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ABSTRACT. The Pyrenean desman (Galemys pyrenaicus) is a small semi-aquatic mammal endemic to the
Pyrenean Mountains and the northern half of the Iberian Peninsula. This species is currently considered as
vulnerable in the [UCN Red List and has been suffering from habitat loss and fragmentation for decades but
little is known about the impact of water flow modifications induced by hydroelectric power plants. In order to
address this issue we monitored Pyrenean desman individuals living in a harnessed section of the Aude River,
by genotyping both faeces samples and hair of live-trapped animals. During a three-year study (2011-2013), a
total of 39 individuals were identified using 24 microsatellite loci, 28 from faeces and 11 from trapped animals.
Several long distance movements were evidenced up to at least 15 km, a distance that has never previously been
reported. These movements might be related to modifications of the river bed caused by very high water flows
that occurred during the repair of the Nentilla hydroelectric plant. The local population density suggests that
the Aude River provides suitable habitat for the Pyrenean desman, and preservation of this habitat should be a
priority for the conservation of this species.
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INTRODUCTION

The Pyrenean desman Galemys pyrenaicus
(GEOFFROY ST. HILAIRE, 1811) (Chordata,
Mammalia) is a small semi-aquatic mammal
endemic to the Pyrenean Mountains and the
northern half of the Iberian Peninsula where
it lives in mountain streams of cold and well-
oxygenated flowing waters (NORES et al., 2007).
This species is considered as vulnerable in the
IUCN Red List (FERNANDES et al., 2008) and its
ecology and biology are poorly known, notably

because of its elusive behaviour and its primarily
nocturnal activity (STONE, 1987a; BERTRAND,
1994). However, scientists agree that this
species, like other species living in mountain
streams, has been suffering from fragmentation
and habitat loss, due to the increase of human
impact on nature. An example of the human
impact on rivers is the construction and operation
of hydroelectric power plants. These can lead
to physical and biotic modifications and they
can alter both hydrologic and thermal regimes,
impacting on the resources of benthonic larvae
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of macro-invertebrates (QUEIROZ et al., 1992;
CEREGHINO & LAVANDIER, 1997). Although little
information is available for the Pyrenean desman,
these detrimental effects have been studied on
other mammals and birds, and highlighted by
various authors (NILSSON & DYNESIUS, 1994;
D’AMIcCO et al., 2000). In France, the Aude River
has been deeply impacted by the hydroelectric
plant of Nentilla, and particularly by its recent
repair, which induced modifications of water
flows. The monitoring of Pyrenean desmans
living in the section of the river downstream
from the hydroelectric plant was therefore an
opportunity to evaluate the potential impacts of
these modifications on this species.

The presence of the Pyrenean desman can
be essentially detected by two methods: faeces
sampling and live-trapping. These were tested
and compared in previous studies (NORES et
al., 1998; GONZALEZ-ESTEBAN et al., 2003).
While live-trapping is onerous to implement and
potentially a risk for the species, faeces sampling

is non-invasive but should be undertaken with
foresight. Specifically, some mistakes can
easily occur when collecting samples. Indeed,
the Pyrenean desman shares its habitat and
diet with other semi-aquatic vertebrate species,
such as the water shrew (Neomys fodiens) and
the white-throated dipper (Cinclus cinclus), and
therefore faeces can be confounded when they
are not fresh or have been in contact with water.
However, a recent reliable and non-invasive
method was developed to easily distinguish
faeces of the Pyrenean desman from these
other species (GILLET et al., 2015a). Moreover,
genotyping of faecces with microsatellite markers
can be used to survey populations or to monitor
individuals of rare mammal species (TABERLET
et al.,, 1997; EGGERT et al., 2003; MONDOL
et al., 2009a, 2009b). Therefore, we monitored
individuals of Pyrenean desmans living in
the section of the Aude River impacted by the
Nentilla hydroelectric plant by combining the
genotyping of faeces samples and hairs of live-
trapped animals.

