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Scent marking is a common behaviour used to delineate territories by carnivores, yet it remains insuf-
ficiently understood as there are several alternative hypotheses, one being that sites are marked where
resources are abundant, thus guaranteeing their exclusive use. Small Mediterranean rivers are highly
variable environments throughout the year, representing an ideal scenario to test this theory, as prey
availability changes as a function of the spatial and temporal variability of the flow regime. We studied
seasonal variation in the habitat selection of latrine (i.e. scent-marked) sites, prey availability and prey
selection of the Eurasian otter, Lutra lutra, between two contrasting fluvial systems, the regulated
mainstem of River Bullaque and four unregulated tributaries (River Guadiana basin, central Spain). In
2010, we measured habitat variables, collected otter spraints and used electrofishing to compare the diet
with prey abundance. Latrines were more frequent at shallow sites, and otters did not discriminate
between fluvial systems across seasons. Also, latrines were associated with sites where the main prey,
the calandino, Squalius alburnoides, was more abundant in the tributaries during spring and summer.
However, this abundance was not translated into prey selection, with calandino being preyed below its
availability in the mainstem. This observation suggests that otters mark places where fishing is especially
easy (i.e. shallow sites with proportionally more fish). Calandino was substituted by red swamp crayfish,
Procambarus clarkii, which was easier to catch but of lower energetic value, where higher water levels
made fishing more difficult (i.e. the regulated mainstem).
� 2012 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
A major aspect of animal behaviour is intraspecific communi-
cation by means of olfactory signals (Gorman 1990). Typically,
crucial information potentially transmitted among conspecifics
would be the use of resources, which is also a reflection of the
habitat quality and suitability (Ben-David et al. 2005). Thus, the
study of environmental factors (both biotic and abiotic) affecting
the marking strategy of key species is highly relevant for unveiling
other behavioural traits, such as the social organization (Macdonald
1980, 1983), especially in habitats in which resources are highly
variable and more restricted (e.g. Mediterranean fresh waters). In
relation to this, territoriality is a behaviour consisting of the occu-
pation and defence of a territory, within a home range, which
contains valuable resources, including food, refuge or mates
(Gittleman & Harvey 1982). Territories are commonly delimited by
means of scent marks (Gorman 1990), consisting of faeces, urine
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and/or secretions of scent glands (Macdonald 1980; Gorman &
Trowbridge 1989), which are typically deposited at specific loca-
tions known as latrines (reviewed in Brown & Macdonald 1985;
Gorman & Trowbridge 1989). Theory posits that carnivores may
mark places with higher prey availability to guarantee their
exclusive use (Hutchings & White 2000; Lewis & Moorcroft 2001).
Paradoxically, very few studies have tested the latrineeprey avail-
ability relationship with empirical data, possibly because such
measurements are labour intensive (but see Prenda & Granado-
Lorencio 1996; Ben-David et al. 2005).

The Eurasian otter, Lutra lutra, hereafter simply ‘otter’, is mainly
solitary in Mediterranean areas (Ruiz-Olmo et al. 2005a) and tends
to delimit its territory by marking with faeces (spraints), smears or
jellies in conspicuous sites (i.e. latrines), which are usually constant
through time (Macdonald & Mason 1987). In these nonsocial otters,
three main hypotheses have been suggested for scent marking
(Ralls 1971; Johnson 1973; Kruuk 1992; Ben-David et al. 2005): (1)
territory signalling to reduce aggressive encounters with other
individuals of the same sex; (2) attraction of potential mates, as
they are a good indicator of territory occupation; and (3) signalling
by Elsevier Ltd. All rights reserved.
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of resources to optimize their use by holders and exclude strangers.
These hypotheses may be difficult to test individually as they are
not mutually exclusive.

