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Abstract Management decision-making processes require
reliable tools providing information on the distribution, abun-
dance, and trend of populations. Wolves vocalize in response
to human imitations of howls. Traditionally, this phenomenon
has been the basis of a widespread monitoring tool to assess
the reproductive status in a wolf pack, as well as to estimate
the minimum number of individuals in the pack: the elicited-
vocalization technique. However, despite its broad use, only a
few attempts to quantify its accuracy have been made so far.
Here, we carried out a test to evaluate the accuracy of esti-
mates obtained from the elicited-vocalization technique. We
administered Bchorus tests^ to 205 human subjects, 182
rangers—with different level of experience with wolves—
and 23 subjects with no previous experience with the species.
We found that the estimates of the number of wolves partici-
pating in a chorus were not accurate, regardless of the experi-
ence of the listener (the correct number of wolves was only
determined in 32% of tests). Listeners, however, identified
pups vocalizing 98% of the times when there were pups in
the chorus. They also reported the presence of pups when they
were not present with a high frequency (71%). Estimating the
number of individuals by the unaided human ear is flawed

because of the bias inherent in the elicited-vocalization tech-
nique. Howling surveys have a low degree of selectivity to
confirm the presence of pups. Thus, we make recommenda-
tions to improve the elicited-vocalization technique as a tool to
monitor the presence of pups.
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Introduction

Population monitoring plays a critical role in conservation and
management (Sinclair et al. 2009). Assessing and detecting
changes in local populations is crucial to understanding the
temporal dynamics of populations, evaluating interventions in
harvested or endangered populations, or verifying compliance
with regulatory guidelines. Among different monitoring tools
available, the information provided by acoustic signals emit-
ted by animals has been used to monitor wildlife (Hopp and
Morton 1998). Many animals emit vocalizations, which can
be distinct at the individual, group, or species level, and can
contain information regarding sex or age (Bradbury and
Vehrencamp 2011). Our ability to recognize animal sounds
has a long history of use in wildlife monitoring, and it is one
of the most widely used methods to identify, for instance,
specific identity, sex, and age during bird censuses (Gregory
et al. 2004). Wolves (Canis lupus) howl in response to unfa-
miliar howls, and even to human imitations of howls, which is
the basis of a widely used method for detecting animals: the
elicited-vocalization technique (this technique has been
named Bsimulated howling^ when it is applied during wolf
surveys; Harrington and Mech 1982). Simulated howling
has been used in different parts of the world to monitor wolf
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populations during the breeding period (Harrington and Mech
1978, 1982; Dekker 1985; Gaines et al. 1995; Gazzola et al.
2002; Apollonio et al. 2004; Llaneza et al. 2005; Nowak et al.
2007; Chapron et al. 2014; Llaneza et al. 2014). By acoustic
censusing, the personnel responsible for wolf monitoring lis-
ten to the chorus howls emitted by the wolves in response to
human imitations of howls and estimate (aural estimate) how
many wolves participate in the chorus (hereafter Bchorus
size^) and whether there are pups vocalizing. Although the
analysis of spectrograms of chorus howls has been proposed
as a proper method to obtain information regarding chorus
size (Filibeck et al. 1982; Dugnol et al. 2007; Passilongo
et al. 2015) and the presence of pups (Palacios et al. 2016),
aural estimates are still a common method for obtaining such
information (Gazzola et al. 2002; Apollonio et al. 2004;
Nowak et al. 2008; Mitchell et al. 2008; Llaneza et al.
2014). However, the reliability of aural estimates is poorly
known. Only Passilongo et al. (2015) compared the aural field
estimation of chorus size with the sonogram analysis of the
same recordings to test for differences between both methods,
but which factors affect the accuracy of these estimates, and
the reliability of aural estimates of the presence of pups, is
completely unknown. Lack of information on the magnitude
of observation error makes it difficult for managers and re-
searchers to use the data resulting from howling surveys.

