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Abstract
1.	 Land use changes in Europe contribute to the decline of once-abundant species. 

While these declines are well documented for some species, other, more elusive 
species could quietly disappear. As a result, small mustelids are believed to be 
declining across their historical range. Their small size and elusive ecology 
make small mustelids challenging to monitor and thus remain understudied. In 
this study, we tested the effectiveness of three camera trap-based methods to 
monitor common weasel Mustela nivalis, stoat Mustela erminea, and European 
polecat Mustela putorius.

2.	 We deployed unenclosed, semi-enclosed, and fully enclosed camera traps 
in a clustered design incorporating all methods during the fall of 2023 in two 
extensive agricultural areas in the Netherlands. Using a multi-scale occupancy 
approach, we assessed (1) how detection probabilities differ among the three 
camera trap methods for each small mustelid species and (2) how scent-based 
lures and placement near passages influenced detection probabilities.

3.	 We found that weasels had the highest detection probability in fully enclosed 
camera traps placed within clusters containing a scent-based lure. The detection 
probability of stoats was highest in fully enclosed camera traps, regardless of 
the presence or absence of lure, as well as in unenclosed camera traps with no 
lure nearby. Polecats had the highest detection probability in unenclosed camera 
traps, regardless of lure presence, and in semi-enclosed camera traps without lure 
nearby. Placing camera traps near passages increased detection probability for all 
three species.

4.	 Practical implication: This study advances monitoring protocols for small 
mustelids, a group facing suspected population declines despite limited data. We 
highlight different detection probabilities among three mustelid species using 
various camera-trap methods. Camera trap placement and species-specific use 
of scent-based lures, beneficial for weasels but not for stoats or polecats, should 
be considered by researchers and wildlife managers. Combining fully enclosed 
and unenclosed camera traps enhances species detection and offers broader 
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1 | INTRODUC TION

Changes in land use intensity in Europe are driving biodiversity and 
habitat loss, with increasing agricultural intensity on one side and 
land abandonment on the other (Kuemmerle et  al.,  2016; Schils 
et  al.,  2022). The effect of land use change has been well docu-
mented for some species, such as ground-breeding meadow birds, 
which are decreasing in Europe due to the intensification of agri-
culture (Donald et  al.,  2001). In contrast, this effect is less well 
documented for carnivores, with research primarily focusing on 
generalist species. However, specialist species, such as small mus-
telids, are suggested to be declining in Europe, with evidence of 
decreasing numbers due to land use change (Sainsbury et al., 2019; 
Torre et  al.,  2018; Wright et  al.,  2022). Small mustelids in Europe 
prefer half-open landscapes with dense vegetation for cover, a hab-
itat lost by land use intensification (Rondinini et  al.,  2006; Schils 
et al., 2022; Sidorovich et al., 2008; Zub et al., 2008). In addition, loss 
of linear landscape features increases predation risk and decreases 
habitat connectivity (Bright, 2000; Gehring et al., 2021; Gehring & 
Swihart, 2004). Habitat edges house a high abundance of available 
prey for small carnivores (Šálek et al., 2010), and a diverse availabil-
ity of prey species allows small mustelids to switch to alternative 
prey when one becomes scarce, making them less vulnerable to local 
extinction (Macdonald et al., 2017; Zub et al., 2008, 2012). As land 
use intensity rises, small mammal populations decline, forcing small 
mustelids to rely on a narrower range of prey species (Aschwanden 
et al., 2007).

Small mustelids play an important role in ecosystem function-
ing and are considered sentinel species for a changing environ-
ment (King et al., 2007; Marneweck et al., 2022). Of the Mustela 
genus, three species occur across Europe: the common weasel 
Mustela nivalis, the stoat Mustela erminea and the European pole-
cat Mustela putorius (Macdonald et  al.,  2017). Across the three 
species, diet diversity increases with body size. Weasels are the 
most specialized hunters, primarily preying on small rodents, while 
stoats, being slightly larger, can also hunt bigger prey like water 
voles and rabbits (Elmeros,  2006; Van Den Berge et  al.,  2022). 
Polecats, the largest of the three, have a more varied diet that 
includes rodents, lagomorphs, birds, and amphibians (Sainsbury 
et al., 2020; Van Den Berge et al., 2022). Differences in body size 
between the three species make them differently susceptible to 
predation, with weasels and stoats most vulnerable to avian pred-
ators (King et al., 2007). As a result, weasels and stoats prefer tall 

vegetation within open landscapes as cover against predators 
(Mougeot et al., 2020).

Presence–absence data are of the utmost importance in ecology 
for studying the occurrence of a species, which is crucial for conser-
vation (Kremen et al., 1994). Small mustelids are notoriously difficult 
to monitor as they occur in low densities, and their cryptic be-
haviour makes them difficult to observe directly (King et al., 2007). 
Previous research on the occurrence and population densities of 
small mustelids has heavily relied on live trapping and/or culling data 
(King et al., 2007; Mcdonald & Harris, 2002; Smith et al., 2008; Zub 
et al., 2008). Due to conservation and animal welfare, there is an 
increasing demand for effective non-invasive monitoring methods. 
Alternatives like snow tracking and tracking tunnels have been used 
successfully for small mustelids (Jachowski et al., 2024). However, 
both are labour-intensive and error-prone as prints of weasel and 
stoat can be misidentified, and snow tracking is limited by fresh 
snowfall in winter conditions (Jachowski et al., 2024).

Camera traps are valuable monitoring tools in wildlife ecology 
and an effective method for studying elusive and nocturnal spe-
cies (Burton et al., 2015). However, using camera traps for small 
mustelids is challenging due to their small size and tendency to 
hide in tall vegetation, lowering detection probability (Kolowski 
& Forrester, 2017; Meek & Pittet, 2012). Camera traps frequently 
miss small mustelids that move at high speed due to the small 
detection zone for small species and the often too slow trigger 
speed (Glen et al., 2013). Detection probabilities of small muste-
lids by regular camera traps are commonly low (Barros et al., 2024; 
Croose et al., 2022; Jachowski et al., 2024). Detection probabilities 
of regular camera traps can be increased by directing the animal 
of interest towards the detection zone, for example, by using at-
tractants or passages that channel animal movement (Hofmeester 
et al., 2019). As a response, researchers have developed special-
ised enclosed camera traps to direct animals closer to the camera, 
increasing detection probability.

Semi-enclosed camera-trapping methods were developed, 
such as the ‘Hunt trap’, the ‘Struikrover®’ and the ‘Polecam’, using 
camera traps placed in tubes with lure to direct animals towards 
the opening (Hofmeester et al., 2024; McCleery et al., 2014; Smaal 
& van Manen,  2022). While scent-based lures can increase de-
tection in some cases (Buyaskas et  al.,  2020; Mills et  al.,  2019), 
they may have no or even adverse effects in others (Konradsen 
et al., 2024; Mills et al., 2019), making their use inconsistent. The 
Mostela is an example of a fully enclosed camera trap that has 

ecological insights by monitoring other prey and predator mammals as bycatch. 
Our findings provide practical guidance for large-scale monitoring efforts of small 
mustelids across Europe.

