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Abstract

Optimizing protocols to assess and monitor mammal communities is essential
to meet the current biodiversity targets of halting species loss. Camera-traps
are the most effective tool for multispecies monitoring, yet their deployment
strategy is debated, with two main strategies adopted: trail- and random-based
camera deployment. To date, few studies have compared these two strategies
and reached contrasting recommendations. Here, by simultaneously deploying
60 camera-traps for each placement strategy in a National Park in central
Italy, we aimed to assess differences in species richness and composition,
photographic rate, detection/occupancy probabilities, also in responses to envi-
ronmental and anthropogenic variables, and temporal activity. Site species
richness was greater on than off-trails, with elusive carnivores mainly detected
on trails. Community composition was different, with a smaller proportion of
ungulates on trails, and lower detections of carnivores off-trails. Photographic
rate, detection, and occupancy probabilities were higher on trails for almost all
mammals. Occupancy responses to environmental variables did not match,
possibly due to the different behavioral strategy adopted by mammals (trails
for movement, off-trails for resting and foraging). Thus, a mixed approach with
cameras located both on- and off-trails is recommended when studying habitat
use. We also found a consistent negative response of occupancy and site-use
intensity to human frequentation, with mammals avoiding both highly
frequented trails and adjacent random sites. Temporal activity curves were
similar between designs, suggesting that the choice of the sampling strategy
would not bias the inference. However, nocturnal behavior was higher on
trails for some species, indicating varying degrees of temporal avoidance of
humans. With faster data accumulation, easier accessibility of sampling sites,

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2025 The Author(s). Ecological Applications published by Wiley Periodicals LLC on behalf of The Ecological Society of America.

Ecological Applications. 2025;35:€70083.
https://doi.org/10.1002/eap.70083

https://onlinelibrary.wiley.com/r/eap | 10f 16


https://orcid.org/0000-0002-6208-2465
https://orcid.org/0000-0001-5491-4797
mailto:ilaria.greco@unifi.it
http://creativecommons.org/licenses/by/4.0/
https://onlinelibrary.wiley.com/r/eap
https://doi.org/10.1002/eap.70083
http://crossmark.crossref.org/dialog/?doi=10.1002%2Feap.70083&domain=pdf&date_stamp=2025-08-07

20f16 GRECO ET AL.
and the ability to record human activity, on-trail cameras are more efficient
than off-trail cameras for monitoring mammal communities.
KEYWORDS
anthropogenic disturbance, biodiversity monitoring, camera-trapping protocols,
mammal communities, sampling design

INTRODUCTION employed (Meek et al., 2014): (1) targeted sampling, with

Conservation and management practices should be based
on scientifically sound assessments, able to gauge the sta-
tus of wildlife and its response to sources of disturbance.
Robust data from standardized monitoring programs are
the only way to assess populations and communities
through time reliably, and to quantify the efficacy of
conservation and management strategies (Sutherland
et al, 2019). Monitoring is fundamental to assess
anthropogenic impacts on biodiversity and set conserva-
tion priority goals (Mihoub et al., 2017; Robinson
et al., 2018). Recently, the monitoring paradigm has
been shifting from surveying target species to communi-
ties (Chaudhary et al., 2022), for the higher ecological
implications at the ecosystem level (Jetz et al., 2019), and
as a cost-effective practice to collect information on multi-
ple species in the face of limited resource availability
(Kunming-Montreal Global biodiversity framework, 2022).

Camera-traps are one of the most effective tools for
monitoring mammal communities across habitats, lati-
tudes, and spatiotemporal scales (Bruce et al., 2025;
Wearn & Glover-Kapfer, 2019), with a high potential for
standardization enabling data comparisons in time and
space (Steenweg et al., 2017). This technology has played a
pivotal role in the transition from single- to multispecies
research (Burton et al., 2015): their capacity to detect any
passing wildlife in front of the camera lens allows record-
ing the full array of medium-to-large wild mammals with
a single technique (Hofmeester et al., 2017).

However, the wide application of camera-trapping has
implied the use of a disparate set of sampling designs, and
the relative efficacy of these designs is still unclear. Studies
that evaluated the implications of various sampling strate-
gies and efforts (Beaudrot et al., 2019; Kays et al., 2020;
Rovero et al., 2013) generally recommend the systematic
deployment of cameras according to a regular grid with a
fixed density of cameras, allowing sampling of large areas
evenly, and better capturing the diversity of whole com-
munities of medium-to-large mammals (Jansen et al.,
2014; Rovero et al., 2013; Wearn & Glover-Kapfer, 2017).

Systematic camera-trapping can however derive from
different sampling designs, especially regarding the
choice of sampling sites. Two alternatives are usually

remote devices targeting specific features such as roads,
game/hiking trails, or water sources (Cusack et al., 2015);
and (2) random, not targeting specific features. Targeted
deployments (hereafter on-trails), particularly roads/
trails-oriented, are routinely used in wildlife research,
already providing standardized data for large-scale moni-
toring (Cove et al., 2021; Rovero & Ahumada, 2017).

A major strength is the increased likelihood of captur-
ing carnivores (Blake & Mosquera, 2014; Fonteyn
et al., 2021) for their use of trails and roads as travel
routes. However, results could be biased toward species
that preferably use such features, limiting their generali-
zation to the whole community (Anderson, 2001). Differ-
ent species can indeed use the trail network with various
intensities (Harmsen et al., 2010), making some species
more detectable than others. Particularly, some mammals
avoid these features (Blake & Mosquera, 2014) to limit
encounters with predators or humans (Harmsen et al.,
2010; Weckel et al., 2006). Placement on preferential
travel routes can also introduce bias toward linear move-
ment behaviors, underrepresenting behaviors as foraging,
searching or resting (Caravaggi et al., 2018).

Random placements (hereafter off-trails) overcome
the aforementioned biases since any environmental fea-
ture would be presumably sampled in proportion to its
occurrence in the landscape, and different animal behav-
iors would have the same probability of being detected
(Palencia et al., 2019; Rowcliffe et al., 2013). Further-
more, off-trail deployments are required to estimate
densities of unmarked animals using approaches such
as the Random Encounter Model (Rowcliffe et al., 2008)
or Distance Sampling (Howe et al., 2017). Yet, fully ran-
domized designs are rarely applied in practice (Burton
et al., 2015), due to the logistically demanding data col-
lection and the severely lower number of photographs
(Sollmann et al., 2013).

Understanding the benefits, drawbacks, and implica-
tions for ecological inference of these two sampling strat-
egies can aid in choosing the most appropriate design
when starting a new monitoring program, especially
when the whole community of medium-to-large mam-
mals is the target. Species in the community might be
detected differently with alternate sampling designs,
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potentially leading to unpredicted bias and confounding
community-level results (Iannarilli et al., 2021).

To date, few studies have assessed the effectiveness
and performance of different camera-based monitoring
strategies, and even fewer have focused specifically on
comparing off- versus on-trail deployment. The recom-
mendations from the pool of available studies are seem-
ingly contrasting (Appendix S1: Table S1): Cusack et al.
(2015), Kolowski and Forrester (2017) and Wearn
et al. (2013) advocate for the use of a off-trail placement
for unbiased estimations. Tanwar et al. (2021) support
the use of trail-based design, although acknowledging a
less rigorous inference for herbivores. Blake and
Mosquera (2014), Di Bitetti et al. (2014), Hofmeester
et al. (2021), and Iannarilli et al. (2021) suggested a mixed
approach for a more comprehensive view of the mammal
community, while Fonteyn et al. (2021), like Cusack
et al. (2015), found that camera placement did not criti-
cally affect monitoring outcomes. Notably, a comparison
of estimates of occupancy from off- versus on-trail sam-
pling has not been performed, despite the wide use of this
metric in camera-trapping studies; similarly, it has not
been assessed whether data from the two designs assess
associations with environmental and anthropogenic vari-
ables in similar or different ways.

Here, by simultaneously using systematic off- and on-
trail designs, each deploying 60 camera sites in the same
study area (a temperate forest in central Italy), we aimed
to assess the benefits and drawbacks of the two sampling
protocols to monitor mammal communities. We com-
pared the two sampling designs in terms of: (1) species
richness and composition, (2) camera-trap photographic
rate (Rovero & Marshall, 2009), (3) detection and occu-
pancy probabilities, (4) species responses to environmen-
tal and anthropogenic factors in terms of variation in
occupancy and site-use intensity, and (5) temporal activ-
ity. We predict that species richness is higher on- than
off-trails, with a faster species accumulation rate and elu-
sive species only recorded along trails; species composi-
tion is different, with a greater proportion of carnivores
detected from trail-based cameras; species-specific photo-
graphic rates, detection, and occupancy are lower at off-
trail sites for all species; species-specific occupancy varies
similarly, between designs, in relation to environmental
factors; wild mammals are more diurnal at off-trail cam-
eras and nocturnal along trails and forestry roads due to
greater anthropogenic disturbance.

Furthermore, the simultaneous use of cameras on- and
off-trails offers the unparalleled opportunity to test if
mammals’ space-use is affected by human disturbance
even when animals are located outside the network of for-
estry roads and trails. Hence, by using the Cumulative
Outdoor activity Index (COI; Corradini et al., 2021), a

metric based on human mobility data, we evaluated if the
use of the landscape by humans has potential detrimental
effects on wild mammals affecting their space-use. We
predicted that the perceived disturbance determined by
human presence penetrates beyond forestry roads and
trails, with animals avoiding off-trail sites closer to highly
frequented linear features. Lastly, by calculating costs and
personnel required to deploy each sampling strategy, we
compared the cost-effectiveness of the two protocols.