Despite some studies having been carried out on otter latrine
characteristics (e.g. Dubuc et al. 1990; Swimley et al. 1998; DePue &
Ben-David 2010), to our knowledge, studies analysing a combina-
tion of temporal and spatial variation in latrine features (i.e. the
sprainting strategy) are lacking in wild otters (but see Ruiz-Olmo
et al. 2005b for female otters in captivity). In particular, seasonal
ecosystems, like those located in Mediterranean regions, represent
an ideal study system, as marking should vary in parallel with
resource availability throughout the year (Gasith & Resh 1999).
Furthermore, hydraulic works (e.g. dikes, weirs and dams), which
are very abundant in Mediterranean areas, alter natural discharge
regimes and modify the ecological interactions of riverine species
(Nilsson et al. 2005; Perez-Quintero 2007; Wang et al. 2011). This
suggests that the influence of human-mediated habitat manage-
ment (e.g. flow regulation) on the scent-marking behaviour of
mustelid species can be important, but little is known about it
(Hutchings & White 2000).

Some studies have shown that marking behaviour peaks during
winter and early spring in temperate habitats (Erlinge 1968;
Macdonald & Mason 1987; Kruuk 1992), but this is not so
pronounced in Mediterranean areas (Delibes et al. 1991; Ruiz-Olmo
& Gosálbez 1997; Prigioni et al. 2005). Thus, while otters usually
mark the same sites (i.e. similar structural features), nontraditional
places are more commonly marked during seasonal peaks
(Macdonald & Mason 1987); hence, we studied whether seasonal
changes in habitat characteristics of latrine sites exist year-round.
We also tested the hypothesis about the use of marking to signal
priority of use of resources (Kruuk 1992), since otters feed prefer-
entially in certain feeding patches (Kruuk et al. 1990), whichmay be
considered as key resources from where competitors are repelled
(Kruuk 1995). In particular, pools containing water are scarce
during summer drought in nonregulated Mediterranean rivers, and
these points may be valuable patches to be defended. In addition,
we aimed to evaluate whether hypothetical latrine selection is
related to prey availability and also prey selection. In light of this
dearth of information, we studied otter scent marking in a small
Mediterranean catchment where two contrasting fluvial systems
(regulated mainstem versus nonregulated tributaries) were moni-
tored during a 1-year period. More specifically, we hypothesized
that: (1) otters vary the structural features of latrine sites (e.g. to
make sites more conspicuous) along the seasonal cycle in parallel
with their changing requirements (Ruiz-Olmo et al. 2005a;
Barrientos 2006); (2) otters place latrines in pools that retain water
during summer in tributaries, but not necessarily in the regulated
mainstem because it remains wet throughout the year; and (3)
marking is related to both otter diet and prey abundance; hence,
latrines should be located at sites where preferred prey are abun-
dant (Kruuk 1992).

METHODS

Study Area

The present study was carried out in the 1019 km2 River Bulla-
que catchment (altitude: 550e620 m above sea level), which is
located in the River Guadiana basin, central Spain (Fig. 1). The River
Bullaque (94 km length) has a regulated flow regime owing to
a dam, which forms the Torre Abraham Reservoir (Fig. 1). The river
has a constant flow throughout the year with weak seasonal fluc-
tuations because of the operation of the dam (Almeida 2008;
Almeida et al. 2012a). Four streams are the main draining
tributaries to the River Bullaque (Fig. 1) and share similar
geomorphological characteristics with the mainstem. However,
tributaries otherwise have a relatively pristine hydrological
disturbance regime and therefore show high flow fluctuations (see
Almeida et al. 2012a for discharge profiles) associated with the
Mediterranean climate (Gasith & Resh 1999).

The fish assemblage of the River Bullaque catchment consists of
13 species, seven of which are endemic to the Iberian Peninsula:
Iberian long-snout barbel, Luciobarbus comizo, Iberian small-head
barbel, Luciobarbus microcephalus, Iberian arched-mouth nase,
Iberochondrostoma lemmingii, southern straight-mouth nase, Pseu-
dochondrostoma willkommii, calandino, Squalius alburnoides,
southern Iberian chub, Squalius pyrenaicus and southern Iberian
spined-loach, Cobitis paludica. The other six species, goldfish, Car-
assius auratus, common carp, Cyprinus carpio, northern pike, Esox
lucius, eastern mosquitofish, Gambusia holbrooki, pumpkinseed,
Lepomis gibbosus, and largemouth bass,Micropterus salmoides, were
initially introduced in Torre Abraham Reservoir (built in 1997), but
have successfully spread to the downstream area of the River Bul-
laque. Red swamp crayfish, Procambarus clarkii, is also an intro-
duced species that is very abundant in the whole study area.

