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A B S T R A C T

Some of the most arid environments inhabited by the Eurasian otter (Lutra lutra) are the river systems draining
the southern slopes of the High Atlas Mountains into the Sahara Desert, where we have studied otter distribution,
habitat use and feeding ecology. We found signs of otter presence in 61% of 80 sampled sites. The species was
widespread at intermediate elevations within the study area, being rarer at high altitudes (above 2000 m a.s.l.)
and, especially, in the arid lowlands. The intensity of habitat use, estimated from spraint counts, also peaked at
intermediate elevations. Otter diet, described through the analysis of 554 spraints, was dominated by fish in
general (found in 97% of the spraints) and Luciobarbus barbels in particular (86% of spraints). The otter posi-
tively selected barbels of intermediate sizes (100–160 mm in length), avoiding the smallest size classes and
consuming larger ones according to their availability. Our results suggest that otter may be vulnerable to the
harsh environmental conditions in arid areas. This aridity-driven vulnerability is expected to increase in the area
and to expand to other peri-Mediterranean regions in the future.

1. Introduction

Arid or semi-arid areas cover around 30% of the global land surface
(Safriel and Adeel, 2005) and are expanding as a consequence of cli-
mate change (Cherlet et al., 2018). These areas include, either totally or
partially, a prominent component of the world's river systems, but arid
rivers have been much less studied than rivers in wetter regions (Harms
et al., 2008), despite being more diverse in their hydrological and
physicochemical characteristic (Kingsford and Thompson, 2006). Arid
areas host specialized biotas with complex evolutionary histories, but
they also constitute distribution limits for the biota of surrounding
wetter biomes, thus acting as border areas (Goodall, 2014). This is the
case of the Sahara Desert, which constitutes an extreme, though highly
dynamic barrier between the Afrotropical and Palearctic realms (Le
Houérou, 1992; Drake et al., 2011; Brito et al., 2014). As a result,
North-western Africa hosts organisms of diverse biogeographical affi-
nities, both in terrestrial (Dobson and Wright, 2000; Leite et al., 2015)
and aquatic environments (Lévêque, 1990; Clavero et al., 2017).

The Eurasian otter (Lutra lutra, henceforth simply the otter) is one of

the many species with a distribution limit in the arid regions of North-
western Africa. The otter has a very wide range, covering most of the
Palearctic and part of the Indo-Malay biogeographic realms, with the
Sahara Desert constituting the South-western limit (Roos et al., 2015,
Fig. 1A). This species is strictly linked to aquatic systems, as it feeds
exclusively on aquatic or semiaquatic prey (e.g. Clavero et al., 2003),
and would arguably be limited by the scarcity or lack of superficial
water in arid environments. In spite of this, across its vast distribution
range, the otter inhabits several arid and semiarid areas (Neronov and
Borbrov, 1990; Reuther et al., 2000; Karami et al., 2006; Valera et al.,
2011). However, little is known about the otter in such arid environ-
ments. Most of the studies on the distribution, status and ecology of the
otter have been developed in Europe, where the otter became a flagship
species for conservation after its drastic decline during the second half
of the 20th century (e.g. Cianfrani et al., 2011). Contrastingly, the
knowledge of the otter in Northern Africa is in general scarce (Libois
et al., 2015b), and more even so in the most arid areas of this region.

During the early 1980s Sheila Macdonald and Chris Mason travelled
Morocco, Algeria and Tunisia in search of otters, reporting the first
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systematic information on the distribution of the species in Northern
Africa (Macdonald & Mason, 1983, 1984; Macdonald et al., 1985).
Their work in Morocco (Macdonald and Mason, 1984) covered mainly
the western part of the country and did not include the river basins
draining south of the High Atlas mountain range, which are amongst
the driest ones hosting otters within the otter range. Broyer et al. (1988)
expanded the work of Macdonald and Mason (1984) on otter dis-
tribution, providing data from river systems flowing into the Medi-
terranean Sea and from those of the most arid areas of Morocco, in-
cluding oueds (= rivers) Draa, Ziz and Ghir, the most important pre-
Saharan river systems draining the High Atlas mountain range (Clavero
et al., 2017). Even though there have been recent studies on otter

distribution (Delibes et al., 2012) and trophic ecology (Libois et al.,
2015a,b) in Northern Africa, the species has not been studied again in
arid Morocco since the 1980s. Revisiting the status of the otter in these
arid environments is interesting to evaluate whether it has remained
stable, as reported for western Morocco (Delibes et al., 2012), has im-
proved, as in semi-arid Mediterranean regions of Europe (Clavero et al.,
2010; Balestrieri et al., 2016), or has worsen, a situation that could be
linked to the extreme environmental conditions. Understanding otter
ecology in arid environments may be also useful to predict how otter
populations may respond to the forecasted increases in aridity in many
areas inhabited by the species (e.g. Van Dijck et al., 2006; Cianfrani
et al., 2011).

Fig. 1. A: Global distribution of the Eurasian otter (Lutra lutra), as reported by the IUCN Red List (iucnredlist.org). The rectangle shows the area enlarged in B. B:
situation of the three studied river basins in northern Africa with a background pattern informing about the variation in average annual precipitation. The rectangle
marks the area enlarged in C. C: Otter distribution in the study area (black dots denote presences, white dots denote absences), with a background pattern informing
about elevation. Lower case laters identify the sites illustrated in Fig. 2.
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Thus, we analyzed spatial patterns in distribution, habitat use and
diet composition of the otter in oueds Draa, Ziz and Ghir. These basins
embrace steep environmental gradients ranging from cold and rela-
tively humid high-mountain environments to extremely dry lowlands
(Schulz and Judex, 2008, Fig. 2). We assessed how the otter copes with
this enormous environmental variation, which has a critical influence
on potential prey (Clavero et al., 2017, 2018) and may involve lim-
itations for otter presence at both of its extremes. Specifically, we: i)
describe otter distribution and analyze the factors that may determine
it; ii) assess habitat use by spraint (i.e. faeces) counts (see Hong et al.,
2020); and iii) report otter diet composition and its variation along
environmental gradients.

2. Materials and methods

2.1. Study area

The study was carried out across the basins of oueds Draa, Ziz and
Ghir. Annual precipitation is relatively high in high-altitude areas,
reaching around 500 mm at 3000 m a.s.l., but steeply decreases towards
lower lands, being lower than 100 mm at 1000 m a.s.l. (Schulz and
Judex, 2008, Fig. 1B). In those lower areas annual precipitation is also
more unpredictable (Schulz and Judex, 2008) and water salinity is
higher (Clavero et al., 2015).

Oued Draa is the longest river in Morocco, with a total length of

about 1100 km. Its main sources are oueds Dades and M'Goun and it
flows into the Atlantic Ocean near the city of Tan-Tan (~28.7°N;
11.1°W). Superficial water flow in Oued Draa usually disappears some
600 km upstream from the estuary, and middle stretches of the river
connect with the estuary only during extreme rain episodes (Dłużewski
and Krzemień, 2008). Oueds Ziz and Ghir flow in a dominant south-
ward direction, directly to the Sahara desert, and thus have no con-
nection to the sea. These rivers formed part of one of the endorheic
mega-lake systems that characterized the now desert Saharan area
during wetter periods (Drake et al., 2011).

