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ABSTRACT

This research work focused on the evaluation of population trends and conservation threats of three
Alpine Galliforms species in Italy, namely Black grouse (Lyrurus tetriz L.), Alpine Rock ptarmigan
(Lagopus muta helvetica Thienemann) and Alpine Rock partridge (Alectoris graeca sazatilis
Bechstein). Despite being listed in Annex I and II of the Birds Directive 2009/147/CE and having
unfavourable conservation statuses, to date the assessment of medium term national trends relied
chiefly on extrapolations of local data to national scale, since a national survey scheme has not yet
been implemented. Global change is predicted to severely affect species’ conservation within the XXI
century, but only few studies have analysed the role of land use/land cover changes in this context.
Based on these premises, I performed a first-ever assessment of a medium term trend of the three
target species, exploiting all available data on annual counts and game bags, both as individual
proxies and in an integrated fashion (Chapter 1 and Chapter 2). According to the results, the current
IUCN conservation statuses of the Italian populations seem appropriate (LC for Black grouse, VU for
Rock ptarmigan and Rock partridge; estimated population reductions from 1996 to 2014,
respectively, -11%, -58%, -43%), although uncertainty on trends remained high, possibly influenced
by different game management policies enforced in regions, which act on hunting pressure and census
effort. However, the integration of counts and bags helped improving estimates precision and
reducing bias by increasing sample size and averaging proxy-specific bias sources. No clear regional
patterns emerged, except a W-E gradient in pre-Alpine Black grouse populations.

Subsequently, I showed that intensive land abandonment is likely to have caused the observed Black
grouse negative trend in pre-Alpine areas (Chapter 3). The comparison of past and present land
cover, also with the help of remote sensing techniques, revealed a massive habitat suitability loss in
Central Alps (Lombardy region) from the early 1980s to present time, resulting from shrub
encroachment and forest ingrowth, chiefly at lower elevations and in wood pastures. Habitat loss (-
66% in the outer Alps, -23% in the inner Alps) was not compensated by gains at higher elevations,
that occurred only marginally in the inner Alps.

Finally, T tested whether marginal grouse populations living in sub-optimal environments are

characterized by ecological plasticity, which could help buffering predicted negative impacts of global



change (Chapter 4). This hypothesis was not confirmed for the Rock ptarmigan. Conversely,
populations living in the core of the Alpine range exhibit more plasticity than marginal, exploiting a
wider range of environmental conditions.

This PhD project led to an increase of knowledge of the conservation status of Italian Alpine
Galliforms, with an in-depth analysis on factors affecting conservation of populations. I highlighted
the need for a national survey scheme and national game management guidelines applied uniformly
across the Italian Alps to improve the robustness of population abundances data in order to allow the
elaboration of national management and conservation strategies on solid bases. Then, I recommend
that habitat management measures should be implemented either to directly constrast the negative

effects of land use/land cover changes or to indirectly compensate for climatic alterations.



INTRODUCTION

Biodiversity, global change and conservation biology

Since the UN “Earth Summit” held in Rio de Janeiro in 1992, which led to the enforcement of the
Convention on Biological Diversity (CBD), biodiversity conservation has become a major theme in
environmental policies worldwide. In 25 years, scientific knowledge of the role of biodiversity as key
factor in regulating ecosystems and their equilibria increased as a result of an exponential growth of
biodiversity-related research (Liu et al. 2011). Conservation biology, defined as “crisis discipline” by
one of its founders Michael Soulé (1985), has become meanwhile an independent branch of
knowledge, with a number of dedicated journals. It is a multidisciplinary science, which draws on
several disciplines, including basic (e.g. physiology, genetics, ecology, biogeography) and applied
sciences (e.g. natural resource management, hazard evaluation), as well as economics, law and social
sciences. Its basis has been increasingly embedded into land management, agricultural and energetic
policies.

Focal aspects of conservation biology are the assessment of species population trends, the evaluation
of the drivers of population dynamics and changes in abundance and distribution, the study of
community-related effects, the quantification of diversity and its variation from genetic to ecosystem
scale, the prediction of future scenarios. Each of these topics can be approached from a different
spatial and temporal resolution. On a geographic basis, the research scope may range from single
populations with limited distribution to global diversity studies, while with regard to time, the
analysed period mostly depends on the length of available time series. Usually, spatial and temporal
resolution are inversely correlated; data on single population abundance, or its proxy, may start in
the 19" century, while the first global diversity assessment dates back to the end of the 20" century
(Watson and United Nations Environment Programme 1995). Most valuable research comes where
the two contrasting issues meet, that is, at the wider spatial and longer temporal scale (Henle et al.
2014). Nevertheless, specific questions may be answered only at smaller scales with a finer resolution
and possibly mechanistic explanation of the observed phenomenon. The major threats to biodiversity

have been identified with the help of conservation biology, both as direct drivers (habitat



degradation, fragmentation and loss, invasive alien species, climate change, pollution, over-
exploitation) and indirect drivers (demands for food and energy, energy, which ultimately derive from
increasing exploitation of natural resources), with uneven impacts between rich and poor countries
(Soulé 1991; Secretariat of the Convention on Biological Diversity 2014). However, local and global
conservation strategies outcomes have been a mix of successes and failures, with a significant gap
between proposed and implemented conservation actions (Hayward 2011).

Biodiversity loss is identified as the most crucial aspect of global change; the current extinction rate,
estimated as 100 to 1000 times higher than the basal natural rate, has overshot well beyond the
“planetary boundaries” associated with the Earth’s biophysical processes that guarantee a “safe
operating space” for mankind (Rockstrom et al. 2009). In fact, the “move, adapt or die” paradigm of
biogeography is concerning all plant and animal taxa across different regions of the world at the same
time (Thomas et al. 2004) and the speed at which species will be able to shift their niches in time, in

space or physiologically will determine winners and losers (Bellard et al. 2012).

The Alpine biodiversity

The Alps represent a continuum of different ecosystems from sub-Mediterranean scrubs to high
tundra vegetation, enclosing the equivalent of thousands of kilometers of latitudinal gradient at a
small geographical scale. Hence, the Alps are considered a biodiversity hotspot (Korner and Spehn
2003). Annex I of the Habitats Directive (92/43/EEC) lists in total 198 habitat types of which 100
Annex I habitat types are found in the Alpine region. Vascular plant flora comprises more than 4500
species, a figure equivalent to about 40% of the native flora of Europe (Ozenda 1985), albeit sharing
only 2% of the continental area. Endemic species represent 10% of the flora (Theurillat 1995). Fauna
is estimated counting more than 30000 species (Chemini and Rizzoli 2003).

Geographic, geologic, geomorphologic, biogeographic, climatic and anthropogenic factors contribute
to the observed high richness of species. The Alps are centrally located in the European continent,
sharing elements of several biota whose distributions often meet there. For example, a substantial
percentage of the Swiss flora is present in other mountain ranges or even other continents (Sierra
Nevada 35%, Central Pyrenees 65%, Scandes 46%, Ural 24%, Altai 31%, Caucasus 29%, Himalaya

29%, Ozenda 1985). Being Alps a relative recent range that originated in the Late Mesozoic,
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ecosystems are distributed along steep slopes, which determine a sharp climatic gradient. High alpine
species are exposed to the same ecological conditions which can be found in the sub-Arctic,
nonetheless possibly surrounded at close distance by thermophilous broadleaf forests, which occupy
lower elevations. Local geomorphologic conditions (aspect, slope, terrain roughness) further enhance
climatic diversity by determining the existence of different microclimates. Soils biogeochemistry is
influenced by climatic conditions and by the different substrata that can be found in the Alps, which
have a central backbone of crystalline rocks and external fringes of limestone and schist. This
promotes plant diversity, both alpha (species) and sub-alpha (genetic, hence, for plants, ecotypes), by
means of ecological vicariance. From the biogeographic standpoint, a number of species across animal
and plant taxa show a so-called “Arctic-Alpine distribution” resulting from glacial and interglacial
events that occurred in the Quaternary, which determined rapid and extensive distribution shifts
north-southwards, with population isolations followed by subsequent recolonizations (Habel and
Assmann 2009). The Alps played an important role in the course of this process acting as refugia
throughout several glacial cycles and currently host many cold-adapted species for which they usually
represent their foremost and often disjoint population. Finally, man has shaped the Alpine
environment for centuries exploiting natural resources for food, timber, stones and, more recently, for
energy and recreation. Human settlements in the Alps dates back to the Mesolithic (Scoz et al. 2016),
but only in the last centuries did landscape markedly change because of anthropogenic actions. A
certain part of the biodiversity of the Alps is therefore linked to semi-natural environments and to
traditional land-use. Biodiversity benefitted from increased structural heterogeneity in the resulting
cultural landscape, especially below the treeline where most grasslands are of anthropic origin. The
plant species diversity of these grasslands is estimated being 3 times higher than in the forests they

replace (Fischer et al. 2008).

Global change and Alpine biodiversity

Climate change

The effects of climate and land use changes are clearly detectable on Alpine biodiversity from a vast
scientific literature that has addressed this issue in the past 40 years. First reports of warming-

induced species upward shifts date back to the early 20" century (Klebelsberg 1913), subsequently



confirmed as increase of species richness at high elevations (Braun-Blanquet 1958; Grabherr et al.
1994; Walther et al. 2005; Parolo and Rossi 2008). A response of vegetation to climate warming has
been evidenced in different aspects of plant ecology, such as species distribution (Dirnbock et al.
2003), composition of communities (Pauli et al. 2007, Gottiried et al. 2012), vegetation structure
(Dullinger et al. 2003), species phenology (Moser et al. 2010) and ecosystem productivity (Zweifel et
al. 2010). With respect to species distribution, several different possible shift patterns along the
elevational gradient related to climate change were identified by Maggini et al. (2011), including
leading edge expansion, trailing edge retraction, optimum shift, range shift and change in abundance.
The first pattern has been detected in 33 out of 95 Alpine birds species in Switzerland (Maggini et al.
2011), but also invertebrates have been shown to track climate warming by expanding range towards
higher elevations (Juillerat 2005). Nevertheless, elevational shifts are far from being a universal
species response, as lack or weak upward movements have been shown for other plant and animal
species (Archaux 2004; Popy et al. 2010; Cannone and Pignatti 2014). The increase of extreme
weather events, such as heat waves, drought or heavy rains affects populations fitness through
recruitment failure, reduced survival or physiological alterations on individuals (Gehrig 2006; Jonas
et al. 2008; Larcher et al. 2010). However, a certain degree of ecosystem resilience helps delaying the
effects of climate change at community level (Menéndez et al. 2006; Devictor et al. 2008). A
remarkable amount of research has been focusing on predicting the response of communities
depending on future climatic scenarios. Consequences expected by the end the 21°" century include
species turnover, local extinctions and biodiversity loss (Settele et al. 2008; Pearman et al. 2011;

Chamberlain et al. 2013; Maggini et al. 2014).

Land use change

At the same time with the observed warming, in the last few decades changes in society and
agricultural production methods have led to substantial changes in land-use systems and
abandonment of traditional practices across the whole Alpine chain. This dynamic is an aspect of the
so-called LULCC (‘land use/land cover changes’), which are an essential part of the wider global
change scenario (Meyer and Turner 1994). Indeed, the Alpine landscape was shaped for centuries by
agricultural activities that led to diverse ecosystems with high levels of biodiversity (Tasser and

Tappeiner 2002), especially along forest-meadows ecotones, which ultimately were markedly shaped
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by cattle grazing and hay mowing. The vegetation succession following abandonment of traditional
practices resulted in a structural change from open to closed landscape and from high to low
patchiness, with reduction of the ecotonal environment and habitat heterogeneity. Negative effects of
the decline of traditional farming that is been occurring since the mid-20" century are recorded
across different taxa inhabiting open and semi-open habitats (Dirnbock et al. 2003; Laiolo et al. 2004;
Settele et al. 2008; D’Amen and Bombi 2009; Zimmermann et al. 2010; Koch et al. 2015). Treelines
are temperature-controlled boundaries (I<orner and Paulsen 2004), but historically man contributed
to move their elevation 150-300 m lower (Holtmeier and Broll 2005 Wallentin et al. 2008).
Subsequent to land abandonment, treelines are currently climbing to higher elevations filling the gap
with their potential climatic position (Gehrig-Fasel et al. 2007). Climate change interacts with land
abandonment by accelerating the recolonization of woody vegetations especially at lower elevations,
providing more favourable conditions for shrubs and trees growth (Bolli et al. 2007; Leonelli et al.
2011; Boulangeat et al. 2014; Tasser et al. 2017), but at short time scale most of the observed
upward shift of treelines is attributed to a gap-filling process and temperature increases only play a
marginal role (Gehrig-Fasel et al. 2007, Kulakowski et al. 2011). Indeed, treeline position is believed
to lag behind climatic changes by at least 50 years, due to recruitment lags, slow tree growth and
competition with faster-growing shrub layer (Dirnbock et al. 2003; Harsch et al. 2009; Korner 2012).
Increase in forest cover and density causes also a positive feedback by limiting the effect of avalanche
disturbance, which represented a major driver of forest structure and treeline position enhanced by
human deforestation in previous centuries (IKulakowski et al. 2011; Bebi et al. 2017). In turn, the
decline in avalanche frequency was shown to increase the relative importance of climatic stress at the

treeline (Kulakowski et al. 2006).

Recreational activities

The Alps represent also a major global tourism destination, with an estimated 120 million overnight
stays per year (Permanent Secretariat of the Alpine Convention 2010). Ski resorts have been created
in many parts of the Alps since the early 20" century, making ski-tourism an important economic
activity, providing 10-12% of the jobs in the region (Agrawala and Organisation for Economic Co-
operation and Development 2007). The area converted into ski-runs has still increased recently

(Abegg et al. 2007), despite the threat of an upward shift of the snowline and the duration of



snowcover caused by climate change (Elsasser and Messerli 2001; Abegg et al. 2007; Durand et al.
2009; Beniston 2012) and the consequent severe economic impact predicted for the next decades
(Meier 1998; Unbehaun et al. 2008). Winter sports, are threatening Alpine biodiversity due to habitat
fragmentation and degradation from ski-related urban development and direct human disturbance to
wildlife and vegetation (Rixen and Rolando 2013; Sato et al. 2013), a conflict that is predicted to
intensify in the future due to climate change (Brambilla et al. 2016). Reduced diversity caused by ski
runs has been detected in various taxa, such as orthopterans (Negro et al. 2010; Kefiler et al. 2012),
dipterans (Haslett 1997), coleopterans (Negro et al. 2009, 2010), mites (Baratti et al. 2000), spiders
(Negro et al. 2010), small mammals (Negro et al. 2009; Rehnus et al. 2014) ungulates (Hamr 1988)
and birds (Laiolo and Rolando 2005; Rolando et al. 2007; Arlettaz et al. 2007; Patthey et al. 2008),
as a result of skiers disturbance, landscape fragmentation, soil perturbations and artificial snow-
making. Vegetation structure and composition are affected by ski runs management likewise,

resulting in lower plant species diversity (Wipf et al. 2005).

Alpine Galliforms conservation threats in changing environments

Alpine Galliforms are bird species belonging to the pheasant family (Phasianidae). In the Alps 5
species are found, 4 belonging to the grouse subfamily (Tetraoninae, i.e. Black grouse Lyrurus tetrix
L., Capercaillie Tetrao urogallus L., Alpine rock ptarmigan Lagopus muta helvetica Thienemann,
Hazel grouse Tetrastes bonasia L.) and one to the partridges and francolins subfamily (Perdicinae,
i.e. Alpine rock partridge Alectoris graeca sazatilis Bechstein) (del Hoyo et al. 2017). Common traits
are found in a mostly ground-dwelling lifestyle, a lack of a proper migrating behaviour - albeit winter
displacements are observed within the range of few tens of kilometers or few hundred metres in
elevation (Ellison et al. 1989; Bernard-Laurent 1991) - and a diet largely based on plant material,
with specific adaptations of the digestive system, such as the presence of a well-defined crop, a
muscular gizzard and very long caeca.

Grouse and Rock partridge have different biogeographic histories and ecological requirements only
partly overlapping. The formers are boreal species that underwent peripatric speciation from a
common western Nearctic ancestor (Drovetski 2003), whose Alpine populations represent in fact the

marginal fringe of a wide Euro-Siberian distribution. Quaternary glaciations influenced grouse
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distribution on the Alps, especially the Rock ptarmigan, which has a disjoint Arctic-Alpine range.
Genetic evidences show that Black grouse Alpine populations derive from several southwards
distribution shifts following different glacial pulses events (Caizergues et al. 2003b) while Capercaillie
and Hazel grouse isolation from the main core of their distribution is the consequence of extinction of
lowland populations that once inhabited Central Europe, caused by anthropogenic landscape
transformations (Segelbacher and Piertney 2007). Grouse have specific eco-ethological and anatomical
adaptations to cold climates common to all species, albeit some anatomical features are more
prominent in Lagopus spp., which lives in the harshest environments among grouse, or in
Siberian/Fennoscandian populations (Potapov and Sale 2014). In all grouse tarsi are feathered to the
base of the toes, except for Lagopus spp., in which also toes are completely feathered, to insulate hind
limbs from cold and to improve buoyancy while walking on snow. Similarly, nostrils are feathered to
reduce heat dissipation and toes have horny pectinates along the sides, a feature that is considered an
adaptation to digging snow burrows. In fact, grouse are able to withstand boreal and Alpine winters
also by roosting in snow burrows, where temperatures can be up to 40°C higher than the ones found
outside the snow cover (Marjakangas et al. 1984). The proportion of the day spent in burrows is
inversely proportional to the temperature (Marjakangas 1986). In the Alps, where climate is milder
than Siberia or Fennoscandia and snow is usually less powdery, birds often roost perching in trees
during the night (Bocca et al. 2013).

Rock partridge, conversely, is an endemic species of Central Mediterranean mountain ranges, thus
has a much more limited global distribution and lacks of specific behavioural and anatomical
adaptations to cold climates. Hence, populations nesting at high elevations, sometimes in syntopy
with Rock ptarmigan, in winter are forced to move at mid-elevations to avoid persistent snow cover
(Liips 1980, 1981, 2004).

