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Abstract: The Eurasian Otter Lutra lutra is one of the threatened carnivorous mammals in
Morocco. It is listed as Near Threatened and Largely Depleted by the IUCN. From 2020 to
2024, we carried out seasonal monitoring of an otter population living in a section of the lower
valley of the Beht River, which is heavily exploited for agriculture, livestock farming and the
extraction of building materials (quarries), with the aim of assessing the species’ tolerance to
the pressures and changes affecting its habitat. Monitoring has been carried out in almost all
seasons during these four years, during which we have noted the pervasive presence of the
species in the section, despite the challenges and sometimes extreme conditions it faces. Our
observations show that in the short term, the Eurasian Otter can resist substantial changes in
the environment caused by anthropogenic activity.
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INTRODUCTION

The Eurasian Otter Lutra lutra has a Palearctic distribution and occurs in Europe,
Asia and North Africa. It is a semi-aquatic mustelid (family Mustelidae) that feeds
mainly on fish, amphibians and insects (Cusin, 2003). It is closely associated with
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aquatic environments, and particularly rivers. It is therefore an excellent indicator of
the quality of these environments (Lemarchand, 2007).

The Eurasian Otter is classified as near-threatened (NT A2c) on the IUCN red list
on aglobal scale (Loy et al., 2022) and “Vulnerable” in Morocco (Cuzin, 1996). Delibes
et al. (2012) reported in their studies that the species was observed to be absent from
intensely populated and cultivated flat areas and experienced a decline in the Atlantic
plains in Morocco.

In Morocco, there have been significant alterations to the hydrographic systems,
particularly in the lowlands and plains. The water quality and the hydrological
conditions in Moroccan rivers have been significantly changed due to prolonged
drought, excessive pumping, increased use of pesticides and fertilizers, and increased
damming with lack of environmental flow. These transformations have led to long
periods of hydrological drought, leaving the river beds completely dry for considerable
distances (Libois et al., 2012). Conversely, water pollution negatively affects the
presence and the quality of the Eurasian Otter’s prey, namely fish.

From February 2020 to February 2024, we conducted seasonal monitoring of a
population of otters in a section of the lower valley of the Beht river, heavily exploited
by humans for agriculture, livestock and farming, and extraction of construction
materials (quarries), in order to assess the tolerance of the species to anthropogenic
pressure.

MATERIALS AND METHODS
Study Area

The study was carried out in the Beht River, one of the principal rivers of the
Atlantic plains of Morocco. The Beht river flows through a diverse range of landscapes,
encompassing plains and mountainous areas. The Beht begins its course in the western
edge of the Middle Atlas Causse, and drains the northern edge of Central Morocco
(Laabidi et al., 2016).

The study area is located in the north-east of the province of Khémisset in
Morocco. It extends between the geographical coordinates 33°51'14.1"N - 5°55'26.3"W
downstream to 33°44'00.4"N - 5°56'28"W upstream, and stretches for a distance of 25
kilometres. The altitude in the study area varies between 145 m and 152 m (Fig. 1).

The monitored stretch of the river hosts different species of fish that are consumed
by the otter, like Carasobarbus fritschii, Lusciobarbus maghrebensis, Lepomis
microlophus, Oreochromis niloticus, and some unidentified carps (Hilmi et al., 2023).
The study area also hosts a population of the freshwater crab Potamon algeriense
(Hilmi et al., 2023), which has been found to be consumed by the Eurasian Otter in the
study area (Mahamoud et al., 2024).
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Figure 1. Geographical location of the study area (source: QGIS 3.30.3)
Methods

Development of the Land Use Map

A land use map was developed for the study area using ArcGIS software version
10.8 and visual observations carried out in the field.

Search for Signs of the Presence of the Otter

Due to the otter’s extreme discretion and distrust, the detection of its presence
and the assessment of its distribution can only be achieved effectively by looking for
presence clues in its environment (faeces and footprints). Indeed, the species is very
difficult to observe directly, yet it leaves clear and distinctive marks that are relatively
easy to spot.

