European Journal of Wildlife Research (2024) 70:32
https://doi.org/10.1007/510344-024-01787-2

RESEARCH q

Check for
updates

Effectiveness of attractants and bait for Iberian wolf detection:
captivity-based and free-ranging trials

Lucia Del Rio'® - Jon Ander Zearra? - Rafael Mateo' ® - Pablo Ferreras'® - Jorge Tobajas'3

Received: 6 October 2023 / Revised: 28 February 2024 / Accepted: 3 March 2024 / Published online: 13 March 2024
© The Author(s) 2024

Abstract

Monitoring large carnivores requires substantial effort, which is why indirect methodologies such as camera trapping with
attractants or baits are commonly employed. The Iberian wolf (Canis lupus signatus) is one of the top predators in the Iberian
Peninsula, and monitoring its packs is essential to understand its distribution and mitigate conflicts arising from livestock
predation. We performed a captivity-based study evaluating the effectiveness of five attractants (beef extract, cadaverine,
Fatty Acid Scent (FAS), lynx urine and valerian extract) on wolf detection. To accomplish this objective, Jacobs selectivity
index and generalized linear models were employed to assess the attractiveness and induced behaviour of each attractant.
Subsequently, the three most effective attractants, combined or not with a bait, were tested in the field and analyzed using
generalized linear mixed models. The five attractants tested elicited different behavioural responses in the wolves in captiv-
ity, including smelling, rubbing, rolling, marking and licking. Among the captive wolves, cadaverine, FAS and lynx urine
emerged as the top three preferred attractants. In the field tests with these three attractants cadaverine remained the most
preferred option. The inclusion of bait did not have any significant effect on the wolf’s visitation rates. Our results show that
employing species-specific attractants can significantly improve the efficiency of carnivore surveys conducted in the field.
Specifically, cadaverine was the most effective attractant for wild Iberian wolves. Consequently, the careful selection of an
appropriate attractant becomes crucial to attain the precise objectives of the study, such as camera trapping, bait deployment
or DNA sampling.
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Introduction given their tendency to inhabit large spatial areas and their

nocturnal and elusive habits (Alibhai et al. 2017). Conse-

Large carnivores are scarce and most of them are endan-
gered, which makes necessary to monitor their populations
for assessing their conservation status (Woodroffe et al.
2007; Persson et al. 2015). Therefore, it is critical to estimate
their distribution (Jedrzejewski et al. 2018), abundance (Wil-
son and Delahay 2001) and population trends (Ripple et al.
2014) to design effective conservation strategies. However,
monitoring large carnivores can be difficult and expensive,
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quently, multiple monitoring methods are utilized. The most
used are sign surveys (Barea-Azcon et al. 2007), camera
trapping (Kelly et al. 2008), hunter surveys (Ausband et al.
2014) and records of roadkills (Santos et al. 2011). Among
these methods, camera trapping is a non-invasive and prev-
alent technique used to study and monitoring carnivores
(Trolliet et al. 2014).

Some attractants such as baits and lures are used to
attract the target species in wildlife studies (Bischof et al.
2014; Thorn et al. 2009) based on methods such as camera
trapping or genetic sampling (Steyer et al. 2013; Holinda
et al. 2020; Avrin et al. 2021). Attractants for carnivores
can be classified in three groups based on their character-
istics: (i) natural attractants, which are naturally occurring
in the environment with communicative function as faeces,
gland secretions or urine; (ii) baits, typically consisting of
food or its derivates, which are intended to be consumed
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and attract animals through smell or taste; and (iii) lures,
which are substances that are not naturally present in the
environment and attract animals through smell, sound or
sight (Schlexer 2008). The use of these attractants improves
the detectability, or even the selectivity of the target species
(Steyer et al. 2013; Ferreras et al. 2018; Tobajas et al. 2022),
increasing the cost-effectiveness of the surveys, especially
in areas of expansion with low abundances (Ferreras et al.
2017; Buyaskas et al. 2020). This is especially relevant in
cases such as large carnivore surveys, where the large home
ranges imply high sampling and economic efforts. Thus, the
use of effective attractants can help researchers and manag-
ers to improve surveys in large carnivore species. However,
it must be considered that the use of attractants also has
limitations since it can alter the results of distribution, abun-
dance and behaviour of the animals (Holinda et al. 2020).

Our study focused on the Iberian wolf (Canis lupus sig-
natus), a subspecies of the grey wolf (Canis lupus) endemic
to the Iberian Peninsula. Its distribution reached a minimum
in the 1980s, but after that, it gradually reoccupied some
of its previously lost territories (Torres and Fonseca 2016).
Before 2021, some wolf management practices were legally
allowed in Spain north of the Duero river, including hunting
with quotas and lethal control measures to mitigate livestock
damages. However, in 2021, the species was designated as
fully protected in Spain (RD 139/2011). Similarly, the spe-
cies has been fully protected in Portugal since 2016 (Ley
90/88). The primary conservation challenges facing the
Iberian wolf are retaliatory killings resulting from livestock
predation, which represents the main cause of persecution
(Torres et al. 2015; Miller et al. 2016). Therefore, after the
full legal protection of the Iberian wolf, European legislation
mandates the monitoring of wolf packs in various regions
to determine its conservation status. Wolves commonly
establish their packs over vast territories, with pack home
range size in the northwest region of the Iberian Peninsula
estimated to be between 120 and 320 km? (Lépez-Bao et al.
2018; Dennehy et al. 2021). The wolf is an elusive species;
thus, the use of attractants might improve the already used
monitoring techniques. The most used methods for assess-
ing wolf presence include acoustic localization (Papin et al.
2018), camera trapping (Galaverni et al. 2012) and sign sur-
veys (Barja and Rosellini 2008). Attractants are frequently
employed to enhance the effectiveness and efficiency of
these methods to estimate wolf abundances (Ausband et al.
2022), densities (Lopez-Bao et al. 2018), parentage (God-
inho et al. 2011), genetic viability (Ramirez et al. 2006) and
productivity (Mech 1977).

The effectiveness of various types of attractants for grey
wolves has been evaluated, albeit with limited success as the
number of visits is very low. Moreover, attractants have not
been previously tested for Iberian wolves. Some of the most
used wolf attractants are Long Distance Call, Government
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Call and Canine Call (O’Gorman Long Line Lures in Broa-
dus, Montana), comprising a blend of skunk and musk
scents (Ausband et al. 2011). However, these lures demon-
strated low efficacy (Holinda et al. 2020). Two additional
scent attractants tested were a lure derived from beaver
(Castor canadensis), castoreum, and a lure derived from the
anal scent gland of skunk (Mephitis mephitis) (Bischof et al.
2014). In the case of the Iberian wolves, several attractants
have been assessed for their effectiveness, including Col-
larum Canine Bait (Wildlife Control Supplies, Connecticut),
Fatty Acid Scent (FAS) (Roughton 1982), lynx urine, stone
marten excrement, valerian solution and red fox (Vulpes
vulpes) urine. Only the first three options were preferred by
wolves (Monterroso et al. 2011), although it is worth noting
that currently the Collarum Canine Bait cannot be imported
to Europe. Captive testing allows to test attractants with the
target species and to optimize the time they are available, as
it ensures their presence (Monterroso et al. 2011).

