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Abstract

The traditional methods for detecting the Pyrenean Desman, based on animal trapping or
detecting faeces in streams, were logistically cumbersome, and their efficiency varied in space and time.
More recently, researchers started using artificial latrines to enhance the detection of faeces, but so far,
there is no information on whether their use changes in space and time. To test this, we deployed 51
artificial latrines through the Artikutza Valley (Navarre, North Iberian Peninsula) and surveyed them
over 1.5 years to answer the following questions: i) does baiting latrines with Desman faeces from
elsewhere affect their use? ii) does latrine use vary over the year and across the valley? Baiting latrines
with faeces reduced their use frequency. The use of latrines showed minor variations across time and
space and was not affected by extreme weather effects. Comparisons with simultaneous trapping
campaigns show latrines to be more efficient than nases at detecting Desmans and suggest that frequency
of latrine utilization could be used as an indicator of Desman abundance.

Keywords: Scat, Stream, Aquatic mammal, Artikutza Valley

Introduction

Repeated population distribution and density monitoring are essential to assess the trends of
wildlife species (Caughley & Sinclair, 1994). In the case of endangered species, researchers try to avoid
capturing individuals and, therefore, often rely on indirect detection methods such as camera traps,
counting footprints or scats, often linked to baits or other attractants (Orrock & Connolly, 2016; Walters
et al., 2013). Nowadays, molecular genetic techniques can identify the species that deposited the scat
(Gillet et al., 2015b; Walker et al., 2016). However, these methods are expensive and difficult to carry
out in large geographical areas. Nevertheless, the scats of some species, such as the Eurasian otter (Lutra
lutra), are relatively easy to identify visually, thus allowing routine monitoring (Mason & Macdonald,
1986).

The Pyrenean Desman (Galemys pyrenaicus, Geoffroy, 1811; Insetivora, Talpidae) is a 60-70
g semi-aquatic mammal mainly inhabiting clean mountain streams. It is a solitary animal that appears
to be territorial. It hides in crevices, roots, and boulder piles on stream banks, whereas it feeds mainly
on aquatic macroinvertebrates (Richard, 1986) captured in riffle areas (Esnaola et al., 2021). The
distribution of Desmans was traditionally assessed from trapping (Gonzalez-Esteban et al., 2003) and
surveys of faeces along the stream (Nores et al., 1992). Fresh Desman faeces are easy to identify from
odour, size, shape and colour (Nores et al., 1992), but as they age, they can be mistaken with those of
other small mammals such as Neomys sp. or Rattus sp. (Gillet et al., 2015a). Desman range has been
determined from scat surveys (Bertrand, 1992; Nores et al., 1992; Queiroz et al., 1998), although the
efficiency of these surveys is highly variable depending on the region (Charbonnel et al., 2015;
Gonzalez-Esteban & Podra, 2014) as well as on the weather, as scats are washed away during rainfall
(Aymerich & Gosalbez, 2014). So far there are no studies on Desman's presence based on camera

trapping.

The Pyrenean Desman is protected by the Bern Convention (Annex 2) and the European Habitat
Directive (Annexes 2 and 4) (Council of the European Communities, 1992). Its range has decreased
dramatically in recent decades (Charbonnel et al., 2016; Quaglietta et al., 2018), which has led to it
being downlisted from Vulnerable to Endangered by the International Union for Conservation of Nature
(IUCN) (Quaglietta, 2022). Currently, no method exists for estimating the number of Pyrenean Desmans
in a territory.

To improve Desman surveys, Gonzalez-Esteban et al. (2018) built artificial latrines in riffle
sections of the stream channels. These consisted of a small mound of boulders where Desmans deposited
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abundant faeces, covered with a mattress to prevent rain from washing away them. Recently, video
recordings (https://www.ehu.eus/streamecology/currentprojects.html) showed that Desmans use latrines
mainly as marking posts, not as resting sites. This observation opens the question of whether "baiting"
the latrines by imprinting them with scats from other reaches would enhance their performance. It must
be noted that, although Desman faeces in a latrine are proof of the presence of this species, their
interpretation is still obscure, as it is unclear whether all individuals use latrines, nor whether latrine use
changes depending on the site and the season. The current research aims to analyse the efficiency of
artificial latrines to detect and describe the Pyrenean Desman distribution patterns. Specifically, we
aimed to answer the following questions:
i.  What is the persistence of latrines in the field?

ii.  Does scat-baiting affect the attractiveness of latrines to Desmans?

iii.  Does latrine use change through space and time across a river network?

