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Abstract

Land otters are predators at the top of the food chain in the rivers where they live and mold the biotic communities
at lower trophic levels. The neotropical otter, Lontra longicaudis, is widely distributed in the Americas, but populations
are being decimated by hunting, habitat loss, water pollution, and roadkills. An otter population was located in southern
Tehuacan-Cuicatlan Biosphere Reserve (TCBR), Mexico. Surveys were conducted in the dry season to determine otter
presence, to record physical-chemical data and to collect scats to determine their populational densities and feeding
habits. River width and depth, dissolved oxygen and elevation were the significant variables that explained their
presence. In the rivers where otters were present, we estimated densities between 0.19 and 0.22 otters’km. We found
12 prey taxa, mainly freshwater fish. In this protected area, the neotropical otter is restricted to large rivers at low
elevations, and populations are low. Although otters have diverse feeding habits, they mainly prey upon Poeciliopsis
spp., which constituted 60% of the scats. Density estimates comprise the dry season and were lower than previous
surveys, therefore it is necessary to conduct yearly monitoring to identify trends and to implement actions focused on
their conservation and management.
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Resumen

Las nutrias son los depredadores tope de los rios que habitan moldeando las comunidades bidticas de los niveles
troéficos mas bajos. La nutria neotropical Lontra longicaudis, tiene la distribucion geografica mas amplia en América,
pero sus poblaciones han sido diezmadas a causa de la caceria, pérdida de habitat, contaminacion de los cuerpos de
agua y atropellamientos. En el sur de la Reserva de la Biosfera Tehuacan-Cuicatlan (RBTC), México, una poblacion
de nutrias fue localizada. Se realizaron muestreos en la temporada seca para determinar su presencia, registrar datos
fisicoquimicos, para colectar heces y determinar sus densidades poblacionales, y habitos alimentarios. La anchura
y profundidad de los rios, oxigeno disuelto y la altitud de los rios fueron variables significativas que explicaron su
presencia. En los rios con presencia de nutrias, se estimaron densidades entre 0.19 and 0.22 nutrias/km. Se hallaron 12
taxones presa, principalmente peces nativos. En esta drea natural protegida, la nutria esta restringida a los rios grandes
en elevaciones bajas y con poblacionales reducidas. Aunque las nutrias tienen una dieta diversa, ellas depredaron
principalmente Poeciliopsis spp., que constituyeron 60% en las heces. Las densidades estimadas corresponden a
la estacion seca y fueron menores que en estudios previos, por tanto, es necesario realizar monitoreos anuales para

identificar tendencias e implementar acciones enfocadas en su conservacion y manejo.

Palabras clave: Densidad; Habitos alimentarios; Distribucion geografica; Habitat; Mustelidae; Areas protegidas

Introduction

Otters are at the top of the food chain in the rivers
they inhabit. Here, they mold the biotic communities at
lower trophic levels (Kruuk, 2006). Otters are widely
distributed carnivores, currently, there are 13 species, most
of them distributed in Asia and Africa (Kruuk, 2006). In
continental America, 4 species have survived. Of these, the
neotropical otter has the widest geographic distribution,
from the coastal plains to central and southern Mexico, and
throughout Central America to Argentina and the coastal
plains of Peru (de Almeria & Ramos, 2017; Lavicre, 1999;
Rheingantz et al., 2017). Despite its wide distribution, it
is becoming a threatened species because its populations
are decreasing due to hunting, habitat loss, water bodies
pollution and roadkills (IUCN, 2016; Rheingantz &
Trinca, 2015).

Most of the scientific knowledge about the neotropical
otter ecology refers to its feeding habits (Rheingantz et
al., 2017). It has been accepted that the neotropical otter
is a generalist predator basing their feeding on the local
abundance of their prey (de Almeira & Ramos, 2017; Gallo-
Reynoso et al., 2008; Monroy-Vilchis & Mundo, 2009),
preferring those prey that are large with little mobility
(Rheingantz et al., 2012, 2017). Fish and crustaceans
predominate in their diet but can include birds, reptiles and
small mammals (de Almeira & Ramos, 2017; Laviére, 1999;
Rheingantz et al., 2017). Other aspects of the ecology and
conservation of the neotropical otter, such as population
size, habitat features, and how anthropogenic activities
impact the species have been scarcely explored (Alarcon
& Simdes-Lopes, 2003; de Almeria & Ramos, 2017).

