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Abstract
Information on the presence and abundance of a species is crucial for understanding key ecological processes but also for 
effective protection and population management. Collecting data on cryptic species, like small mustelids, is particularly 
challenging and often requires the use of non-invasive methods. Despite recent progress in the development of camera 
trap-based devices and statistical models to estimate the abundance of unmarked individuals, their application for studying 
this group of mammals is still very limited. We compared direct (live-trapping) and indirect (an enclosed camera-trapping 
approach—the Mostela system) survey methods to estimate the population size of weasels (Mustela nivalis) inhabiting open 
grasslands in Northeast Poland over a period of four years. We also live-trapped voles to determine prey availability. We used 
a Royle–Nichols model to estimate yearly (relative) abundance from the camera-trapping data in a Bayesian framework. The 
total number of live-captured weasels showed a similar change over time as the relative abundance of weasels estimated using 
camera-trap data. Moreover, estimates of weasel abundance increased with the availability of their main prey. Our study is 
part of a growing body of work showing that camera traps can provide a useful non-invasive method to estimate the relative 
abundance of small mustelids. Moreover, a combination of data from camera traps with statistical models allowed us to track 
the changes in weasel number over time. This information could be very useful for the conservation of small mustelids as 
well as their management in regions where they are invasive.
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Introduction

Understanding the determinants of the presence and abun-
dance of a species remains one of the key questions in eco-
logical studies (Hopkins and Kennedy 2004; MacKenzie 
et al. 2006). Small mustelids, such as weasel (Mustela niva-
lis) and stoat (Mustela erminea), play an important role in 
ecosystems as specialist predators of rodents (Jędrzejewski 

and Jędrzejewska 1993; Norrdahl and Korpimäki 1995; Kor-
pela et al. 2014). There are increasing concerns about the 
conservation status of small mustelids globally, raising the 
need for accurate methods to estimate population densities 
of these species (Marneweck et al. 2021; Jachowski et al. 
2021). The density of weasels is affected by many factors, 
including the availability of prey (Jędrzejewski et al. 1995; 
Zub et al. 2008), the structure of habitats (Zub et al. 2008) 
and individual variation in dispersal associated with pheno-
type (McDevitt et al. 2013). Currently, capture–mark–recap-
ture (CMR) methods based on live trapping of weasel is 
the golden standard when it comes to density estimation for 
weasel (King 1975). However, due to the different responses 
of individual weasels to live traps, it is hard to define which 
individuals are residents or transients, but with a reasonable 
trapping effort, all the animals present in the area could be 
known (King 1975; Zub et al. 2008). Furthermore, live trap-
ping of weasels is invasive, labour-intensive, and requires 
previous experience, making this method unsuitable for 
long-term and large-scale monitoring. There is thus a need 
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for another, preferentially non-invasive, method that allows 
for the estimation of weasel abundance over space and time.

Weasels can be monitored with a variety of non-invasive 
methods including hair tubes (Bu et al. 2016), tracking tun-
nels (Graham 2002), and snow tracking (Jędrzejewski et al. 
1995; Hellstedt et al. 2006). All of these methods have pros 
and cons. For example, snow tracking is considered a reli-
able method to estimate abundance, but it is limited to the 
winter season and is strongly affected by the local weather 
conditions (Zub et al. 2008). Furthermore, snow tracking 
is not feasible in countries that have little or no snowfall. 
Similarly, hair tubes in combination with genetic methods 
can be used to identify hairs to species and individuals, but 
application success varies among studies as it is hard to 
get high-quality hair samples of single individuals (García 
and Mateos 2009; Gleeson et al. 2010). Recent progress in 
the development of camera trap-based devices resulted in 
their application for studying small mustelids (Croose and 
Carter 2019; Mos and Hofmeester 2020; Croose et al. 2022). 
Among different systems, the ‘Mostela’ (a camera trap and 
a tracking tunnel inside a wooden box) seems to be most 
effective in detecting weasels (Mos and Hofmeester 2020) 
although the detection rate for stoats could be much lower 
(Croose and Carter 2019; Croose et al. 2022). The Mostela 
system thus seems a promising method to estimate the rela-
tive abundance of weasels.

