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Abstract

Small mammals are potential bio-indicators of various ecosystems and their populations are often studied. However, many
small mammal species are difficult to detect due to their small size and elusive behaviour. Camera trapping and live trapping
are commonly employed survey techniques, but they both have their limitations. Recently developed techniques such as
adjusted short-focal camera trapping and environmental DNA (eDNA) are promising new approaches, but their relative per-
formance remains poorly quantified. We compared the effectiveness of three survey protocols for detecting a semi-aquatic
and elusive small mammal, the Eurasian water shrew (Neomys fodiens), by (1) short-focal camera trapping, (2) live trapping,
and (3) soil eDNA. During September and October 2022, we surveyed 20 transects of each 100 m in length alongside the
Kleine Dommel, a lowland brook in the Netherlands. The effectiveness of the three survey protocols was compared based
on detection probabilities. Short-focal camera trapping yielded a significantly higher detection probability than the eDNA
protocol. Detection probabilities between short-focal camera trapping and live trapping and, between the eDNA protocol
and live trapping, were not significantly different. Short-focal camera trapping is an effective technique to survey Eurasian
water shrews. Furthermore, this method detected additional species compared to live trapping and is non-invasive and less
labour-intensive. Short-focal camera trapping showed a promising method for small mammal surveys in general and we
recommend further evaluation of its applicability for other small mammal species.
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Introduction

Monitoring of bio-indicator species is useful for assess-
ing ecosystem integrity and effective wildlife conservation
(Carnignan and Villard 2002; Holt and Miller 2010). Small
mammals such as mice, shrews, and voles are potential
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bio-indicators (Pierce and Venier 2005), as they are key
components of food webs and tend to respond rapidly to
environmental changes (Leis et al. 2007). However, the
small size and elusive behaviour of some species make them
hard to detect, particularly in habitats that are difficult to
survey. Detection of a species is imperative to any conserva-
tion strategy or monitoring program (Thomas et al. 2020),
but relies on effective monitoring techniques (Bovendorp
et al. 2017). A variety of techniques to monitor small mam-
mals can be employed, each with their own limitations and
constraints (Hoffman et al. 2010). Selecting the most effec-
tive and cost-efficient technique could greatly improve mon-
itoring schemes, but the relative performance of the various
techniques remains poorly studied.

One conventional technique to study small mammals
is live trapping (Hoffman et al. 2010; Powell and Proulx
2003), which involves the deployment of large numbers of
baited traps in which animals are captured and subsequently
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released. Live trapping can yield high capture rates and has
been deployed to study species abundance, composition, and
richness in diverse habitats (e.g. Bergers and La Haye 2000).
An advantage of trapping and handling live animals is that
species identification is usually unambiguous, while biom-
etric data such as weight, sex, and reproductive status can
be collected. However, live trapping also has several draw-
backs. Being trapped interferes with an individual’s natural
behaviour, causes stress, and can even lead to the mortality of
target species as well as the bycatch. A methodological bias
of this technique is trap saturation (Distiller and Borchers
2015), especially when small mammal densities are high.
Furthermore, live trapping requires multiple inspections per
day and is, therefore, labour- intensive and costly.
Alternatively, camera trapping is a non-invasive, cost-
efficient survey method that has become increasingly popu-
lar in conservation and management (De Bondi et al. 2010).
This technique includes a wide range of equipment, but
most often involves the use of remote cameras with passive
infrared (PIR) motion sensors that are triggered by passing
animals, producing time-stamped digital recordings. Camera
trap surveys are now widely deployed in various habitats to
study the distribution, abundance, and behaviour of a single
species (e.g. Bischof et al. 2014) or broader wildlife com-
munities (e.g. Welbourne et al. 2015). However, this tech-
nique also has several limitations. Detection probabilities
are affected by camera trap characteristics, such as the sen-
sitivity of the PIR sensor, the size and shape of the detection
zone, and trigger speed, which all vary greatly among manu-
facturers and models (Meek et al. 2015). This is particularly
relevant when monitoring small mammals, which may fail
to trigger camera traps due to their small size and move-
ment speed (Rowcliffe et al. 2011). Another drawback is that
species identification is not always unambiguous, especially
that of small mammals (Burns et al. 2018; Potter et al. 2018).
However, novel camera trapping methods have recently been
developed that are optimized for detecting small mammals
(Gracanin et al. 2018; Littlewood et al. 2021; Smaal and van
Manen 2022). These methods all involve enclosing a camera
trap in a baited tunnel and placing a close-focus lens in front
of the camera lens. When positioned at ground level, these
adjusted camera traps effectively detect small mammals at
short-focal distances (Smaal and van Manen 2022).
Another novel method to survey small mammals is the
application of environmental DNA (eDNA; e.g. Deiner et al.
2017). This technique involves the extraction of DNA from
environmental samples, such as surface water or topsoil,
in which animals have shed faeces, hair, saliva, or skin
(Leempoel et al. 2020). Samples can be screened for eDNA
from a single target species by gPCR-sequencing (Lugg et al.
2018) or for broader taxa by metabarcoding (Harper et al.
2019). Sampling for eDNA is non-invasive and less labour-
intensive than live trapping or camera trapping. However,
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since the size, local densities, and behaviour of species most
likely affects DNA shedding in the environment (Adams
et al. 2019), it is unclear whether all species are detectable
in the environment using eDNA methods (Leempoel et al.
2020). In particular, how well eDNA performs in detecting
small mammals that occur in low abundances remains poorly
quantified.