Chorus howls have a complex acoustic structure as they
include, in addition to howls, other vocalizations such as
growls, barks, squeaks, and howl variations such as Bwoa-
woa howls^ (Schassburger 1993) (Fig. 1). As a consequence,
discriminating the number of participants or the presence of
pups in a chorus in situ and in real time, without the benefit of
repeated listening to a recording, is challenging. In fact,
Harrington (1989) reported that two or three adult wolves
can produce highly modulated choruses that may give the
erroneous impression that there are more wolves, and even
pups, vocalizing. Hallberg (2007), as part of a study to assess
whether acoustic cues for group size are present in the chorus
yip-howl of coyotes (Canis latrans), played choruses to hu-
man subjects and asked them to estimate the number of
animals involved. The human subjects had no relationship

with coyote management or monitoring, and the study
concluded that human estimates of coyote group size were
frequently incorrect. However, Hallberg (2007) considered
assessments of coyote chorus size fairly accurate because
mean differences between actual chorus size and human esti-
mations were within one or two individuals. In other species
that also emit chorus vocalizations, such as laughing kooka-
burras (Dacelo novaeguineae), determining by ear the number
of individuals participating in a chorus is considered an im-
possible task (Baker 2004).

In this study, we assess the accuracy of estimates made by
human listeners in determining the number of wolves partic-
ipating in chorus howls and whether pups were present or not.
In particular, we compared the accuracy of estimates made by
rangers, responsible for conducting wolf surveys, and by a
group of human subjects with no previous experience with
wolves. We discuss the implications of our results for wolf
monitoring and decision-making processes.

Methods

Data collection

Between 2013 and 2014, we presented Bchorus tests^ to 205
human subjects and asked them to estimate the number of
wolves participating in recorded wolf chorus howls,
distinguishing between adults/subadults and pups. The human
respondents included 182 rangers from Sweden and Spain (58
and 124, respectively) and 23 subjects with no previous expe-
rience with wolves or wolf vocalizations (general public).
Bothmen and women were included (92%men and 8%wom-
en), aged 30–60 years and had no hearing problems. Informed
consent was obtained from all individual participants included
in the study.

Each chorus test consisted of listening to five chorus howls,
selected randomly from a sample of 22 recordings of chorus
howls, from which the number of individuals participating
was known, emitted by 14 captive and wild packs (Table 1).
We assumed that the fact that choruses were emitted by

Fig. 1 Fragment of chorus howl
emitted by five captive wolves
including several types of
vocalizations. In this fragment, at
least four individuals emit
vocalizations simultaneously
(visual inspection at time 9 s)
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captive or wild wolves did not affect the listener’s ability to
estimate the presence of pups and the number of wolves howl-
ing. The sample of chorus howls included 10 choruses emitted
only by adults/subadults, and 12 choruses including also pups.
All the chorus howls included in the tests consisted of, at least
two individuals vocalizing simultaneously, none of the record-
ings containing no howls. The definition of pups was individ-
uals up to an age of 7 months, since it has been reported that at
this age wolf pups already sound fully like adult wolves
(Harrington and Asa 2003). All the chorus howls were emitted

by Iberian wolves. We assume that including only Iberian
wolves did not affect our design and results since Iberian wolf
howls are similar than those emitted by other European wolf
populations (Kershenbaum et al. 2016) and no differences in
the fundamental frequency of howls emitted by Iberian
wolves and other wolf populations have been reported
(Palacios et al. 2007).

Rangers working in the same location were tested on the
same day for logistic reasons. In this case, we provided each
ranger with a test sheet that included five numbers (randomly
selected) corresponding to the codes of the choruses to be ana-
lyzed. We played the choruses with an interval of 2–3 min of
silence between consecutive choruses. During the silence inter-
vals, rangers had to answer the questions in their sheet only
when the choruses played corresponded to their assigned num-
bers. All tests were conducted under supervision of at least one
of the co-authors of this research. The choruses were played
using a computer and computer speakers (frequency range 20–
20,000 Hz) at a volume ensuring that the chorus was audible in
the entire room. A small proportion of tests (15%) were made
with participants isolated from other participants.

For each chorus, the humans were asked to estimate the
number of both adult/subadults and pups vocalizing. Due to
the acoustic structure of chorus howls included in the tests
(several individuals vocalizing simultaneously), the partici-
pants were expected to estimate the number of animals
deconvoluting overlapping vocalizations. Presence/absence
of adults/subadults and pups was obtained from the estimated
numbers (0 = absence, ≥1 = presence). We quantified the
accuracy of the subject’s answers assigning a score (0–4) to
each chorus in a test according to the answers to the different
questions asked (see Table 2 for details of the scoring proce-
dure). We asked for the number of times the listener had heard
chorus howls in the field to be used as an index of experience.
Subjects were grouped into three categories according to their
experience: 0, the listener had never heard wolves howling in
the field; 1, the listener had heard <10 times chorus howls; and
2, the listener had heard >10 times chorus howls before
conducting the tests.