The main objective of this study was to identify the most
effective attractants (those generating more interest, more
interactions and more time on it) for its application in the
monitoring of Iberian wolves. To achieve this goal, various
attractants were tested on captive Iberian wolves, and the
most effective ones were further tested in the field with and
without bait for wild Iberian wolves.

Captivity tests
Methods

The captivity tests were carried out in over a period of
twenty days in February 2022 at Sendaviva zoological park
located in Arguedas, province of Navarra, Northern Spain,
where six wolves were kept in the same enclosure span-
ning approximately one hectare. We tested the following five
attractants on the basis of previous studies with wolves and
other carnivores: (1) a commercial concentrated beef extract
(Bovril®; Roche 2008); (2) cadaverine, an own elaboration
water solution of rotten fish (Avrin et al. 2021; Jiménez
et al. 2023); (3) FAS containing a mixture of ten synthetic
volatile fatty acids found in fermented egg (Roughton 1982;
Monterroso et al. 2011; Tobajas et al. 2022) that is com-
monly used as a generalist carnivore attractant in North
America (Roughton and Sweeny 1982); (4) lynx urine
(obtained from captive specimens of Iberian lynx (Lynx
pardinus), Monterroso et al. 2011; Tobajas et al. 2022); and
(5) valerian-extract solution containing valeric acid found in
urine and anal-sac secretions of coyote (Canis latrans) and
red fox (Saunders and Harris 2000; Ferreras et al. 2018).
The six Iberian wolves were adults (four females and two
males) and they had access to the attractants 24 h a day, as
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they were in the same enclosure as the wolves, during the
20 days of experiment.

Six sampling points, five with a different attractant and
one with water as a control, were strategically positioned
within the enclosure, separated at least 3 m between them.
In each sampling point, a drilled plastic tube (@ = 0.01 m;
depth=0.08 m) containing a gauze soaked with 5 ml of the
corresponding attractant was affixed vertically to a metal
stake at a height of ~0.6 m above ground (Online Resource,
Fig. S1). The tubes were weekly replenished with 5 ml of the
same attractant. The behaviour of the animals was recorded
with six no-glow camera traps (Spartan SR1-BK® HCO
Outdoor Products, Norcross, Georgia, USA), positioned
at a height of 0.8 m on a tree. The cameras were config-
ured to record videos of 30 s duration and 1080p quality,
with a O s trigger interval. Each camera aimed at a given
sampling point. We coded the occurrence of different types
of behaviour with each attractant: (1) smelling, the sub-
ject approached at a distance of 30 cm from the stake and
smelled it with the nose at < 10 cm from the object); (2) rub-
bing, the subject rubbed its neck, head or snout against the
stake with the attractant; (3) rolling, the subject approached
at a distance of 30 cm from the stake, laid down and rolled
on its back right next (< 10 cm) to the stake with the attract-
ant; (4) licking, the subject licked the stake with the attract-
ant; and (5) marking, the subject urinated on the stake
with the attractant. Smelling could be related to curiosity
(Monterroso et al. 2011). Rubbing and rolling are related to
impregnating oneself with the scent, either for the purpose
of smelling like prey or food for camouflage or for being
more attractive to other individuals (Reiger 1979). Licking
is related to appetite and marking for territory competition
(Tebelmann and GansloBer 2023). A given event could
include different specific behaviours.

Statistical analyses

To systematically investigate, under controlled conditions,
whether each attractant triggered varied types of interac-
tions, behaviours, or total time interacting, we quantified the
number of independent events per day wherein one or more
behaviours occurred. For an event to be considered inde-
pendent, a minimum interval of 20 min between successive
occurrences was required. Each event was considered when
an individual was at 30 cm or closer from the attractant and
clearly interacted with it. A given event could include differ-
ent specific behaviours: smelling, rubbing, rolling, marking
or licking.

We calculated the number of total interactions as the sum
of all specific behaviours that occurred at each event, and we
calculated the time per event as the total sum of seconds that
wolves spent on each attractant in any behaviour per event.

To determine the wolf preference for one attractant in
detriment of the others we used the Ivlev selectivity index
as modified by Jacobs (Jacobs 1974).

D= (r—p)/(r+p—2mp)

where r is the observed proportion of events for each attract-
ant and p is the expected proportional availability of each
attractant (Lechowicz 1982; Monterroso et al. 2011). As we
had 6 attractants and all had the same availability, p value
was 1/6. The resulting D value of Jacobs selectivity index
ranges from — 1 to + 1, according to the effectiveness of the
attractant (Jacobs 1974). The standard error was calculated
through bootstrapping with 500 resamples for each attract-
ant, using the “bootstrap” package (Tibshirani and Leisch
2019) with the R software version 4.2.1 (R Core Team. R
2014) .

We performed generalized linear models (GLMs) to
assess the preference for any of the six treatments used in
this study (beef extract, cadaverine, control, FAS, lynx urine
and valerian extract) according to the number of events, total
number of interactions and total time spent interacting with
each attractant. We fitted two GLMs with a Poisson distri-
bution and log link, considering two response variables: the
number of events and the total number of interactions (here-
after “total interactions”). Also, we fitted a third GLM with a
normal distribution and log link, using the log-transformed
total time (referred to as “total time”) to satisfy assumptions
of normality. In each model, the attractant was included as
a factor.

When the coefficients of certain parameters of the GLMs
resulted significant, we conducted post hoc Tukey’s tests
for assessing the differences between pairs of attractants for
each response variable, using the “postHoc” package in R
(Labouriau 2020).

Field tests
Study area

Field experiments were conducted in Sierra de
la Demanda (La Rioja province, Northern Spain,
42.12480°N, 2.98557°W) (Fig. 1), located in the south-
western region of the northwestern Iberian mountain
range. These mountains encompass a series of valleys
characterized by gently sloping hillsides and narrow val-
ley bottoms, interspersed by hills (Lasanta et al. 2022).
The climate is Mediterranean with some Atlantic influ-
ence in the western valleys (Cuadrat and Vicente-Serrano
2008). The altitude exceeds 2000 m.a.s.l, with an aver-
age annual temperature of 11 °C and an average annual
precipitation of 1203 mm (Cuadrat and Vicente-Serrano
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Fig.1 Study area of field tests showing the location of the sampling zones in the ranges of three different wolf packs (numbers) in Sierra de la

Demanda, La Rioja province, Spain (from 17/06/2022 to 06/12/2022)

2008). The vegetation in the area predominantly consists
of forests, primarily composed of oak species (Quercus
pyrenaica and Q. faginea), beech (Fagus sylvatica) and
Scots pine (Pinus sylvestris). Shrubs such as Calluna
vulgaris, Cytisus scoparius and Genista scorpius are also
present (Fernandez-Aldana 2015). The animal community
in this region comprises extensive livestock and various
wild ungulates such as red deer (Cervus elaphus), wild
boar (Sus scrofa) and roe deer (Capreolus capreolus).
Carnivore species include red foxes, stone martens
(Martes foina), Eurasian badgers (Meles meles), Eur-
asian otters (Lutra lutra) and Iberian wolves. The
recolonization of this area by the Iberian wolves occurred
over the past few decades.

