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Habitat suitability models and carrying capacity estimations for rock
ptarmigans in a protected area of the Italian Alps

Luca Nelli

Abstract - Rock ptarmigan populations in the Alps are suffering
an overall decline, and management actions are needed to ensure their
conservation. Yet wildlife management and conservation actions are
often the consequences of political decisions taken by subjects that
lack the scientific knowledge about the relationships between the envi-
ronment and species ecology. Habitat suitability models are tools that
translate these complex relationships into mathematical models and
spatially explicit maps of potential presence and abundance of species
that are easier to understand by people not experienced with the study
of biological processes. In this study, I modelled the species-habitat
relationships at two levels, by estimating the potential distribution and
potential density of the species in a protected area of the Western Ital-
ian Alps. In particular, I took the results of a previous study carried
out in the same area to estimate the probability of male occurrence by
comparing the habitat structure in presence plots and random plots,
respectively, by logistic regression analyses. Then, I applied the logis-
tic regression equation to the same variables measured in hexagonal
cells of a grid superimposed over the entire study area, and 1 obtained
the map of the potential distribution of the species. Finally, I developed
multiple regression analyses of male density estimated by distance
sampling vs habitat variables, and I applied the results to the areas of
potential distribution to forecast the potential density and therefore the
carrying capacity of the study area. I obtained a potential distribution of
38.2 km?, with a potential average density of 5.1 males/km?. The latter
was positively affected by the percentage cover of grassland and rocky
grassland in the plots. The integrated approach that I used by combining
models of occurrence and density allowed me to confirm and improve
the results of previous works on rock ptarmigan predicted occurrence,
to identify areas of conservation importance within the protected area
and to give useful tools for spatially explicit management to the Natural
Park administrators.

Key words: Carrying capacity, Habitat suitability, Lagopus muta
helvetica, Italian Alps, Potential distribution, Rock ptarmigan, Species
distribution models.

Riassunto - Le popolazioni italiane di pernice bianca alpina pre-
sentano uno stato di conservazione sfavorevole e appaiono in declino
generalizzato su tutto 1’arco alpino. Ciononostante, le azioni di gestione
volte ad assicurarne la conservazione sono spesso prese in conseguenza
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di decisioni politiche di organi che non sono necessariamente in pos-
sesso delle nozioni sulle relazioni esistenti tra habitat ed ecologia della
specie. I modelli di idoneita ambientale sono strumenti che traducono
queste relazioni complesse in modelli matematici e supporti cartogra-
fici, che sono piu facili da comprendere anche da chi non ha esperienza
dei processi ecologici. In questo lavoro ho modellizzato le relazioni
habitat-specie stimando la distribuzione e la densita potenziali dei
maschi di pernice bianca in un’area protetta delle Alpi Occidentali. In
particolare ho utilizzato i risultati di un precedente studio effettuato
nella stessa area, per stimare la probabilita di presenza dei maschi di
pernice bianca mediante modelli di regressione logistica. Successiva-
mente ho applicato I’equazione logistica risultante alle stesse variabili
misurate in celle esagonali di una griglia sovrapposta all’area di studio,
al fine di ottenere una mappa della distribuzione potenziale. Infine ho
utilizzato una regressione multipla per descrivere la densita dei maschi,
stimata mediante distance sampling, in funzione delle variabili ambien-
tali, e ho applicato i risultati nelle aree di presenza potenziale per sti-
mare la capacita portante dell’area per la specie. Ho ottenuto una distri-
buzione potenziale di 38,2 km?, con una densitad media potenziale di 5,1
maschi/km?, influenzata positivamente dalla percentuale di praterie e
praterie rupicole. L’approccio integrato che ho utilizzato, combinando i
due modelli di presenza e densita, mi ha permesso di confermare e affi-
nare i risultati del precedente studio sulla presenza della pernice bianca
nell’area protetta, di identificare le aree piu importanti per la conser-
vazione e di fornire strumenti per una corretta gestione della specie ai
gestori del Parco.

Parole chiave: Alpi italiane, capacita portante, distribuzione
potenziale, Lagopus muta helvetica, modelli di distribuzione, pernice
bianca.