Indirect methods through counting scats have been the
most common proxy for estimating population parameters
of the neotropical otters (Rheingantz et al., 2017). With
this method, densities have been estimated between 0.001

and 3.0 otters/km; the lowest values corresponding to a
highly disturbed site in the Estado de México, Mexico,
whereas the highest are from open areas in the Pantanal,
Brazil (Guerrero-Flores et al., 2013; Kruuk, 2006). Studies
on their habitat have shown otters prefer sites with wide
and deep body waters, low anthropogenic disturbance,
high understory vegetation cover, and high availability of
sites for dens (Alarcon & Simdes-Lopes, 2003; Carrillo-
Rubio & Lafoén, 2004). Therefore, the neotropical otter is
considered a good indicator of the health of the riparian
ecosystems (Gomez et al., 2014; Laviere, 1999).
Neotropical otters were first reported in the Grande
River of the Tehuacan-Cuicatlan Biosphere Reserve
(TCBR), Oaxaca, Mexico, in 2006 (Botello et al., 2006).
At the time, their density was estimated at 0.51 otters/km
and their food was 89% fish, mainly native fish of the
species Paraneetroplus bulleri, Rhamdia guatemalensis
and Profundulus punctatus (Duque-Davila et al., 2013).
However, environmental features determining otter
presence were not explored, whereas densities and feeding
habits should be updated for conservation planning and
management. Consequently, surveys were conducted
during the dry season in the main rivers of the TCRB to
determine otter presence, to record physical-chemical data
and to collect scats to determine their density and feeding
habits. We expected the presence of otters in the TCRB
would be explained by habitat features and chemical
variables. We did not expect differences in feeding habits
and abundance concerning previous studies in the region.

Materials and methods

The TCBR is shared by the States of Puebla and Oaxaca
in south-central Mexico. In Oaxaca, the TCBR covers
2,962.7 km? (60.44%) in 31 municipalities distributed in
6 districts (97°41° - 97°49° W, 17°31° - 18°16’ N; Fig. 1).
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The weather is hot and semiarid to very arid (Trejo, 2004).
The main vegetation types are tropical deciduous forest,
oak forest, shrub with predominance of bushes, and cacti.
There are areas designated for agriculture and livestock
grazing (Arriaga et al., 2000). Fresh water fish fauna in this
reserve consists of 14 species, 12 native and 2 introduced.
Two native species important for aquaculture have been
extirpated (Martinez-Ramirez et al., 2013).

To determine the presence of otters in rivers of the
Oaxaca TCBR, 2 surveys were conducted in October and
November 2015. During the visits, we defined 32 transects
along the riverbanks to look for evidence of otters, such

Figure 1. Location of the Tehuacan-Cuicatlan Biosphere Reserve.

as tracks and scats (Fig. 2). In each transect, we recorded
physical-chemical data of the water and the environment
(Table 1). For each sample, we recorded the geographic
position. Some tracks were preserved in fast-setting plaster,
while scats were placed in previously labeled paper bags
on which site information was recorded (Aranda, 2000).
Although otters usually deposit their feces in latrines,
during surveys feces were mostly found solely. The plaster
tracks were deposited in the Collection of Mammals of
the Centro Interdisciplinario de Investigacion para el
Desarrollo Integral Regional (CIIDIR) Unidad Oaxaca,
Instituto Politécnico Nacional (OAX.MA.026.0497).

Figure 2. Otter presence and distribution of prey in the dry season in southern Tehuacan-Cuicatlan Biosphere Reserve. Black circles,
survey sites; red dots, sites with evidence of neotropical otter presence.
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Table 1

Environmental variables of rivers in southern Tehuacan-Cuicatlan Biosphere Reserve.