In this study, we compared the effectiveness of short-
focal camera trapping, live trapping, and soil eDNA to detect
a semi-aquatic small mammal species: the Eurasian water
shrew Neomys fodiens (hereafter ‘EWS’). This species is
broadly distributed in the Palearctic and is a possible bio-
indicator of riparian and wetland habitats with a high degree
of naturalness (French et al. 2001; Greenwood et al. 2002).
Throughout its range, EWS occurs solitary and in low densi-
ties (Churchfield 1990; Sheftel 2018).

Previous studies found that various small mammal spe-
cies were detected by eDNA but not detected by camera
traps (Harper et al. 2019; Leempoel et al. 2020; Lyet et al.
2021). Furthermore, it was demonstrated that detection
probabilities were higher in a single eDNA water sample
than during a single live trapping visit (Lugg et al. 2018).
Therefore, we hypothesized the effectiveness of eDNA to
be higher than camera trapping or live trapping, with effec-
tiveness defined as the probability of successfully detecting
EWS if the species is present. Furthermore, the effective-
ness of short-focal camera traps was hypothesized to be
higher than live trapping (De Bondi et al. 2010; Thomas
et al. 2020; Welbourne et al. 2015), since the capture prob-
ability of the target species is not affected by the densities
of other small mammals. For instance, other small mam-
mals may quickly occupy live traps, thereby reducing the
capture probability of less abundant target species such
as EWS. We tested our hypotheses in a field study by sur-
veying EWS presence using short-focal camera traps, live
traps, and soil eDNA alongside a lowland brook in the
Netherlands.

Materials and methods
Study area and design

The study was conducted near the lowland brook Kleine
Dommel in the Netherlands (Fig. 1). This area concerns
one of the few localities where EWS occur in the prov-
ince of North Brabant (NDFF 2022). The Kleine Dommel
is a 21 km long, low-energy, predominantly meandering
tributary of the larger lowland brook the Dommel (Fig. 1).
The mean flow rate in summer is 0.15 m s~ (Water Author-
ity De Dommel 2022). Fieldwork was conducted along a
3.5 km long section of the Kleine Dommel that has been
rehabilitated into a natural state since 2021. Local vegetation
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Fig. 1 A Map displaying the location of the study area in the Netherlands. B The study site alongside the lowland brook Kleine Dommel

is characterized by Alder Alnus glutinosa forests with an
understory of predominantly sedges Carex spp., enclosed
meanders, swampy meadows, and riparian habitats. We
simultaneously conducted live trapping, short-focal camera
trapping, and eDNA sampling between 31 August and 31
October 2022. This period marks the end of the reproduction
season, which is when EWS densities and hence detection
probabilities are highest (Bekker 2016). In total, 20 transects
of 100 x5 m alongside the Kleine Dommel were surveyed
(see the Supplementary Material for a map displaying the
exact location of these transects). Transects were selected
based on the known occurrence of EWS (NDFF 2022) or
the presence of suitable habitat based on expert judgement.
Due to labour intensity and equipment constraints, sur-
veys were carried out during two consecutive periods, each
involving ten transects. The first survey (transects 1-10)
was conducted between 31 August and 27 September 2022.
The second (transects 11-20) between 26 September and
31 October 2022.