Estimating densities with camera traps is relatively 
straightforward with CMR models when the identification of 
individuals is possible but becomes more challenging when 
individuals cannot be identified (Gilbert et al. 2021). Over 
the past decades, many methods have been developed to 
estimate the abundance of unmarked individuals from point 
samples such as camera-trapping data (Royle and Nichols 
2003; Royle 2004; Rowcliffe et al. 2008; Chandler and Royle 
2013; Howe et al. 2017; Nakashima et al. 2018). Some of 
these models cannot incorporate covariates (Nakashima 
et al. 2018), making them less useful when the aim is to 
study determinants of abundance in space and time. Another 
big distinction is that some models assume independence 
among detectors (Royle and Nichols 2003; Royle 2004) 
while others use the dependence among detectors to estimate 
densities (Chandler and Royle 2013). Due to the difficulty of 
obtaining data for abundance estimation, there generally is 
a lack of studies comparing these newly developed models 
to more traditional methods such as CMR (but see Martin-
Garcia et al. (2022) for a recent comparison of methods for 
red fox Vulpes vulpes).

In this study, we aimed to test the application of the 
Mostela system to estimate (relative) abundance of weasels 
using the Royle–Nichols (RN) model (Royle and Nichols 
2003). We used the RN model as is deals relatively well with 
false-positive and false-negative errors (Nakashima 2020). 
At the same time, we live-trapped weasels to estimate the 

minimum number of animals known to occur in the area 
as a measure of weasel abundance that has been success-
fully used in the past (Jędrzejewski et al. 1995; Zub et al. 
2008). We compared these two estimates of weasel abun-
dance to test how well the Mostela-derived estimates com-
pared to the previously used standard. Furthermore, we live-
trapped voles, the main prey of weasels in the study area 
(Jędrzejewski et al. 1995; Zub et al. 2008), and tested if the 
RN model estimates of weasel abundance correlated with 
the availability of prey.

Methods

Study area

The study was carried out in the central part of the 
Białowieża Forest (23.86°E, 52.70°N), Northeast Poland 
(Fig. 1). The study area consists of meadows and unmanaged 
grasslands surrounded by forest, arable land and settlements 
(ca. 1.5  km2) and a mosaic of reeds, wet and moist meadows, 
mires, willow and willow-alder brushwood along the Nare-
wka river valley (ca. 0.5  km2; for details see Zub et al. 2008). 
The landscape between the village and our study area con-
sisted mostly of intensively used meadows and arable fields 
(grey in Fig. 1), where weasels were previously only found 
occasionally (Zub et al. 2008). We thus did not sample in 
this area during this study but focussed on the meadows and 
unmanaged grasslands (light grey in Fig. 1). Stoat (Mustela 
erminea) was not present in the study area during the study.

Sampling set‑up

To monitor weasels in the whole study area, between 2015 
and 2018, we deployed a Mostela at nine point locations, 
with the effort varying between locations and years (Fig. 1, 
Table 1). The Mostela system is a camera-trapping device 
specifically developed to monitor small mustelids (Mos and 
Hofmeester 2020). It consists of a camera trap (Bushnell 
NatureView HD, with 250 mm lens for close focus) placed 
inside a wooden box (610 × 300 × 150 mm) with an open 
tracking tunnel (ø 10 cm, PVC drainpipe) going through 
it. Mostela systems were spaced minimally 200 m apart to 
reduce the chance of double-counting individuals at more 
than one device. Due to logistics, Mostela systems were 
active during different parts of the study period (Table 1). 
We placed all Mostela systems close to linear landscape fea-
tures, like fences or ditches, as these are frequently used by 
weasels and changed the memory cards and batteries in the 
camera trap monthly. We used these monthly deployments 
as the basis of our analysis (see below).