Variable Description (unit) Variable type

Otter Otter presence Response variable binomial
Elevation Elevation (meters) Continuous explanatory variable
River width River width mean (meters) Continuous explanatory variable
River depth River depth mean (meters) Continuous explanatory variable

Dissolved oxygen Dissolved oxygen (mg/L)

Vegetation cover Vegetation cover index
Disturbance

Vegetation and land use cover

Index of alteration of the aquatic environment

Vegetation and land use cover according to

Continuous explanatory variable

Nominal explanatory variable (ordinal); 4
levels: 1 (null) to 4 (dense)

Nominal explanatory variable (ordinal); 4
levels 1 (few) a 4 (much)

Nominal explanatory variable (categorical)

INEGI (2013) and field observations

Otter density was determined in 3 transects where
sufficient scats were found: /) Cuicatlan Grande River,
2) Quiotepec Grande River, and 3) Quiotepec Cacahuatal
River. Twelve surveys were conducted in these transects
between December 2015 and February 2016, corresponding
to the dry season. Transects were walked slowly in the
morning (07:00 - 11:00 hr) to find scats; both old and
fresh scats were recorded. In order to avoid overestimating
densities derived from the counting of old scats, we walked
the transects 2 consecutive days, one to collect older scats
(to "clean" the site) and the second one to collect fresh
scats. Fresh scats were determined by possessing a dark-
green color, presence of mucous and oiliness with a strong
fish odor.

All scats from each sampled location were collected
regardless of the number of individuals depositing their
scats in each site and were used to obtain the feeding
habits of otters. The collected scats were washed with a
mixture of water and soap and passed through a 1 mm
mesh. The dry solid remains of the scats were observed in
a stereomicroscope (10 and 40x%) to separate the different
food items. The taxa were determined using specialized
keys (Palma, 2013) and by comparison with specimens
from the Collection of Continental Fish of the CIIDIR
Unidad Oaxaca (OAX.PEC.122.0302).

The presence of otters was analyzed with generalized
linear models using a binomial distribution (link =
logit) (Zuur et al., 2009). As the response variable, we
used the presence/absence of otters in sites surveyed.
The environmental and physical-chemical variables, as
explanatory variables, were centered to avoid intersects
of 0. With the transformed variables, a model was fit with

each of the 7 variables in 7 separate models. The analyses
were performed with Im4 package for R (R Core Team,
2013).

Otter density was estimated with the Gallo-Reynoso
(1996) and Eberhardt and Van Etten (1956) indexes,
modified by Duque-Davila et al. (2013). The Gallo-
Reynoso index is calculated with the equation: otters/km
= (ns/df)/tl, whereas the Eberhardt and Van Etten index is
calculated with the equation: otters’km = (ns/(ds*df))/tl.
In both indexes, ns is the number of scats, ds is the time
since the deposit of the scats, df is the defecation rate, tl
is the transect longitude. The defecation rate used was 3
scats/day as reported by Gallo-Reynoso (1996).

The number of prey taxa was obtained by counting
the taxa found in the scats. The frequency of appearance
of the food consumed by the otters was calculated with
the quotient of the number of scats in which the prey
taxon appeared and the total number of scats multiplied
by 100 (Macias-Sanchez & Aranda, 1999). For fish, in
which a hypural plate corresponds to one individual, we
calculated the frequency of each fish species relative
to the total number of hypural plates. In addition, we
calculated the frequency of each species of fish in
each scat. We measured the feeding niche breath with
the Levins index modified by Krebs (1989) with the
equation: B = ((1/Z(fr)»)-1)n-1, where B is the Levin's
index, fr is the relative frequency of each type of food,
and n is the total number of prey. When values are
lower than 0.6 the diet of the species is determined by a
few prey, i.e., it is a specialist predator, whereas values
higher than 0.6 indicate a generalist predator (Feisinger
et al., 1981).
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Results

Of the 32 transects examined along the riverbanks in
the southeastern TCBR during the dry season 2015-2016,
we found evidence (scats, tracks, and direct observations)
of otters in only 9 of them (28.1%; Fig. 2). The records of
otters were localized along the Grande River in a section
between the municipalities of Nanahuatipam and Cuicatlan.
We found no evidence in the northern or southern parts
of this stretch, nor in the river tributaries, except for the
Cacahuatal River (Fig. 2).

The general linear models show positive and significant
correlation of otter presence with the river width (p =
0.026), river depth (p = 0.016), and dissolved oxygen
concentration (p = 0.039). On the other hand, we found
a negative effect with elevation (p = 0.031). No nominal
variable was significant as a determinant of the otter
presence (p > 0.05; Table 2).