Live trapping

Live trapping was conducted between 9-16 September
2022 (transects 1-10) and 30 September — 7 October 2022

(transects 11-20). In each transect, 20 Heslinga live traps
were deployed in pairs every 10 m (Fig. 2) following Berg-
ers' (1997) standard method for sampling small mammals.
This method has a high success rate and is recommended
when target species occur in low abundances (e.g. Bergers
and La Haye 2000), as is the case for EWS (Sheftel 2018).
Traps were placed in dense vegetation on the ground and
baited with carrot, granola, and live mealworm larvae. The
traps were filled with hay to provide insulation. They were
inactive for a pre-baiting period of 3 days to increase capture
probabilities (Chitty and Kempson 1949), after which they
were activated and checked with a 12 h interval for 1.5 to
3 consecutive days (i.e. 3—6 checking moments, Table 1).
In eight transects, traps were recovered in less than 3 days
to prevent recapturing individuals that were radio-tagged
for another study. Therefore, the number of trap days var-
ied among transects between 30 and 60 (Table 1). The
live trapping surveys resulted in 1060 trap days in total.
All individuals were identified to species and EWS were
marked by fur clipping, after which they were released at
the capture location. All procedures requiring a permit under
the Dutch nature conservation legislation were allowed
under a permit of the Netwerk Groene Bureaus (permit
ODH-2020-00001393).
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Fig.2 Study design of the three deployed protocols in each transect to survey Eurasian water shrews: (1) short-focal camera trapping at 25 and
75 m (orange dots), (2) soil eDNA sampling every 5.5 m (green dots), and (3) live trapping by placing paired traps every 10 m (purple dots)

Short-focal camera trapping

Camera traps (Browning Strike Force HD Pro X) were
deployed from 1 to 27 September 2022 (transects 1-10)
and from 27 September to 31 October 2022 (transects
11-20), resulting in a total number of 1200 trapping
days. Halfway through each survey, batteries and SD
cards (SanDisk 32 GB) were replaced to secure collected
data and ensure trapping continuity. Camera traps were
mounted in a Struikrover, a PVC tube of 40 cm in length
with a closed back end (Smaal and van Manen 2022). A
prescription eyeglass (4 3 dioptres) placed in front of the
camera lens reduced the focal distance to approximately
35 cm. In each transect, two Struikrovers were installed at
25 and 75 m (Fig. 2). They were positioned horizontally
at ground level in dense vegetation. At the tube opening,
a pierced can of oiled sardines was used as bait (Smaal
and van Manen 2022). Camera traps were programmed
to take three photographs (i.e. one image sequence) when
triggered with a 30 s capture delay to avoid excessive cap-
ture events (De Bondi et al. 2010) and to minimize battery
use. We chose a conservative approach and only consid-
ered a detection as an independent event if 60 min passed
since the last EWS detection (Welbourne et al. 2015).

Table 1 Survey effort per method for each transect

Transect Survey Subsamples Camera Checking Live

no. soil eDNA  trap days moments  trap
live trap- days
ping

1-6 1 18 52 6 60

7-10 1 18 52 5 50

11-14 2 18 68 3 30

15-20 2 18 68 6 60
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Photographs were manually examined and all animals
were identified up to species level when possible.

Soil eDNA sampling and laboratory analysis

We exclusively sampled for eDNA from soil and not from
water, since the lowland brook was the only surface water
in our study area. Relating the location of EWS based on a
one-time sampling event from this running water would be
uncertain. Soil samples were collected on 31 August 2022
(transects 1-10) and 26 September 2022 (transects 11-20).
To prevent cross-contamination, each transect was first sur-
veyed for eDNA prior to camera trapping or live trapping.
Per transect, in total 18 subsamples were taken every 5.5 m
in a uniform direction by scraping off the first centimetre
of soil and organic litter of a surface area of approximately
10 cm? using sterile gloves (Fig. 2). Subsamples were pooled
in a sterile 1 L jar prefilled with 250 mL MilliQ water and
shaken for 60 s for homogenization. Using new sterile
gloves, 25 mL of the pooled sample was divided into three
50 mL Falcon tubes, each prefilled with 25 mL denatured
ethanol (Datura 2022). Samples were stored at 7 °C until
further analysis.