2.2. Field sampling

Field sampling was carried out in March and April 2013. Overall, we
sampled 80 sites for signs of otters (tracks and spraints) along 600 m of
riverbank at each site. Otter spraints are easily identified through their
characteristic aspect and smell and easily found because they are de-
posited in prominent places within the river bed or at its banks. We
considered a site as positive whenever we found at least one otter sign,
and as negative otherwise. This approach assumes that if no otter sign is
found in 600 m there is a very small probability of finding them with
longer transects (Macdonald, 1990). The number of otter spraints is
often interpreted as an index of population abundance and habitat use,
referred to as marking intensity (Mason and Macdonald, 1987). Even
though the interpretation of marking intensity has been controversial

Fig. 2. Aerial images of six of our sample sites, identifying the name of the water course and the elevation of the stretch, taken in the river channel. Letters correspond
to those provided in panel C of Fig. 1.
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(Kruuk and Conroy, 1987), recent work supports the usage of this index
as an indicator of otter population status (Hong et al., 2020). Thus, we
counted the number of otter spraints in all positive transects, in order to
calculate an index of marking intensity (number of
spraints × 600 m−1). In order to frame the marking intensity figures
obtained in our study area, we reviewed values of marking intensity for
other places in Europe and Northern Africa reported in scientific arti-
cles, transforming the reported values to 600 m transects whenever it
was necessary. We followed the approach of Mason and Macdonald
(1987) and related the marking intensity recorded in each area with the
percentage of positive otter sites in that area. We then checked whether
the values obtained in our study area fitted in that relationship or de-
parted from the general pattern.

We surveyed fish communities in order to estimate the availability
of potential prey. Whenever possible, we used a portable electrofishing
device (model HI ELT60 II, Hans Grassl GmbH, KONIGSSEE, Germany)
along approximately 100 m river stretches (111 m average, range
39–400 m). Electrofishing sessions comprised a single pass, did not
imply net blocking of rivers and used pulsed direct current (50–75
pulses/second). This fish sampling procedure was applied for 62 sites,
but was not possible in the remaining 18 sites, mainly due to high water
conductivity (over 6000 μS/cm; see Clavero et al., 2015). When elec-
trofishing was not feasible, we used fyke and seine nets. We set two
types of fyke nets, with different mesh sizes (3.5 and 7 mm), for 24 h.
The seine net employed was 5 m-long and 1.5 m-high and had a mesh
size of 4 mm (Clavero et al., 2017). We measured the total length of all
captured fish to the nearest millimeter.

We recorded 16 variables to characterize the environmental varia-
bility of river habitats, including data related to physicho-chemical
water characteristics and the structure of river bed and banks (Table 1).
All environmental variables were collected in the field, with the ex-
ception of altitude, which was calculated using GIS. Physicho-chemical
parameters were recorded just once at each site, but the rest of en-
vironmental variables were measured or estimated several times, by

setting transects (on average 4 transects, range 1–6) perpendicular to
water flow, separated 20 m one from each other. For some of them (e.g.
water depth and velocity, substrate size) we took measures three times
at each transect (approximately at 25%, 50% and 75% of the river
width). The values of all field-recorded variables were then averaged to
characterize sites, with the exception of maximum depth, which was
the maximum among the recorded values.

2.3. Diet analysis

We collected 554 otter spraints from 34 sites to analyze the com-
position of otter diet and its spatial variability. In the laboratory, otter
spraints were soaked for at least one day in soapy water and then fil-
tered through a 0.325 mm mesh. Prey remains were identified using a
binocular microscope, aided by published keys (Felix and Montori,
1986; Prenda et al., 1997; Miranda and Escala, 2002; Blain et al., 2008).
The identification of a given prey type in a spraint was considered an
occurrence and diet composition was expressed as frequency of occur-
rence (FO, number of occurrences of a certain prey type divided by
number of spraints analyzed). To ease the comparisons with other
studies, we also reported diet composition in terms of relative fre-
quency of occurrence (RFO, number of occurrences of a certain item as
percentage of the total number of occurrences of all prey items)
(Clavero et al., 2003).

Barbels (genus Luciobarbus) are the most abundant and widespread
fish in our study area (Clavero et al., 2017). Thus, we initially assumed
that they would be a relevant otter prey and further analyzed barbel
consumption. The minimum number of barbel individuals in each
analyzed spraint was estimated from the number and position (right-
left) of key diagnostic bones, such as premaxillae, maxillae, dentary and
pharyngeal teeth. These key structures were measured in order to es-
timate the size of consumed barbels by otter. Since we did not have
retrocalculation equations to estimate the original size of Moroccan
Luciobarbus barbels from these key bones, we used the equations pub-
lished for Iberian congeneric species (Prenda et al., 2002; Miranda and
Escala, 2002). The size of each individual was estimated for every key
structure using all available equations for Iberian Luciobarbus, and then
averaged to obtain our final size estimate.

2.4. Statistical analyses

We performed a principal component analysis (PCA) to summarize
the variability of the original set of 16 environmental variables in a
reduced number of ecologically meaningful gradients. Prior to the PCA,
we transformed those variables that departed strongly from a normal
distribution (Table 1). To facilitate the interpretation of the resulting
PCs, we performed a varimax orthogonal rotation, after selecting the
most appropriate number of PCs by attending at the eigenvalue sedi-
mentation graph (i.e. scree-plot criterion; McGarigal et al., 2000). The
first three principal components (PC1, PC2 and PC3) accounted for
57.7% of the variation of the original dataset (Table 1). PC1 described
an altitudinal gradient running from upstream to downstream river
sections, integrating changes in elevation, water conductivity and
temperature and water speed, among other features. PC2 described a
riparian vegetation gradient, varying from sites with relatively high
tree, shrub and herbaceous cover to sites with bare river shores. PC3
represented a gradient related to the width and depth of river stretches.

We studied the environmental constraints of otter distribution in the
study area by analyzing the influence of the three extracted PCs on the
presence or absence of the otter, by means of generalized linear models
(GLMs) with binomial distribution and logit link function. To assess the
variability in the intensity of habitat use we selected only positive sites
and analyzed the influences of the PCs on marking intensity using GLMs
with Poisson distribution and log link function. In both cases, we fol-
lowed a sequential backward procedure to select the final explanatory
variables included in the models. First, we run a full model, including

Table 1
Environmental variables recorded for every sampled site, indicating their units
and, when necessary, the transformation applied prior to numerical analyses.
The loadings of each variable for the three principal components (PCs 1 to 3)
extracted from the principal component analysis are also shown (values equal
or larger than 0.5 in absolute value are highlighted in bold), as well as the
eigenvalues associated to each PC and the percentage of the variability of the
original dataset explained by them. Values of categorical variables as follows: *
Cover, field estimate, in categories ranging between 0 and 4: 0 (0%), 1
(0–25%), 2 (25–50%), 3 (50–75%, 4 (75–100%); **Dominant substrate cate-
gories ranging between 1 and 8: 1 (silt and clay), 2 (sand), 3 (heavy sand), 4
(gravel), 5 (heavy gravel), 6 (stone), 7 (heavy stone) and 8 (bedrock); *** Water
speed estimated in three categories, between 0 and 2: 0 (no current), 1 (slow
current) and 2 (fast current).