MATERIALS AND METHODS
Study area

The study took place in Parco Nazionale Foreste
Casentinesi (PNFC, 43°480 N, 11°490 E), a protected area
of 36,426 ha gazetted in 1993, and located on the Apen-
nine ridge of central Italy (Figure 1). The park has an alti-
tudinal range spanning from about 400-1658 m asl at the
highest peak. The climate is temperate—sub-Mediterra-
nean, characterized by cool and humid summers and rel-
atively cold winters with occasional snowfalls (Viciani
et al., 2010). PNFC has one of the highest national for-
estry coverages: 80% of the park’s surface is covered with
dense forests, with beech (Fagus sylvatica) and Turkey
oak (Quercus cerris) as dominant tree species (Www.
parcoforestecasentinesi.it). PNFC presents an extensive
network of forestry roads and hiking trails, and 12 munic-
ipalities are located inside its border. With 2000 perma-
nent residents (www.parcoforestecasentinesi.it), human
density is relatively low (ca. 5.5 ind./km?), although
human frequentation strongly increases during summer
for outdoor recreation.

PNFC hosts a rich mammal community of 14 medium-
to-large species (Salvatori et al., 2024), among which there
are four ungulate species (i.e., red deer Cervus elaphus, roe
deer Capreolus capreolus, fallow deer, Dama dama and
wild boar Sus scrofa), 13 detected wolf (Canis lupus) packs
(Dissegna et al., 2023), a population of wild cat (Felis
silvestris; Anile et al., 2025), and an invasive population of
raccoon (Procyon lotor) first recorded in 2013 (Boscherini
et al., 2020). This latter species is of management concern
given it represents the main cause for the population
decline of the native white-clawed crayfish (Austropo-
tamobius pallipes) in PNFC (Tricarico et al., 2021).

Sampling designs, data collection, and
management

Data collection was carried out between August and
November 2023, with the simultaneous installation of
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FIGURE 1 Map of the study area (Parco Nazionale Foreste Casentinesi) across which the regular grid has been developed. The main
figure shows the paired distribution of the trail-based (light blue) and randomized (yellow) camera-traps. Insert maps report the location of
the study area in central Italy (top left), and examples of a camera-trap deployed randomly (yellow-bordered insert figure) and a camera-trap
located along a forestry road (light blue-bordered insert figure). Data were collected between August and November 2023. Camera-trap

photograph credits: Ilaria Greco.

both on- and off-trail camera-traps. Both sampling
designs were based upon a regular grid of 2 X 2 km cell
size laid across the whole territory of the park (Figure 1).
The grid consisted of 60 sampled cells within which one
camera located on a forestry road or a trail and one ran-
domly located camera were deployed (Figure 1). On-trail
sampling sites were located to the closest accessible trail
or forestry road to the centroid of each cell, facing the
trails at 2-3 m from their center. Off-trail sites were ran-
domly generated within each cell with the dedicated
built-in function in Quantum GIS 3.16.11 (QGIS Develop-
ment Team, 2019) and framed a relatively homogeneous
area free from ground vegetation. Once in the field, we
tried to locate the off-trail site as close as possible to the
theoretical point, with minor adjustments due to accessi-
bility or topographic constraints.

Camera-traps were 24 h-active in the field for at least
30 consecutive days and were attached to tree trunks at
approximately 50-60 cm. Due to equipment constraints
and for logistic optimization, we divided the grid into two
sub-grids of 30 sites sampled sequentially, each for
30 days. We employed Browning Dark Ops (Birmingham,
AL, USA) cameras, set to work in continuous mode and to
produce rapid-fire sequences of eight photographs (shots
belonging to the same sequence had a 0.2 s delay) with a
delay of 1 s between sequences.

After camera retrieval, photographs were processed
through a dedicated software (Wild.AI) hosted on a
platform by the University of Florence that aids in the
storage, management, and identification of photos.
This latter process was carried out through an in-built
detector that classifies photos into four major
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categories: “Blank,” “Humans,” “Vehicles” and “Wildlife.”
Photos belonging to the “Wildlife” category were then
manually classified to species level by three authors
(i.e., Ilaria Greco, Elena Buonafede, and Alessandra
Pistolesi), who each independently annotated the
images from 40 sampling sites (20 on-trail and 20 off-
trail). In cases of doubtful identifications, determined
when the confidence in species identification was
ranked as low, the images were shared with the other
two colleagues for confirmation. Consensus was gener-
ally reached except for 17 images whose subjects were
too blurred. These images, all belonging to the off-trail
sampling, were excluded from the analyses. On the
whole, only 17 photographs from the off-trail design
had this label.

DATA ANALYSES

Species richness, composition, and
photographic rate

We calculated randomized species richness accumula-
tion curves for both sampling designs following Gotelli
and Colwell (2001), with 1000 random permutations, to
visualize the effectiveness of the two sampling strate-
gies at detecting species of the medium-to-large mam-
malian community. We also compared on- and off-trail
site-level species richness and tested for differences
using pairwise Wilcoxon signed-rank tests. We then
compared community composition based on species’
relative abundance resulting from the two designs
using multivariate techniques. The multivariate
distances among sites were estimated with a Bray-
Curtis Dissimilarity Index, and the resulting distance
matrix was then analyzed through a nonmetric
multidimensional scaling (nMDS) ordination analysis
using the function metaMDS in the R (R Core
Team, 2022) package Vegan (Oksanen et al., 2015) on
the resulting distance matrix.

Relative abundances of each species (i.e., photo-
graphic rate) were quantified by the relative abundance
index (RAI), that is, the number of independent photo-
graphic events of each species over the effort (number of
sampling days) and multiplied by 100. Photos of the
same species at the same camera location were consid-
ered independent when taken >30 min apart (Rovero &
Spitale, 2016). Differences in species composition
were then tested with a permutation-based multivariate
ANOVA (npMANOVA), with 999 permutations. Lastly,
differences in the species’ RAIs between sampling
designs for each species were also tested using pairwise
Wilcoxon signed-rank tests.

Multispecies models of occupancy and
site-use intensity

To assess if species-specific detection probability (p),
occupancy (y) and their response to specific environmen-
tal variables were affected by camera deployment strate-
gies, we used two separate multispecies occupancy
models (MSOMs; Kéry & Royle, 2015). The wolf (N = 5)
and the wild cat (N = 5) for the off-trail design and the
raccoon (N = 1) for the trail design were discarded for
the low number of independent detections.

Species-specific detection probabilities were modeled
as a function of the distance to the closest municipality,
the mass of detected mammals to correct for the poten-
tially higher detection of larger-sized species, and, for the
trail-based design only, a categorical variable indicating
whether a camera was installed on a forestry road or a
trail. Species-specific occurrence probabilities were
modeled as a function of elevation, terrain slope, distance
to the closest municipality, distance to the park’s border,
and Cumulative Outdoor activity Index (COI). This latter
index measures the intensity of use of trails by people
during leisure activities, representing an approximation
of the intensity of potential human disturbance
(Corradini et al., 2021). We validated the COI index by
calculating the Spearman correlation coefficient against
the photographic rate of humans obtained by trail-based
cameras to evaluate its reliability as an index of human
passage in the study area.

Moreover, we also separately modeled species-specific
detection events, taken as a proxy of site-use intensity,
with the same set of independent variables used for occu-
pancy modeling. See Appendix S1: Supplementary text
“Specifications for the Multi-Species Occupancy Model
and Generalized Linear Models on site-use intensity” for
model specification and covariates description.

Temporal activity

Differences in species-specific temporal activity patterns
between on- and off-trail camera traps were estimated
through Kernel density distributions from the time
stamps of independent events, by using the functions
implemented in the R package Overlap (Meredith &
Ridout, 2021). We considered only species captured with
both sampling designs that had a minimum of 10 inde-
pendent events. Then, we assessed the degree of overlap
between pairs of curves belonging to the same species
from both designs by using the overlap coefficient A, that
ranges from 0 (no overlap) to 1 (complete overlap) using
the R package Activity (Rowcliffe et al., 2014). We chose
A; (N < 50) or A, (N > 50) according to the sample size
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(Meredith & Ridout, 2021). The 95% CIs for the overlap
coefficients were estimated by computing 1000 bootstrap
iterations (Ridout & Linkie, 2009).

Lastly, we tested for significant differences between
the two pairs of curves with a Wald test (Greco et al.,
2022). Additionally, following Procko et al. (2023), we
also assessed potential on- and off-trail differences in
temporal activity in relation to the peak of human distur-
bance (i.e., midday) calculating for each species-specific
detection event the time between the event and solar
noon. This is a continuous metric that goes from 0 (mid-
day) to 12 (midnight) hours and measures the tendency
toward nocturnality as a temporal distance from the peak
of human activity (e.g., a value of four represents a photo-
graphic event taken at 4 p.m. or at 8 a.m., therefore 4 h
away from solar noon), with higher values indicating
more nocturnal events. We then assessed differences in
nocturnality between the two sampling designs through a
Wilcoxon rank sum test for each species.

RESULTS

Species richness, composition, and
photographic rate

We obtained data from a total of 118 camera-traps, as
59 for each sampling strategy worked effectively. Sam-
pling effort for the off-trail protocol reached 1705
camera-trapping days (28.9 mean days per camera) and
1794 (30.4 mean days) for the trail-based protocol.
While costs for the off- and the on-trail monitoring pro-
ject were fairly equivalent, we calculated that the effort

needed for the off-trail design was 1.5 times greater
than the trail-based one (37 vs. 24 person-days, respec-
tively; Appendix S1: Figure S1).