General Field Procedure

Like DePue & Ben-David (2010), we defined ‘latrine’ as an otter
sprainting site that has three or more faeces (i.e. ensuring that
particular location was indeed used for marking) and that is iso-
lated from other sites by at least 5 m (i.e. to detect subtle differ-
ences in the surrounding microhabitat characteristics). To avoid
pseudoreplication of information, daily sampling involved
recording only the variables surrounding latrines on which there
were fresh faeces (i.e. current use), as well as their position using
a hand-held GPS (GARMIN model 72, U.S.A.) with an accuracy of up
to 3 m (WAAS system). Surveys were carried out for 2e3 weeks per
season throughout 2010 in River Bullaque, downstream from Torre
Abraham dam, and the four tributaries (Fig. 1). For this purpose, we
divided the year into winter, spring, summer and autumn to obtain
the variable called ‘season’. We divided the water courses into
mainstem or tributaries, obtaining the variable ‘fluvial system’. The
five water courses were carefully sampled for otter latrines by ‘zig-
zagging’ along the banks and channels (following Lenton et al.
1980). Previous studies have measured up to 30 m of river bank
from the water’s edge (e.g. DePue & Ben-David 2010), since most
otter latrines occur within this distance. However, previous spraint
surveys were carried out seasonally in the study area (Almeida
2008) to check the maximum distance from the bank for latrine
presence, which was 8.2 m in spring. Therefore, we restricted this
distance to 10 m in the current study, as latrines were not found
beyond this limit. Thus, this longitudinal area (i.e.10 m at each bank
along the river) was considered as the most likely home range, and
therefore territory, for otters. Sampling locations (600e800 m
stretches) were separated by 3 km in each water course (i.e. N ¼ 15
locations in the River Bullaque and N ¼ 6 locations for every trib-
utary). Surveys were located ca. 5 km away from the confluences to
minimize influences between regulated and nonregulated systems.
We sampled 180 (i.e. 34 in winter, 48 in spring, 59 in summer and
39 in autumn) and 172 (i.e. 44, 72, 21 and 35, respectively) latrines
in the River Bullaque and the four tributaries, respectively (mean
distance between adjacent latrines at one particular sampling
location/stretch was about 70 m). At each latrine, all remains were
collected. Spraint removal and subsequent rinsing of the site with
water allowed otters to select the latrine site according to its
environmental features, since this procedure partially avoided the
effect of attraction, both visual and odour, by previous spraints on
the otter’s decision to defecate on that site (e.g. number of days
between two consecutive defecations at latrine sites without
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Figure 1. Map of the study area. The mainstem (River Bullaque) after Torre Abraham Reservoir and the four tributaries were sampled (see details in Methods).
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spraint removal ¼ 6.50 � 0.51, with spraint removal ¼ 8.27 � 0.45;
TukeyeKramer HSD test: P < 0.01). Moreover, 200 and 192 unused
sites in the River Bullaque and the four tributaries, respectively,
were similarly sampled for habitat structure and prey availability
on the same sampling dates (i.e. 39 in winter, 53 in spring, 64 in
summer and 44 in autumn in the River Bullaque and 49, 77, 26 and
40, respectively in the tributaries). These sites were randomly
selected by generating coordinates with ArcView 3.3 (Esri, Red-
lands, CA, U.S.A.) and balanced as much as possible, taking into
account the number of latrine points per season and fluvial cate-
gory. When a random site landed onwater or>10 m away from the
bank, we moved the plot in a straight line to the nearest accessible
site (e.g. bank or a stone in the water). Otter spraints were used to
analyse the diet in the laboratory. As the ingested biomass was
averaged in every latrine, we obtained a single value per latrine.
According to the preliminary results after otter spraint genotyping
(D. Almeida, unpublished data), 22 different individuals (i.e. 12
males and 10 females) would have been identified in the study area.
The latrine overlap (i.e. one particular latrine site being used by
different individuals) was relatively low (i.e. <12% of latrine sites).