Units Transf. PC1 PC2 PC3

Conductivity S/cm Log10(X) 0.88 −0.13 0.12
Water temperature °C X2 0.77 0.20 0.08
Dissolved oxygen mg/l 0.49 0.06 0.36
pH X2 −0.19 −0,13 −0.37
Aquatic Vegetation Cat* 0.50 0.45 0.06
Riparian trees Cat* Log10(X) −0.41 0.55 0.13
Riparian bush Cat* √X 0.31 0.72 0.09
Riparian herbaceous Cat* Log10(X) −0.23 0.56 0.21
Riparian rock Cat* Log10(X) 0.04 −0.75 0.06
Width m √X 0.18 0.15 0.59
Average depth cm √X 0.24 0.04 0.87
Maximum depth cm 0 0.06 0.91
Substrate Cat** X2 −0.63 0.20 −0.16
Speed Cat*** −0.84 0.02 −0.21
Altitude m −0.85 0.11 −0.35

Eigenvalue 4.12 2.06 2.47
% Variance 0.27 0.14 0.16
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all explanatory variables (PCs) and their quadratic terms, in order to
allow unimodal relationships between environmental gradients and
otter distribution. Then, we removed non-significant (P > 0.1) terms,
first the quadratic terms and then the PCs, provided that the corre-
spondent quadratic term had already been removed. We followed this
same model selection approach to relate the FO of the main prey types
(fish and amphibians) and the average size of consumed barbels to the
environmental gradients represented by the PCs, in these cases using
GLMs with normal distribution and identity link function.

To analyze possible preferences for specific barbel sizes, we com-
pared the sizes of available and consumed barbels using the Ivlev's
electivity index, as modified by Jacobs (1974). To do so, we classified
barbels (either available or consumed) into 10 size-classes, in 20 mm
intervals and applied the following formula

Di= (ri - pi) / (ri + pi – 2ripi)

where Di is the otter electivity for size-class i, ri is the proportion of
consumed barbels in size-class i and pi is the proportion of available
barbels in size-class i. The electivity estimate (Di) ranges from−1 (total
avoidance of that size-class) to 1 (absolute preference for that size
class), with values around zero denoting random use. We calculated the
average D values for each barbel size class across sites and assessed
whether their associated 95% confidence intervals included zero or not,
denoting no electivity and significant avoidance or preference, respec-
tively. Before doing this averaging, in every site we excluded those size
classes that were not captured in the field (i.e. pi = 0).

3. Results

3.1. Distribution and habitat use

The otter was present in the three studied river basins, being re-
corded in 49 of the 80 sampled sites (i.e. 61%) (Fig. 1C). The species
occurred mainly on the main water courses within each basin, being
absent on medium-sized tributaries such as oueds Tissint and Zguid,
right margin tributaries of the middle Draa, and Oued Rheris. The otter
was also absent in the lowest studied reaches of the Draa and Ziz basins,
although it was present in the lowest reaches surveyed within the Ghir
basin. Marking intensity in positive sites varied between 1 and 99
spraints per 600 m (mean = 23.9; median = 17). Marking intensity
values reported in the literature for 25 areas in Europe and Northern
Africa were positively related with the proportion of positive otter sites
in those same areas, and the figures observed in our study area fitted
well in this relationship (Fig. 3).

The probability of otter presence followed unimodal relationships
with all three PCs (Table 2), although it tended to be higher towards the
negative end of PC1 (higher areas), and towards the positive extremes
of both PC2 (vegetated banks) and PC3 (larger water systems). Marking
intensity, analyzed using only presence sites, followed a unimodal
pattern along PC1 similar to that of otter presence, while was positively,
though weakly, related to PC2. Marking intensity had an inverse un-
imodal relationship with PC3 (i.e. positive estimate for the squared
term, involving higher values at the gradient's extremes, see Table 2).
Both otter presence and marking intensity showed strong unimodal
relationships with elevation (Fig. 4). The probability of otter presence
peaked at elevations between 1200 and 1400 m a.s.l., sharply de-
creasing upstream and downstream. The highest marking intensity
values were recorded at somehow lower elevations, around
1000–1200 m a.s.l., and the decline in this indicator of habitat use was
more clear upstream than downstream. We detected signs of otter
presence on only three out of seven sites over 2000 m a.s.l., up to a
maximum of 2127 m a.s.l., and always in very small numbers (one or
two spraints per site). On the other hand, the otter was absent at ele-
vations below 600 m a.s.l.

Fig. 3. Relationship between the percentage of positive sites and the mean
marking intensity, reported for 25 otter surveys. The large, dark dot marks the
figures obtained in this study and is not included in the calculation of the re-
gression line. Sites location and sources: 1- Italy (Mason and Macdonald, 1987);
2- Algeria (Mason and Macdonald, 1987); 3- Spain (Mason and Macdonald,
1987); 4- southern Albania (Hysaj et al., 2013); 5- central Wales (Mason and
Macdonald, 1987); 6- western Poland (Romanowski, 2013); 7- western Mor-
occo (Mason and Macdonald, 1987); 8- Tunisia (Mason and Macdonald, 1987);
9- central Greece (Mason and Macdonald, 1987); 10- southern Italy (Fusillo
et al., 2007); 11- Sele basin, Italy (Fusillo et al., 2007); 12- northern Poland
(Romanowski, 2013); 13- Albania (Prigioni et al., 1986); 14- Alento basin, Italy
(Fusillo et al., 2007); 15- Drina river, former Yugoslavia (Taylor et al., 1988);
16- Semani river, Albania (Bego et al., 2011); 17- Segura basin, Spain (Dettori
et al., 2019); 18- Portugal (Mason and Macdonald, 1987); 19- Calore basin,
Italy (Fusillo et al., 2007): 20- Pollino National Park, Italy (Prigioni et al.,
2005); 21- Guadalete river, Spain (Prenda and Granado-Lorencio, 1996); 22-
Andalucía, southern Spain (Mason and Macdonald, 1987); 23- Pelopponese,
Greece (Mason and Macdonald, 1987); 24- Thrace, Greec (Mason and
Macdonald, 1987); 25 eastern Poland (Romanowski, 2013).

Table 2
Final models describing the influence of the main environmental gradients in
the study area (see Table 1) on otter distribution (i.e. presence/absence) and
marking intensity (i.e. number of spraints found in 600 m transects) in positive
sites. The squared PC2 (sqPC2) was deleted from the marking intensity model
due to non-significance (P > 0.1; see methods for model selection procedures).
For each model, the percentage of explained deviance is reported as a measure
of effect size. Significance codes: ***P < 0.001; **P < 0.01; *P < 0.1.