Both accumulation curves reached a plateau
(Figure 2A), attesting to the effectiveness of both monito-
ring strategies, although with a slightly faster accumula-
tion rate along trails. Thirteen species of medium-to-large
mammals were detected with the off-trail protocol and
14 on the trail-based one, with the raccoon only recorded
on the latter. Site-specific richness of wild mammals
was significantly higher on than off trails (v = 1467.5,
p < 0.001, Figure 2B), with a mean of eight species
(£0.23 SD) recorded on the trail network and 4 species
(+0.24 SD) recorded on off-trail sites, confirming the
prediction of higher species richness and faster accu-
mulation on trails.

When considering all the taxa detected (Appendix SI:
Table S2), we obtained 6-times more data on- than off-
trails (Appendix S1: Figure S2), with 52% of independent
events depicting wild mammals, 39% people and 9%
domestic species (i.e., cats, dogs, and livestock).
Conversely, 94% of the independent events derived from
the off-trail design represented wild mammals, and only
5% people and 1% domestic species (Appendix S1:
Figure S2). Species composition in terms of relative
abundances was significantly different between the two
sampling designs (F; 116 = 18.11, p < 0.001), as also illus-
trated by the 2D nMDS ordination plot (Figure 3A;
stress = 0.17). The differences in community composition
between the two sampling designs were apparent when
considering the RAI aggregated by taxonomic group: wild
ungulates represented 49% of the total RAI for the off-
trail sampling versus 28% on the on-trail sampling.
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FIGURE 2 (A) Species accumulation curves estimated for the off-trails (yellow) and the on-trail design (light blue). (B) Average site-
level richness for the two designs. Asterisks represent significance level at p < 0.001.
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FIGURE 3 (A) Nonmetric multidimensional scaling plot (nMDS) of medium-to-large mammal species composition according to the
species relative abundances recorded with the off-trails (yellow) and the on-trail (green) camera-trapping design. Polygons highlight clusters

based on sampling designs with gray asterisks representing their centroids (i.e., average position of observations in ordination space).

(B) Species composition according to the proportion of relative abundance of the four main mammal orders estimated from camera-trapping
data collected with the off-trails (left-wing side) and the on-trail sampling design (right-wing side). Wildlife silhouettes were downloaded

from the public domain website Openclipart (https://openclipart.org/).

Rodents (i.e., crested porcupine Hystrix cristata and red
squirrel Sciurus vulgaris) had a similar trend (16% vs. 9%
for off- and on-trails, respectively). Conversely, carnivores
and lagomorphs had an opposite pattern, with 32% versus
56% for carnivores and 3% versus 7% for lagomorphs for
off- and on-trails, respectively (Figure 3B). The prediction
of different community compositions from the two
designs was therefore confirmed.

Photographic rate (RAI) was significantly higher on
trails for almost all detected species (Figure 3), except for
the red deer (v =838, p=0.57), fallow deer (v = 301,
p = 0.49) and polecat Mustela putorius (v = 92, p = 0.92),
for which the difference was not significant. The squirrel
(v = 1985, p = 0.69) had a comparable photographic rate
between on- and off-trails, while the roe deer (v = 199,
p = 0.02) was the only species with a significantly greater
photographic rate at off-trail sites (Figure 4). Two carni-
vores, the wolf and the wild cat, yielded only five inde-
pendent events each off-trails, compared to 242 and
80 events on trails for the wolf and wild cat, respectively
(Appendix S1: Table S2; Figure 4).

Multispecies models of occupancy and
site-use intensity

Eight out of the 11 species tested had higher detection and
occupancy on- than off-trails (Appendix S1: Figure S3).

In line with their results for photographic rate, wild boar,
badger (Meles meles), crested porcupine, fox, Martes spp.,
and hare had higher detection and occupancy on- than
off-trails. Red deer, which did not have a significantly dif-
ferent photographic rate (Figure 2) had instead higher
detection and occupancy on trails (Red deer: p, v = 1586,
p < 0.001; y, v = 1230, p = 0.013). Polecat and squirrel
had similar estimated detection and occupancy across
the study area with the two protocols (Appendix S1:
Figure S3), while roe deer (v = 112; p < 0.001) and fallow
deer (v = 127, p < 0.001) were the only species with a sig-
nificantly greater detection probability off- than on-trails,
although the difference in roe deer occupancy was not
significant (v = 655; p = 0.08) and favored trails for fal-
low deer (v =1360; p < 0.001). The prediction of lower
photographic rate, occupancy, and detectability off- than
on-trails was generally confirmed, with the exception of
red squirrel (no difference) and roe deer (higher values
off-trails than on-trails). For both protocols, we found
weak support that greater body mass positively influe-
nced mammal detections (Appendix S1: Table S3).
Modeling occupancy and site-use intensity in depen-
dence on environmental and anthropogenic covariates
showed that coefficient signs were concordant 73 times
out of 110 (66.36%) between the coefficient estimates
from two sampling designs (Figure 5), partially
confirming the prediction of similar environmental asso-
ciations with data from the two sampling designs. Four
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FIGURE 5

Coefficient estimates for the occupancy probability (above) and the site-use intensity—number of independent detection

events—(below) for all medium-to-large mammal species detected with off-trails (yellow) and on-trail monitoring (light blue) protocol.

Values represent the mean of the site-specific posterior distributions with 90% Bayesian credible intervals (BCI). Asterisks highlight when

90% BCI does not overlap 0. COI, Cumulative Outdoor activity Index.

main possibilities emerged: (1) in 11.82% of cases, the
two regression coefficients from the two sampling designs
had the same signs and were both significantly different
from 0; (2) in 27.27% of cases, the regression coefficients
for the same variable were significant for only one of the
two sampling designs, though they had the same sign
and their credible intervals largely overlapped; (3) in
24.82% of cases, the two coefficients had the same signs
but both had 90% CI that overlapped 0; (4) in 33.64% of
cases, the two coefficients for the same variable had

different signs, but they were both significantly different
from 0.

COI was positively correlated with the on-trail photo-
graphic rate of humans, with a Spearman’s correlation
coefficient R = 0.45 (p < 0.001; Appendix S1: Figure S4).
In general, 10 out of 13 species (i.e., red deer, wild boar,
fallow deer, roe deer, badger, porcupine, red fox, hare,
polecat, and red squirrel) showed significantly negative
responses to human frequentation on either occupancy
or site-use intensity. This result was more evident for the

FIGURE 4 Comparison between species-specific photographic rate (RAI—relative abundance index) derived from the off-trails
(yellow) and the on-trail (light blue) sampling design. Species are ordered according to decreasing body mass. Asterisks indicate significant
differences estimated with a pairwise Wilcoxon signed-rank test (*p < 0.05; **p < 0.01; ***p < 0.001). Wildlife silhouettes were downloaded

from the public domain website Openclipart (https://openclipart.org/).
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off- than on-trail sampling (nine vs. six negative coeffi-
cients of COI, respectively; Figure 5). Therefore, the pre-
diction on the spatial avoidance of human disturbance
was confirmed for all species except the hare, the wild cat
and the wolf.

Temporal activity

The diel activity pattern of almost all mammals consid-
ered did not differ significantly between on-and off-trail
placements, except for wild boar (w = 11.67; p < 0.001)
and fallow deer (w=10.71; p < 0.01) that were more

cathemeral off-trails and crepuscular on-trails
(Appendix S1: Figure S3). All species generally had a
high temporal overlap (A > 0.70) when comparing the
diel activity curves between the two sampling designs.
Nonetheless, the analysis on the degree of nocturnality
revealed that wild boar (on-trails = mean 8.20 + 2.7 SD;
off-trails = 6.18 + 3.3; w =43,794, p < 0.001), red deer
(on-trails = 7.88 + 2.5; off-trails = 7.09 + 3.2; w = 21,993,
p < 0.05) and fox (on-trails = 8.80 + 2.0; off-trails = 8.28
+2.1; w=59,826.5, p<0.01; Figure 6) had a higher
nocturnality on- than off-trails. Also, porcupine, Martes
spp., badger, hare and roe deer tended to have higher aver-
age nocturnality values from sampling on-trails, but the
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FIGURE 6 Barplots show the degree of nocturnality (x axis; expressed as hours from solar noon) of the 10 mammal species that had
enough photographic events in both sampling designs. The y axis reports the absolute count of events for the off-trails (yellow bars) and the
on-trails design (light blue bars). Asterisks represent significance level (*p < 0.05; **p < 0.01; **p < 0.001). Wildlife silhouettes were
downloaded from the public domain website Openclipart (https://openclipart.org/).
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differences were not significant (Figure 6). Conversely,
red squirrel (on-trails = 2.54 + 1.6; off-trails = 3.4 + 2;
w = 2411, p <0.01) and fallow deer (on-trails = 5.71
+ 2.6, off-trails = 6.73 + 3.0; w = 4259.5, p < 0.05) were
less nocturnal on- than off-trails. Therefore, the predic-
tion of higher nocturnality on trails was supported only
for a subset of species.

DISCUSSION

By simultaneously monitoring a mammalian community
with off- and on-trail systematic camera trapping at the
same spatial and temporal scales, we obtained directly
comparable data to assess benefits and drawbacks of the
two sampling strategies for community studies. Our main
findings were that: (1) both strategies were successful in
sampling the target community, although the trail-based
design collected a markedly greater amount of data in
terms of species richness and independent events,
whereas the off-trail design rarely detected carnivores;
(2) the relationships between environmental variables
and both mammal occupancy and site use obtained
with the two designs were not completely equivalent,
suggesting that a combination of both strategies would be
more suited to study habitat use; (3) the effect of human
visitation, concentrated on the trail network, penetrates
through the surrounding habitat, causing spatial avoid-
ance responses in many mammal species not only on
highly frequented trails, but also on surrounding off-trail
sites; (4) temporal activity curves were generally similar
between designs, although some species had a more
marked nocturnal behavior from sampling on trails.