@ Springer

Methods

Field experiments were conducted from June to December
2022. We simultaneously tested those attractants most fre-
quently selected by wolves in captivity (see results). In a
first phase over a period of 125 days from June to October
2022, we placed in four sampling points a sheep leg bait
combined with the three selected attractants and one with
water as a control. The objective of incorporating bait was to
assess whether it could attract wolves more effectively than
attractants alone, in a synergistic effect. Moreover, we aimed
to investigate whether the utilization of attractants could
optimize the consumption of bait by Iberian wolves, with
a view towards its potential application in studies involving
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conditioned food aversion (Tobajas et al. 2020). The sam-
pling points were in the forest with a minimum separation
distance of 500 m between them and at least 40 m away
from the trails. We employed two sampling zones separated
9 km as spatial replicates (blocks) (Fig. 1), corresponding
to the ranges of two identified wolf packs. At each sampling
point, 5 ml of the assigned attractant (or water as control)
was spilled onto a stone close to a sheep leg bait that was
secured to a tree using a piece of string. A camera trap with
the same configuration and distance as described in the cap-
tivity tests (see above) was placed in front of each sampling
point. The attractants were restocked (5 ml) every 10 days,
and the treatments (attractant or control) were rotated within
a block every 30 days to account for any potential positional
effect. Therefore, all attractants were tested in each sampling
point. The bait was covered with rocks or logs to prevent
other animals such as foxes or martens with less strength
from taking it. The bait was replaced with a fresh bait every
10 days and the old bait was removed.

In the second phase, we tested the three attractants and
control without bait. We employed two spatial replicates
(blocks) separated by 8 km, corresponding to the ranges of
two identified wolf packs. One of these areas was common
to the first phase for attractants with bait while the other
was a new one (Fig. 1). We used the same methodology as
in the first phase, the same cameras and configuration. The
camera traps were attached to a tree in front of another tree
with the attractant. The treatment positions were rotated and
restocked with 5 ml of attractant (or water for control) every
7 days (Online Resource, Fig. S1). Therefore, all attractants
were in the four sampling points. The test was conducted for
28 days, from November to December 2022.

Statistical analyses

For each attractant, a relative abundance/activity index
(RAI) was calculated as the number of positive days divided
by the total camera sampling effort (total days), multiplied
by 100 (Azlan and Sharma 2006). A day was considered
positive for a given treatment when wolves were detected
at least once from midnight to midnight. The sampling unit
was the day in each sampling point in the study area (n=38).
The sampling effort was determined by summing the number
of days each camera was operational during the study. We
used the RAI as a descriptive measure of the frequency of
wolf visits to each attractant relative to the available time
(Sollmann et al. 2013).

Then, we used Generalized Linear Mixed Models (GLMMs)
with binomial distribution and logit link using “Ime4” pack-
age (Bates et al. 2015) to relate the use of bait and attractant to
wolf presence in each day. The response variable was the daily
wolf presence, codified as present (1) or absent (0), with treat-
ment (cadaverine, control, FAS and lynx urine), bait (present

or absent) and their interaction as fixed effects, and the sam-
pling point nested within the sampling zone as random effect.
To determine the best explanatory models, we compared the
models using the Akaike Information Criterion (AIC), follow-
ing an information theoretical approach (Burnham and Anderson
2004). Delta AIC (AAIC) values were calculated to determine
the strength of evidence of each model. This approach allows the
most parsimonious model (lowest AIC) to be identified and ranks
the remaining models. We considered models with AAIC<2 to
have similar support (Burnham and Anderson 2004). We evalu-
ated the GLMM model performance using the AIC comparison
with the null model. Finally, we performed pairwise comparisons
between attractants using Tukey’s test with “postHoc” package
(Labouriau 2020). Also, we calculated the daily encounter prob-
ability with the antilogit function from logit () of the selected
GLMM, where ¥ is the probability of wolf detection in the camera.

Results
Captivity tests

Cadaverine exhibited the highest number of wolf events
(n=39) among the attractants tested in captivity, followed
by lynx urine (n=30) and FAS (n=22). Valerian and beef
extract had the lowest numbers of events among the attract-
ants, with only 10 and 12 observed events, respectively. Con-
trol elicited the fewest events overall (n=28). The most fre-
quently observed behaviour was smelling (n=121), followed
by rubbing (n=47), rolling (n=43) and marking (n=7).
Licking behaviour (n=6) was only observed in response to
the food taste attractants, beef extract and FAS. In control,
only smelling behaviour was observed (Fig. 2).

The attractants that elicited the longest durations of wolf
interaction were cadaverine (3107 s), FAS (1546 s) and lynx
urine (1037 s) (Online Resource, Table S1). Beef extract
was the attractant which elicited the shorter interaction time
(306 s), preceded by valerian (416 s) (Online Resource,
Table S1). Control was the treatment with the shortest inter-
action time (124 s; Online Resource, Table S1).

The three attractants that were chosen above their
availability, based on Jacobs index (D), were cadaverine
(D=+0.40), lynx urine (D=+0.24) and FAS (D=+0.05)
(Fig. 3). The remaining two attractants and the control treat-
ment were used below their availability: beef extract (D =
— 0.28) and valerian (D = — 0.37) (Fig. 3), as well as the
control treatment (D = — 0.47).

Cadaverine (Z=4.08; p<0.001), FAS (Z=2.45;
p=0.014) and lynx urine (Z=3.19; p=0.001) were the most
preferred attractants according to generalized linear mod-
els (GLMs) for number of events. Beef extract and valerian
extract did not show significant differences in the number of
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Fig.2 Percentage of events corresponding to each behaviour in each tivity test by wolves in Sendaviva zoological park, province of Nav-
attractant: smelling, rubbing, rolling, marking and licking, and the arra, Spain (from 04/02/2022 to 23/02/2022)
total number of events (n) observed in each attractant, during the cap-
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Fig. 3 Mean Jacobs selectivity index value (D) and standard error for each of the tested attractants during the captivity tests with wolves in Sen-
daviva zoological park, province of Navarra, Spain (from 04/02/2022 to 23/02/2022)
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Table 1 Results of generalized

) Response variable Model Parameter Estimate + SE Z value p value
linear models for number
f)f events, total number‘ of Number of events Attractant Intercept -0.91+0.35 -2.59 0.009
interactions and total time Beef extract 0.35+0.45 0.78 0.434
by wolves in captivity test
in Sendaviva zoological Cadaverine 1.58 +0.38 4.08 <0.001
park, province of Navarra, FAS? 1.01+0.41 2.45 0.014
Spain (from 04/02/2022 to Lynx urine 1.27+0.39 3.19 0.001
23/02/2022). The relationships Valerian 0224047 047 0.63
between attractant and the
response variables are shown. Total interactions Attractant Intercept -0.91+0.35 -2.59 0.009
The estimates of the coefficients Beef extract 0.81+0.42 1.93 0.052
for each parameter (the intercept Cadaverine 2.30+0.37 6.21 <0.001
includes control), their standard FAS? 1.96 + 0.37 5.20 <0.001
errors (SE), Z value and p value U= : :
are shown. Bold font shows Lynx urine 1.72+0.38 4.50 <0.001
attractants with p-value <0.05 Valerian 0.48+0.48 1.08 0.27
Total time Attractant Intercept 1.11+0.19 5.59 <0.001
Beef extract 0.34+0.27 1.25 0.21
Cadaverine 0.79+0.24 3.27 0.001
FAS? 0.64 +0.25 2.55 0.013
Lynx urine 0.55+0.23 2.35 0.021
Valerian 0.37+0.27 1.36 0.17
#Fatty Acid Scent

events compared to the intercept, which includes the control
treatment (Table 1). Post hoc tests showed that cadaverine
(<0.001) and lynx urine (p <0.016) significantly elicited a
greater number of events than the control (Online Resource,
Table S2).

