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Abstract

The assessment of animal body condition has important practical and management implications for endangered wildlife
populations. The nutritional condition of a population can be evaluated in a non-invasive way using photogrammetry
techniques, avoiding direct manipulation. This study evaluates the utility of using body condition scoring (BCS) based on
the visual assessment of subcutaneous fat and muscle from the body contour as a non-invasive method to quantify body
condition in free ranging bears from camera trap photographs. Photographs of Apennine brown bears (Ursus arctos mar-
sicanus), taken between 2007 and 2009 in the Abruzzo, Lazio and Molise National Park (PNALM, Italy), were used to
evaluate the potential of this technique. BCS assessment was performed on 754 photographs representing 71 independent
observations. Forty-eight of these photographs were selected to also score quantitative body ratios using a standardised
measure of torso height. BCS varied seasonally, as expected by food availability and brown bear nutritional physiology,
and it was also positively correlated to all three body ratios. Our findings indicate that BCS assessment is a good proxy
for body condition, and that camera trap data can be effectively used to assess and monitor the nutritional condition of
bear populations, such as the critically endangered one in central Italy.
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Introduction

Body condition, defined as the nutritional and energetic
state based on relative fat composition, is an important
determinant of the fitness of both terrestrial and marine
mammals (Green 2001; Castrillon and Nash 2020; Shirane
et al. 2020; Rode et al. 2021). Body condition influences
an animal’s reproductive success, vulnerability to preda-
tion, and ability to survive disease and food scarcity (Bour-
bonnais et al. 2014; Atkinson and Ramsay 1995; Shirane
et al. 2021). Generally, poor body condition may reduce
fecundity and increase mortality, and hence have negative
impacts on population persistence (Stevenson and Woods
2006). Poor body condition may indicate poor habitat qual-
ity and resource availability (Ellis et al. 2012). As a result,
assessment of body condition has important practical impli-
cations for wildlife conservation, informing effective man-
agement interventions (Stevenson and Woods 2006). Body
condition often varies within the same individual in relation
to year or season. Different species, however, may show dif-
ferent responses in body condition to similar environmental
variation due to contrasting physiological adaptations such
as variations in metabolic rates, allostatic load, and dietary
preferences (Bourbonnais 2014; Shirane et al. 2021).

Body condition measurements initially involved highly
invasive methods (Serrano et al. 2008), but non-invasive
alternatives have been developed more recently. For instance,
body condition has been assessed in cetaceans and pinni-
peds from aerial photographs (e.g., Christiansen et al. 2016;
Krause et al. 2017), and Black et al. (2019) highlighted that
biometric data extracted from photographs could be used to
assess body condition of wild terrestrial mammals. Of par-
ticular interest is the expansion of using camera traps, i.e.
cameras remotely triggered using some passive sensor, to
monitor terrestrial animals (O’Connell et al. 2011; Abraham
et al. 2023). Recently, Shirane et al. (2020) proposed a non-
invasive method of assessing body condition in brown bears
by calculating body ratios from photographs of optimally
oriented individuals. Rasmussen et al. (2021) similarly used
photogrammetry to assess body condition within painted
dog (Lycaon pictus) populations. However, these methods
require photographs where the animals are in an ideal posi-
tion for taking morphometric measurements, which rarely is
the case for camera trapping data. An alternative to morpho-
metric methods for assessing animal body condition from
photographs is to assign body condition scores (BCS). This
method uses a subjective visual assessment of subcutaneous
fat and muscle based on body contour (Schiffmann et al.
2017) and does not rely as heavily on optimal positioning
as quantitative morphometric measurements. Hence, more
images can be used for scoring which, particularly for rare
and elusive species, may be more practical.
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Bears are large, mostly omnivorous carnivores within the
family Ursidae. Of the eight extant species, six are threat-
ened by global extinction, and one of the other two species
has several small, fragmented and endangered populations
(Penteriani and Melletti 2020). Previous approaches for the
assessment of body condition in bears include the use of
morphometric measurements and haematological analyses,
both of which necessitate the capture of an individual on
multiple occasions (Cattet et al. 2002; Boulanger et al. 2013;
Tomiyasu et al. 2021; Lafferty et al. 2014). BCS has also
repeatedly been proposed for bears (Noyce et al. 2002), but
only for captured animals. Nonetheless, visual fatness indi-
ces for bears have been shown to be positively correlated
with adipose lipid content, demonstrating that non-invasive
methods may be a good estimator of the actual content of fat
tissue and provide an accurate enough reflection of overall
body condition (Stirling et al. 2008).

Many bear populations face threats such as excessive
anthropogenic mortality, habitat destruction, and depletion
of genetic diversity. Hence, monitoring body condition is
an important part of effective long-term management and
conservation of bear populations. Since live-trapping bears
is difficult, labour-intensive, and stressful for bears, an effi-
cient and reliable method to estimate body conditions from
photographs could therefore greatly aid in sustainable bear
management.

Here, we provide an evaluation of the use of BCS as a
qualitative measure to assess the body condition of bears
from photographs taken by camera traps. We used photo-
graphs from camera traps opportunistically collected for
various purposes during non-invasive monitoring of the
Apennine brown bear (Ursus arctos marsicanus) population
in the Abruzzo, Lazio and Molise National Park (PNALM)
(Ciucci et al. 2017). We quantified BCS across three sea-
sons and applied the morphometric approaches proposed
by Shirane et al. (2020). Photogrammetry-derived morpho-
metric measurements are directly aligned with Body Condi-
tion Index (BCI, sensu Cattet et al. 2002) derived from true
body mass and length values, which have a strong relation-
ship with body condition in bears (Shirane et al. 2020). The
objectives of the study were to determine: (i) if BCS detects
predictable seasonal changes in brown bear body condi-
tion, (ii) if BCS relates consistently with photogrammetric
methods to score body condition in free ranging bears from
photographs taken by camera traps. Apennine bears form a
relict and long isolated population (Benazzo et al. 2017),
numbering about 50— 60 individuals (Ciucci et al. 2015);
they are classified as critically endangered according to
regional IUCN criteria (Gervasi and Ciucci 2018).
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Materials and methods
Data collection

