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Abstract — Research on species-habitat relationship implies that a specific parameter related to the species, such as abundance, has to
be measured and compared to environmental features. Different methods have been implemented in the collection of abundance data on
birds and different statistical techniques have been developed to deal with the great diversity of data collection. The aim of this study is
to compare different sampling methods and statistical techniques currently used to estimate abundance, employing them in a dense forest
environment: capture-mark-recapture vs. point counts. Short-toed treecreepers Certhia brachydactyla were captured through mist-netting
and surveyed through song count. Capture data were analysed using a classical approach and a spatially-explicit approach (SECR), while
count data were analysed with N-mixture models. Results show that classical capture analyses yield a lower abundance, while SECR and
N-mixture models give similar and higher estimates. An optimization of the sampling design for studies regarding birds™ abundance and
species-habitat relationship should consider the use of point counts for song/visual detection of individual birds while fitting N-mixture

models for abundance estimation.
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INTRODUCTION

The conservation and management of ecosystems require
the knowledge of animal population size and their relation-
ships with the surrounding environment. How animals re-
spond to habitat changes is an important issue to address
in order to face eventual habitat alteration or disturbance.
However, not all animal species’ responses are easily as-
sessed, due to differences in their life history and eco-
logical traits. Birds have been often proved to be a reli-
able taxon to explore species-habitat relationship, due to
their high susceptibility to ecosystem changes and altera-
tions (Schwenk et al. 2012, Zhang & Wang 2012), their
short-time response to disturbance (Baker & Lacki 1997,
Schmiegelow er al. 1997) and their ease to be counted
(Bibby et al. 2000). When the target is the population or
the community, individuals need to be counted and eventu-
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ally the population abundance estimated, except for pres-
ence/absence surveys.

Different methods have been implemented to col-
lect data on birds’ abundance and distribution (Bibby et
al. 2000, Sutherland 2006) and different statistical tech-
niques have been developed to deal with the great diver-
sity of data collection (e.g., Otis et al. 1978, Dorazio &
Royle 2003, Efford 2004, Royle 2004a). If the dependent
variable of interest is abundance, birds should be correctly
counted and every potential source of bias avoided (e.g.
double counts). There are two main kinds of methods to
sample birds, based on whether individuals are captured or
not. Capture-mark-recapture (CMR) methods are largely
used by ornithologists, even if mostly for the study of mi-
gration or for estimating demographic change in survival
rates than for abundance estimation (Nichols et al. 1981,
Bibby et al. 2000, Spina & Volponi 2008). CMR methods
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rely mostly on netting to capture and individually mark
birds which are unlikely to be distinguished otherwise
(i.e. cryptic species or identical phenotype in both sexes)
(Sutherland 2006). Although researchers have often used
abundance indexes (e.g. hourly capture rate) (Machtans et
al. 1996, Dunn & Ralph 2002, Ellis & Betts 2011) instead
of abundance estimates, statistical techniques to estimate
abundance are well-known (Nichols et al. 1981) though
the effective trapping area is usually unknown and need
to be estimated as well (White et al. 1982, Jett & Nich-
ols 1987). Progress on this issue has been made in recent
years with the development of a spatially-explicit capture-
recapture (SECR) method for density estimation (Efford
2004).

On the other side there are methods that do not re-
quire capture but rely on acoustic/visual counts. Among
these, the point count technique is one of the most used
(Blondel et al. 1981). However, the possibility to obtain
population estimates by means of point counts was devel-
oped (Buckland et al. 2001, Royle & Nichols 2003), as
the previous studies were based mostly on abundance in-
dexes that could eventually overestimate rare species and
underestimate common species (Bibby et al. 2000). In par-
ticular, the development of N-mixture models to estimate
the abundance and the detectability from counts has been
proved useful and easily applicable (Royle 2004b).

The aim of the present study is to compare different
sampling methods currently used to obtain abundance es-
timates: CMR vs point counts. We aim at assessing which
method returns the best trade-off between ease of applica-
tion in the field and precision of the estimates, as well as
the ability to detect species-habitat relationship. Consider-
ing that the CMR approach is more expensive in both time
and energy invested in, we investigate if CMR can add any
value to normal observer-based survey techniques.