The selected GLM for the number of interactions revealed
that cadaverine (Z=6.21; p<0.001), FAS (Z=5.20;
p <0.001) and lynx urine (Z=4.50; p <0.001) significantly
increased the number of interactions (Table 1). Post hoc tests
showed that cadaverine (p <0.001), lynx urine (p <0.001)
and FAS (p <0.001) significantly elicited more interactions
than the control (Online Resource, Table S2).

Three attractants were found to increase the total time
based on significant coefficients in GLMs (Table 1): cadav-
erine (Z=3.27; p=0.001), FAS (Z=2.55; p=0.013) and
lynx urine (Z=2.35; p=0.021). Post hoc tests indicated that
only cadaverine (p =0.013) significantly elicited more total
time compared to the control (Online Resource, Table S2).

Field tests

The three most preferred attractants in captivity tests according
to Jacobs index (cadaverine, lynx urine and FAS, Fig. 3) were
used for the field tests (Online Resource, Table S3). Cadaver-
ine showed the highest relative activity index (RAI) in field
tests, regardless of the presence of bait (RAI with bait=2.07,
RAI without bait=5.36) (Fig. 4). Non-baited cameras with
FAS and lynx urine had the same RAI (RAI=1.79), but
baited cameras with lynx urine were more frequently visited
(RAI=2.00) than cameras with FAS (RAI=1.79) (Fig. 4).

Control with bait (RAI=0.83) was slightly more visited than
baited FAS (RAI=0.8) (Fig. 4). Control without bait had no
visits (RAI=0.00). Cadaverine was also the attractant with
the longest wolf interactions (Online Resource, Table S4).
Results by wolf packs are shown in Table S4 (Online Resource,
Table S4).

The best supported GLMM for the daily wolf detection
included the attractant as fixed explicative variable and the
sampling point nested within the sampling area as random
factors (Table 2; Online Resource, Table S5). The GLMMs
that included bait and the interaction between bait and attract-
ant had a higher AIC and therefore lower support (Table 2).

The selected model showed a good performance, according
to the difference AIC (=9.98) with the null model (Table 2).
According to the selected model (Table 3), only cadaverine
had a significant effect on wolf detection (2.85 + 1.05 - Esti-
mate+SE, Z=2.7; p=0.006). The post hoc tests indicate that
cadaverine significantly increased the wolf detection compared
to control (Z=2.70; p=0.03), whereas the effect of FAS and
lynx urine did not significantly differ from the control (Online
Resource, Table S6). Cadaverine (y=0.025), FAS (w=0.005)
and lynx urine (y=0.008) produced higher daily detection
probability than control (y=0.001) (Table 3).

Discussion
In the captive trials, three attractants (cadaverine, lynx

urine and FAS) resulted more selected by wolves than the
control. Subsequently, these attractants were chosen to be
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Fig.4 Relative activity index
((positive days/available days)

x 100) of attractants with and 536
without bait in field tests in | Baited
Sierra de la Demanda, La Rioja, No bait
Spain (from 17/06/2022 to
06/12/2022) gy
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Table 2 Generalized linear mixed models for daily detection prob-
ability of wolf in field tests in Sierra de la Demanda, La Rioja, Spain
(from 17/06/2022 to 06/12/2022). Wolf detection was the response
variable and attractant, bait and their interaction were factors. Sam-
pling point was included in the models as a random effect, nested
within sampling area. The AIC and AAIC values are shown. The
selected model according to AIC is shown in bold

Model AIC*  AAIC®

Attractant + sampling point/sampling area 185.02 0.00

Attractant + bait + sampling point/sampling area  187.11 2.09

Attractant + bait + attractant*bait 4+ sampling 190.35 5.33
point /sampling area

Sampling point/sampling area 195.00  9.98

Bait +sampling point/sampling area 196.71 11.69

#Akaike information criterion

"Delta Akaike information criterion

tested in the field. The results of the field tests revealed that
cadaverine was the most effective attractant for the wolves,
significantly increasing their daily visits. Notably, the use
of bait had no positive effect on attracting wolves. Unfortu-
nately, we were not able to identify individuals in the tests
as including them in the analyses would allow to detect pos-
sible individual bias or preference.

@ Springer

Table 3 Results of the selected generalized linear mixed model for
the daily detection probability of wolf (logit-transformed) in field
tests in Sierra de la Demanda, La Rioja, Spain (from 17/06/2022
to 06/12/2022). Sampling point nested within sampling area was
included in the model as a random effect. The estimate of the coef-
ficient for each parameter (the intercept includes control), their stand-
ard error (SE), Z values and p values are shown. The attractants with
significant effect are shown in bold

Model Parameter Estimate+ SE Z value p value
Attractant+sam-  Intercept —6.50+1.15 -5.64 <0.001
pling point/sam-
pling area
Cadaverine  2.85+1.05 2.7 0.006
FAS® 1.39+1.16 1.19 0.23
Lynx urine 1.73+1.19 1.45 0.14
*Fatty Acid Scent

Captivity vs. field tests

By testing the attractants in captivity prior to field testing,
we were able to optimize the study and only evaluate those
attractants that were likely most preferred also by wild
wolves in their natural environment (Fig. 4). The conditions
in captivity are more controlled, and the presence of wolves
is guaranteed, allowing preliminary tests to be performed in
a short time. However, the short distance between lures due
to the small size of the enclosure in the captivity experiment
may be a limitation. The tests in captivity allowed us to dis-
card ineffective attractants, to which wolves devoted little
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time and did not perform any specific behaviour. During
captivity tests, we observed various behaviours towards the
attractants, including smelling, rubbing, rolling, marking
and licking (Fig. 2). In contrast, we obtained scarce informa-
tion on the behaviour of free-ranging wolves which could not
be compared with that of captive wolves. However, based on
the literature, one would expect a greater distrust of wolves
in the wild due to greater neophobia (Calisi and Bentley
2009).