INTRODUCTION

Habitat suitability models represent one of the most
useful tools in wildlife management. More than just
knowledge itself of species biology or of an environmen-
tal system, the possibility of passing this knowledge on
to the people in charge of management and conservation
decisions is the real key to a proper wildlife management
(Pitelka & Pitelka, 1993), particularly when models can
be used to provide spatially explicit tools as distribution
maps.

To predict the potential distribution and density of a
species, resource selection functions can be used to syn-
thesize the process of habitat selection into a mathematical
expression (Boyce et al., 2002) that can be easily under-
stood by people not experienced with the study of biologi-
cal processes. The use of tools such as Geographical Infor-
mation Systems (GIS) and digital data as land-use maps
are often used for this purpose (Brambilla ez al., 2009).
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Most of the studies about habitat selection concentrate
their efforts in determining the potential distribution of spe-
cies, modelling the species-environment relationships and
estimating the probability of the species presence, or occur-
rence, as a response to habitat variables (Liu et al., 2005;
Allouche et al., 2006; Miller, 2014). In some cases, results
of occurrence models are considered as indicators of species
abundance. These processes are based on the hypothesis that
presence data follow an abundance-related detection prob-
ability (Jiménez-Valverde, 2011) and that occurrence mod-
els reflect habitat suitability and therefore a higher prob-
ability to have high densities of animals (Estrada & Arroyo,
2012). Yet, extrapolating abundance directly from predicted
probability of presence should be avoided because there are
many and complex factors that can affect this relationship
(Nielsen et al., 2008; Estrada & Arroyo, 2012). On the con-
trary, models that put in relationship habitat variables with
the abundance of a species can be used as tools to improve
the results obtained with occurrence models.

The rock ptarmigan (Lagopus muta) is classified as a
species of Least Concern by the Global IUCN Red List
Category and Criteria, but at a local level, the subspecies
L. m. helvetica is suffering an overall decline throughout
whole Alpine range and particularly in Italy, where it is
listed in the Italian Red List as Vulnerable (Peronace et
al., 2012) and has a ‘bad’ conservation status (Gustin et
al., 2009). Italian populations of the species have a dis-
continuous distribution (De Franceschi, 1992; Spagnesi
& Serra, 2004) and spring densities are often lower than
in the rest of the subspecies range (Favaron et al., 2006;
Clementi et al., 2008, Zohmann & Woss, 2008).
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Degradation, fragmentation, and loss of suitable habi-
tat due mostly to anthropogenic and natural processes
and other factors such as sport activities, tourism, cli-
mate change, poaching, and over-hunting are considered
the most important reasons for the decline of this species
(Storch, 2000; Zeitler, 2001; Watson & Moss, 2004; Ro-
telli, 2006; Storch, 2007).

Identifying suitable breeding areas for a species that is
highly susceptible to anthropogenic disturbance such as
the rock ptarmigan is required to preserve the most suit-
able breeding sites from disturbance during critical peri-
ods, such as pair formation, egg incubation, and the first
weeks of brood rearing.

The aim of the present study was to develop two habi-
tat suitability models for breeding male rock ptarmigans
in a protected area of Western Italian Alps by identifying
the habitat that affected the probability of both occurrence
and density of the species, supply potential distribution
and potential density maps, and estimate the carrying ca-
pacity of the species in the considered area.

MATERIALS AND METHODS

Study area

My study was carried out in Veglia-Devero Natu-
ral Park in the western Italian Alps close to the border
with Switzerland (Fig. 1). The Park covers 107.9 Km?
with a mean altitude of 2274 m a.s.I (min: 1371, max:
3563). The main cover types were bare rocks (45.7%),
alpine grassland (29.7%), and larch forest (14.5%) (for-

L

FRANCE

SWITZERLAND

Torino
[

ITALY
(Piedmont)

Veglia-Devero
Natural Park

RS

Fig. 1 - Location of Veglia-Devero Natural Park, Italy.
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estry and other land-use categories map of the Piedmont
Region, available at http://www.regione.piemonte.it/agri/
area_tecnico_scientifica/suoli/dati.htm). The climate was
alpine with an average yearly temperature of 4.6°C (min.
in January -4.4°C, max. in July 12.4°C) and an annual
average precipitation of 1467 mm falling primarily as rain
in the summer (meteorological station, data from 1991 to
2012, available at http://www.regione.piemonte.it/ambi-
ente/aria/rilev/ariaday/annali/idrologici).