Fig. 1. — Map of the study area showing the ten river segments (DES1 to DES10) and different obstacles (red
arrows) along the Aude river. All obstacles are water intakes of different heights: 3m, 1m, 9m, 1m, 75c¢cm and

2m for obstacles 1 to 6, respectively.
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MATERIAL AND METHODS
Sampling protocol

Three campaigns of faeces sampling were
conducted: between January and April 2011,
between March and July 2012 and between July
and August 2013 respectively. The dates were
not fixed since faeces sampling was dependent
on the weather and the river flows. Along 20
km of the Aude River, ten 300m-long segments
were surveyed twice a year (Figure 1). These
segments of the Aude River were situated in the
Department of the same name, in the eastern
part of the French distribution of the Pyrenean
desman. The mean elevation of these segments
was 693 m with the highest segment being
DES 1 (990 m) and the lowest DES 10 (455 m)
(Figure 1). Banks of the river mostly consisted of
trees, shrubs and bushes.

During the first campaign, each faeces sample
was collected in a small tube (1.5ml) fitted
in a larger one containing silica-gel. During
the second and third campaigns, faeces were
collected in tubes (1.5ml) containing absolute
ethanol. The geographic position of each faeces
was recorded on a GPS device.

Additionally, trapping sessions were conducted
in three segments (DES3, DES7 and DESO9,
Figure 1) during six nights (two nights per
segment) in September 2011, 2012 and 2013.
Each trapping segment was extended to 900m
long (or less depending on the accessibility to the
river) and was divided in sub-segments of 300m
long (or less). Eighteen traps, formed by two
modified fish-traps hooked to each other, were set
up in the most homogeneous way, without fixing
arbitrary distances between them. Traps were
laid where the strongest water flow occurred,
in the river or near the banks, with the entrance
facing the water flow and the rear portion out of
the water to form a repository for the trapped
Pyrenean desman. They were laid late in the day
(18:00 local time) and removed early in the next
morning (4:00 local time). Traps were checked
every hour. Captured Pyrenean desmans were

weighed, sexed, eventually marked with varnish
on claws of a hind leg or with a transponder, and
a hair sample taken that was immediately placed
in a 1.5ml tube containing absolute ethanol.
Hair samples were collected under licenses
from the French Government: n°® 2011221-0004
for Aude Department and n°® 2011-INT/01 for
Ariege Department. Animals were then released
at the site of capture. A post-trapping sampling
of faeces was achieved each time in the three
segments.

Sampling and DNA extraction

Genomic DNA from hair and faeces samples
preserved in ethanol was extracted using the
QIAmp DNA Micro Kit (Qiagen Inc., Hilden,
Germany) and the Stool Mini Kit (Qiagen Inc.,
Hilden, Germany), respectively, all following the
manufacturer’s instructions. To avoid any cross
contamination, DNA extractions from faeces
samples were conducted in a separated room
with a UV-sterilised platform where no Pyrenean
desman tissue samples were previously treated.

DNA amplification

Identification of Pyrenean desman from faeces
was ascertained by amplification of a small
cytochrome b fragment, as described in GILLET
et al. (2015a). Then hair samples and faeces
were genotyped at 24 variable microsatellite loci
(Table 1). Microsatellites were distributed in five
Multiplex kits based on size limitations. PCRs
were carried out in 10ul volume containing
0.15 of each 20uM primers, 7.5ul of Multiplex
PCR kit (Qiagen Inc., Hilden, Germany) and
Sul of DNA. Amplifications were performed
in a thermal cycler VWR Unocycler using one
activation step at 95°C for 15min followed by 35
cycles (denaturation at 94°C for 30 s, annealing
at 57°C for 90 s, extension at 72°C for 60s) and
final extension step at 72°C for 30 min. Amplified
DNA was analyzed for length variations on an
ABI 3700 sequencer using GeneScan 500LIZ*
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TABLE 1

Genotyping of 24 microsatellite loci in Pyrenean desman of the Aude River (France). Null allele frequency
(NAF), rates of positive PCR (PCR+), allelic dropout (ADO) and false allele (FA) for each locus.