K E Y W O R D S
common weasel, detection probability, Europe, European polecat, multi-scale occupancy, 
Mustela, non-invasive monitoring, stoat
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    |  3 of 12OTTE et al.

been especially developed to monitor small mustelids (Mos & 
Hofmeester,  2020). The Mostela combines a box with a camera 
trap and a tunnel through which the animal traverses. Mostelas 
rely on the hunting behaviour of small mustelids in holes of small 
rodents, drawing them into the Mostela tunnel without using an 
attractant (Mos & Hofmeester, 2020). An attractant-free approach 
may benefit population studies as attractants can violate model 
assumptions to estimate abundance (Hofmeester et  al.,  2019; 
Rovero & Zimmermann, 2016).

In the Netherlands, weasels, stoats, and polecats have be-
come red-listed (van Norren et  al.,  2020). Currently, unenclosed, 
semi-enclosed and fully enclosed camera-trapping methods are 
commonly used for small mustelids by researchers and wildlife man-
agers to assess their presence. However, little is known about their 
species-specific and relative effectiveness. Thus far, only Mostela's 
and unenclosed cameras have been compared to monitor small mus-
telids across Europe (Barros et al., 2024; Croose et al., 2022; Croose 

et al., 2025). This study tested three camera trap types: unenclosed, 
semi-enclosed, and fully enclosed, for monitoring weasels, stoats, 
and polecats. We also tested the effect of a scent-based lure in semi-
enclosed camera traps and the placement of camera traps near pas-
sages on detection probabilities. We expected unenclosed camera 
traps to best detect polecats due to their size, semi-enclosed camera 
traps to detect stoats best, as they are too cryptic for unenclosed 
camera traps and hunt less in tunnels, and fully enclosed camera 
traps to detect weasels best, given their size and hunting behaviour 
in tunnels. We also expected species-specific effects of scent-
based lures, as previous studies report different results regarding 
detection probability for different species (Buyaskas et  al.,  2020; 
Konradsen et al., 2024), and expected passage placement to increase 
detection probability across all species due to the channelling effect 
of passages (Hofmeester et al., 2019). Our findings aim to support 
standardized monitoring of the suggested decline of small mustelids 
in Europe's half-open landscapes.

F I G U R E  1  Study areas and design. The upper right panel shows the location of the two study areas in the Netherlands: (1) Soarremoarre 
(SM) and (2) Zuidlaardermeer (ZL), with cluster distributions shown in the bottom panels. The upper left panel illustrates the study design 
used in both areas. Clusters were spaced at least 100 m apart, with methods placed no more than 2 m apart within each cluster. Methods 
were rotated among locations within the cluster. The design also includes parameters from the multi-scale occupancy models: Occupancy 
probability at the cluster level (�), site-use probability of a camera-trapping method (�) and detection probability of a camera-trapping 
method (p).

>100 m

<2 m <2 m

<2 m

Regular camera trap
Mostela
Tubecam
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2  |  MATERIAL S AND METHODS

2.1  |  Study area

We conducted the study in two areas in the north of the Netherlands 
between October and November 2023 (Figure  1). The climate in 
October and November 2023 in the north of the Netherlands was 
characterized by a mean temperature of 9.8°C and 361.2 mm of 
precipitation.

1.	 Soarremoarre (hereafter: SM), near the town of Nes in the 
northwest of the Netherlands (53°03′36.9′′ N 5°52′11.2′′ E), 
comprises ca. 1360 ha of agricultural meadows. Farmers and 
It Fryske Gea manage the area to provide suitable breed-
ing grounds for meadow birds. Management includes raised 
water tables, creating herb-rich meadows, delayed mowing and 
management of meadow bird nest predators like carrion crow 
Corvus corone, red fox Vulpes vulpes and stone marten Martes 
foina during the breeding season (Jonge Poerink et  al.,  2024). 
Besides agricultural meadows, the area is characterised by a 
forest patch, reed habitat and a lake to the north. Human 
settlements and conventional agriculture surround the area.

2.	 Zuidlaardermeer (hereafter: ZL), southeast of the city of 
Groningen (53°08′29.0′′ N 6°40′15.4′′ E). ZL comprises roughly 
2090 ha of Natura 2000 nature-protected area and is managed 
by Het Groninger Landschap. The area is characterized by a lake 
(Zuidlaardermeer) and the surrounding riparian lands and polders 
consisting of meadows managed similarly to the SM meadows 
to accommodate meadow birds. Other habitats in the area con-
sist of deciduous forest patches, reed lands, and Juncus effusus-
dominated marshes. Predator management in this area consists of 
fox culling.

All land owners (e.g. farmers, It Fryske Gea and Het Groninger 
Landsdchap) granted us access to their lands to conduct this study.

2.2  |  Camera-trapping methods

We tested unenclosed, semi-enclosed and fully enclosed camera-
trapping methods. The unenclosed method consisted of standard 
camera traps on aluminium rods at knee height. Semi-enclosed cam-
era traps (Tubecams) consisted of PVC tubes (D: 20 cm, L: 40 cm), 
with one end cut at a 45° angle and the other closed with a camera 
mount, similar to the Struikrover® (Smaal & van Manen, 2022). Fully 
enclosed camera traps were Mostelas based on the design of Mos and 
Hofmeester  (2020), using plastic boxes (L: 60 × W: 40 × H: 18.5 cm) 
with an internal tube (L: 40 × D: 10 cm) with a side opening (L: 35 × W: 
8.5 cm). We used Reconyx® HF2X HyperFire 2™ cameras, set to take 
10 pictures upon triggering with no delay and set to take hourly time-
lapse pictures to ensure functioning throughout the study period.

2.3  |  Field study

In both areas, we placed 20 clusters each (n = 40), with each cluster 
containing all three camera trapping methods (Figure 1). Cluster loca-
tions were selected in consultation with local managers and field ex-
perts to avoid cattle disturbance and to optimize site use of weasels, 
stoats and polecats by focusing on linear landscape structures such as 
ditches and tall vegetation (Christie et al., 2006; Magrini et al., 2009; 
Rondinini et al., 2006). Clusters were spaced at least 100 m apart to en-
sure independence (Kolowski et al., 2021), and cameras within clusters 
were placed approximately 2 m apart. We positioned cameras along 
linear structures so that animals had an equal chance of encountering 
any of the methods when near a cluster. We rotated the order of the 
three camera-trapping methods each time a new cluster was deployed 
to ensure that no method was consistently positioned in the same lo-
cation (outer or middle) within a cluster. Semi-enclosed camera traps 
often use scent-based lure as an attractant (Hofmeester et al., 2024; 
McCleery et al., 2014; Smaal & van Manen, 2022). To test for the effect 
of lure on the attraction of small mustelids, and to control for the effect 
of lure in the Tubecam on the other methods, we fitted half of the clus-
ters with a scent-based lure. As the Tubecam resembles the design of 
the Struikrover®, we used a perforated can of sardines as lure (Smaal 
& van Manen, 2022). Scent-based lures consisting of a type of fish oil 
are often used in the monitoring of small mustelids and are considered 
an effective attractant (Bergeson et  al.,  2025; Ebel & White,  2024). 
Midway through the study, we swapped new lure placement between 
clusters. Note that lure was only applied within Tubecams. We placed 
roughly half of the clusters (n = 22) at passages to test the effect on 
detection probability.

2.4  |  Covariates

At each location, we logged the following attributes using the app 
©MerginMaps: date and time of placement, location in coordinates, 
if a lure was used (yes/no), if the placement was located along a pas-
sage (yes/no), the type of passage (ditch crossing, dam, opening in veg-
etation or trail) and type of linear landscape element (natural [e.g. tall 
vegetation] or developed [e.g. ditches, paths, human constructions]).