Materials and methods
Study site

Artikutza is a steep mountain valley in the north of the Iberian Peninsula, draining ca. 6500 ha
of forested land over granite and shale (Figure 1). The average yearly precipitation is over 2500 mm,
and the average air temperature is 12.2 °C (http://meteo.navarra.es/). Streams in the valley are among
the best preserved in the region and host a diverse community of invertebrates and a good population of
Pyrenean Desman (Esnaola et al., 2018). In 1949, the municipality of San Sebastian built a 42-m-tall
dam in Enobieta Stream for water supply, but the reservoir was emptied in 2019 as a first step towards
its final decommissioning (Atristain et al., 2022). Desmans were present upstream from the reservoir
when the dam was built, but they disappeared in the following decades, apparently as a consequence of
genetic isolation. The Desman, though, recolonised the entire Enobieta Stream shortly after the reservoir
drawdown (Arturo Elosegi, pers. obs.). The Desman can be captured by multiple predators, including
the Eurasian otter and the grey heron, both present in Artikutza. However, there is no information on
their effect on Desman populations.
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Figure 1. (A) Historical (in red) and current (in green) distribution of the Pyrenean Desman and location of the study site
(black dot). (B) The stream network in Artikutza Valley with the location of artificial latrines (white dots). The black area
represents the area formerly drowned by the Enobieta Reservoir, and the black arrows indicate the flow direction.

Field procedure

We surveyed latrine use along 10 km of streams, selected so that a single person could check all
of them on a fieldwork day (Fig. 1). The latrines were built according to Gonzalez-Esteban et al. (2018).
First, a mound of stones was built, forming an island in the middle of a shallow riffle (10-30 cm deep)
to provide a flat surface and multiple crevices easily accessible to the Desmans. In order to ensure the
persistence of droppings, the mound was covered with a high-density ethylene vinyl acetate (EVA) foam
mat (630 x 630 x 12 mm), folded onto forming a “roof” that covered a dry platform of ca. 0.25 m? (Fig.
2). The mat was secured in place with stones and tied by a string to a nearby branch to avoid losing it
during floods. The space between the stones and the "roof" was less than 10 cm to prevent its use by
larger animals (e.g., white-throated dippers Cinclus cinclus).

To assess the effects of scat-baiting on latrine use, we installed seven pairs of latrines in the
study area. In each pair, one latrine was left as a control (unbaited), the other was baited by smearing
the underside of the mat with faeces from other sites in the valley (Fig. 2). This was done to avoid mixing
the primed and new faeces and to ensure that the effect lasted as long as possible despite changes in
streamflow. Once both latrines were in place, they were visited after 2, 5, 10 and 15 days. During each
visit, we recorded the number of faeces per latrine and washed them afterwards to avoid double-counting
of faeces.

4
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Figure 2. (A) A pair of latrines in the stream, highlighted with red ellipses. (B) An example of a baited latrine open for
revision. Photos: Jon Levy-Otheguy

To study the change in latrine use over space and time, we deployed 37 latrines across the river
network (Fig. 1). The latrines were built by a team of 2 persons in a single day and were monitored at
15-30 day intervals from 1 May 2021 to 1 August 2022, for a total of 26 visits. During each visit, all
latrines were checked, the number of scats counted, the scats were removed by gently washing them
with water from the stream, and latrines destroyed by flooding or other causes were reconstructed. Only
scats with evident Desman characteristics (size, shape and smell) were counted. Neomys does not occur
in Artikutza, and previous cross-checking with metabarcoding of Desman scats collected by the research
team found 100% correct assignation (Gonzalez-Esteban et al., 2018; Esnaola et al., 2021).

Statistical analyses

To determine whether baiting affects latrine use, we first compared the use rate —null vs
positive— of baited and unbaited latrines utilising a paired t-test. Subsequently, we built locally
estimated and smoothed scatterplot (LOESS) models (Cleveland & Devlin, 1988; Fox & Weisberg,
2018) with those data, to assess the values where the use rates reached and asymptote. We set the alpha
at 0.49 to obtain an accumulation curve, meaning all local regressions include 49% of the data to plot
the curve (Jacoby, 2000). To test whether baiting affected the number of scats, we performed a Wilcoxon
paired test, as the distribution of the number of scats was not normal (Shapiro-Wilk test, W = 0.74656;
p-value = 0.0012).