The initial selection of monitoring stations was made on the basis of their location
along the section, with a spacing of 2.5 to 5 kilometers between them. The selection
was based on the identification of locations that provide optimal habitat for the otter.
This included areas with sufficient water depth, the presence of suitable shelter along
the banks, and other factors conducive to presence of otters (Reuther et al., 2000;
Richard-Mazet, 2005) (Fig. 2).
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Figure 2. Sampling stations in the study area (source: QGIS 3.30.3)

Research missions and presence index surveys were carried out from February
2020 to February 2024 with a frequency of one to nine missions per season, except for
spring season in 2020 (due to the COVID19 pandemic). Mission durations varied from
one to three days.

The surveys were carried out in the seven chosen stations in accordance with the
IUCN survey protocol (Reuther et al., 2000), adapted to the context of the chosen study
area. The protocol suggests searching by foot, on each of the study stations previously
defined and distributed within the study area, for the most reliable indices of the
Eurasian Otter’s presence, namely spraints (faeces) and imprints (paw marks)
(Bouchardy et al., 2008) on 300 meters on either side of the reference point, on both
banks when possible (Varanguin and Sirugue, 2008). A minimum of one visit was
conducted at each station during each season, with the exception of spring 2020, during
which surveys were not carried out at stations 1, 2, 3, 4, 5, 6, and 7. Additionally,
surveys were not conducted at station 7 during the years 2023 and 2024. Some stations
were surveyed on more than one occasion, given their potential for the species to
become established (see Table 1). The signs of presence found were photographed as
well as the surrounding environment; then, the spraints (faeces) were collected in
freezer bags and transported to the laboratory for further analysis.

Use of Camera Trap

Camera traps (Browning Trial Cameras model BTC-8A) were set throughout the
night during certain missions at the stations where we had detected the most signs of
presence to try to observe the animal in activity and visually confirm the presence of
the species. The parameters of the camera traps were set based on the study of Wright,
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2023; the camera settings were set to image (12 MP), where 3 images were taken after
the camera detected movement. An interval of one second was set between each image.

Station Characterisation

A detailed description of the environment was recorded at stations. The following
environmental variables were considered:
- The riparian zone, with a description of the presence or absence of refuges and
shelters.
- The presence or absence of water permeability.
- Average depth
- Dam releases
- The presence of gueltas (natural pools of water in the watercourse)
- The presence of large boulders in the bed of the river or on the bank.
- The presence/absence of human activities in the vicinity of the river
(agriculture, quarrying, etc.) or artificial structures (bridges and culverts).

Analysis of Similarity between Stations.

A hierarchical ascending classification was employed to compare the presence of
species indicators between stations within the study area. This statistical analysis was
conducted using the PRIMER software package (Plymouth Routines in Multivariate
Ecological Research).

DISTLM Analysis

A DISTLM (Distance-Based Linear Modelling) analysis was employed to evaluate the
impact of the diverse environmental parameters observed in the field on the variability
observed in the presence and absence of indices at the stations (Anderson and Mcardle,
2001).Sequential tests were utilised to ascertain which combinations of environmental
variables most effectively explained the variability in presence (Legendre and
Anderson, 1999).

RESULTS
Land Use Mapping of the Study Area.

Using ArcGIS 10.8 software, we mapped land use based on field observations we
made in the field (Fig. 3). The map shows that almost the entire section is devoted to
agriculture, on both sides of the Harmful agricultural practices in the study area that
affect the river’s hydrology and riparian habitats include excessive pumping from the
river to irrigate crops, and bulldozing riverbanks (and associated plant cover) to acquire
more agricultural land (Hilmi et al., 2024). In addition to agriculture, local people
practice extensive livestock farming on both banks of the river in the totality of the
study area.