Predictors Estimate P

Distribution
28.5% explained deviance

Intercept −8.3 **
PC1 2.6 *
PC2 3.1 *
PC3 3.2 *
sqPC1 −0.9 **
sqPC2 −0.5 *
sqPC3 −0.5 *

Marking intensity
9.3% explained deviance

Intercept 3.09 ***
PC1 1.09 ***
PC2 0.09 *
PC3 −0.83 ***
sqPC1 −0.29 ***
sqPC3 0.17 ***

Code of significance: 0 ‘***’ 0,001 ‘**’ 0,01 ‘*’ 0,05 ‘.’ 0,1 ‘’ 1.
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3.2. Patterns in diet composition

Fish was the most important prey of the otter in the area. We found
fish remains in 90% of the sites and in the vast majority (97%) of
spraints analyzed. Fish made up more than 75% of the total occurrences
(Table 3). Amphibians and reptiles were the only relevant alternative
prey, their remains being found in two thirds and one third of the sites
and in 23% and 5% of the spraints, respectively. Birds and insects were
occasional prey (Table 3).

Luciobarbus barbels were the most commonly consumed fish
(FO = 85%; Table 3). Other fish prey were non-natives pumpkinseed
sunfish (Lepomis gibbosus) and big-scale sand smelt (Atherina boyeri) and
the Afrotropical relict bluetilapia (Oreochromis aureus). The Sahara frog
(Pelophylax saharicus) was the most consumed amphibian. Other am-
phibian prey included Bufonidae toads (which may include Amieto-
phrynus mauritanicus, Barbarophryne brongersmai and Bufotes boulengeri,
and maybe Bufo bufo in high elevation areas) and only occasionally the
Mediterranean tree frog (Hyla meridionalis) and Moroccan painted frog
(Discoglossus scovazzi).

The FO of fish in otter spraints was higher at lower elevation (higher
PC1 values), while that of amphibians followed the contrary pattern,

increasing at higher altitudes (Table 4). Fish consumption was also
larger in larger water systems, as shown by its positive relation with
PC3. The otter consumed barbels across a wide range of sizes, between
32 mm and 477 mm (mean = 104 mm; median = 95 mm; Fig. 5A). The
average size of consumed barbels increased downstream and with the
size of water systems (positive relationships with PC1 and PC3, re-
spectively, Table 4). There was a positive relationship between the
average sizes of available and consumed barbels in the different elec-
trofished sites, although the latter tended to be on average larger than
the former, this being the case in 25 out of 28 sites (Fig. 5B). The
analysis of the electivity of different size classes showed that the otter
avoided individuals smaller than 80 mm and positively selected in-
dividuals between 100 and 160 mm in length (Fig. 5C). Individuals
between 80 and 100 mm and those larger than 160 mm were not sig-
nificantly avoided or preferred.

4. Discussion

4.1. Distribution and habitat use

The otter was widespread in the study area, although positive sites
tended to be concentrated at middle elevations, while the species
tended to be absent from both high mountain environments and the
increasingly dry and salty lowlands. Marking intensity values in our
study area did not depart from the general patterns observed for the
western Palearctic, based on studies developed under a wide variety of

Fig. 4. Unimodla relationships between elevation and the presence or absence
of otters (above) and marking intensity (i.e. number of otter spraints found in
600 m transects) (below). In the upper panel background columns show the
proportion of positive (dark grey) and negative (light grey) sites in 200 m
elevation classes.

Table 3
Composition of otter diet in the study area, expressed as the percentage of sites
where each prey type was identified, frequency of occurrence (FO) and relative
frequency of occurrence (RFO).

% Sites FO RFO

Fish 88.6 97.5 75.9
Luciobarbus sp. 81.8 85.7 66.8
Atherina boyeri 9.1 1.6 1.3
Lepomis gibbosus 15.9 4.3 3.4
Oreochromis aureus 6.8 1.4 1.1
non-identified cyprinid 15.9 4.3 3.4

Amphibians 65.9 23.3 18.1
Pelophylax saharicus 56.8 18.0 14.1
Fam. Bufonidae 27.3 4.3 3.4
Hyla meridionalis 6.8 0.5 0.4
Discoglossus scovazzi 2.3 0.4 0.3
NI amphibian 6.8 0.5 0.4

Reptiles 31.8 5.4 4.2
Mauremys leprosa 20.4 2.9 2.2
Natrix maura 18.2 2.5 2.0

Birds 9.1 1.3 1.0
Insects 2.3 0.3 0.3

Table 4
Final models describing the influence of the main environmental gradients in
the study area (see Table 1) on different descriptors of otter diet, namely the
frequencies of occurrence (FOs) of the main prey types (fish and amphibians)
and the average estimated size of the barbels consumed at each site. The per-
centages of explained deviance are reported as a measure of effect size. See
methods for model selection procedures. Significance codes: ***P < 0.001;
**P < 0.01; *P < 0.1: ns P ≥ 0.1

Predictor Estimate P

FO Fish
23.6%

Intercept 24.8 ns
PC1 17.0 **
PC3 11.3 *

FO Amphibians
27.4%

Intercept 49.0 ***
PC1 −15.4 ***

Size of consumed barbels
20.0%

Intercept 66.7 ***
PC1 13.7 *
PC3 9.4 *
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environmental conditions. This suggests that while harsh environ-
mental conditions may limit the distribution of the otter in the studied
basins (see below), otter densities in occupied river stretches might not
be lower than those reported in wetter environments.

Our results describe an otter distribution pattern that is strikingly
similar to that reported by Broyer et al. (1988) for the mid-1980s.
Broyer et al. (1988) visited 34 sites in our study area, finding otter signs
in 20 (i.e. 59%) of them, almost the same figure reported here (61%).
But beyond prevalence, both works coincide in reporting the absence of
the otter in right-margin tributaries of the middle Draa, in Oued Rheris
and at high elevations, and its ubiquity along the Draa and Ziz main
courses. These consistencies suggest that the status of the otter in the
country has remained relatively stable in the last decades, as previously
reported by Delibes et al. (2012) for other areas in Morocco. It would be
very interesting to investigate whether the status of the species is that
much stable in Algeria and Tunisia.

Distribution patterns reported here suggest a double limitation for

otters in the study area: harsh environmental conditions at high ele-
vations and aridity in the lowlands. This results in a unimodal response
of the probability of otter presence across the altitudinal gradient. The
species is arguably unable to inhabit high mountain environments due
to the lack of sufficient trophic resources (e.g. Remonti et al., 2009),
although physiological constraints are also plausible (Crait et al., 2012).
We found that otters tend to be absent above 2100 m a.s.l. This pattern
was confirmed through an intensive sampling of high-mountain streams
of the Draa basin (Clavero et al., 2018), during which no otter signs
were found. In the lowlands, below some 800 m a.s.l. in our study area,
the limitations to otter presence may be related to the lack of superficial
waters and/or to their extreme salinities (Clavero et al., 2015), since
otters need low-salinity water to drink and wash their fur (Somers et al.,
1998; Beja, 1992). As a result, the otter was absent in the lowest reaches
of the Draa and Ziz basins. However, otter distribution in Oued Ghir
expands southward from the limits of our study area (i.e. into the Al-
gerian Sahara), reaching at least the Djorf-Torba reservoir (Nait-Larbi,

Fig. 5. A: size structure of barbels (Luciobarbus lepineyi and Luciobarbus pallaryi) consumed by the otter (black columns) and captured during the fish surveys
developed in the study area (white columns). B: linear relationship between the average size of barbels consumed by the otter and captured through electrofishing at
the same sites. The broken line marks 1:1 relationship (i.e. average sizes of available and consumed fish being equal). C: Selectivity (Ivlev's D index) by the otter of
different barbel size classes, with the thick grey line marking no selectivity (i.e. zero D value), separating preferences (positive values) and avoidances (negative
ones). Squares are average values for the different sites and whiskers are 95% confidence intervals.
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2011), some 50 km to the south of our lowest site. The lowland extreme
of the unimodal relationship between otter distribution and elevation in
our arid study area is different from similarly unimodal patterns de-
scribed in other areas (e.g. Clavero et al., 2010), where otter presence in
lowland areas is apparently hindered by human impacts.