Live trapping of weasels was performed using the meth-
odology described in Jędrzejewski et  al. (1995), using 
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modified live traps with a metal flap-door instead of the 
wooden ramp. In short, life traps contained two life labo-
ratory mice with food and bedding as bait. Caught wea-
sels were anaesthetised using a 2% mixture of isoflurane 
(Iso–Vet), and individually marked by punching ear marks. 
Live trapping was done using a clustered design using four 
to six traps at each of six locations (BNP_gate, BNP_gateW, 
Cegielnia, Dyrekcyjny, Kamienne Bagno and Browska, 
Fig. 1, Table 1). Live traps were also located next to lin-
ear features, such as the fence running across our study 
area in the east–west direction along the buffer zone of the 
Białowieża National Park (Fig. 1). Traps were deployed for 2 
weeks (except for September 2015 when they were deployed 
for four weeks) and checked once daily (late afternoon/ early 
evening). In this way, we reduced the time animals spent in 
the traps as weasels in the study area are mostly active dur-
ing the day (Jędrzejewski et al. 2000). Weasels were trapped 
between the second half of July and the first half of October, 
the post-breeding period for weasels, and occasionally with 
additional trapping sessions in spring and early winter. This 
pattern of trapping allowed us to reduce field-work effort 
and provide the most reliable estimate of the minimum num-
ber of weasels present in the study area, as weasel densities 
are highest during this time of year (Zub et al. 2008). In 

September 2018, three weasels were captured in the rodent 
traps (see below), located at two locations (BNP_gate and 
BNP_gateW), where we monitored small mammals and thus 
decided not to trap weasels at the same time.

Our assumption regarding the estimate of the minimum 
number of weasels present were based on the long-term 
monitoring (since 1997) of the weasel population in the 
same study area, and radio-tracking data providing reli-
able information about the home-range sizes and move-
ment patterns (Zub et al. 2008). Weasels in this area are 
almost exclusively using natural grasslands as habitat and 
are avoiding any open areas (cultivated fields and mowed 
grasslands; Zub et al. 2008). Moreover, there is a very 
limited exchange of individuals between forests and grass-
lands (McDevitt et al. 2013). The intensive use of natural 
grasslands within the study area caused high fragmenta-
tion of habitats suitable for weasels and the area covered 
by natural grasslands decreased from 92% in 2005 to 36% 
in 2018. As a result, the six areas where we trapped wea-
sels were the only suitable habitats left. Furthermore, most 
weasels were only caught once (see results) precluding us 
from using a capture–mark–recapture (CMR) approach to 
estimate the population size of weasels in the area. Thus, 
we used the number of weasels caught as an estimate of 

Fig. 1  Study area on the border of Białowieża village in northeast 
Poland, with the locations surveyed with the Mostela system—an 
enclosed camera-trapping approach—and live traps depicted with 
their respective names. The fence (dashed line) running through the 

natural grasslands (light grey) formed a linear landscape feature that 
was targeted for our sampling to increase the chance of capturing 
weasels
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the minimum number of weasels known to occur in the 
area as our best available population estimate. Due to the 
optimal sampling of available habitat, we are, however, 
quite confident that this number is a good estimate of the 
weasel population in the area.

The number and the winter survival of weasels in our 
study area depend on the availability of voles (Microtus 
oeconomus, M. agrestis and M. arvalis; Zub et al. 2008, 
2011). We thus also monitored these vole species by trap-
ping rodents using wooden live traps in a clustered design 
at the same six locations where weasels were live-trapped. 
In September, at each location, 10 traps were deployed for 
5 days and checked twice daily. Traps were baited with 
oats and carrots. Captured animals were marked by clip-
ping some fur on the back (to avoid double-counting) and 
released in the place of capture. We present the results of 
rodent trapping as a standardized index (number of individu-
als captured per 100 trap nights).