The PNALM, including its external buffer area, covers
approximately 1300 km?, with elevations ranging from 400
to 2285 m above sea level and average temperatures ranging
from 2°C in winter to 20 °C in summer (Ciucci et al. 2014).
The dominant vegetation, which covers approximately 60%
of the park, is beech (Fagus sylvatica) and oak (Quercus
cerris and Q. pubescens) forests. The average human den-
sity is 14.6 inhabitants/km? (Cancellieri et al. 2020). Since
it was established in 1923, the PNALM is one of the oldest
National Parks in Europe (Idolo et al. 2010); yet, despite
long-time efforts to protect the Apennine brown bear, only
a small, isolated population remains in this area with no
indication of significant recovery (Gervasi and Ciucci
2018; Benazzo et al. 2017; Ciucci and Boitani 2008). In
the PNALM ecosystem, multiple use is allowed including
tourism (including a ski resort built within the park), for-
estry, and agricultural activities (Gilkman et al. 2019). Other
wildlife in the park comprises red deer (Cervus elaphus),
roe deer (Capreolus capreolus), wild boar (Sus scrofa), and
Apennine chamois (Rupicapra pyrenaica ornata) (Ciucci et
al. 2014). The other large carnivores occurring in the study
area at high density (approx. 5 individuals/100 km?, Ciucci
et al. 2020) are grey wolves (Canis lupus), while stray dogs
and free-roaming unattended livestock are also present
(Ciucci and Boitani 2008).

The images used for this study were sourced from a total
of 36 camera traps opportunistically activated between
2007 and 2009 (3 in 2007, 19 in 2008, and 14 in 2009)
at 26 different locations within the border of the PNALM
(500 km?, Fig. S1). Camera traps were used opportunisti-
cally for various purposes, including monitoring the occur-
rence of bears at trapping sites to facilitate live-trapping, to
detect bear presence in remote and inaccessible areas, and
to spot family groups (i.e., females with cubs) as part of sys-
tematic annual counts to assess reproductive rates (Tosoni
et al. 2017a, b). Cameras were active on average 45 +37
(mean =+ sd, range 3 — 129) days per year, limited to the bear
active period from mid-March to the end of November. The
cameras were placed at approximately 50 cm above the
ground, and their locations were optimised for monitoring
bear presence, mostly in beech woodland habitats, and at the
margins of clearings to spot family groups during summer.
Edible baits (mostly carrots or apples) were laid out at some
of the sites to maximise the chance of attracting bears for
live trapping. Images were taken with different camera traps
models using infra-red or flashlight for night vision (Scout-
Guard SG550, Uovision UV572), with resolutions ranging
from 1.38 to 2.45 megapixels. In all cases burst mode was

employed to capture five still photographs with a ten second
delay between triggers. This resulted in a high volume of
photographs for a total of 2,667 bear images over a 3-years
period.

Data formatting

Each photographed bear was thoroughly evaluated for the
presence of morphological characteristics such as coat
colour, markers from previous captures (i.e., ear tags or col-
lars), or natural marks (e.g., dermatitis, Di Bari et al. 2022),
that could aid in individual identification for 58% of the total
data. Juveniles were defined as yearlings and cubs whose
facial characteristics showed a relatively shorter muzzle and
larger -more spherical- braincase than the adults. Limb pro-
portion relative to torso length was equally considered to
discriminate juveniles (shorter limbs relative to torso) from
adults. In most cases, juveniles and adults could be distin-
guished with confidence if photographed in the same event,
while in other instances we visually compared the camera
traps images with reference photos of known individuals
opportunistically photographed (De Persiis 2016). Of the
2,667 bear photographs, we regarded 754 (approximately
28%) to be of high enough quality for assessing BCS. Each
photo was also judged as to whether it was suitable for scor-
ing morphometrics following Shirane et al. (2020) on bear
posture and position relative to the camera.

We regarded observations made at different camera sta-
tions or observations at the same camera stations taken at
least 24 h apart or observations at the same station within
24 h but of different identified bears to represent unique
independent observations in our analyses.

While such time filtering has been regarded as inappropri-
ate for the estimation of temporal patterns in activity (Peral
et al. 2022), and exceed what is usually recommended for
estimating spatial occupancy (Linkie and Ridout 2011), we
regard it appropriate in our case to reduce the pseudo rep-
lication introduced by repeated scoring of photos from the
same observation event.

We assigned each observation to one of three seasons
relevant to brown bear biology and the availability of their
key foods (Ciucci et al. 2014): spring (March-May), which
corresponded to den emergence and hypophagia; summer
(June-September), which corresponded to the peak of the
mating season and early hyperphagia; and autumn (Octo-
ber-mid-December), which corresponded to late hyperpha-
gia and the availability of fleshy fruits.

Body condition scoring

Body condition was examined using a body condition scor-
ing technique that has been described by Stirling et al.

@ Springer
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(2008), with scores ranging from 1 (skinny) to 5 (obese). We
adapted this methodology for visual assessment only, elimi-
nating the need for physical touch or palpation (Table 1). We
allowed scores to be in half units, hence creating an ordinal
scale with 10 body condition grades, a common procedure
for body condition scoring of dairy cows and sheep (Song et
al. 2019; Morin et al. 2017; Phythian et al. 2012). A bear in
healthy body condition would receive an intermediate score
(3 to 4, Fig. S2), which has been shown to be consistent
with the lipid content in body fat for a range of mammalian
species, including polar bears (Ursus maritimus) (McKin-
ney et al. 2014). The bear position was evaluated in every
photograph. The ideal position for body condition scoring
is a lateral standing position, however, this is hard to obtain
with camera trap photographing (for a similar approach
using videos, see Kanazawa et al. 2024). Photographs in
which the bear position was not lateral but still allowed
evaluation of important body regions (e.g., vertebral pro-
cesses, hip bones) were therefore included. All photographs
were scored by the same person (ADC) within three days
to attain a high scoring consistency. Photographs that were
scored on the first day, were scored a second time on the
third day to ensure consistency between scoring techniques
for all photographs.

These selected images were blindly scored for a third
round by a different person (CM). The Intraclass Correla-
tion Coefficient was then employed to measure the degree of
agreement between scores and test the null hypothesis that
patterns in BCS variation do not differ within and between
observers (Zar 2014).

Morphometric measurements

From each photo regarded to be suitable for morphomet-
ric measurements, we took four measurements. The torso
height (TH) was defined as the vertical distance between
the lowest point of the abdomen and the corresponding dor-
sal point of the torso. Consistent with Shirane et al. (2020),
we also measured the Euclidean straight-line body length
(EBL) and the Polygonal-Line body length (PBL) (Fig. S3).
In addition, we also measured Curve length (CL) as the

distance from the tip of the tail to the tip of the nose across
the contour of the top of the body (Di Bari et al. 2022). CL
was resampled to consist of 100 points per photograph prior
to calculating the length to ensure consistency. Following
Bell et al. (1997), we made three replicate measurements for
each metric to verify that the measurements were within a
5% confidence interval of one another. We used the average
of these three measurements for further analyses. All mea-
surements were taken using the software TPSDig (Version
2.31 Rohlf 2015).