GpyrGS06 0.10 0.06 2 0.13 0.77 0.00 0.009
GpyrGS07 0.04 0.03 2 0.00 0.74 0.00 0.000
GpyrGS10 0.31 0.31 4 0.00 0.77 0.06 0.013
GpyrGS11 0.17 0.17 3 0.02 0.78 0.07 0.000
GpyrGS12 0.10 0.05 2 0.00 0.82 0.00 0.009
GpyrGS13 0.13 0.03 2 0.10 0.89 0.00 0.000
GpyrGS18 0.12 0.10 2 0.00 0.80 0.00 0.000
GpyrGS20 0.57 0.38 4 0.00 0.74 0.00 0.014
GpyrGS22 0.29 0.24 3 0.07 0.82 0.21 0.000
GpyrGS23 0.43 0.48 3 0.00 0.79 0.05 0.000
GpyrGS30 0.13 0.07 2 0.00 0.77 0.00 0.000
GpyrGS32 0.62 0.41 3 0.00 0.81 0.17 0.000
GpyrGS33 0.29 0.17 2 0.20 0.74 0.10 0.000
GpyrGS34 0.38 0.41 3 0.00 0.79 0.26 0.000
GpyrGS41 0.07 0.07 2 0.00 0.92 0.21 0.000
GpyrGS46 0.05 0.05 2 0.12 0.87 0.00 0.000
GpyrGS47 0.07 0.03 2 0.08 0.87 0.00 0.000
GpyrGSs3 0.03 0.03 2 0.16 0.87 0.00 0.000
GpyrGS55S 0.08 0.03 2 0.00 0.83 0.00 0.000
GpyrGS74 0.04 0.03 2 0.09 0.84 0.00 0.000
GpyrGS75 0.06 0.06 2 0.07 0.87 0.00 0.000
GpyrGS80 0.12 0.09 2 0.00 0.88 0.00 0.000
GpyrGS82 0.49 0.21 2 0.15 0.47 0.25 0.014
GpyrGS94 0.07 0.07 2 0.00 0.93 0.00 0.000

size standard and alleles were scored on
GENEMAPPER 4.0 (Applied Biosystems).

In order to avoid genotyping errors in
our dataset, consensus genotypes had to be
constructed for faeces samples. For this, we used
a modified multitube PCR approach (TABERLET
et al., 1996) and we repeated four times each
PCR. We chose to accept scoring alleles if they
appeared at least three times out of the four PCRs
and we only considered 100% matches to accept
identical genotypes.

Statistical analysis

Each replicate genotype was compared with
the consensus genotype to quantify the error
rates; both the construction of the consensus
genotype and the quantification of error rates
such as false alleles (FA) and allelic dropouts
(ADO) were performed using GIMLET v1.3.3
(VALIERE, 2002). Expected (#,) and observed
(H,) heterozygosity, as well as the probability
of identity among siblings PIDsibs (i.e. the
probability that two related individuals have
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the same genotype (WAITS et al., 2001)) were
estimated using GIMLET v1.3.3. The Hardy—
Weinberg (HW) equilibrium was tested using
the exact test implemented in GENEPOP 4.1.0
(Rousset, 2008). Tests for linkage disequilibrium
between loci were performed using GENEPOP
4.1.0 and MICRO-CHECKER 2.2.3 (VAN
OOSTERHOUT et al., 2004) was used to estimate
the proportion of null alleles (NA).