All 5 Alpine Galliforms belong the small group of 11 species listed both in the EU Birds Directive
2009/147/CE Annex I (priority species) and Annex II (huntable species). Hence, management
strategies of these species need to integrate both socio-economic aspects and conservation targets.
Obtaining robust data and reliable models on population dynamics to achieve conservation goals,
allowing a sustainable exploitation at the same time, is essential. According to the TUCN, none of
these species is globally threatened, Rock partridge being an exception (classified as Near Threatened

- NT, BirdLife International 2016). Nonetheless, their Alpine populations are locally declining or have



shown recent distribution shrinkage, so national red lists classify them from Least Concern (LC) to
Critically Endangered (CR, Capercaillie in Germany, Stidbeck et al. 2007), depending on the species
and the state. Table Al summarises the classification of the conservation statuses according to

national and international red lists.

Table A1 - IUCN classifications of Alpine Galliforms species at various scales. Species abbreviations: BG, Black grouse;
CAP, Capercaillic; HG, Hazel grouse; PTA, Rock ptarmigan; PAR, Rock partridge. Conservation status abbreviations: LC,
Least Concern; NT, Near Threatened; VU, Vulnerable; EN, Endangered; CR, Critically Endamgered; R, rare; np, not
present. Sources: Global: BirdLife International 2010; Europe and EUZ27: BirdLife International 2015; FR: UICN France,
MNHN, LPO, SEOF & ONCFS 2011; IT: Peronace ct al. 2012; CH: Keller ¢t al. 2010; AUT: Zulka 2005; DE: Studbeck et
al. 2007; SLO: BirdLife International 2015.

EU27 FR IT CH AUT DE SLO
GLOBAL EUROPE e |
— |
NT increase
- decrease
NT decrease
LC decrease
n fluct./
P decrease

Table A2 - Main threats to Alpine Galliforms species, in a scale from 0 (no threat) to 3 (major threat). Modified from
Chamberlain et al. 2010. Species abbreviations: BG, Black grouse; PTA, Rock ptarmigan; PAR, Rock partridge.

Land Climate

Species aband. A Energy Forestry Grazing Hunting Leisure Urbaniz.
BG 2 2 0 2 2 1 3 3
PTA 0 3 0 0 2 3 3 3
PAR 2 2 0 0 2 3 3 3

Black grouse, Rock partridge and Rock ptarmigan were identified as the 3 most threatened species
out of 69 Alpine birds according to a panel of 19 experts interviewed by Chamberlain et al. (2016).
Among the 8 threats evaluated, only ‘energy’ (‘developments in renewable energy such as wind
turbines, hydroelectric power’) and ‘forestry’ were considered of minor importance, while all other 6

received high scores, especially ‘climate change’, ‘leisure’ and ‘urbanization’ (Table A2). Hereinafter
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I reviewed the literature that treated more specifically some of these threats in relation to Alpine

Galliform conservation.

Distribution and population size

As stated before, Alpine Galliforms populations represent just a fraction of their European
populations. Each species is estimated counting a few tens of thousands of individuals in the Alps
(Black grouse, 55000-75000 displaying males; Capercaillie, 11000-17000 displaying males; Hazel
grouse, 30000-55000 breeding pairs; Rock ptarmigan, 30000-50000 breeding pairs; Rock partridge,
11000-19000 breeding pairs; BirdLife International 2015a).

Alpine grouse populations live at the edge of species distributions, which is an intrinsic element of
vulnerability, as marginal and isolated populations are considered more vulnerable to decline and
extinction than core populations (Purvis et al. 2000). More specifically, in Alpine grouse reduced gene
flow and genetic drift is further enhanced by limited post-natal dispersal and high philopatry that is
characteristic of the subfamily (Martin and Hannon 1987; Caizergues and Ellison 2002). A genetic
fingerprint of population fragmentation and isolation was detected on Black grouse, whose Alpine
populations show low genetic diversity, measured as observed heterozygosity, expected heterozygosity
and allelic richness, compared to Fennoscandian populations, where effective population size is
remarkably higher (Caizergues et al. 2003b; Hoglund et al. 2007). Isolation-by-distance was detected
in Rock ptarmigan (Caizergues et al. 2003a), Capercaillie (Segelbacher and Storch 2002), and Hazel
grouse (Rozsa et al. 2016), favoured by the presence of mountain ridges that act as barriers to
dispersal (Segelbacher and Storch 2002; Kormann et al. 2012). However, Alpine Rock ptarmigan
populations show higher genetic variability and higher allelic richness compared to Scandinavian and
circumpolar populations (Collini 2011), likely resulting from the process of post-glacial recolonization
from southern refugia (Hewitt 2004).

Rock partridge has instead a restricted worldwide range, which is an element of vulnerability as well.
Moreover, it was shown that the species have lost variability through past population declines, and

did not expand recently (Randi et al. 2003).



Climate change

Grouse are boreal/sub-arctic species well-adapted to live in cold climates, and are among the species
able to withstand the harshest Siberian winter cold spells (Andreev 1999). Hence, climate warming is
expected to induce direct and indirect negative effects on the species. Among direct effects,
temperature rising beyond a certain threshold in summer limits Rock ptarmigan activity and feeding,
which was observed selecting fresh microclimates in the shade (Visinoni et al. 2014). In the Swiss
Alps, its distribution is confined to areas where mean July temperatures are below 10-12° C
(Revermann et al. 2012). In fact, according to the ‘heat dissipation theory’ (Speakman and Krol
2010) endothermic animals are limited by the ability to dissipate body heat rather than by the
competition for a limited energy supply. For example, in Neartcic White-tailed ptarmigan (Lagopus
leucura Richardson) panting seems to be triggered by temperatures beyond 21° C (Johnson 1968).
Breeding success was shown to be negatively affected by precipitations and extreme weather events
in spring-summer (Bernard-Laurent and Léonard 2000; Novoa et al. 2008; Barnagaud et al. 2010), a
climatic feature whose frequency is expected to increase in the future (Beniston et al. 2007).
Galliform chicks are not able to fully thermoregulate until they are 8-10 days old, so they are
susceptible to cold and relatively high humidity (Boggs et al. 1977). Population dynamics seem
influenced as well by changes in autumn-winter weather conditions. Delayed snow cover in autumn
raises predation risk for Rock ptarmigan causing a mismatch with plumage (Imperio et al. 2013).
Extreme winter conditions (cold/wet or warm/dry) negatively affect breeding success in the following
summer, presumably by altering hens conditions, which either allocate more energy to survival than
to reserve storage or become more exposed to predation or night chill if snow layer is too thin or
absent, preventing the use of snow burrows (Barnagaud et al. 2010; Viterbi et al. 2015), a feature
observed also in White-tailed ptarmigan (Wang et al. 2002).

As indirect effect of climate change, trophic resources get altered, reducing individual fitness. In fact,
inclement weather may reduce the availability of arthropods or cause a mismatch with hatching,
resulting in poor chick growth and increased mortality (FErikstad and Andersen 1983; Ludwig et al.
2006; Wegge and Kastdalen 2008). Moreover, food supplies and quality may be severely affected by
an increase of secondary metabolites stored in food plants, hence affecting hen fitness and
consequently limiting breeding success (Selas et al. 2011; Forbey et al. 2013). Another indirect effect

is a potential increase in parasite diseases outbreaks related to extreme climatic events, favoured by a



Introduction I_-

reduction in arrested larval stages, which eventually may cause large-scale synchronization of
parasitic infections and, therefore, of population fluctuations (Hudson et al. 20006).

A major consequence of climate change on Alpine Galliforms is an elevational upward distribution
shift, both observed and predicted (Revermann et al. 2012; Zurell et al. 2012; Pernollet et al. 2015),
although lack of response was also detected locally (Novoa et al. 2016). Distribution shifts caused by
climatic warming is unidirectional and follows the temperature gradient. This defines within
populations distribution a leading edge at higher elevations and a trailing edge at lower elevation
(Pernollet et al. 2015). Elevational shifts of Alpine populations are ecologically equivalent to north-
eastwards latitudinal shifts predicted for Fennoscandian populations (Elmhagen et al. 2015) and,
more generally, at continental scale (Huntley et al. 2006, 2007). Range upward shifts necessarily
imply a distribution shrinkage at medium-long term, as the relative proportion of land decreases with
elevation, and possibly determine increased isolation of populations. This represent a major threat
especially for Rock ptarmigan, which already lives at high elevations. The lack of shift observed in
some pre-Alpine Swiss populations may be linked to the fact that the species already lives at the
edge of suitable environment, as mountain ranges locally do not pass 2500 m (Pernollet et al. 2015).
An open question is whether Alpine Galliforms are able to buffer negative effects of climate change
through a certain degree of ecological plasticity, as it has been observed in other birds species in
Europe, which were shown to have partially adapted some life-history traits or breeding phenology to
increasing temperatures and seasons onset shifts (Nussey et al. 2005; Charmantier et al. 2008; Both
and Visser 2011). In Finnish Black grouse populations, lekking behaviour is reported having
advanced in the past four decades, resulting in a shift in hatching dates (Ludwig et al. 2006).
However, breeding phenology of Rock ptarmigan populations in the French Alps and Pyrenees seem

not to track climate change likewise (Novoa et al. 2008).

Land use changes

Subalpine areas are currently undergoing an unprecedented land abandonment, that is progressively
causing loss of semi-natural elements of the cultural landscape. Farming discontinuation and forest
expansion is considered the most relevant land use/land cover change in Italy in the second half of
the 20™ century (Piussi and Pettenella 2000), with an estimated 800,000 ha of pastures and hay

meadows abandoned in the Italian Alpine slope during this period (Chemini and Giannelle 1999). In



Switerzland, forested area has expanded by one third from 1850 on, mostly as natural regrowth on
abandoned agricultural land (Mather and Fairbairn 2000; Gellrich et al. 2007). This phenomenon in
the pre-Alps occurred much faster than in the inner Alps, favoured by warmer and wetter climate
and mainly lead by broadleaved, faster growing species (Piussi and Pettenella 2000). In Italian pre-
Alps, traditional farming abandonment started in the 1950s, whereas in the inner Alps farming
activities declined to a minor extent (Della Marianna et al. 2004).

Densification of woody vegetations are detrimental to Black grouse, since a balanced mosaic of trees,
shrubs and grassland is necessary for food and cover of chicks (Magnani 1988; Patthey et al. 2012;
Braunisch et al. 2016). The process is mainly driven by tall shrubs as the Green alder (Alnus viridis
(Chaix) DC) and the Dwarf mountain pine (Pinus mugo Turra) and dwarf shrubs as Rhododendron
(Rhododendron spp. L.) and Junipers (Juniperus spp. L.). In particular, Green alder, which
traditional farming and agricultural activities confined to steep slopes and avalanche tracks, has
spread on wet and nitrogen-rich meadows, with detrimental effects on arthropod biomass availability
to Black grouse chicks (Anthelme et al. 2001). Food availability is crucial for Black grouse chicks
survival. Being a ground-dwelling precocial species, chicks have extremely high energy requirements,
which lead them to a 30-fold body mass gain in 6 weeks, supplied by intensive foraging sessions on
arthropods (caterpillars, ants, spiders, grasshoppers, bugs) (Ponce 1992; Signorell et al. 2010). Dwarf
shrubs are important features in Black grouse habitat as they provide quick shelter from predation,
which represent the major cause of grouse chick mortality (Hannon and Martin 2006), but when
shrub/meadow cover ratio is high, they become an impediment to foraging movements and limit
invertebrate availability. The optimal breeding habitat results therefore from a trade-off between
food abundance and predation risk, in which none of meadow/shrub/forest layers should cover more
than 50% (CREN Rhone-Alpes 2009). Land use changes have already lead Germany lowland Black
grouse populations to the verge of extinction causing a dramatic decline from the 1950s to the 1970s
(Ludwig et al. 2008, 2009b, 2009a).

Also Rock partridge is likely to suffer from land abandonment, although fewer studies have directly
addressed this issue on the Alps. In particular, hay meadows located at mid- or low elevations were
intensively used by the species as winter quarters (Liips 1980, 1981), given that the species avoids
snow cover and lacks specific adaptations to cold, unlike Rock ptarmigan (Liips 2004). Disappearence

of this habitat was considered a major driver of observed population reductions in the 1970s-1980s
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(Spano and Bocca 1988; Brichetti 1990; Bernard-Laurent and De Franceschi 1994; Meriggi et al.
1998; Cattadori et al. 2003b). Similarly, land abandonment was shown as a major cause of population
declines and isolation also in the Apennines, inhabited by the subspecies A. g. graeca (Rippa et al.
2011; Sorace et al. 2013a).

Being Rock ptarmigan a species that strictly avoids wooded areas, treelines shifting upwards
resulting from the above-mentioned “gap-filling” process (Gehrig-Fasel et al. 2007; Leonelli et al.
2011) is predicted to reducee the species available habitat to 50% by the end of the 21" century
(Ferrarini et al. 2017), enhancing the displacement in elevation caused by climate change and
eventually increasing the species vulnerability (Maggini et al. 2014). A 50% reduction in the area
used by Rock ptarmigan in long-term study site in the Central Swiss Alps was already seen in a 45-
year period from 1970 to 2015, mainly caused by invasion of Arolla pine (Pinus cembra) into former
meadows (Marti et al. 2016).

Nevertheless, abandonment of grazing activities may have a positive effect in the first stages of the
vegetational succession, as it has been shown in Hazel grouse, for which spontaneous reforestation of
pastures is assumed to have triggered the recently observed southwards range expansion in the
French Alps (Montadert and Leonard 2003), and in Black grouse, whose expansion in Italian central
pre-Alps in the 1960s is attributed to land abandonment likewise (De Franceschi 1994).

However, even if cattle grazing was largely responsible for the maintenance of structural vegetation
heterogeneity in Alpine cultural landscape, early arrivals in the subalpine pastures at the onset of
June may cause brood failures and nest destructions. Moreover, herds are often kept by wandering
shepherd dogs that may threaten incubating hens (Rotelli 2014). In France, specific projects to
favour the coexistence of pastoral activities and Galliform presence have been implemented (Losinger

et al. 2011; Maillard et al. 2012).

Disturbance from recreational activities

Leisure activities have been increasingly being considered in the last decade as threat to Alpine
Galliforms conservation, both as indirect (ski piste creation and management) and direct effects (off-
piste skiing, walking, biking, rock climbing etc.) with quantitative assessments of disturbance effects.
Physiological (stress and energetics), behavioural (activity budget) and demographical (densities)

responses of Black grouse to winter sports are heavily influenced by the presence of ski resorts and



off-piste skiing (Arlettaz et al. 2007, 2013). Wintering grounds were less frequently used or even
abandoned in the presence of snowsports, with ski-resorts and the associated ski-tourism having a
stronger impact than off-piste activities (Braunisch et al. 2011). However, off-piste skiing is
correlated to higher concentrations of faecal stress metabolites in Black grouse and Capercaillie,
suggesting that this activity may be detrimental to birds’ fitness in a season with higher energy
budget constraints (Baltic et al. 2005; Arlettaz et al. 2007; Thiel et al. 2011; Formenti et al. 2015). In
addition, the density of Black grouse cocks displaying is lower close to ski resorts and hiking trails

with respect to natural undisturbed habitats (Patthey et al. 2008; Immitzer et al. 2013).

Hybridisation

Cases of hybrids between grouse species are reported occurring rather frequently, so that they have
specific names in many languages (e.g. male Black grouse x Capercaillie hybrid is known as
Rackelhuhn in German, Mejnak in Russian, Tetraone mezzano in Italian), but this is a natural
phenomenon whose prevalence is still very low and does not affect conservation, even if hybrids are
fertile (Potapov and Sale 2014). Conversely, hybridization is considered a threat to Rock partridges
conservation, as declines in late 20" century in most of their native range used to be compensated by
massive releasing of captive-reared Chukar partridges (Alectoris chukar Gray), with whom Rock
partridge hybridises (Randi et al. 2003). Thus, the genetic integrity of the species might be at risk of
widespread introgressive hybridisation which may disrupt local adaptations in natural Rock partridge

populations (Bernard-Laurent et al. 2001; Barilani et al. 2007).

Hunting

Grouse have long history as game birds throughout all Europe since the Middle Ages and before
(Storch 2007) and hunting is still practiced also on the Alps in accordance with the prescriptions of
the Birds Directive. The long-lasting debate on whether hunting mortality should be considered
additive or compensatory to natural mortality (Nichols et al. 1984; Lebreton 2005) has concerned
also Galliforms, albeit almost all studies focused on Fennoscandian or Scottish populations, or
Nearctic species (Anderson and Burnham 1981; Ellison 1991; Sandercock et al. 2011). In the 19t%

century overhunting was believed to have occurred and to have led to population reduction (Giglioli
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1891; Arrigoni degli Oddi 1899). Hunting statistics started being recorded in the second half of 20
century, but the lack of corresponding data on hunting effort, of independent standardised surveys
and of the gradual enforcement of hunting limitations make it difficult to evaluate a possible
overhunting in this period (Cattadori et al. 2003a). However, evidence of overexploitation of
populations without harvest restrictions was shown in Southern Switzerland for the Black grouse
from the 1960s to the 1980s (Zbinden and Salvioni 1997), showing that inadequate harvest planning
may have detrimental effects on species’ conservation. Reliable monitoring schemes with data on
current stocks and annual reproductive success can minimise this problem (Ellison 1991) and are
currently enforced in all Alpine countries. Poaching has been reported most frequently from regions
with poor rural economics (parts of Asia and eastern Europe), but also from some regions that
combine relatively poor law enforcement with a high trophy or sport value of grouse, as the Alpine
region (Storch 2000, 2007). Spring hunt of displaying Capercaillie and Black grouse males at the leks,
which is traditional in Austria, involves a high risk of disturbing the social system at the lek, and
may result in reduced reproductive success (IKlaus et al. 1989, 1990). However, this hunting type has
been considered a violation to the Bird Directive and Austria was pursued in 2007 with an

infringement procedure.