MATERIALS AND METHODS

Study area

The 32 ha study area is located within the Bosco Pennataro
Regional Forest (Molise Region, Italy, 41°44’N, 14°11’E),
the elevation of the studied patch is around 1,000 m a.s.l.
Mean annual temperature is 8.6 °C and rainfall averages
1,100 mm/year. Woodland consisted mainly of a contin-
uvous and high-growth Turkey Oak (Quercus cerris) ma-
ture stand, mixed with other deciduous species (mainly Ac-
er sp., Fagus sylvatica, Sorbus sp. and Carpinus betulus).
Average basal area was 41 m? ha'!, and mean diameter at
breast height (dbh) was 16.5 cm, while mean dbh of the
dominant tree layer was 43 cm (Di Salvatore et al. 2016).
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Target species

The Short-toed Treecreeper Certhia brachydactyla Brehm,
1820 (hereafter treecreeper) was selected as target species
due to its close link with forest characteristics and small
home range size (ranging from 0.4 ha in Germany to 26 ha
in Maritime Alps, but on average 4-5 ha), fitting the extent
of the study area (Cramp 1988, Fornasari et al. 2010, Bri-
chetti & Fracasso 2011). The treecreeper is a monotypic
species that does not show sexual dimorphism and males
sing constantly during the breeding season (spring-sum-
mer), especially early in the morning (Brichetti & Fracas-
50 2011). Adult males are recognizable in the hand during
the breeding season due to cloacal protrusion (Svensson
1992).

Sampling
We located 24 capture sites following a systematic design
(Fig. 1). Distance between netting sites ranged from 92 to
127 m (mean = 111.8). Each trap consisted of three mist
nets (length = 6 m; height = 2.4 m; mesh = 60 mm) ar-
ranged to form a net triangle around a tree, at the base of
which a playback device was placed as an acoustic lure
to attract and capture treecreepers (Fig. 2). The playback
was activated at sunrise and was switched off after four
hours. Nets were patrolled constantly. Activation consist-
ed on the opening of the mist-nets while turning on the
playback. The playback was inaudible to humans farther
than 60-70 m and only the bird (rarely more than one) that
had its own territory near the trap was quickly attracted by
the playback, as tested in a pilot sampling session (Basile
et al. 2015). We captured treecreepers from April to May
2013 during 6 capture sessions. Each session consisted of
three days, during which only 8 randomly selected traps
per day were activated, to avoid adjacent traps operating
at the same time. Indeed, every trap was sampled within
three consecutive days/sessions, so that the whole area was
sampled in a short period. Every captured individual was
marked with a standard metal ring with a unique alphanu-
meric code, provided by the National Institute for the Envi-
ronmental Research and Protection (ISPRA). Ringing op-
erations were conducted by an authorized bird ringer (RB).

Acoustic surveys (unlimited radius) were conducted at
27 points, of which 24 overlapped with the trapping sites.
Each point was surveyed 3—6 times (mean = 4.5; total =
123) in 2013, from May to late-June, later than the capture
field work. Surveys lasted 5’/point and were carried out
from sunrise to 11 a.m. Only males were taken into consid-
eration during the two sampling methods (i.e. capture and
point counts).

Forest structure was sampled for each of the 27 sites
within 3 circular plots (572 m*/plot, clustered sampling de-
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Figure 1. Bosco Pennataro Regional Forest satellite view with sampling location. Black triangle = netting site; white circle = point count

site.

Figure 2. Mist-net disposal; at the base of the tree an acoustic playback is placed and the tree is surrounded by three nets. A close-up of

the panel warning hikers of ongoing activity.

sign) placed at the vertices of a triangle whose centre over-
lapped with the treecreeper’s sampling point; for the sam-
pling methods we followed the National Forest Inventory
approach (Tabacchi et al. 2006). We measured and classi-
fied (diameter at breast height, tree height, species and de-
velopment stage) trees with diameter > 2.5 cm. We derived
nine variables, commonly used in forest-wildlife studies:

tree density (Dha) and its standard deviation (Dds), basal
area/ha (Gha), mean basal area diameter (dg), maximum
diameter (dmax), mean height (Hm) and its standard de-
viation (HmDS), stem volume/ha (Vha) and tree species
diversity (Shannon’s H’) (Tabacchi et al. 2011). Similarity
among sites has been estimated by Morisita indexed analy-
ses of similarity (Morisita 1962, Clarke 1993).
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Statistical analyses

The capture history was first tested for closure using two
tests (Otis et al. 1978, Stanley & Burnham 1999). Conse-
quently, abundance was estimated by means of two statis-
tical techniques. A model for closed population with het-
erogeneity in capture probability among occasions was
implemented using the software CARE-2 V. 1.5 (Otis et al.
1978, Chao & Yang 2003). Then, SECR models were built
taking into consideration the individual’s capture history
as a Poisson point process and the captures as a multi-catch
system. The full likelihood and an iterative procedure for
model selection were employed (Borchers & Efford 2008).
Simple models were first tested to select the best distri-
bution of capture probability, between half-normal (eq. 1)
and exponential (eq. 2):

D 8(d) = g exp (55

2) 8 = gexp (55

where g is the capture probability, o is the spatial process
(i.e. how the probability change in space) of the captures
and d is the distance of the trap from the home range cen-
tre. Then, different types of response in capture probabil-
ity, i.e. behavioural (individuals can learn to avoid the
trap) or temporal (individual’s response change among
occasions), were assessed. Finally, one forest covariate
per time was added to the best model, as response vari-
able of the abundance, and the model run. Model selec-
tion by means of AIC score (Akaike 1973) was applied at
each step, taking into account that AAIC < 2 could mean
that models may have the same empirical support and that
small sample need to be selected through AICc (Burnham
& Anderson 2002). SECR analysis was carried out using
the R package secr v. 2.9.3 (Efford 2015).