To exclude potential false detection of eDNA, three
additional samples (i.e. fictional transects) were added
as controls. Two of these were collected near a pond in a
fenced garden (WGS84 coordinates 51.695, 5.215) where
EWS do not occur, following the same sampling procedure
as described above. We also included a positive control by
placing a dead and frozen EWS in a 1 L jar for 5 h to ensure
sufficient release of DNA. This individual was found dead
on 24 July 2021 (WGS84 coordinates 51.415, 5.915) and
was directly stored in a freezer at —20 °C.

All samples were analysed by Datura Molecular Solutions
BV (Wageningen, the Netherlands) in October 2022. At first,
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eDNA in the soil samples was extracted using the ‘DNeasy
Blood & Tissue kit’ (Qiagen, Hilden, Germany). To check
the inhibition of eDNA detection, 30,000 molecules of an
artificial DNA fragment were added to a PCR reaction. If
inhibition took place, the sample was purified. It was then
checked again whether the inhibitory substances were suf-
ficiently removed following the same procedure.

Detection of eDNA was conducted by real-time quantita-
tive PCR (qPCR) using species-specific primers developed
by Datura. In addition, Datura works with species-specific
probes (a type of primer) that bind exclusively to eDNA of
EWS using a gPCR platform (CFX96 TouchTM, Bio-Rad,
Berkely, USA). The qPCR detection was performed with 12
replicates (Ficetola et al. 2015; Nichols et al. 2018) using the
TaqMan® Environmental Mastermix 2.0 (Life Technologies,
Carlsbad, USA).

Data analysis

We modelled the detection probabilities of each survey pro-
tocol in a conservative way by first converting the detection
success to binary data (i.e. 1 if EWS was detected and 0 if
EWS was not detected) at the transect level. For live trap-
ping, detection success was 1 for transects where EWS were
trapped at least once. For camera trapping, detection success
was 1 if EWS were photographed at least once, while for the
eDNA survey, detection success was 1 if at least 1 out of 12
replicates was positive. Subsequently, detection success was
included as a response variable in a Logistic Mixed Effect
Regression Model with survey protocol included as a fixed
factor and transect as a random term. We used a Tukey HSD
test for pairwise comparisons of the survey protocols.

We further modelled the effectiveness of short-focal cam-
era trapping and live trapping using a time-to-event analysis
(viz. survival analysis) (Bischof et al. 2014). To estimate
detection curves, we used the first detection of EWS as an
event and transect as the individual from which the event
occurred. We included all transects, including those where
neither survey protocol detected an EWS, to allow for right-
censoring. For live trapping, the full survey duration was
maximally 3 days; for camera trapping, we used 21 days
since longer deployment did not result in additional EWS
detections (Fig. 5). Hence, the time of the first detection
event was converted to a percentage where the full survey
duration represented 100%, to be able to compare detection
probabilities between these two methods.

To analyse the effect of deploying a single Struik-
rover or two Struikrovers per transect, we included each
as a separate method (i.e. StruikroverA, StruikroverB,
and StruikroverAB) in detection curves. The first detec-
tion event by either StruikroverA or StruikroverB was
used as the first detection event for the method Struik-
roverAB. Empirical detection curves were estimated by

constructing Kaplan-Meier curves. Differences in detec-
tion probabilities among survey protocols were analysed
with a log-rank test with a Bonferroni correction. All
analyses were conducted in R v4.2.1 (R Core Team 2020)
using the packages ‘Ime4’ (Bates et al. 2015), ‘emmeans’
(Lenth 2020), ‘survminer’ (Kassambara et al. 2021), and
‘survival’ (Therneau 2012).

Results
General

Live trapping resulted in 776 capture events, representing
nine mammal species (Supplementary Materials Table S1).
Of these, 29 capture events were of EWS (3.74%), involving
17 individuals. In total 14 specimens of three species were
found dead in live traps (Supplementary Materials Table S1).
Camera trapping yielded 19.161 image sequences, of which
in 352 (1.8%) were EWS (Fig. 3), representing 338 unique
detection events. All species detected using live traps were
also detected using camera traps. Additionally, short-focal
camera traps detected ten mammal species that could not be
live trapped due to their size, as well as various avian species
(Supplementary Materials Table S1).