Arid conditions can make otter populations more vulnerable to local
extinctions and also hinder recolonization processes after extinction
events. This might be the case of the Rheris basin, where the otter has
been absent at least since the 1980s in spite of the availability of sui-
table habitats with abundant barbel populations (Clavero et al., 2017
and authors’ unpublished data). The otter has not been able to (re)co-
lonize Oued Rheris even though its distance to Oued Ziz its only 3 km
south of the town of Erfoud (both water courses then separate from
each other, to definitively join some 80 km southwards, to form Oued
Saoura). This proximity was artificially created by the diversion of
Oued Ziz during the Middle Ages, in order to make it flow by the city of
Siğilmāsa (Capel., 2016). Otter movement between oueds Ziz and
Rheris is arguably hampered by the extreme harshness of the terrestrial
habitats separating these nearby water courses. In more humid en-
vironments the otter has been shown to have a large recolonization
capacity, being able to occupy basins from where it had become extinct
from neighboring ones by crossing water divides and tens of kilometers
of terrestrial habitats (Janssens et al., 2008; Jiménez et al., 2009).

4.2. Diet

We found that otter diet in the area was dominated by fish in
general and barbels in particular, with amphibians and reptiles being
the only relevant secondary prey. These results are surprisingly coin-
cident with those reported by Broyer et al. (1988) after analyzing 224
spraints from the Draa (11 spraints), Ziz (51) and Guir (162) basins.
These authors provided RFO values of 76% for fish (76% in our dataset,
see Table 3), 15% for amphibians (18% in our dataset) and 4% for
reptiles (also 4% in our data). The RFO of fish in our study area is high
if framed in a European context, being clearly larger than the average
values reported for the Iberian Peninsula (65%; Clavero et al., 2008),
and closer to the figures of temperate European areas (80.6%) than to
those of the Mediterranean ones (62.6%) (Clavero et al., 2003). Within
the European temperate area, they are closer to the figures of standing
waters (~85%) than to those of rivers and streams (slightly over 50%)
(Krawczyk et al., 2016). The RFOs of fish are also high in the other
available reports of otter diet in Northern Africa (Libois et al., 2015a,b).
Amphibian consumption also seems to be high in our study area, since,
according to the review by Smiroldo et al. (2019), the RFO of amphi-
bians is rarely higher than 15%. Amphibian consumption increased at
higher elevations, as already reported in other areas (Remonti et al.,
2009). The lack of large crustaceans in our study area, either crayfish or
freshwater crabs, which can be relevant otter prey (e.g. Georgiev and
Stoycheva, 2006; Ruiz-Olmo and Clavero, 2008), leaves amphibians as
the sole important alternative resource to fish prey. This situation could
however change if invasive crayfish already present in Morocco (e.g.
Yahkoub et al., 2019) spreads throughout the country.

The predominant role of barbels in otter diet in our study area co-
incides with the trophic spectrum already reported in rivers of Morocco
(Libois et al., 2015b), Algeria (Libois et al., 2015a) and the Iberian
Peninsula (e.g. Ruiz-Olmo et al., 2001; Blanco-Garrido et al., 2008). In
the studied basins, barbels are the only widely distributed fish, and
alternative fish prey are found only at high elevation reaches (trout) or
lowlands (tilapias), or linked to reservoirs (non-native species) (Clavero
et al., 2017). Consequently, the frequency of barbel consumption de-
scribed here is amongst the highest recorded for any otter population.
Otters generally reject the smallest size classes of available prey fish
populations (e.g. Taastrøm and Jacobsen, 1999; Kloskowski et al.,
2013; Mirzaei et al., 2010), as is the case for barbels in our study area,
although Miranda et al. (2006) reported an Iberian otter population
selecting notably smaller barbels, preferring individuals below 80 mm.

Barbels predated by otters in our study area are also larger than those
reported from the Middle Atlas (Libois et al., 2015b), where 87% of the
Luciobarbus labiosa consumed by the otter were smaller than 100 cm,
this figure being 53% in our dataset. However, larger average sizes of
consumed barbels (between 120 and 180 mm) have also been reported
for the Iberian Peninsula (JIménez, 2005). The environmental (e.g. flow
variability) and biotic (e.g. community composition, invasions) de-
terminants of prey size preference by otters are an interesting research
line, attending at the large diversity of patterns reported in the litera-
ture.

4.3. Otters in arid lands

The generalized lack of otters in the lowlands of our study area and
the particular case of Oued Rheris highlight the vulnerability of the
otter in arid environments. This vulnerability is expected to increase in
the study area in the next future, due to the expected increases in
temperatures and reductions in precipitation (Schilling et al., 2012;
Karmaoui et al., 2014). The unsuitable conditions for otter presence in
the lowlands reported here are thus expected to move uphill, but this
shift will not be compensated by an increase of suitability in mountain
areas, due to limitations in water availability (e.g. Clavero et al., 2018).
As a result, otter distribution in the area is expected to shrink, in-
creasing the probability of local extinctions and hindering recoloniza-
tion events. Notably, the observed and projected climatic patterns in the
Mediterranean region (Cramer et al., 2018) indicate that aridity may
become an increasingly limiting factor for otter distribution and a de-
terminant of its ecology in other areas of Northern Africa and Southern
Europe.

CRediT authorship contribution statement

Maria Riesco: Investigation, Investigation, Formal analysis, Writing
- original draft. Miguel Delibes: Investigation, Writing - review &
editing. Javier Calzada: Investigation, Writing - review & editing.
Javier Esquivias: Investigation. Abdeljebbar Qninba: Writing - re-
view & editing. Miguel Clavero: Investigation, Formal analysis,
Writing - original draft.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgements

This work has been was funded by the National Geographic
Society’s Committee for Research and Exploration through grant
#9188-12 and by the EBD-CSIC through a micro-project within the
Spanish Severo Ochoa Program (SEV-2012-0262), also benefitting by
the support of Land Rover Jaguar España. Permissions were obtained
from the Haut Commissariat aux Eaux et Forêts et à la Lutte Contre la
Désertification du Royaume du Maroc. We greatly acknowledge the
company and field assistance provided by Raulo Arroyo, Carli Pérez,
Iria Soto, Fali Becerra, Filipe Ribeiro, Mariángeles Martínez Panke,
Pepa Borrero and Manu Pérez. We will always thank the help, support
and advice of Brahim Bizzi and his big family at Kasbah Les Amis
(M'semrir). Advice from two anonymous reviewers helped us to im-
prove this work.