In agreement with Cusack et al. (2015) and Tanwar
et al. (2021), we found that the trail-based design resulted
in a faster data accumulation and considerably greater
photographic rate for most species, especially carnivores.
Many carnivores are known to exploit linear features to
minimize energy expenditure during movement and
increase the probability of encountering prey (Dickie
et al., 2017; Weckel et al., 2006). Furthermore, the likeli-
hood of capturing rare and elusive species is generally
greater along trails for their use as travel routes (Greco
et al., 2023; Greco & Rovero, 2021). In line with these
expectations, the data collected for wolf and wildcat off-
trails were insufficient for statistical modeling.

Oppositely to what was found by Blake and Mosquera
(2014), Fonteyn et al. (2021) in tropical environments
and Cusack et al. (2015) in arid environments, we found
that community composition was clearly distinct between
the two designs, with the relative abundance of carni-
vores that was almost double on- than off-trails. Such a
difference may be determined by the different habitats

and related forest management strategies, with temperate
forests in high-income countries that probably have more
extensive and widespread road and trail networks than,
for example, tropical forests. Indeed, forestry roads are
known to be largely used by large carnivores as a fast
way to move between patches of the landscape, while
avoiding humans at the fine scale (Zimmermann
et al., 2014). Hence, the greater availability of forestry
roads and hiking trails may exacerbate the differential
use of linear features by mammals, leading to differences
in community composition and photographic rates
between sampling strategies. Though the proportion of
relative abundances of carnivores and herbivores
detected off-trails is probably closer to real densities, off-
trail placement determines a lack of data for carnivores,
with potential consequent biases on the study of
predator-prey relationships. Harmsen et al. (2010) found
that different species have distinct tendencies of using
trails, leading to potential biases in their detection proba-
bility, thus relative abundance indexes, when monitoring
with trail-based designs. In our case, only the fallow deer
and roe deer had the notable exception of higher detec-
tion probability off trails. These cervids might avoid trails
to minimize encounters with predators and humans
(Dickie et al., 2017) or may be more morphologically
adapted to traverse dense understory vegetation and
bushes. Nonetheless, the photographic rate and detection
probability were still sufficiently high on trails to allow
further analyses and ecological considerations on this
species also when using the trail-based sampling strategy.

When we modeled species responses to environmen-
tal and anthropogenic variables in terms of occupancy
and site-use intensity with the two sampling designs, we
found that coefficients were concordant for 66% of the
species-variable combinations. However, only for 18% of
these (equally represented by occupancy and site-use
intensity) the inference from the two strategies lead to
the same conclusion in terms of statistical significance
and ecological relevance of the effect. For example, fallow
deer had significantly lower occupancy in relation to
human frequentation with both sampling strategies
(i.e., its probability of presence decreased both on highly
frequented trails and adjacent off-trail sites). Conversely,
for 27% of cases, the use of one sampling design over the
other would result in different ecological inferences since
CIs were overlapping zero for only one design, and they
had different effect sizes: for example, fallow deer occu-
pancy on trails significantly increased as distance to the
border of the protected area increased, whereas this effect
was not significant with the off-trail sampling. Therefore,
when the assessment of species-habitat relationships is
the main study goal, a mixture of both sampling designs
might be ideal to correctly gather broader information on
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mammals’ space use, as already highlighted by Blake and
Mosquera (2014), Di Bitetti et al. (2014), Hofmeester
et al. (2021) and Iannarilli et al. (2021).

Mammals may use trails and the surrounding habitats
during different behavioral phases, for example, expl-
oiting trails for direct and faster movement bouts, exiting
the trail for foraging and resting (Rowcliffe et al., 2014).
Habitat use can indeed vary between different activity
types, and environmental variables that represent impor-
tant drivers of space use during foraging or resting may
differ from those related to linear movements (Klappstein
et al., 2023; Nicosia et al., 2017). Deploying cameras both
along trails and at off-trail locations can therefore allow a
more comprehensive representation of different behav-
iors and consequently also of the drivers of animal use of
space. More research is needed to set a more specific sur-
vey design to obtain a robust combination of these
methods for habitat use assessment.

When the assessment of habitat use is not a priority
goal, trail-based sampling seems a reasonable choice for
monitoring mammal communities. Camera-traps on
trails yielded sufficient data for elusive species (i.e., carni-
vores) and even for mammals that were more detected by
cameras off trails (i.e., roe deer), suggesting a higher per-
effort efficiency of this design as previously observed
(Kolowski & Forrester, 2017). Trail-based sampling can
additionally be more efficiently repeated over time to esti-
mate trends (Tanwar et al., 2021), and the higher detec-
tion probabilities of many species would improve the
precision of occupancy model estimates. Trail-based
monitoring has indeed been successfully applied to
obtain multiyear trends at community and species level
(Ahumada et al., 2013; Salvatori et al., 2023). However,
the interpretation of occupancy for on- and off-trail sam-
pling may be critical, as the different detection probabili-
ties along trails affect occupancy estimates.

In our case, occupancy was higher for the trail-based
design for most species (Appendix S1: Figure S2). In its
original definition, that is, the probability that a site is
used by a species, occupancy was developed for discon-
tinuous habitats, and its interpretation in a continuous
environment has been proven problematic, being inextrica-
bly linked to home-range size and population density, and
dependent on what is defined as a “site” (Efford &
Dawson, 2012). Hence, for the trail-based design, occu-
pancy estimates might be better interpreted as the proba-
bility of site use during linear movements and can be
inflated by the preferential use of trails by mammals to
move from one area of the home range to another. Instead,
occupancy is presumably closer to its original definition
when monitoring with the off-trail design, and is likely
related to foraging and resting behaviors. These two met-
rics can in some cases be strongly dissimilar, as we found
for the crested porcupine whose occupancy on trails was

thrice that off trails. For these reasons, caution should be
taken when interpreting occupancy estimates that are
unlikely to be comparable across areas or studies that
deployed different sampling designs. Additionally, it is
important to remark that a trail-based sampling is not suit-
able for density estimation studies of unmarked animals
through random encounter and similar models that require
random placement of camera-traps (Palencia et al., 2021).

An inherent advantage of trail-based sampling lies in
the possibility of concomitantly collecting data on wild-
life and potential sources of disturbance such as livestock
(Greco et al., 2022; Salvatori et al., 2022) and humans at
the same spatiotemporal resolution (Salvatori et al., 2023,
2024). However, human mobility data, with the rise of
popular social-media platforms for tracking outdoor
activities, allows us to indirectly quantify the effects of
human disturbance even when direct information is not
available (Corradini et al., 2021). Hence, the use of COI
enabled us to understand the effect of human recreation
also outside the trail network, thus comparing informa-
tion from the two designs. Our results showed that the
site use of most target species decreased as proximity to
heavily used human trails increased. Evidence indicates
that mammals adjust their spatiotemporal use of trails to
avoid humans, and that body mass, hunting status, and
habitat structure play a role (Nickel et al., 2020; Salvatori
et al., 2024). Yet, the effect that human disturbance con-
centrated on trails exerts outside of the trail network is
less studied, with available evidence reporting spatial
avoidance of disturbance in the vicinities of trails (Pépin
et al., 1996; Westekemper et al., 2018).

The spatial avoidance of sites closer to more inten-
sively used hiking trails and forestry roads that we
detected could have important consequences in terms of
aggregation of animals in areas with lower rates of human
recreation, with cascading outcomes on forest browsing
and soil nutrient cycling (Di Nicola et al., 2023; Segar
et al., 2022). Although anthropogenic linear features such
as hiking trails and unpaved roads may cover an overall
small proportion of a protected area, their ecological effect
can be much wider, affecting a considerable extent of the
available habitat for wild mammals and potentially alter-
ing interspecific interactions (DeMars & Boutin, 2018;
Seigle-Ferrand et al., 2022). Our results delineate anthro-
pogenic disturbance as a variable that has repercussions
beyond the linear elements where it is concentrated, with
potential consequences across taxa (Suraci et al., 2019).

Being concentrated during the central hours of the
day, human presence has a clear temporal component
that elicits avoidance in mammals through the modula-
tion of their activity pattern (Gaynor et al., 2018). This
behavioral strategy dynamically responds to varying
degrees of human disturbance along trails, for example,
by limiting diurnal and crepuscular activity in more
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disturbed sites (Salvatori et al., 2024). Here, for wild boar,
red deer, and red fox, we recorded a greater nocturnal
behavior from the on- than off-trail design. However, the
temporal activity curves obtained with the two designs
were generally similar for most species, with high overlap
coefficients. Hence, at least in our study case, the use of
one design over the other would not lead to important
biases in the estimation of mammals’ temporal patterns.
The opposite was found in Tanwar et al. (2021), for
which mammals’ temporal patterns differed on trails
compared to off-trails. However, the overlap coefficients
were still moderately high for four over five species con-
sidered (A > 0.50).