Analytical framework

We used a Royle–Nichols (RN) model (Royle and Nich-
ols 2003) to compare (relative) abundance estimates from 
Mostela systems to abundance estimates from live traps. 
In short, the RN model can be compared to an occupancy 
model (MacKenzie et al. 2002) or N-mixture model (Royle 
2004) where the sampling process is split into a state pro-
cess model and a detection model. The RN model uses the 
repeated detection–non-detection data similar to an occu-
pancy model, while it uses a Poisson distribution for the 
state process model similar to an N-mixture model (Kéry 
and Royle 2016). The state process model estimating the 
abundance at site i (λi) is described as:

where Ni is the number of individuals at site i. To derive 
the number of individuals from the detection-non-detection 
data, the observation model is described as:

where yij are the binary observations at site i during survey 
j, and the probability to detect the species (P*

ij) is expressed 
as a function of the number of individuals (Ni) and the per-
individual detection probability (pij). It is thus assumed that 
all individuals at a site have the same probability of being 
detected in a survey period, which allows for the number 
of individuals to be estimated from the combined detec-
tion probabilities. The RN model thus allows the estima-
tion of (relative) abundance from detection–non-detection 
data. Based on a previous simulation (Nakashima 2020), 
we interpret this (relative) abundance as the number of indi-
viduals whose home range included the Mostela location. 
As we cannot rule out that single weasels had home ranges 
overlapping multiple Mostela systems, we interpreted the 
estimate of λ as an average relative abundance for the whole 
study area.

We transformed the detection–non-detection data from 
each Mostela system to a vector with daily detection (1) 
or non-detection (0) for the duration of each monthly 
deployment. These vectors were combined into a detection 
history matrix with one row per deployment. Our detec-
tion–non-detection matrix thus consisted of 130 rows (one 
for each deployment) and 123 columns (one for each day/
date during which at least one of the Mostela systems was 
active). All days (columns) outside of the active deploy-
ment of each row were specified as missing data (NA). We 
did this to ensure that Mostela systems that were active 

Ni ∼ Poisson(�i)

yij|Ni ∼ Bernoulli(P∗

ij
)

P∗

ij
= 1 − (1 − pij)

Ni

Table 1  Sampling effort for the Mostela systems—an enclosed cam-
era-trapping approach—and live trapping at the different locations

Location names refer to the locations as depicted in Fig. 1

Location Mostela deployments Live trapping

BNP_gate May–December 2015
March 2016–January 2017
May 2017–April 2018

September 2015
September 2016
April 2017
September 2017
October 2018

BNP_GateW July–October 2015
December 2015–October 

2016
September 2017–February 

2018

September 2015
September 2016
September 2017

Browska February–April 2018 February 2018
Cegielnia June 2015–January 2016

March 2016
July–December 2016
April–July 2017
September 2017–April 2018

September 2015
April 2016
September 2016
August 2017
December 2017
September 2018

Dyrekcyjny July 2015–April 2017
August 2017–December 2017

September 2015
August 2016
July–August 2017

Kamienne Bagno April 2017–January 2018 July–August 2017
October 2018

Reski 1 June 2015–January 2017
September 2017–January 

2018

–

Reski 2 June 2015–October 2016
May–September 2017
November 2017–January 

2018

–

Reski 3 July 2015–December 2016
May–July 2017
September–November 2017
January–March 2018

–
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during the same time also ended up having detection–non-
detection data during the same days.

Due to a limited amount of data, we were not able to use 
dynamic models that explicitly model changes in abundance 
within and among years. Instead, to utilize as much informa-
tion as possible for the estimation of individual detection 
probability and the number of individuals from the data, we 
ran a single model using the data from all years. In this way, 
we assumed individual detection probability to be constant 
over the years and that differences in observed detection 
probability among years were a consequence of fluctuating 
abundance. To accommodate differences in detection prob-
ability within a year, we included month as a covariate in 
the detection model. We modelled the differences among 
years without explicitly modelling changes over time using 
a ‘single-season’ model with year as a covariate in the state 
process part of the model. Our estimates of λ are thus an 
average per location within a given year and are assumed 
independent of the estimates in other years. To account for 
repeated measurements at the same locations, we included 
a random intercept on the state process model per location.