Since there was no scale on the photographs, and bears
were at various distances from the cameras, the morpho-
metric measures were combined into body ratios, which are
dimensionless and do not require scaling (Atchley 1978).
Body ratios were calculated by dividing torso height (TH)
by each length measure: TH: EBL, TH: PBL, and TH: CL.
A higher ratio indicates a higher torso per body length and
hence putatively a bear in a ‘more obese’ body condition,
as experimentally validated for brown bears by Shirane et
al. (2020).

We scored BCS values from a total of 754 photographs
distributed across 71 independent observation events, 61
of adults and 10 of juveniles. Of these, 13 were recorded
during the spring, 36 during the summer, and 22 during
autumn. We applied morphometric measurements to 48 of
the 754 photographs from which we also had BCS values.
These 48 photographs were distributed among 28 indepen-
dent observation events, 20 of adults only and 8 of juveniles
(of which 2 also were with an adult individual in the same
photo, i.e. mother with cubs).

Statistical analyses

We used mixed ordinal regression models (Cumulative
Link Mixed Models, hereafter CLMMSs; Christensen 2019)
to compare BCS values among seasons and to relate the
BCS values to the three body ratios. This is an appropriate
class of models when the response variable is an ordinal fac-
tor. To assess seasonal variation in BCS values, we fitted a
model using the BCS of each individual photo as a response
and season as a fixed factorial predictor. This model was

Table 1 Methodology for subjec-  Body

| ) Description
tive visual assessment of BCS for  Condition Score

bear photographs, adapted from 1
Stirling et al. 2008

Skinny, emaciated appearance: vertebrae, ribs, and hip bones externally visible, no
apparent fat between skin and muscle over the dorsal body, hips or lower rump.

2 Thin: vertebrae and hip bones (but not ribs) partially visible, little apparent fat
between skin and muscle over the back and lower rump.

3 Average; healthy appearance: vertebrae and hip bones not visible, visually detectable
layer of fat between skin and muscle over rear half of body and over lower rump.

4 Fat: vertebrae and hip bones visually undetectable, visually apparent thick layer of

fat between skin and muscle over upper vertebrae and over the rump

5 Obese: vertebrae and hip bones visually undetectable, visually apparent very thick
layer of fat between skin and muscle over the dorsal and lower rump.

@ Springer
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fitted on the full set of observations that were used to assess
BCS but restricted to only include adult bears. To evalu-
ate the relationships between BCS’s and morphometric
ratios, we also fitted three models which used the median
BCS values for each independent observation as a response,
and each of the three morphometric ratios as a continuous
fixed predictor. We opted to use the median BCS values for
each independent observation rather than the raw BCS from
each photograph, which were also used to score body ratios,
since it provided a higher accuracy of the BCS scores, and
hence a more robust evaluation of the body condition scor-
ing method. These models were only fitted using the 28
independent observations for which we had both BCS and
morphometric measurements, and included all 48 raw mea-
surements of morphometric ratios. The morphometric ratios
were standardised by dividing them with the standard devia-
tion and centred around zero for ease of direct comparisons
among ratios. All models were fitted using a logit link func-
tion, equivalent to a proportional odds model (McCullagh
1980), and unstructured thresholds. We added the identity
of each independent observation event as a random effect to
each of the models.

To compare the precision of the different measures, we
calculated the coefficient of variation (CV) for each inde-
pendent observation and each measure (Shechtman 2013),
i.e. both the body condition score and the three body ratios.

4.00

3.75

3.50 A

3.25 1

Body condition score

2.75 A

Results

Body condition scoring for 84 random images was consis-
tent across three independent rounds made by two observers
(ICC r=0.695, F=5.923, df=81, 162, P<0.001) support-
ing significant agreement among scorers. The Intra Class
Correlation coefficient varied between a minimum of 0.493
obtained when comparing “round 1” of ADH vs. CM, and
a maximum of 0.811 (“round 2” ADH vs. CM). Two inde-
pendent rounds made by the same observer (ADH) yielded
an ICC r=0.549.

The BCS dataset including 71 independent camera traps
events based on 754 photos, supported significant differ-
ences among seasons in the BCS of adult bears (y2 =10.09,
df=2, p=0.001, Fig. 1), with the scores during summer
(mean+sd = 3+0.53, range=1.5-4) being significantly
lower than during both spring (mean+sd:= 3.69+0.70,
range = 2-4.5; B = -12.46, SE; = 5.67, p,q; = 0.042) and
autumn (mean +sd = 3.87+0.55, range = 2.54; f = -8.12,
SEg = 1.69, p,gj < 0.001) (Fig. 1). However, there were no
significant differences between spring and autumn (f =
-4.34, SEg = 5.15, p,gj = 0.399).

The BCS values were positively related to all three body
ratios, with a somewhat weaker relationship between the
BCS and the ratio between thorax height and the curved
body length ( f=1.38, SE<0.01, p<0.001, Fig. 2a) than
the ratios between thorax height and Euclidean body length
(B=8.26, SE<0.01, p<0.001, Fig. 2b) and polygonal line
body length (=4.97, SE<0.01, p<0.001 (Fig. 2c). The
BCS was more consistent than each of the three body ratios

2.50 T
Spring

1
Summer

1
Autumn

Fig. 1 Body condition scores for brown bears in the Apennines during spring (March-May), summer (June-September) and autumn (October-
December). The figure presents means + SE of average scores for 71 individual observation events
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Fig. 2 Relationships between body condition scores and three mor-
phological ratios measured for brown bears in the Apennines; torso
height to Euclidean body length (a), torso height to curved body length
(b) and torso height to polygonal body length (¢). The figure presents
median scores for individual observation events. The morphological
ratios are normalized so they represent units of standard deviations, to
enable direct comparisons

(Fig. 3). It was also based on more photographs per inde-
pendent observation, with a median of five photographs
(range 1-44) used for the BCS for each independent obser-
vation and a median of one photograph for the body ratios
(range 1-6).