Habitat Structure

A total of nine limnological/structural characteristics were
considered as key factors for otters to select particular latrine sites.
We measured habitat characteristics in a similar way to those re-
ported in previous otter latrine studies (Dubuc et al. 1990; Swimley
et al. 1998; DePue & Ben-David 2010). Specifically, five structural
variables were determinedwithin a 2 m radius, pivoting around the
point with the highest concentration of otter spraints at each
latrine (Crait & Ben-David 2007): (1) ‘latrine height’ above the
ground or current water level (cm); (2) ‘water depth’ (cm); (3)
‘water velocity’ (cm/s); (4) ‘coarseness’ (i.e. substratum composi-
tion); and (5) ‘shade’ (% visually assessed at 1200 hours solar time).
The sampling for these five variables was adapted from DePue &
Ben-David (2010) to characterize the structure of latrine site
particularly at a microhabitat scale. Water depth and velocity were
randomly measured at 10 points within a 2 m radius and averaged.
Coarseness was calculated following Statzner et al. (1988) from
visual assessments, according to the particle size classification by
Platts et al. (1983). The remaining structural variables were
measured at a larger (i.e. mesohabitat) scale in every latrine site
following Prenda & Granado-Lorencio (1996): (6) ‘bankside vege-
tation cover’ (%); (7) ‘bankside vegetation width’ (m); (8) ‘wetted
width’ (m); and (9) ‘latrine distance to the nearest bank’ (% from the
bank to the middle channel, with 0% in the bank). Vegetation cover
was assessed by the percentage cover (2 m bankside) of helophytes,
shrubs and trees. Short grass and herbaceous vegetation were
excluded because they offer little cover for otters (Mason &
Macdonald 1986; Delibes et al. 1991). Vegetation width was
measured to a distance of 10 m from the bank (2 m bank-
side � 10 m width). Prenda & Granado-Lorencio (1996) showed
that vegetation assemblage is an important factor determining
otter sprainting activity. However, riparian vegetation was rela-
tively homogeneous along the water courses under study and
previous observations did not reveal any influence of plant



Table 1
Significant differences between use and availability of latrine sites at 95% after
binomial regression for habitat characteristics and prey abundances

Habitat Season Fluvial system Latrine Unused

Depth (cm) e e 19.59�0.53 25.95�1.06
Distance (%) e e 14.06�1.46 5.86�1.71
Prey abundance
Calandino (kg/ha) Spring Tributaries 7.72�0.82 5.51�0.56

Summer Tributaries 6.43�1.04 2.66�0.42
Southern Iberian

chub (kg/ha)
e Mainstem 1.46�0.35 0.60�0.15
e Tributaries 0.83�0.25 1.48�0.28

Results are means � SE.
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composition on otter marking behaviour (i.e. nonsignificant
differences between latrine and unused sites for the mean scores of
the first two dimensions, axes 1 and 2, derived from a principal
components analysis on the vegetation data; TukeyeKramer HSD
tests: overall P > 0.05). Therefore, physical development features
(i.e. shade, cover and width) were the only variables used for
estimating the influence of riparian vegetation. Latrine distance
was calculated as a percentage to control the effect of wettedwidth.
This percentage was either positive or negative depending on the
location of the latrine site in the channel or from the bank to the
land, respectively. All the measurements were made by D.A.