Table A3 — Average annual national bags. Specics abbreviations: BG, Black grouse; CAP, Capercaillie; HG, Hazel grouse;
PTA, Rock ptarmigan; PAR, Rock partridge. ‘nh/na’ refers to either to the fact that the species is not hunted (‘no
hunting’) or that information is not available (‘not available’). Sources and reference period: FR, Claude Novoa
(comm.pers), 2012-2016 (approzimate data); IT, this study, 2010-2015; CH, www.uzh.ch, 2011-2016; AUT, Stastistik
Austria 2017, 2015-2017.

FR IT CH AUT DE SLO
BG 400 1141 483 1502 nh/na nh/na
CAP nh/na nh/na nh/na 355 nh/na nh/na
HG nh/na nh/na nh/na 118 nh/na nh/na
PTA 50 165 490 nh/na nh/na nh/na

PAR nh/na 566 nh/na nh/na nh/na nh/na



http://www.uzh.ch/

Alpine Galliforms management in Italy

In Ttaly, only Black grouse, Rock ptarmigan and Rock partridge are game species among the 5 Alpine
Galliforms, as both Capercaillie and Hazel grouse are protected since the early 1990s. Despite being
listed in Annex I and II of the Birds Directive and the unfavourable conservation status, Peronace et
al. 2012, see also Table A1) there is no national survey on Galliforms in Italy. Thus, hunting districts
bird counts actually provide the longest and most widespread survey of game birds on the Italian
Alps, but the application of censusing methods can markedly differ between hunting districts and
provinces, since according to current regulations, hunting is mostly under regional and provincial
authority. As stated before in a broader sense, also in the particular case of the Italian breeding
populations of Alpine Galliform species there are no reliable estimates (BirdLife International 2004;
Brichetti and Fracasso 2004; Peronace et al. 2012; BirdLife International 2015a). Indeed, known
population sizes are outdated and mostly derive from extrapolations of local data to national scale
(Brichetti and Fracasso 2004; Franzetti and Toso 2009). Short- and long-term population trends are
based on expert knowledge and do not rely on field data (Nardelli et al. 2015). As a consequence of
this situation, Italy is the only western European country that lacks an evaluation of Black grouse
population trend both at short- and long-term (BirdLife International 2015b). In addition, Rock
ptarmigan and Rock partridge trend estimates are considered of poor quality (BirdLife International
2015¢, d). Similarly, Italy does not have a national archive of Galliforms bags (Franzetti and Toso
2009), because hunting records at best are collected at regional or provincial scale.

Mandatory counts were first introduced in 1992 with the above cited Law 157/92 on wildlife
protection. For this reason, standard monitoring was uncommon before 1993, when the national law
was enforced at the regional level. Depending on the region, Galliforms counts are run by hunters
and/or by game wardens and are usually performed twice a year, using standard techniques applied
in most countries. Spring pre-breeding census (April-May) aims at evaluating densities and winter
survival by counting males displaying in leks for Black grouse (L.éonard 1989; Baines and Hudson
1995; Hancock et al. 1999) or singing in their territories for Rock partridge and Rock ptarmigan from
points or along transects, with (Bernard-Laurent and Laurent 1984; Bernard-Laurent 1994a; Nopp-
Mayr and Zohmann 2007; Marty and Mossoll-Torres 2011) or without (Bossert 1977) the help of

playback calls. Reproductive success is evaluated in post-breeding summer counts (August-
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September) with pointing dogs that help locating broods (Zbinden 1987; Ellison et al. 1988; Léonard
1992; Novoa et al. 2008).

Yearly, a shooting plan that establishes bag limits is set for each hunting district and it is usually
based on the estimated breeding success of each species, derived from counts. Bag limits vary
between different administrations. The plan is set by the local hunting authority, but it can derive
from proposals of the boards of hunting districts. Grouse and partridge hunting is popular in the
Western and Central Alps (e.g. Piedmont and Lombardy), but it is a marginal hunting activity in
Eastern Alps (Veneto, Friuli-Venezia Giulia).

Only a limited number of authorities issued guidelines establishing minimum requirements for
planning counts in terms of period, extent of sampling areas, methods and criteria for setting up the
hunting plan. Thus, count data can markedly differ across administrations or even among hunting
districts within the same administration. Only a few hunting districts or local administrations have a
georeferenced database for storing data, or use at least a GIS for sampling areas definition or data

archival.

Aims

In this Introduction I outlined the context in which the PhD project found its bases. The aim of the
thesis has been the assessment of the vulnerability of Black grouse, Rock ptarmigan and Rock
partridge Italian populations, focusing on abundance trends and conservation threats. More
specifically, I performed i) a first-ever assessment of population trends of Alpine Galliform game
species at national (Chapter 1 and Chapter 2) and regional/local level (Chapter 2), taking advantage
of different available datasets, ii) an analysis of the effects of a major aspect of global change, that is
land cover/land use changes, on Black grouse populations (Chapter 3) and iii) an evaluation of a
possible adaptation of Rock ptarmigan marginal populations to sub-optimal climatic conditions
through plasticity (Chapter 4). Hereafter I describe more in depth the specific goals and approaches,

based on the context outlined in this introduction chapter.



Assessing vulnerability: population trends

The assessment of large scale population trends is part of the evaluation of species conservation
statuses, and therefore has great relevance for the implementation of national and international
environmental policies. Even if Alpine Galliforms are listed both in Annex I and Annex II of the
Birds Directive and despite retaining a large portion of the Alpine territory, research on the
conservation status of Alpine Galliforms in Italy is scarce if compared to other Alpine areas, such as
France or Switzerland. In the former, a long term standardised survey is being organised by the
Observatoire des Galliforms des Montagne (OGM) in collaboration with the Office National pour la
Chasse et la Faune Sauvage (ONCFS, the state agency for wildlife and hunting management) and
join research centres (CEFE - Montpellier). In Switzerland, there is a network of private and public
institutions (Schweizerische Vogelwarte, WSL - Federal Institute for Forest, Snow and Landscape
Research) and Universities (Bern, Lausanne) which research on population trends and environmental
determinants. Hence, information on the conservation status of Alpine Galliforms populations is
incomplete and unbalanced with the contribution of knowledge on Italian populations.

In this sense, the lack of a national survey scheme in Italy represents a further a threat to the
conservation of these species, as potential large scale population declines are hardly detected from the
sparse and not standardised available data, preventing the implementation of effective conservation
measures.

Through this project, I aimed at filling this knowledge gap by estimating medium-term population
trends of Black grouse, Rock ptarmigan and Rock partridge. This was accomplished by gathering
scattered data on population abundances of the three game species and by estimating the bias in the
current monitoring system enforced to local authorities and/or hunting districts. Two different
population abundance proxies were employed for this purpose, that is, post-breeding counts and
game bags, since they resulted being available at the widest spatial scale. The choice of using
multiple proxies derives from the need to take advantage of all available information both in terms
on data quantity (to improve precision and to extend the time frame of trend estimates) and data
quality (as each proxy has its specific sources of bias).

I first started from comparing trends estimated from post-breeding counts and game bags using a
classical approach implemented in TRIM software (Pannekoek and van Strien 2001), already in use

in many bird monitoring schemes (e.g. PECBMS 2009; Géhin and Montadert 2016; Helle et al. 2016)
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(Chapter 1), focusing also on different sources of bias such as hunting pressure, hunting effort and
game management policies

Subsequently T worked on the development of a novel model which integrates both proxies, using
state-space models (IKéry and Schaub 2012) (Chapter 2). This modelling approach was selected to
limit the large expected observation error in the datasets, deriving from the abovementioned poor
standardization of count methods and bias introduced by game management policies, Then, through
the joint analysis of two datasets insisting on the same population, for which a common growth rate
is assumed, I aimed at improving precision of the trend estimates by increasing data quantity, and

possibly, at reducing bias.

Assessing vulnerability: land abandonment threatening Black grouse conservation in

Italy

Land abandonment is considered a major driving force of global change in the Alps and it is
remarkably evident in the Italian Alpine slope (Piussi and Pettenella 2000; Corti 2004; Motta et al.
2006; Falcucci et al. 2006; Tasser et al. 2007; Monteiro et al. 2011; Regione Lombardia and ERSAF
2012). After estimating population abundance changes in time, I focused on this specific threat to
Alpine Galliforms conservation, which is somehow overlooked in research trends despite being an
important environmental determinant (Anthelme et al. 2001; Maggini et al. 2014; Braunisch et al.
2016). This is especially true in Italy, where very few studies have been performed so far on this topic
(Meriggi et al. 1998; Rotelli 2014; Ferrarini et al. 2017). Being an ecotonal species, Black grouse
represents an ideal candidate to examine in depth the effect of shrub encroachement and
densification of vegetation, and it is the only species for which in Italy georeferenced presence data
date back to the early 1980s. In particular, I aimed at locating and quantify changes to the species
potential distribution related to land cover changes only in Lombardy region (western-central Alps)
that have occurred in a 30-year interval. More specifically, I developed a species distribution model
(SDM) with a maximum entropy approach implemented with land cover belonging to 1980s and then
predicted to present time using actual land cover. A specific goal was the detection of a differential
change between inner and outer Alps related to the different timing of land abandonment in the two

areas.



Assessing vulnerability: ecological plasticity of marginal populations

The degree to which environmental changes influence species conservation can buffered by either
adaptive evolution or by phenotypic plasticity (Miner et al. 2005; Merild and Hendry 2014;
Valladares et al. 2014). While adaptation implies the selection of certain genotypes, phenotypic
plasticity is defined as the capacity of a single genotype to exhibit variable phenotypes in different
environments (Stearns 1989; DeWitt and Scheiner 2004; Nussey et al. 2005; Whitman and Agrawal
2009). Nevertheless, the disentaglement of genetic from environmental responses is not
straightforward and often the two concepts are misused (Gienapp et al. 2008).

The evolutionary response of populations are likely to be inadequate to counter the speed and
magnitude of climate change (Hoffmann and Sgro 2011), even if microevolution can occur at fast rate
(Reznick and Ghalambor 2001; Carroll 2008; Visser 2008). Therefore, plasticity is considered to play
a important role in mitigating the effects induced by a warming and less predictable environment
(Gienapp et al. 2008), at least at short- or medium term (DeWitt and Scheiner 2004).

Categories which were shown to exhibit some kind of plasticity in face of climate change in birds
include morphology (e.g. body mass, Charmantier et al. 2008), phenology (Visser and Both 2005)
and, most notably, distribution (Sekercioglu et al. 2008; Chen et al. 2011; Barbet-Massin et al. 2012;
Elmhagen et al. 2015) and life-history traits related to the timing of breeding (display onset, laying
date, hatching date), which have been observed advancing as a response of earlier onset of spring in
many studies (Pearce-Higgins et al. 2005; Mgller et al. 2006; Charmantier et al. 2008; Both and
Visser 2011).

In the specific case of Alpine Rock ptarmigan, mixed responses to climate change have been shown,
in terms of distribution shifts and timing of breeding from field data (Pernollet et al. 2015; Novoa et
al. 2016). However, very few studies have directly addressed this topic by measuring in time some
phenotypical trait, partly due difficulties with carrying on field research in such harsh environment.
Hence, most of the species responses have been only predicted by models (Revermann et al. 2012;
Imperio et al. 2013; Ferrarini et al. 2017), and there is a general lack of evidence of its capacity to
counter the warming climate through plasticity.

Plasticity would be particularly relevant in marginal populations, which are more subject to

experience the harshest climate warming. In case of the Rock ptarmigan, I refer to both

biogeographical (distribution) and ecological (habitat) marginality. Being the species constrained by
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climate and, thus, by elevation, the two aspects often coincide, with geographical marginal or isolated
populations living in sub-optimal environments at lower elevations. This marginality is a dynamic
state resulting from the ongoing process of distribution/elevation shifts (Revermann et al. 2012;
Pernollet et al. 2015). This determines the existence of a leading edge, where distribution is
advancing, and a trailing edge, where distribution is shrinking (Hampe and Petit 2005). Given
limited latitudinal and elevational dispersal possibilities of the species, marginality of trailing edge
populations will increase under the pressure of climate change and would cause an increased
extinction risk. In this scenario, individuals may be forced to exhibit some degree of plasticity to
survive. This would result in an overestimated vulnerability of the species with respect to models
predictions, that unanimously forecast a sharp decline of suitable habitat within the 21° century
(Maggini et al. 2011; Revermann et al. 2012; Maggini et al. 2014; Ferrarini et al. 2017).

To test this hypothesis, I focused to a more general idea of “ecological plasticity”, which refers to the
capability of exhibiting flexibility in the face of change (Greenberg 1990), by comparing the use of
habitat of two different Rock ptarmigan populations, one living on the trailing edge in a sub-optimal
environment and another one living in an optimal environment in the core of the Alpine distribution.
The goal was to evaluate whether the use of habitat of marginal populations could be more flexible
with respect to core populations and, hence, to detect a plastic behaviour which would reduce the
species vulnerability. In particular, in this preliminary study I analysed a small dataset of GPS

locations, comparing the selection for topographical features of the two target populations.



Chapter 1

Where's the pulse to have the finger on? A
retrospective analysis of two decades of Alpine
Galliforms (Aves: Galliformes) census and game bag
data in Italy

ABSTRACT. Information on the abundance of the Italian populations of Black grouse (Lyrurus tetriz),
Alpine rock ptarmigan (Lagopus muta helvetica) and Alpine rock partridge (Alectoris graeca sazatilis) relies
only on extrapolations of local data to the national scale, since there is no national standardized survey.
Consequently, their status is virtually unknown. In this first Chapter, we performed a first-ever assessment of a
medium-term (1996-2014) population trend of these species using and comparing post-breeding count and bag
data at hunting district scale. These data were collected from various authorities in charge of wildlife
management, and allowed us to test the influence of hunting policies on the estimated trends. Rock partridge
showed a stable trend with numbers fluctuating between years, while there was evidence of a severe decline for
the Rock ptarmigan. No general conclusion could be drawn for the Black grouse, as we detected lack of
consistency of count and bag data. Counts were greatly overdispersed as a result of an uneven count effort
among hunting districts. Adding the game management authority as model covariate resulted in more robust
trend estimations, suggesting a significant effect of different policies, that emerged also as similar hunting
pressure across species within authorities. Hunting effort variation over the time was instead negligible. Species-
specific game management bias is discussed. Our results highlight the need for a survey scheme or guidelines to

be applied uniformly at national scale.

KEYWORDS: Alps, grouse, status, Italy, hunting bags, game management



1.1 Introduction

The assessment of a species conservation status in a given area requires a reliable estimate of its
abundance in time (Silveira et al. 2003; Kozlowski 2008; Newton 2013). This is usually achieved
through the application of a standardised direct or indirect count method, repeated over the years
(see Bibby et al. 2000; Sutherland 2006) or the collection of other abundance indices, such as road
kills (Gehrt et al. 2002; Seiler et al. 2004; George et al. 2011; Gonzalez-Gallina et al. 2016) and game
bags (Chanin and Jefferies 1978; Moleén et al. 2008; Liberg et al. 2010; Rodel and Dekker 2012). At
local scale, the assessment can be accomplished with good reliability, since it depends on a limited
number of people and is usually tailored on the area and on the eco-ethology of the target population
(Greenwood and Robinson 2006). At larger scales, such as regional or national, abundance
assessment requires good supervision and coordination and is increasingly biased by differential skills
and knowledge of the people involved, by possible under- or oversampling of areas and by the
method that may not fit evenly (Sauer et al. 1994; Schmidt 2004; Reidy et al. 2011).

Monitoring of grouse populations has a long tradition in many parts of Europe and North America
(Rogers 1963; Gates et al. 1968; Rajala 1974). Indeed, many grouse species are popular game birds
and populations are locally surveyed in order to provide the basis for sustainable harvesting (Ellison
et al. 1988; Aebischer 1991; Aanes et al. 2002). Anyway, local survey outcomes are often unsuitable
when dealing with conservation issues at a large scale.

Although census methods are rather standardised (see Introduction), the actual implementation of
such methods can broadly change between and within states, as a consequence of different game
management principles and policies (see for a European review Putman et al. 2011), centralized or
decentralized hunting authority, environmental characteristics (chiefly topography, Marty and
Mossoll-Torres 2011), bird population densities (Hoglund and Stohr 1997) and hunting traditions.
Variability lies in the number, size and density of sampling areas, timing of counts, number of
repeats per season, fieldworkers skill, use of playback devices and data recorded (sex, age etc.). Only
a few countries have a common standardised monitoring scheme that leads to comparable estimates
of population sizes and trends (e.g. Hudson 1992; Lindén et al. 1996) and supranational monitoring

schemes are yet uncommon (Lehikoinen et al. 2014).
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Hunting records represented historically the first proxy data for population trend assessment for
game or harvested species, since Elton and Nicholson’s pioneering work on Canadian lynx pelt-sale
records (1942), and are still used to analyse long-term grouse population dynamics and trends
(Barnes 1987; Cattadori et al. 2003a; Aebischer and Baines 2008; Ranta et al. 2008). In a few
countries bag records proved to complete well or even substitute census data (Liberg et al. 2010;
Soininen et al. 2016). Bag records reliability is questioned however, as variation in hunting effort can
introduce significant bias (Ranta et al. 2008; Imperio et al. 2010; Willebrand et al. 2011) and
therefore trends need to be corrected in order to provide meaningful results. However, if shooting
plans are not used as means of providing sustainable harvesting, hunting effort can be easily
accounted with the number of hunters or licenses issued per year (Imperio et al. 2010; Soininen et al.
2016), information which can be obtained by privately-owned hunting reserves or centralised public
hunting authorities. Further bias may derive from weather conditions, which may limit hunters in
case of persistent unsuitable weather, or from stocks dropping below critical densities, at which
hunters’ search is no longer fruitful and so they usually stop (Newton 2013).

As described in the introduction, Italy currently lacks a robust estimation on population trends of its
Alpine Galliforms populations, since no national survey scheme is enforced and data is scattered
among game management authorities.