In conclusion, we show that camera-trap placement
has profound implications on the results of mammalian
studies and should not, therefore, be overlooked when
planning new studies. Current efforts on data harmoniza-
tion are favoring camera-traps installations along trails for
large-scale and multispecies research on mammals (Cove
et al.,, 2021; Greco et al., 2025; Kays et al., 2022; Shamon
et al., 2024). In this regard, we found that the sampling
design with camera-traps systematically located along trails
and forestry roads was more effort-effective for monitoring
the community of medium-to-large mammals through a
set of commonly used metrics. We acknowledge that our
results primarily refer to a setting of dense mountainous
temperate forests. However, the greater photographic rate
of mammals and the possibility to collect sufficient data for
carnivores match results from comparable studies
conducted in semiarid environments, characterized by a
matrix of savannah and woodlands (Cusack et al., 2015;
Tanwar et al., 2021), hence extending the validity of our
findings to more open, wooded habitats. Additionally, trail-
based designs can also record passing humans and live-
stock, providing for direct inference on the effect of anthro-
pogenic activity on wildlife, though human mobility data
can help in obtaining information on human frequentation
even when sampling outside the trail network. Lastly, our
results corroborate previous findings that a mixed approach
with cameras located both on- and off-trails would be best
suited to study habitat use of mammals.

ACKNOWLEDGMENTS

We thank an anonymous reviewer and the subject-mat-
ter editor for constructive comments on an earlier ver-
sion of the manuscript. We are deeply grateful to the
managers and technical personnel of the Parco
Nazionale Foreste Casentinesi, the whole Reparto Cara-
binieri Forestali, the Reparto Carabinieri Biodiversita of
Pratovecchio, and the park internship fellow Alessandro
Franco for the logistic support and invaluable assistance
during fieldwork. Ilaria Greco was supported by the
European Union-Next Generation EU through the

Italian Ministry of University and Research, Piano
Nazionale di Ripresa e Resilienza (PNRR), National Bio-
diversity Future Centre (NBFC), Missione 4 Componente
2, “Dalla ricerca all'Impresa”, Investimento 1.4, D.D.
1034 17/06/2022, ProjectCN00000033. Field activities
have been funded by the Parco Nazionale Foreste
Casentinesi. Andrea Corradini and Francesca Cagnacci
partially contributed to this work under the support of
NBFC to Fondazione Edmund Mach, funded by the Euro-
pean Union-Next Generation EU through the Italian Min-
istry of University and Research, PNRR. This paper reflects
only the authors’ views and opinions, neither the European
Union nor the European Commission can be considered
responsible for them. Open access publishing was facili-
tated by the Universita degli Studi di Firenze, as part of
the Wiley - CRUI-CARE agreement.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
Data (Greco, 2025) are available in Figshare at https://
doi.org/10.6084/m9.figshare.29423327.v1.

ORCID
Ilaria Greco ® https://orcid.org/0000-0002-6208-2465
Marco Salvatori ‘© https://orcid.org/0000-0001-5491-4797

REFERENCES

Ahumada, J. A,, J. Hurtado, and D. Lizcano. 2013. “Monitoring the
Status and Trends of Tropical Forest Terrestrial Vertebrate
Communities from Camera Trap Data: A Tool for Conserva-
tion.” PLoS One 8(9): €73707. https://doi.org/10.1371/journal.
pone.0073707.

Anderson, D. R. 2001. “The Need to Get the Basics Right in Wildlife
Field Studies.” Wildlife Society Bulletin (1973-2006) 29(4): 1294-97.

Anile, S., I. Greco, M. Marconi, N. Cappai, M. Salvatori, and
F. Rovero. 2025. “Estimates of Density, Occupancy and Activ-
ity Patterns of Wild-Living Cats in Foreste Casentinesi
National Park (Italy) Using Data from a Non-targeted Camera
Array.” European Journal of Wildlife Research 71(3): 45.
https://doi.org/10.1007/s10344-025-01923-6.

Beaudrot, L., J. Ahumada, T. G. O’Brien, and P. A. Jansen. 2019.
“Detecting Tropical Wildlife Declines through Camera-Trap
Monitoring: An Evaluation of the Tropical Ecology Assess-
ment and Monitoring Protocol.” Oryx 53(1): 126-29. https://
doi.org/10.1017/S0030605318000546.

Blake, J. G., and D. Mosquera. 2014. “Camera Trapping On and Off
Trails in Lowland Forest of Eastern Ecuador: Does Location
Matter?” Mastozoologia Neotropical 21(1): 17-26.

Boscherini, A., G. Mazza, M. Menchetti, A. Laurenzi, and E. Mori.
2020. “Time Is Running out! Rapid Range Expansion of the
Invasive Northern Raccoon in Central Italy.” Mammalia
84(1): 98-101. https://doi.org/10.1515/mammalia-2018-0151.

Bruce, T., Z. Amir, B. L. Allen, B. F. Alting, M. Amos, J. Augusteyn,
G.-A. Ballard, et al. 2025. “Large-Scale and Long-Term Wildlife

25UB0 1] SUOWILIOD BRI 8|G0 dde aU) Aq pueNab a2 Sa1e VO ‘3N 0 Sa|N 10} AReiq 1T 8UNIUO AB]UM UO (SUOTIPLOD-PUE-SULS) 00" A8 1M AJq]1[pUIIUO//ST1Y) SUONIPUOD) PUB SWLS | aU) 95 *[G20Z/80/80] UO AIGIT8UIIUO A8]1M BIE1BURIL0D Ag E8002'DER/Z00T OT/I0P/W0Y" 8] W AZRIqIpuI|UO'SFuIO fesa /Sy o1 popeojumo 'S ‘207 ‘Z83S686T


https://doi.org/10.6084/m9.figshare.29423327.v1
https://doi.org/10.6084/m9.figshare.29423327.v1
https://orcid.org/0000-0002-6208-2465
https://orcid.org/0000-0002-6208-2465
https://orcid.org/0000-0001-5491-4797
https://orcid.org/0000-0001-5491-4797
https://doi.org/10.1371/journal.pone.0073707
https://doi.org/10.1371/journal.pone.0073707
https://doi.org/10.1007/s10344-025-01923-6
https://doi.org/10.1017/S0030605318000546
https://doi.org/10.1017/S0030605318000546
https://doi.org/10.1515/mammalia-2018-0151

14 of 16

GRECO ET AL.

Research and Monitoring Using Camera Traps: A Continental
Synthesis.” Biological Reviews 100(2): 530-555. https://doi.org/
10.1111/brv.13152.

Burton, A. C., E. Neilson, D. Moreira, A. Ladle, R. Steenweg, J. T.
Fisher, E. Bayne, and S. Boutin. 2015. “REVIEW: Wildlife Cam-
era Trapping: A Review and Recommendations for Linking Sur-
veys to Ecological Processes.” Journal of Applied Ecology 52(3):
675-685. https://doi.org/10.1111/1365-2664.12432.

Caravaggi, A., M. Gatta, M.-C. Vallely, K. Hogg, M. Freeman,
E. Fadaei, J. T. A. Dick, W. I. Montgomery, N. Reid, and D. G.
Tosh. 2018. “Seasonal and Predator-Prey Effects on Circadian
Activity of Free-Ranging Mammals Revealed by Camera
Traps.” PeerJ 6: €5827. https://doi.org/10.7717/peerj.5827.

Chaudhary, V., V. R. Goswami, G. Jones, K. B. Toh, T. Tapi, C. Ri,
M. Kéry, and M. K. Oli. 2022. “Using Population Monitoring
Programs to Detect Changes in Mammalian Communities.”
Biological Conservation 276: 109778. https://doi.org/10.1016/j.
biocon.2022.109778.

Corradini, A., M. Randles, L. Pedrotti, E. van Loon, G. Passoni,
V. Oberosler, F. Rovero, C. Tattoni, M. Ciolli, and F. Cagnacci.
2021. “Effects of Cumulated Outdoor Activity on Wildlife Hab-
itat Use.” Biological Conservation 253: 108818. https://doi.org/
10.1016/j.biocon.2020.108818.

Cove, M. V., R. Kays, H. Bontrager, C. Bresnan, M. Lasky,
T. Frerichs, R. Klann, et al. 2021. “SNAPSHOT USA 2019: A
Coordinated National Camera Trap Survey of the
United States.” Ecology 102(6): e03353. https://doi.org/10.
1002/ecy.3353.

Cusack, J. J., A. J. Dickman, J. M. Rowcliffe, C. Carbone, D. W.
Macdonald, and T. Coulson. 2015. “Random Versus Game
Trail-Based Camera Trap Placement Strategy for Monitoring
Terrestrial Mammal Communities.” PLoS One 10(5):
€0126373. https://doi.org/10.1371/journal.pone.0126373.

DeMars, C. A, and S. Boutin. 2018. “Nowhere to Hide: Effects of
Linear Features on Predator-Prey Dynamics in a Large Mam-
mal System.” Journal of Animal Ecology 87(1): 274-284.
https://doi.org/10.1111/1365-2656.12760.

Di Bitetti, M., A. Paviolo, and C. Angelo. 2014. “Camera Trap Pho-
tographic Rates on Roads Vs. off Roads: Location Does Mat-
ter.” Mastozoologia Neotropical 21: 37-46.

Di Nicola, W., B. Mols, and C. Smit. 2023. “Human Recreation
Shapes the Local Scale Impact of Ungulates on the Carbon
Pools of a Temperate Coniferous Forest.” Global Ecology and
Conservation 46: e02574. https://doi.org/10.1016/j.gecco.2023.
€02574.

Dickie, M., R. Serrouya, R. S. McNay, and S. Boutin. 2017. “Faster
and farther: Wolf Movement on Linear Features and Implica-
tions for Hunting Behaviour.” Journal of Applied Ecology
54(1): 253-263. https://doi.org/10.1111/1365-2664.12732.