To test if the (relative) abundance of weasels could (par-
tially) be explained by the density of voles as their main 
prey, we ran a second RN model where we substituted the 
year covariate for the year-specific estimate of vole density 
in the study area. We standardized this parameter by sub-
tracting the mean and dividing by one standard deviation. 
We used leaving-one-out cross-validation (Vehtari et al. 
2017) to test the support of this model compared to the 
model with the year covariate.

We fitted the RN model using MCMC with Stan (Carpen-
ter et al. 2017) called from R (version 4.0.2; R Core Team 
2020) using the ubms package (Kellner et al. 2021). The 
ubms package makes the running of models in Stan acces-
sible using the same syntax and functions as the unmarked 
package (Fiske and Chandler 2011) but with the added 
advantage of being able to add random intercepts and slopes. 
We ran models on three chains for 4000 iterations (includ-
ing 2000 iterations burn-in) per chain and used the default 
weakly informative priors as provided in the ubms package. 
We checked model convergence using the R̂ statistic as well 
as trace plots (Brooks and Gelman 1998). We used the Mac-
Kenzie–Bailey goodness-of-fit test (MacKenzie and Bailey 
2004) as implemented in the ubms package to test model 
fit. We used the loo package (version 2.6.0) to perform the 
leaving-one-out cross-validation (Vehtari et al. 2023).

Results

The Mostela systems were deployed for a total of 5201 
days, ranging from 448 days in 2018 to 2057 days in 2016 
(Table 2), divided over 130 monthly deployments (27 in 

2015, 52 in 2016, 32 in 2017 and 19 in 2018). Raw capture 
rates of weasels (observations/100 camera-days) ranged 
widely from 2.9 in 2018 to 12.4 in 2017 (Table 2). Most wea-
sels were trapped in August or September, and only single 
individuals in other months (February, April, July, October, 
and December). The number of live-trapped weasels ranged 
from three individuals in 2015 and 2016 to seven individuals 
in 2017 (Table 3). None of the live-trapped weasels were 
captured in more than one location. Only one individual was 
recaptured, in the same location (Dyrekcyjny) after more 
than one month (first capture end of August and recapture 
beginning of October). The vole trapping index also ranged 
widely, from 15.3 individuals per 100 trap nights in 2015 to 
30 individuals per 100 trap nights in 2017 (Table 3). 

Individual daily detection probabilities in the Mostela 
system differed among months from 2.6  e−3 (95% credible 
interval: 3.5  e−4 to 0.012) in March to 0.090 (95% CI 0.058 
to 0.13) in August (Fig. 2). The (relative) abundance esti-
mates ( � ) similarly differed among years as the other indices 
of weasel abundance (Table 2, Fig. 3). The Royle–Nichols 
model including year as covariate had a good fit to the data 
(MacKenzie–Bailey goodness-of-fit test: p = 0.48). In the 
model substituting the year covariate for vole abundance, 
weasel abundance increased with vole abundance (slope esti-
mate: 0.63, 95% CI 0.39 to 0.88). This model had a good 

Table 2  Total camera-trapping effort (in the enclosed Mostela sys-
tems), capture rate, and (relative) abundance estimate of weasels in 
the study area for each of the four years

Capture rates were calculated as the number of days during which 
weasels were detected per 100 camera-trap days. The (relative) abun-
dance estimates were calculated using a Bayesian Royle–Nichols 
model

Year Effort 
(camera-
days)

Capture rate (days 
detected/100 camera-
days)

(Relative) abundance 
estimate (median + 95% 
credible interval)

2015 1225 3.8 0.81 (0.36–1.7)
2016 2057 3.8 0.77 (0.36–1.6)
2017 1471 12.4 2.9 (1.4–5.8)
2018 448 2.9 1.2 (0.31–3.8)

Table 3  Total trapping effort (life traps) and number of live-trapped 
individual weasels in the study area for each of the four years