Effective attractants

Cadaverine proved to be the most effective attractant, both in
captivity and in the field (Tables 1 and 3, Online Resource,
Figs. S2 and S3). In the field test, it elicited the highest
number of events (Fig. 4). Being a food-related attractant,
its odour could be associated by wolves with food acquisi-
tion (Izquierdo et al. 2018; Avrin et al. 2021). On the other
hand, lynx urine was effective, both in captivity and in the
field. It is a natural attractant that can be found in the envi-
ronment. Although these large carnivores do not currently
coexist in the wild in the Iberian Peninsula, they have his-
torically coexisted. In other parts of Europe, the grey wolf
and the Eurasian lynx (Lynx lynx) coexist with no evidence
of competition (Schmidt et al. 2009). However, an exploita-
tive competition between wolves and cougars (Puma con-
color) has been reported in Yellowstone, where wolves are
coursing predators and cougars are ambush predators (Bar-
tnick et al. 2013). The effectiveness of lynx urine to attract
wolves may be due to the curiosity about the presence of
another top predator (Monterroso et al. 2011) or to terri-
tory defence, as in captivity wolves also marked the stakes
containing this attractant (Fig. 2). FAS was also effective,
both in captivity (Fig. 3) and in the field (Fig. 4). Our data
show that FAS, a food-related attractant, was licked by the
wolves (Fig. 2). Other authors recommend this attractant for
canids and specifically for wolves (Roughton 1982; Monter-
roso et al. 2011).

In captivity tests, the wolves exhibited various behav-
iours such as smelling, rubbing, rolling, marking and lick-
ing over the attractants (Fig. 2). Smelling is a research
behaviour resulting from the curiosity generated by attract-
ants, lures and baits (Monterroso et al. 2011). In fact, wolves
displayed this behaviour in all events with all attractants
(Fig. 2). Unlike in the captivity tests, wolves did not rub,
lick, or mark in the field tests, likely because they were wary
of the camera or new odours. However, an exception was
observed with cadaverine, which caused the wolves to rub
against the tree containing this attractant (Online Resource,
Figs. S2 and S3), a common behaviour in canids and other
carnivores (Fox 1971). It has been suggested that this behav-
iour serves as an odour camouflage, enabling carnivores to
conceal their own body odour (Reiger 1979). Furthermore,

this allows them to approach potential prey closely without
being detected. Additionally, social behaviours may also
contribute to this phenomenon as a way of attracting other
individuals with this new scent, thus increasing social inves-
tigation (Drea et al. 2002).

Other studies suggest that valerian extract is a suitable
attractant for some Iberian mesocarnivores, including red
fox, common genet (Genetta genetta), Eurasian badger, stone
marten and Egyptian mongoose (Herpestes ichneumon)
(Ferreras et al. 2018; Grajera et al. 2021). However, our
data suggest that valerian extract was ineffective in attracting
wolves (Fig. 2; Table 1). Beef extract caused wolves to lick
the tube with the attractant in the captivity tests (Fig. 3), pos-
sibly due to their food-related odour (Roche 2008). Never-
theless, this attractant was the second least effective among
all those tested for wolves in captivity (Fig. 2; Table 1).
Therefore, due to the low results obtained in captivity, vale-
rian extract and beef extract were not employed in the field
tests and not recommended for wolf monitoring.

Utility of attractants

The attractants tested in this study induced different behav-
iours in wolves, which can serve different purposes depend-
ing on the study objectives. Attractants that induce smell-
ing behaviour (all tested) can be used for studies aiming to
detect wolf presence, such as those based on camera trapping
(Bischof et al. 2014). Attractants that induced rubbing and
rolling behaviour (cadaverine, FAS and lynx urine) can be
used in DNA sampling studies, because they facilitate hair
or dermal sample collection (Steyer et al. 2013) (Online
Resource, Table S1). In our study, cadaverine, FAS and
lynx urine stood out as positive inducers for all these behav-
iours (Online Resource, Table S1). The rubbing behaviour
elicited by cadaverine has recently proved as highly useful
in spatially explicit capture-recapture models to estimate
wolf density (Jiménez et al. 2023). Attractants that elic-
ited more licking events (FAS and beef extract) would be
recommended for bait administration, such as vaccination
programs (Knobel et al. 2002, Grifler et al. 2019), or for
non-invasive collection of biological samples such as saliva
(Lobo et al. 2015). However, attractants have some limita-
tions which should be considered depending on the study
objective (Holinda et al. 2020).

Combination of bait and attractant

Contrary to our expectations, using bait did not improve the
attractants effectiveness since they were effective regardless
of the presence of bait (Fig. 4; Table 2). Even though, some
events were obtained using only bait without any attractant
(Fig. 4). Our results suggest that attractants can be more
effective than bait for wolves, in contrast with the results of
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studies with other carnivore species (Ferreras et al. 2018).
However, in this study, attractants with bait were used at
the end of the breeding period, when pups begin to emerge
from the dens (Rio-Maior et al. 2018), while attractants
without bait were tested when pups already travelled with
the packs, possibly leading to more interactions with attract-
ants. Regardless of the presence of bait, cadaverine was the
most effective attractant (Fig. 4; Table 3).

Management implications

Our study provides evidence of the usefulness of attract-
ants in monitoring studies involving large carnivores (Mills
et al. 2019; Holinda et al. 2020). Cadaverine, lynx urine
and FAS, increased the number of encounters of the target
species, with potential applications to diverse objectives
such as live captures (Gerber et al. 2012), bait administra-
tion (Delahay et al. 2000; Knobel et al. 2002; Tobajas et al.
2020), abundance estimation (Jiménez et al. 2023) or non-
invasive collection of biological samples (Lobo et al. 2015).
Among the observed behaviours of wolves towards the used
attractants, smelling, rubbing and rolling were predominant,
while marking and licking were rarely observed. Our results
suggest that using cadaverine as an attractant in non-invasive
sampling would increase detection probability of Iberian
wolves. Other attractants such as valerian extract used for
mesocarnivores in the Iberian Peninsula were not effective
for the Iberian wolf (Monterroso et al. 2011). This knowl-
edge can serve as a valuable tool in studies where enhancing
wolf detection can improve the cost-effectiveness of moni-
toring methods, such as hair sampling studies (Torres et al.
2017).

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10344-024-01787-2.

Acknowledgements We are deeply grateful to the Sendaviva staff for
their invaluable participation in the captive trial, with special thanks
to E. Fernandez for supervising all the work. We would also like to
express our gratitude to the environmental rangers of La Rioja Govern-
ment for their assistance during the field tests. We thank El Acebuche
Iberian Lynx Breeding Center, particularly T. Rivas, for providing the
lynx urine.

Author contributions Designed the methodology and aims of the
study: LDR, JAZ, RM, PF and JT. Collected the data: LDR and JAZ.
Analyzed the data: LDR, RM, PF and JT. Writing of the manuscript:
LDR, JAZ, RM, PF and JT. All authors contributed critically to the
drafts and gave final approval for publication.

Funding Open Access funding provided thanks to the CRUE-CSIC
agreement with Springer Nature. Open access funding was provided
by Consejo Superior de Investigaciones Cientificas Agreement. This
study was performed in the frame of the project Application of inno-
vative techniques to reduce wolf damage in livestock in Castilla-La
Mancha, funded by Junta de Comunidades de Castilla-La Mancha and
European Agricultural Fund for Rural Development (EAFRD), Grant/

@ Springer

Award Number: SBPLY/21/180501/19-Q2818002D-PG-01; Jorge
Tobajas benefitted from a postdoctoral contract from the University
of Cérdoba funded by the Consejeria de Transformaciéon Econémica,
Industria, Conocimiento y Universidades of Junta de Andalucia
through the grants program “Plan Andaluz de Investigacién, Desarrollo
e Innovacion (PAIDI 2020)”. The field work performed in La Rioja was
funded by Gobierno de La Rioja (Ref. contract 00860-2021/119762).