The sample area (14.5 km?, Fig. 2) was in the northeast
part of the Park. Mean altitude was 2387 m a.s.l. (min:
2009, max: 2694). The main cover types were alpine
grasslands (70.5%) and bare rocks (21.2%).

Data collection

For the present work, I used the data collected in Nelli
et al. (2013). We conducted surveys from 20 May-20 June
in 2010 and 2011 using counts of calling cocks. We estab-
lished 30 random sampling points within the study area
using the software QGIS 2.0. We surveyed vocalizing
rock ptarmigan males for 60 minutes during the hours of
maximal calling activity (0400-0530; Woss & Zohmann,
2004; Nopp-Mayr & Zohmann, 2008) during which we
recorded all calling cocks, their exact or approximate lo-
cation, and the exact time of each call. When we observed
calling cocks, we measured the exact distance from the
observer to the bird with a laser rangefinder (Leica Range-
master 900; Leica, Solms, Germany). When we did not
see a calling bird, we mapped the approximate position

of the calling bird on aerial photographs (1:5.000 scale)
based on the likely attenuation and direction of its vocali-
zation. We then measured the distance from observer to
the likely position of each cock using the software QGIS.
For further details, see Nelli ez al. (2013).

Data analyses

In Nelli et al. (2013) we analyzed habitat selection by
breeding rock ptarmigan males by formulating different
resource selection functions with a use vs. availability ap-
proach. In particular, we used logistic regression analyses
(LogRA) to compare the proportions of cover-type cat-
egories found within a 37-ha circle, the average core area
of breeding rock ptarmigan males on the Alps (Favaron
et al., 20006), surrounding each observed bird using three
classification maps of differing information and resolu-
tion, with those measured in the random circles. We also
evaluated physical variables (altitude, slope, and solar
radiation) using a 75-m digital terrain model. The best
model we obtained that described the presence of male
rock ptarmigans was the one including the habitat vari-
ables obtained from the forest resources map of the Italian
Piedmont Region.

Here, I subdivided the territory of the Park into a hex-
agonal cell grid of 37 ha each. I chose a hexagonal grid
because hexagons were the closest approximation of cir-
cles that allowed me to uniformly cover the study area. |
measured the cover-type and physical variables in each
cell, then I used the results of the best model obtained by

- Sample area

Fig. 2 - Location of the sample area within the Veglia-Devero Natural Park, Italy.
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Nelli et al. (2013) to build a map of the potential distribu-
tion of male rock ptarmigans by applying to the area the
logistic regression equation:

probability of presence = ¢7/(1+¢)
where z = 0.006 - 0.030 x altitude standard deviation +
0.036 x rocky grassland + 0.103 x alpine lakes + 0.001
x altitude.

In this way, I obtained a potential distribution map of
the species by considering the cells with a probability of
presence higher than 0.5 (Manel et al., 1999a, 1999b; Bai-
ley et al., 2002). The purpose of this method was to de-
velop the model for carrying capacity only in the potential
distribution areas.

In Franceschi ef al. (2014), we estimated cock density
by Distance sampling in the same sample area and with
the same data of the present study.

Here I used the results of that work to evaluate the
density value for each sample site (observation point) by
applying the best detection function we obtained to the
encounter rate of each sample. To evaluate the effect of
habitat variables on density, I carried out linear models
(LM) of cock density vs the habitat variables measured in
a 37-ha circle around each observation point. In particular,
I used the variables obtained by the forest resources map
of the Piedmont Region since it was the map that allowed
us to obtain the best results in Nelli ez al. (2013); further-
more, using QGIS I evaluated aspect by calculating aver-
age northness and eastness in the plots starting from a 25
m digital terrain model with the formulas (Zar, 1999):

northness = cos(asp * 7/ 180)
eastenss = sin(asp * 7/ 180)
where asp is the original aspect measured in 360 degrees
in the digital terrain model.

In this way, I obtained variables varying from -1 to
+1, where -1 indicates, respectively for northness and
eastness, a higher exposure to south and to west and +1 a
higher exposure to north and to east.