With the Gallo-Reynoso index, overall estimated
density was 0.19 otters/km (n = 13; s.d. = 0.19), while with
the Eberhardt and Van Etten index it was 0.22 otter/km (n
=9; s.d. = 0.19). According to the Gallo-Reynoso index,
the Quiotepec Cacahuatal River had the highest density
(0.28 otters’km), followed by the Quiotepec Grande River
(0.15 otters/’km), whereas for the Eberhardt and Van Etten
index, the position of these transects are inverted, with 0.29

Table 2

otters/’km for the Quiotepec Grande River and 0.25 otters/
km for the Quiotepec Cacahuatal River. The Cuicatlan
Grande River presented the lower density for both indexes,
0.15 and 0.13 otters/km, respectively.

In 270 otter scats analyzed, we found remains of 12
prey taxa: fish (7 taxa), reptiles (2 taxa), birds (1 taxon),
hemipteran (1 taxon), and megalopteran (1 taxon). Only
native fish (Actinopterygii) were found, distributed in
5 families and 4 orders. In the southeastern part of the
TCBR, fish were the main otter food, found in 94.1% of
the scats, while in 4.4%, there were insects. Reptiles and
birds appeared in 0.9% and 0.6% of the scats, respectively
(Table 3).

Of the 270 scats analyzed, there were hypural plates
in 190 (n = 985). Based on the count of these plates (1
plate = 1 individual), of the 985 preyed individuals, half
of them were Poeciliopsis sp. (52.3%), and the other 3
most frequent species (Profundulus punctatus, Rhamdia
guatemalensis, and Paraneetroplus nebuliferus) combined
made up 42% (Fig. 3). The order of importance of these
species varied slightly if we consider their frequency in
the scats because we found hypural plates of Poeciliopsis
sp., P. nebuliferus and R. guatemalensis, in half of the
analyzed scats, and plates of P. punctatus in one-third of
the scats (Fig. 4). The feeding niche breadth measured with
the Levins index was 0.22.

Results of the generalized linear models investigating the effect of environmental variables on the Neotropical otter presence in

southern Tehuacan-Cuicatlan Biosphere Reserve.

Variable Estimate Standard error z value Pr (> |z) AlCc
Cover 37.94
Few 1.38 1.2845 1.079 0.280
Moderate 0.13 1.3758 0.097 0.923
Dense -17.17 2465.3259 -0.007 0.994
Vegetation type 43.485
Gallery 0.56 1.5469 0.362 0.7175
Xerophilous 1.2528 1.2320 1.017 0.3092
Dry forest 1.2528 1.3758 0911 0.3625
Disturbance 42.934
Moderate 0.4055 1.4434 0.281 0.779
Much -0.6931 1.3463 -0.515 0.607
Complete -15.8729 2399.5450 -0.007 0.995
Elevation -10.993 5.110 -2.151 0.0314 17.059
River width 1.1199 0.5027 2.228 0.02588 33.401
River depth 2.0756 0.8608 2411 0.0159 26.692
Dissolved oxygen 1.1989 0.5808 2.064 0.039 33.7562
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Table 3
Prey items in neotropical otter scats in the dry season from southern Tehuacan-Cuicatlan Biosphere Reserve.
Phylum Class Order Family Species Percentage
Arthropoda Insecta Hemiptera 1.37
Megaloptera Coriladydae 3.03
Cordata Actinopterygii Characiformes Characidae Astyanax acatlanensis 0.39
Cyprinodontiformes Poeciliidae Poecilia sphenops 4.30
Poeciliopsis sp. 61.19
Profundulidae Profundulus punctatus 1.56
Perciformes Cichlidae Paraneetroplus nebuliferus 13.00
Siluriformes Heptapteridae Rhamdia guatemalensis 13.59
Rhamdia laticauda 0.10
Reptilia Squamata Iguanidae Iguana iguana 0.10
Ctenosaura pectinata 0.78
Aves 0.59

Figure 3. Percentage of fish hypural bones in neotropical otter
scats found in the dry season in southern Tehuacan-Cuicatlan
Biosphere Reserve.