The map also shows human settlements in and around the study area. We also
note the presence of quarries for the extraction of construction materials. Aggregate
mining companies extract their materials directly from the bed of the river (Libois et
al., 2012).

At both ends of the study area, there are also remnants of natural vegetation.
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Figure 3. Land use map within the study area (Source: ARCGIS 10.8)

The table below provides a detailed account of the number of visits made to each
station per season and per year.

(W: winter; SU: summer; SP: spring; AU: autumn).

Table 1. Number of visits made to each station per year and per season

NUMBER OF VISITS TOTAL

STATION 2020-2021 2021-2022 2022-2023 2023-2024 2020-2024

WSp Su AW Sp Su AW Sp Su A|W Sp Su A| Seasons
01 2 0 2 2|2 1 2 7{4 3 2 3|2 5 2 4 43
02 2 0 2 3|2 2 3 9|6 3 4|5 7 3 5 61
03 2 0 1 171 1 1 412 2 1 2 3 1 1 24
04 2 0 1 12 2 2 8|3 2 1 3|3 4 1 3 38
05 2 0 1 1112 1 1 4|2 2 1 2|2 3 1 1 25
06 2 0 2 3|2 2 3 9|6 5 4 4|5 7 3 6 63
07 10 1 11 1 1 2{0 0 O OfO O 0 O 8

Several signs of otter presence were observed in the study area in all of our visits
over the four years. Fresh and/or dry tracks were the most frequently observed, even
during the summer, which is characterised by prolonged drought of certain parts of the
river (Fig. 4). On the other hand, Eurasian Otter tracks were mainly observed on the
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exposed muddy riverbed during the rainy seasons, especially in autumn and winter, and
during periods when the riverbed was well filled (Figure 5).

Figure 3. Spraint (Faeces) of Eurasian Otters in different stations in the study area (Photo credit A.
Mahamoud)
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Figure 4. Eurasian Otter footprints taken in the study area (Station 1 and 6) (Photo credit A. Mahamoud)

The examination of Station 7 yielded positive results during the spring, winter,
and autumn seasons of the first two years. However, it was not explored in the final two
years due to access difficulties. It is at stations 1, 2, and 6 that we noted the most otter
sign during all four seasons of each year. Station 4 was only positive when water was
present: during periods of drought, the water flow at this station ceased, especially
during the summer seasons (Table 2, Fig. 6).

Table 2. Results of the search for signs of otter presence over the 4 years
(+ = presence of clues, - = absence of clues, and 0 = no search).

Station Results of presence index searches during each season
2020-2021 2021-2022 2022-2023 2023-2024

W[ Sp|[SU|A|{W |[Sp|SU|A|W|Sp|Su|A|W |[Sp|Su|A
01 + | 0| + |+ |+ |+ |+ |+ + |+ |+ |+ +]+ |+ |+
02 + 0 + |+ | + | + + |+ | + | + + |+ | + | + + | +
03 o - -1 -1+ -1-1-1-1-"1-1-1-71-7-
04 + 10 -+ ]+ |+ -+ - + -+ ] - - + | +
05 S I O e O O A e I A I I T B I
06 + | 0| + |+ |+ |+ |+ |+ + |+ |+ |+|+ ]|+ |+ |+
07 +| 0| -|+|+|+|-|+|]0|0]O0|0O]O0O]O]O]|O
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Figure 5. Station 4 is completely dry during the summer of 2023

Only a single footprint was ever seen at station 3. Station 5, in contrast, never
exhibited the slightest indication of the presence of the otter (Table 2). Based on these
results, a distribution map of the species in the study area was constructed (Fig. 7).
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Figure 6. Map of otter distribution in the study area (Source: ARCGIS 10.8)

The dendrogram (Fig. 8) obtained by hierarchical ascending classification (HAC)
analysis, combined with a SIMPROF test, applied to otter presence/absence data at
seven stations, revealed a main group (C) comprising stations S1, S2, S4, S6 and S7,
while isolating two stations (S3 and S5) from the four years of index research carried
out. Within group C, stations S1, S2, S4 and S6 are 100% similar, while station S7 is
66.67% similar. On the other hand, the two isolated stations (S3 and S5) share no
similarity either with each other or with the other stations.
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Figure 7. Dendrogram resulting from hierarchical ascending classification based on data on the
presence/absence of otter indexes at the 7 stations.