Prey Availability

On the same sampling dates, fish and crayfish biomass
(measured as kg/ha) was estimated 100 m around every latrine and
every unused site (i.e. 50 m upstream and downstream from the
site), by isolating the stretch with block nets, and electrofishing
(2000 W DC generator at 200e250 V, 2e3 A) in an upstream
direction, following the removal sampling without replacement or
Zippin method (1956), with three passes made (sampling time for
each pass 20e30 min). Fish and crayfish were immediately
immersed in an innocuous solution of anaesthetic (MS-222 at 0.1 g/
litre), identified to the species level, counted and weighed (�0.1 g)
to calculate their biomass. Fish were kept in a tank and supplied
with oxygen (two ‘Aera’ aerators, portable battery pump) until full
recovery before releasing them. All field procedures complied with
animal use and care regulations of Europe and Spain. Specifically,
electrofishing was performed by a trained licence holder (D.
Almeida), who had already carried out electrofishing in the same
study area in previous studies (e.g. Almeida et al. 2009). Thus, no
adverse effects were caused on the wildlife in the river and all
animals recovered fully from the anaesthetic. The species included
in our analyses were calandino, southern Iberian chub, southern
Iberian spined-loach, pumpkinseed, largemouth bass and red
swamp crayfish. We also detected the other species mentioned
above (see Study Area) either alive or in otter spraints. However, we
excluded these latter species from the analysis as none of them
reached the 10% of ingested biomass at any fluvial system or season,
and therefore could not be considered as key resources (Barrientos
& Virgós 2006).

Dietary Analysis

In the laboratory, otter spraints were soaked in soapy water for
24 h and dried in the oven at 60 �C for 1 h. Food items were iden-
tified to the lowest possible taxonomic level using a dedicated
reference collection of fish and crayfish remains, as well as the
published literature (Conroy et al. 1993; Miranda & Escala 2002,
2007; Arce 2011). Food itemswere also counted (minimumnumber
for each prey category per spraint). The diagnostic structures of fish
(e.g. vertebrae, pharyngeal arches) and crayfish (e.g. exopodites,
telson) were measured with a digital calliper to the nearest
0.01 mm to extrapolate them to the ingested biomass of every
specimen by means of regression equations (Conroy et al. 1993;
Miranda & Escala 2002, 2007).

Statistical Analyses

Data were transformed by using ln (x þ 1). Particularly for
percentage data, logit transformation was used (Warton & Hui
2011). Assumptions of normality of distributions and homoge-
neity of variance were verified using ShapiroeWilk and Levene
tests, respectively. All statistical analyses were performed with the
statistical software R version 2.10.1 (R Development Core Team
2009). The significance level was set at a ¼ 0.05.

We used generalized linear models (GLZ), using the log-
likelihood ratio test with a type III hypothesis (ANOVA Type III
function in the ‘car’ package), with binomial distribution (latrine
presence versus absence) and logit link function. We evaluated the
pure effects of the continuous variables as well as their interactions
with the two categorical ones (i.e. season and fluvial system), both
one-by-one and both categorical variables at the same time. We did
not explore quadratic or cubic relationships because these have not
been described for the studied variables in previous work on otters.
In ANOVA Type III, a model including the variable of interest is
compared to a model that lacks it. The log-likelihood ratio test uses
a chi-square test to test whether these two models are significantly
different (Moya-Laraño & Wise 2007). The Bonferroni step-down
correction (Holm 1979) was applied to the tests generated with
this procedure. The library ‘effects’ was used for calculating partial
effects. In a previous study (Almeida et al. 2012a), no differences
were found between the four studied tributaries in limnological
biotic and abiotic features. Thus, in the present work, we consid-
ered all the tributaries as a single unit. However, we formerly tested
for random effects (i.e. river as a random factor), fitting the general
linear mixed models with lmer in the library lme4 from the R
statistical software. However, as our results remain essentially
identical, random effects are not shown in this paper.

As we estimated prey availabilities by using abundance data
from electrofishing at the unused sites, we could evaluate the prey
selection by comparing these data with ingested biomasses from
spraints. Prey selectionwas analysed using a similar GLZ procedure,
with binomial distribution (ingested biomass versus availability).
This analytical approach minimizes the influence of otter ambula-
tion (i.e. defecation in a site different from that where the otter was
foraging; e.g. Ruiz-Olmo et al. 2001; Almeida et al. 2012b). To
standardize the two biomass measures used for our explanatory
variables (i.e. kg/latrine for ingested biomass and kg/ha for prey
availability), we adjusted them to represent the percentage of each
prey per latrine or per ha, respectively.