References

Balestrieri, A., Remonti, L., Prigioni, C., 2016. Towards extinction and back: decline and
recovery of otter populations in Italy. In: Angelici, F.M. (Ed.), Problematic Wildlife: a
Cross-Disciplinary Approach. Springer International Publishing, Cham, Switzerland,

M. Riesco, et al. Journal of Arid Environments 178 (2020) 104165

8

http://refhub.elsevier.com/S0140-1963(20)30069-0/sref1
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref1
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref1


pp. 91–105.
Bego, F., Malltezi, J., Beqiraj, S., Xhulaj, S., 2011. On the presence, conservation status

and distribution of the otter (Lutra lutra) in the Semani river watershed. Int. J.
Ecosyst. Ecol. Sci. (IJEES) 1, 43–49.

Beja, P.R., 1992. Effects of freshwater availability on the summer distribution of otters
Lutra lutra in the southwest coast of Portugal. Ecography 15, 273–278.

Blain, H.A., Bailon, S., Agustí, J., 2008. Amphibians and squamate reptiles from the latest
early Pleistocene of Cueva Victoria (Murcia, southeastern Spain, SW Mediterranean):
paleobiogeographic and paleoclimatic implications. Geol. Acta: Int. Earth Sci. J. 6,
345–361.

Blanco-Garrido, F., Prenda, J., Narvaez, M., 2008. Eurasian otter (Lutra lutra) diet and
prey selection in Mediterranean streams invaded by centrarchid fishes. Biol.
Invasions 10, 641–648.

Brito, J.C., Godinho, R., Martínez‐Freiría, F., et al., 2014. Unravelling biodiversity, evo-
lution and threats to conservation in the Sahara‐Sahel. Biol. Rev. 89, 215–231.

Broyer, J., Aulagnier, S., Destre, R., 1988. La loutre Lutra lutra angustifrons Lataste, 1885
au Maroc. Mammalia 52, 361–370.

Capel, C., 2016. Une grande hydraulique saharienne à l’époque médiévale. L’oued Ziz et
Sijilmassa (Maroc). Mélanges Casa Velázquez (46–1), 139–165 nouvelle série.

Cherlet, M., Hutchinson, C., Reynolds, J., Hill, J., Sommer, S., von Maltitz, G. (Eds.),
2018. World Atlas of Desertification. Publication Office of the European Union,
Luxembourg.

Cianfrani, C., Le Lay, G., Maioran, L., Satizábal, H.F., Loy, A., Guisan, A., 2011. Adapting
global conservation strategies to climate change at the European scale: the otter as a
flagship species. Biol. Conserv. 144, 2068–2080.

Clavero, M., Prenda, J., Delibes, M., 2003. Trophic diversity of the otter (Lutra lutra L.) in
temperate and Mediterranean freshwater habitats. J. Biogeogr. 30, 761–769.

Clavero, M., Ruiz-Olmo, J., Sales-Luis, T., et al., 2008. Lo que comen las nutrias ibéricas.
In: López-Martín, J.M., Jiménez, J. (Eds.), La nutria en España. Veinte años de se-
guimiento de un mamífero amenazado. SECEM, Málaga, Spain, pp. 345–367.

Clavero, M., Hermoso, V., Brotons, L., Delibes, M., 2010. Natural, human and spatial
constraints to expanding populations of otters in the Iberian Peninsula. J. Biogeogr.
37, 2345–2357.

Clavero, M., Esquivias, J., Qninba, A., et al., 2015. Fish invading deserts: non-native
species in arid Moroccan rivers. Aquat. Conserv. Mar. Freshw. Ecosyst. 25, 49–60.

Clavero, M., Qninba, A., Riesco, M., Esquivias, J., Calzada, J., Delibes, M., 2017. Fish in
Moroccan desert rivers: the arid extreme of Mediterranean streams. Fish. Mediterr.
Environ. 2017 003: 21pp.

Clavero, M., Calzada, J., Esquivias, J., et al., 2018. Nowhere to swim to: climate change
and conservation of the relict Dades trout Salmo multipunctata in the High Atlas
Mountains, Morocco. Oryx 52, 627–635.

Crait, J.R., Prange, H.D., Marshall, N.A., Harlow, H.J., Cotton, C.J., Ben-David, M., 2012.
High-altitude diving in river otters: coping with combined hypoxic stresses. J. Exp.
Biol. 215, 256–263.

Cramer, W., Guiot, J., Fader, M., et al., 2018. Climate change and interconnected risks to
sustainable development in the Mediterranean. Nat. Clim. Change 8, 972–980.

Delibes, M., Calzada, J., Clavero, M., et al., 2012. The Near Threatened Eurasian otter
Lutra lutra in Morocco: no sign of population recovery. Oryx 46, 249–252.

Dettori, E.E., Zapata-Pérez, V.M., Collados, D.B., Soto-Otón, I.C., Saura, N.R., Balestreri,
A., Aymerich, F.R., 2019. Distribution and diet of the Eurasian otter (Lutra lutra) on
the river Segura (SE Spain). In: Universidad de Murcia (Ed.), IV Jornadas doctorales
de la Universidad de Murcia. Servicio de Publicaciones, Universidad de Murcia,
Murcia, Spain, pp. 1043.

Dłużewski, M., Krzemień, K., 2008. Physical geography of the Coude du Dra region. Pr.
Geogr. 118, 23–36.

Dobson, M., Wright, A., 2000. Faunal relationships and zoogeographical affinities of
mammals in north‐west Africa. J. Biogeogr. 27, 417–424.

Drake, N.A., Blench, R.M., Armitage, S.J., Bristow, C.S., White, K.H., 2011. Ancient wa-
tercourses and biogeography of the Sahara explain the peopling of the desert. Proc.
Natl. Acad. Sci. U.S.A. 108, 458–462.

Felix, J., Montori, A., 1986. Determinación de las especies de anfibios anuros del nordeste
ibérico mediante el hueso ilion. Miscel lània Zool. 10, 239–246.

Fusillo, R., Marcelli, M., Boitani, L., 2007. Survey of an otter Lutra lutra population in
Southern Italy: site occupancy and influence of sampling season on species detection.
Acta Theriol. 52, 251–260.

Georgiev, D., Stoycheva, S., 2006. Freshwater crabs preyed on by the Eurasian otter Lutra
lutra in a river habitat of southern Bulgaria. Hystrix 17, 129–135.

Goodall, D.W. (Ed.), 2014. Evolution of Desert Biota. University of Texas Press, Austin.
Harms, T.K., Sponseller, R.A., Grimm, N.B., 2008. Desert streams. In: Jørgensen, S.E.,

Fath, B.D. (Eds.), Ecosystems, Encyclopedia of Ecology. Elsevier, Oxford, pp.
871–879.

Hong, S., Di Febbraro, M., Loy, A., Cowan, P., Joo, G.J., 2020. Large scale faecal (spraint)
counts indicate the population status of endangered Eurasian otters (Lutra lutra).
Ecol. Indicat. 109, 105844.

Hysaj, E., Bego, F., Prigioni, C., Balestrieri, A., 2013. Distribution and marking intensity of
the Eurasian otter, Lutra lutra, on the River Drinos (southern Albania). Folia Zool. 62,
115–120.