For each year, the mean abundance of voles (Microtus sp.) as the 
number of individuals caught per 100 trap-nights is also provided

Year Effort (trap-
days)

Live-trapped 
individuals

Abundance of voles (N 
inds/100 trap-nights)

2015 448 3 15.3
2016 448 3 22.5
2017 476 7 30.0
2018 308 6 21.1
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fit to the data (MacKenzie–Bailey goodness-of-fit test: 
p = 0.45), and its predictive power was similar to the model 
with year as covariate, with a difference in expected predic-
tive accuracy based on leaving-one-out cross-validation of 
− 2.34 (standard error of the difference: 3.0). 

Discussion

This is the first study quantitatively comparing live-trapping 
and camera-trapping methods to estimate the population size 
of weasels. The (relative) abundance of weasels estimated 
with data obtained using Mostela systems showed a similar 

trend as the total number of weasels life-trapped in a given 
year, especially when correcting for potential differences in 
detection probabilities in Mostela systems among different 
months of the year. The raw capture rates of weasels in the 
Mostela systems correlated less well with the number of 
live-trapped individuals, mainly due to a low capture rate in 
2018, underestimating weasel abundance. This underestima-
tion might be caused by the fact that Mostela systems were 
only deployed at the start of that year when detection prob-
abilities were very low (Fig. 2). A similar result was found 
in a study comparing capture rates with other abundance 
indices for red foxes, where failing to account for differ-
ences in detection resulted in a mismatch between estimates 

Fig. 2  Boxplot of the posterior 
distributions of individual daily 
detection probability estimates 
per month for weasels based 
on a Royle–Nichols model and 
detection-non-detection data 
obtained using the Mostela 
system—an enclosed camera-
trapping approach

Fig. 3  Boxplot of the posterior 
distribution of the relative 
abundance (λ) estimate per loca-
tion per year for weasels based 
on a Royle–Nichols model and 
detection–non-detection data 
obtained using the Mostela 
system—an enclosed camera-
trapping approach
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(Martin-Garcia et al. 2022). This suggests that raw capture 
rates from Mostela systems could potentially be used as a 
measure of (relative) abundance when differences in detec-
tion probability can be minimized, for example by compar-
ing similar months, preferentially at times of the year when 
detection probabilities are high.

We were not able to use capture–mark–recapture (CMR) 
models to estimate population size of weasels from the 
live-trapping data due to only one recapture. Weasels are 
notoriously difficult to catch (King 1975), which might be 
one of the reasons why we had so few recaptures. However, 
the presence of the fence crossing our study area, which 
was the main linear feature in the otherwise open habitat, as 
well as limited availability of suitable habitat, likely opti-
mized our life-trapping effort (Zub et al. 2008). Thus, we 
are confident that our estimate of the minimum number of 
weasels in the study area was a representative estimate of 
the weasel population. However, we do acknowledge that 
we might have missed weasels, and that the proportion of 
individuals we caught might have fluctuated among years. 
Furthermore, we found that weasel abundance, both those 
estimated using RN models from the Mostela data, and the 
minimum number known alive from the life-trapping data, 
closely followed changes in their main prey. This was simi-
lar to results from previous studies in Poland (Jędrzejewski 
et al. 1995; Zub et al. 2008), and northern England (Graham 
2002). This close correlation between weasel abundance and 
availability of main prey provides additional support for the 
reliability of our weasel-abundance estimates.

We found that the daily detection probability of individual 
weasels differed among months, with the highest detection 
probabilities in July to September. This pattern is very simi-
lar to what was previously reported from a study in the Neth-
erlands (Mos and Hofmeester 2020), as well as a study using 
the Mostela system to monitor Irish stoats (Mustela erminea 
hibernica; Croose et al. 2022). Due to our limited amount 
of data, we were unable to disentangle true differences in 
detection probability over the year from changes in weasel 
abundance over the year that could lead to a similar pattern. 
Therefore, part of the change in detection probability might 
be caused by varying weasel abundance during the year. A 
previous study in northeast Poland showed that weasel abun-
dance was highest at the end of summer (Jędrzejewski et al. 
1995). Our estimates of (relative) abundance are thus an 
average over the year, but these numbers should be compara-
ble to our live-trapping data as we compare them to the total 
number of weasels caught in the study area in a year. Based 
on these findings, we suggest that monitoring efforts to esti-
mate the presence or (relative) abundance of weasels using 
the Mostela system focus their efforts on the period from 
July to September to ensure high detection probabilities.