In this study, we assessed the status in Italy of Black grouse (hereinafter BG), Alpine rock ptarmigan
(PTA) and Alpine rock partridge (PAR), using count and bag data. We further tested i) whether
count and bag data reflect similar trends, ii) the influence of game management policies and iii)

whether hunting effort significantly changed over the studied period.

1.2 Materials and methods

1.2.1. Study area

According to the Italian legislation on wildlife protection (L. 157/92) that also regulates hunting, the
Alpine territory is divided into hunting districts that manage hunting activities under provincial or
regional supervision and control, since wildlife in Italy is state-owned and hunting is managed

through a license system. Law 157/92 defines the Alpine territory as “the area where Alpine fauna



lives” and it is shared between 5 regions (Valle d’Aosta, Piedmont, Lombardy, Veneto and Friuli-
Venezia Giulia) and 2 Autonomous Provinces (Trento and Bolzano/Bozen). The game management
districts extent is uneven among regions, mostly for historical reasons: the eastern Regions (Veneto,
Trento, Bolzano and Friuli-Venezia Giulia) still adhere to a hunting regulation form originated under
the Austo-hungarian Empire dominion in the XIX century, where hunting was regulated at the
municipality level, and therefore hunting districts in Eastern Alps are almost municipality-sized
(about 37 km? ISTAT 2013), whereas in the western Regions hunting districts are at sub-provincial
size (in the order of magnitude of about 500 km?). For the purpose of our study we grouped hunting
districts data (counts and bags) of the eastern regions, in order to have an even dataset in terms of
values range per surface area; if present (Trento, Friuli-Venezia Giulia), we used other game
management entities that already group hunting districts. In the case of Belluno province of Veneto
Region, we grouped hunting districts data to geographical coherent areas that matched the average
size of the other districts. For this reason hereinafter we are using a more general “game manegement
unit” (GMU) concept to identify the target areas. Overall, 72 GMU have been analysed, with an
average extent of 468 (£ 285) km® (Figure 1.1). Similarly, we associated each GMU to an
“authority” representing the province or the region according to the administrative level in charge of

game management, in order to evaluate the effect of different policies.
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Figure 1.1 - Location of the 72 Game Management Units (GMU) whose data have been analysed. Eastern regions, whose
hunting district data were grouped due to different zoning, are shown in dark grey. Solid outlines represent game
management authorities. Regions that do not correspond to authorities in our study are shown with filling lines
(horizontal=Lombardy; vertical=Piedmont). CN=Cuneo, TO=Turin, AO=Aosta, BI=Biella, VCO=Vercelli, VCO, Verbano-
Cusio-Ossola; CO=Como, LC=Lecco, SO=Sondrio, BG=Bergamo, BS=Brescia, TN=Trento, BL=DBelluno, FVG=Friuli-
Venezia Giulia. Inset: location of the study area with respect to Italy.

1.2.2. Count and bag data

Overall, counts, bag sizes and shooting plans were available as GMUs annual grand totals. Data were
collected from 72 GMUs, covering the whole Italan Alps with the exception of Bolzano/Bozen
Autonomous Province. Game bags and bird counts were used to calculate population trends, while
shooting plan data were used as a proxy variable to evaluate hunting effort. Post-breeding counts
were chosen as state variable since only few districts regularly perform pre-breeding counts, which are
more commonly used to estimate population trends. Data series lengths are uneven by species and
variables, as well as by GMU (Table S1.1), due to different archival policies and harvest

suspensions or bannings. Further details on data characteristics are found in the Introduction.



1.2.3. Data analysis

1.2.3.1. Trend analysis.

Population trends of the target species were estimated using TRIM (Pannekoek and van Strien
2001), a software used in many bird monitoring schemes (e.g. PECBMS 2009; Géhin and Montadert
2016; Helle et al. 2016) and for each species two separate trend estimations were carried out using
game bags and post-breeding counts data series. Due to unequal time series length, we limited our
dataset from 1996 to 2014. Considering the three studied species and the two putative state
variables, we calculated 18 trend estimates using TRIM as follows: a first model (linear model) was
calculated with a linear trend function and default options, without accounting for covariates and
assuming a random effect of time. In a subsequent TRIM run, we added data origin (i.e. authority)
as a covariate (covariate model) to test for game management fixed effect. A final run used a refined
model considering a fixed effect of time, i.e. checking for significant nonlinearities in trends (nonlinear
model). We were unable in the latter case to use data origin as a covariate due to missing data for
some authorities. Spatial variation of trends can depend also on environmental factors, such as
climate and habitat, acting at larger scale, but grouping authorities at regional level resulted in
weaker models or non-significant regional covariate (for details see Table S1.3). Trends are calculated
on the estimated log-transformed annual population totals. For all three models, TRIM was
configured to account for serial correlation and overdispersion and to use 2001 index as base index
(2001 index = 1.00). Model robustness was evaluated through comparison of AIC and overdispersion
values provided by the software. An autocorrelation test was performed on bag and count indices to
check for population cycles, using Acf function in forecast R package (Hyndman and Khandakar

2008).

1.2.3.2. Proxy comparison.

We tested the consistency of bags and counts building for each species a linear regression model with
count and bag TRIM indices as dependent variable, year as continuous independent variable and
proxy type (bag or count) as categorical independent variable, adding the year by proxy type

interaction to assess for significant differences in slopes. For each species and proxy we used indices
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from the models with lowest AIC values. Bag values of Trento province were removed from this
analysis since for this authority count data were unavailable. Since the regressions were performed on
time series data, we used a GLS (Generalized Least Squares) method to account for auto-correlation
structure of residuals. We further tested whether counts and bags were correlated by performing a
pairwise Pearson’s correlation on indices series that was previously differenced to meet the
assumptions of independence and stationarity by removing autocorrelation and trends. Data analyses
were performed using R software, version 3.3.2, g¢ls, cor and diff functions from nlme and base

packages (Pinheiro et al. 2016; R Core Team 2017).

1.2.3.3. Hunting effort.

The utilization of bag data as proxy for population abundance requires the evaluation of hunting
effort, which is usually calculated as the number of hunters or hunting licenses issued per year (e.g.
[mperio et al. 2010; Soininen et al. 2016). In Italy the number of hunters has decreased in the last
decades (ISTAT 2013), but these information is not available at local scale, so we were unable to
relate bag data to number of hunters or hunting days. The policy of shooting plans adopted in Italy
can partly overcome the bias introduced by the variation of the number of hunters over time, since
the annual yield in each district is limited at the top regardless of the hunting effort, but it may not
control if hunting effort decreases, which is the most likely scenario. Assuming that shooting plans
were proportional to summer counts (i.e. population abundance), we used annual yield/shooting plan
ratio in each GMU as proxy for hunting effort. The ratio can occasionally exceed 1 if early closure of
the hunting season is delayed despite the shooting plan is about to be completed. We assessed linear
trends in hunting effort by regressing the ratio against years for each GMU and then we calculated
the mean of the slopes of all significant (p<0.05) regressions. Autocorrelation of the error at lag 1
was tested with a Durbin-Watson test for autocorrelation of disturbances, using dwtest function in
Imtest R package (Zeileis and Hothorn 2002). Hunting units showing significant autocorrelation were
modelled with a GLS (Generalized Least Square) linear regression method. Since in some GMUs
hunting had been opened only for few years, regression was applied only to time series spanning for
at least 10 years. Hunting effort on BG in Valle d’Aosta region was assessed at regional level because

according to the local hunting regulations the plan is set for the whole region and not subdivided



among hunting districts. Regressions were performed using R software, version 3.3.2, Im and gls

functions from stats and nime packages (Pinheiro et al. 2016; R Core Team 2017)

1.2.3.4. Hunting pressure.

Hunting pressure is one of the main features of game management. In Italy, hunting pressure is
regulated by setting of shooting plans, but since criteria to set plans are at best established at
regional scale, we tested for hunting pressure differences across management authorities. Within
authorities, we also compared hunting pressure across species in order to show possible common
patterns. We elaborated a hunting pressure index (HPI) based on the catch-per-unit-area (CPUA) of
species’ suitable habitat. For each species and GMU, we estimated the extent of suitable habitat by
reclassifying the Corine Land Cover map (Biittner et al. 2014) according to species’ ecology. Then,
we calculated the log-transformed ratio of the annual bag values and the estimated size of suitable
habitat. An annual HPI for each species and GMU was defined as the difference between
bags/habitat ratio and the species’ GMU median value. A MANOVA with Wilks’ statistic was
performed to test for common effect of the hunting authority on the three species using manova
function from stats R package (R Core Team 2017), after testing the assumption of normal
distribution of residuals with Shapiro-Wilk’s test. The MANOVA was run using only full

combinations of annual HPI for the three species (n=345). Univariate ANOVA was also performed to

check for the effect of authority on single species.

1.3 Results

1.3.1. Trend analysis and proxy comparison

The proportion of missing values imputed by TRIM for both game bags and count data ranged from
11.5% to 36.1% depending on the species and proxy variable, with the lowest proportion in BG bag
data and highest in PAR bag data (Table 1.1).

Considering the period 1996-2014, all game bag-based models estimated a negative trend for the
three species, while only PTA showed significant negative trend according to count data (Table

1.1). Bags estimated for BG a mean annual population reduction equal to 2.1-2.4% depending on the
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model, whereas according to counts BG populations remained essentially stable (-0.5 / +0.1%; Wald
test on significance of slope in the linear model, p=0.449).

Both bags and counts showed a negative trend for PTA (-3.9/-5.4%). PAR populations are
characterized by fluctuations over the considered time span both in bag- and count-based models
that ultimately resulted in a negligible negative trend according to bags (-0.9/-1.2%), while counts
estimated a stable trend (-0.4/40.2%; Wald test on slope parameter, p=0.14). A major feature that
emerged was a population peak in 2006-2007 and two troughs in 2001 and 2011, resulting both in
bags- and count-based models. A significant negative autocorrelation was found at lag 6 (-0.607, CI
95% 40.449) in bags time effect model and at lag 5 and 6 (-0.527 and -0.518, CI 95% +0.449) in
counts time effect model. Conversely, no significant autocorrelation was found in BG and PTA.

In bag-based models, the lowest AIC values were provided by the time effect models for all species.
Conversely, covariate models were selected in BG and PTA count-based models, while still the time
effect model performed better in PAR counts. Nevertheless, covariate models performed better than
the linear models and the effect of the authority covariate is highly significant (Wald test, p<0.01)
for all species and proxy variable. Count data were highly overdispersed relative to bags, with
overdispersion values far beyond the suggested threshold for TRIM use (Pannckoek and van Strien
2001). Bag-based models exceed the 3.0 threshold only for PAR, while count-based models
overdispersion values was up to 6-fold.

Bags and counts slopes were significantly different as evidenced by the GLS regression interaction
term for BG (0.017, p=0.018), but not for PAR and PTA (respectively, p=0.515 and p=0.906).
Conversely, pairwise Pearson’s correlation on differenced indices emerged for PAR (r=0.77, p<0.001),
but not for BG and PTA (respectively, BG, r=-0.05, p=0.839; PTA, r=0.03, p=0.890). We
concluded that slope consistency between bag- and count-based PTA models may be spurious, since
a significant correlation would be expected if the two variables described annual abundance likewise.
Albeit GLS regression accounts for autocorrelation, it must be noted however that fitting a linear
model through the peaks and troughs of PAR population resulted in high standard errors. This

constrained the power of the model and the capability to detect different trends between proxies.
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Figure 1.2 Population indices of the three target species (BG=Black grouse; PTA=Rock ptarmigan; PAR=Rock
partridge), selected from the models with the lowest AIC values (BG and PTA counts = covariate; the remainders = time
effect). Gray solid lines represent count indices, black solid lines represents bag indices. GLS regressions fitted through

population indices are shown with dashed lines
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Table 1.1 - Model comparison and additive annual growth rates (on log transformed annual population indices) as
calculated by TRIM software. Wald test values refer alternatively to significance of slope parameter (linear model),
authority covariate (covariate model) and deviations from linearity (time effect model). Significance in terms of p-value are
indicated by asterisks (*, < 0.05; **, < 0.01; **¥ < 0.001). Overdispersion is calculated with respect to a Poisson data

distribution.
Species proxy n sites nobs. % missing model overdisp. AIC Wald test trend
BG Bags 72 1368 11.5 linear 2.598 897.0 73.7 *** -0.023
covariate 2.339 595.2 80.6 *** -0.024
time effect 2.385 499.9 152.5 *** -0.021
Counts 52 988 31.7 linear 17.327 9523.9 0.6 -0.002
covariate 15.868 8579.6 38.3 *** 0.001
time effect 16.945 9571.5 284 * -0.005
PAR Bags 60 1140 36.1 linear 4.283 1867.7 6.2 * -0.009
covariate 3.901 1568.5 34.4 *** -0.012
time effect 2.964 631.8 2442 **x* -0.012
Counts 50 950 32.0 linear 22.102  15396.5 0.4 -0.004
covariate 20.189  13707.5 34.6 *** 0.002
time effect 16.764 9215.8 109.5 *** 0.002
PTA Bags 39 741 35.4 linear 2.230 287.0 71.4 *** -0.049
covariate 2.095 204.9 24.9 ** -0.050
time effect 1.996 441 71.8 *** -0.053
Counts 30 570 35.1 linear 10.044 3604.3 71.9 *** -0.054
covariate 7.315 2253.3 80.3 *** -0.039
time effect 10.103 3466.0 30.3 * -0.051

1.3.2. Hunting effort

We detected a limited variation in time of the bag/plan ratio for all three species. Regression slope
coefficients for BG, PAR and PTA were significant (p<0.05), respectively, in 19% (n=69), 28%
(n=44) and 8.5% (n=35) of the GMUs. In addition, mean significant coefficients were small (BG,
0.007 =+ 0.020, n=8; PAR, 0.027 + 0.026, n=12; PTA, -0.009 + 0.039, n=3), indicating that hunting
effort variation could be considered negligible on the estimated bag-based trends. Nevertheless,
positive average slope values emerged for BG and PAR are not consistent with the hypothesis that
hunting pressure would have likely decreased in time following the downward trend of number of

hunters.



1.3.3. Hunting pressure

MANOVA performed on the HPI was highly significant (Fss =19.314, p<0.001, Wilks’ lambda =
0.322), evidencing that the hunting pressure is a distinctive feature of the authority regardless of the
species. Only a limited number of combinations year*GMU*species were available for the MANOVA,
since hunting to all three species during the considered period occurred only in some GMUs.
Nevertheless, similar hunting pressure emerges also in authorities that allow only BG and PAR
hunting, as shown in Figure 1.3. Authorities with highest hunting pressure are all located in
Lombardy region, which is the only one that lacks management guidelines (see Table S1.2).

Conversely, low hunting pressure is present in regions that defined guidelines on shooting plans or

with a regional management authority that acts as a control on hunting.
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Figure 1.3 - Comparison of hunting pressure across authorities and species (dark gray=BG; intermediate gray=PAR; light
gray=PTA). HPI (hunting pressure index) is calculated as log-transformed ratio of annual bag size of each GMU and
estimated extent of suitable habitat for each species and GMU, minus the species’ median value. The plot is sorted by
authorities’ median values. Highest values are found in Lombardy (solid outline) and Piedmont (dashed outlines) regions.
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1.4 Discussion

Choosing the best proxy data is crucial in the evaluation of the status of a species (Joseph et al.
2006), especially in poor data systems (Popescu et al. 2016). Data on the Italian populations of BG,
PTA and PAR fit this definition, as already highlighted by the latest national reports on the
application of the Birds Directive (Nardelli et al. 2015) and on conservation status of game species
(Franzetti and Toso 2009). Our study addressed this issue by performing a medium-term evaluation
of population trends of these species considering two different data sources and evaluating the effect
of hunting policies on data.

In managed wildlife populations, both counts and bags statistics are influenced by game management
policies (see Apollonio et al. 2010). Galliforms hunting in the Italian Alps makes no exception from
the results of our study, as we detected a significant effect of the game management authority on
both count and bag data in all species. Extrapolations of local data to national scale as a tool to
assess the species’ conservation status is therefore misleading if data authority source is not
accounted. Covariate count-based models were selected over time effect models for BG and PTA. For
these species, accounting for game management by means of a fixed effect of the authority resulted in
more robust models then accounting for a fixed effect of time. Conversely, for bag-based models, time
effect models were selected over covariate models for all species, suggesting that game management
may have less influence. Overdispersion of counts is remarkably high and cannot be explained only
by means of different population densities, since all species are evenly distributed across the Italian
Alps, especially BG (Brichetti and Fracasso 2004). Thus, overdispersion of counts is likely to result
from an uneven count effort among GMUs (e.g. number and size of sampled areas), which ultimately
derives from different game managements. On the other hand, the decreasing number of hunters that
is occurring at national scale seems not to plausibly affect the robustness of bags as state variable for
population abundance.

However, jumping to the conclusion that bags should be chosen over counts to estimate trends of
Italian Galliform populations could be misleading since species-specific considerations should be
made. As a general rule, a strong relationship between post-breeding counts and game bags of
subsequent hunting season is expected, even when shooting plans are set, since the breeding success

evaluated through post-breeding counts is the parameter most commonly used to limit annual yields



to a sustainable rate. From the results of our study, this seems to apply well only to PAR, while
both BG and PTA show specific inconsistencies.

BG was characterized by a significant difference between the trends estimated by bags and counts,
with a strong divergence in 2003-2008. In this period bags markedly declined even though counts
remained stable. We speculate that this lack of consistency is likely to result from changes in game
management policies that occurred during that period. In fact, some local administrations issued
guidelines that established parameters to set shooting plans given the results of summer counts (i.e.
Piedmont region and Trento Autonomous Province, both in 2004), therefore limiting subjectivity
that used to lead to higher harvests. This hypothesis may explain why hunting effort seemingly
increased in some GMUs. The underlying assumption that shooting plans are proportional to
population abundance estimated through summer counts may not be effective throughout all the
time span considered. Given the number of hunters (i.e. the true hunting effort), the bag/plan ratio
may have increased as a consequence of a progressive reduction of shooting plans with respect to
summer counts. In other terms, game management policies changed from less to more conservative,
accordingly to an increased control on game management policies resulting from the Natura 2000
network and EU Birds Directive enforcement. This likely happened also to PAR, as we found an
increase in the bag-to-plan ratio in 12 out of 44 analysed GMUs, despite the trend difference between
bags and counts resulted not significant due to limited power of the model with highly autocorrelated
erTors.