RESULTS

A total of 131, 160 and 150 putative faeces of
Pyrenean desman were collected in 2011, 2012
and 2013 respectively. In addition, 7, 2 (one new
individual and one recapture) and 3 individuals
were trapped for the same years, respectively
(Table 2). Out of the 441 collected faeces, 267
were assigned to the Pyrenean desman, and one
to the white-throated dipper, after sequencing
a small cytochrome b fragment. DNA was
probably too much degraded in the other
faeces or these belonged to other species not
targeted by our primers. 204 Pyrenean desman
faeces (64, 80 and 60 in 2011, 2012 and 2013
respectively) were genotyped for microsatellite
loci (Table 1). The mean H, was 0.15 (ranging
from 0.03 to 0.48) while the mean H, was 0.20
(ranging from 0.03 to 0.62) (Table 1). The
number of alleles ranged from 2 to 4 (Table 1).
Tests for HWE showed significant deviations
for only one locus (GpyrGS13, p-value = 0.001)
and no linkage disequilibrium was found after
Bonferroni’s correction. The mean proportion of
positive PCRs was 81%, ranging from 47% to
93% among loci and from 39% to 100% among
samples. The mean Allelic Dropout (ADO) rate
was 0.06, ranging from 0 to 0.26, and the mean
false allele (FA) rate was 0.01, ranging from 0 to
0.014 (Table 1).

MICRO-CHECKER did not detect any
significant bias in our dataset that could be
attributed to null alleles (Table 1). A total of
28 additional individuals were identified from
faeces with a PID (sibs) of 4.46¢.

Nineteen individuals were identified in 2011,
seven were trapped (four males and three
females) and twelve were identified from faeces.
Furthermore, two trapped animals were identified
again from faeces in the same segments (DES3
and DES9), two and three days after their capture
respectively. One individual, identified from
faeces, was found 4.8 km upstream from DES9
(on May 3), in DES6 (on June 9).

Nine new individuals were identified in
2012, one (female) was trapped and eight were
identified from faeces. In addition, one individual
(female) trapped in 2011 was recaptured in 2012
(Table 2). Two animals identified in 2011 were
identified again from faeces collected in 2012.
The first one was found 16.2 km upstream from
DES7 (on September 20, 2011), in DES1 (on
July 13, 2012). The second was found 17.8 km
upstream from DES9 (on September 20, 2011),
in DES2 (on September 7, 2012).

Eleven new individuals were identified in 2013,
three (females) were trapped and eight were
identified from faeces. One animal identified in
2011 was identified again in 2013 in the same
river segment (DES3). One of the three trapped
individuals was identified from faeces collected
two months before its capture. Finally, the short-
term movement of one individual was evidenced,
as it was found 1.6 km downstream from DES8
(on August 20), in DES9 (on August 28).

The number of individuals identified per river
segment and per year is given in Table 1. The
river segments DES3, DES7 and DES9 hosted
8, 9 and 11 individuals, respectively. No desman
was found in three segments: DES5, DES10 and
DES13.

DISCUSSION

According to our results, the genotyping of
the 24 microsatellites proved to be a reliable
technique to identify Pyrenean desmans and
to implement individual monitoring as several
animals were found one or two years after being
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TABLE 2

Number of collected faeces / number of faeces belonging to the Pyrenean desman / number of genotyped
faeces / number of identified individuals of Pyrenean desman (in bold), per river segment and per year in the
Aude River (France). Trapping sessions occurred in segments DES3, DES7 and DES9. Numbers in brackets are
trapped individuals that are included in the total number of identified individuals. “*” indicates one individual
trapped in 2011 that was recaptured in 2012.