We also based on null vs positive data to analyse the latrine use over space and time. The use
rate of all the latrines across the study period was plotted using a LOESS with an alpha set at 0.7. Then,
using the Kruskal-Wallis test, we determined whether the use rate differed among the four seasons —
Autumn, September to November; Winter, December to February; Spring, March to May; Summer,
June to August— and the 37 survey sites, by pooling data respectively across sites for each season and
seasons for each site.
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All data analyses were performed using R software (R Core Team, 2022).

Results
i. Latrine persistence

From May 2021 to July 2022, 144 latrines were found out of order, which amounts to 10.7 £
22.8% of the latrines per visit. This number was highly variable: on some visits, all latrines were in
working conditions, whereas floods over 15 m?/s destroyed all latrines. Apart from floods, common
causes of latrine dysfunction were changes in discharge (e.g., latrines getting out of the wet channel as
the discharge receded), clogging by leaf litter, and disruption by people or animals (most possibly
livestock or wild pigs).

ii. Baiting and latrine use

Out of 7 latrine pairs, Desmans used five unbaited but only three baited latrines (Fig. 3A), the
difference being statistically significant (Paired t-test t = -3.207, df = 4, p-value = 0.033). On the contrary
(Fig. 3B), scat abundance did not differ between baited and unbaited latrines (Wilcoxon paired test W
= 2.5, p-value = 0.22).

A oo B s ]
] Wilcoxon, p = 0.22
|
0.75 1
w
2 2104
P Scat Treatment &
w —
= 0.50 1 Baited o
2 €
£ == |Inbaited >
4{'_0‘ [=]
1 E 5 -
0.25
0.00 A 01
01020304 050607 080910111213 1415 Baited Unbaited
Number of days elapsed Treatment

Figure 3. (A) LOESS models of the use rates of baited vs unbaited latrines from their installation (day 1) to the end of the
experiment (day 15). (B) Amount of faeces found in baited vs unbaited latrines

iii. Latrine use across space and time

The average rate of latrine use during the study period was 54.09 + 18.52% (Fig. 4), with a
maximum of 81.8% for two latrines in Elama Stream and a minimum of 8.7% for two others in Enobieta
Stream. The average number of scats per day per latrine was 0.49 + 0.17. We could not identify any
particular environmental characteristic of the most used latrines. In contrast, the least used two were in
the old reservoir, where the river infiltrates and tends to dry out during the summer. This is the only
stretch of river with these characteristics in the study area. Latrines were used throughout the year. Even
if the use rate was somewhat lower in winter and in May-June, the Kruskal-Wallis test showed
differences among seasons not to be statistically significant (Season: Chi-square = 6.39, df = 3, p-value
=0.094). Also, the use of latrines did not change after floods, even after large ones, such as that of 09-
12-2021 (101.5 m®/s), which caused large-scale movements of the streambed.
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Figure 4. Latrine use rate during the study period, adjusted by the LOESS model (blue line) with a 95% confidence interval
(grey). Red vertical bars represent periods of latrine disturbance caused by floods (for each bar, peak discharge as measured
at the Anarbe gauging site in the lower part of the valley).

In addition, the seasonal use rate of each latrine was analysed (Fig. 5). The Kruskal-Wallis test
showed that differences between latrines were not statistically significant (Site: Chi-square = 48.43, df
= 36, p-value = 0.081). Spatial patterns of latrine use showed no evidence of major Desman movement
across the valley in response to, for example, periods of flooding, as would be reflected in long stream
sections devoid of Desman signs in some periods. The only changes detected were minor, as mentioned,
due to a stretch in Enobieta Stream drying out during summer.

Autumn Winter Spring Summer
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Latrine use rate
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Figure 5. Seasonal variation of the use rate of individual latrines.

Gonzalez-Esteban et al. (2018) showed latrines to offer a cheap and reliable method to detect
the Pyrenean Desman, one that was more efficient than the current standard method described by
Queiroz et al. (1998) of searching scats along river reaches. Nevertheless, it remained unclear whether
latrines are used throughout the year and whether their use shifts spatially, as a consequence, for
instance, of Desmans taking refuge from large floods in the small streams. Our results confirmed the
use throughout the year and no marked changes in the spatial distribution of latrines used, which stresses
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the advantages of the latrine as a method to detect and describe distribution patterns of the Desman. On
the other hand, as floods and other agents can destroy latrines, they are better deployed when flooding
is not expected, and the mats should be tied to nearby trees or rocks to prevent losing them. Nevertheless,
latrines failing was only 10.7% over more than a year, much lower during low-flow periods, which
suggests this can be an efficient routine method for Desman surveys.