2.5  |  Statistical analysis

We processed the camera trap images using the software 
TRAPCAM-Aid (Dalenberg & Feldbrugge, 2024), an interactive cam-
era trap database and annotating software developed especially for 
studying small mustelids. The software uses AI to detect animals 
and groups consecutive pictures taken within 5 s, merging them in 
a composite picture where detected objects are combined in one 
image (Figure  S1). After the AI annotation in TRAPCAM-Aid, we 
manually validated all pictures. We created daily detection histories 
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of the three species (1 for detected and 0 for non-detected) for each 
method at each cluster.

We tested the difference in detection probability between 
the three methods using multi-scale occupancy models (Nichols 
et al., 2008). Multi-scale occupancy models allow us to include ad-
ditional information on multiple spatial subunits nested within main 
units, for example, the different methods within clusters. We used 
multi-scale occupancy models as described in Mordecai et al. (2011), 
Kéry and Royle (2016) and Hofmeester et al. (2021).

The multi-scale occupancy model starts with occupancy prob-
ability (� i) that a species is present (1) or absent (0) at cluster i , de-
noted as zi in the following equation:

Next is the site-use probability (presence or absence at one of the 
three camera-trapping methods; �i,j), which is conditional on the pres-
ence of the species in the cluster i . We interpret site use as the prob-
ability of a species using the microhabitat in which a method is placed. 
Thus, the observation of a species at a camera, denoted as ai,j becomes:

Lastly, the model describes the detection or non-detection 
(

yi,j,k
)

 of a 
species on the k th instance at camera j, which is dependent on the 
detection probability on day k given its presence at camera j in cluster 
i . Denoted as follows:

In our model, we estimated the detection probability based on detec-
tion histories with a survey length k of 1 day, and thus, our output of 
pi,j,k is giving a daily detection probability per camera-trapping method. 
We added lure as a space–time dependent detection parameter for 
all methods within that cluster. We did this as, despite lure only being 
placed at half-enclosed cameras, we expected that the lure in one cam-
era per cluster might still draw animals towards the cluster and thus 
influence all cameras. However, as the attraction might differ for all 

cameras, for example, the lure in the half-enclosed camera ‘drawing 
away’ animals from the other two cameras, we estimated a method-
specific parameter for the lure covariate. In addition, we added 
placement at passage (yes/no) as a binary parameter for detection 
probability that is constant over time.

We ran a separate multi-scale occupancy model for each species 
to account for expected differences among the three species. We 
modelled occupancy, site use and detection probability using the fol-
lowing logistic regression equations:

where we calculated the intercept of average occupancy at cluster 
level 

(

�0
)

. We added an intercept per camera-trapping method j to as-
sess the effect of the methods on site use probability 

(

�0j
)

 and detec-
tion probability 

(

�0j
)

. For occupancy, we included landscape structure 
(natural/developed) and study area (SM/ZM) as a binary variable in the 
model. The parameters �1 and �2 are the slopes of the covariates, study 
area and landscape element, respectively. Parameters �1 and �2 include 
the slopes for covariates of lure and passage, respectively.

We estimated the posterior distributions using Markov 
chain Monte Carlo (MCMC) implemented in JAGS (version 4.3.1; 
Plummer, 2022), called from R (R Core Team, 2024) using the pack-
age jagsUI (Kellner & Meredith, 2024). As priors, we used uninforma-
tive uniform priors between 0 and 1 for all intercept parameters and 
normally distributed priors with a mean of 0 and a precision of 0.01 
for all slopes. We ran the models with three chains of 50,000 iter-
ations with 20,000 iterations burn-in, keeping every 10th iteration. 
Model convergence was assessed using trace plots and the R̂ statis-
tic, assuming convergence when �R < 1.1 (Brooks & Gelman, 1998). 

(1)zi ∼ Bernoulli
(

� i

)

,

(2)ai,j ∣ zi ∼ Bernoulli
(

zi × �i,j
)

,

(3)yi,j,k ∣ ai,j ∼ Bernoulli
(

ai,j × pi,j,k
)

,

(4)

logit
(

� i

)

= �0 + �1 × landscape elementi + �2 × study areai ,

(5)logit
(

�i,j
)

= �0j ,

(6)logit
(

pi,j,k
)

= �0j + �1j × lurei,j + �2 × passagei ,

Method
Trap 
nights

Lure at 
cluster Weasel Stoat Polecat

Soarremoarre Regular CT 1099 No 52 114 24

Yes 68 81 26

Tubecam 1068 No 65 74 7

Yes 73 34 2

Mostela 1053 No 79 125 2

Yes 127 117 0

Zuidlaardermeer Regular CT 920 No 3 3 10

Yes 0 2 9

Tubecam 956 No 3 6 1

Yes 3 3 1

Mostela 1061 No 1 7 0

Yes 3 2 0

Note: Effort was evenly balanced between lure and no-lure clusters.

TA B L E  1  Details of camera-trapping 
effort and detection days for the three 
small mustelid species per method and 
study area, in clusters with and without 
lure.
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We present the posteriors of all parameters together with their 
medians and the 89% credible intervals calculated using the high-
est density interval (HDI) with the R package bayestestR (Makowski 
et al., 2019). We considered detection probabilities to be different 
when there was no overlap between the median and the 89% cred-
ible intervals of factors. Graphs were visualised using the R package 
ggplot2 (Kassambara et al., 2021).

3  |  RESULTS

We detected weasels, stoats and polecats on 477, 568 and 82 days, 
respectively, during 6157 trap nights (Table 1). In addition, we re-
corded six other carnivore species (Table S1). All models converged 
with a �R < 1.1.

3.1  |  Detection probability

Weasels had the highest detection probability in Mostelas placed in 
clusters with lure. The other methods had lower and similar detec-
tion probabilities regardless of lure treatment (Figure 2; Tables S2 
and S3). Stoats had the highest detection probabilities for Mostelas 
regardless of lure and regular camera traps without lure (Figure  ; 
Tables  S2 and S3). Polecats had the lowest detection probability 
compared to the other species and had the highest detection prob-
ability for regular camera traps regardless of lure and Tubecams 
without lure (Figure 2; Tables S2 and S3).

Clusters placed at passages had a higher detection probability 
than clusters placed along linear landscape structures without pas-
sages for weasels (δ2 = 1.14, 89% HDI = 0.93–1.35), stoats (δ2 = 0.53, 

89% HDI = 0.37–0.71) and polecats (δ2 = 0.86, 89% HDI = 0.34–1.40) 
(Tables S2 and S3).

3.2  |  Site-use probability

Site use probability of weasels was highest at Tubecams compared 
to regular camera traps, while there was no difference between 
Mostelas and Tubecams (Figure 3; Tables S4 and S5). There was mod-
erate evidence for higher site use of weasels at Mostelas compared 
to regular camera traps, as the median of regular camera traps was 
the same as the lower HDI of Mostela, and the upper HDI of regular 
camera traps only slightly overlapped with the median of Mostela. 
We found no evidence for a difference in the site use probability 
of stoats (Figure 3; Tables S4 and S5). Polecats had the highest site 
use probability for regular camera traps (Figure 3; Tables S4 and S5).

3.3  |  Occupancy probability

We found no evidence of a difference in occupancy probability be-
tween different types of landscape elements (natural/developed) for 
any of the three species (Figure 4a; Tables S6 and S7). All three spe-
cies showed a higher occupancy probability in SM compared to ZL 
(Figure 4b; Tables S6 and S7).