Table 1 Wolves participating in choruses used for the tests. For each
chorus, we considered two age classes: adults/subadults and pups

Chorus ID Pack Location Composition
(N adults/subadults + N pups)

1, 2, 6, 8 A Madrid (captivity) 4 + 0

3, 9 B Lisboa (captivity) 3 + 0

2 + 0

4, 7 C Lisboa (captivity) 5 + 0

4 + 0

5 D Madrid (captivity) 6 + 0

10, 21 E Zamora (wild) ≥7 + 0

≥2 + ≥1
11 F Madrid (captivity 5 + 2

12 G Lugo (wild) 0 + 3

13 H A Coruña (wild) ≥1 + ≤3
14 I Asturias (wild) ≥2 + 4

15 J Zamora (wild) ≥2 + ≤5
16 K Asturias (wild) ≥1 + ≤5
17, 18, 19 L Zamora (wild) ≥2 + 7

20 M Zamora (wild) ≥1 + ≥1
22 N Asturias (wild) 0 + ≥3

≥: minimum confirmed number (we do not know the exact number of
wolves howling nor the exact number composing the pack but we know
the minimum number of individuals that participated in the chorus via
spectrogram analysis or visual identification of wolves while howling). ≤:
maximum possible number (we know the exact number in the pack but
not all of them were seen during the chorus)

Table 2 Questions that human
subjects had to answer for each
chorus in the tests, variables
measured, and score assigned for
each question

Question Variable Value Score

Number of adults Presence of adults 0: absent Wrong: 0

≥1: present Correct: 1

Number of adults Numeric Wrong (under/overestimated): 0

Correct: 1

Number of pups Presence of pups 0: absent Wrong: 0

≥1: present Correct: 1

Number of pups Numeric Wrong (under/overestimated): 0

Correct: 1

Total score 0–4
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Data analysis

We used generalized linear mixed models (GLMMs) to assess
which factors affected the accuracy of the estimates made by
the human subjects. We built GLMMs models with binomial
error distribution and logit link for the estimates of the pres-
ence of pups (PUPS-model; binary response variable pupest:
accuracy of the estimates of the presence of pups; values:
correct/wrong) and the number of wolves participating
(NUMBER-model; binary response variable numest: accura-
cy of the estimates of the number of wolves howling; values:
correct/wrong). Country (Sweden/Spain), experience of the
human subject (three levels), and subject group (inexperi-
enced/rangers) were included as predictors in both models.
In addition, we included if the chorus effectively included
pups as a predictor in the PUPS-model, and the real number
of wolves participating as a predictor in the NUMBER-model.
For the NUMBER-model, we included in the analyses only
choruses with exact known composition (Table 1). The iden-
tities of chorus and listener were included as random factors in
the models. We conducted a complementary GLMM with
Poisson error distribution and logit link to test for the influence
of country, experience, and subject group on the scores ob-
tained in a chorus and a GLMM with binomial error distribu-
tion and logit link to asses which factors affected the type of
error in the estimates of the number of wolves participating in
a chorus (overestimate vs. underestimate).

We built a set of competing GLMMs considering all the
possible combinations using the selected variables in each
dataset (including the null model, i.e., the intercept-only mod-
el). We used Akaike’s information criterion (AIC) to rank
models, selecting the model with the lowest AIC values
(Burnham and Anderson 2002). AIC weights were calculated
to evaluate the strength of each model. We estimated the var-
iance explained by the best model calculating marginal R2

(variance explained by fixed factors) and conditional R2

(variance explained by both fixed and random factors,
Nakagawa and Schielzeth 2013). GLMMs were conducted
in R (R Development Core Team 2010), using the lme4 pack-
age (Bates and Sarkar 2007).

Results

Our dataset comprised 1023 assessments of wolf chorus howls
(answers in two cases were considered invalid), 910 and 113
by rangers and inexperienced subjects, respectively. The av-
erage score (±SD) obtained in a chorus (values from 0 to 4)
was 2.1 ± 1.04. We found no evidence that the country
(GLMM: z = −0.64, N = 1011, P = 0.53), experience of the
listeners (GLMM: z = −0.25, N = 1011, P = 0.8) or subject
group (GLMM: z = 0.44, N = 1011, P = 0.66), influenced the
score obtained in a chorus.