14/13/13/5 42/16/14/7 42/29/29/6
2011 | 3/3/3/1 0 0 90 | 6/0 8/5/5/0 70 | 19
@ 3) 3)
6/2/2/3 (1)
2012 |53/37/37/238/27/27/2| 5/3/3/0 |1/1/1/0| 14/0 |11/4/4/2| 7/4/4/1 |11/1/1/0 (1) 14/1/1/0| 9
34/16/9/3
2013 | 35/31/8/0 | 35/30/7/0 o 6/6/6/1|6/6/6/0| 9/9/6/2 | 8/8/6/1 (1) | 6/6/6/1 | 8/8/5/3 (1) | 3/1/1/0 | 11
Total 3 2 8(2) 1 4 9 (4) 1 11 (5) 0 39

first identified. However, the results of this faeces could not be genotyped and therefore the

technique are highly dependent on the freshness, number of animals could be underestimated in
and the size of faeces, at the time of collecting. other segments and/or years. As the length of
Indeed, Pyrenean desman faeces are generally the sampled river segments is within the order
small (10 to 15mm long and 4 to 8mm wide, of magnitude of reported home ranges (STONE,

(BERTRAND 1993)) and the contained DNA 1987b; SILVA, 2001; GISBERT & GARCIA-PEREA,
degrades quickly in nature due to water and UV 2004; MELERO et al., 2012), these high numbers
radiation. Genotyping faeces can also be seen of Pyrenean desman per segment could support
as complementary to the trapping of individuals the results of MELERO et al. (2012, 2014)
as it is without risk of harm to the animals and concerning the social behaviour of this species

requires less field workforce. On the other hand, and the overlapping of home ranges.

the trapping of Pyrenean desmans can provide

more information on the individuals such as their Movements of four individuals were evidenced
sex, size, body mass, etc. during this study as they were found at distances

of 1.6 km, 4.8 km, 16.2 km and 17.8 km, eight

The three, yearly sessions of faeces sampling days, one month, ten months and one year later,
and trapping successfully led to the identification respectively. Although several distances between
of 39 individuals along the 20 km stretch of the rest sites have been reported (MELERO et al.,
Aude River. However, the number of individuals 2012), long-distance movements have never been
identified from faeces could be overestimated recorded before for the Pyrenean desman. STONE
due to error rates. Eleven individuals were (1987a) showed that populations of Pyrenean
trapped: 4 males and 7 females. The other 28 desman were composed of sedentary and erratic
individuals identified from faeces could not be individuals, the latter being mainly juveniles
sexed and therefore the sex-ratio could hardly and solitary adults. As the four individuals
be representative of the population. The highest mentioned above were identified from faeces, we
number in a 300m segment of river was found in have no information on their sex or age. These
2011 in DES7 (n = 7), followed by DES9 (n = movements could be related to modifications of
6) and DES3 (n = 5). However, these results the river during the repair works. Indeed, from
could be impacted by the time of sampling November 2011, very high water flows have
and the water flows. Moreover, all collected  been observed downstream from the segment
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DES2 and they have profoundly impacted the
river bed. Therefore some individuals may have
moved upstream to find more suitable habitat,
notably in the less impacted segments DES1 and
DES2. This also means that the Pyrenean desman
can disperse when its habitat is impoverished
and that its response can be quick. In addition,
individuals who moved over long distances
should have encountered hydraulic plants or
dams on their way (Figure 1). This could confirm
that the Pyrenean desman is able to cross over
such obstacles, as it was previously suggested
(CHORA & QUARESMA, 2001).

CONCLUSION

This study confirms the genotyping of faeces as
a reliable method to identify Pyrenean desmans,
in addition to, or as a substitute for trapping,
in order to perform individual monitoring.
However, sexing the animals from faeces
should be investigated, while ageing will remain
impossible, making difficult direct studies of
population dynamics. Several movements of
individuals evidenced that Pyrenean desmans
can travel long distances. This new and
unexpected finding is particularly interesting in
terms of conservation. However, a longer term
study is required to investigate the reason for this
dispersal. Finally, the observed numbers present
in short segments demonstrate that the Aude
River, and its basin, are suitable habitat for the
Pyrenean desman, and emphasise that particular
attention should be paid to this river in regard to
conservation of this species.
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