4  |  DISCUSSION

Ongoing land-use changes in Europe impact species inhabiting half-
open extensive agricultural areas. While this is well documented 

F I G U R E  2  Violin plots showing posterior probability distributions for the three camera-trapping methods, with and without lure at 
the cluster, for weasel, stoat and polecat. Ticks indicate 89% credible intervals (highest density interval), and diamonds mark the median. 
Estimates are based on clusters not placed at passages. Species pictograms are from www.​phylo​pic.​org.
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for some species, the effect on other, more elusive species like the 
common weasel, stoat and European polecat, generally referred 
to as small mustelids, is less known. Due to their small size, low 
densities and elusive nature, small mustelids are difficult to moni-
tor using regular monitoring methods, such as camera traps that 
are normally deployed. However, for targeted conservation meas-
ures, knowledge about the occurrence of the three species and 
population trends is vital. Hence, there is a demand for specialized 
camera-trap systems to monitor small mustelids effectively. Here, 
we tested three gradients of enclosed camera traps: unenclosed 
(regular camera trap), semi-enclosed (Tubecam) and fully enclosed 

(Mostela), to monitor weasels, stoats and polecats. In addition, we 
tested the effect of a scent-based lure placed in proximity to the 
methods and placement near passages on detection probability. 
We found the highest detection probability for weasels in Mostelas 
in proximity to the lure. Stoats had the highest detection proba-
bility in Mostelas regardless of the lure, and regular camera traps 
without proximity to the lure. Polecats had the highest detection 
probability for regular camera traps regardless of the lure, and for 
Tubecams with no lure nearby. We found a higher detection prob-
ability for all three species when a camera-trapping method was 
placed near a passage.

F I G U R E  3  Violin plots showing posterior site-use probabilities for each camera-trapping method for weasel, stoat, and polecat. Ticks 
indicate 89% credible intervals (highest density interval), and diamonds mark the median. Species pictograms are from www.​phylo​pic.​org.
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4.1  |  Detection probability

Due to size differences, we predicted that the detection probability of 
weasels, stoats, and polecats would be highest in the fully enclosed, 
semi enclosed and unenclosed camera traps, respectively. Similar to 
other studies, we found that Mostelas effectively detected weasels 
(Barros et al., 2024; Croose et al., 2025; Croose & Carter, 2019; Mos 
& Hofmeester, 2020). Stoats had a higher detection probability in 
Mostelas and unenclosed camera traps than in Tubecams, contrary 
to our expectations. Mostelas often have a low detection probability 
for stoats (Croose et al., 2022, 2025; Konradsen et al., 2024), and 
semi enclosed camera traps are proven to detect small mustelids, but 
their relative effectiveness remains unclear (Hofmeester et al., 2024; 
McCleery et al., 2014; Smaal & van Manen, 2022). Consistent with 
previous studies, we found Tubecams to effectively monitor pole-
cats (Hofmeester et al., 2024; McCleery et al., 2014; Smaal & van 
Manen, 2022). In addition, unenclosed camera traps had a similar de-
tection probability. As hypothesized, these results seem to align with 
differences in species biology. Unenclosed cameras likely miss wea-
sels and stoats due to their small body size and high moving speed 
(Glen et al., 2013; Meek & Pittet, 2012). Fully enclosed camera traps 
benefit from the tunnelling behaviour of both weasels and stoat as 
an attractant, directing the animal close to the sensor and lens of the 
camera, thus increasing detection over semi and unenclosed camera 
traps (Jachowski et al., 2024; King et al., 2007). The relatively higher 
detection probability of the unenclosed camera trap in monitoring 
polecats is, likewise, explained by their size and (relative to the two 
smaller species) restraint to hunt prey in burrows, thus to some de-
gree avoiding enclosed camera traps.

Our findings that the effect of lure on detecting small muste-
lids varies across species and methods are consistent with previous 
studies. In some studies, detection probability increased with either 
lure or bait (Buyaskas et al., 2020; Ebel & White, 2024), while in other 
studies, no effect was found (Croose & Carter,  2019; Konradsen 
et al., 2024). We only found an increase in detection probability for 
weasels in Mostelas placed in clusters with lure. We argue that wea-
sels could be attracted to clusters with lure from a distance; however, 
instead of approaching the Tubecam with lure, they might be more 
attracted to the tube of the Mostela. We found no effect of lure for 
stoats, which could be explained by the idea that only the combina-
tion of bait and lure is an effective method to attract stoats (Ebel & 
White, 2024). Detection probability of polecats did not increase in 
clusters containing lure. Hofmeester et al. (2024) stated that scent-
based lures increased the detection of polecats, like ‘Struikrover®’ 
(Smaal & van Manen, 2022). Using lures potentially comes with un-
wanted side effects, such as attracting unwanted species, increasing 
labour to annotate pictures (Jachowski et  al.,  2024). Additionally, 
using a lure may alter species behaviour, potentially violating spe-
cific statistical model assumptions and leading to an overestimation 
of parameters such as abundance (Hofmeester et al., 2019; Rovero 
& Zimmermann, 2016).

Placing clusters containing the three camera-trapping methods 
at passages in linear landscape structures (e.g. ditch crossings, field 

entrances, and openings in vegetation) increased detection proba-
bility for all three species. Correct placement of cameras on linear 
landscape structures is important to efficiently monitor small muste-
lids (Jachowski et al., 2021, 2024). Placing camera traps at passages 
within linear landscapes that have a channelling effect on animal 
movement can increase detection probability for the three species 
(Hofmeester et al., 2019). It is important to consider that interspe-
cific competition could lead to the avoidance of passages by smaller 
species, specifically weasels, when these passages are used by larger 
species (Monterroso et al., 2020; St-Pierre et al., 2006). This effect 
could be increased when scent-based lures attract larger carnivores, 
such as stone martens and red foxes, to such passages. However, 
as detection probabilities for all three species were higher when 
cameras were placed at passages in our study, we do not think po-
tential avoidance of passages impacted the detection of small carni-
vores in our system. However, it is important to note that this might 
be different in other systems, especially those that have a richer 
small carnivore assemblage. Based on this, we recommend placing 
camera-trapping methods at passages rather than using a lure when 
aiming to maximise detection probabilities, while being aware of po-
tential interspecific avoidance behaviour.

4.2  |  Site use probability

As mentioned earlier, site use probability is difficult to interpret be-
cause it likely reflects both the specific microsite where a camera 
was placed and the method used. Assuming our correction for de-
tection differences accounts for the effect of method, we interpret 
site use as using particular microhabitats where methods were de-
ployed. Although not systematic, different methods may have been 
placed in different microsites due to practical constraints associated 
with each method. Regular camera traps have to be placed facing 
openings in vegetation, while semi- and fully enclosed camera traps 
can be placed in or under tall vegetation (Jachowski et  al.,  2024). 
Thus, we can consider the lower site use probability of weasels for 
regular camera traps as an avoidance of open microhabitat, which is 
in line with the idea that weasels avoid open areas due to predation 
risk (Macdonald et al., 2017; Mougeot et al., 2020; Šálek et al., 2010). 
Stoats and polecats, larger than weasels, show less avoidance of 
open habitats, which is remarkable for stoats, who are only slightly 
larger and are still susceptible to predation by aerial predators (King 
et al., 2007). Thus, the differences in method effectiveness across 
species are likely partly related to the microhabitats where the 
methods can be deployed.

4.3  |  Occupancy probability

We found a higher occupancy probability for Soarremoarre com-
pared to Zuidlaardermeer for all three species. Compared to other 
studies, we found higher occupancy probability for weasels (Barros 
et al., 2024) and stoats (Croose et al., 2022; Konradsen et al., 2024). 