Our results showed that baiting with faeces reduced latrine use significantly. Mammals rely on
scent —i.e. faecal— marking in various contexts and functions (Eisenberg & Kleiman, 1972; Johnson,
1973). The response to alien marks may vary accordingly. Alien faecal pellets placed in a rabbit's home
territory elicit intense marking (Mykytowycz & Hesterman, 1970), whereas, in other species, marks may
warn other animals to keep out of the occupied territory (Johnston, 2003; Vlautin & Ferkin, 2013).

So far, little is known about Desman latrine use behaviour. Although video recordings suggest
latrines are primarily used as marking places, it is still unclear whether their use is sexually biased. As
latrines are frequently washed away, it is unlikely that the Desman marking behaviour relies too much
on the presence of previous scats. Empty caddisfly cases found at times in latrines suggest that, at least
occasionally, these are used as places to eat. Additionally, the number of excrements per latrine may
inform about their use. In our case, a few latrines, especially the one in the confluence of Artikutza and
Elama Streams, usually had more scats than the rest, although we have yet to learn the reasons behind
this difference. Also, we have to find out the defecation rate of Desmans and the proportion of defecation
in latrines. These questions are relevant as they could open the door to estimating population density
using latrines. More information is necessary to understand and correctly interpret latrine use by
Desmans entirely.

Our results show that the Pyrenean Desman is detectable throughout the year and that the areas
of positive detection differ very little within a valley. Although the spatial distribution of latrines used
varied with the seasons, these variations seemed to reflect changes in marking activity or, perhaps, in
the availability of natural latrines.

In the longer term, temporal changes in latrine use frequency could be used as an indicator of
changes in population density, at least when used consistently in the same area and assuming a relatively
constant defecation rate by individuals. Our results amounted to 0.49 + 0.17 scats per day per latrine,
much lower than the 1.38 + 0.80 per day per latrine we measured six years earlier in the same valley
(Amaiur Esnaola’s PhD Thesis, unpublished data). It is interesting to note that in 2016, we also had a
much higher success trapping Desmans than in 2022 (0.36 Desmans per night per trap in 2016 vs 0.07
Desmans per night per trap in 2022). These changes in trapping frequency are consistent with those on
latrine use and seem to reflect fluctuations in the Artikutza Desman numbers. The population dynamics
of Desmans are not known. However, given their low density, low reproductive rate and long-life
expectancy for an animal of their size, it seems reasonable to assume relatively stable populations over
time, as in the case of moles (gen. Talpa) (Gorman & Stone, 1990), a taxonomically close group. Our
experience, albeit anecdotal, contradicts this belief, as Desman captures in Artikutza have been highly
variable over the years, perhaps because it is a population isolated from other nearby ones by the Afiarbe
reservoir, which disconnects the Artikutza Valley from the rest of the Urumea Valley, to which it
belongs. Whatever the case, the fluctuations in population density —as judged from changes in
catchability and latrine use— point towards a bleak future for this population.

Acknowledgments

We thank Ifiaki Uranga (City Council of San Sebastian) and the rangers of Artikutza, for their
assistance in making this work possible. This study was funded by the Basque Government (IT951-16
and 1T1471-22).

Xy Editorial
. System


https://www.editorialsystem.com/pdf/download/2103599/6e940fe74f3a704aa0afe4ff5dc7b4d6/
https://www.editorialsystem.com/hystrix
https://www.editorialsystem.com/

232

233

234

230

231
232

234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253

255
256

258
259
260
261
262
263
264
265
266
267
268
269

271
272
273
274
275
276
277
278
279
280

282
283

285
286
287
288

290
291

293
294

Manuscript body HYSTRIX

Download source file (5.95 MB) the Italian Journal of Mammalogy

Bibliography

Atristain, M., Von Schiller, D., Larrafiaga, A., Elosegi, A., 2022. Short-term effects of a large dam decommissioning on
biofilm structure and functioning. Restoration Ecology 31. https://doi.org/10.1111/rec.13779

Aymerich, P., Gosalbez, J., 2014. El desman ibérico Galemys pyrenaicus (E. Geoffroy Saint-Hilaire, 1811) en los Pirineos
meridionales. Munibe Monographs. Nature Series 3, 37-77.