In the case of PTA, population TRIM model slopes of bags and counts series were similar and not
statistically different as evidenced by the GLS regression, but the result emerging from the Pearson’s
correlation suggests that proxy consistency is spurious. Thus, population abundance reduction that
occurred in the considered time span shaped the trends independently. This consideration has a great
relevance from a management point of view, since it implies that the two proxy may be used either
to assess the species’ national status only in case of a persistent sharp trend, but minor changes or
fluctuations might not be detected likewise. In other terms, population reduction likely represents the
main driver of the observed PTA negative trend both for counts and bags, but other factors may
affect the estimates. For example, PTA hunting is heavily affected by weather conditions occurring
during the two-months hunting season. In fact, early snowfalls may limit access to hunting grounds

causing a mismatch between count and bag data. This is the case of 2003, when persistent snow
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cover at the end of October was reported in many locations below 1800 m a.s.] (ARPA Lombardia
2003) and it was recorded in the bag series by a trough in the trend. For this trough there are no
basis to speculate on a possible increased mortality in autumn caused by early snowfalls, since
weather effects on population dynamics has been reported in many grouse species mostly in spring
and summer (Scherini et al. 2003; Novoa et al. 2008; Furrer et al. 2016; Garcia-Gonzélez et al. 2016).
Effects of game management on trends also emerged as a sharp decline in counts and, less evidently,
in bag series in 2007. In this year the Italian government enacted a law (DM 17/10/2007) on
minimum conservation criteria in Natura 2000 sites, that transposed the EU “Habitat” 92/43/EEC
and “Birds” 2009/147/EC Directives. According to this law, PTA hunting in Natura 2000 sites was
forbidden, resulting in a massive reduction of available area open to PTA hunting, given that the
60% of the Italian breeding population is estimated to be located within SPAs (Nardelli et al. 2015).
As a result, many sample areas in hunting grounds ceased to be surveyed, since only the estimated
breeding success in hunting grounds is used as reference data for setting the shooting plans.

Italian PAR population shows an overall stable trend in the considered period according both to
counts and bag data and appears to be characterized by a major 10-year cycle as evidenced by the
autocorrelation. Population cycles are typical of grouse species, mostly in Boreal regions (Ranta et al.
1995; Kvasnes et al. 2009; Lampila et al. 2011), but also PAR populations are known to exhibit
cycles (Cattadori et al. 1999), despite the observed lag is larger than the 4-7 years lag reported.
Larger lags may derive from a harmonic effect of multiple lags, as hypothesized by Cattadori et al.
(1999). Interestingly, the same population peak has been recorded also in Swiss populations that is
based on pre-breeding counts (Sattler et al. 2016). However, further analyses with longer series are
needed to confirm cyclic behaviour of PAR populations, since our 19-year time series fits only one
full cycle. Among the three target species, PAR is the only species with consistent count and bag
trends. We speculate that this feature derives from peculiar characteristics of PAR hunting in Italy.
Firstly, bags are hardly biased by weather conditions during the hunting season, as in PTA hunting,
since PAR avoids slopes with persistent snow cover and it is then pushed to lower altitudes by
snowfalls, where it is reached by hunters without difficulty. Secondly, PAR hunting is practiced by
fewer hunters compared to BG hunting, which is the most popular species among tipica alpina

hunters. This leads to a high quality standard of post-breeding counts, because they are often run by



few skilled hunters and dogs over the years, with high knowledge of the eco-ethology of PAR and
their hunting grounds, thus reducing the bias introduced by the observers.

Albeit managed by regulations, the role of hunting as threat to Galliforms conservation is debated
(Aebischer 1991; Ellison 1991; Sandercock et al. 2011). We showed that hunting pressure is
remarkably different on the Italian Alps. As already mentioned, this denotes that Galliform hunting
is not evenly important within local traditions of western and eastern Alps, but highest pressures are
found in absence of regional control on game management, such as Lombardy, in which management
used to be entirely delegated to provincial scale until 2015. We are unable to evaluate whether higher
pressures are locally affecting the species’ conservation, since more robust data on spring abundance
and breeding success are required. Nonetheless, this lack of common guidelines at larger scale leaves

populations at the risk of overexploitation.
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Appendix 1

Table S1.1 - Data series length and number of data according to authorities, species and prozy.

AUTHOR.

PROXY

bags

bags

bags

bags

bags

bags

bags

bags

bags

bags

bags

bags

bags

bags

BG
n_areas from/to
3 20072015
3 20012015
4 2000-2013
4 2000-2013
8 1990-2013
8 1990-2013
7 19972015
7 19972015
1 2001-2(15
1 1989-2(15
5 2001-2014
5 2001-2014
2 2000-2014
2 2000-2014
5 19962014
5 19962014
7 20032014
7 19962014
3 20032014
3 19962014
1 2003214
1 1996214
1 2003214
1 1996214
5 19952015
5 19792015
date not available

20 19882014

n_data
24
45

43

14

cBo 8B NNug 3y

74

515

PAR
n_areas from/to
3 2005-2015
3 2001-2015
3 2000-2013
3 2000-2013
8 1990-2013
8 1998-2013
7 1999-2015
7 1997-2015
1 1997-2015
1 1988-2015
5 2001-2014
5 2001-2014
2 2000-2014
2 2000-2014
5 19962014
5 19962014
& 1998-2014
& 19962014
3 2008-2014
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1 2003-2014
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3 2008-2015
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no hunting/not present
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7 1990-2013

7 1990-2013

3 1999-2015

3 19972015
no hunting/not present
no hunting/not present
no hunting/not present
no hunting/not present
no hunting/not present
no hunting/not present

4 19972014

4 1996-2014

4 2008-2014

4 1996-2014

2 2003-2014

2 1996-2014

1 2003-2014

1 1996-2014

1 2003-2014

1 1996-2014
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Figure S1.1 - Comparison of hunting effort across authorities and species (dark gray=BG; intermediate gray=PAR; light
gray=PTA). The plot is sorted by authorities’ median values.

Table S1.2 - Game management regional characteristics.
suitable habitat, calculated at provincial level (see Figure 1 for details). Counts guidelines specify whether the region issued
guidelines for sampling areas definition, count timing and methods. Shooting plans guidelines refers to common criteria to

Hunting pressure is evaluated as average catch per unit of

set shooting plans. “Partial” hunting can be spatial (only in some areas) and/or temporal (recurrent suspensions or

bannings). Notes: (1) the region consist of an only province; (2) the province is autonomous and has region-like powers; (3)
we considered data of an only province, due to extremely small bag and count sizes of the remainder provinces; (4) only 2

out of 5 provinces issued guidelines

Hunting

district size
PIEDMONT Sub-prov
AOSTA VALLEY Sub-prov
LOMBARDY Sub-prov
TRENTINO Community
VENETO Community
FVG Community

Authority

Province
Region (1
Province
Province
Province
Region

)

(2)
3)

Hunting
pressure
average
low
high
average
low

low

guidelines

yes
yes
no
yes
no

no

Counts

(4)

Shooting pl.
guidelines

yes
yes
no
no
yes

yes

(4)

BG hunting  PTA hunting
yes yes
yes yes
yes yes
yes no
partial partial
partial no

PAR hunting

yes
yes
yes

no
partial

partial
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Table S1.3 - Comparison between TRIM covariate models (game management authority / region). Aosta Valley region
was grouped with Piedmont in this analysis, due to potential bias introduced by the small size.

covariate

Species proxy n sites nobs. % missing model overdisp. AIC Wald test trend
authority 2.339 595.2 80.6 *** -0.024
Bags 72 1368 115
BG region 2.411 701.3 46.5 *** -0.024
authority 15.868 8579.6 38.3 *** 0.001
Counts 52 988 31.7
region 17.417 9509.6 2.8 -0.002
authority 3.901 1568.5 34.4 *** -0.012
Bags 60 1140 36.1
PAR region 4.05 1687.6 19.5 ** -0.011
authority 20.189 13707.5 34,6 *** 0.002
Counts 50 950 32
region 21971 15210.6 4.5 -0.002
authority 2.095 204.9 249 ** -0.050
Bags 39 741 354 i
PTA region 2.2 264.6 8.3 -0.050
authority 7.315 2253.3 80.3 *** -0.039
Counts 30 570 351

region 7.354 2336.2 73.5 *** -0.039




Chapter 2

An integrated state-space model to assess Italian
Alpine Galliforms status from count and bag data

ABSTRACT. In Chapter 1 we performed a first-ever assessment of a medium-term trend of Italian Black
grouse, Rock partridge and Rock ptarmigan Alpine populations, using separately population indices obtained
from count and bag data. This has led to uncertainty in the estimates, as the two proxies were consistent only
for Rock partridge. Using the same dataset, in Chapter 2 we elaborated an integrated state-space model that
sources information from counts and bags jointly to estimate population growth rates at various spatial scales.
In the model, we assumed a priori that year-to-year population changes at site level for both bags and counts
reflected the same growth rate, that eventually became the link parameter allowing integration between
datasets. The integration of counts and bags succeded in improving growth rate parameter precision and in
reducing proxy-specific bias by increasing the sample size and extending data series length. With respect to the
results of Chapter 1, the integrated model succeded in weighting the disproportionate effect of sites with count
and bag values far exceeding the average, resulting in a different estimation of Rock partridge trend. On a 19-
year basis, the national trends for the three species were consistent with the current conservation status
reported in the Italian Red list of birds (LC for Black grouse, VU for Rock partridge and Rock ptarmigan). No
evident regional patterns emerged, as a likely effect of a prevailing influence of local environmental conditions.

Some potential applications of this model to other wildlife monitoring cases are reported.

KEYWORDS: Alps, grouse, status, Italy, integrated model, uncertainty
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2.1 Introduction

The assessment of wildlife population sizes and their trends is one of the most important research
fields in conservation biology (Shaffer 1981; Soulé 1991; Dobson 2005). Population surveys allow the
monitoring of the conservation status of populations, the potential identification of declining trends
and vulnerability and, eventually, promote the activation of management actions (Yoccoz et al. 2001;
Nichols and Williams 2006).

This is usually achieved through field monitoring techniques and data modelling, but the results
often deal with a certain amount of uncertainty deriving from several sources of noise. For example,
census methods may not fit to the selected population/species, not be fully standardised in time and
space or be differently implemented (Thomas 1996; Thompson 2002; Roberts and Schnell 2006);
sampled subpopulations dynamics may not be representative of the whole target population (Brown
et al. 1995; Guo et al. 2005); detectability of individuals could be uneven due to the heterogeneity of
environmental conditions, weather conditions or accessibility to sampling areas (Watkins et al. 2010;
Anderson et al. 2015); finally, data could be opportunistic or derive from indirect observational
schemes (Saenz—Arroyo et al. 2005; Cromsigt et al. 2009; McPherson and Myers 2009). Regardless of
the nature of noise, this stochasticity in population surveys is grouped into a more general
“observation error” in population modelling (de Valpine and Hastings 2002; Clark and Bjgrnstad
2004).

Several methodological improvements to deal with observation errors have been developed in the
assessment of population sizes in order to get reliable trends, both in field techniques (e.g. double
observer counts, Nichols et al. 2000, Forcey et al. 2006; repeated surveys, Svensson 1979) and data
modelling (e.g. N-mixture modelling for imperfect detection, IKéry et al. 2005). Minimising this
uncertainty and getting robust and unbiased trend estimates is a crucial issue in conservation biology
in order to trigger appropriate conservation measures if needed, and, in exploited populations, to set
up a proper management considering sustainable harvesting goals. Misinterpretation of population
growth rates with high degree of uncertainty may lead to management policies failures with
detrimental consequences to conservation of the target populations (Nichols et al. 1995).

State-space models (SSM) represent a natural approach to deal with observation errors, as they allow

the disentanglement of the real, unobserved demographic processes from the observation process of



data collection within the observed change in population size (I<éry and Schaub 2012; Gimenez et al.
2012). SSM are very flexible and have been recently applied to a wide range of studies, such as
movement ecology (Anderson-Sprecher and Ledolter 1991; Patterson et al. 2008), occupancy (Royle
and Kéry 2007) and, chiefly, population dynamics, often involving CMR, (Besbeas et al. 2002; Pradel
2005; Gimenez et al. 2007; King 2012). SSM have been largely applied also to the estimation of
population trends (Chaloupka and Balazs 2007; Hefley et al. 2013; Davis et al. 2014; Furrer et al.
2016), which represents a synthetic index providing a quick tool to assess the species conservation
status at large spatial scales.

Besides the need to reduce uncertainty, ecologists often have different elements of the analysed
biological system scattered in several different datasets (i.e. survival from capture-recapture data,
recruitment from surveys at breeding sites, immigration/emigration from telemetry data). Such
diverse methods provide valuable information, but the joint inference is often made by analysing the
datasets separately and comparing the output of population projections based on demographic
parameters with the observed growth rates from count data (Coulson et al. 2001). This adds
uncertainty in the analysis as not all demographic parameters are usually available and, thus,
properly accounted in the projection. Integrated population modelling is a relatively novel approach
that overcomes this issue by performing a joint likelihood from the likelihoods calculated from single
datasets (White and Lubow 2002; Jenouvrier et al. 2003; Schaub et al. 2007; Zipkin and Saunders
2018). This feature allows the joint analysis of abundance data and demographic parameters
efficiently (Besbeas et al. 2002, 2003; Freeman and Crick 2003; Schaub and Abadi 2011), and,
possibly, to derive demographic parameters directly from the model without measuring them on the
field (Tavecchia et al. 2009; Abadi et al. 2010b). It has yet been applied to many wildlife research
areas, most notably, to threatened species, where information available is often limited and therefore
it is advisable to take advantage of all available information (Freeman and Crick 2003; Schaub et al.
2007; Véran and Lebreton 2008; Rhodes et al. 2011) and to fishery and game species (Meyer and
Millar 1999; White and Lubow 2002; Chee and Wintle 2010; Maunder and Punt 2013; Davis et al.
2014).

In game species, the estimation of population abundance is usually based on two kind of proxies, i.e.
counts in sample areas and analysis of game bags (Rogers 1963; Cattadori et al. 2003a; Ferreira et al.

2010). Game bags records have been widely used as means to get population trends since they are
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usually collected at large spatial scales and longer temporal span than counts (Cattadori et al. 2003a;
Aebischer and Baines 2008; Imperio et al. 2010; Elmhagen et al. 2011; Ueno et al. 2014). Hence, some
of the longer-lasting population surveys rely on bag information (Mysterud et al. 2002; Aebischer and
Baines 2008) as well as national population indices (Moledn et al. 2013). Moreover, in resource-
limited contexts, hunting statistics provide a feasible monitoring system compared to more
elaborated count schemes (Rist et al. 2010; Luzar et al. 2011). However, hunting statistics often
require some kind of correction for several sources of noise, namely, hunting effort and game
management policies (Christensen 2005; Hornell-Willebrand et al. 2006; Imperio et al. 2010; Ferreira
et al. 2010; Willebrand et al. 2011; Poysa et al. 2013). On the other hand, observation error in counts
may be negligible at small spatial scale, given that application of census techniques can be more
easily standardised locally, but at larger scale variability in environmental conditions (Sagarin et al.
2006), choice and application of techniques (Thomas 1996) and observer skills (Sauer et al. 1994) can
remarkably affect population estimates. Furthermore, lack of repetitions in counts can lead to
substantial stochasticity determining population estimates (Svensson 1979; Loison et al. 2006). These
different sources of noise in counts and bags may eventually lead to inconsistencies between estimates
(Imperio et al. 2010; Martinoli et al. 2017), although being based on the same populations. Hence, in
such cases the integration of different observation processes within the same state process would
minimise discrepancies taking advantage of all information available at the same time.

As already highlighted in the Introduction, no survey scheme to assess Alpine Galliforms at national
scale has yet been implemented in Italy, and all information on population sizes are fragmented
between game management authorities. Thus, the quality of the data available to assess species’
status is rated as poor by BirdLife International (2015a), and still relies on approximate expert-based
population abundance estimates (Brichetti and Fracasso 2004). Population trends based on these
bags and counts have been shown not to be consistent for each species in the previous chapter, with
species-specific issues arising for both counts and bags, mostly as independent detection errors.

Using the same dataset of Chapter 1, hereafter we present an efficient approach to join two different
datasets on population abundance to reduce uncertainty on annual growth rates estimations at
various spatial scales, taking advantage of all available information. More specifically, our study
aimed at i) evaluating population trends of the three species at national, regional and site level, ii)

checking if the estimated trends fit the current national Red list classification, iii) testing for an effect



of game management policies on the datasets and iv) evaluating the performance of an integrated

bags/counts model over single-proxy models.