 26888319, 2025, 4, D
ow

nloaded from
 https://besjournals.onlinelibrary.w

iley.com
/doi/10.1002/2688-8319.70120 by Sw

edish U
niversity O

f A
gricultural Sciences, W

iley O
nline L

ibrary on [23/10/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  9 of 12OTTE et al.

These differences may result from extensive agricultural manage-
ment in both areas, creating an open landscape with plenty of 
vegetation for cover and abundant prey (Aschwanden et al., 2007; 
Sidorovich et al., 2008; Zub et al., 2008). Our data do not explain the 
difference in occupancy probability between the two study areas. 
We found no evidence of a difference in occupancy probability be-
tween the linear landscape types. Both natural (e.g. reeds, shrubs, 
hedgerows) and human-developed (e.g. ditches, paths, fences) lin-
ear landscape features often have taller vegetation than field inte-
riors due to grazing and mowing. Such field edges, often designated 
as ecological compensation areas in extensive agriculture, are key 
habitats for small mammals (Aschwanden et al., 2007). Thus, small 
mustelids likely benefit equally from both habitat types, providing 
sufficient prey and shelter against predators.

4.4  |  Application and further research

This study contributes to an increasing effort to develop standard-
ised protocols to monitor small mustelids. This is especially impor-
tant as monitoring data are generally lacking, while expert views 
are that populations are declining (van Norren et al., 2020; Wright 
et al., 2022). We observed differences in the detection probabilities 
of the three small mustelid species across the three camera-trapping 
methods. Integrating both unenclosed and fully enclosed camera 
traps in a study design or monitoring programme allows researchers 
and wildlife managers to monitor weasels, stoats, and polecats simul-
taneously. In addition, combining enclosed and unenclosed camera 
traps provides additional information on species important to un-
derstanding small mustelid ecologies, such as prey and larger preda-
tors (Barros et al., 2024; Macdonald et al., 2017). Also, placement in 
the correct microhabitat (e.g. tall vegetation for stoat and weasel, 
and openings in vegetation for polecat) and near passages improves 
the detection probability of camera traps. We acknowledge that 
camera placement in this study was targeted based on field signs, 
aimed at optimising the detection of an elusive species group, which 
is subjective and hard to standardise. While standardised placement 
following predefined rules may be preferable to meet model require-
ments, such approaches often appear unfeasible due to field condi-
tions and the strong microsite selection of small mustelids. We have 
shown that scent-based lures can be beneficial for studying wea-
sels, but have little to no effect on monitoring stoats and polecats. 
However, these findings contradict previous studies; therefore, we 
recommend testing different types of lure and/or bait as an attract-
ant for small mustelids in different settings (Buyaskas et al., 2020; 
Croose & Carter, 2019; Ebel & White, 2024; Konradsen et al., 2024). 
Depending on the study's purpose, using scent-based lures is not un-
ambiguous and can violate model assumptions, attracting unwanted 
species and increasing workload (Hofmeester et al., 2019; Jachowski 
et al., 2024). Hence, using lures as an attractant has drawbacks and 
should be well considered when monitoring small mustelids. Our 
findings provide novel guidelines for using species-specific camera-
trapping methods, camera placement, and attractants that could be 

adopted for large-scale monitoring of an elusive and likely declining 
species group across Europe.

AUTHOR CONTRIBUTIONS
Pieter J. Otte, Tim R. Hofmeester, Jasja Dekker, Bob Jonge Poerink 
and Christian Smit conceived the ideas and methodology. Pieter J. 
Otte collected the data. Pieter J. Otte and Tim R. Hofmeester ana-
lysed the data. Pieter J. Otte led the writing of the manuscript; all 
authors critically reviewed the manuscript and gave final approval 
for publication.

ACKNOWLEDG EMENTS
We thank Jorn Akkerman and Hendrik Blankestijn for assisting 
with fieldwork and managing camera traps in Soarremoarre. We 
thank Lude Feldbrugge for processing the camera trap images for 
Trapcam-Aid. We appreciate land access from the agricultural na-
ture management collective It Lege Midden, It Fryske Gea, and Het 
Groninger Landschap. We thank two anonymous reviewers for their 
comments, which helped to improve this manuscript.

FUNDING INFORMATION
This study was financially supported by the Dutch Ministry of 
Agriculture, Fisheries, Food Security and Nature.

CONFLIC T OF INTERE S T S TATEMENT
The authors declare no conflict of interest.

PEER RE VIE W
The peer review history for this article is available at https://​www.​
webof​scien​ce.​com/​api/​gatew​ay/​wos/​peer-​review/​10.​1002/​2688-​
8319.​70120​.

DATA AVAIL ABILIT Y S TATEMENT
All data and scripts used in this manuscript are available from 
Zenodo: https://​doi.​org/​10.​5281/​zenodo.​16744697 (Otte, 2025).

ORCID
Pieter J. Otte   https://orcid.org/0009-0003-6854-7758 
Tim R. Hofmeester   https://orcid.org/0000-0003-2101-5482 

R E FE R E N C E S
Aschwanden, J., Holzgang, O., & Jenni, L. (2007). Importance of ecolog-

ical compensation areas for small mammals in intensively farmed 
areas. Wildlife Biology, 13, 150–158. https://​doi.​org/​10.​2981/​0909-​
6396(2007)​13%​255B1​50:​IOECAF%​255D2.0.​CO;​2

Barros, A. L., Marques, M., Alcobia, S., MacKenzie, D. I., & Santos-Reis, 
M. (2024). Comparing the performance of two camera trap-based 
methods to survey small mustelids. Basic and Applied Ecology, 75, 
18–25. https://​doi.​org/​10.​1016/j.​baae.​2024.​01.​004

Bergeson, S. M., Kays, R., Jachowski, D. S., Anderson, C. D., Williamson, 
C. R., Burket, A., Butfiloski, J. W., Cheeseman, A. E., Cotey, S. 
R., Dennison, C. C., Erb, J. D., Farris, Z. J., Fies, M. L., Joyce, M. 
J., Olfenbuttel, C., Sasse, B., Smith, L. M., Tabora, J. A., & Zimova, 
M. (2025). Efficacy of baits and lures for weasel detection. Wildlife 
Society Bulletin, 49, e1580. https://​doi.​org/​10.​1002/​wsb.​1580

 26888319, 2025, 4, D
ow

nloaded from
 https://besjournals.onlinelibrary.w

iley.com
/doi/10.1002/2688-8319.70120 by Sw

edish U
niversity O

f A
gricultural Sciences, W

iley O
nline L

ibrary on [23/10/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/2688-8319.70120
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/2688-8319.70120
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/2688-8319.70120
https://doi.org/10.5281/zenodo.16744697
https://orcid.org/0009-0003-6854-7758
https://orcid.org/0009-0003-6854-7758
https://orcid.org/0000-0003-2101-5482
https://orcid.org/0000-0003-2101-5482
https://doi.org/10.2981/0909-6396(2007)13%5B150:IOECAF%5D2.0.CO;2
https://doi.org/10.2981/0909-6396(2007)13%5B150:IOECAF%5D2.0.CO;2
https://doi.org/10.1016/j.baae.2024.01.004
https://doi.org/10.1002/wsb.1580


10 of 12  |     OTTE et al.