Jacobs, J., 1974. Quantitative measurement of food selection. Oecologia 14, 413–417.
Janssens, X., Fontaine, M.C., Michaux, J.R., et al., 2008. Genetic pattern of the recent

recovery of European otters in southern France. Ecography 31, 176–186.
JIménez, J., 2005. Ecología de la nutria en afluentes del Ebro sometidos a fuertes fluc-

tuaciones de los recursos. PhD thesis. Universidad de Valencia, Valencia.
Jiménez, J., Surroca, M., de Chiclana, T., Palomo, J.J., 2009. Colonización de pequeñas

cuencas de Castellón por la nutria. Evidencias de saltos entre cuencas. GALEMYS 21,
63–70.

Karami, M., Mirzaei, R., Hamzehpour, M., 2006. Status of Eurasian Otter (Lutra lutra) in

Iran IUCN Otter Specilialists Group Bulletin, vol. 23. pp. 27–33.
Karmaoui, A., Messouli, M., Khebiza, Y.M., Ifaadassan, I., 2014. Environmental vulner-

ability to climate change and anthropogenic impacts in dryland (pilot study: middle
Draa Valley, South Morocco). J. Earth Sci. Climatic Change S11, 2.

Kingsford, R.T., Thompson, J.R., 2006. Desert or dryland rivers of the world: an in-
troduction. In: Kingsford, R.T. (Ed.), The Ecology of Desert Rivers. Cambridge
University Press, Cambridge, pp. 3–10.

Kloskowski, J., Rechulicz, J., Jarzynowa, B., 2013. Resource availability and use by
Eurasian otters Lutra lutra in a heavily modified river-canal system. Wildl. Biol. 19,
439–452.

Krawczyk, A.J., Bogdziewicz, M., Majkowska, K., Glazaczow, A., 2016. Diet composition
of the Eurasian otter Lutra lutra in different freshwater habitats of temperate Europe:
a review and meta‐analysis. Mamm Rev. 46, 106–113.

Kruuk, H., Conroy, J.W.H., 1987. Surveying otter Lutra lutra populations: a discussion of
problems with spraints. Biol. Conserv. 41, 179–183.

Le Houérou, H.N., 1992. Outline of the biological history of the Sahara. J. Arid Environ.
22, 3–30.

Leite, J.V., Álvares, F., Velo-Antón, G., Brito, J.C., Godinho, R., 2015. Differentiation of
North African foxes and population genetic dynamics in the desert—insights into the
evolutionary history of two sister taxa, Vulpes rueppellii and Vulpes vulpes. Org. Divers.
Evol. 15, 731–745.

Lévêque, C., 1990. Relict tropical fish fauna in Central Sahara. Ichthyol. Explor. Freshw.
1, 39–48.

Libois, R., Ghalmi, R., Brahimi, A., 2015a. Insight into the dietary habits of the eurasian
otter, Lutra lutra, in the East of Algeria (El-Kala national Park). Ecol. Mediterr. 41,
85–91.

Libois, R., Fareh, M., Brahimi, A., Rosoux, R., 2015b. Régime alimentaire et stratégie
trophique saisonnière de la loutre d'Europe, Lutra lutra, dans le Moyen Atlas (Maroc).
Rev. Ecol. 70, 314–327.

Mason, C.F., Macdonald, S.M., 1987. The use of spraints for surveying otter Lutra lutra
populations: an evaluation. Biol. Conserv. 41, 167–177.

Macdonald, S.M., 1990. Surveys. In: Foster-Turley, P., Macdonald, S., Mason, C. (Eds.),
Otters - an Action Plan for Their Conservation. IUCN Species Survival Commision,
Gland, pp. 8–10.

Macdonald, S.M., Mason, C.F., 1983. The otter (Lutra lutra) in Tunisia. Mamm Rev. 13,
35–37.

Macdonald, S.M., Mason, C.F., 1984. Otters in Morocco. Oryx 18, 157–159.
Macdonald, S.M., Mason, C.F., De Smet, K., 1985. The otter (Lutra lutra) in north-central

Algeria. Mammalia 49, 215–220.
Miranda, R., Escala, M.C., 2002. Guía de identificación de restos óseos de los Ciprínidos

presentes en España. Serie Zoológica 28. Servicio Publicaciones de la Universidad de
Navarra, Pamplona.

Miranda, R., Garcia-Fresca, C., Barrachina, P., 2006. Summer prey size selection by
European otter Lutra lutra in Mediterranean habitats. Mammalia 70, 315–318.

Mirzaei, R., Krami, M., Danehkar, A., Abdoli, A., Conroy, J., 2010. Prey size selection of
the eurasian otter, Lutra lutra (Linnaeus, 1758), at the Jajrood river, Iran: (Mammalia:
Carnivora). Zool. Middle East 50, 19–26.

McGarigal, K., Cushman, S.A., Stafford, S., 2000. Multivariate Statistics for Wildlife and
Ecology Research. Springer Science & Business Media.

Nait-Larbi, H., 2011. Utilisation des ressources alimentaires par la loutre d'Europe, Lutra lutra
(Linné, 1758) durant deux saisons (été–automne) dans le barrage de Djorf–Torba
(Kenadsa–Bechar). MSc thesis. Ecole Nationale Supérieure Agronomique, Alger.

Neronov, V.M., Borbrov, V.V., 1990. Conservation of rare mammals in deserts of USSR.
Arid Lands Newsl. 30, 15–20.

Prenda, J., Granado-Lorencio, C., 1996. The relative influence of riparian habitat struc-
ture and fish availability on otter Lutra lutra L. sprainting activity in a small
Mediterranean catchment. Biol. Conserv. 76, 9–15.

Prenda, J., Arenas, N.P., Freitas, D., Reis, M.S., Pereira, M.C., 2002. Bone length of lberian
freshwater fish, as a predictor length and biomass of prey consumed by piscivores.
Limnetica 21, 15–24.

Prenda, J., Freitas, D., Santos-Reis, M., Collares-Pereira, M.J., 1997. Guía para la
identificación de restos óseos pertenecientes a algunos peces comunes en las aguas
continentales de la península ibérica para el estudio de dieta de depredadores ic-
tiófagos. Doana - Acta Vertebr. 24, 155–180.

Prigioni, C., Bogliani, G., Barbieri, F., 1986. The otter Lutra lutra in Albania. Biol. Conserv.
36, 375–383.

Prigioni, C., Remonti, L., Balestrieri, A., Sgrosso, S., Priore, G., Misin, C., Viapiana, M.,
Spada, S., Anania, R., 2005. Distribution and sprainting activity of the otter (Lutra
lutra) in the Pollino national Park (southern Italy). Ethol. Ecol. Evol. 17, 171–180.

Remonti, L., Balestrieri, A., Prigioni, C., 2009. Altitudinal gradient of Eurasian otter (Lutra
lutra) food niche in Mediterranean habitats. Can. J. Zool. 87, 285–291.

Reuther, C., Rifai, L., Qarcas, M., Abu Baker, M., Amr, Z.S., 2000. Results of an initial field
survey for otters (Lutra lutra) in Jordan. IUCN Otter Spec. Group Bull. 17, 75–79.