The eDNA survey resulted in the detection of EWS
DNA in eight out of 20 transects (Fig. 4 and Supplementary
Materials Table S1). The number of positive replicates var-
ied among transects between 1/12 and 12/12, thus ranging
from 8.3 to 100.0% positive replicas, indicative of eDNA
concentrations (Supplementary Materials Table S2). Both
negative controls tested negative, while the positive control
resulted in 12/12 positive replicates (Supplementary Materi-
als Table S2), indicating reliable qPCR analysis. The eDNA
survey detected EWS in one transect where it was not
detected with camera traps or live traps (Fig. 4). We found
a positive correlation between the eDNA concentration
and the number of caught EWS in live traps (Pearson’s r
(18)=0.492, p=0.027), but the number of detection events
obtained via short-focal camera trapping did not correlate
with eDNA concentrations (Pearson’s r (18)=0.178, p=0.452).

Detection probabilities

The total number of transects with EWS detections based on
live trapping, short-focal camera trapping, and soil eDNA
was 10, 14, and 8, respectively (Fig. 4 and Supplementary
Materials Table S1). The Logistic Mixed Effect Regres-
sion Model showed that camera trapping had the highest
effectiveness in terms of detection probability (0.798),
followed by live trapping (0.494) and eDNA (0.332).
Pairwise comparisons between survey protocols indicated
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Fig.3 A Short-focal camera trap in situ and B-D images of Eurasian water shrews that were recorded with a short-focal camera trap

no significant difference between live trapping and eDNA
(Tukey HSD, Z=-0.821, p=0.690), nor between live
trapping and short-focal camera trapping (Tukey HSD,
Z=-1.621, p=0.237). However, the detection probability
by eDNA was significantly lower than by short-focal camera

trapping (Tukey HSD, Z=-2.486, p=0.034; Fig. 4).

Fig.4 A Eurasian water shrew
detections per survey proto-
col. Each circle represents a
transect. B Estimated marginal
means of the detection prob-
ability of Eurasian water shrews
per survey protocol. Bars rep-
resent + SE and the asterisk (*)
indicates a significant difference
(p <0.05) based on a Tukey
HSD test
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Effectiveness of camera trapping versus live trapping

Short-focal camera trapping and live trapping resulted in 14
and 10 transects with EWS detections, respectively. Camera
trapping reached this number after 21 survey days, while
live trapping reached this number already after 2.5 survey
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days (Fig. 5). However, live trapping involved a high trap
intensity with 20 traps per transect, whereas only two camera
traps were deployed. The effectiveness of camera trapping
exceeded that of live trapping after 6 consecutive days but
did not increase any further after 21 days (Fig. 5).
Empirical estimates of the detection curves showed that
short-focal camera trapping resulted in the highest effective-
ness in terms of overall detection probability (0.700) when
two Struikrovers were deployed per transect (Fig. 5). With
only one Struikrover, the mean overall detection probabil-
ity was 0.550. This is still higher than the overall detection

Fig.6 Kaplan-Meier curves
showing empirical estimates

of the detection probabilities

of the first detection event of

a Eurasian water shrew at a
given time per survey protocol,
with the total survey duration
set to 100% (i.e. 21 days for
short-focal camera trapping and
3 days for live trapping). Short-
focal camera trapping is divided
into three groups consisting of
a single Struikrover (A or B;
dashed blue and dash-dotted

0.8 1

©
o)}

©
>

probability for the live trapping survey protocol (0.500). The
median time to first detection of an EWS occurred at 31.6%
(i.e. 6.6 days) of the total camera trapping survey duration
with two Struikrovers, while this was reached at 46.1% (i.e.
10.8 days) with a single Struikrover. The median time to
the first detection of an EWS with live trapping occurred
at 83.3% (i.e. 2.5 days) of the total survey duration (Fig. 6).
The EWS detection probability was not significantly different
between the camera trapping and live trapping survey proto-
cols (log-rank test, p =0.420), regardless of whether a single
or two Struikrovers were deployed per transect.