Bright, P. W. (2000). Lessons from lean beasts: Conservation biology of 
the mustelids. Mammal Review, 30, 217–226. https://​doi.​org/​10.​
1046/j.​1365-​2907.​2000.​00068.​x

Brooks, S. P., & Gelman, A. (1998). General methods for monitoring 
convergence of iterative simulations. Journal of Computational and 
Graphical Statistics, 7, 434–455.

Burton, A. C., Neilson, E., Moreira, D., Ladle, A., Steenweg, R., Fisher, J. 
T., Bayne, E., & Boutin, S. (2015). Review: Wildlife camera trapping: 
A review and recommendations for linking surveys to ecological 
processes. Journal of Applied Ecology, 52, 675–685. https://​doi.​org/​
10.​1111/​1365-​2664.​12432​

Buyaskas, M., Evans, B. E., & Mortelliti, A. (2020). Assessing the effec-
tiveness of attractants to increase camera trap detections of North 
American mammals. Mammalian Biology, 100, 91–100. https://​doi.​
org/​10.​1007/​s4299​1-​020-​00011​-​3

Christie, J. E., Kemp, J., Rickard, C., & Murphy, E. C. (2006). Measuring 
stoat (Mustela erminea) and ship rat (Rattus rattus) capture success 
against micro-habitat factors. New Zealand Journal of Ecology, 30, 
43–51.

Croose, E., & Carter, S. P. (2019). A pilot study of a novel method to 
monitor weasels (Mustela nivalis) and stoats (M. erminea) in Britain. 
Mammal Communications, 5, 6–12.

Croose, E., Hanniffy, R., Hughes, B., McAney, K., MacPherson, J., & 
Carter, S. P. (2022). Assessing the detectability of the Irish stoat 
Mustela erminea hibernica using two camera trap-based survey 
methods. Mammal Research, 67, 1–8. https://​doi.​org/​10.​1007/​
s1336​4-​021-​00598​-​z

Croose, E., Wright, P. G. R., Carter, S. P., Green, S. E., & MacPherson, J. 
(2025). Comparing the efficacy of two camera trapping techniques 
for assessing the occupancy, detection and activity patterns of 
small Mustelids in Britain. European Journal of Wildlife Research, 71, 
1–8. https://​doi.​org/​10.​1007/​s1034​4-​025-​01914​-​7

Dalenberg, J., & Feldbrugge, L. (2024). TRAPCAM-aid. https://​www.​objec​
therk​enning.​com/​

Donald, P. F., Green, R. E., & Heath, M. F. (2001). Agricultural in-
tensification and the collapse of Europe's farmland bird pop-
ulations. Proceedings of the Royal Society of London - Series B: 
Biological Sciences, 268, 25–29. https://​doi.​org/​10.​1098/​rspb.​
2000.​1325

Ebel, K., & White, P. J. C. (2024). Scent lures and baits at camera traps 
improve time to first detection and detection probability of two 
typically elusive species of weasel. Mammal Research, 69, 461–478. 
https://​doi.​org/​10.​1007/​s1336​4-​024-​00771​-​0

Elmeros, M. (2006). Food habits of stoats Mustela erminea and weasels 
Mustela nivalis in Denmark. Acta Theriologica, 51, 179–186. https://​
doi.​org/​10.​1007/​BF031​92669​

Gehring, T. M., Cline, E. E., & Swihart, R. K. (2021). Habitat use by long-
tailed weasels in a fragmented agricultural landscape. The American 
Midland Naturalist, 186, 136–149. https://​doi.​org/​10.​1674/​0003-​
0031-​186.1.​136

Gehring, T. M., & Swihart, R. K. (2004). Home range and movements 
of long-tailed weasels in a landscape fragmented by agriculture. 
Journal of Mammalogy, 85, 79–86. https://​doi.​org/​10.​1644/​1545-​
1542(2004)​085%​253C0​079:​HRAMOL%​253E2.0.​CO;​2

Glen, A. S., Cockburn, S., Nichols, M., Ekanayake, J., & Warburton, B. 
(2013). Optimising camera traps for monitoring small mammals. 
PLoS One, 8, e67940. https://​doi.​org/​10.​1371/​journ​al.​pone.​
0067940

Hofmeester, T. R., Cromsigt, J. P. G. M., Odden, J., Andrén, H., Kindberg, 
J., & Linnell, J. D. C. (2019). Framing pictures: A conceptual frame-
work to identify and correct for biases in detection probability 
of camera traps enabling multi-species comparison. Ecology and 
Evolution, 9, 2320–2336. https://​doi.​org/​10.​1002/​ece3.​4878

Hofmeester, T. R., Erath, N., Mos, J., & Thurfjell, H. (2024). Mustelid mug-
shots: Photographing facial masks of European polecats (Mustela 
putorius) for individual recognition and density estimation using 

camera traps. Mammal Research, 69, 435–443. https://​doi.​org/​10.​
1007/​s1336​4-​024-​00751​-​4

Hofmeester, T. R., Thorsen, N. H., Cromsigt, J. P. G. M., Kindberg, J., 
Andrén, H., Linnell, J. D. C., & Odden, J. (2021). Effects of camera-
trap placement and number on detection of members of a mamma-
lian assemblage. Ecosphere, 12, e03662. https://​doi.​org/​10.​1002/​
ecs2.​3662

Jachowski, D., Kays, R., Butler, A., Hoylman, A. M., & Gompper, M. E. 
(2021). Tracking the decline of weasels in North America. PLoS One, 
16, e0254387. https://​doi.​org/​10.​1371/​journ​al.​pone.​0254387

Jachowski, D. S., Bergeson, S. M., Cotey, S. R., Croose, E., Hofmeester, 
T. R., MacPherson, J., Wright, P., Calderón-Acevedo, C. A., Carter, 
S. P., Dürst, A. C., Egloff, G. B., Hamed, M. K., Hapeman, P., Harris, 
S. N., Hassler, K., Humbert, J.-Y., Karp, D., Kays, R., Mausbach, J., 
… Zub, K. (2024). Non-invasive methods for monitoring weasels: 
Emerging technologies and priorities for future research. Mammal 
Review, 54, 243–260. https://​doi.​org/​10.​1111/​mam.​12344​

Jonge Poerink, B., Dekker, J., Akkerman, J., Blankestijn, H., van den 
Brink, B., van der Ende, J., Oosterveld, E., & van der Eijk, A. (2024). 
Steenmarter-beheer in Friesland helpt weidevogel. De Levende 
Natuur, 125, 90–95.

Kassambara, A., Kosinski, M., Biecek, P., & Fabian, S. (2021). Survminer: 
Drawing survival curves Using “Ggplot2”.

Kellner, K., & Meredith, M. (2024). jagsUI: A wrapper around “rjags” to 
streamline “JAGS” analyses.

Kéry, M., & Royle, J. A. (2016). Applied hierarchical modeling in ecology: 
Analysis of distribution, abundance and species richness in R and BUGS. 
Academic Press. https://​doi.​org/​10.​1016/​C2015​-​0-​04070​-​9

King, C. M., Powell, R. A., & Powell, C. (2007). The natural history of wea-
sels and stoats. Oxford University Press. https://​doi.​org/​10.​1093/​
acprof:​oso/​97801​95322​712.​001.​0001

Kolowski, J. M., & Forrester, T. D. (2017). Camera trap placement and 
the potential for bias due to trails and other features. PLoS One, 12, 
e0186679. https://​doi.​org/​10.​1371/​journ​al.​pone.​0186679

Kolowski, J. M., Oley, J., & McShea, W. J. (2021). High-density camera 
trap grid reveals lack of consistency in detection and capture rates 
across space and time. Ecosphere, 12, e03350. https://​doi.​org/​10.​
1002/​ecs2.​3350

Konradsen, S. N., Havmøller, L. W., Krag, C., Møller, P. R., & Havmøller, 
R. W. (2024). Elusive mustelids—18 months in the search of near-
threatened stoat (Mustela erminea) and weasel (M. nivalis) reveals 
low captures. Ecology and Evolution, 14, e11374. https://​doi.​org/​10.​
1002/​ece3.​11374​

Kremen, C., Merenlender, A. M., & Murphy, D. D. (1994). Ecological mon-
itoring: A vital need for integrated conservation and development 
programs in the tropics. Conservation Biology, 8, 388–397.