Discussion

Our study provides firm indications that BCS is a reliable
indicator of bear body condition, since it showed seasonal
variation expected from food supply and nutritional physi-
ology, and also correlated well with independently verified
body ratio indices. Furthermore, BCS can be assessed non-
invasively using camera traps, and allowed for the utilisation
of more than ten times the number of photographs compared
to methods relying on quantitative body ratio indices (754

@ Springer

also allow for the evaluation of comparisons that would not
be possible using data requiring animal capture or the non-
invasive estimation of body ratios, e.g., among habitats or
different populations. Hence, assessing nutritional condi-
tion in critically endangered populations using a larger and
potentially more representative sample may result in a bet-
ter understanding of the appropriate management strategies
to implement. Despite the possibility of minor errors due to
subjectivity between scores as highlighted in BCS assess-
ment for immobilised polar bears (Stirling et al. 2008), we
argue that BCS represents a valuable asset in field studies
due to its practicality and flexibility.

This is corroborated by the significant Intraclass Corre-
lation Coefficient obtained not only from multiple scoring
sessions by the same observer, but also when comparing
BCS from different observers. Schiffmann et al. (2017) sup-
ported the reliability of visual BCS to assess health condi-
tion in captive elephants (Elephas maximus and Loxodonta
africana) and our ICC are coherent with those from other
study systems (i.e., dairy cows, Heuer et al. 1999). Peréz-
Flores et al. (2016) proposed to first evaluate BCS on cap-
tive individuals before applying it to camera trap images of
wild Baird’s tapir (Tapirus bairdii). This is certainly valu-
able, and the support of automated computer systems (e.g.,
training sets for deep learning approaches, see Clapham et
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al. 2020) might provide a way forward as long as data on
live trap or captive animals are used for validation.

We also highlight that BCS does not require a particular
camera set up or calibration, which makes it applicable for
the analyses of already available datasets. Kanazawa et al.
(2024) recently applied a body condition scoring system to
camera trap videos of brown bears from Hokkaido (Japan),
however they implemented a standard wooden post neces-
sary to calibrate bear relative size; video clips also provided
more options to select optimal bear posture. In this regard,
videos can be more effective at maximising sample size for
body conditon scoring with 51% of events usable contra
28% based on our camera trap images.

The seasonal variation identified in Kazanawa et al.
(2024) equally corresponds to the one we observed for the
Apennine brown bear population with BCS average val-
ues dropping during the summer season. This variation is
expected in bears, based on the impact of food availabil-
ity and habitat conditions on their ecology, physiology, and
behaviour. Galicia et al. (2019) reported that declines in
polar bear body condition were caused by insufficient prey
availability to meet energy demands. In the PNALM, bears
have been observed to accumulate fat in autumn prior to
the wintering period particularly from fleshy fruits and hard
mast (e.g., beechnuts and acorns), which has been shown
to enhance their reproductive success (Tosoni et al. 2017a).

Careddu et al. (2021) also noted for the Apennine brown
bears high level of meat and hard mast consumption in
spring following mast years. Our data mainly included
records from late April and May (Apennine bears generally
emerge from hibernation in mid-March, Ciucci unpublished
data) and it is likely that the sampled individuals already
accumulated enough fat in preparation for the high activ-
ity level of the summer reproductive season (Donatelli et
al. 2022). Since female brown bears are pregnant mainly
during hibernation (Spady et al. 2007), and produce excep-
tionally small neonates (Ramsay and Dunbrack 1986), it is
unlikely that high body ratios are the result of ongoing preg-
nancy in females.

Furthermore, Kanazawa et al. (2024) reported high BCS
values during late spring (May), and late autumn (Novem-
ber) for Hokkaido brown bears, whose omnivorous diet is
equally dominated by vegetable matter (i.e., herbaceous
plants, corns and fruits) and colonial insects (Matsubayashi
et al. 2014, Sato et al. 2005; Aoi 1985).

The positive relationships we observed between BCS and
the body ratios provide further support for BCS as a proxy
for body condition of individual bears in situ. The three
measures of body ratios used in the present study differed
in their coefficient of variation. In particular, the TH: EBL
ratio showed larger consistency within observations, and
subsequently seemed to have been less impacted by bear

body position. Therefore, if body ratios are to be used to
quantify body condition from camera trap images, we sug-
gest this measure as the primary choice. We employed torso
height as the standardised measure to calculate the body
ratios in accordance with the method described by Shirane
et al. (2020). They demonstrated that body ratios are posi-
tively correlated with BCI (a proxy for percent of body fat
independent of body mass) calculated from actual measure-
ments of Hokkaido brown bears. Furthermore, torso height
is not influenced by the degree of neck flexing or neck lat-
eral bending, as long as the body straightness criterion is
met (Shirane et al. 2020).

However, despite previous successes in the use of strin-
gent posture conditions to measure body condition in whales
using aerial vehicle photogrammetry with remarkable pre-
cision and accuracy (Christiansen et al. 2016), obtaining
good-quality photographs from camera traps set up within
a forested mountain range remains a challenge. Further
assessment of skeletal morphology to determine body mea-
surements may enhance precision of discrete morphometric
reference points and mitigate the impacts of neck bending
and flexing, as demonstrated for the painted dog (Rasmus-
sen et al. 2021).

Management implications

Assessing nutritional condition may provide valuable
insights into the ecology and population status of the Apen-
nine brown bear. Such insights may include the identifica-
tion of bears that might experience unequal access to high
quality resources as a result of intraspecific social relation-
ships or access to anthropogenic food (e.g., Oro et al. 2013).
It could also include the identification of marked individual
bears with poor body condition due to negative interactions
with humans or having experienced a decreasing accessibil-
ity to high quality resource areas. Bruschi et al. (2015) dis-
covered that the PNALM has one of the highest degrees of
natural habitat fragmentation among the 24 Italian National
Parks due to transportation infrastructure. However, on a
landscape scale, the PNALM and its surrounding areas have
been found to have an enhanced availability of bear-suitable
habitats in recent years, and therefore land-cover suitabil-
ity should not be considered as a factor in the populations’
inability to increase in numbers (Ciucci and Boitani 2008;
Falcucci et al. 2008, 2009). Providing a practical and non-
invasive assessment of bear body condition may therefore
be an important tool to monitor the general health condi-
tion of this endangered bear population and its potential for
recovery.

BCS can equally be applied to other bear populations.
For instance, it can be used to compare different popula-
tions across areas and seasons. Such comparisons would
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be particularly interesting in Europe, where fragmentation
and isolation might have prominent impacts on the species
(Zedrossed et al. 2011).