The non-parametric distance-based linear regression (DISTLM) analysis of the
influence of environmental variables on otter presence (Fig. 9) indicates that,
considering all 7 stations over the four years, there is a significant correlation between
the presence of otter signs and 4 environmental parameters. The data analysis identified
several environmental variables influencing the presence of the Eurasian otter. Dense
riparian vegetation had an influence of 84.5% (Pseudo-F=27.281; P=0.035), Average
depth (Mpr) 76.7% (Pseudo-F = 7.6246; p = 0.051), water permanence (Water Mpr)
60.4% (Pseudo-F=16. 495; P=0.007) and the presence of large boulders in the bed or
on the banks (GBR) 54.9% (Pseudo-F=6.1032; P=0.049). These results show that otters
are highly dependent on the presence of dense riparian vegetation and permanent water,
as well as on the presence of large boulders in the river.
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Figure 8. RDA obtained using DISTLIM analysis for all 7 stations

The graph shows that stations 1, 2 and 6 contain the most environmental variables
influencing otter presence. Stations 3 and 5, on the other hand, do not appear to have
any significant presence of these variables. Stations 4 and 7 show a less marked degree
of significance with regard to the presence of these variables. The proximity of most of
the stations in group (c) reflects their similarity, strongly influenced by the
environmental variables mentioned above.
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In 2020 and 2024, camera traps set overnight captured specimens. One individual
was probably female, given its small size (Fig. 10), and was observed walking up the
river on the bank downstream of station 2. Another individual was probably male given
its large size, and was observed swimming upstream of the station 6 culvert pipe (Fig.
11).

29.74 inHg! § 21C ) 09/19/2020 02:24AM CAMERA1

Figure 10. Photo of an otter taken with a trap camera downstream of station 2

29.44 inHg| 8 60F @ 04/26/2024 02:11AM CAMERA1

Figure 11. Photo of Eurasian Otter taken with camera trap at station 6

DISCUSSION

Our results show that the Eurasian Otter permanently resides in the studied
section of Beht river, even though some stretches completely dry up during the summer.
Footprints were often only observed on mud during winter seasons and periods when
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the water level was high. Photos were taken by camera traps the first year and the last
year, which reinforced the certainty of the permanent presence of the species in the
study area.

The study was carried out over a 25 km stretch of river. The distribution patterns
observed during the surveys reveal the presence of at least three individuals in the area,
including one male (identified by a photo showing a large individual) and two females
(photos of smaller individuals, taken downstream). The home ranges of these
individuals appear to overlap, as an intermediate area between downstream and
upstream shows little evidence. This could indicate that one female occupies the area
downstream of station 4, while another is upstream.

The detection of indices of the species’ presence at the various selected stations
revealed notable variations. In all instances, and throughout the whole course of our
surveys, stations 1, 2 and 6 consistently yielded positive results, whether in the form of
footprints, imprints or prey remains. The consistent occurrence of otters at these stations
can be attributed to the sustained presence of conditions that are conducive to their
survival. Indeed, at these three stations, water was consistently present, although at
variable flow rates throughout the year, providing a habitat supporting the presence of
fish, which constituted the primary food source for the otter. Furthermore, the
discontinuous riparian plant cover along the watercourse provides the otter with shelter
and refuge, enabling it to maintain its discretion and stealth qualities. The presence of
artificial structures, which create refuge areas for fish populations (Simonnet and
Gremillet, 2009) also contributed to the availability of food for the otter.