For the model selection, 1 followed the information
theoretic approach (Akaike, 1973) with multi-model in-
ference. I ranked the models by the corrected value of
Akaike’s information criterion (AIC) and by relative
importance expressed as their Akaike’s weights (w;; An-
derson et al., 2000, 2001). Each models with AAIC <2
was validated by testing for the deviation from normality
of the residual distribution by a Shapiro-Wilk normality
test and calculating the variance inflation factor (VIF) to
detect collinearity among predictors (Zuur et al., 2010). 1
used the selected models to calculate the average model.
Finally, I used the regression coefficients of the average
model to forecast the potential density of male rock ptar-
migans in each hexagonal cell by applying the regression
equation.

RESULTS

After applying the LogRA equation to the study area,
I obtained a potential distribution of 38.2 km? that corre-
sponds to 35.2 % of the Park territory (Fig. 3).

@ Fotential distribution

Fig. 3 - Potential distribution of male rock ptarmigans in the Veglia-Devero Natural Park, Italy.
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Tab. 1 - AICc of the multiple regression models of male rock ptarmigan density in the Veglia-Devero Natural Park,
Italy. Only models with AAICc are shown. AICc = corrected Akaike’s information criterion, AAICc = difference in
AICc between a given model and the best model, w = Akaike’s weight, VIF = variance inflation factor.

Model | Variables (VIF) AIC, | AAIC | w

1 Northness (1.007), grassland (1.126), rocky grassland (1.133) 89.44 | 0.00 | 0.41

2 Eastness (1.215), northness (1.192), grassland (1.152), rocky grassland | 89.89 | 0.45 | 0.33
(1.133)

3 Grassland (1.126), rocky grassland (1.126) 90.29 | 0.85 | 0.27

In the sample area, we detected 42 male rock ptarmi-
gans. By distance sampling we estimated a density (+SE) of
5.5+0.99 males per km? in 2011 (Franceschi et al., 2014).

With multi-model inference, 1 selected 3 models
that predicted the number of male rock ptarmigans well
(AAIC <2, Tab. 1). The model that explained the variance
of the dependent variable best was the one that includ-
ed northness, grassland percentage, and rocky grassland
percentage. The other two models had a good predictive
power: one included eastness in addition to the former
variables (AAIC =0.45) and the other contained only
grassland and rocky grassland (AAIC =0.58). The VIF
values showed no collinearity among predictors in all
three models, and all of them had a normal distribution of
residuals (Shapiro-Wilk test; all P>0.2).

The most important variables were the percentage of
grassland and rocky grassland (Xw=1), which both had a
significant positive effect on male rock ptarmigan density.
Northness and eastness had a negative effect, but they
were less important, in terms of predictive power, and not
significant (Tab. 2).

The carrying capacity of the Park territory, given by the
average model applied to all the suitable cells as resulted by
the LogRA model, was 174 male rock ptarmigans with a po-
tential average density (£SE) of 5.1 (+0.27) males/km? and
95% confidence intervals between 4.5 and 5.6 (Fig. 4).

Tab. 2 - Model averaged coefficient (B) of habitat variables
for the prediction of male rock ptarmigan density in the
Veglia-Devero Natural Park, Italy. LCI = 95% lower
confidence interval, UCI = upper confidence interval, Zw
= sum of Akaike’s weights.

Variable p LCI | UCI Xw
(Intercept) 0.59 | 042 | 1.60 -
Grassland 0.01 0.00 | 0.02 1.00

Rocky grassland 0.03 0.01 | 0.05 1.00
-1.10 | —2.23 | 0.02 0.73
-0.59 | -1.38 | 0.19 0.33

Northness
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Potential density (males/km?)
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Fig. 4 - Potential density of male rock ptarmigans in the Veglia-Devero Natural Park, Italy.
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DISCUSSION

Considering the results of the models of Nelli et al.
(2013) and those obtained in the present work, it is pos-
sible to identify suitability gradients for male rock ptarmi-
gans in the considered study area.

The suitable areas for the presence and abundance of
rock ptarmigans represents the whole of the habitat con-
ditions necessary for its conservation and management.
The use of habitat suitability models is therefore desir-
able, because they identify the key factors responsible for
the fluctuations of a species and the areas critical to their
maintenance and protection.