Dissegna, A., M. Rota, S. Basile, G. Fusco, M. Mencucci, N. Cappai,
M. Galaverni, E. Fabbri, E. Velli, and R. Caniglia. 2023. “How
to Choose? Comparing Different Methods to Count Wolf Packs
in a Protected Area of the Northern Apennines.” Genes 14(4):
4. https://doi.org/10.3390/genes14040932.

Efford, M. G., and D. K. Dawson. 2012. “Occupancy in Continuous
Habitat.” Ecosphere 3(4): art32. https://doi.org/10.1890/ES11-
00308.1.

Fonteyn, D., C. Vermeulen, N. Deflandre, D. Cornelis, S. Lhoest,
F. G. A. Houngbégnon, J.-L. Doucet, and A. Fayolle. 2021.

“Wildlife Trail or Systematic? Camera Trap Placement Has Lit-
tle Effect on Estimates of Mammal Diversity in a Tropical For-
est in Gabon.” Remote Sensing in Ecology and Conservation
7(2): 321-336. https://doi.org/10.1002/rse2.191.

Gaynor, K. M., C. E. Hojnowski, N. H. Carter, and J. S. Brashares.
2018. “The Influence of Human Disturbance on Wildlife
Nocturnality.” Science 360(6394): 1232-35. https://doi.org/10.
1126/science.aar7121.

Gotelli, N. J., and R. K. Colwell. 2001. “Quantifying Biodiversity:
Procedures and Pitfalls in the Measurement and Comparison
of Species Richness.” Ecology Letters 4: 379-391. https://doi.
0rg/10.1046/j.1461-0248.2001.00230.x.

Greco, 1. 2025. “Data for Greco et al. 2025. Placement Matters:
Implications of Trail- Versus Random-Based Camera-Trap
Deployment for Monitoring Mammal Communities.” figshare.
Dataset. https://doi.org/10.6084/m9.figshare.29423327.v1.

Greco, I., L. Beaudrot, C. Sutherland, S. Tenan, C. Hsieh,
D. Gorczynski, D. Sheil, et al. 2025. “Landscape-Level Human
Disturbance Results in Loss and Contraction of Mammalian
Populations in Tropical Forests.” PLoS Biology 23(2): €3002976.
https://doi.org/10.1371/journal.pbio.3002976.

Greco, I., V. Oberosler, I. E. Monti, C. Augugliaro, A. Barashkova,
and F. Rovero. 2022. “Spatio-Temporal Occurrence and Sensi-
tivity to Livestock Husbandry of Pallas’s Cat in the Mongolian
Altai.” The Journal of Wildlife Management 86(1): €22150.
https://doi.org/10.1002/jwmg.22150.

Greco, I, C. L. Paddock, G. M. McCabe, C. Barelli, S. Shinyambala,
A. S. Mtui, and F. Rovero. 2023. “Calibrating Occupancy to
Density Estimations to Assess Abundance and Vulnerability of
a Threatened Primate in Tanzania.” Ecosphere 14(3): e4427.
https://doi.org/10.1002/ecs2.4427.

Greco, I, and F. Rovero. 2021. “The African Golden Cat Caracal
Aurata in Tanzania: First Record and Vulnerability Assess-
ment.” Oryx 55(2): 212-15. https://doi.org/10.1017/S00306053
2000040X.

Harmsen, B. J., R. J. Foster, S. Silver, L. Ostro, and C. P. Doncaster.
2010. “Differential Use of Trails by Forest Mammals and the
Implications for Camera-Trap Studies: A Case Study from
Belize.” Biotropica 42(1): 126-133. https://doi.org/10.1111/j.
1744-7429.2009.00544.x.

Hofmeester, T. R., J. M. Rowcliffe, and P. A. Jansen. 2017. “A Sim-
ple Method for Estimating the Effective Detection Distance of
Camera Traps.” Remote Sensing in Ecology and Conservation
3(2): 81-89. https://doi.org/10.1002/rse2.25.

Hofmeester, T. R., N. H. Thorsen, J. P. G. M. Cromsigt, J. Kindberg,
H. Andrén, J. D. C. Linnell, and J. Odden. 2021. “Effects of
Camera-Trap Placement and Number on Detection of Mem-
bers of a Mammalian Assemblage.” Ecosphere 12(7): €03662.
https://doi.org/10.1002/ecs2.3662.

Howe, E. J., S. T. Buckland, M.-L. Després-Einspenner, and H. S.
Kiihl. 2017. “Distance Sampling with Camera Traps.” Methods
in Ecology and Evolution 8(11): 1558-65. https://doi.org/10.
1111/2041-210X.12790.

Iannarilli, F., J. Erb, T. W. Arnold, and J. R. Fieberg. 2021. “Evalu-
ating Species-Specific Responses to Camera-Trap Survey
Designs.” Wildlife Biology 2021(1): wlb.00726. https://doi.org/
10.2981/wlb.00726.

Jansen, P. A., J. Ahumada, E. Fegraus, and T. G. O’Brien. 2014.
“TEAM: A Standardised Camera-Trap Survey to Monitor

25UB0 1] SUOWILIOD BRI 8|G0 dde aU) Aq pueNab a2 Sa1e VO ‘3N 0 Sa|N 10} AReiq 1T 8UNIUO AB]UM UO (SUOTIPLOD-PUE-SULS) 00" A8 1M AJq]1[pUIIUO//ST1Y) SUONIPUOD) PUB SWLS | aU) 95 *[G20Z/80/80] UO AIGIT8UIIUO A8]1M BIE1BURIL0D Ag E8002'DER/Z00T OT/I0P/W0Y" 8] W AZRIqIpuI|UO'SFuIO fesa /Sy o1 popeojumo 'S ‘207 ‘Z83S686T


https://doi.org/10.1111/brv.13152
https://doi.org/10.1111/brv.13152
https://doi.org/10.1111/1365-2664.12432
https://doi.org/10.7717/peerj.5827
https://doi.org/10.1016/j.biocon.2022.109778
https://doi.org/10.1016/j.biocon.2022.109778
https://doi.org/10.1016/j.biocon.2020.108818
https://doi.org/10.1016/j.biocon.2020.108818
https://doi.org/10.1002/ecy.3353
https://doi.org/10.1002/ecy.3353
https://doi.org/10.1371/journal.pone.0126373
https://doi.org/10.1111/1365-2656.12760
https://doi.org/10.1016/j.gecco.2023.e02574
https://doi.org/10.1016/j.gecco.2023.e02574
https://doi.org/10.1111/1365-2664.12732
https://doi.org/10.3390/genes14040932
https://doi.org/10.1890/ES11-00308.1
https://doi.org/10.1890/ES11-00308.1
https://doi.org/10.1002/rse2.191
https://doi.org/10.1126/science.aar7121
https://doi.org/10.1126/science.aar7121
https://doi.org/10.1046/j.1461-0248.2001.00230.x
https://doi.org/10.1046/j.1461-0248.2001.00230.x
https://doi.org/10.6084/m9.figshare.29423327.v1
https://doi.org/10.1371/journal.pbio.3002976
https://doi.org/10.1002/jwmg.22150
https://doi.org/10.1002/ecs2.4427
https://doi.org/10.1017/S003060532000040X
https://doi.org/10.1017/S003060532000040X
https://doi.org/10.1111/j.1744-7429.2009.00544.x
https://doi.org/10.1111/j.1744-7429.2009.00544.x
https://doi.org/10.1002/rse2.25
https://doi.org/10.1002/ecs2.3662
https://doi.org/10.1111/2041-210X.12790
https://doi.org/10.1111/2041-210X.12790
https://doi.org/10.2981/wlb.00726
https://doi.org/10.2981/wlb.00726

ECOLOGICAL APPLICATIONS

| 150f 16

Terrestrial Vertebrate Communities in Tropical Forests.” In
Camera Trapping: Wildlife Management and Research, edited
by P. D. Meek and P. J. S. Fleming, 263-270. Clayton: CSIRO
Publishing.

Jetz, W., M. A. McGeoch, R. Guralnick, S. Ferrier, J. Beck, M. J.
Costello, M. Fernandez, et al. 2019. “Essential Biodiversity
Variables for Mapping and Monitoring Species Populations.”
Nature Ecology & Evolution 3(4): 539-551. https://doi.org/10.
1038/s41559-019-0826-1.

Kays, R., B. S. Arbogast, M. Baker-Whatton, C. Beirne, H. M.
Boone, M. Bowler, S. F. Burneo, et al. 2020. “An Empirical
Evaluation of Camera Trap Study Design: How Many, How
Long and When?” Methods in Ecology and Evolution 11(6):
700-713. https://doi.org/10.1111/2041-210X.13370.

Kays, R., M. V. Cove, J. Diaz, K. Todd, C. Bresnan, M. Snider, T. E.
Lee, Jr., et al. 2022. “SNAPSHOT USA 2020: A Second Coordi-
nated National Camera Trap Survey of the United States dur-
ing the COVID-19 Pandemic.” Ecology 103(10): e3775. https://
doi.org/10.1002/ecy.3775.

Kéry, M., and J. A. Royle. 2015. Applied Hierarchical Modeling in
Ecology: Analysis of Distribution, Abundance and Species Rich-
ness in R and BUGS, 1st ed. Amsterdam: Academic Press.

Klappstein, N. J., L. Thomas, and T. Michelot. 2023. “Flexible Hid-
den Markov Models for Behaviour-Dependent Habitat Selec-
tion.” Movement Ecology 11(1): 30. https://doi.org/10.1186/
$40462-023-00392-3.