The presence of large boulders enabled individuals to mark their territory in a
conspicuous manner. These observations are consistent with the findings of Lafontaine
and de Alencastro (2002), who demonstrated that the presence or absence of the otter
is influenced by a multitude of factors, including the availability of fish, the nature of
the banks, and the quality of water. Furthermore, Reuther et al. (2000) point out that
otters use their spraints on obstacles to demarcate their territory. The present study is
distinguished from previous research in that it considers the impact of human activities
on the persistence of the species in question, despite the presence of serious
disturbances such as excessive water pumping, quarrying, and damming without
implementing environmental flow.

Conversely, at stations 3 and 5, water was not a constant feature; for instance, the
stream flow ceased entirely during the summer months. Furthermore, the banks were
largely devoid of vegetation, providing minimal refuge for the species. The absence of
permanent water, coupled with the lack of water pools in the vicinity of these stations,
does not foster favourable conditions for the presence of the otter, as indicated by the
findings of Simonnet and Gremillet (2009). Additionally, intensive human activities
such as agriculture (Libois et al., 2012) exert a detrimental impact on the species’
presence.

Station 7 was not surveyed in any of the four years due to access difficulties but,
as with Station 4, conditions are favourable for the presence of otters subject to the
presence of water. Water is temporarily present at these stations, especially during the
wetter seasons or during large releases from the Ouljet Essoltane dam upstream of the
study area. This suggests that the otter is strongly tied to its environment; when it
encounters unfavourable conditions it may migrate to survive but always returns to its
original habitat when conditions improve.

In Morocco, according to Broyer et al. (1988), a large rural population is located
wherever water is easy to access, especially along the edges of most rivers. Traditional
pastoral practices, particularly strong in the mountains, contrasts with the intensive
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agriculture which affects all the northern plains (Broyer et al., 1988). This is true and
clearly visible in our study area, as it is almost entirely exploited for agriculture, which
in turn affects the river by excessive and direct pumping for irrigation.

The works of Aulagnier et al. (2015); Delibes et al. (2012); Etienne (2005) and
Kruuk (2013) show that this species tends to desert heavily deforested, populated and
intensively cultivated rural areas where river banks had little or no vegetation. It is also
threatened by excessive use of water and possibly by pollution.

A study on the evolution of the distribution of the species in Morocco (Libois et
al., 2012) has demonstrated that the drying up of wadi beds may potentially constitute
a significant ecological barrier for the otter. This could result in the partitioning and
isolation of mountain and lowland populations over time, with detrimental
consequences for genetic variability. We observed that the otter exhibits considerable
behavioural plasticity in response to the various pressures it encounters, including water
scarcity and habitat disruption due to drought, and the non-compliance with the
environmental requirements of dams, as evidenced by the Ouljet Essoltane dam,
situated upstream of the study area. Additionally, human activities such as intensive
agriculture, extensive livestock farming, and the extraction of building materials, with
all the associated disturbances, also exert a considerable impact. This demonstrates that
the species in question is capable of tolerating extreme conditions to a certain extent,
provided that its fundamental needs are not entirely negated.

From upstream to downstream of the study area, there are human settlements on
either side of the banks, including douars (villages), hamlets, and farmhouses; an
important human presence which does not seem to cause the ottersto avoid an area.

Our observations confirm those of Cuzin (2003) who showed that the species is
very frequently observed near irrigated crops and proves that its cohabitation with
humans, in highly anthropized environments, is possible. These results also match those
of Etienne (2005), Kuhn and Jacques (2011), Simonnet and Gremillet (2009), Sordello
(2012) which showed that the otter demonstrates a capacity to occupy habitats co-
inhabited by humans, particularly during its phases of colonization of new territories.
This phenomenon is manifested in this species by its ability to cross human-occupied
at night without being detected, or even to establish its presence in the immediate
vicinity of intense human activities, subject to finding adequate food resources as well
as places suitable for shelter.

