouth bass (M. salmoides) and other salmo-
nids (Crait and Ben-David 2006), as well as cyprinids, have
been reported as the groups of fish most consumed by sev-
eral species of otters (Britton and Shepherd 2005; Crait and
Ben-David 2006). In contrast, the charal (D. smithi) had not
been previously recorded as a prey of L. longicaudis.

As for plants (fruits), those consumed by otters
include Myrtaceas, Sapotaceae, and Rubiaceae (Quad-
ros and Monteiro-Filho 2001), as well as remains of culti-
vated plants such as papaya (Gallo-Reynoso 1989; Kasper
et al. 2008). However, there are no previous records of
guamuchil (P. dulce), which was found with a frequency
of 4.1 % in scats collected in the river, along with other
unidentified seeds. Two of the invertebrate species
found — a gastropod and a bivalve — could not be iden-
tified for lack of published studies on them, although

both have been reported previously by Rangel-Aguilar
and Gallo-Reynoso (2013).

There are records of field mice as prey of otters (Gallo-
Reynoso 1997; Pardini 1998), but the species found in the
present study could not be identified because it was repre-
sented by long bone fragments only.

Seasonal Variation. Seasonal variations in the diet com-
position of the Neotropical otter have been reported (Gori
et al. 2003; Kasper et al. 2008), a finding that was confirmed
in this study. In summer alone, the composition of the diet
in the river varied in terms of the proportion of fish species.
In all other stations in both sites, this parameter showed a
stable behavior. This is likely because fish are highly avail-
able, with different growth stages observed; an alternative
explanation is that the otter specifically forages on them
because the energy and time employed in capturing them
is compensated by the amount of energy provided by these
organisms (Pyke et al. 1977; Hernandez et al. 2002).

In the dam, the main prey was Oreochromis sp. This
species was observed in high frequencies in otter scats
throughout the year, being constant in spring-summer and
increasing in frequency in autumn-winter, which is when
the largemouth bass, M. salmoides (a top predator in the
fish food chain), shows lower frequencies of occurrence.
The shortage of bass in the diet was compensated by an

Table 3. Seasonal variations in the feeding habits of the Neotropical otter in El Comedero dam, Cosal4, Sinaloa. Findings from 65 samples analyzed, representing a single collection
per month and climatic season. Data shown are the percentage of occurrence, with the frequency of occurrence (FO) in parentheses.

Group and species occurrences Spring Summer Fall Winter
(n=20) (n=121) (n=12) (n=12)

Fish (FO) n=110(5.5) n=153(7.3) n=284(7) n=117(9.8)
Oreochromis sp. (FO) 55 48 59 59
Ictalurus sp. (FO) 5 25 17
Micropterus salmoides (FO) 30 76 41
Cyprinus carpio (FO) 20 29
Dorostoma smithi (FO)
Birds (FO) n=20(1) n=28 (0.7)
Unidentified (FO) 20 8.3
Mammals (FO) 5 83
Mice (FO) 5 83
Insects (FO) n=30(1.5) n=5(0.2) n=171.4)
Coleoptera (FO) 30 4.7
Tetigonidae (FO) 16.6
Grillidae (FO)
Mollusks (FO) n=35(1.8) n=5(0.2) n=17(1.4) n=17(1.4)
Gasteropod (FO) 35 8.3 16.6
Bivalve (FO) 47 83
Crustaceans (FO) n=33(1.6)
Macrobrachium americanum (FO) 33
Plants (fruits) (FO) n=15(0.8) n=14(0.7) n=28(0.6)
Pithecellobium dulce (FO) 14.2
Unidentified (FO) 15 8.3
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increased consumption of Oreochromis sp. In autumn, the
frequency of tilapia in otter scats increased to 92.8 % and
charal (D. smithi) was absent.

In the river, the tilapia remains as a nearly constant
prey, with no noticeable changes in frequency; it showed
a slight increase in autumn when bass and carp were
completely absent as prey. The bass occurred in spring-
summer, being more abundant in summer — the season
when catfish Ictalurus sp were not recorded. No charal
was observed in the river.

In the river, insects made up an important part of the
diet of otters; however, these were insignificant in the dam,
with only traces of insects found in a single sample of otter
scats. This suggests that otters are capable of adapting to
altered environments such as dams, and although there is
no presence of insects in their diet, they can modify their
diet by predating on species that are in greater availability.

The absence of mollusks and crustaceans in scat samples
collected in the dam may be due to their absence in this site.
Other scenarios are that these invertebrates are present, but
otters do not feed on them due to the high abundance of
fish, or these invertebrates are hard to capture by otters
because they probably occur in deep habitats that are hard
to access since the dam is deeper than the river.

Birds were twice as frequent in otter scats in the dam rel-
ative to the river, similar to the findings reported by Gallo-
Reynoso et al. (2008). This suggests a higher diversity and
availability of aquatic birds in the dam or that birds use the
greater area of the dam than the river.

In this study, the diet of the Neotropical otter included
seven taxonomic groups in the San Lorenzo river and five in
El Comedero dam, with fish showing the highest percent-
age of occurrence in both sites. These results are consistent
with works conducted for this same species in southern and
northern Mexico (Gallo-Reynoso 1989, 1997; Macias-San-
chez 1999; Rangel-Aguilar and Gallo-Reynoso 2013) and in
other countries (Pardini 1998; Quadros and Monteiro-Filho
2001; Perini et al. 2009).

Finally, a biologically significant difference was found
with the Schoener index (Schoener 1974) as to the spe-
cies that make up the diet of the Neotropical otter; this is
expected because the diversity of prey in the lentic system
(dam) is much lower than in the lotic system (river).

The Neotropical otter shares the riparian habitat with
the gray fox (Urocyon cinereoargenteus), the coati (Nasua
narica), and the raccoon (Procyon lotor), and resembles
the latter in the consumption of crustaceans and insects.
Most otter latrines also showed mingled scats from gray
fox, coati, and raccoon. This may be explained by the musk
odor in otter scats that attract these other carnivorous
species to mark the territory or display a communication
behavior similar to that of otters (Gallo-Reynoso et al. 2016).

This work underlines the importance of the Neotropi-
cal otter as a bioindicator of the presence of other species

Garcia-Silva et al.

in water bodies, including mollusks, crustaceans, insects,
and fish on which they feed. At the same time, otters act
as umbrella species. As top predators in water bodies of
northwestern Mexico, these indicate the presence of a cer-
tain diversity of species in these environments, therefore
suggesting that they are suitable for use as an indicator of
the good conservation status of these ecosystems.
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