Data availability The data will be provided upon reasonable request to
the corresponding author.

Declarations

Ethical approval The tests with captive and free-ranging wolves fol-
lowed the current guidelines for the ethical use of animals in research
and were approved by the Animal Experiment Committee of Castilla-
La Mancha University (PR-2023-10), and were authorized by the Gov-
ernment of La Rioja, where the field tests were carried out.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, 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/.

References

Alibhai S, Jewell Z, Evans J (2017) The challenge of monitoring elu-
sive large carnivores: an accurate and cost-effective tool to iden-
tify and sex pumas (Puma concolor) from footprints. PLoS ONE
12:3e0172065. https://doi.org/10.1371/journal.pone.0172065

Ausband DE, Young J, Fannin B et al (2011) Hair of the dog: obtaining
samples from coyotes and wolves noninvasively. Wildl Soc Bull
35(2):105-111. https://doi.org/10.1002/wsb.23

Ausband DE, Rich LN, Glenn EM et al (2014) Monitoring gray wolf
populations using multiple survey methods. J Wildl Manag
78:335-346. https://doi.org/10.1002/jwmg.654

Ausband DE, Lukacs PM, Hurley M et al (2022) Estimating wolf
abundance from cameras. Ecosphere 13:2. https://doi.org/10.
1002/ecs2.3933

Avrin AC, Pekins CE, Sperry JH, Allen ML (2021) Evaluating the effi-
cacy and decay of lures for improving carnivore detections with
camera traps. Ecosphere 12:8. https://doi.org/10.1002/ecs2.3710

Azlan JM, Sharma DSK (2006) The diversity and activity patterns of
wild felids in a secondary forest in Peninsular Malaysia. ORYX
40:36-41. https://doi.org/10.1017/S0030605306000147

Barea-Azcén JM, Virgos E, Ballesteros-Duperén E et al (2007) Survey-
ing carnivores at large spatial scales: a comparison of four broad-
applied methods. Biodivers Conserv 16:1213-1230. https://doi.
org/10.1007/s10531-006-9114-x

Barja I, Rosellini S (2008) Does habitat type modify group size in roe
deer and red deer under predation risk by Iberian wolves? Can J
Zool 86:170-176. https://doi.org/10.1139/Z07-129


https://doi.org/10.1007/s10344-024-01787-2
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1371/journal.pone.0172065
https://doi.org/10.1002/wsb.23
https://doi.org/10.1002/jwmg.654
https://doi.org/10.1002/ecs2.3933
https://doi.org/10.1002/ecs2.3933
https://doi.org/10.1002/ecs2.3710
https://doi.org/10.1017/S0030605306000147
https://doi.org/10.1007/s10531-006-9114-x
https://doi.org/10.1007/s10531-006-9114-x
https://doi.org/10.1139/Z07-129

European Journal of Wildlife Research (2024) 70:32

Page110f12 32

Bartnick TD, van Deelen TR, Quigley HB, Craighead D (2013)
Variation in cougar (Puma concolor) predation habits during
wolf (Canis lupus) recovery in the southern Greater Yellow-
stone ecosystem. Can J Zool 91:82-93. https://doi.org/10.1139/
¢jz-2012-0147

Bates D, Maechler M, Boler B, Walker S (2015) Fitting linear mixed-
effects models using Ime4. J Stat Softw 67(1):1-48. https://doi.
org/10.18637/jss.v067.i01

Bischof R, Hameed S, Ali H et al (2014) Using time-to-event analysis
to complement hierarchical methods when assessing determinants
of photographic detectability during camera trapping. Methods
Ecol Evol 5:44-53. https://doi.org/10.1111/2041-210X.12115

Burnham KP, Anderson DR (2004) Multimodel inference: understand-
ing AIC and BIC in model selection. Sociol Methods Res 33:261—
304. https://doi.org/10.1177/0049124104268644

Buyaskas M, Evans BE, Mortelliti A (2020) Assessing the effective-
ness of attractants to increase camera trap detections of north
American mammals. Mamm Biol 100:91-100. https://doi.org/
10.1007/s42991-020-00011-3

Calisi RM, Bentley GE (2009) Lab and field experiments: are they
the same animal? Horm Behav 56:1-10. https://doi.org/10.1016/j.
yhbeh.2009.02.010

Cuadrat JM, Serrano SMV (2008) Caracteristicas espaciales del clima
en la rioja modelizadas a partir de sistemas de Informaci6n
Geografica y técnicas de regresion espacial. Zubia 20:119-141

Delahay RJ, Brown JA, Mallinson PJ et al (2000) The use of marked
bait in studies of the territorial organization of the European
Badger (Meles meles). Mamm Rev 30:73-87. https://doi.org/10.
1046/j.1365-2907.2000.00058.x

Dennehy E, Llaneza L, Lépez-Bao JV (2021) Contrasting wolf
responses to different paved roads and traffic volume levels.
Biodivers Conserv 30:3133-3150. https://doi.org/10.1007/
s10531-021-02239-y

Drea CM, Vignieri SN, Kim HS, Weldele ML, Glickman SE (2002)
Responses to olfactory stimuli in spotted hyenas (Crocuta
crocuta): II. Discrimination of conspecific scent. ] Comp Psychol
116(4):342-349. https://doi.org/10.1037/0735-7036.116.4.342

Fernindez Aldana R (2015) Mapa De Los Bosques De La Rioja. Gobi-
erno De La Rioja, pp. 207 +mapa a escala 1: 150.00. Consejeria
De Agricultura. Ganaderia y Medio Ambiente La Rioja, Spain

Ferreras P, Diaz-Ruiz F, Alves PC, Monterroso P (2017) Optimizing
camera-trapping protocols for characterizing mesocarnivore com-
munities in south-western Europe. J Zool 301:23-31. https://doi.
org/10.1111/jz0.12386

Ferreras P, Diaz-Ruiz F, Monterroso P (2018) Improving mesocarni-
vore detectability with lures in camera-trapping studies. Wildl Res
45:505-517. https://doi.org/10.1071/WR18037

Fox M (1971) Behaviour of wolves dogs and related canids. Dogwise
Publishing

Galaverni M, Palumbo D, Fabbri E et al (2012) Monitoring wolves
(Canis lupus) by non-invasive genetics and camera trapping: a
small-scale pilot study. Eur J Wildl Res 58:47-58. https://doi.org/
10.1007/s10344-011-0539-5

Gerber BD, Karpanty SM, Kelly MJ (2012) Evaluating the potential
biases in carnivore capture-recapture studies associated with
the use of lure and varying density estimation techniques using
photographic-sampling data of the Malagasy civet. Popul Ecol
54:43-54. https://doi.org/10.1007/s10144-011-0276-3

Godinho R, Llaneza L, Blanco JC et al (2011) Genetic evidence for
multiple events of hybridization between wolves and domestic
dogs in the Iberian Peninsula. Mol Ecol 20:5154-5166. https://
doi.org/10.1111/j.1365-294X.2011.05345.x