2.2 Materials and methods

2.2.1. Study area

Data were collected from the whole Italian Alps, which host all BG and PTA national populations
and roughly 75% of PAR populations (Peronace et al. 2012; Trocchi et al. 2016). Southern Tyrol
(Bolzano/Bozen province) was excluded from the study due to data unavailability. The smallest
geographical entity at which data were organized is the game management unit (GMU, average
extent of 468+285 km?), which corresponds to hunting districts in Western Alps or an aggregation of
them in the Fastern Alps. In order to disentangle the effect of different game management schemes
from biological factors on population trends estimates, we grouped GMUs according to two different
categorizations. In the first one we grouped GMUs into ecological coherent areas, according to
classification of the Alps into geographic sectors identified by Ozenda (1985), which takes into
consideration elevation (inner/outer Alps), geology (silicaceous/carbonaceous soils) and geography
(west-east gradient) (Figure 2.1). As for the second categorization, we grouped GMUs according to
game management authorities, which may introduce noise through management policies, count
methods and hunting effort. Depending on the GMU, we identified as game management authority
the province, a group of provinces or the region, since in Italy hunting is entrusted to different

administrative levels.
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Figure 2.1 — GMU (narrow black lines) and regional classifications of the study area. Thick black lines represent game
management authorities, filling shades of gray/filling lines or dots represent biogeographic regions, as defined by Ozenda
1985

2.2.2. Count and bag data

Populations are annually surveyed by game wardens and/or hunters to estimate breeding success
through dog-assisted counts (Léonard 1992) with the aim to set a sustainable shooting plan. Since
hunting management is delegated to local authorities (regions or provinces), counting effort is not
standardized at national scale. Counts and game bags datasets were based on 19-year time series
from 73 game management units (GMU) covering the whole Italian Alps (average GMU size,
468+285 km?). Since PAR and PTA is allowed only in few areas, only BG data were available for
each unit. Given that counts are mandatory in GMU which allow Galliform hunting, count and bag
data were usually available for the same units. Series length are uneven across GMUs due to different
archival policies of game management authorities and occasional hunting suspensions. On average,

missing data represented 1/3 of the datasets, BG bags being an exception with only 11% missing



values. Further details on data characteristics, on field methods applied for data collection and on

hunting management can be found in Chapter 1.
2.2.3. Statistical analyses - integrated models

State-space models consist of a set of nested models, namely a model for the state process that
describes the dynamics of the state (here population size, N, at each site g and time ¢) and a model
for the observation process that links the observations (counts, y) to the state. This approach
allowed us to take into account counting errors or imperfect detectability. State-space models offer
the opportunity to deal with the expected large observation error by assuming that, on average,
under- and overestimations cancel out. For post-breeding count data, this would correct for birds
that go unnoticed (usually, lone adults) and double counts (flushed birds that move across different
parcels). It can also adjust for random variations of sampling effort in time, which depend on weather
conditions, number of surveyors/dogs, different skills of pointing dogs etc. For bag data, this would
correct for failures in setting appropriate harvest rates or for weather conditions (e.g. early snowfalls
in autumn) that displace birds from the usual shooting grounds or prevent access to them.

Despite the violation of the assumption of full independence of the datasets, which may result in
overestimated parameter accuracy in integrated modelling, it was shown that the magnitude of this
issue is negligible (Abadi et al. 2010a). Based on this premises, we modelled counts and bags as
independent states, conditional on independent observation processes, sharing the same stochastic
population growth rates.

We followed the approach described by Furrer et al. (2016), adapting it to the specific purpose of our
study. More specifically, since our goal was related to the estimation of national and regional trends
only, we did not address population synchrony and the effect of environmental variables, as decribed
in the paper.

Usually, the state process model assumes an exponential population growth, where population size of
each site g (represented in our case by GMU) at time t.; is given by population size at time ¢, plus
the growth rate r,,. For each of our datasets we built the same state model.

log(Ncgt41) = log(Nege) + 1y

and



| An integrated state-space model to assess Italian Alpine Galliforms status from count and bag data

log(Nhg 1) = log(Nhg,) + 1,

where Nc¢ and Nh are counted and hunted population sizes. 7,; in our model is the link that allows
the integration between bags and counts datasets. Observations (counts and bags) were modelled
drafting from a log-normal distribution, allowing both over- and underestimations.

log(cg,e) ~ Normal(log(Ncy,.), oc?)
and

log(hg,) ~ Normal(log(Nhy,),oh2)
where ¢4+ and hg, represent respectively, count and bag values. Observation errors are assumed to
be site-dependent. Census effort is markedly different across GMUs in terms of number and size of
sample areas, but within each GMU the effort remained the same. Because we are working on log-
transformed data and focusing on population trends rather than abundances, the fact that sites
exhibit different sizes has no impact on the results. Similarly, harvest rate did not change
significantly over time, albeit changes in game management did occur, accordingly to an increased
control on game management policies after the enforcement of the Natura 2000 network, which lead
to more conservative harvest quotas in time (see Chapter 1).
Posterior probabilities of all model parameters are obtained applying Bayes’ theorem to update the
priors using the likelihood. Albeit the magnitude of the growth rates were already known from the
previous study described in Chapter 1, we defined vague priors, except for the initial population size
log(Ne,;) and log(Nh,;), for which we defined priors fitted to the range of datasets’ values (see
Table S2.1 in Appendix 1).
Models were implemented in JAGS 4.2.0 (Plummer 2003) called from R using the package R2jags
(Su and Yajima 2015). JAGS performs parameter estimation through Markov Chain Monte Carlo
simulations (MCMC) by sampling the posterior distribution of the parameters. We ran 3 MCMC
chains with 100000 iterations, discarding the first 50000 iterations as ‘burn-in’ (Gilks et al. 1996).
Thinning was set to 9 for memory issues. Chain convergence was assessed both visually and by
checking the Gelman-Rubin Rhat statistic (Rhat <1.1) (Brooks and Gelman 1998).
We performed a goodness-of-fit test, (Gelman et al. 1996; Kéry and Schaub 2012). For each dataset
(counts and bags) we computed the ratio of the actual data and the mean of the generated values

(both at log scale), as

o log(vg,t)
mean(log(zg,t,i))




where y, ; represents the actual count or bag value and z,;; represents the generated count or bag
value for each iteration i (being i[1,16668], resulting after burning and thinning). Data generation
follows the observation model,

log(zg,¢,i) ~ Normal(log(Nzg,t,i), a;i)
Starting from the base integrated model, we implemented several different models to r,; in order to

examine population trends at various spatial scales.

2.2.3.1. Overall trend

In a first model we calculated a global growth rate u to estimate a general trend at national scale.
Tge = Ut &gt
In this model we postulate the existence of an underlying common trend of all Italian populations

and a component of the trend that is GMU specific, coded as ¢€,; , a normally distributed temporal

random effect with a site—specific variance. Thus, €,; ~ Normal ( 0, Ogor’y ).The aim of this first

approach was to provide an overview on the status of the target species in Italy, which is an

important information when conservation policies are implemented at national or international scale.

2.2.3.2. Site-specific trends

In a second model we considered each GMU as an independent population. Relative to the previous
model, we calculated a median growth rate p, as site fixed effect, as

Tgt = Hg T &gt

2.2.3.3. Regional trends

Third, we look for regional growth rates. As described before, we considered both a classification of
GMUs based on game management authorities and a classification based on biogeographic zones. The
aim was to explore whether growth rates calculated on these datasets could be acknowledged to
biological factors or to different game management policies. We modelled r,;as following :

Tgt = Hreg + &gt
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where ., is the mean regional growth rate (biogeographic or management). In order to check, we
compared DIC (Deviance information criterion) values and precision of p,., values (95% Credible

Intervals) calculated by models using the two regional grouping criteria.

2.2.3.4. Integrated vs classic approach

Similarly, in order to test the performance of the integrated model, we applied the site-specific model
on both count and bag dataset separately and then we compared precision of u, calculated by the
three models to check whether the integrated model did improve precision and bias of the estimation

of Alpine Galliform population trends.

2.3 Results

Chains convergence was satisfactory in all models for every estimated parameter. Rhat resulted
mostly <1.02, with no values passing the 1.1 threshold. For each considered model, the datasets
generated using the model estimated parameters fitted the actual datasets with high precision. The
posterior predictive check showed that the datasets calculated a posteriori from the model estimated
parameters log(Nzg‘t,i) and G;J- were largely similar to the actual datasets, with a mean actual-to-
generated data ratio always comprised between 0.90 and 1.00, indicating a slight overestimation of
the generated data, especially for bag data.

Sample size affected species’ growth rate parameter precision, despite median values of mean growth
rates at different scales were similar (Figure 2.2). In fact, 95% CI width were smallest for the global
growth rate p (sample size: BG, 2736; PAR: 1900; PTA, 1100) and, on average, largest for the site
growth rates gy (mean sample size per site: BG, 26.1; PAR: 25.8; PTA, 25.8). Intermediate values
were recorded for the regional growth rates Hreg, (mean sample size per region,

biogeographic/authority: BG, 182.4/202.6; PAR: 126.1/157.6; PTA, 106.4/49.0).



Figure 2.2. — Precision of mean growth rate parameter p in the different models (mean and 95% CI) estimated by the
different models for the three target species (BG, Black grouse; PAR, Rock partridge; PTA, Rock ptarmigan), relative to
the period 1996-2014. Models are represented with different shades of gray. Dark gray = global u; intermediate dark gray =

03

02

01

00—-—

0.1

Mean growth rate (95% CI)

-02

-03

BG

PAR

PTA

Chapter 2

mean regional ureg (authority); light grey = mean regional ureg (biogeographic); white = mean site ug)

Table 2.1 — Posterior estimated mean growth rates, 95% CI, estimated population change and DIC for the three target
species (BG, Black grouse; PAR, Rock partridge; PTA, Rock ptarmigan) as estimated by the different models from 1996 to

2014. For site and regional models, displayed values refers to the mean values of single sites or regions.

species

BG

PAR

PTA

posterior p median

model

global -0.006
site

regional - biogeographical

regional - authority

global -0.031
site

regional - biogeographical

regional - authority

global -0.047
site

regional - biogeographical

regional - authority

mean

-0.026
-0.009
-0.019

-0.034
-0.020
-0.032

-0.027
-0.043
-0.050

lower 95% CI

mean

-0.014

-0.145

-0.045

-0.060
-0.047

-0.226

-0.094

-0.105
-0.062

-0.366

-0.110

-0.123

upper 95% Cl

0.002

-0.013

-0.031

mean

0.094
0.024
0.019

0.154
0.052
0.040

0.313
0.024
0.019

95% Cl interval

0.016

0.035

0.031

mean

0.239
0.069
0.078

0.380
0.146
0.145

0.679
0.134
0.142

P(p<0)

0.90

100.00

100.00

mean

0.61
0.65
0.76

0.60
0.64
0.73

0.54
0.82
0.87

% change across
1996-2014

mean 95% Cl
-10.59 -22.55,2.73

-42.95 -58.28,-20.84

-58.28 -68.46,-43.48

DIC

2044.8
2216.8
6346.6
6132.2
2263.1
22394
6262.6
6255.9
13396
1336.6
31524
3030.0
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2.3.1. Overall trend

The first model estimated a negative trend at national scale for all three target species from 1996 to
2014. The median decrease of BG populations was estimated at less than 1% (u = -0.006), but a
fraction (12.5%) of 95% CI interval was positive (min -0.014, max +0.002). For both PAR and PTA
the trend resulted instead negative (respectively, PAR, u = -0.031, CI 95% min -0.048, max -0.013;
PTA, p = -0.047, CI 95% min -0.062, max -0.031). The mean change of population size over the

study period was -11% for BG, -43% for PAR and -58% for PTA.

2.3.2. Site-specific trends

Consistently with the overall trends, all species showed negative growth rates on average at site level
in the integrated model (BG: 71% of the sites, n=72; PAR: 70%, n=50; PTA: 80%, n=30).
Nevertheless, only in few cases growth rates values were significantly different from 0 (BG: no sites;
PAR: 1 site; PTA: 3 sites.

In the integrated model bags resulted more subject to observation error than counts, as evidenced by
the comparison of ch and ahﬁ (Figure 2.6). Simlarly, highest observation error was detected in

PTA and lowest in BG, with PAR showing intermediate values.
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Figure 2.3 — Mcan Black grouse growth rates in GMUs and 95% CI estimated from 1996 to 2014 for cach site. Light gray:

integrated model; intermediate gray: bag-based model; black: count-based model.
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Figure 2.6 — Mean of the site-specific variances of the observation models for the three target species (BG, Black grouse;
PAR, Rock partridge; PTA, Rock ptarmigan). 25-75% interquartile range (IQR) is delimiled by the box, whiskers extend to
1.5 IQR. Dark gray refer to bags observation models, light gray to counts observation models.

2.3.3. Regional trends

Grouping sites according to game management authorities or biogeographic regions only marginally
affected regional growth rate estimations. In fact, both DIC model values and 95% CI intervals were
similar (Table 2.1). Hence, the results of regional-effect models do not support the hypothesis that
game management affects population size estimates, albeit lower DIC values of the authority-based
models may anyway hint at a possible effect of management policies. Looking at the estimated
biogeographic regional trends for BG, a W-E gradient emerges for populations of Central-Eastern
outer Alps (regions 4a to 4d), with significantly declining populations in western GMUs and
progressively higher growth rates going east. Higher growth rates are recorded in the inner Alps (9c,
5c), but it must be noted that a positive trend is also recorded in the southernmost biogeographic
region (CN_med), characterized by submediterranean habitat elements. PAR populations are
declining mostly in the Central-Eastern Alps (4a, 4b,4c, 8, 9¢), while stable or increasing populations
are located in the Central-Western (5¢, 9a, 9b, CN_med) and Eastern Alps (4d). Less variability
between regions results for PTA instead, whose populations are all declining with a mean annual rate

in the range 3.3-7.2%, with the Cottian Alps being the only exception (annual growth +0.4%).
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2.3.4. Integrated vs single-proxy models

Integrating counts and bags within the same model led to a more precise estimation of site mean
growth rates ug, by comparing 95% CI width with the single-proxy models. The integrated model led
to reduction in the median CI width of g, estimates from 0.402 to 0.269, For the three species BG,
PAR and PTA, the integrated model was more accurate, respectively, in 65% (n=52), 40% (n=48)
and 75% (n=28) of the sites. Since count and bag data were not available for all authorities, this
comparison was implemented only for a subset of sites.

Precision of p, estimates, both in the integrated and in the single-proxy models, was related to
several factors, most notably the sample size (i.e data series lengths), the absolute value of g and
the magnitude of counts and bags (Figure 2.8). CI width declined sharply with an increase in data
series length, which spanned from 5 to 20 years across species and proxies. For each site, sample size
in the integrated model spanned from 11 to 40 years, which helped the integrated model in
estimating growth rates more accurately using a larger dataset. It must be noted, however, that the
relation of sample size and precision of the growth rates estimates is not linear when CI of ug4
estimates from single-proxy and integrated models are pooled. In fact, the integration of two short
data series of counts and bags led on average to a less accurate estimate compared to a longer series
of a single proxy. Deviations from stability of the growth rates, either they increased or declined,
resulted in wider CI. Conversely, growth rates were more precisely estimated when they only
marginally deviated from 0. Finally, precision was inversely related to the magnitude of counts and
bags values, with wider CI associated with smaller values.

In most cases (BG, 86%; PAR, 74%; PTA, 75%), growth rates estimated by the integrated model

were intermediate between count-based and bag-based models growth rates.
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24 Discussion
2.4.1. Advantges of integrating counts and bags

In this study we outlined how to integrate two different proxies of population abundance robustly.
One of the goals of our work was how to make the best of all available data, considering the current
enforced game management, especially in terms of reducing uncertainty in parameter estimation by
improving precision and reducing bias. Uncertainty is a crucial aspect in ecological modelling (Pradel
2005), especially in wildlife management and conservation (Nichols et al. 1995; Williams et al. 1996;
Johnson et al. 1997; Williams et al. 2002; Regan et al. 2005). Large credible intervals of estimated
population dynamics parameters are ill-suited to make reliable inferences. This may be particularly
relevant, for example, when adaptive management is applied (Nichols and Williams 2006). According
to Williams et al. (2002), four main sources of uncertainty can be identified in wildlife management,
among which they mention the application of different monitoring methods to the same target
species. As already outlined in the Introduction and Chapter 1, this issue is extremely relevant in the
context of the estimation of population trends of Alpine Galliforms. More specifically, the two
analysed datasets of counts and bags were composed of game management units annual data series
deriving from different counting methods/effort, uneven hunting policies and data archival. As a
consequence, the datasets were heterogeneous in terms of series length and magnitude of count and
bags values.

All this considered, the integration of the two proxies within the same model was a useful approach
that helped increasing precision and limiting bias of the growth rates estimates. We detected two
factors that affected the quality of the available data to modelling purposes, that is, the series length
and the magnitude of the values. Larger credible intervals in single--proxy site models were
associated to short series and/or to small values. In most cases, bag series were longer than count
series, as a result of a widespread lack of standardization of census methods and data archiving.
Conversely, as expected, the magnitude of counts usually far exceeded the magnitude of bags
(median value counts/bags: BG, 156/18; PAR, 87.7/14,5; PTA, 39.2/8.5), leading to more accurate
parameter estimation. Hence, the integrated model increased precision of growth rates estimates by

mutually compensating proxy-specific shortcomings. The limited magnitude of bag values was found



being particularly relevant. Unexpectedly, the error in the bag observation model was higher than the
error in count observation model, despite the magnitude of count values being larger than bags.
Similarly, the observation error was highest in PTA and lowest in BG, albeit both count and bag
values being far smaller for PTA than BG. This counterintuitive outcome was likely caused by a
failure of the model in dectecting accurately year-to-year population abundance variations when
dealing with very small values, such as PTA bags, which were in the range of units. As a
consequence, site growth rates estimates precision was lowest in PTA and highest in BG.

At all spatial levels (global, regional, site) the integration of counts and bags in this case helped
limiting very large 95% CI. In fact, the overall growth rate parameter u was estimated precisely,
relying on a considerable amount of data to source information from, while 95% CI width increased
remarkably in regional and site models as the sample size reduced. It is interesting to note that the
integration succeded in averaging both proxies weighting them by their own quality (series length *
values magnitude). For each site, growth rates estimated by the integrated model resulted closer to
the ones estimated by the proxy with highest quality, which changed among sites according to the
different wildlife management policies.

In Chapter 1 we discussed about proxy-specific sources of bias. Bags trends are likely
underestimations, since game management changed from less to more conservative from mid-2000 on,
especially after the enforcement of Natura 2000 network, that resulted in reduced harvest rates.
Furthermore, there is an unknown poaching quota, not recorded in shooting bags. Conversely, we
speculate that counts may overestimate population abundances, considering that the sampling areas
are usually located in the best habitats where the encounter probability is higher. Moreover, in
regions where hunters are running the counts and game wardens only occasionally supervise, shooting
plans could be biased by intentionally inflated results, aimed at getting higher yields. For most sites,
growth rates estimated by the integrated model resulted intermediate between growth rates
estimated by count-based and bag-based models. Therefore, the use of state-space models, which
intrisically buffer the sources of bias by accounting for the observation error, combined to the
integrated approach, may help also in reducing bias in growth rate estimates by averaging the
information brought by the two proxies.