Kolowski, J. M., and T. D. Forrester. 2017. “Camera Trap Placement
and the Potential for Bias Due to Trails and Other Features.”
PLoS One 12(10): €0186679. https://doi.org/10.1371/journal.
pone.0186679.

Kunming-Montreal Global biodiversity framework. 2022. “Kun-
ming-Montreal Global Biodiversity Framework.” Decision
Adopted by the Conference of the Parties to the Convention
on Biological Diversity. Document in CBD/COP/DEC/15/4
19 December 2022. https://www.cbd.int/doc/decisions/cop-15/
cop-15-dec-04-en.pdf [Global assessment report on biodiversity
and ecosystem services of the Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem Services].

Meek, P. D., G. Ballard, A. Claridge, R. Kays, K. Moseby,
T. O’Brien, A. O’Connell, et al. 2014. “Recommended Guiding
Principles for Reporting on Camera Trapping Research.” Bio-
diversity and Conservation 23(9): 2321-43. https://doi.org/10.
1007/s10531-014-0712-8.

Meredith, M., and M. Ridout. 2021. “Estimates of Coefficient of
Overlapping for Animal Activity Patterns.” R Package.
chrome-extension://bdfcnmeidppjeaggnmidamkiddifkdib/
viewer.html?file=https://cran.r-project.org/web/packages/
overlap/overlap.pdf.

Mihoub, J.-B., K. Henle, N. Titeux, L. Brotons, N. A. Brummitt, and
D. S. Schmeller. 2017. “Setting Temporal Baselines for Biodi-
versity: The Limits of Available Monitoring Data for Capturing
the Full Impact of Anthropogenic Pressures.” Scientific Reports
7(1): 41591. https://doi.org/10.1038/srep41591.

Nickel, B. A., J. P. Suraci, M. L. Allen, and C. C. Wilmers. 2020.
“Human Presence and Human Footprint Have Non-equivalent
Effects on Wildlife Spatiotemporal Habitat Use.” Biological Conser-
vation 241: 108383. https://doi.org/10.1016/j.biocon.2019.108383.

Nicosia, A., T. Duchesne, L.-P. Rivest, and D. Fortin. 2017.
“A Multi-State Conditional Logistic Regression Model for the

Analysis of Animal Movement.” The Annals of Applied Statis-
tics 11(3): 1537-60. https://doi.org/10.1214/17-A0OAS1045.
Oksanen, J., F. G. Blanchet, R. Kindt, P. Legendre, P. Minchin,
B. O’Hara, G. Simpson, P. Solymos, H. Stevens, and
H. Wagner. 2015. “Vegan: Community Ecology Package.” R

Package Version 2.2-1, 2, 1-2.

Palencia, P., J. M. Rowrcliffe, J. Vicente, and P. Acevedo. 2021.
“Assessing the Camera Trap Methodologies Used to Estimate
Density of Unmarked Populations.” Journal of Applied Ecology
58(8): 1583-92. https://doi.org/10.1111/1365-2664.13913.

Palencia, P., J. Vicente, P. Barroso, J. A. Barasona, R. C. Soriguer, and
P. Acevedo. 2019. “Estimating Day Range from Camera-Trap
Data: The Animals’ Behaviour as a Key Parameter.” Journal of
Zoology 309(3): 182-190. https://doi.org/10.1111/jz0.12710.

Pépin, D., F. Lamerenx, H. Chadelaud, and J.-M. Recarte. 1996.
“Human-Related Disturbance Risk and Distance to Cover
Affect Use of Montane Pastures by Pyrenean Chamois.”
Applied Animal Behaviour Science 46(3): 217-228. https://doi.
0rg/10.1016/0168-1591(95)00661-3.

Procko, M., R. Naidoo, V. LeMay, and A. C. Burton. 2023. “Human
Presence and Infrastructure Impact Wildlife Nocturnality Differ-
ently across an Assemblage of Mammalian Species.” PLoS One
18(5): €0286131. https://doi.org/10.1371/journal.pone.0286131.

QGIS Development Team. 2019. QGIS Geographic Information Sys-
tem. Open-Source Geospatial 475 Foundation Project. https://
qgis.org/resources/support/.

R Core Team. 2022. R: A Language and Environment for Statistical
Computing. Vienna: R Foundation for Statistical Computing.

Ridout, M. S., and M. Linkie. 2009. “Estimating Overlap of Daily
Activity Patterns from Camera Trap Data.” Journal of Agricul-
tural, Biological, and Environmental Statistics 14(3): 322-337.
https://doi.org/10.1198/jabes.2009.08038.

Robinson, N. M., B. C. Scheele, S. Legge, D. M. Southwell,
O. Carter, M. Lintermans, J. Q. Radford, et al. 2018. “How to
Ensure Threatened Species Monitoring Leads to Threatened
Species Conservation.” Ecological Management & Restoration
19(3): 222-29. https://doi.org/10.1111/emr.12335.

Rovero, F., and J. Ahumada. 2017. “The Tropical Ecology, Assess-
ment and Monitoring (TEAM) Network: An Early Warning Sys-
tem for Tropical Rain Forests.” Science of the Total Environment
574: 914-923. https://doi.org/10.1016/j.scitotenv.2016.09.146.

Rovero, F., and A. R. Marshall. 2009. “Camera Trapping Photo-
graphic Rate as an Index of Density in Forest Ungulates.” Jour-
nal of Applied Ecology 46(5): 1011-17. https://doi.org/10.1111/
j-1365-2664.2009.01705.X.

Rovero, F., and D. Spitale. 2016. “Presence/Absence and Species
Inventory.” In Camera Trapping for Wildlife Research, edited
by F. Rovero and F. Zimmermann. Exeter: Pelagic Publishing.

Rovero, F., F. Zimmermann, D. Berzi, and P. Meek. 2013. ““Which
Camera Trap Type and How Many Do I Need?” A Review of
Camera Features and Study Designs for a Range of Wildlife
Research Applications.” Hystrix, the Italian Journal of Mammal-
0gy 24(2): 148-156. https://doi.org/10.4404/hystrix-24.2-8789.

Rowcliffe, J. M., J. Field, S. T. Turvey, and C. Carbone. 2008. “Esti-
mating Animal Density Using Camera Traps without the Need
for Individual Recognition.” Journal of Applied Ecology 45(4):
1228-36. https://doi.org/10.1111/j.1365-2664.2008.01473.X.

Rowrcliffe, J. M., R. Kays, C. Carbone, and P. A. Jansen. 2013. “Clar-
ifying Assumptions behind the Estimation of Animal Density

25UB0 1] SUOWILIOD BRI 8|G0 dde aU) Aq pueNab a2 Sa1e VO ‘3N 0 Sa|N 10} AReiq 1T 8UNIUO AB]UM UO (SUOTIPLOD-PUE-SULS) 00" A8 1M AJq]1[pUIIUO//ST1Y) SUONIPUOD) PUB SWLS | aU) 95 *[G20Z/80/80] UO AIGIT8UIIUO A8]1M BIE1BURIL0D Ag E8002'DER/Z00T OT/I0P/W0Y" 8] W AZRIqIpuI|UO'SFuIO fesa /Sy o1 popeojumo 'S ‘207 ‘Z83S686T


https://doi.org/10.1038/s41559-019-0826-1
https://doi.org/10.1038/s41559-019-0826-1
https://doi.org/10.1111/2041-210X.13370
https://doi.org/10.1002/ecy.3775
https://doi.org/10.1002/ecy.3775
https://doi.org/10.1186/s40462-023-00392-3
https://doi.org/10.1186/s40462-023-00392-3
https://doi.org/10.1371/journal.pone.0186679
https://doi.org/10.1371/journal.pone.0186679
https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-04-en.pdf
https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-04-en.pdf
https://doi.org/10.1007/s10531-014-0712-8
https://doi.org/10.1007/s10531-014-0712-8
https://cran.r-project.org/web/packages/overlap/overlap.pdf
https://cran.r-project.org/web/packages/overlap/overlap.pdf
https://cran.r-project.org/web/packages/overlap/overlap.pdf
https://doi.org/10.1038/srep41591
https://doi.org/10.1016/j.biocon.2019.108383
https://doi.org/10.1214/17-AOAS1045
https://doi.org/10.1111/1365-2664.13913
https://doi.org/10.1111/jzo.12710
https://doi.org/10.1016/0168-1591(95)00661-3
https://doi.org/10.1016/0168-1591(95)00661-3
https://doi.org/10.1371/journal.pone.0286131
https://qgis.org/resources/support/
https://qgis.org/resources/support/
https://doi.org/10.1198/jabes.2009.08038
https://doi.org/10.1111/emr.12335
https://doi.org/10.1016/j.scitotenv.2016.09.146
https://doi.org/10.1111/j.1365-2664.2009.01705.x
https://doi.org/10.1111/j.1365-2664.2009.01705.x
https://doi.org/10.4404/hystrix-24.2-8789
https://doi.org/10.1111/j.1365-2664.2008.01473.x

16 of 16 |

GRECO ET AL.

from Camera Trap Rates.” The Journal of Wildlife Management
77(5): 876. https://doi.org/10.1002/jwmg.533.

Rowrcliffe, J. M., R. Kays, B. Kranstauber, C. Carbone, and P. A.
Jansen. 2014. “Quantifying Levels of Animal Activity Using
Camera Trap Data.” Methods in Ecology and Evolution 5(11):
1170-79. https://doi.org/10.1111/2041-210X.12278.