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s13364-
024-00755-0.

Acknowledgements We would like to express our gratitude for the
administrative and logistic support by G. Potena, M. Panella, and L.
Sammarone (Forest Service), A. Di Benedetto, R. Latini and L. Gentile
(PNALM), and field support by the many PNALM and Forest Service
personnel who collaborated in the camera trap survey. The study has
been supported by the European Union - NextGenerationEU National
Biodiversity Future Center.

Author contributions Conceptualization: CM, HL, ADC, FD, ET,
MC, PC. Methodology: ADC, FD, ET, MC, PC. Formal analysis and
investigation: ADC, FD, CM. Writing — original draft preparation:
HL, FD, CM. Writing — review and editing: CM, HL, ADC, FD, ET,
MC, PC. Resources: ET, PC, Supervision: CM.

Funding Financial support for this work was obtained through the
European Union - NextGenerationEU National Biodiversity Future
Center awarded to PC. The authors declare not to have any financial
or non-financial disclosure in relation to this work submitted for pub-
lication.

Data availability All data obtained during the development of the work
are attached as supplementary information along with the submission
of the manuscript.

Declarations

Ethical approval The authors declare that the study followed the in-
stitutional and national ethical guidelines for scientific research in the
sites where data were collected.

Consent to participate All the authors consent to participate in the de-
velopment of the investigation.

Consent for publication All the authors consent for the publication.
Competing interests. The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

@ Springer

References

Abraham AJ, Duvall E, le Roux E, Ganswindt A, Clauss M, Doughty
CE, Webster A (2023) Anthropogenic supply of nutrients in a
wildlife reserve may compromise conservation success. Biol
Conserv 284. https://doi.org/10.1101/2022.09.20.508584

Aoi T (1985) Seasonal change in food habits of ezo brown bear
(Ursus arctos yesoensis Lydekker) in northern Hokkaido [Japan].
Research Bulletins of the College Experiment Forests-Hokkaido
University (Japan). ; 42: 721-732

Atchley WR, Ratios (1978) Regression intercepts, and the scaling of
data. Syst Zool 27:78-83. https://doi.org/10.2307/2412816

Atkinson SN, Ramsay MA (1995) The effects of prolonged fasting of
the body composition and Reproductive Success of Female Polar
bears (Ursus maritimus). Funct Ecol 9(4):559-567. https://doi.
org/10.2307/2390145

Bell CM, Hindell MA, Burton HR (1997) Estimation of body Mass in
the Southern Elephant Seal, Mirounga leonina, by Photogram-
metry and Morphometrics. Mar. Mamm 13:669—682. https://doi.
org/10.1111/j.1748-7692.1997.tb00090.x

Benazzo A, Trucchi E, Cahill JA, Delser PM, Mona S, Fumagalli
M, Bunnefeld L, Cornetti L, Ghirotto S, Girardi M, Ometto L,
Panziera A, Rota-Stabelli O, Zanetti E, Karamanlidis A, Groff
C, Paule L, Gentile L, Vila C, Vicario S, Boitani L, Orlando L,
Fuselli S, Vernesi C, Shapiro B, Ciucci P, Bertorelle G (2017)
Survival and divergence in a small group: the extraordinary
genomic history of the endangered Apennine brown bear strag-
glers. Proc. Nat. Acad. Sci. 2017; 114 (45):E9589-E9597. https://
doi.org/10.1073/pnas.1707279114

Black CE, Mumby HS, Henley MD (2019) Mining morphometrics
and age from past survey photographs. Front Zool 16. https://doi.
org/10.1186/s12983-019-0309-x

Boulanger J, Cattet M, Nielsen SE, Stenhouse G, Cranston J (2013)
Use of multi-state models to explore relationships between
changes in body condition, habitat and survival of grizzly bears
Ursus arctos horribilis. Wildl Biol 19:274-288. https://doi.
org/10.2981/12-088

Bourbonnais ML, Nelson TA, Cattet MRL, Darimont CT, Stenhouse
GB, Janz DM (2014) Environmental factors and habitat use
influence body condition of individuals in a species at risk, the
grizzly bear. Conserv Physiol 2:cou043. https://doi.org/10.1093/
conphys/cou043

Bruschi D, Garcia DA, Gugliermetti F, Cumo F (2015) Characterizing
the fragmentation level of Italian’s National Parks due to trans-
portation infrastructures. Transp Res D Transp Environ 36:18-28.
https://doi.org/10.1016/j.trd.2015.02.006

Cancellieri L, Rosati L, Brunetti M, Mancini LD, Primi R, Ronchi
B, Scoppola A, Filibeck G (2020) The dry grasslands of abru-
zzo national park, the oldest protected area in the apennines
(Central Italy): overview of vegetation composition, syntax-
onomy, ecology and diversity. Tuexenia 40:547-571. https://doi.
org/10.14471/2020.40.019

Careddu G, Ciucci P, Mondovi S, Calizza E, Rossi L, Costantini ML
(2021) Gaining insight into the assimilated diet of small bear
populations by stable isotope analysis. Sci Rep 11:14118. https://
doi.org/10.1038/s41598-021-93507-y

Castrillon J, Nash SB (2020) Evaluating cetacean body condition; a
review of traditional approaches and new developments. Ecol
Evol 10:6144-6162. https://doi.org/10.1002/ece3.6301

Cattet MRL, Caulkett NA, Obbard ME, Stenhouse GB (2002) A body-
condition index for ursids. Can J Zool 80:1156-1161. https://doi.
org/10.1139/z02-103

Christensen B (2019) Package ordinal. [Internet]. https://cran.r-proj-
ect.org/web/packages/ordinal/ordinal.pdf, https://cran.r-project.
org/web/packages/ordinal/vignettes/clm_article.pdf


https://doi.org/10.1101/2022.09.20.508584
https://doi.org/10.2307/2412816
https://doi.org/10.2307/2390145
https://doi.org/10.2307/2390145
https://doi.org/10.1111/j.1748-7692.1997.tb00090.x
https://doi.org/10.1111/j.1748-7692.1997.tb00090.x
https://doi.org/10.1073/pnas.1707279114
https://doi.org/10.1073/pnas.1707279114
https://doi.org/10.1186/s12983-019-0309-x
https://doi.org/10.1186/s12983-019-0309-x
https://doi.org/10.2981/12-088
https://doi.org/10.2981/12-088
https://doi.org/10.1093/conphys/cou043
https://doi.org/10.1093/conphys/cou043
https://doi.org/10.1016/j.trd.2015.02.006
https://doi.org/10.14471/2020.40.019
https://doi.org/10.14471/2020.40.019
https://doi.org/10.1038/s41598-021-93507-y
https://doi.org/10.1038/s41598-021-93507-y
https://doi.org/10.1002/ece3.6301
https://doi.org/10.1139/z02-103
https://doi.org/10.1139/z02-103
https://cran.r-project.org/web/packages/ordinal/ordinal.pdf
https://cran.r-project.org/web/packages/ordinal/ordinal.pdf
https://doi.org/10.1007/s13364-024-00755-0
https://doi.org/10.1007/s13364-024-00755-0
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Mammal Research (2024) 69:355-364