RESULTS

Selection of Latrine Features

The probability of finding a latrine decreased with increasing
water depth (Table 1). This pattern was consistent across seasons
and both fluvial systems, since the interaction between these two
factors was not significant (Table 2). Moreover, the probability of
finding a latrine increased with the distance to the bank (Table 1),
again in all the seasons and fluvial systems (Table 2).

The relationship between calandino abundance and latrine
presence varied both with season and fluvial system (Table 2). Sites
with more biomass of this species were positively selected for
latrine placement during spring and summer in tributaries



Table 2
Results from ANOVA Type III tests separating unused sites from those where latrines
were found

Variable Log likelihood c2 df P

Water depth 28.28 1 <0.001
Distance to the nearest bank 13.84 1 0.008
Season*fluvial system*calandino 17.30 3 0.024
Fluvial system*southern Iberian chub 11.71 1 0.024

Only significant tests after Bonferroni step-down correction are shown.

Table 4
Significant differences between use and availability at 95% after binomial regression
for the main prey of otter

Prey Season Fluvial
system

Ingested
biomass

Availability

Calandino (%) e Mainstem 26.07�2.22 41.11�2.40
Pumpkinseed (%) e Tributaries 1.21�0.42 <0.01�<0.001
Largemouth bass (%) e Tributaries 0.58�0.28 <0.01�<0.001
Red swamp crayfish (%) Winter e 17.94�3.62 34.43�4.14

Spring e 38.53�3.30 28.70�3.39
Autumn e 43.63�4.42 24.11�3.54

Results are means � SE.
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(Table 1). However, the abundance of its sister species, the southern
Iberian chub, showed a different pattern in every fluvial system
when compared with the probability of latrine presence (Table 2).
Thus, whereas otters placed latrines in those sites with more
biomass of southern Iberian chub in the mainstem (Table 1), sites
selected in tributaries contained a lower abundance of this fish
species (Table 1).

Prey Selection

Calandino was the only prey that appeared to influence latrine
selection (see above) and prey selection (negatively in this case;
Tables 3, 4). This fish species was consumed below its availability in
the mainstem (Table 4). The ingested biomass of introduced cen-
trarchids, pumpkinseed and largemouth bass also interacted with
the factor ‘fluvial system’ (Table 3). In particular, otters captured
these two species above their availability in tributaries (Table 4).
Finally, the pattern observed for red swamp crayfish was related to
seasonal variation (Table 3), with otters consuming this prey below
its availability during winter (Table 4), whereas in spring and
autumn otters tended to consume this prey above its availability
(Table 4). However, none of these selections were mirrored in
latrine site selection (see above).

Prey Selection and Diet Output

Despite calandino being the main prey in the study area, with
a year-round mean of 38% of ingested biomass (Fig. 2), there was
a general trend to consume it below its availability in the mainstem
(Fig. 2, see also above). Indeed, whereas calandino decreased from
49% year-round in tributaries to 28% in the mainstem (Fig. 2), red
swamp crayfish, the second most important prey, showed the
opposite pattern, increasing from 30% to 38%, respectively (Fig. 2).
The negative selection of this crustacean during winter was re-
flected in the otter’s diet, as the lowest percentages of ingested
biomass were estimated during winter (Fig. 2). Both introduced
pumpkinseed and largemouth bass occurred infrequently in the
otter’s diet (Fig. 2), despite otters showing a preference to consume
them more often than expected in tributaries. Pumpkinseed was
a negligible prey in tributaries (mean 1% year-round) and of little
importance in the mainstem (9%, Fig. 2). Similarly, consumption of
largemouth bass only reached the 1% year-round in tributaries and
10% in the mainstem (Fig. 2).
Table 3
Results from ANOVA Type III tests differentiating the biomass ingested by otters
from the available biomass in the environment