Point counts were analysed by means of N-mixture
models (Royle 2004b). Average counts per site were first
tested for spatial correlation through a Moran test (Moran
1950). Three distributions were tested to model the latent
abundance N at site i: Poisson, zero-inflated Poisson and
negative binomial. Counts y at site i during the occasion j
were assumed as binomials, as follows:

Y~ Binomial(Ni;pij)

A Pearson y* goodness of fit test (1000 bootstrap resa-
mpling) was used to select among the three models. Then,
an eventual temporal response in the detectability was as-
sessed. Finally, forest covariates were added to the mod-
els. Model selection was applied at each step using the
AIC score, following the same rule of thumb as for SECR
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modelling (Burnham & Anderson 2002). The R packages
unmarked v. 0.10-4 and AICmodavg v. 2.0-3 have been
used for these analyses (Fiske & Chandler 2011, Mazerolle
2015).

RESULTS

During the trapping occasions, fifteen adult males were
captured. Three of them were recaptured once and two
were recaptured twice, for a total of 22 captures, with an
average capture rate per occasion of 1.2 captures (range:
0-7). Fourteen out of the 24 mist-netting sites attracted and
captured the treecreeper. Most of the recaptured treecreep-
ers were re-caught in the same mist-netting site they were
captured the first time, except 2 birds, caught 172 m and
117 m away, respectively.

Point counts yielded 61 records in 24 out of the 27
points, ranging from O to 2 detections per point (average =
0.5). Considering all surveys, instead, there were an aver-
age of 2.3 records/point (range = 0-6).

Forest structure was quite homogeneous among sites,
with a mean Morisita value of 0.93 (+ 0.09 SD).

The assumption of closed population has been con-
firmed by the two tests (z = -0.05, p = 0.48; x*> = 6.88, df
= 8, p = 0.55). The population size of males was 23.7 (+
10.99 SE) individuals, according to the model M, (Tab. 1).
SECR model selection resulted in one empirically support-
ed model (AAICc < 2) (Tab. 2), which estimated a popula-
tion of 31.5 (+ 10.5 SE) males and a density of 0.72 (+ 0.27
SE) males/ha (Tab. 1). Forest variables had no significant
effect on the abundance. Capture probability (g,) estimate
was 0.66 (+ 0.23 SE).

Average counts showed low spatial correlation (Moran
1=0.23; p = 0.02). The distribution that best fitted point
count data was the Poisson, even if data appeared under-
dispersed (c-hat < 1) (Tab. 3). Model selection showed that
detectability did not change among sampling occasions.
The best model returned the abundance constrained to any
forest variable. The population size of males was estimated
at 41.6 (ClL,, = 25 - 89), and the abundance per site (N,)
was 1.54 (£ 0.52 SE) (Tab. 1). Detectability was 0.34 (+
0.11 SE).

DISCUSSION

The need of unbiased data for conservation and manage-
ment is an issue that most researchers are worried about
(e.g. Romesburg et al. 1981, Eberhardt & Thomas 1991,
Anderson 2001). However, determining which survey and
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Table 1. Estimates from capture-recapture (M, and SECR) and point counts (N-mixture model) data. Standard error and 95% confidence
interval in brackets. M, = close population model with heterogeneity in capture probability; B = linear predictor of the true abundance or
untransformed estimate of abundance; D = individual/ha; N = local abundance.

Model ] D N, Population size
Mt - - - 23.7 (16.27 - 70.07)
SECR -0.34 (0.37) 0.72 (0.27) - 31.5(20.2-66.7)

N-mixture model

0.43 (0.34) -

1.54 (0.52) 41.6 (25 - 89)

Table 2. SECR model selection. Best model is in bold. Models with covariate variability in abundance did not have empirical support and
were not included in table. g = capture probability; (.) = null covariate; (T) = time response; (B) = behavioural response.

Model Distribution
e() half-normal
e() exponential
g(T) exponential
2(B) exponential

AICc AAICc
168.2 8.8
164.9 5.4
159.4 0
168.4 8.9

Table 3. Results of the goodness of fit test on the three N-mixture models built with different distribution. P = Poisson; ZIP = zero-inflated
Poisson; NB = negative binomial; 2 = Pearson’s test statistic; c-hat = over-dispersion parameter.