The Royle–Nichols model provided an estimate of the 
average number of individuals whose home range overlapped 

a Mostela system. To estimate density based on this popula-
tion size estimate, the size of the home range of the focal 
species is needed (Nakashima 2020). However, home 
range sizes of weasels might fluctuate over the year and are 
dependent on e.g. prey density (Jędrzejewski et al. 1995; 
Zub et al. 2008). Furthermore, we expect that the number of 
live-trapped weasels gave us an estimate of the total number 
of weasels in our study population (Zub et al. 2008). As the 
total abundance estimate from the RN model (summing the 
estimates for all locations) was higher than the number of 
caught weasels for each of the four years, this suggests that 
we either captured the same individuals at multiple locations 
or that we missed part of the weasel population with our life-
trapping effort. Previous estimates of home range size from 
the study area suggest that weasels can have home-range 
sizes that with our set-up could overlap multiple locations 
(Jędrzejewski et al. 1995; Zub et al. 2008). We thus want 
to stress that our abundance estimates from the RN models 
should not be interpreted as absolute. More importantly, the 
similar trends of the RN model estimates and the number 
of live-trapped individuals gives a first indication that the 
RN model estimate of (relative) abundance can potentially 
be used to monitor changes in weasel abundance in space 
and time.

An alternative approach to RN models, would be to try 
and identify individual weasels based on the spot-pattern 
on the lateral line between brown and white (Mos and Hof-
meester 2020). This would allow the use of CMR or spa-
tial–capture–recapture (SCR) models to estimate density. 
The combination of camera traps and SCR models has suc-
cessfully been implemented to estimate density of another 
mustelid species, the stone marten (Martes foina; Burgos 
et al. 2023). An added advantage of using SCR models is 
that the density estimate is spatially explicit and could there-
fore be used to answer questions about the spatial distribu-
tion of individuals over the study area. However, one big dis-
advantage is that weasel records in the Mostela system need 
to be of very high quality to be able to see the spot patterns, 
and individuals might not show both sides during every visit, 
increasing the chance of misidentifications and consequent 
biases in density estimates (Johansson et al. 2020).

Our study is part of a growing body of work showing 
that camera traps can provide a useful non-invasive method 
to provide abundance estimates of elusive species (Wearn 
and Glover-Kapfer 2019). We were able to track changes 
in weasel abundance over time using the Mostela method 
and RN models, suggesting that this combination of meth-
ods might be a promising way to survey changes in weasel 
abundance over space and time. However, further studies in 
different locations, with a variety of weasel densities would 
be needed to further test the ability of Mostela systems with 
RN models to detect changes in weasel abundance of space 
and time. The densities of weasels we found in this study are 
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much lower than those recorded in the study area in the past 
(Zub et al. 2008). This might be an effect of the reduction in 
snow cover, negatively affecting the survival of weasels in 
the study area (Atmeh et al. 2018) resulting in lower popu-
lation sizes. Thus, it is possible that at higher densities of 
weasels the relationship between the RN model estimate and 
true abundance could be different, e.g. due to a saturation 
effect. Similarly, it would be good to study this relationship 
in different landscapes and habitat types. We would thus 
encourage further studies into the usefulness of the Mostela 
system as a tool to monitor weasels in other areas with dif-
ferent abundances and habitats. Considering these limita-
tions, our approach could be a useful tool to monitor spatial 
and temporal changes in weasel abundances both for con-
servation purposes, as well as management in areas where 
the species is invasive.
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