Live trapping
StruikroverA
StruikroverB

StruikroverAB

Detection probability

o
N

brown lines) and two Struik-
rovers (AB; dotted orange line)
per transect, while the solid
purple line represents the live
trapping protocol. The detection
probability among groups did
not significantly differ

25

50 75 100

Survey time (%)
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Discussion

We compared the effectiveness of live trapping, short-focal
camera trapping and soil eDNA for detecting Eurasian water
shrews (EWS), an elusive semi-aquatic small mammal. Short-
focal camera trapping had the highest detection probability,
followed by live trapping and eDNA. Although differences
were only significant between short-focal camera trapping
and eDNA, we argue that short-focal camera trapping is
also preferable over live trapping as it is non-invasive and
less labour-intensive. In practice, however, the choice for a
specific survey method also depends on available time and
budget. If both are limited, eDNA is a suitable method to
detect EWS at large spatial scales, for instance, at the land-
scape level. At local scales, however, ecologists should be
cautious interpreting no detection by eDNA as true absence,
especially during environmental impact assessments, which
often require unambiguous conclusions.

Effectiveness and detection probabilities
among survey protocols

Our study shows that short-focal camera trapping resulted in
the highest EWS detection probabilities. This is in contrast
to other studies in which eDNA surveys were at least as
effective as camera trapping and/or live trapping surveys
(Leempoel et al. 2020; Lugg et al. 2018; Lyet et al. 2021;
Mena et al. 2021). Differences in methodology could explain
this discrepancy. In previous comparative studies, camera
traps were usually deployed conventionally by mounting
them to trees or ground pegs (Harper et al. 2019; Leempoel
et al. 2020; Ryan et al. 2022). Such a mounting design is
effective for capturing medium to large-sized mammals
(Wearn and Glover-Kapfer 2019) but often fails to detect
fast-moving and/or small mammals (Rowcliffe et al. 2011).
Conventional camera trapping, therefore, does not allow for
a fair comparison with eDNA protocols when specifically
targeting small mammals. Here, we used adjusted camera
traps with a short-focal distance (i.e. Struikrovers; Smaal
and van Manen 2022) that allowed for the effective detection
of small mammals. Our comparative study shows that these
short-focal camera traps have a significantly higher detection
probability of small mammals such as EWS than soil eDNA.

Short-focal camera trapping as an alternative
for live trapping

Our results show that short-focal camera trapping is more
effective than live trapping in detecting EWS, in agreement
with our prediction. These findings are also in accordance
with several previous studies that compared (adjusted) cam-
era trapping with live trapping surveys of small mammals
(De Bondi et al. 2010; Thomas et al. 2020; Welbourne et al.
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2015). However, we do note that the outcomes of such com-
parison depend on the study design, such as the number of
cameras and live traps, distances between cameras/traps,
camera trap mounting design, and deployment length of
each method. In our study, we detected EWS in half of all
surveyed sites after 2.5-3 days of live trapping, which is
the total survey length according to the standard method of
EWS surveys in the Netherlands (Bergers 1997). However,
a pre-baiting period of 3 days preceded the live trapping
survey to maximise detection probabilities. The camera
trapping protocol yielded similar results as live trapping
in approximately 6 survey days (equal to the live trapping
survey including the pre-baiting period) when using two
Struikrovers. Thus, the effectiveness of short-focal camera
trapping was equal to that of live trapping during the first
6 days, but with a lower trapping intensity (2 versus 20
traps per transect, respectively). When short-focal camera
traps were deployed for more than 6 days, the effectiveness
exceeded that of live trapping, although it did not increase
any further after 21 days. This is in agreement with a pre-
vious study that recommended a deployment duration of
minimally 21 days for small mammal surveys using short-
focal camera traps (Smaal and van Manen 2022). Therefore,
we argue that short-focal camera trapping is superior to
live trapping surveys in terms of effectiveness in detecting
EWS when two Struikrovers are deployed per 100 m for
at least 6 days, and in terms of being less labour-intensive
(De Bondi et al. 2010). Moreover, camera trapping is less
invasive than live trapping and is therefore also preferable
from an animal welfare perspective. During live trapping,
we observed mortality in three small mammal species: bank
vole Clethrionomys glareolus, short-tailed field vole Micro-
tus agrestis, and common/crowned shrew Sorex araneus/
coronatus (Supplementary Material Table S1) totalling
1.8% of all captures.