Kuemmerle, T., Levers, C., Erb, K., Estel, S., Jepsen, M. R., Müller, D., 
Plutzar, C., Stürck, J., Verkerk, P. J., Verburg, P. H., & Reenberg, 
A. (2016). Hotspots of land use change in Europe. Environmental 
Research Letters, 11, 064020. https://​doi.​org/​10.​1088/​1748-​9326/​
11/6/​064020

Macdonald, D. W., Newman, C., & Harrington, L. A. (2017). Biology and 
conservation of musteloids (1st ed.). Oxford University Press.

Magrini, C., Manzo, E., Zapponi, L., Angelici, F. M., Boitani, L., & Cento, M. 
(2009). Weasel Mustela nivalis spatial ranging behaviour and habitat 
selection in agricultural landscape. Acta Theriologica, 54, 137–146. 
https://​doi.​org/​10.​1007/​BF031​93169​

Makowski, D., Ben-Shachar, M. S., & Lüdecke, D. (2019). bayestestR: 
Describing effects and their uncertainty, existence and significance 
within the Bayesian framework. Journal of Open Source Software, 
4(40), 1541. https://​doi.​org/​10.​21105/​​joss.​01541​

Marneweck, C. J., Allen, B. L., Butler, A. R., Do Linh San, E., Harris, S. N., 
Jensen, A. J., Saldo, E. A., Somers, M. J., Titus, K., Muthersbaugh, 
M., Vanak, A., & Jachowski, D. S. (2022). Middle-out ecology: Small 
carnivores as sentinels of global change. Mammal Review, 52, 471–
479. https://​doi.​org/​10.​1111/​mam.​12300​

 26888319, 2025, 4, D
ow

nloaded from
 https://besjournals.onlinelibrary.w

iley.com
/doi/10.1002/2688-8319.70120 by Sw

edish U
niversity O

f A
gricultural Sciences, W

iley O
nline L

ibrary on [23/10/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1046/j.1365-2907.2000.00068.x
https://doi.org/10.1046/j.1365-2907.2000.00068.x
https://doi.org/10.1111/1365-2664.12432
https://doi.org/10.1111/1365-2664.12432
https://doi.org/10.1007/s42991-020-00011-3
https://doi.org/10.1007/s42991-020-00011-3
https://doi.org/10.1007/s13364-021-00598-z
https://doi.org/10.1007/s13364-021-00598-z
https://doi.org/10.1007/s10344-025-01914-7
https://www.objectherkenning.com/
https://www.objectherkenning.com/
https://doi.org/10.1098/rspb.2000.1325
https://doi.org/10.1098/rspb.2000.1325
https://doi.org/10.1007/s13364-024-00771-0
https://doi.org/10.1007/BF03192669
https://doi.org/10.1007/BF03192669
https://doi.org/10.1674/0003-0031-186.1.136
https://doi.org/10.1674/0003-0031-186.1.136
https://doi.org/10.1644/1545-1542(2004)085%3C0079:HRAMOL%3E2.0.CO;2
https://doi.org/10.1644/1545-1542(2004)085%3C0079:HRAMOL%3E2.0.CO;2
https://doi.org/10.1371/journal.pone.0067940
https://doi.org/10.1371/journal.pone.0067940
https://doi.org/10.1002/ece3.4878
https://doi.org/10.1007/s13364-024-00751-4
https://doi.org/10.1007/s13364-024-00751-4
https://doi.org/10.1002/ecs2.3662
https://doi.org/10.1002/ecs2.3662
https://doi.org/10.1371/journal.pone.0254387
https://doi.org/10.1111/mam.12344
https://doi.org/10.1016/C2015-0-04070-9
https://doi.org/10.1093/acprof:oso/9780195322712.001.0001
https://doi.org/10.1093/acprof:oso/9780195322712.001.0001
https://doi.org/10.1371/journal.pone.0186679
https://doi.org/10.1002/ecs2.3350
https://doi.org/10.1002/ecs2.3350
https://doi.org/10.1002/ece3.11374
https://doi.org/10.1002/ece3.11374
https://doi.org/10.1088/1748-9326/11/6/064020
https://doi.org/10.1088/1748-9326/11/6/064020
https://doi.org/10.1007/BF03193169
https://doi.org/10.21105/joss.01541
https://doi.org/10.1111/mam.12300


    |  11 of 12OTTE et al.

McCleery, R. A., Zweig, C. L., Desa, M. A., Hunt, R., Kitchens, W. M., & 
Percival, H. F. (2014). A novel method for camera-trapping small 
mammals. Wildlife Society Bulletin, 38, 887–891. https://​doi.​org/​10.​
1002/​wsb.​447

Mcdonald, R. A., & Harris, S. (2002). Population biology of stoats Mustela 
erminea and weasels Mustela nivalis on game estates in Great 
Britain. Journal of Applied Ecology, 39, 793–805. https://​doi.​org/​10.​
1046/j.​1365-​2664.​2002.​00757.​x

Meek, P. D., & Pittet, A. (2012). User-based design specifications for the 
ultimate camera trap for wildlife research. Wildlife Research, 39, 
649. https://​doi.​org/​10.​1071/​WR12138

Mills, D., Fattebert, J., Hunter, L., & Slotow, R. (2019). Maximising camera 
trap data: Using attractants to improve detection of elusive species 
in multi-species surveys. PLoS One, 14, e0216447. https://​doi.​org/​
10.​1371/​journ​al.​pone.​0216447

Monterroso, P., Díaz-Ruiz, F., Lukacs, P. M., Alves, P. C., & Ferreras, P. 
(2020). Ecological traits and the spatial structure of competitive co-
existence among carnivores. Ecology, 101, e03059. https://​doi.​org/​
10.​1002/​ecy.​3059

Mordecai, R. S., Mattsson, B. J., Tzilkowski, C. J., & Cooper, R. J. (2011). 
Addressing challenges when studying mobile or episodic species: 
Hierarchical Bayes estimation of occupancy and use. Journal of 
Applied Ecology, 48, 56–66. https://​doi.​org/​10.​1111/j.​1365-​2664.​
2010.​01921.​x

Mos, J., & Hofmeester, T. R. (2020). The Mostela: An adjusted camera 
trapping device as a promising non-invasive tool to study and mon-
itor small mustelids. Mammal Research, 65, 843–853. https://​doi.​
org/​10.​1007/​s1336​4-​020-​00513​-​y

Mougeot, F., Lambin, X., Arroyo, B., & Luque-Larena, J.-J. (2020). Body 
size and habitat use of the common weasel Mustela nivalis vulgaris in 
Mediterranean farmlands colonised by common voles Microtus ar-
valis. Mammal Research, 65, 75–84. https://​doi.​org/​10.​1007/​s1336​
4-​019-​00465​-​y

Nichols, J. D., Bailey, L. L., O'Connell, A. F., Talancy, N. W., Campbell 
Grant, E. H., Gilbert, A. T., Annand, E. M., Husband, T. P., & Hines, 
J. E. (2008). Multi-scale occupancy estimation and modelling using 
multiple detection methods. Journal of Applied Ecology, 45, 1321–
1329. https://​doi.​org/​10.​1111/j.​1365-​2664.​2008.​01509.​x

Otte, P. (2025). pieterotte/mustelid_monitoring: Optimizing small mustelid 
monitoring. https://​doi.​org/​10.​5281/​zenodo.​16744697

Plummer, M. (2022). JAGS: A program for analysis of Bayesian graphical 
models using gibbs sampling.