Bertrand, A., 1992. Stratégies alimentaires du Desman des Pyréneés Galemys pyrenaicus dans un cours d’eau des Pyrénées
frangaises. Presented at the Proceedings of the Meeting on the Pyrenean Desman, Lisboa, pp. 13-25.

Caughley, G., Sinclair, A.R.E., 1994. Wildlife ecology and management. Blackwell Scientific Publications, Boston.

Charbonnel, A., Buisson, L., Biffi, M., D’ Amico, F., Besnard, A., Aulagnier, S., Blanc, F., Gillet, F., Lacaze, V., Michaux,
J.R., Némoz, M., Pagé, C., Sanchez-Perez, J.M., Sauvage, S., Laffaille, P., 2015. Integrating hydrological features
and genetically validated occurrence data in occupancy modelling of an endemic and endangered semi-aquatic
mammal, Galemys pyrenaicus, in a Pyrenean catchment. Biological Conservation 184, 182-192.
https://doi.org/10.1016/j.biocon.2015.01.019

Charbonnel, A., Laffaille, P., Biffi, M., Blanc, F., Maire, A., Némoz, M., Sanchez-Perez, J.M., Sauvage, S., Buisson, L.,
2016. Can recent global changes explain the dramatic range contraction of an endangered semi-aquatic mammal
species in the French Pyrenees? PLOS ONE 11, e0159941. https://doi.org/10.1371/journal.pone.0159941

Cleveland, W.S., Devlin, S.J., 1988. Locally weighted regression: An approach to regression analysis by local fitting. Journal
of the American Statistical Association 83, 596-610. https://doi.org/10.1080/01621459.1988.10478639

Directive, H., 1992. Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild fauna
and flora. Official Journal of the European Union 206, 7-50.

Eisenberg, J.F., Kleiman, D.G., 1972. Olfactory communication in mammals. Annual Review of Ecology and Systematics 3,
1-32. https://doi.org/10.1146/annurev.es.03.110172.000245

Esnaola, A., Gonzalez-Esteban, J., Elosegi, A., Arrizabalaga-Escudero, A., Aihartza, J., 2018. Need for speed: Preference for
fast-flowing water by the endangered semi-aquatic Pyrenean Desman (Galemys pyrenaicus) in two contrasting
streams. Aquatic Conserv: Mar Freshw Ecosyst 28, 600-609. https://doi.org/10.1002/aqc.2893

Esnaola, A., Mata, V., Arrizabalaga-Escudero, A., Gonzalez-Esteban, J., Larrafiaga, A., Rebelo, H., Elosegi, A., Aihartza, J.,
2021. It is the ambience, not the menu. Prey availability does not drive habitat selection by the endangered
Pyrenean Desman. Aquatic Conserv: Mar Freshw Ecosyst 31, 1859-1872. https://doi.org/10.1002/aqc.3563

Fox, J., Weisberg, S., 2018. An R Companion to Applied Regression. SAGE Publications.

Gillet, F., Cabria, M.T., Némoz, M., Blanc, F., Fournier-Chambrillon, C., Sourp, E., Vial-Novella, C., Aulagnier, S.,
Michaux, J.R., 2015a. PCR-RFLP identification of the endangered Pyrenean Desman, Galemys pyrenaicus
(Soricomorpha, Talpidae), based on faecal DNA. Mammalia 79. https://doi.org/10.1515/mammalia-2014-0093

Gillet, F., Tiouchichine, M.-L., Galan, M., Blanc, F., Némoz, M., Aulagnier, S., Michaux, J.R., 2015b. A new method to
identify the endangered Pyrenean Desman (Galemys pyrenaicus) and to study its diet, using next generation
sequencing from faeces. Mammalian Biology 80, 505-509. https://doi.org/10.1016/j.mambio.2015.08.002

Gonzalez-Esteban, J., Esnaola, A., Aihartza, J., 2018. A new sampling method to detect the Pyrenean Desman (Galemys
pyrenaicus). Hystrix It. J. Mamm. 29, 190-194. https://doi.org/10.4404/hystrix-00078-2018

Gonzalez-Esteban, J., Podra, M., 2014. Determinacion del area de distribucion actual del desman ibérico (Galemys
pyrenaicus) en el LIC Sierra de Gredos y Valle del Jerte, mediante busqueda de excrementos, LIFE+ Desmania
(LIFE+ 11/NAT/ES/000691), Technical report elaborated by Desma Estudios Ambientales for the Government of
Extremadura.