Salvatori, M., I. Greco, L. Petroni, A. Massolo, E. Dorigatti,
M. Miscioscia, L. Natucci, et al. 2024. “Body Mass Mediates
Spatio-Temporal Responses of Mammals to Human Frequen-
tation across Italian Protected Areas.” Proceedings of the Royal
Society B: Biological Sciences 291(2020): 20232874. https://doi.
0rg/10.1098/rspb.2023.2874.

Salvatori, M., V. Oberosler, C. Augugliaro, M. Krofel, and F.
Rovero. 2022. “Effects of Free-Ranging Livestock on Occur-
rence and Interspecific Interactions of a Mammalian Commu-
nity.” Ecological Applications 32(7): e2644. https://doi.org/10.
1002/eap.2644.

Salvatori, M., V. Oberosler, M. Rinaldi, A. Franceschini, S. Truschi,
P. Pedrini, and F. Rovero. 2023. “Crowded Mountains: Long-
Term Effects of Human Outdoor Recreation on a Community
of Wild Mammals Monitored with Systematic Camera Trap-
ping.” Ambio 52: 1085-97. https://doi.org/10.1007/s13280-022-
01825-w.

Segar, J., H. M. Pereira, L. Baeten, M. Bernhardt-R6mermann,
P. De Frenne, N. Fernandez, F. S. Gilliam, et al. 2022. “Diver-
gent Roles of Herbivory in Eutrophying Forests.” Nature Com-
munications 13(1): 1. https://doi.org/10.1038/s41467-022-
35282-6.

Seigle-Ferrand, J., P. Marchand, N. Morellet, J.-M. Gaillard, A. J. M.
Hewison, S. Said, Y. Chaval, et al. 2022. “On this Side of the
Fence: Functional Responses to Linear Landscape Features
Shape the Home Range of Large Herbivores.” Journal of Ani-
mal Ecology 91(2): 443-457. https://doi.org/10.1111/1365-2656.
13633.

Shamon, H., R. Maor, M. V. Cove, R. Kays, J. Adley, P. D.
Alexander, D. N. Allen, et al. 2024. “SNAPSHOT USA 2021: A
Third Coordinated National Camera Trap Survey of the
United States.” Ecology 105(6): e4318. https://doi.org/10.1002/
ecy.4318.

Sollmann, R., A. Mohamed, H. Samejima, and A. Wilting.
2013. “Risky Business or Simple Solution - Relative
Abundance Indices from Camera-Trapping.” Biological
Conservation 159: 405-412. https://doi.org/10.1016/j.
biocon.2012.12.025.

Steenweg, R., M. Hebblewhite, R. Kays, J. Ahumada, J. T. Fisher,
C. Burton, S. E. Townsend, et al. 2017. “Scaling-Up Camera
Traps: Monitoring the Planet’s Biodiversity with Networks of
Remote Sensors.” Frontiers in Ecology and the Environment
15(1): 26-34. https://doi.org/10.1002/fee.1443.

Suraci, J. P., M. Clinchy, L. Y. Zanette, and C. C. Wilmers. 2019.
“Fear of Humans as Apex Predators Has Landscape-Scale
Impacts from Mountain Lions to Mice.” Ecology Letters 22(10):
1578-86. https://doi.org/10.1111/ele.13344.

Sutherland, W. J., N. G. Taylor, D. MacFarlane, T. Amano, A. P.
Christie, L. V. Dicks, A. J. Lemasson, et al. 2019. “Building a
Tool to Overcome Barriers in Research-Implementation
Spaces: The Conservation Evidence Database.” Biological Con-
servation 238: 108199. https://doi.org/10.1016/j.biocon.2019.
108199.

Tanwar, K. S., A. Sadhu, and Y. V. Jhala. 2021. “Camera Trap
Placement for Evaluating Species Richness, Abundance, and
Activity.” Scientific Reports 11(1): 1. https://doi.org/10.1038/
$41598-021-02459-w.

Tricarico, E., P. Ciampelli, L. De Cicco, S. A. Marsella, L. Petralia,
B. Rossi, A. Zoccola, and G. Mazza. 2021. “How Raccoons
Could Lead to the Disappearance of Native Crayfish in Central
Italy.” Frontiers in Ecology and Evolution 9: 681026. https://
doi.org/10.3389/fev0.2021.681026.

Viciani, D., V. Gonnelli, M. Sirotti, and N. Agostini. 2010. “An
Annotated Check-List of the Vascular Flora of the “Parco
Nazionale Delle Foreste Casentinesi, Monte Falterona e
Campigna” (Northern Apennines Central Italy).” Webbia
65(1): 3-131. https://doi.org/10.1080/00837792.2010.10670867.

Wearn, O. R., and P. Glover-Kapfer. 2017. “Camera-Trapping for
Conservation: A Guide to Best-Practices.” https://doi.org/10.
13140/RG.2.2.23409.17767.

Wearn, O. R., and P. Glover-Kapfer. 2019. “Snap Happy: Camera
Traps Are an Effective Sampling Tool when Compared with
Alternative Methods.” Royal Society Open Science 6(3): 181748.
https://doi.org/10.1098/rs0s.181748.

Wearn, O. R., J. M. Rowcliffe, C. Carbone, H. Bernard, and R. M.
Ewers. 2013. “Assessing the Status of Wild Felids in a Highly-
Disturbed Commercial Forest Reserve in Borneo and the
Implications for Camera Trap Survey Design.” PLoS One
8(11): €77598. https://doi.org/10.1371/journal.pone.0077598.

Weckel, M., W. Giuliano, and S. Silver. 2006. “Jaguar (Panthera
onca) Feeding Ecology: Distribution of Predator and Prey
through Time and Space.” Journal of Zoology 270(1): 25-30.
https://doi.org/10.1111/j.1469-7998.2006.00106.X.

Westekemper, K., H. Reinecke, J. Signer, M. Meifiner, S. Herzog,
and N. Balkenhol. 2018. “Stay on Trails - Effects of Human
Recreation on the Spatiotemporal Behavior of Red Deer Cervus
elaphus in a German National Park.” Wildlife Biology 2018(1):
1-9. https://doi.org/10.2981/wlb.00403.

Zimmermann, B., L. Nelson, P. Wabakken, H. Sand, and O. Liberg.
2014. “Behavioral Responses of Wolves to Roads: Scale-
Dependent Ambivalence.” Behavioral Ecology 25(6): 1353-64.
https://doi.org/10.1093/beheco/arul34.

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Greco, Ilaria,

Marco Salvatori, Elena Buonafede,

Alessandra Pistolesi, Andrea Corradini,

Nadia Cappai, Matilde Marconi,

Lorenzo Seidenari, Francesca Cagnacci, and
Francesco Rovero. 2025. “Placement Matters:
Implications of Trail- versus Random-Based
Camera-Trap Deployment for Monitoring Mammal
Communities.” Ecological Applications 35(5):
€70083. https://doi.org/10.1002/eap.70083

25UB0 1] SUOWILIOD BRI 8|G0 dde aU) Aq pueNab a2 Sa1e VO ‘3N 0 Sa|N 10} AReiq 1T 8UNIUO AB]UM UO (SUOTIPLOD-PUE-SULS) 00" A8 1M AJq]1[pUIIUO//ST1Y) SUONIPUOD) PUB SWLS | aU) 95 *[G20Z/80/80] UO AIGIT8UIIUO A8]1M BIE1BURIL0D Ag E8002'DER/Z00T OT/I0P/W0Y" 8] W AZRIqIpuI|UO'SFuIO fesa /Sy o1 popeojumo 'S ‘207 ‘Z83S686T


https://doi.org/10.1002/jwmg.533
https://doi.org/10.1111/2041-210X.12278
https://doi.org/10.1098/rspb.2023.2874
https://doi.org/10.1098/rspb.2023.2874
https://doi.org/10.1002/eap.2644
https://doi.org/10.1002/eap.2644
https://doi.org/10.1007/s13280-022-01825-w
https://doi.org/10.1007/s13280-022-01825-w
https://doi.org/10.1038/s41467-022-35282-6
https://doi.org/10.1038/s41467-022-35282-6
https://doi.org/10.1111/1365-2656.13633
https://doi.org/10.1111/1365-2656.13633
https://doi.org/10.1002/ecy.4318
https://doi.org/10.1002/ecy.4318
https://doi.org/10.1016/j.biocon.2012.12.025
https://doi.org/10.1016/j.biocon.2012.12.025
https://doi.org/10.1002/fee.1448
https://doi.org/10.1111/ele.13344
https://doi.org/10.1016/j.biocon.2019.108199
https://doi.org/10.1016/j.biocon.2019.108199
https://doi.org/10.1038/s41598-021-02459-w
https://doi.org/10.1038/s41598-021-02459-w
https://doi.org/10.3389/fevo.2021.681026
https://doi.org/10.3389/fevo.2021.681026
https://doi.org/10.1080/00837792.2010.10670867
https://doi.org/10.13140/RG.2.2.23409.17767
https://doi.org/10.13140/RG.2.2.23409.17767
https://doi.org/10.1098/rsos.181748
https://doi.org/10.1371/journal.pone.0077598
https://doi.org/10.1111/j.1469-7998.2006.00106.x
https://doi.org/10.2981/wlb.00403
https://doi.org/10.1093/beheco/aru134
https://doi.org/10.1002/eap.70083

	Placement matters: Implications of trail‐ versus random‐based camera‐trap deployment for monitoring mammal communities
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study area
	Sampling designs, data collection, and management

	DATA ANALYSES
	Species richness, composition, and photographic rate
	Multispecies models of occupancy and site‐use intensity
	Temporal activity

	RESULTS
	Species richness, composition, and photographic rate
	Multispecies models of occupancy and site‐use intensity
	Temporal activity

	DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