Presence of pups in a chorus

Overall, our dataset included chorus howls with no pups and
chorus howls with pups vocalizing in a similar proportion (47
and 53%, respectively). Assessment of the presence of pups
was correct in 65% of the times (Table 3). The country of
origin of human subjects and whether they were rangers or
inexperienced listeners had no influence on the correct deter-
mination of the presence of pups in a chorus (Table 4). The
best PUPS-model included the presence of pups vocalizing in
the chorus and the respondent’s experience and explained
81% of the variance in our dataset. Chorus and human subject
random factors explained 20% of such variance (marginal
R2 = 0.61; conditional R2 = 0.81; Table 4). The presence of
the pups in a chorus had a significant effect on the accuracy of
the estimates (GLMM: z = 6.633, β = 6.4511, SE = 0.97,
P < 0.001). Importantly, estimates were more accurate when
there were pups vocalizing in the chorus. Respondents identi-
fied pups 98% of times when there were effectively pups
vocalizing (Table 3). In contrast, respondents wrongly deter-
mined that there were pups 71% of times when there were no
pups vocalizing (false positives; Table 3, Fig. 2). The accuracy
of the estimates was slightly better as experience increased
(Fig. 3), although the effect of the experience was not statisti-
cally significant (GLMM: z = 1.63, N = 1017, P = 0.103). The
respondent’s experience only affected the proportion of cor-
rect estimates when there were no pups vocalizing, but even
the most experienced listeners wrongly estimated the presence
of pups almost 50% of the times when there were no pups
vocalizing (Fig. 3).

Table 3 Estimates made by human subjects of the presence/absence of
pups vzocalizing (highlighted, 1017 valid estimates) and the number of
wolves participating (only cases with exact number of wolves participat-
ing known, 554 valid estimates) compared to the real values

Real value

Estimated value

No pups Pups

No pups 138 342

Pups 13 524

Correct estimate Wrong estimate

2 27 21

3 60 76

4 64 129

5 14 39

6 9 26

7 2 87
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Number of wolves participating in a chorus

The number of wolves participating in a chorus howl was
correctly estimated in 32% of the cases only (Table 3). With
respect to the age classes, the listeners correctly estimated the
number of pups and adults in 24 and 19% of cases, respec-
tively. The overall number of wolves estimated by the respon-
dents was underestimated and overestimated 41 and 27% of
times, respectively. Errors in the estimates about the number
of wolves participating in a chorus were on average (±SD)
1.84 ± 1.22 (range −5 to +9 individuals). Most of the errors
differed from the real number of wolves in 1, 2, or 3 individ-
uals (55, 22.5, and 12.7%, respectively).

Country, experience, and subject’s group did not affect the
estimates of the number of wolves participating in a chorus
(Table 4). Only the real number of wolves affected the proba-
bility to estimate the number of participants correctly: as the
number of wolves participating in a chorus howl increased, the
proportion of correct estimates decreased (GLMM: z = −7.105,
β = −0.558, SE = 0.079, P < 0.001; Fig. 4). The best model

included the number of wolves howling and explained 18% of
the variance, (marginal R2 = conditional R2 = 0.18). A similar
pattern was found when considering whether the number of
wolves was overestimated or underestimated. An alternative
GLMMusing the type of error (overestimate vs. underestimate)
as dependent variable included the real number of wolves as the

Table 4 GLMMs obtained for
estimates of pup’s presence and
number of wolves howling in a
chorus

PUPS-models df AICc ΔiAICc wi

Experience + pups presence 5 488.76 0 0.28

Experience + pups presence + country 6 490.43 1.67 0.12

Experience + pups presence + country + subject group 7 492.25 3.49 0.05

Null model 3 517.92 29.16 0

NUMBER-models df AICc ΔiAICc wi

Real number 4 636.51 0 0.35

Real number + country 5 638.30 1.79 0.14

Real number + country + ranger/inexp 6 640.22 3.71 0.06

Real number + country + ranger/inexp + experience 7 641.94 5.43 0.02

Null model 3 655.36 18.85 0

The best models considering the AIC criterion are in italic

df number of parameters in the model, AICcAkaike’s information criterion,ΔiAICc delta AIC value, wiAkaike’s
weight