Romanowski, J., 2013. Detection of otter (Lutra lutra L.) signs in a survey of Central and
Eastern Poland: methodological implications. Pol. J. Ecol. 61, 597–604.

Roos, A., Loy, A., de Silva, P., Hajkova, P., Zemanová, B., 2015. Lutra lutra. The IUCN Red
List of Threatened Species 2015: e.T12419A21935287. https://doi.org/10.2305/
IUCN.UK.2015-2.RLTS.T12419A21935287.en Downloaded on June 8th 2016.

Ruiz-Olmo, J., López-Martín, J.M., Palazón, S., 2001. The influence of fish abundance on
the otter (Lutra lutra) populations in Iberian Mediterranean habitats. J. Zool. 254,
325–336.

Ruiz-Olmo, J., Clavero, M., 2008. Los cangrejos en la ecología y recuperación de la nutria
en la Península Ibérica. In: López-Martín, J.M., Jiménez, J. (Eds.), La nutria en
España. Veinte años de seguimiento de un mamífero amenazado. SECEM, Málaga,
Spain, pp. 369–396.

Safriel, U., Adeel, Z., 2005. Dryland systems. In: Hassan, R., Scholes, R., Ash, N. (Eds.),

M. Riesco, et al. Journal of Arid Environments 178 (2020) 104165

9

http://refhub.elsevier.com/S0140-1963(20)30069-0/sref1
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref2
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref2
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref2
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref3
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref3
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref4
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref4
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref4
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref4
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref5
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref5
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref5
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref6
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref6
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref7
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref7
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref8
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref8
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref9
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref9
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref9
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref10
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref10
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref10
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref11
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref11
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref12
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref12
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref12
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref13
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref13
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref13
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref14
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref14
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref15
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref15
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref15
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref16
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref16
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref16
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref17
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref17
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref17
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref18
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref18
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref19
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref19
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref20
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref20
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref20
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref20
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref20
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref21
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref21
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref22
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref22
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref23
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref23
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref23
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref24
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref24
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref25
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref25
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref25
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref26
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref26
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref27
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref28
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref28
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref28
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref29
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref29
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref29
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref30
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref30
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref30
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref31
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref32
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref32
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref33
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref33
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref34
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref34
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref34
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref35
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref35
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref36
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref36
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref36
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref37
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref37
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref37
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref38
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref38
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref38
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref39
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref39
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref39
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref40
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref40
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref41
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref41
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref42
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref42
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref42
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref42
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref43
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref43
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref44
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref44
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref44
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref45
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref45
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref45
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref46
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref46
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref47
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref47
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref47
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref48
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref48
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref49
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref50
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref50
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref51
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref51
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref51
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref52
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref52
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref53
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref53
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref53
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref54
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref54
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref55
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref55
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref55
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref56
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref56
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref57
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref57
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref57
http://refhub.elsevier.com/S0140-1963(20)30069-0/optxzdPn14BJV
http://refhub.elsevier.com/S0140-1963(20)30069-0/optxzdPn14BJV
http://refhub.elsevier.com/S0140-1963(20)30069-0/optxzdPn14BJV
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref58
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref58
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref58
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref58
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref59
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref59
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref60
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref60
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref60
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref61
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref61
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref62
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref62
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref63
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref63
https://doi.org/10.2305/IUCN.UK.2015-2.RLTS.T12419A21935287.en
https://doi.org/10.2305/IUCN.UK.2015-2.RLTS.T12419A21935287.en
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref65
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref65
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref65
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref66
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref66
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref66
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref66
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref67


Ecosystems and Human Well-Being: Current State and Trends. Ecosystem Millennium
Assessment Island Press, Washington, pp. 623–662.

Schilling, J., Freier, K.P., Hertig, E., Scheffran, J., 2012. Climate change, vulnerability and
adaptation in North Africa with focus on Morocco. Agric. Ecosyst. Environ. 156,
12–26.

Schulz, O., Judex, M. (Eds.), 2008. IMPETUS Atlas Morocco. Research Results
2000–2007, third ed. University of Bonn, Bonn.

Smirold, G., Villa, A., Tremolada, P., Gariano, P., Balestrieri, A., Delfino, M., 2019.
Amphibians in Eurasian otter Lutra lutra diet: osteological identification unveils
hidden prey richness and male‐biased predation on anurans. Mamm Rev. 49,
240–255.

Somers, M.J., Van Niekerk, C.H., Nel, J.A.J., 1998. Freshwater availability and dis-
tribution of Cape clawless otter spraints and resting places along the south-west coast
of South Africa. S. Afr. J. Wildl. Res. 28, 68–72.

Taastrøm, H.M., Jacobsen, L., 1999. The diet of otters (Lutra lutra L.) in Danish freshwater

habitats: comparisons of prey fish populations. J. Zool. 248, 1–13.
Taylor, I.R., Jeffries, M.J., Abbott, S.G., Hulbert, I.A.R., Virdee, S.R.K., 1988. Distribution,

habitat and diet of the otter Lutra lutra in the Drina catchment, Yugoslavia. Biol.
Conserv. 45, 109–119.

Valera, F., Díaz-Paniagua, C., Garrido-García, J.A., Manrique, J., Pleguezuelos, J.M.,
Suárez, F., 2011. History and adaptation stories of the vertebrate fauna of southern
Spain's semi-arid habitats. J. Arid Environ. 75, 1342–1351.

Van Dijck, S.J., Laouina, A., Carvalho, A.V., et al., 2006. Desertification in northern
Morocco due to effects of climate change on groundwater recharge. In:
Desertification in the Mediterranean Region. A Security Issue. Springer, Dordrecht,
pp. 549–577.

Yahkoub, Y.B., Fekhaoui, M., El Qoraychy, I., Yahyaoui, A., 2019. Current state of
knowledge on Louisiana crawfish (Procambarus clarkii Girard, 1852) in Morocco.
Aquacult. Aquar. Conserv. Legis. 12, 618–628.

M. Riesco, et al. Journal of Arid Environments 178 (2020) 104165

10

http://refhub.elsevier.com/S0140-1963(20)30069-0/sref67
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref67
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref68
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref68
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref68
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref69
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref69
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref70
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref70
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref70
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref70
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref71
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref71
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref71
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref72
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref72
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref73
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref73
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref73
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref74
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref74
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref74
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref75
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref75
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref75
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref75
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref76
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref76
http://refhub.elsevier.com/S0140-1963(20)30069-0/sref76

	Desert otters: Distribution, habitat use and feeding ecology in arid rivers of Morocco
	Introduction
	Materials and methods
	Study area
	Field sampling
	Diet analysis
	Statistical analyses

	Results
	Distribution and habitat use
	Patterns in diet composition

	Discussion
	Distribution and habitat use
	Diet
	Otters in arid lands

	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	References