Variable Log likelihood c2 df P

Fluvial system*calandino 19.16 1 <0.001
Fluvial system*pumpkinseed 28.74 1 <0.001
Fluvial system*largemouth bass 11.20 1 <0.01
Season*red swamp crayfish 21.89 3 <0.001

Only significant tests after Bonferroni step-down correction are shown.
DISCUSSION

Regarding habitat characteristics, pools (i.e. deeper locations)
had a similar importance at latrine sites in the mainstem and
tributaries throughout the year. Therefore, we did not find support
for our expectation that pools are more important in tributaries (i.e.
dry and highly fragmented during the summer drought) than in the
mainstem. A potential explanation for this mismatch is that otters
could be marking places where fishing is especially easy, with this
feature being selected elsewhere (e.g. Almeida et al. 2012b). In fact,
the ease of prey capture is a key factor in maximizing the energetic
balance (i.e. costebenefit) of foraging (Schoener 1971), and thus
otters prefer to forage in shallow locations, either in tributaries or
in the mainstem, because prey usually aggregate in small water
volumes, which better facilitates fishing than open water (López-
Martín et al. 1998; Ruiz-Olmo et al. 2001, 2007; Barrientos et al.
2003). Otters also showed a tendency to mark away from the
river’s edge, often on rocks above the water level, and these are
probably selected to ensure the maximum detection probability of
faecal marks and to facilitate the dispersal of odour by wind
(Macdonald & Mason 1987; Swimley et al. 1998; DePue & Ben-
David 2010). Similarly, latrines in common genets, Genetta gen-
etta, are also assumed to have a territorial function as they are
placed in conspicuous places, such as old trees or rocky outcrops
(Barrientos 2006; Espírito-Santo et al. 2007), which, in turn,
represent important sources of refuge (Espírito-Santo et al. 2007). A
relative of the genet, the meerkat, Suricata suricatta, also use
latrines to defend a territory from neighbouring groups and pro-
specting individuals, but latrines are also positioned close to refuge
sites, that is, they signal a resource (Jordan et al. 2007). Another
example of signalling resources by means of scent marks is the
European badger, Meles meles, with males visiting boundary
latrines more often than females, particularly during the mating
season to prevent other males from mating with females living in
their territories, the females therefore in this case being a resource
to be defended (Roper et al. 1993). Marking with faeces on
conspicuous substrata is also displayed by larger carnivores, such as
wolves, Canis lupus, which are able to discriminate plants according
to their physical properties (Barja 2009). In addition, the selection
of conspicuous substrata is particularly important in otters, as the
effectiveness of marking seems to be short term when it is food
dependent and prey could become scarce relatively soon (Kruuk
1992).

Regarding the effectiveness and function of marking, spraint can
provide information on the social status of a territory holder
(Rostain et al. 2004), but we could not link scent marks to indi-
vidual otters because we did not mark the otters (because of their
legal status in a nearby Spanish National Park, ‘Cabañeros’) and
spraints were not genotyped (as we lacked the resources for pro-
cessing the large number of samples, >500 spraints). Thus, we
could not test the so-called ‘scent-fence’ and ‘scent-matching’
hypotheses (e.g. Gosling 1982). The ‘scent-fence’ hypothesis
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predicts that the scent mark of an intruder will itself stimulate
a response (e.g. increase marking) by the territory owners (Müller-
Schwarze & Heckman 1980). According to the ‘scent-matching’
hypothesis, both the presence of the intruding signaller and the
chemical signal are necessary to provoke a response by the territory
owners (Gosling 1990). For other riverine mammals, such as the
North American beaver, Castor canadensis, the marking behaviour
supports the ‘scent-matching’ hypothesis (Sun & Müller-Schwarze
1998). However, this hypothesis may not be applicable to a top
predator of freshwater environments, such as the otter, especially
in the more variable Mediterranean ecosystems (Ruiz-Olmo et al.
2002). Thus, the need for territory defence may be more intense
(i.e. more suited to the ‘scent-fence’ hypothesis).