363

Christiansen F, Dujon AM, Sprogis KR, Arnould JP, Bejder L (2016)
Noninvasive unmanned aerial vehicle provides estimates of the
energetic cost of reproduction in Humpback whales. Ecosphere
7:¢01468. https://doi.org/10.1002/ecs2.1468

Ciucci P, Boitani L (2008) The Apennine Brown Bear: a critical review
of its status and conservation problems. Ursus 19:130-145.
https://doi.org/10.2192/07PER012.1

Ciucci P, Gervasi V, Boitani L, Boulanger J, Paetkau D, Prive R,
Tosoni E (2015). Estimating abundance of the remnant apen-
nine brown bear population using multiple noninvasive genetic
data sources. J. Mammal 96(1):206-220. https://doi.org/10.1093/
jmammal/gyu029

Ciucci P, Tosoni E, Di Domenico G, Quattrociocchi F, Boitani L
(2014) Seasonal and annual variation in the food habits of Apen-
nine brown bears, central Italy. ] Mammal 95:572-586. https://
doi.org/10.1644/13-MAMM-A-218

Ciucci P, Altea T, Antonucci A, Chiaverini L, Di Croce A, Fabrizio M,
Forconi P, Latini L, Monaco A, Mornini P, Ricci F, Sammarone L,
Striglioni F, Tosoni E (2017) Bear Monitoring Network Regione
Lazio. Distribution of the brown bear (Ursus arctos marsicanus)
in the Central Apennines, Italy, 2005-2014. Hystrix 28:86-91.
https://doi.org/10.4404/hystrix-28.1-12049

Ciucci P, Mancinelli S, Boitani L, Gallo O, Grottoli L (2020) Anthropo-
genic food subsidies hinder the ecological role of wolves: insights
for conservation of apex predators in human-modified land-
scapes. Glob Ecol Conserv 21:¢0084. https://doi.org/10.1016/].
gecc0.2019.e00841

Clapham M, Miller E, Nguyen M, Darimont CT (2020) Automated
facial recognition for wildlife that lack unique markings: a deep
learning approach for brown bears. Ecol Evol 10:12883—12892.
https://doi.org/10.1002/ece3.6840

R Core Team. R: A Language and Environment for Statistical Comput-
ing [Internet]. Vienna, Austria (2016) https://www.R-project.org/

De Persiis G (2016) Ernico. Storia Di Un orso dell’ Appennino. Tofani
Frosinone ; 168 pp

Di Bari MA, Di Pirro V, Ciucci P, Fondati A, Riccardi G, Bruno
R, Latini R, Guberti V, Gentile L, Agrimi U (2022) Pelodera
strongyloides in the critically endangered Apennine brown bear
(Ursus arctos marsicanus). Res Vet Sci 145:50-53. https://doi.
org/10.1016/j.rvsc.2022.02.016

Donatelli A, Mastrantonio G, Ciucci P (2022) Circadian activ-
ity of small brown bear populations living in human-domi-
nated landscapes. Sci Rep 12:15804. https://doi.org/10.1038/
$41598-022-20163-1

Ellis RD, McWhorter TJ, Maron M (2012) Integrating landscape ecol-
ogy and conservation physiology. Landsc Ecol 27. https://doi.
org/10.1007/s10980-011-9671-6

Falcucci A, Maiorano L, Ciucci P, Garton EO, Boitani L (2008) Land-
Cover Change and the future of the Apennine Brown Bear: a
perspective from the past. ] Mammal 89:1502—1511. https://doi.
org/10.1644/07-MAMM-A-229.1

Falcucci A, Ciucci P, Maiorano L, Gentile L, Boitani L (2009) Assess-
ing habitat quality for conservation using an integrated occur-
rence-mortality model. J Appl Ecol 46:600-609. https:/doi.
org/10.1111/j.1365-2664.2009.01634.x

Galicia MP, Thiemann GW, Dyck MG (2019) Correlates of seasonal
change in the body condition of an Arctic top predator. Glob
Change Biol 26:840-850. https://doi.org/10.1111/gcb.14817

Gervasi V, Ciucci P (2018) Demographic projections of the Apennine
brown bear population Ursus arctos marsicanus (Mammalia:
Ursidae) under alternative management scenarios. Eur Zool J
85:242-252. https://doi.org/10.1080/24750263.2018.1478003

Gilkman JA, Ciucci P, Marino A, Davis EO, Bath AJ, Boitani L (2019)
Local attitudes toward Apennine brown bears: insights for con-
servation issues. Conserv Sci Pract 1:e25. https://doi.org/10.1111/
csp2.25

Green AJ (2001) Mass/Length residuals: measures of Body Condi-
tion or generators of spurious results. Ecology 82:1473-1483
10.1890/0012-9658(2001)082[1473:MLRMOB]2.0.CO;2

Heuer C, Schukken YH, Dobbelaar P (1999) Postpartum body con-
dition score and results from the first test day milk as predic-
tors of disease, fertility, yield, and culling in commercial dairy
herds. J Dairy Sci 82:295-304. https://doi.org/10.3168/jds.
S0022-0302(99)75236-7

Idolo M, Motti R, Mazzoleni S (2010) Ethnobotanical and phytome-
dicinal knowledge in a long-history protected area, the Abruzzo,
Lazio and Molise National Park (Italian Apennines). J Ethnophar-
macol 127:379-395. https://doi.org/10.1016/j.jep.2009.10.027

Kanazawa S, Nomura K, Tani K, Ishibashi Y, Tsukano M, Kawamura
K, Toyoshima H, Sato Y (2024) Using camera traps to assess
body condition of brown bears in Hokkaido. Ursus 35e7:1-2.
https://doi.org/10.2192/URSUS-D-22-00012.1