We focused on the presence/absence of indices, which did not allow us to evaluate
the density of the otter population in the study area. Otters have fairly large home ranges
that can overlap (Etienne, 2005, Kuhn and Jacques, 2011), despite being territorial
animals that mark their territories by depositing spraints in specific areas of the home
range (Etienne, 2005).

These results demonstrate a permanent presence of otters in the river section
despite the challenges it faces, namely the temporary drying out of certain parts of the
river and anthropogenic activities. This study highlights the fidelity of the Eurasian
Otter to its natural habitat and its remarkable capacity to adapt to various environmental
challenges. Our research demonstrates that this species can tolerate extreme conditions,
and that human presence does not necessarily seem to lead to its disappearance. It is
possible for the otter to coexist with humans while retaining its natural discretion.

CONCLUSION

Our work shows that, despite the challenges it faces, especially the absence of
water over long periods, the otter demonstrates consistent fidelity to its territory, and
adapts to extreme conditions. Our observations show the ability of the Eurasian Otter
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to adapt but also underline the importance of taking into account the ecological needs
of the otter in the management and conservation of its habitat, in order to ensure
cohabitation between this species and humanity.
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RESUME : MAINTIEN DE LA LOUTRE D’EUROPE LUTRA LUTRA DANS
UN SECTEUR DE L’OUED BEHT (PROVINCE DE KHEMISSET MAROC)
FACE A DES ACTIVITES ANTHROPIQUES

La Loutre d’Europe Lutra lutra fait partie des mammiféres carnivores de la faune
sauvage dulcaquicole du Maroc et elle est inscrite dans la liste rouge de 'TUCN. De
2020 a 2024, nous avons effectué un suivi saisonnier d’une population de Loutre
présente dans un trongon de la basse vallée du cours principal de I’Oued Beht fortement
exploité par I’homme pour 1’agriculture, I’élevage et I’extraction des matériaux de
construction (carrieres) dans le but d’évaluer la tolérance de 1’espéce face aux pressions
et aux changements que subit son habitat. Des missions de suivi ont été réalisées dans
la quasi-totalité des quatre saisons pendant ces quatre années au cours desquelles nous
avons noté une présence permanente de I’espece dans 1’aire d’étude malgré les défis et
parfois les conditions extrémes auxquelles elle est confrontée. De plus la présence
humaine ne semble pas nécessairement entrainer la disparition de 1I’espéce qui continue
de cohabiter avec I’lnomme tout en conservant sa discrétion naturelle.
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RESUMEN : MANTENIMIENTO DE LA NUTRIA EUROPEA LUTRA
LUTRA EN UNA SECCION DEL RiO BEHT (PROVINCIA DE KHEMISSET,
MARRUECOS) DE CARA A LA ACTIVIDAD HUMANA

La nutria Europea (Lutra lutra) es uno de los mamiferos carnivoros que forman parte
de la fauna silvestre de agua dulce de Marruecos, y esta incluida en la Lista Roja de
UICN. Entre 2020 y 2024 llevamos a cabo el monitoreo estacional de una poblacion de
nutrias que vive en una seccion del valle inferior del cauce principal del Rio Beht, que
esta intensamente explotado por el ser humano para agricultura, ganaderia y extraccion
de materiales para construccion (canteras), con el objetivo de evaluar la tolerancia de
la especie a las presiones y cambios que afectan su hébitat. El monitoreo se llevo a cabo
durante las cuatro (4) estaciones del afio durante éstos 4 afios -cubriendo casi todas las
estaciones. Hemos notado una extendida presencia de la especie en ésta seccion de rio,
a pesar de las condiciones desafiantes y a veces extremas. Es mas, la presencia del ser
humano no necesariamente parece causar que la especie desaparezca o se desplace, en
lugar de ello parece mantener una co-habitacion con el hombre, aunque mantenniendo
su natural discrecion.
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