Fig. 2 Proportion of correct (white bars) and wrong (black bars)
estimates of the presence of pups vocalizing in a chorus, depending on
whether there actually were pups howling or not. False positives: the
respondent estimates that there are pups when there are no pups
vocalizing (black bar in chorus howls without pups)

Fig. 3 Proportion of correct (white bars) and wrong (black bars)
estimates of the presence of pups vocalizing in a chorus depending on
the level of experience (0: the listener had never heard wolves howling in
the field, 1: the listener had heard <10 times chorus howls, and 2: the
listener had heard >10 times chorus howls before conducting the tests)
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only significant effect (GLMM: z = 3.042, β = 1.926,
SE = 0.63, P = 0.002). Estimates for choruses emitted by a
small number of wolves tended to be overestimated, while lis-
teners underestimated the number of wolves howling when
group sizes were larger (Fig. 5).

Discussion

Identifying limitations and the most common misuses of mon-
itoring tools is required to properly analyze and interpret data
collected during wildlife surveys (Boitani and Fuller 2000).
Our results provide the first evaluation of the accuracy of esti-
mates of both chorus size and the presence of pups made by
means of acoustic censusing of wolves during simulated
howling surveys without the benefit of spectrogram
inspection, but see Passilongo et al. (2015) for chorus size

estimates. Our main findings are as follows: (i) howling sur-
veys have a low degree of selectivity, i.e., listeners correctly
detect the presence of pups when pups are present and howling
but they often report hearing pups when there are no pups
present in the vocalizations; (ii) chorus size estimates are cor-
rect in only about a third of cases, the magnitude and the sign
of the error depending on the real number of wolves vocaliz-
ing, evidencing the limitations of the acoustic censusing to
estimate the number of wolves; and (iii) the experience of the
listener has little influence on the accuracy of the estimates.

With respect to the ability to determine the presence of
pups, it is commonly assumed that pup/adult discrimination
by ear is feasible, at least when the pups are young (Apollonio
et al. 2004; Llaneza et al. 2005). However, we found that one
third of the estimates of the presence of pups were actually
false positives. Wolf pups can produce the full range of vocal-
izations used by adults early in ontogeny, between 3 and
9 weeks of age (Peters and Wozencraft 1989; Harrington
and Asa 2003). Therefore, the only difference between the
vocalizations emitted by pups and adults in chorus howls are
related to the fundamental frequency (higher in pups) and, in
the case of howls, duration (longer in adults; Harrington and
Asa 2003). Chorus howls can be very complex depending on
the number of wolves participating and the vocalizations emit-
ted. Although the human ear can discriminate changes of ap-
proximately 3 Hz in a 1000-Hz tone (Sinnott and Brown
1993), the complexity of chorus howls (which depends on
group composition and type of vocalizations included) may
place constraints on the capacity of the human ear for pup/
adult discrimination.

Joslin (1967) pioneered the use of acoustic censusing from
chorus howls to obtain information regarding chorus size,
counting each animal as it first began to howl. However, no
systematic data were collected to determine the reliability of
this method. Harrington (1989) reported that human estimates
of chorus size from chorus howls overestimate the real size,
especially for smaller packs. Although Harrington did not
conduct statistical analyses, our results confirm this assump-
tion since overestimates of chorus size are frequent for small
chorus sizes. Passilongo et al. (2015) reported that aural esti-
mations of chorus size and estimations made by analyzing
spectrograms (which are highly correlated to the real chorus
size) showed low correlation. Only 32% of estimations were
identical in both methodologies. As in Passilongo et al.
(2015), in our study, only 32% of the chorus size estimates
were correct. Hallberg (2007) carried out a study to evaluate
estimates of chorus size from coyote group-yip-howl choruses
and concluded that human subjects were usually wrong in
their estimates of chorus size, although their estimates were
close to the actual number, which should not necessarily be
surprising as she included choruses emitted only by 2–5 indi-
viduals. We obtained the same percentage of correct estimates
for wolves as Hallberg (2007) did for coyotes, but with amuch

Fig. 5 Proportion of over (black bars) and underestimates (white bars) of
the number of wolves vocalizing depending on the real number of
individuals participating in chorus howls

Fig. 4 Proportion of correct (white bars) and wrong (black bars)
estimates of the number of wolves vocalizing in chorus howls
depending on the real number of wolves participating
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bigger sample size (205 vs. 21 respondents). This agreement
between Passilongo et al. (2015) and our study with wolves
and Hallberg (2007) with coyotes may reflect the ability of
humans to detect several voices independently of their expe-
rience and similarities in the acoustic structure of wolf and
coyote chorus howls (Lehner 1978).