Prigioni et al. (2005) found a high positive relationship between
fish availability and otter marking intensity. This finding indicates
that otter marking behaviour reflects habitat quality regarding food
resources (e.g. Ben-David et al. 2005). Thus, as expected, we found
support for the hypothesis that latrine sites varied seasonally in
relation to the abundance of the main prey of otters, the calandino,
particularly where environmental conditions are more unstable
(i.e. in the tributaries). However, with reference to southern Iberian
chub, the contrasting results between fluvial systems could be
related to this fish’s gregariousness during feeding, as well as its
larger size (around 20 cm total length). Thus, these fish are
particularly easy to detect in the more homogeneous mainstem
(Almeida et al. 2012a). Therefore, these limnological and behav-
ioural traits may incite otters to mark sites with higher southern
Iberian chub abundance. However, in the tributaries, this fish
species can withstand the stronger currents for most of the year
(e.g. Martínez-Capel et al. 2009) and therefore it may be located in
sites that otters tend to avoid marking as latrines, owing to reduced
hunting quality (Kruuk et al. 1993).

Nevertheless, the seasonal and spatial patterns described above
were not translated into prey selection. For instance, while otters
positively selected sites with more calandino for their latrines in
the tributaries during spring and summer, the consumption of this
species was below its availability in the mainstem. Again, a poten-
tial explanation for this mismatch is that otters could be selecting
places where fish can be confined more easily. The study by López-
Martín et al. (1998) supports this, as pools were found to contain
larger fish, with these habitats being preferentially selected by
otters to optimize fishing effort (see also Almeida et al. 2012b).

The costebenefit balance is also valid to explain the comple-
mentary foraging of otters on the two main prey species in the
study area, calandino and red swamp crayfish. According to the
predictions of optimal foraging theory (Schoener 1971), a predator
should concentrate its efforts on the preferred prey when it is
abundant (or easy to catch), and it should search for alternative
prey when the main one is scarce (or difficult to catch). Otters are
specialist fish predators that become more generalist when habitat
instability increases (Jędrzejewska et al. 2001; Clavero et al. 2003,
2008; Ruiz-Olmo & Jiménez 2009). Thus, they showa preference for
fish in highly variable Mediterranean habitats, but when summer
drought makes fish scarcer, they change their foraging preference
to crayfish (Delibes & Adrián 1987; Beja 1996; Román 2011), in spite
of its lower energy value in comparisonwith fish (Elvira et al. 1996).
This behaviour has also been found in marine otters, which include
crustaceans in their diet only when fish capture rates become low
(Watt 1991). There was a general tendency to feed on crayfish
below its availability in winter, possibly because during this season
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red swamp crayfish tend to be inactive because of low tempera-
tures (Beja 1996; Gherardi et al. 2000). However, we captured red
swamp crayfish by electrofishing, a method found to have catch
rates of >60% (Alonso 2001). It is therefore possible that our results
are likely to be biased in winter.

A final remarkable finding from the dietary results relates to the
preference of otter for centrarchids (i.e. pumpkinseed and large-
mouth bass) in the tributaries. These results contrast with those
described by Blanco-Garrido et al. (2008) in the lower River
Guadiana basin, since both species were rejected by otters probably
because of the presence of antipredator body structures. However,
the year-round ingested biomass in tributaries was negligible for
both species (ca. 1%). Consequently, the statistical significance
found is probably due to these species being almost absent in
tributaries. It is therefore possible that the prey found in spraints
were caught in other places (Almeida et al. 2012b).

In conclusion, the overall results highlight the importance of
monitoring the otter’s marking strategy for the entire year to reveal
accurate patterns of seasonal variation, with particular emphasis in
highly variable Mediterranean ecosystems. Moreover, we analysed
otter marking behaviour at a catchment scale, which allowed the
comparison of the mainstem with near-pristine tributaries and
showed how flow regulation modulated the sprainting strategy.
Also, prey selection was influenced by both endemic and invasive
species. Finally, the study of latrine site selection and prey selection
provided insights into the behavioural ecology of otters in relation
to the suitability of habitat and food availability in strongly fluc-
tuating (Mediterranean) environments.
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