Management implications and further research

The results of this study indicate clear differences in the
effectiveness between EWS survey protocols. However,
each survey protocol has its benefits and limitations. The
choice of applying a specific survey protocol depends on the
research objectives and management implications. Given the
highest effectiveness of short-focal camera trapping and the
high cost-efficiency of this method (e.g. Welbourne et al.
2015), we recommend its application for EWS surveys
specifically. However, since all small mammal species that
were caught in live traps were also detected using short-focal
camera traps, and these species were detected at more sites,
short-focal camera trapping is a promising and effective
method to study the presence of small mammals in general.
To further explore this potential, we encourage researchers
to use short-focal camera traps to study other small mammal
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species and evaluate these results compared to conventional
techniques.

High detection probabilities were obtained during
6-21 days of short-focal camera trapping, which is gener-
ally longer than a standard live trapping survey or eDNA
sampling, but this should not be problematic if studies are
properly planned. We only recommend live trapping as a
survey method if the research objective requires individuals
to be handled or individually recognized, such as for mark-
recapture studies. Otherwise, we consider short-focal camera
trapping as a superior method for small mammal surveys
due to its high effectiveness, while likely becoming more
cost-efficient in the long-term and, more importantly, being
non-invasive (De Bondi et al. 2010; Thomas et al. 2020;
Welbourne et al. 2015).

When deploying short-focal camera traps, the relatively
high one-time investment costs should be considered. How-
ever, during this study, live trapping was more than twice
as labour-intense as short-focal camera trapping. Therefore,
during longer-lasting studies or repetitive use, short-focal
camera trapping likely becomes economically beneficial
over live trapping.

The detection success of eDNA varies between species
(Rees et al. 2014), but due to the relatively low EWS detec-
tion probability using soil eDNA, we argue that the applica-
bility is dependent on the scale of deployment. We currently
advise against the mere use of this technique for presence/
absence surveys on a local scale, such as banks of side
ditches, since in our study, soil eDNA failed to detect EWS
several times while its presence was confirmed by camera
traps or live traps. However, if the objective is to establish
the presence of EWS at a landscape level, for example, a
river valley, soil eDNA can be used to detect EWS, par-
ticularly if multiple subsamples are pooled. The use of soil
eDNA for sampling elusive species may also be preferable
when survey sites are poorly accessible or cannot be visited
frequently due to logistical constraints.

While we found that soil eDNA performed poorly in
detecting EWS at a local scale, other studies have shown
that EWS can readily be detected by eDNA from water
sources (Broadhurst et al. 2021; Sales et al. 2020). A study
on a related species, the Japanese water shrew Chimarrogale
platycephala, also concluded that the use of water eDNA
is a promising survey technique to detect this semi-aquatic
species (Yonezawa et al. 2020). We did not sample eDNA
from the lowland brook in our study area, because sampling
of running water would have led to serious difficulties and
high uncertainties in interpreting positive detections in rela-
tion to their location due to the downstream transportation of
eDNA. In isolated water bodies, a positive eDNA detection
could be better linked to the presence of EWS at that loca-
tion. Sampling for eDNA from soil as well as surface waters,
complemented by survey techniques such as short-focal

camera trapping, potentially increases the effectiveness and
cost-efficiency of studies that are carried out at larger scales
(Croose et al. 2023; Sales et al. 2020).

Conclusions

We simultaneously compared the effectiveness of three sur-
vey protocols at 20 transects alongside a natural lowland
brook, targeting EWS as a case study for small mammal
surveys. Our study demonstrated that short-focal camera
trapping was most effective in detecting EWS, followed by
live trapping, while the eDNA protocol was least effective.
Short-focal camera trapping was the most effective when
deploying two Struikrover camera traps per transect for
21 days, but longer deployment did not increase detection
probabilities. The overall effectiveness of camera trapping
exceeded that of live trapping after 6 survey days.

We recommend short-focal camera trapping for EWS
surveys due to its effectiveness and relatively low costs
compared to eDNA and live trapping, with an additional
advantage that this method is non-invasive and labour-
extensive. Specifically for such surveys, we advise deploying
two Struikrovers per 100 m for 21 days. Short-focal camera
trapping showed a promising method as an alternative
for live trapping regarding all detected small mammal spe-
cies during our study. Therefore, we recommend further
evaluation of its potential for small mammal surveys in
general by studying other small mammal species and com-
paring these results to conventional techniques.
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