Gonzalez-Esteban, J., Villate, ., Castién, E., 2003. A comparison of methodologies used in the detection of the Pyrenean
Desman Galemys pyrenaicus (E. Geoffroy, 1811). Mammalian Biology 68, 387—-390.

Gorman, M.L., Stone, R.D., 1990. The natural history of moles. Christopher Helm Pub, London, p. 138 pp.

Jacoby, W.G., 2000. Loess: a nonparametric, graphical tool for depicting relationships between variables. Electoral Studies
19, 577-613. https://doi.org/10.1016/S0261-3794(99)00028-1

Johnson, R.P., 1973. Scent marking in mammals. Animal Behaviour 21, 521-535. https://doi.org/10.1016/S0003-
3472(73)80012-0

Johnston, R. E. (2003). Chemical communication in rodents: from pheromones to individual recognition. Journal of
Mammalogy, 84(4), 1141-1162. https://doi.org/10.1644/ble-010

Mason, C.F., Macdonald, S.M., 1986. Otters: Ecology and Conservation. Cambridge University Press.

Mykytowycz, R., Hesterman, E.R., 1970. The behaviour of captive wild rabbits, Oryctolagus cuniculus (L.) in response to
strange dung-hills.

Nores, C., Ojeda, F., Ruano, A., Villate, I., Gonzélez, I., Cano, J., Garcia-Alvarez, H., 1992. Aproximacion a la metodologia
y estudio del area de distribucion, estatus de poblacion y seleccion de habitat del desman (Galemys pyrenaicus) en
la Peninsula Ibérica. Ministerio de Medio Ambiente, Oviedo.

Orrock, J.L., Connolly, B.M., 2016. Changes in trap temperature as a method to determine timing of capture of small
mammals. PLOS ONE 11, e0165710. https://doi.org/10.1371/journal.pone.0165710

Quaglietta, L., 2022. Galemys pyrenaicus (amended version of 2021 assessment). The IUCN Red List of Threatened Species
2022: €. T8826A214429993. https://dx.doi.org/10.2305/IUCN.UK.2022-1.RLTS.T8826A214429993.

Quaglietta, L., Paupério, J., Martins, F.M.S., Alves, P.C., Beja, P., 2018. Recent range contractions in the globally threatened
Pyrenean Desman highlight the importance of stream headwater refugia. Animal Conservation 21, 515-525.
https://doi.org/10.1111/acv.12422

Queiroz, A.l., Quaresma, C.M., Santos, C.P., Barbosa, A.J., Carvalho, H.M., 1998. Bases para a conservagao da toupeira-de-
agua, Galemys pyrenaicus. ICN, Lishoa.

Xy Editorial
. System


https://www.editorialsystem.com/pdf/download/2103599/6e940fe74f3a704aa0afe4ff5dc7b4d6/
https://www.editorialsystem.com/hystrix
https://www.editorialsystem.com/

235

236

237

295

297
298
299
300

302
303

305
306

Manuscript body HYSTRIX

Download source file (5.95 MB) the Italian Journal of Mammalogy

R Core Team, 2022. R: A language and environment for statistical computing. R Foundation for Statistical Computing,
Vienna, Austria.

Richard, B., 1986. Le Desman des Pyrénées: un mammifére inconnu a découvrir. le Rocher.

Vlautin, C. T. and Ferkin, M. H. (2013). The outcome of a previous social interaction with a same-sex conspecific affects the
behavior of meadow voles, Microtus pennsylvanicus. Ethology, 119(3), 212-220. https://doi.org/10.1111/eth.12054

Walker, F.M., Williamson, C.H.D., Sanchez, D.E., Sobek, C.J., Chambers, C.L., 2016. Species from faeces: Order-wide
identification of Chiroptera from guano and other non-invasive genetic samples. PLOS ONE 11, e0162342.
https://doi.org/10.1371/journal.pone.0162342

Walters, C.L., Collen, A., Lucas, T., Mroz, K., Sayer, C.A., Jones, K.E., 2013. Challenges of using bioacoustics to globally
monitor bats, in: Adams, R.A., Pedersen, S.C. (Eds.), Bat Evolution, Ecology, and Conservation. Springer, New
York, NY, pp. 479-499. https://doi.org/10.1007/978-1-4614-7397-8_23

10

Xy Editorial
. System


https://www.editorialsystem.com/pdf/download/2103599/6e940fe74f3a704aa0afe4ff5dc7b4d6/
https://www.editorialsystem.com/hystrix
https://www.editorialsystem.com/