Grajera J, Vilella M, Torre I (2021) A pilot study of the use of dry dog
food as an alternative attractant in mesocarnivore studies. Mam-
malia 85:422-427. https://doi.org/10.1515/mammalia-2020-0056

Grifler N, Ortmann S, Vos A, Yakobson B, King R, Boer M (2019)
Studies on bait preference and acceptance in wolves (Canis lupus
lupus). Isr J Veterinary Med 74:196-203

Holinda D, Burgar JM, Burton AC (2020) Effects of scent lure on
camera trap detections vary across mammalian predator and prey
species. PLoS ONE 15:5. https://doi.org/10.1371/journal.pone.
0229055

Izquierdo C, Gémez-Tamayo JC, Nebel JC et al (2018) Identifying
human diamine sensors for death related putrescine and cadaver-
ine molecules. PLoS Comput Biol 14:1. https://doi.org/10.1371/
journal.pcbi.1005945

Jacobs J (1974) Quantitative measurement of food selection: a modi-
fication of the forage ratio and Ivlev’s electivity index. Oecologia
14:413-417

Jedrzejewski W, Robinson HS, Abarca M et al (2018) Estimating large
carnivore populations at global scale based on spatial predictions
of density and distribution - application to the jaguar (Panthera
onca). PLoS ONE 13:3. https://doi.org/10.1371/journal.pone.
0194719

Jiménez J, Cara D, Garcia-Dominguez F, Barasona JA (2023) Estimat-
ing wolf (Canis lupus) densities using video camera traps and
spatial capture-recapture analysis. Ecosphere 14:7. https://doi.
org/10.1002/ecs2.4604

Kelly MJ, Holub, Erika L (2008) Camera trapping of carnivores: trap
success among camera types and across species, and habitat selec-
tion by species, on Salt Pond Mountain, Giles County. Va North-
eastern Naturalist 15(2):249-262. https://doi.org/10.1656/1092

Knobel DL, Du Toit JT, Bingham J (2002) Development of a bait and
baiting system for delivery of oral rabies vaccine to free-ranging
African wild dogs (Lycaon pictus). J Wildl Dis 38:352-362.
https://doi.org/10.7589/0090-3558-38.2.352

Labouriau R (2020) postHoc: Tool for post-hoc analyses. R package
version 0.1.3. Comprehensive R archive (CRAN)

Lasanta T, Cortijos-Lopez M, Errea MP et al (2022) An environ-
mental management experience to control wildfires in the mid-
mountain mediterranean area: shrub clearing to generate mosaic
landscapes. Land Use Policy 118:106147. https://doi.org/10.
1016/j.1andusepol.2022.106147

Lechowicz MJ Oecologia (1982) The sampling characteristics of
electivity indices. Oecologia 52:22-30

Lobo D, Godinho R, Alvares F et al (2015) A new method for nonin-
vasive genetic sampling of saliva in ecological research. PLoS
ONE 10:10. https://doi.org/10.1371/journal.pone.0139765

Lépez-Bao JV, Godinho R, Pacheco C et al (2018) Toward reliable
population estimates of wolves by combining spatial capture-
recapture models and non-invasive DNA monitoring. Sci Rep
8:2177. https://doi.org/10.1038/s41598-018-20675-9

Mech LD (1977) Productivity, mortality, and population trends of
wolves in northeastern Minnesota. ] Mammal 58:559-574

Miller JRB, Stoner KJ, Cejtin MR et al (2016) Effectiveness of con-
temporary techniques for reducing livestock depredations by
large carnivores. Wildl Soc Bull 40:806-815. https://doi.org/
10.1002/wsb.720

Mills D, Fattebert J, Hunter L, Slotow R (2019) Maximising camera
trap data: using attractants to improve detection of elusive spe-
cies in multi-species surveys. PLoS ONE 14:¢0216447. https://
doi.org/10.1371/journal.pone.0216447

Monterroso P, Alves PC, Ferreras P (2011) Evaluation of attract-
ants for non-invasive studies of Iberian carnivore communities.
Wildl Res 38:446-454. https://doi.org/10.1071/WR11060

Papin M, Pichenot J, Guérold F, Germain E (2018) Acoustic
localization at large scales: a promising method for grey wolf
monitoring. Front Zool 15(1):1-10. https://doi.org/10.1186/
$12983-018-0260-2

@ Springer


https://doi.org/10.1139/cjz-2012-0147
https://doi.org/10.1139/cjz-2012-0147
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1111/2041-210X.12115
https://doi.org/10.1177/0049124104268644
https://doi.org/10.1007/s42991-020-00011-3
https://doi.org/10.1007/s42991-020-00011-3
https://doi.org/10.1016/j.yhbeh.2009.02.010
https://doi.org/10.1016/j.yhbeh.2009.02.010
https://doi.org/10.1046/j.1365-2907.2000.00058.x
https://doi.org/10.1046/j.1365-2907.2000.00058.x
https://doi.org/10.1007/s10531-021-02239-y
https://doi.org/10.1007/s10531-021-02239-y
https://doi.org/10.1037/0735-7036.116.4.342
https://doi.org/10.1111/jzo.12386
https://doi.org/10.1111/jzo.12386
https://doi.org/10.1071/WR18037
https://doi.org/10.1007/s10344-011-0539-5
https://doi.org/10.1007/s10344-011-0539-5
https://doi.org/10.1007/s10144-011-0276-3
https://doi.org/10.1111/j.1365-294X.2011.05345.x
https://doi.org/10.1111/j.1365-294X.2011.05345.x
https://doi.org/10.1515/mammalia-2020-0056
https://doi.org/10.1371/journal.pone.0229055
https://doi.org/10.1371/journal.pone.0229055
https://doi.org/10.1371/journal.pcbi.1005945
https://doi.org/10.1371/journal.pcbi.1005945
https://doi.org/10.1371/journal.pone.0194719
https://doi.org/10.1371/journal.pone.0194719
https://doi.org/10.1002/ecs2.4604
https://doi.org/10.1002/ecs2.4604
https://doi.org/10.1656/1092
https://doi.org/10.7589/0090-3558-38.2.352
https://doi.org/10.1016/j.landusepol.2022.106147
https://doi.org/10.1016/j.landusepol.2022.106147
https://doi.org/10.1371/journal.pone.0139765
https://doi.org/10.1038/s41598-018-20675-9
https://doi.org/10.1002/wsb.720
https://doi.org/10.1002/wsb.720
https://doi.org/10.1371/journal.pone.0216447
https://doi.org/10.1371/journal.pone.0216447
https://doi.org/10.1071/WR11060
https://doi.org/10.1186/s12983-018-0260-2
https://doi.org/10.1186/s12983-018-0260-2

32 Page120f12

European Journal of Wildlife Research (2024) 70:32

Persson J, Rauset GR, Chapron G (2015) Paying for an endangered
predator leads to population recovery. Conserv Lett 8:345-350.
https://doi.org/10.1111/conl.12171

R Development Core Team. R (2014) A language and environment
for statistical computing. R Foundation for Statistical Computing,
Vienna, Austria