R Core Team. (2024). R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing.

Rondinini, C., Ercoli, V., & Boitani, L. (2006). Habitat use and preference 
by polecats (Mustela putorius L.) in a Mediterranean agricultural 
landscape. Journal of Zoology, 269, 213–219. https://​doi.​org/​10.​
1111/j.​1469-​7998.​2006.​00073.​x

Rovero, F., & Zimmermann, F. (2016). Camera trapping for wildlife research. 
Pelagic Publishing.

Sainsbury, K. A., Shore, R. F., Schofield, H., Croose, E., Campbell, R. D., 
& Mcdonald, R. A. (2019). Recent history, current status, conser-
vation and management of native mammalian carnivore species 
in Great Britain. Mammal Review, 49, 171–188. https://​doi.​org/​10.​
1111/​mam.​12150​

Sainsbury, K. A., Shore, R. F., Schofield, H., Croose, E., Hantke, G., 
Kitchener, A. C., & McDonald, R. A. (2020). Diets of European pole-
cat Mustela putorius in Great Britain during fifty years of population 
recovery. Mammal Research, 65, 181–190. https://​doi.​org/​10.​1007/​
s1336​4-​020-​00484​-​0

Šálek, M., Kreisinger, J., Sedláček, F., & Albrecht, T. (2010). Do prey den-
sities determine preferences of mammalian predators for habitat 
edges in an agricultural landscape? Landscape and Urban Planning, 
98, 86–91. https://​doi.​org/​10.​1016/j.​landu​rbplan.​2010.​07.​013

Schils, R. L. M., Bufe, C., Rhymer, C. M., Francksen, R. M., Klaus, V. H., 
Abdalla, M., Milazzo, F., Lellei-Kovács, E., ten Berge, H., Bertora, 

C., Chodkiewicz, A., Dǎmǎtîrcǎ, C., Feigenwinter, I., Fernández-
Rebollo, P., Ghiasi, S., Hejduk, S., Hiron, M., Janicka, M., Pellaton, 
R., … Price, J. P. N. (2022). Permanent grasslands in Europe: Land 
use change and intensification decrease their multifunctionality. 
Agriculture, Ecosystems & Environment, 330, 107891. https://​doi.​
org/​10.​1016/j.​agee.​2022.​107891

Sidorovich, V. E., Polozov, A. G., & Solovej, I. A. (2008). Niche separa-
tion between the weasel Mustela nivalis and the stoat M. erminea 
in Belarus. Wildlife Biology, 14, 199–210. https://​doi.​org/​10.​2981/​
0909-​6396(2008)​14%​255B1​99:​NSBTWM%​255D2.0.​CO;​2

Smaal, M., & van Manen, W. (2022). Detecting and monitoring small 
mammals with trail cameras. Lutra, 65, 247–257.

Smith, D. H. V., Wilson, D. J., Moller, H., Murphy, E. C., & Pickerell, G. 
(2008). Stoat density, diet and survival compared between alpine 
grassland and beech forest habitats. New Zealand Journal of Ecology, 
32, 166–176.

St-Pierre, C., Ouellet, J., & Crête, M. (2006). Do competitive intraguild 
interactions affect space and habitat use by small carnivores in a 
forested landscape? Ecography, 29, 487–496. https://​doi.​org/​10.​
1111/j.​0906-​7590.​2006.​04395.​x

Torre, I., Raspall, A., Arrizabalaga, A., & Díaz, M. (2018). Weasel 
(Mustela nivalis) decline in NE Spain: Prey or land use change? 
Mammal Research, 63, 501–505. https://​doi.​org/​10.​1007/​s1336​
4-​018-​0388-​7

Van Den Berge, K., Van Der Veken, T., Gouwy, J., Verschelde, P., & 
Eeraerts, M. (2022). Dietary composition and overlap among 
small- and medium-sized carnivores in Flanders, Belgium. Ecological 
Research, 37, 163–170. https://​doi.​org/​10.​1111/​1440-​1703.​12276​

van Norren, E., Dekker, J., & Limpens, H. (2020). Basisrapport Rode Lijst 
Zoogdieren 2020 volgens Nederlandse en IUCN-criteria (Rapport No. 
2019.026). Zoogdiervereniging, Nijmegen.

Wright, P. G. R., Croose, E., & Macpherson, J. L. (2022). A global review of 
the conservation threats and status of mustelids. Mammal Review, 
52, 410–424. https://​doi.​org/​10.​1111/​mam.​12288​

Zub, K., Jędrzejewska, B., Jędrzejewski, W., & Bartoń, K. A. (2012). Cyclic 
voles and shrews and non-cyclic mice in a marginal grassland within 
European temperate forest. Acta Theriologica, 57, 205–216. https://​
doi.​org/​10.​1007/​s1336​4-​012-​0072-​2

Zub, K., Sönnichsen, L., & Szafrańska, P. A. (2008). Habitat requirements 
of weasels Mustela nivalis constrain their impact on prey popula-
tions in complex ecosystems of the temperate zone. Oecologia, 157, 
571–582. https://​doi.​org/​10.​1007/​s0044​2-​008-​1109-​8

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.
Figure S1. Composite picture of a stoat in Zuidlaardermeer captured 
by a regular camera trap as made by the AI software TRAPCAM-Aid.
Table  S1. Overview of the number of pictures taken per species 
detected by the different camera-trapping methods in the two study 
areas. Some species, which have not been identified on a species 
level, have been grouped.
Table  S2. Estimates of the intercepts of the parameters lure and 
passage included in detection probability (p) three camera-trapping 
methods, including 89% credible interval (highest density interval) 
for the three small mustelid species.
Table S3. Estimates of the log odds of the intercepts and slopes of the 
covariates lure and passage on detection probability (p) of the three 
camera-trapping methods, including 89% credible interval (highest 
density interval), for the three small mustelid species. Estimates in 
bold have an 89% credible interval that does not overlap with zero.
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Table S4. Estimates of the intercepts of site use per camera-trapping 
method (θ), including 89% credible intervals (highest density interval) 
for the three small mustelid species.
Table S5. Estimates of the log odds of the intercepts of site use (θ) per 
camera-trapping method, including 89% credible intervals (highest 
density interval) for the three small mustelid species. Estimates in 
bold have an 89% credible interval that does not overlap with zero.
Table S6. Estimates intercepts of the parameters landscape element 
and study area included in occupancy probability (�), including 
89% credible interval (highest density interval) for the three small 
mustelid species.
Table  S7. Estimates of the log odds of the intercepts and slopes 
of the covariates landscape element and study area on occupancy 

probability (�) including 89% credible interval (highest density 
interval), for the three small mustelid species. Estimates in bold have 
an 89% credible interval that does not overlap with zero.
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