Rangers are usually involved in wildlife monitoring world-
wide. For example, rangers participate in mountain gorillas
(Gorilla beringei) censuses and the monitoring of herbivores
in Africa (Koenig 2008; Valeix et al. 2009) or in large carni-
vore monitoring in different European countries, such as
Norway, Sweden, Poland, or Spain, including wolf surveys
(Kaczensky et al. 2013; Kuijper et al. 2013; Llaneza et al.
2014). Experience and training of personnel responsible for
surveys has been identified as an important factor that could
affect the accuracy of information obtained in monitoring sys-
tems (Bibby et al. 1992; Sutherland 2006). However, in our
case, we found that experience has little effect in the accuracy
of the estimates made by human listeners. We did not find
differences among rangers and inexperienced people, and
having heard many wolf chorus howls previously only slight-
ly increased the score obtained in the tests, suggesting that the
inaccuracy of estimates may be due to the complexity of the
vocalizations or to limitations in human auditory capacity
rather than prior experience with wolves. Nevertheless, we
also found that experience in hearing chorus howls tended to
decrease, to some extent, the proportion of wrong estimates of
the presence of pups when there are no pups howling. These
results might be useful for designing training programs that
stress the importance that experience in listening to chorus
howls may have to reduce the proportion of wrong estimates
of the presence of pups.

These shortcomings in the assessment of chorus howls by
the unaided human ear should be taken into account by wolf
monitoring systems that rely on acoustic censusing. Chorus
size estimates obtained by listening to chorus howls are usu-
ally wrong, especially as chorus size increases. In most cases,
differences between estimates and actual chorus size involve
1–2 individuals. However, 22.5% of times the respondents
overestimated actual chorus size by more than two individ-
uals. Detection of pups yielded better results than chorus size
estimates, but false positives in the detection of pups were
very frequent. In terms of monitoring wolf populations, this
is a mistake with undesirable consequences, because deter-
mining the presence of pups implies the existence of repro-
ductive activity in a pack. For example, two choruses emitted
by the same pack few kilometers apart could be considered as
two different packs by documenting presence of pups in both
choruses.

Our results underscore the need for improved monitor-
ing methods that allow objective and reliable estimates of
chorus size and the presence of pups from chorus howls.
Several recommendations can be made in order to

improve estimates from howling surveys. When possible,
we recommend to record the chorus howls to carry out
posterior spectrogram analyses. This technique is objec-
tive and has been successfully applied to obtain informa-
tion regarding the number of wolves participating in cho-
ruses (Passilongo et al. 2015), but it can be also useful to
identify the presence of pups in a chorus (Palacios et al.
2016). In fact, conducting spectrogram analyses,
Passilongo et al. (2015) obtained the correct chorus size
in 92% of 29 chorus howls (much better than the 32% of
correct aural estimates), and the analysis of the acoustic
energy distribution could reduce the 71% false positives
obtained by aural estimates to 3.9–6.5% (Palacios et al.
2016). However, as it is not always worthwhile to record
the chorus howls emitted by wolves during howling sur-
veys, complementary recommendations are needed. First,
we urge to replicate howling surveys in order to increase
the accuracy in the estimate of pup presence in a given
site (Jiménez et al. 2016). Thus, once a potential rendez-
vous site with pups will be detected, we suggest to repli-
cate howling surveys even though the listener considers
that pups were already present in the first session. This
procedure would reduce wrong estimates of pups’ pres-
ence when there are no pups in a given site (Jiménez et al.
2016). Second, to establish spatial and temporal rules dur-
ing howling surveys, such as to survey in the same night
neighboring areas where it is not clear whether there
could be one or two different packs. Finally, in sites
where it is suspected that there are pups but howling sur-
veys are not conclusive even after several replicates, com-
bining howling surveys with other tools, such as camera
trapping (Galaverni et al. 2012), might be useful to deter-
mine the presence of pups.
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