Ramirez O, Altet L, Ensefiat C et al (2006) Genetic assessment of
the Iberian wolf Canis lupus signatus captive breeding pro-
gram. Conserv Genet 7:861-878. https://doi.org/10.1007/
$10592-006-9123-z

Reiger I (1979) Scent rubbing in carnivores. Carnivore 2:17-25

Rio-Maior H, Beja P, Nakamura M, Alvares F (2018) Use of space
and homesite attendance by Iberian wolves during the breeding
season. Mammalian Biology 92:1-10. https://doi.org/10.1016/j.
mambio.2018.03.014

Ripple WJ, Estes JA, Beschta RL et al (2014) Status and ecological
effects of the world’s largest carnivores. Science 343:1241484.
https://doi.org/10.1126/science.1241484

Roche T (2008) The use of baited hair traps and genetic analysis to
determine the presence of pine marten. Doctoral dissertation,
Waterford Institute of Technology

Roughton RD (1982) A synthetic alternative to fermented egg as a
canid attractant. ] Wildl Manag 46:230-234

Roughton RD, Sweeny MW (1982) Refinements in scent-station meth-
odology for assessing trends in carnivore populations. J Wildl
Manag 46:217-229. https://doi.org/10.2307/3808424

Santos SM, Carvalho F, Mira A (2011) How long do the dead survive
on the road? Carcass persistence probability and implications for
road-kill monitoring surveys. PLoS ONE 6:9. https://doi.org/10.
1371/journal.pone.0025383

Saunders G, Harris S (2000) Evaluation of attractants and bait prefer-
ences of captive red foxes (Vulpes vulpes). Wildl Res 27:237-243.
https://doi.org/10.1071/WR99052

Schlexer FV (2008) Attracting animals to detection devices. In: Long
RA, MacKay P, Ray J, Zielinski W (eds) Noninvasive survey
methods for carnivores. Island Press, Washington, pp 263-292

Schmidt K, Jedrzejewski W, Okarma H, Kowalczyk R (2009) Spatial
interactions between grey wolves and Eurasian lynx in Biatowieza
Primeval Forest, Poland. Ecol Res 24:207-214. https://doi.org/10.
1007/511284-008-0496-y

Sollmann R, Mohamed A, Samejima H, Wilting A (2013) Risky busi-
ness or simple solution - Relative abundance indices from camera-
trapping. Biol Conserv 159:405-412. https://doi.org/10.1016/j.
biocon.2012.12.025

Steyer K, Simon O, Kraus RHS et al (2013) Hair trapping with vale-
rian-treated lure sticks as a tool for genetic wildcat monitoring in

@ Springer

low-density habitats. Eur J Wildl Res 59:39-46. https://doi.org/
10.1007/s10344-012-0644-0

Tebelmann H, GansloBer U (2023) Social reward behaviour in two
groups of European grey wolves (Canis lupus lupus)—a case
study. Animals 13:872. https://doi.org/10.3390/ani13050872

Thorn M, Scott DM, Green M et al (2009) Estimating brown hyaena
occupancy using baited camera traps South African J. Wildl Res
39:1-10

Tibshirani R, Leisch F (2019) bootstrap: Functions for the Book An
Introduction to the Bootstrap. R package version 2019.6. https://
CRAN.R-project.org/package=bootstrap. Accessed 10 Feb 2023

Tobajas J, Ruiz-Aguilera MJ, Lopez-Bao JV, Ferreras P, Mateo R
(2020) The effectiveness of conditioned aversion in wolves:
Insights from experimental tests. Behav Process 181:104259.
https://doi.org/10.1016/j.beproc.2020.104259

Tobajas J, Descalzo E, Mateo R, Ferreras P (2022) Using lures for
improving selectivity of bait intake by red foxes. Wildl Res
49:129-136. https://doi.org/10.1071/WR21002

Torres RT, Fonseca C (2016) Perspectives on the Iberian wolf in Portu-
gal: population trends and conservation threats. Biodivers Conserv
25:411-425

Torres RT, Silva N, Brotas G, Fonseca C (2015) To eat or not to eat?
The diet of the endangered Iberian Wolf (Canis lupus signatus)
in a human-dominated landscape in central Portugal. PLoS ONE
10:6. https://doi.org/10.1371/journal.pone.0129379

Torres RT, Ferreira E, Rocha RG, Fonseca C (2017) Hybridization
between wolf and domestic dog: first evidence from an endan-
gered population in central Portugal. Mammalian Biology 86:70-
74. https://doi.org/10.1016/j.mambio.2017.05.001

Trolliet F, Huynen M-C, Vermeulen C, Hambuckers A (2014) B A Use
of camera traps for wildlife studies: a review Biotechnologie,
Agronomie, Société et Environ 18:3. https://doi.org/10.1016/j.
ecolind.2022.108693

Wilson GJ, Delahay RJ (2001) A review of methods to estimate the
abundance of terrestrial carnivores using field signs and observa-
tion. Wildl Res 28:151-164. https://doi.org/10.1071/WR00033

Woodroffe R, Davies-Mostert H, Ginsberg J et al (2007) Rates and
causes of mortality in endangered African wild dogs Lycaon pic-
tus: lessons for management and monitoring. ORYX 41:215-223.
https://doi.org/10.1017/S003060530700

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


https://doi.org/10.1111/conl.12171
https://doi.org/10.1007/s10592-006-9123-z
https://doi.org/10.1007/s10592-006-9123-z
https://doi.org/10.1016/j.mambio.2018.03.014
https://doi.org/10.1016/j.mambio.2018.03.014
https://doi.org/10.1126/science.1241484
https://doi.org/10.2307/3808424
https://doi.org/10.1371/journal.pone.0025383
https://doi.org/10.1371/journal.pone.0025383
https://doi.org/10.1071/WR99052
https://doi.org/10.1007/s11284-008-0496-y
https://doi.org/10.1007/s11284-008-0496-y
https://doi.org/10.1016/j.biocon.2012.12.025
https://doi.org/10.1016/j.biocon.2012.12.025
https://doi.org/10.1007/s10344-012-0644-0
https://doi.org/10.1007/s10344-012-0644-0
https://doi.org/10.3390/ani13050872
https://CRAN.R-project.org/package=bootstrap
https://CRAN.R-project.org/package=bootstrap
https://doi.org/10.1016/j.beproc.2020.104259
https://doi.org/10.1071/WR21002
https://doi.org/10.1371/journal.pone.0129379
https://doi.org/10.1016/j.mambio.2017.05.001
https://doi.org/10.1016/j.ecolind.2022.108693
https://doi.org/10.1016/j.ecolind.2022.108693
https://doi.org/10.1071/WR00033
https://doi.org/10.1017/S003060530700

	Effectiveness of attractants and bait for Iberian wolf detection: captivity-based and free-ranging trials
	Abstract
	Introduction
	Captivity tests
	Methods
	Statistical analyses

	Field tests
	Study area
	Methods
	Statistical analyses

	Results
	Captivity tests
	Field tests

	Discussion
	Captivity vs. field tests
	Effective attractants
	Utility of attractants
	Combination of bait and attractant

	Management implications
	Acknowledgements 
	References