In the present work, I focused on the effects of hab-
itat variables related to cover types and to orographic
features. These two sets of information were good pre-
dictors of both the presence and density of male rock
ptarmigans. As predictable, my results indicated that
plots with higher proportions of alpine grassland had a
positive effect on probability of the presence and on den-
sity (Favaron et al., 2006; Wilson & Martin, 2008; Rev-
ermann et al., 2012). Unfortunately, no detailed infor-
mation was available on the effective use of grassland,
e.g. the amount of grazing cows during the study period
or the spatial location of used pastures. These factors
are indeed very important, because they are the origin
of many transformations of alpine landscapes and there-
fore are important for defining the suitability of areas for
rock ptarmigans and for other grouses and not-grouses
alpine breeding bird in general (Baines, 1996; Magnani,
1998; Calladine et al., 2002; Zeitler, 2003; Angelstam,
2004; Pearce-Higgins et al., 2007; Wegge & Rolstad,
2011; Cocca et al., 2012).

Another group of variables that I couldn’t take into
consideration was that related to the anthropogenic im-
pact caused by sport activities. It is well known that both
winter and summer activities, such as skiing, snowshoes
trails, eliski, hiking, mountain-biking, and paragliding
have negative effects on avifauna and in particular on al-
pine galliforms (Ménoni & Magnani, 1998; Zeitler, 2001;
Patthey et al., 2008; Watson & Moss, 2004; Arlettaz et
al, 2007; Laiolo, 2007) and that these activities should be
limited or avoided at least in core areas for species con-
servation (Storch, 2007), but quantifying these data is dif-
ficult to achieve with simple field observations.

Nevertheless, the information contained in the digital
maps we used were sufficient to develop models with a
good predictive power, although a combined use of dif-
ferent scale models should be encouraged, for example
integrating landscape models (obtained by using GIS-
measured variables) with species specific ecological data
(obtained by field-measured variables) (Brambilla et al.,
2009).

At present in the scientific community, there is a fer-
vent debate about which methods and models are the best
to define the suitability of a territory and the potential dis-
tribution of a species (Liu et al., 2005, 2011; Hernandez
et al., 2006). In my work, I decided to use a widely used
method in ecology and used 0.5 as threshold for potential
presence of the species (Manel ez al., 1999a; 1999b; 2001;
Luck, 2002; Stockwell & Peterson, 2002; Woolf et al.,
2002).

In Nelli et al. (2013), I showed how grasslands and
rocky grasslands were important for defining the suitabil-
ity of areas for male rock ptarmigans in terms of potential
presence. Here I found that the same habitat variables are
good predictors in predicting not only the likely presence
of the species but also a higher density and thus abun-
dance.

Though north and east facing slopes had a lower pre-
dictive importance, they showed a negative effect on
density. In Nelli et al. (2013), we didn’t use the north-
ness and eastness variables, but we used the integrated
metric of solar radiation to evaluate the preference for
aspect, and in that case, we obtained a positive effect
suggesting a general preference for south-facing slopes.
Both these results are in contrast with what was re-
ported by Revermann et al. (2012). The explanations
we tried to give in Nelli et al. (2013) were two. The
first was due to the sampling method that we used: we
sampled males in the first hours of the day when birds
display in the first areas exposed to the sun. The second
was that the reproductive success of rock ptarmigans is
demonstrated to be related to an early date of snowmelt
(Novoa et al., 2008; Wilson & Martin, 2010), so we hy-
pothesized that males during the sample period had al-
ready selected those territories that confer higher chick
survival. With the results of the present study, I further
support these hypotheses.

The majority of studies that evaluate the habitat
suitability for an animal species normally use tech-
niques that give the results as the probability of species
presences and therefore the potential distribution (Liu
et al., 2005; Allouche et al., 2006; Miller, 2014). The
potential distribution of a species is important to deter-
mine, but in some cases estimating the potential den-
sity and abundance and therefore the carrying capacity
of a habitat can supply tools for better understanding
the species ecology in a particular area. The rock ptar-
migan on the Alps is particularly suffering the effects
of climate change (Imperio et al., 2013) and to coun-
terbalance it, protecting the parts of more suitable land
with more aimed interventions is desirable. Economic
resources are limited, especially for nature conserva-
tion, therefore the identification of these priority areas
is fundamental.
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