Krause DJ, Hinke JT, Perryman WL, Goebel ME, LeRoi DJ (2017) An
accurate and adaptable photogrammetric approach for estimating
the mass and body condition of pinnipeds using an unmanned
aerial system. PLoS ONE 12:e0187465. https://doi.org/10.1371/
journal.pone.0187465

Lafferty DJR, Belant JL, Phillips DL (2014) Testing the niche variation
hypothesis with a measure of body condition. Oikos 124:732—
740. https://doi.org/10.1111/01k.01741

Linkie M, Ridout MS (2011) Assessing tiger—prey interactions
in Sumatran rainforests. J Zool 284:224-229. https://doi.
org/10.1111/5.1469-7998.2011.00801.x

Matsubayashi J, Morimoto J, Mano T, Aryal A, Nakamura F (2014)
Using stable isotopes to understand the feeding ecology of the
Hokkaido brown bear (Ursus arctos) in Japan. Ursus 25:87-97.
https://doi.org/10.2192/URSUS-D-12-00015.1

McCullagh P (1980) Regression models for ordinal data. J
Roy Stat Soc: Ser B (Methodol) 42:109-127. https://doi.
org/10.1111/.2517-6161.1980.tb01109.x

McKinney MA, Atwood T, Dietz R, Sonne C, Iverson SJ, Peacock
E (2014) Validation of adipose lipid content as a body condi-
tion index for polar bears. Ecol Evol 4:516-527. https://doi.
org/10.1002/ece3.956

Morin PA, Chorfi Y, Dubuc J, Roy JP, Santschi D, Dufour S (2017) An
observational study investigating inter-observer agreement for
variation over time of body condition score in dairy cows. J Dairy
Sci 100:3086-3090. https://doi.org/10.3168/jds.2016-11872

Noyce KV, Coy PL, Garshelis DL (2002) Bone prominence and Skin-
fold Thickness as predictors of Body Fat and Reproduction in
American Black bears. Ursus 13:275-284

O’Connell AF, Nichols JD, Karanth KU (2011) Camera traps in Ani-
mal Ecology: methods and analyses. Springer, New York city,
New York, USA

Oro D, Genovart M, Tavecchia G, Fowler MS, Martinez-Abrain A
(2013) Ecological and evolutionary implications of food subsidies
from humans. Ecol Lett 16:1501-1514. https://doi.org/10.1111/
ele. 12187

Penteriani V, Melletti M (eds) (2020) Bears of the world: Ecology,
conservation and management. Cambridge University Press

Peral C, Landman M, Kerley GIH (2022) The inappropriate use of
time-to-independence biases estimates of activity patterns of
free-ranging mammals derived from camera traps. Ecol Evol
12:€9408. https://doi.org/10.1002/ece3.9408

Pérez-Flores J, Calmé S, (2016) Reyna-Hurtado R Scor-
ing body condition in wild Baird’s tapir (Tapirus bair-
dii) using camera traps and opportunistic photographic
material. Trop Conserv Sci 9:1940082916676128. https://doi.
org/10.1177/1940082916676128

Phythian CJ, Hughes D, Michalopoulou E, Cripps PJ, Duncan
JS (2012) Reliability of body condition scoring of sheep for

@ Springer


https://doi.org/10.3168/jds.S0022-0302(99)75236-7
https://doi.org/10.3168/jds.S0022-0302(99)75236-7
https://doi.org/10.1016/j.jep.2009.10.027
https://doi.org/10.2192/URSUS-D-22-00012.1
https://doi.org/10.1371/journal.pone.0187465
https://doi.org/10.1371/journal.pone.0187465
https://doi.org/10.1111/oik.01741
https://doi.org/10.1111/j.1469-7998.2011.00801.x
https://doi.org/10.1111/j.1469-7998.2011.00801.x
https://doi.org/10.2192/URSUS-D-12-00015.1
https://doi.org/10.1111/j.2517-6161.1980.tb01109.x
https://doi.org/10.1111/j.2517-6161.1980.tb01109.x
https://doi.org/10.1002/ece3.956
https://doi.org/10.1002/ece3.956
https://doi.org/10.3168/jds.2016-11872
https://doi.org/10.1111/ele.12187
https://doi.org/10.1111/ele.12187
https://doi.org/10.1002/ece3.9408
https://doi.org/10.1177/1940082916676128
https://doi.org/10.1177/1940082916676128
https://doi.org/10.1002/ecs2.1468
https://doi.org/10.2192/07PER012.1
https://doi.org/10.1093/jmammal/gyu029
https://doi.org/10.1093/jmammal/gyu029
https://doi.org/10.1644/13-MAMM-A-218
https://doi.org/10.1644/13-MAMM-A-218
https://doi.org/10.4404/hystrix-28.1-12049
https://doi.org/10.1016/j.gecco.2019.e00841
https://doi.org/10.1016/j.gecco.2019.e00841
https://doi.org/10.1002/ece3.6840
https://www.R-project.org/
https://doi.org/10.1016/j.rvsc.2022.02.016
https://doi.org/10.1016/j.rvsc.2022.02.016
https://doi.org/10.1038/s41598-022-20163-1
https://doi.org/10.1038/s41598-022-20163-1
https://doi.org/10.1007/s10980-011-9671-6
https://doi.org/10.1007/s10980-011-9671-6
https://doi.org/10.1644/07-MAMM-A-229.1
https://doi.org/10.1644/07-MAMM-A-229.1
https://doi.org/10.1111/j.1365-2664.2009.01634.x
https://doi.org/10.1111/j.1365-2664.2009.01634.x
https://doi.org/10.1111/gcb.14817
https://doi.org/10.1080/24750263.2018.1478003
https://doi.org/10.1111/csp2.25
https://doi.org/10.1111/csp2.25

364

Mammal Research (2024) 69:355-364

cross-farm assessments. Small Ruminant Res 104:156-162.
https://doi.org/10.1016/j.smallrumres.2011.10.001

Ramsay MA, Dunbrack RL (1986) Physiological constraints on life
history phenomena: the example of small bear cubs at birth. Am
Nat 127:735-743. https://doi.org/10.1086/284522

Rasmussen G, Smultea M, Cloutier T, Giordano A, Kaplin B, Willey
L (2021) Quantitative photogrammetric methodology for mea-
suring mammalian belly score in the painted dog. PLoS ONE
16:¢0261171. https://doi.org/10.1371/journal.pone.0261171