Discussion

We found that the neotropical otter is present along
the Grande River, the main river of the southeastern part
of the TCBR, extending the range more northward than
previously reported (Duque-Davila et al., 2013). The
surveys conducted in the tributaries of the Grande River
did not show evidence of otter presence, except for the
Cacahuatal River. Ruiz-Velasquez et al. (2014) reported
evidence of the neotropical otter in the Tepelmeme River.
This river joins the Grande River, but in the transect along

Figure 4. Frequency of hypural bones per neotropical otter scats
found in the dry season southern Tehuacén-Cuicatlan Biosphere
Reserve.

the Tepelmeme River we found no evidence of otters,
except where this river connects with the Grande River.
Like the Tepelmeme River, other transects located at
elevations above 800 m asl, did not have evidence of otter
presence. In relation to this observation, the generalized
linear models showed elevation was a variable determining
otter presence. Overall, most of the records of otters are
at elevations below 1,500 m asl, and our records fit this
pattern (Laviere, 1999).

We found river width and depth to be positively
correlated to otter presence. Similar findings were reported
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previously for rivers in Chihuahua, northern Mexico, and
Pantanal, Brazil, where neotropical otters selected deep
and wide rivers (Carrillo-Rubio & Lafén, 2004; Muanis
& Oliveira, 2011). Large and deep-water bodies can have
more prey than small water bodies. On the other hand,
we found a weak relationship between otter presence and
dissolved oxygen concentration.

Although, otters can tolerate anthropogenic
disturbances, being capable of inhabiting in agricultural
and cattle ranching landscapes and even near urban areas
(Rheingantz et al., 2017); high abundances are found in
sites with particular characteristics, such as deep and wide
water bodies, and low human presence (Laviere et al.,
1999). In our study, average otter abundance in the dry
season was between 0.19 and 0.22 otters’km, according
to the indexes of Gallo-Reynoso (1996) and Eberhardt
and Van Etten (1956), respectively. These estimates are
in the interval observed for the species in Mexico (0.001
to 0.97 otters’km; Arellano et al., 2012; Briones-Salas et
al., 2008; Casariego-Madorell et al., 2006; Duque-Davila
et al, 2013; Gallo-Reynoso, 1996; Gonzalez-Christen
et al., 2013; Guerrero-Flores et al., 2013). However, in
a previous study conducted in the area, with the same
method and in the same season, Duque-Davila et al. (2013)
reported an abundance of 0.79 otters’km, with the Gallo-
Reynoso index, which is nearly 4 times that reported here.
This decrease in abundance is more notable if we consider
the rate of finding scats, 2.37 fresh scats per km, reported
by Duque-Davila et al. (2013) in 2006 against 0.30 fresh
scats found in our study. In contrast, in Lake Catemaco
(Veracruz), which has one of the highest densities reported
for Mexico, Gonzalez-Christen et al. (2013) reported an
average of 4.1 fresh scats per km between November
and January. Likewise, we found differences in specific
estimates for the transects studied, densities in the 2
transects in Quiotepec were higher than the transect in
Cuicatlan. Differences could be attributable to the lower
habitat perturbation in Quiotepec, which is a small-sized
settlement (270 inhabitants; INEGI, 2010), in contrast with
Cuicatlan (3,558 inhabitants; INEGI, 2010). Duque-Davila
et al. (2013), during their surveys, observed moderate
levels of disturbance in the study area with scant garbage
management and sewage discharge. We also observed
these conditions, particularly in Cuicatlan. Pollution and
high human density are probably affecting the otters as
previously observed (Gomez et al., 2014).

From the scats collected in the southern TCBR, we
determined that the neotropical otter feeds on 12 types
of prey, including insects, reptiles, birds and mainly fish.
Particularly for Mexico, ca. 67 taxa had been identified
as food for the neotropical otter (Briones-Salas et al.,
2013; Casariego-Madorell et al., 2006; Duque-Davila et

al., 2013; Gallo-Reynoso et al., 2008; Macias-Sanchez
& Aranda, 1999; Santiago-Plata et al., 2013; this study).
Therefore, in the southern part of TCRB, it feeds on
26.8% of the total known prey. Although otters feed on a
diverse spectrum of prey, the feeding niche breadth of the
neotropical otter in this study was low (0.22), indicating
a specialized predatory behavior in the dry season, with
Poeciliopsis sp. present in 61% of the scats.