This study confirms the strength of the integrated models in reducing bias and increasing parameter

estimation precision out of limited or poor quality data, already shown in the last decade by several
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studies (Schaub et al. 2007; Abadi et al. 2010a; Davis et al. 2014). We would recommend that the
various authorities in charge of wildlife management in Italy consider this integrated approach when
implementing management strategies, besides the obvious need to improve quality of the primary

data, chiefly, by an increase in count methods standardisation.
2.4.2. National and regional trends

For the three species of Alpine Galliforms considered, the results of our study confirm the status
assigned by the latest version of the national Red list of birds (Peronace et al. 2012), that is, ‘Least
Concern’ (LC) for the BG, and ‘Vulnerable’ (VU) for PAR and PTA. On a 19-year basis, BG Italian
population marginally declined (-11%, median estimate) and this reduction do not meet the JTUCN
criteria for a ‘Near Threatened’ (NT) classification, despite some sharp declines at regional level (i.e.
Central Alps prealpine areas) have been occurring. For PTA and PAR, if the estimated 19-year
growth rates would be applied to 10 years (the reference period for IUCN classification, [UCN 2001),
the size of the population decline would meet the criterion A2 (“population size reduction of > 30%
over the last 10 years”) for the former (-38%) while the latter would approach to it (-27%). In case of
PAR, it must be noted the an estimated 30-50% of the Italian population was not considered in this
study, since it lives in the Apennines and in Sicily (BirdLife International 2015d), where the local
subspecies (sspp. A. g. graeca and A. g. whitakeri) have faced a severe reduction in the last decades
(Palumbo and Lo Valvo 1999; Rippa et al. 2011; Sorace et al. 2011, 2013a, b; Trocchi et al. 2016).

The comparison between species’ national growth rates estimated by TRIM in Chapter 1 and the
ones estimated by the integrated model are partly overlapping, and some species-specific differences
emerged (Figure 2.9). As already outlined in Chapter 1, BG count and bag population trends are
remarkably different, likely resulting from changes in game management policies in time. However,
the integrated model estimated an intermediate trend value, which largely overlapped with the
counts anyway. This result is consistent with a prominent effect of the magnitude of counts values
over bag values, given that, at national scale, the issue of shorter series length of count data at site
level was largely attenuated. PTA count and bag trends were consistent in the log-linear frequentist
appproach, and the decline predicted by the integrated Bayesian model resulted only marginally less

severe. A substantial difference between the outputs of the two approaches emerged for PAR, for



which the integrated model estimated a shaper decline compared to TRIM. As already suggested in
Chapter 1, TRIM may have failed in correctly identifying long-term PAR population trend due to
the presence of ample population fluctuations. The decomposition of the year-to-year growth rates
into a global mean and a site/time error with a site fixed effect in the state-space integrated model
may have contributed in reducing the bias introduced by few sites with large absolute count values
showing a positive trend (i.e. a site in Central Alps which shares on average a 10-20% quota of the
whole number of counted birds)

Examining in depth the trends in different biogeographic areas, populations of inner and Eastern
Alps seems to perform better than populations living in the pre-Alpine belt and Western Alps, as a
likely effect of marginality and fragmentation of populations. Indeed, the main core of BG
distribution on the Alps lies in the inner Alps, where there is a continuum of suitable habitats. In the
pre-Alps, populations are instead more fragmented and usually live at lower densities (Brichetti and
Fracasso 2004). Although birds populations are less affected by fragmentation than other vertebrates
(Crochet 2000), BG is a highly resident and philopatric species (Caizergues and Ellison 2002) with
southern populations being more fragmented than northern (Caizergues et al. 2003b). This may
affect populations’ fitness. We speculate that the observed W-E gradient may be explained likewise,
given that Eastern Alps are characterized by lower mountain ridges and populations living there are
neighbouring the Austrian ones. Less clear regional patterns resulted for PAR and PTA, although
Western populations performed better in both species. For these species, the effect of local conditions
may be stronger than larger scale environmental dynamics, as already observed for other Alpine
populations (Géhin and Montadert 2016; Furrer et al. 2016), hence geographical patterns of trends
can hardly be identified.

The effect of different game management on the dataset remains an open question. We could not find
a strong evidence that management policies diversity affects the trends, despite the results in
Chapter 1 have previously shown the existence of different game management policies (i.e. hunting
pressure), which were likely causing significant different trends between game management
authorities. In this second study, we tried to disentangle management from environmental effects,
but the inevitable overlap between the two classifications may be a confounding factor. The lack of
management guidelines in some authorities may have resulted in a high within-authority differences

among sites (chiefly, in Lombardy region), which prevent the identification of common patterns. On



- | An integrated state-space model to assess Italian Alpine Galliforms status from count and bag data

the other hand, the prevailing effect of local conditions over larger scale environemental factors, as

abovementioned, could have prevented the identification of regional patterns.
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Figure 2.9 - Comparison between national growth rates estimated in Chapter 1 using TRIM from count (dark gray) and
bag data (light gray) and the mean growth rate estimated by the integrated model (white) for the three target species.
Crossbars show the mean growth rate u and the lower and upper 95% credible intervals for the integrated model, while for
the results of TRIM crossbars show the trend wvalues estimated by the log-lincar models and the lower and upper 95%
confidence intervals.



2.4.3. Applications of the integrated model

As long as there is no focused monitoring scheme to assess the abundance in time of Alpine
Galliforms populations at national level, the process of estimating population dynamics will
necessarily rely on heterogeneous data that are routinely collected from the field. This issue is
commonplace in wildlife management at large scale, because spatial variation of applied survey
methods if often considerable (Pollock et al. 2002). As already mentioned, a major advantage of this
approach is the possibility to limit uncertainty in parameter estimation by increasing sample size,
joining different data sources within the same framework. This model could be applied when different
methodologies are involved to get abundance estimates of the same populations at the same temporal
frame according to the eco-ethology of the target taxon. For example, gregarious species with
commuting behaviour, such as bats, seabirds (cormorants, auks etc.), herons or corvids, are usually
surveyed at roosting/breeding sites and foraging areas (see Bibby et al. 2000; Agnelli et al. 2006). In
these cases, integrating data could result in more robust trends estimations, given that small or
newly established colonies may go undetected and variability in the use of foraging areas for certain
species is extremely high depending on food availability and weather conditions (Legagneux et al.
2009). The scope of application could be widened to direct and indirect count methods, where
abundance indices (snow tracks, faeces, feeding signs etc.), obtained from cheap large scale
surveillance surveys, can be coupled with intensive direct targeted monitoring. The flexibility of
state-space models further allows an easy dataset integration without putting many assumptions on
their relationship. Indeed, each biasing factor that affects data can be independently accounted in the
observation processes, such as detectability (Royle et al. 2005), weather conditions (see for example
droppings residence time in faecal pellets counts, Wallmo et al. 1962), sampling effort (Willebrand et

al. 2011) or fieldworker skills (Sauer et al. 1994).
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2.5 Appendix 1

Table S2.1 —Specification of the prior distributions for the parameters in the models

MODEL PRIOR

All models log(Nh, ;) ~ Uniform(-5,6)
log(Nc, 1) ~ Uniform(-5,10)
€5+~ Normal(1, ozpmc)
Oproc ~ Uniform(0,10)
ohzg = ucrhzg +eoh,
uohng Uniform(0,1)
gch,~ Normal(1, 1000)
oczg = uoczg +€0¢,
uoczg“‘ Uniform(0,1)
goc,~ Normal(1, 1000)

Global p~ Normal(1, 1000)

Site Mg ~ Normal(1, 1000)

Regional |, = Heg + Elregg
Hreg ~ Normal(1, 1000)
Elegg ~ Normal(1, 1000)




Chapter 3

Land cover/land use changes disrupt Black grouse
(Lyrurus tetrix L.) habitat suitability: differential

effects between inner and outer Alps

ABSTRACT. In this Chapter we focused on Black grouse habitat changes caused by land abandonment in
a 35-year temporal scale in the Central Alps. Shrub encroachment and forest ingrowth into former pastures and
hay meadows is known to be detrimental to the species, as vegetation densification alters the optimal structural
composition, where all vegetation layers (herbs, shrubs, trees) are present in a patchy layout. Using a
georeferenced dataset of display sites dating back to the early 1980s, we modelled the past species distribution
using land cover and landscape structure information obtained from land cover maps and remote sensing and
we compared it with the actual distribution predicted by the model with current land cover. Overall, Black
grouse habitat suitability distribution related to land cover halved in the considered period. Change occurred
primarily in abandoned wood pastures and hay meadows. However, the change was not uniform in the study
area, as a large proportion of habitat loss was located at low elevations in the outer Alps and only minor
changes occurred in the inner Alps. This scenario is consistent with the different timing of farming and
traditional activities discontinuation, which started right after WWII ending in the Prealps while this process
was delayed in the inner valleys to the 1970s-1980s. At landscape level, the study outlined a deep habitat
fragmentation into smaller patches of suitable habitat formely merged into a matrix of suboptimal areas, which
will likely affect the species conservation by increasing edge effects. Despite not considering other factors that
shapes the ecological niche (climate, predation, disturbance), the study evidenced that habitat management is

needed to mitigate the negative effect of land abandonment on Black grouse populations.

KEYWORDS: Species distribution models, LULCC, land abandonment, Black grouse, conservation
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3.1 Introducion

Land abandonment is a widespread phenomenon observed in many parts of Europe, both in lowlands
and mountains (DLG 2005; Plieninger et al. 2006; Renwick et al. 2013). Land use/land cover changes
(LULCC) are considered to be major drivers behind changes in ecosystem function and dynamics
(Cernusca et al. 1999). Reduced grazing and haymaking causes a vegetation succession occurring at
varying rates depending on site conditions which leads to densification of shrub cover and
reforestation (Tasser and Tappeiner 2002). Biodiversity loss is first seen in vegetation due to
increased competition for light and seed germination (Grime 2006) and eventually affects animal
communities (Burel and Baudry 1995; Laiolo et al. 2004; Koch et al. 2015). Even though climatic
warming will likely exert a major influence in the future on Alpine treeline, given that treelines are
temperature-controlled boundaries (IKorner and Paulsen 2004), at shorter time scales land use
changes have been shown to act as main drivers of the observed upward shift (Dullinger et al. 2003;
Gehrig-Fasel et al. 2007; Chauchard et al. 2010). Indeed, treeline position is believed to lag behind
climatic changes by at least 50 years, due to recruitment lags, slow tree growth and competition with
faster-growing shrub layer (Dirnbock et al. 2003; Harsch et al. 2009; Korner 2012). For example, a
mere 4% of recent forest expansion observed in Switzerland is attributed to climatic treeline
advancement, with the remainder 96% identifiable as gap-filling (Gehrig-Fasel et al. 2007), a process
that is yet to be concluded where land use exerted a major control on treeline in the past (Vittoz et
al. 2008). Historically, anthropogenic treelines on the Alps were estimated to be 150-300 m lower
than natural treelines (Holtmeier and Broll 2005; Wallentin et al. 2008). However, climate warming
interacts with land use changes by speeding up vegetation densification triggered by land
abandonment providing better conditions for shrubs and forest growth and shifting upwards the
climatic treeline, thus widening the potential expansion area (Bolli et al. 2007; Leonelli et al. 2011;
Tasser et al. 2017). Dwarf shrub invasion represents the first observed step of the ecological
succession and occurs at considerable high rate right after haymaking is discontinued. Nevertheless,
scrubs are in most cases just an intermediate phase of the ecological succession and shrub cover on
the long run is substituted by forest cover up to the climatic treeline (Tasser and Tappeiner 2002;
Tasser et al. 2017), provided geomorphological and microtopographical constraints (Leonelli et al.

2011).



Farming discontinuation and forest expansion is considered the most relevant LULCC in Italy from
1940 to 2000 (Piussi and Pettenella 2000). An estimated 800,000 ha of pastures and hay meadows
were abandoned in whole Italian Alpine slope from 1960 to 2000 (Chemini and Giannelle 1999). First
evidences of forest expansion induced by reduced grazing pressure dates back to the early 1930s,
which eventually became more intense from the 1960s (Motta et al. 2006). A 115 m upward treeline
shift in Western Italian Alps was observed in the 20™ century, and has the potential of a further 110
m shift (Leonelli et al. 2011).

As already highlighted in the thesis Introduction, LULCC have been shown to play an important role
for Black grouse conservation. Nevertheless, few studies have directly addressed the question of how
land abandonment is affecting the potential distribution of the species and none to our knowledge
concerns Italy.

Local extinctions and distribution shrinking of Black grouse were observed in the Alps since the
1950s (De Franceschi 1994; Buffet and Dumont-Dayot 2011) at least partly as an effect of land cover
(Ellison and Magnani  1985; Bernard-Laurent 1994b). Although the species distribution in
Switzerland is virtually unchanged from the period 1973-1976 to 2013-2016 (IKnaus et al. 2011),
upward displacements of leks are reported in Valais Canton from 1970 following the treeline
altitudinal shift (Marti et al. 2016). In Southern Switzerland, reduced breeding success and negative
population growth rates were attributed Green alder expansion in pre-Alpine pastures (Zbinden et al.
2003). Land abandonment and consequences of land cover changes to biodiversity have been reported
also on the Italian Alps and the Apennines (Farina 1991; Laiolo et al. 2004; Falcucci et al. 2000;
Sergio and Pedrini 2007; Marini et al. 2011), but no studies have been conducted so far in Italy to
evaluate effects on Black grouse habitat suitability, especially in the light of the different landscape
evolution and abandonment history of the outer Alps belt, which experienced the discontinuation of
traditional farming yet in early 20" century, and the inner Alps, where this phenomenon occurred
later and slower.

In this study we analysed Black grouse habitat suitability distribution changes in Central Italian
Alps from the early 1980s to present related to LULCC, using both land use maps and remote
sensing techniques. More specifically, we applied SDMs (species distribution models) to evaluate i)

the magnitude of habitat suitability change, ii) the existence of different patterns of change between



Land cover/land use changes disrupt Black grouse ( Lyrurus tetriz L.) habitat suitability: differential effects between
inner and outer Alps

inner and outer Alpine belts, iii) changes in habitat configuration at landscape level and iv)

robustness of remote sensing-derived indices to identify Black grouse habitat.

3.2 Materials and methods

3.2.1. Study area

The area of interest is represented by the Alpine and pre-Alpine part of Lombardy region, located in
Northern Italy. Area size is roughly 10000 km? with an elevational range between 200 and 4020 m
asl (Piz Bernina) and it shares the northern border with Switzerland (Grisons and Ticino Cantons),
which runs for most of its length along the main Alpine watershed. Two main zones are identifiable
within the area separated by the so-called “Insubric line”; the local section of the Periadriatic seam, a
major tectonic fault that separates the Adriatic from the European Plate trending E-W along
Valtellina and upper Valcamonica. Northern Rhaetian Alps (hereinafter ‘inner Alps’) are located
north of the line, characterized by higher elevations, steeper slopes and continental climate, while
south of the line lie the Orobie Alps and the Southern Rhaetian Alps (hereinafter ‘outer Alps’), with
wet climate and lower elevations that eventually end in pre-Alpine foothills. Treeline elevation is not
uniform and it varies from 1200 m in the outer Alps, where it was historically lowered by human
activities, up to 2400 m in the inner Alps. Consequently, Black grouse throughout the year can be
found from 1000 up to 2600 m, living in broadleaved (chiefly, Beech, Fagus sylvatica L.), mixed or
conifer sparse woods, despite most of the observations are found between 1600 and 2000 m along the
ecotone between alpine meadows with dwarf shrubs (Vaccinium spp., Rhododendron spp.) and Larch
(Lariz decidua Mill.), Spruce (Picea abies L.), or Swiss stone pine (Pinus cembra L.). Land
abandonment was recorded in the area, mainly caused by a decline in forestry and traditional
farming, which peaked locally in 1960s-1970s (Regione Lombardia and ERSAF 2012). The increase in
the forested area from 1955 to 2007 is estimated at around 150.000-200.000 ha, with more than 10000

ha of pastures and hay meadows invaded by shrubland (Regione Lombardia and ERSAF 2012).



3.2.2. Presence data

We collected georeferenced locations of displaying Black grouse in spring obtained during an
extensive survey on that took place in the period 1982-1985 in the whole area (Scherini et al. 1989).
Overall, 545 display locations were digitalized on a GIS (QuantumGIS 2.18, QGIS Development team
2017) from original paper maps at 1:25,000 scale (Istituto Geografico Militare, IGM). We do not use
the word “lek” as more than 40% of males displayed alone, a feature that is associated with low
densities (Hoglund and Stohr 1997), which is common occurrence in the Alps (Zbinden and Salvioni
2003). 137 display sites were located in inner Alps and 408 in the outer Alps. Mean display site
elevation was 1755 4+ 260m (min 900 m, max 2370 m). Precision in georeferencing display site had
three main sources of stochastic error; the first source derives from the ability of the observers to
locate display sites correctly on the map; second, map scale was relatively small, which means that
even correctly located display sites had an intrinsic uncertainty of + 50-75 m considering the dot size
with respect to map scale (~2-3 mm); third, digitalization was made by comparing the original IGM
map with updated topographic map, thus introducing a further source of error in case of difficult

identification of display sites location on the recent maps.
3.2.3. Species distribution model

As stated in the introduction, the goal of the study was to evaluate variations in Black grouse
habitat suitability related to changes in land cover/land use. First, we developed a presence/absence
SDM referred to the 1980s based on the abovementioned dataset of display sites, implemented with
topographical and land cover information. Then, we predicted the actual habitat suitability by
applying the model to the same set of predictors relative to 2016 and we overlaid the two output
presence/absence maps to identify changes in habitat suitability. Finally, we related suitability
changes to 1980 predictors with a logistic model and we evaluated changes in landscape layout by
calculating landscape metrics on the estimated distributions relative to the two considered periods.
Although other factors contribute in defining a species ecological niche, most notably climate, we

chose not to include them in the model in order to relate the observed change to LULCC only.
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Black grouse is an ecotonal species, whose optimal breeding habitat is characterized by a complex
horizontal and vertical vegetation structure and composition (Signorell et al. 2010; Patthey et al.
2012), where none of the three layers (herbaceous, dwarf shurbs, tall shrubs or trees) covers more
than 75%, in a patchy layout (Magnani 1988; CREN Rhone-Alpes 2009; Schweiger et al. 2012).
Thus, only field surveys or detailed phytosociological maps are capable to identify correctly these
peculiar requirements (Patthey et al. 2012; Schweiger et al. 2012; Braunisch et al. 2016). This is a
shortcoming when modelling the species distribution at large scale, since phytosociological maps are
hardly available for whole regions. Therefore, SDMs for Black grouse are usually developed with
general land use/land cover maps which classify the territory according to main vegetation structure
categories (Decout and Signer 2010; Braunisch et al. 2011; Zurell et al. 2012).