Distribution *

P 64.3
ZIP 64.4
NB 64.4

p value
0.997
0.995
0.996

c-hat AIC
0.687 171.7
0.679 173.7
0.306 173.7

analysis method is best is challenging under field condi-
tions, when the true number of animals in a population is
unknown. One of the main sources of bias in abundance
estimates concerns the unclear boundaries of the study ar-
ea (Efford & Fewster 2013). Especially if sampling is car-
ried out in a limited area, the surroundings can affect the
estimated parameters. The use of spatially explicit capture-
recapture methods reduce this source of bias (Chandler et
al. 2011, Efford & Fewster 2013). SECR method was test-
ed mostly on reptiles and mammals, when it is feasible to
capture many individuals in a relatively small area or it
is possible to use more efficient detectors, like hair traps
(Obbard et al. 2010, Marsot et al. 2013, Ruiz de Infante
Anton et al. 2013, Efford & Fewster 2013, du Preez et al.
2014). In this research, instead, an ad hoc sampling design
was necessary to circumvent the logistical difficulties, in-
creasing for capturing in a wide area. Our results are simi-
lar to those published, in which the classic approach (e.g.
Otis et al. 1978) may return biased estimates, depending
on the area considered (Efford & Fewster 2013). But in
our case, estimates lack in precision, and confidence inter-
vals are largely overlapped. However, it has to be said that

the small captures dataset add some uncertainty to the es-
timates. The Short-toed Treecreeper, like many other for-
est dwelling passerines, inhabits places where traps are
difficult to manage. Hence, obtaining robust estimates is
problematic. Our results highlight these difficulties, as 18
capture occasions returned only 15 individuals. However,
our aim was to compare methods, not population size es-
timates, and, in these circumstances, both methods gave
similar results, while the point counts needed much less
effort.

Density estimate of 0.72 males per hectare is high-
er than previous density estimates for the Italian penin-
sula (Brichetti & Fracasso 2011). This discrepancy can
be caused by: (i) published densities concerning stud-
ies carried out over very wide areas (usually from 10 ha
to 1 km?), where sampling points are consequently very
sparse, where the Short-toed Treecreeper, being a terri-
torial species (Cramp 1988, Brichetti & Fracasso 2011),
can be actually underestimated, considering that one sam-
pling point can intercept more than one territory; (ii) previ-
ous estimates do not consider the problem of incorrect de-
tection and false negatives, that usually lead to underesti-
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mates (Kéry et al. 2005). Indeed, our estimate can be more
conceivable, due to the territoriality and the limited move-
ments of the Short-toed Treecreeper, mainly during the
breeding season, as well as, considering that a treecreeper
territory can be even smaller than 1 hectare (Smith & Shu-
gart 1987, Cramp 1988, Pasinelli 2000, Brambilla & Fice-
tola 2012). Since counts did not show strong spatial corre-
lation, N-mixture models were not implemented in a spa-
tially explicit way. Nonetheless, estimates resulted simi-
lar to those of SECR. Previous comparisons of N-mixture
with capture-recapture statistical techniques are scattered.
In Couturier et al. (2013) the N-mixture models underesti-
mated the population compared to the classical M, of Otis
et al. (1978). However, their study on Hermann’s Tortoise
Testudo hermanni was peculiar due to the use of 5 ha areas
instead of points and the limited number of replicas, that
can alter the estimates (Kéry et al. 2005). On the contrary,
in other studies researchers obtained a good performance
although they used open population N-mixture models
(Dail & Madsen 2010, Zipkin et al. 2014).

Species-habitat relationship did not emerge, probably
due to the homogeneity of the forest structure across the
study site, suggesting a lack of explanatory power at least
for the accounted variables at the scale of our study area.
N-mixture model indicated that forest structure may have
a role in influencing abundance, considering that model
selection included models with abundance covariates, but
this variation was not considered significant.

Most resource managers are seeking the ‘perfect’ man-
ner in which to estimate animal abundance. Our results
may indicate that in specific habitat type, like dense forest,
captures can be avoided if the aim is to estimate population
size. We used a typical forest species and also highlight
the fact that our results may be applicable to many oth-
er species, such as the Eurasian Treecreeper C. familiar-
is, Nuthatch Sitta europaea or Lesser-spotted Woodpecker
Dendrocopos minor, which heavily depend upon forest re-
sources and mature forests as the Short-toed Treecreeper.
However, depending on the information that researchers
or professionists are seeking, the trade-off can be balanced
towards a more onerous sampling to gain more precise es-
timates or not. We also remarked that these results are rel-
evant for specialist and territorial birds, whose ecology and
behaviour can account for little if any concern about spa-
tial auto-correlation over small areas.
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