In this study, fish had the highest proportion in the
scats (94.1%), and it was slightly higher than that reported
by Duque-Davila et al. (2013). Although, our study is
restricted to the dry season, in the 2 studies, the proportion
of fish is higher than that reported in other studies
conducted in rivers of Mexico, where fish was 29.5 to
54.1% of their diet (Briones-Salas et al., 2013; Casariego-
Madorell et al., 2006; Macias-Sanchez & Aranda, 1999).
Also, it was notable that, in both the Duque-Davila et al.
(2013) study and ours, crayfish were absent. This group
usually constitutes a high or remarkably high proportion
of otter diets (Briones-Salas et al., 2013; Casariego-
Madorell et al., 2006; Macias-Sanchez & Aranda, 1999).
Although our surveys were carried out only in the dry
season, we discard the absence of crayfish in scat samples
is season dependent. The most plausible explanation is the
barrier caused by the dams Miguel Aleman (Temascal)
and Miguel de la Madrid (Cerro de Oro) constructed in
1949 to 1955 and in the 1980s, respectively. In interviews,
local inhabitants mentioned that crayfish were part of the
animal community in rivers in the southern part of TCBR
(Martinez-Ramirez, 2017), but currently dams constitute
barriers for migration of these species of crayfish to the
Grande River and could explain their absence in otter
scats.

The fish Poeciliopsis sp., P. nebuliferus, P. punctatus
and R. guatemalensis, are a major part of otter diet in
this site of the TCBR, appearing in 50% of the scats.
Poeciliopsis sp. is a small species with a total length of 1
to 5.1 cm (Lucinda, 2003; Miller et al., 2009; Velazquez-
Velazquez et al., 2015); it has been observed to be an
abundant species in the rivers (Velazquez-Veldzquez et
al., 2007). In contrast, P. punctatus, R. guatemalensis and
P. nebuliferus are larger species: the first measures 3.2
to 10.0 cm (Gonzalez, 2008; Huber, 1996; Velazquez-
Velazquez et al., 2015), the second is 20 cm long, and
the third is often 12 cm long, but can grow up to 47 cm
long (Anzueto et al., 2013; Bockmann & Guazzelli, 2003;
Conkel, 1993). Consequently, in the southern part of the
TCBR, the high frequencies of this species in otter diet is
due to high abundances (Poeciliopsis sp.) or large size (R.
guatemalensis and P. nebuliferus). Moreover, the presence
of P. punctatus, a species that inhabits high elevations,
above 1,000 m in this watershed, suggests that they move
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along the tributaries, in turn explaining the registers of otters
(Martinez-Ramirez, 2017; Ruiz-Velasquez et al., 2014).

The fish species consumed by otters in the southern
TCBR have been identified as water quality bioindicators
(Huidobro-Campos, 2000). P. punctatus inhabits clean
rivers with low human impact. R. guatemalensis, R.
laticauda, and P. nebuliferus are more abundant in sites
far from urban areas. Poecilia sphenops is usually tolerant
to urban and industrial pollution and low concentrations
of dissolved oxygen. Astyanax acatlanensis is considered
a tolerant species able to live in water with high
concentrations of heavy metals, with urban, agricultural
and industrial pollution, although in the study sites higher
abundance of this species has been registered in sites far
from human settlements (Martinez-Ramirez, 2017). In the
area there are 2 species of Poeciliopsis, P. gracilis and
P. fasciata, the former is tolerant to urban and industrial
pollution, while the latter is more abundant in sites distant
from human settlements. This indicates that the otters are
consuming species that are common in the main river
(Grande River), where the populations of fish are located
far from urban areas and they venture into the meridional
parts of the TCBR where there are human settlements.

The presence of the neotropical otter in the southern
part of TCBR was explained by elevation, river depth,
and width, and dissolved oxygen concentrations. Although
otter feeding habits are diverse, 4 species of fish constitute
the basis of their diet, selected for their size or abundance.
Finally, we detected lower otter abundance relative to
previous studies. Therefore, it is necessary to continue
studies on their abundance to plan their long-term
conservation.

Since our results apply only to the dry season, and
abundance estimates were lower than previous surveys,
it is necessary to conduct yearly studies to identify trends
and to implement actions focused on their conservation
and management (de Almeida & Ramos, 2017).
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