Rode KD, Regehr EV, Bromaghin JF, Wilson RR, St Martin M, Craw-
ford JA, Quakenbush LT (2021) Seal body condition and atmo-
spheric circulation patterns influence polar bear body condition,
recruitment, and feeding ecology in the Chukchi Sea. Glob Chang
Biol 27:2684-2701. https://doi.org/10.1111/gcb.15572

Rohlf FJ (2015) The tps series of software. Hystrix 26:9—12. https://
doi.org/10.4404/hystrix-26.1-11264

Sato Y, Mano T, Takatsuki S (2005) Stomach contents of brown bears
Ursus arctos in Hokkaido, Japan. Wildl Biol 11:133—144. https://
doi.org/10.2981/0909-6396(2005)11[133:SCOBBU]2.0.CO;2

Schiffmann C, Clauss M, Hoby S, Hatt JM (2017) Visual body condi-
tion scoring in zoo animals—composite, algorithm and overview
approaches. J Zoo Aquar Res 5. https://doi.org/10.19227/jzar.
v5i1.252

Serrano E, Alpizar-Jara R, Morellet N, Mark Hewison AJ (2008) A half
a century of measuring ungulate body condition using indices:
is it time for a change? Eur J Wildl Res 54:675-680. https://doi.
org/10.1007/s10344-008-0194-7

Shechtman O (2013) The coefficient of variation as an index of mea-
surement reliability. In: Doi S, Williams G (eds) Methods of clini-
cal epidemiology. Springer Series on Epidemiology and Public
Health. Springer, Berlin, Heidelberg

Shirane Y, Mori F, Yamanaka M, Nakanishi M, Ishinzaka T, Mano T,
Jimbo M, Sashika M, Tsubota T, Shimozuru M (2020) Devel-
opment of a noninvasive photograph-based method for the
evaluation of body condition in free-ranging brown bears. Peer]
8:€9982. https://doi.org/10.7717/peerj.9982

Shirane Y, Jimbo M, Yamanaka M, Nakanishi M, Mori F, Ishinazaka
T, Sashika M, Tsubota T, Shimozuru M (2021) Dining from the
coast to the summit: Salmon and pine nuts determine the summer

@ Springer

body condition of female brown bears on the Shiretoko Peninsula.
Ecol Evol 11(10):5204-5219. https://doi.org/10.1002/ece3.7410

Song X, Bokkers EAM, Van Mourik S, Koerkamp PG, Van Der Tol
PPJ (2019) Automated body condition scoring of dairy cows
using 3-dimensional feature extraction from multiple body
regions. J Dairy Sci 102:4294-4308. https://doi.org/10.3168/
jds.2018-15238

Spady TJ, Lindburg DG, Durrant BS (2007) Evolution of reproduc-
tive seasonality in bears. Mamm Rev 37:21-53. https://doi.
org/10.1111/j.1365-2907.2007.00096.x

Stevenson RD, Woods WA (2006) Condition indices for conservation:
New uses for evolving tools. Integr Comp Biol 46:1169—1190.
https://doi.org/10.1093/icb/icl052

Stirling I, Thiemann GW, Richardson E (2008) Quantitative support
for a subjective Fatness Index for Immobilized Polar bears. J
Wildl Manage 72:568-574. https://doi.org/10.2193/2007-123

Tomiyasu J, Kayano M, Hazano K, Matsui M, Nemoto Y, Naganuma
T, Koike S, Yamazaki K (2021) Associations between plasma tes-
tosterone levels and season, nutritional status, age, and body size
in free-ranging male Asian black bears (Ursus thibetanus) in cen-
tral Honshu, Japan. Gen Comp Endocrinol 309:113794. https://
doi.org/10.1016/j.ygcen.2021.113794

Tosoni E, Boitani L, Mastrantonio G, Latini R, Ciucci P (2017a)
Counts of unique females with cubs in the Apennine Brown Bear
Population, 2006-2014. Ursus 28:1-14. https://doi.org/10.2192/
ursu-d-16-00022.1

Tosoni E, Boitani L, Gentile L, Gervasi V, Latini R, Ciucci P (2017b)
Assessment of key reproductive traits in the Apennine brown bear
(Ursus arctos marsicanus) population. Ursus 28:105-116. https://
doi.org/10.2192/URSU-D-16-00025.1)

Zar JH (2014) Biostatistical Analysis. Harlow: Pearson/Education,
Person new international edition. Fifth Ed, ; 756 pp

Zedrosser A, Steyaert SM, Gossow H, Swenson JE (2011) Brown bear
conservation and the ghost of persecution past. Biol Conserv
144:2163-2170. https://doi.org/10.1016/j.biocon.2011.05.005

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.1002/ece3.7410
https://doi.org/10.3168/jds.2018-15238
https://doi.org/10.3168/jds.2018-15238
https://doi.org/10.1111/j.1365-2907.2007.00096.x
https://doi.org/10.1111/j.1365-2907.2007.00096.x
https://doi.org/10.1093/icb/icl052
https://doi.org/10.2193/2007-123
https://doi.org/10.1016/j.ygcen.2021.113794
https://doi.org/10.1016/j.ygcen.2021.113794
https://doi.org/10.2192/ursu-d-16-00022.1
https://doi.org/10.2192/ursu-d-16-00022.1
https://doi.org/10.2192/URSU-D-16-00025.1)
https://doi.org/10.2192/URSU-D-16-00025.1)
https://doi.org/10.1016/j.biocon.2011.05.005
https://doi.org/10.1016/j.smallrumres.2011.10.001
https://doi.org/10.1086/284522
https://doi.org/10.1371/journal.pone.0261171
https://doi.org/10.1111/gcb.15572
https://doi.org/10.4404/hystrix-26.1-11264
https://doi.org/10.4404/hystrix-26.1-11264
https://doi.org/10.2981/0909-6396(2005)11[133:SCOBBU]2.0.CO;2
https://doi.org/10.2981/0909-6396(2005)11[133:SCOBBU]2.0.CO;2
https://doi.org/10.19227/jzar.v5i1.252
https://doi.org/10.19227/jzar.v5i1.252
https://doi.org/10.1007/s10344-008-0194-7
https://doi.org/10.1007/s10344-008-0194-7
https://doi.org/10.7717/peerj.9982

	﻿Estimating body condition of Apennine brown bears using subjective scoring based on camera trap photographs
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Data collection
	﻿Data formatting
	﻿Body condition scoring
	﻿Morphometric measurements
	﻿Statistical analyses

	﻿Results
	﻿Discussion
	﻿Management implications

	﻿References