To overcome these constraints, we implemented the SDM by processing land cover in terms of
continuous variables. First, we transformed the land cover maps from categorical to continuous by
applying a focal function which estimated the proportion of land covered by each class within the
moving window. Then, we further integrated land cover information with a landscape eveness metric
and a vegetation index obtained from remote sensing aimed at summarising vegetation density.

Hereafter we are going to detail data and methods used in the SDM.

3.2.3.1. Land cover data

Lombardy has developed a land cover/land use map (Destinazione d’Uso dei Suoli Agricoli e
Forestali, ‘Use Categories of Agricultural and Forest Soils’, hereinafter DUSAF map) that is
periodically updated from photointerpretation. The classification used in DUSAF is in compliance
with the hierarchical European nomenclature system of the CORINE Land Cover project, and has
further regional-specific classes up to the 5% hierarchical level aimed at classify specific features of
Lombardy landscape. The detail level is equal to a spatial resolution comparable with an 1:10000
printed map (i.e. minimum dimensional threshold of representability corresponds to 0.16 ha, smallest
linear dimension of the polygon is 20 m). Information on current land cover was provided by the
latest DUSAF map (DUSAF 5.0, issued in 2017), while past land cover was derived from a 1980 map
(hereinafter ‘1980 map’) whose legend was harmonized with DUSAF legend criteria up to the 4™
hierarchical level. Since scale map resolution was coarser than DUSAF (1:50,000, minimum

dimensional threshold of representability 4 ha), the map was densified using the first DUSAF version



(DUSAF 1.1, issued in 1999) and a land cover map derived from orthophotos taken in 1955. Both
maps were eventually reclassified in 5 classes according to the species’ eco-ethology, focusing on
vegetation structure rather than composition (‘high and medium density forest’, ‘low density forest’,
‘shrubland’, ‘meadows and pastures’, ‘unsuitable’). The class ‘unsuitable’ was subsequently discarded

from the analysis.

3.2.3.2. Remote sensing data

As stated before, Black grouse requires a complex habitat composed by different land cover classes.
This represents a limitation when SDMs are implemented for the species, since several land cover
predictors should be considered simultaneously to identify correctly the species’ requirements. Thus,
we followed a remote sensing approach based on LANDSAT imagery to develop a vegetation density
index which summarizes the optimal vegetation density for the species. LANDSAT is the longest-
lasting remote sensing project, thus it suited our need to compare land cover at long term.

In mountain areas, ranges can significantly change surface reflectance by shading, which usually
mixes with the spectral information used to distinguish land cover classes. In order to minimize this
bias we derived the vegetation density index from bands ratio, an approach that normalizes spectral
information by removing contrasts in light conditions and emphasizing radiometric data content
(Gomarasca 2004; Campbell and Wynne 2011). The index was calculated from normalized short wave
infrared bands (SWIR1 and SWIR2) ratio as SWIRI-SWIR2/SWIR1+SWIR2. This index in
literature is known as NDTI (Normalized Difference Tillage Index, van Deventer et al. 1997), which
was originally developed in the field of agricultural studies (Daughtry et al. 2006). NDTI was
calculated from both reference periods from LANDSAT images (path/row: 193/28 and 194/28) with
low cloud cover within the study area (<20%) selected from the vegetative period peak (early 1980s:
LANDSAT 5, TM sensor, September 1984; present: LANDSAT 8, OLI sensor, July-August 2016). In
the area of overlap between tiles a mean value was calculated. NDTI accuracy in distinguishing
between different vegetation classes was tested with ground truthing surveys targeted at identifying
training fields with uniform land cover. 26 training fields were surveyed in July 2016 in a study area
located on the northern slope of Orobie Alps (Val Belviso, 46°05’30” N, 10°07’55” E). Each training
field (> 1 ha) was assigned to 7 vegetation classes characterized by decreasing densities (‘dense

wood’, ‘sparse wood’, ‘wooded shrubland’, ‘shrubland’, ‘wooded meadows’, ‘shrubby meadows’,
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‘meadows’). For each vegetation class the mean number of testing pixels was 49 (min 29, max 83).
Pixel size matched the LANDSAT resolution (30m). LANDSAT images were processed with raster

package (Hijmans 2016) in R 3.4.0 (R Core Team 2017).

3.2.3.3. Topographic data

Topographical variables were obtained from regional Digital Terrain Model (DTM) issued in 2015.
Native resolution of the DTM was 5 m. Resolution was subsequently coarsed and the the raster
aligned to LANDSAT grid (30m) using a bilinear interpolation, using raster package (Hijmans 2016)
in R 3.4.0 (R Core Team 2017). To model Black grouse presence we included in the model, as terrain
variables, elevation, aspect, slope and roughness (expressed as the difference between the maximum

and the minimum elevation within a 3x3-cell window).

3.2.3.4. Environmental predictors

Three different proxies for land cover were used: DUSAF land cover reclassified classes, NDTI index
and Simpson’s Evenness Index (SIEI), which is a landscape index that expresses land cover diversity
such that an even distribution of area among patch types results in maximum evenness (McGarigal
and Ene 2015). Evenness is the counterpart of landscape dominance (i.e., evenness = 1 — dominance)
already used in ecological investigations (Honnay et al. 2003; Schipper et al. 2011) and it is computed
similarly to Simpson’s Diversity Index (SIDI), which was shown to be positively correlated to Black
grouse presence (Braunisch et al. 2016). SIEI was calculated from reclassified 4-class 1980 map and
DUSAF 5.0 using FRAGSTATS 4.2 (McGarigal and Ene 2015).

In order model Black grouse distribution by means of continuous variables, we summarised land
cover categories from DUSAF map to a 1000m- wide moving window, which is equivalent to 78 ha,
corresponding roughly to the minimum species’” home range on the Alps (Bernard-Laurent et al.
1998). This window size was a compromise between representativeness of breeding habitat and the
risk of including unsuitable areas in case of larger windows sizes (i.e., valley bottoms, urban areas,
glaciers etc.), especially when the elevational gradient was high. This approach also allows to account
variables at the scale to which individuals perceive the environment (Graf et al. 2006) and helps

reducing the effect of stochastic error in the georeferentiation of display sites locations. Hence, we



applied this method also to native continuous variables, except elevation, aspect and slope. A focal
median function was applied to continuous predictors’ raster layers, while for categorical variables
(land cover classes) we calculated the percentage of each class within the window.

All variables were resampled to match LANDSAT resolution (30m). Prior to model implementation,
we performed a pairwise Pearson’s correlation between predictors to ascertain that variables were not
correlated (using r<0.70 as threshold). Predictors layers were elaborated with raster package

(Hijmans 2016) in R 3.4.0 (R Core Team 2017).

Table 3.1 - Predictors used for modelling Black grouse distribution.

TYPE SOURCE NAME VARIABLE DESCRIPTION UNIT

Land use map 1980 / proportion in a 1000m-wide

Land cover FOR_HD High and medium density forest cover X X R %
DUSAF 5.0 circular moving window
FOR_LD Low density forest cover p‘roportlon |r'1 a 1900m—wnde %
circular moving window
SHRUBS Shrub cover p‘roportlon |r? a IQOOm-Wlde %
circular moving window
MEADOWS Meadows and pastures cover p‘roportlon ”? @ 1900m»W|de %
circular moving window
SIEl index (derived from FOR_HD, FOR_LD, = median valuein 1000m-wide ’
SIEI X X K unitless (range 0/+1)
SHRUBS, MEADOWS) circular moving window (focal)
LANDSAT NDTI NDTI median value in 1000m-wide unitless (range -1/+1)
circular moving window (focal)
Topography DTM (5 m resolution, ELEV Elevation cell value at lek location m
resampled at 30m)
ASP Aspect cell value atlek location degrees
SLP Slope cell value at lek location degrees

ROUGH Roughness medlan valut‘a in 1900m-W|de m
circular moving window (focal)

3.2.3.5. Statistical approach

In order to compare habitat suitability in the two considered periods, we built a past Black grouse

potential distribution model using lek locations as presence data and environmental predictors related

to the early 1980s, and subsequently we predicted current potential distribution providing the model

with the actual variable layers. Given that only presence data were available, we used MaxEnt

(Phillips et al. 2006; Elith et al. 2011), a machine learning approach based on the principle of
>

maximum entropy, implemented in the package dismo (Hijmans et al. 2017) in R 3.4.0 (R Core

Team 2017). Among niche modelling techniques, MaxEnt is the least sensitive to sample size
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(Pearson et al. 2007; Wisz et al. 2008) and it employs a smoothing algorithm (‘regularization’) to
avoid overfitting. A crucial aspect of MaxEnt modelling is the generation of background points
(‘pseudo-absences’), which could largely affect results (VanDerWal et al. 2009). Presences were
unevenly distributed both vertically (elevation) and horizontally (among different areas within
Lombardy) (Kramer-Schadt et al. 2013). We addressed the first issue by generating background
points only within the elevational belt where the species lives in the region (1000-2600 m) to enhance
model performance (Phillips 2008; Acevedo et al. 2012). Then, we mimicked a raster bias map
provided to MaxEnt by creating an ad-hoc background layer, calculating first a bias map derived
from the geographic density of presence points and, successively, generating 10-fold background
points with the same density of presence points (Fourcade et al. 2014; Morganti et al. 2017). MaxEnt
was run using default settings (Merow et al. 2013), which implies that all features classes (linear,
quadratic, threshold, hinge, categorical) were used, according to the sample size (> 80 points). In
order to cross-validate model, we followed the approach of Radosavljevic and Anderson (2014),
according to which prediction results from k-fold model averaging. For each fold, the presence points
sample gets randomly partitioned in a training set from which the model is built and a test set used
to evaluate model performance. In our study, we chose k=5, with a training set/test set ratio equal
to 80/20%. Performance statistics resulted from averaging AUC (Area Under Curve) k-fold model
values. With the aim of obtaining a binary maps of potential Black grouse presence-absence and
compare it between the two considered periods, we reclassified as ‘suitable’ only output values above
the ‘maximum training sensitivity plus specificity’ threshold, which is the most conservative among
the ones that are routinely computed by MaxEnt, considering as ‘not suitable’ values below the
threshold (Liu et al. 2013). Finally, the predicted models were refined by discarding areas were model
extrapolation occurred. This was achieved by producing a MESS (Multivariate environmental
similarity surface) map, which measures the similarity of any given point to a reference set of points,
with respect to the chosen predictor variables. Model predictions were masked by the MESS map by
deleting cells in which it indicated extrapolation (values below zero). A final comparison map was
eventually created with map algebra (cells suitable in 1980 and 2016, cells suitable in 1980 but not in
2016, cells suitable in 2016 but not in 1980). To compare the effectiveness of individual land cover

data source in predicting Black grouse habitat (i.e. 1980 map classes, SIEI and NDTI), along with



the “full” model we implemented 3 sub-models, discarding two data sources each time and eventually

comparing AUC values.

3.2.3.6. Logistic model

In order to locate areas where habitat suitability reduction was likely to have occurred based on
individual/predictor values, we fitted a logistic model on the comparison map raster cells. For each
cell we extracted the value of each 1980 predictor, using them as independent variables, while as
dependent variable we used a binomial unchanged suitability /lost suitability (coded as 0/1) response.
Sample size (number of cells) was ~ 150000. Model was performed in R with stats package (R Core

Team 2017).

3.2.3.7. Landscape metrics

Model outputs were eventually analysed in the light of changes of Black grouse potential distribution
at landscape level, focusing on spatial patterns of suitable patches. In fact, habitat spatial structure
is a crucial feature of species’ ecological processes (immigration/emigration, predation, density-
dependent effects etc.) (Fahrig 2003) which may be compromised by a disruption in landscape
patterns eventually affecting population persistence (With and Crist 1995). For each study period we
computed landscape metrics using FRAGSTATS 4.2 (McGarigal and Ene 2015). FRAGSTATS
implements landscape metrics at 3 levels (patch, class and landscape). As we dealt with binomial
(presence/absence) output maps, we analysed them by means of class metrics, eventually retaining
information on ‘presence’ class only. In Table 3.2 we describe the computed metrics. All metrics
were computed at two spatial scales, that is, for the whole study area and, separately, for inner and
outer Alps. Metric values were then compared between periods and Alpine zone. To compute TCA

(‘total core area’) we applied a 100 m edge depth (Temple 1986).
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Table 3.2— Landscape metrics calculated with FRAGSTATS.

ACRONYM NAME DESCRIPTION UNIT PARAMETERS
AREA_MN Area patch size (mean) mean suitable habitat patch size ha
TCA Total core area total core area of suitable habitat ha edge depth = 100m
ENN_MN Euclidean nearest neighbor distance mean shortest straight-line distance between a m
(mean) focal patch and its nearest neighbor of the same
class
MESH Effective mesh size size of the patch that can be accessed from a ha

random cell without leaving the patch; in other
words, the area-weighted mean patch size.

3.3 Results

3.3.1. Species distribution model

Black grouse display locations were predicted with good accuracy (AUC=0.814), with a mean AUC
over 5 cross-validation replicates of 0.787 (SD: 0.037), which can be considered a satisfactory
performance given that climatic data were not employed. Elevation alone explained more than 40%
of the model, followed by the proportion of dense forest and slope (Figure 3.2). Species’ presence
response with respect to individual environmental predictors was, approximately, linear or unimodal
(Figure 3.3). Land cover classes predictors all showed a quadratic response as expected, with class
coverage optima for dense forest, sparse forest, shrubs and meadows in the range, respectively, of 10-
30%, 10-20%, 65-80% and 20-40%, which confirms the importance of structural vegetation
heterogeneity. Consistently, Black grouse response towards SIEI was almost linear and positive,
peaking at values close to 1.00, which identifies the maximum evenness of classes coverage. Low
contribution of sparse forest in the model may derive by the scarce presence of this class within the
study area. Likely, this is a photointepretation artefact included in the 1980 map deriving from
failure to classify this diffuse vegetation structural typology. It is worth noticing the apparent
bimodal response with respect to NDTI, which seems partly to contradict the response towards other
land cover predictors. A likely explanation of this result may lie in the partial cloud cover of the 1980
LANDSAT images, which diminished the predicted NDTT values in overlapping areas between tiles,
where a mean value was calculated, hence altering the species’ response, as identified by the first

peak between NDTI values ranging from 0.20 and 0.25. Terrain predictors contribution to the model



ranged from high (elevation) to almost null (aspect). An expected elevation optimum between 1800
and 2000 m asl was seen; moreover, a preference for moderate slopes and a certain degree of slope

roughness emerged.
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Figure 3.1 — Comparison map between Black grouse predicted distribution in 1980 and 2016. Green: unchanged
distribution; red: distribution in 1980 lost in 2016; light blue (barely visible): distribution in 2016 not predicted in 1980.
Black line represents the Insubric Line. Inset: location of the study area with respect to Lombardy and Italy. Gray: the
Alpine area.
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Figure 3.3 — Predictor response curves as calculated by MazEnt model



3.3.2. Model comparison

Despite the bias introduced by cloud cover, NDTI-based sub-model accuracy was only slightly lower
than 1980 map-based sub-model. In fact, for the 1980 map-based sub-model the AUC was 0.822,
while for the NDTI-based was 0.792. SIEI-based sub-model was less accurate, with an AUC= 0.771.
It must be noted however that 1980 map-based sub-model was implemented with 4 land cover
predictors (dense forest, sparse forest, shrubs and meadows) while the remainders had only NDTI or

SIET as land cover variable.
3.3.3. Black grouse habitat suitability change

From the comparison map between suitable Black grouse distribution in 1980 and 2016, a diffuse and
massive reduction in the study area emerged as result of land cover changes (Figure 3.1). At
regional scale, habitat suitability shrunk from an estimated 137848 to 65143 ha, corresponding to a
52.7% reduction. Local gain in habitat suitability occurred, but to a negligible extent at regional
scale (2729 ha), and limited to the eastern inner Alps, mostly at higher elevations with respect to
1980. Habitat loss occurred in inner and outer Alps unevenly. Indeed, in the inner Alps the reduction
was moderate (-23.8%) with respect to the outer Alps (-66.1%), where the model predicted an almost
complete habitat suitability loss in the pre-Alpine foothills. Overall, the large subalpine belt which
formerly constituted a continuous suitable patch encircling higher ridges appears now fragmented in
several patches. This is confirmed by the landscape fragmentation analysis implemented in
FRAGSTATS, which showed a sharp reduction in the mesh size (MESH), which roughly corresponds
to the area-weighted mean patch area (Figure 3.4), from 1022 to 72 ha. Consequently, the mean
Euclidean distance between patches (ENN_MN) increased regionally from 218 to 336 m, and the
mean patch area (AREA_MN) decreased from 129.8 to 96.5 ha, albeit marginally in the inner Alps
(176.0 to 160.8 ha) and more substantially in the outer Alps (117.7 to 67.9 ha). This latter change
involves a collapse of habitat ecological functionality, as habitat core-areas size (TCA), which
correspond to areas where detrimental edge effects are likely not to occur, dropped to 40% of the
original extent, and further down to 29% in the outer Alps. The logistic model confirmed the results

emerging from landscape fragmentation analysis. Elevation accounted for the 70% of the explained
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deviance (Table 3.1). Habitat loss resulted more likely to have occurred at low elevations; more in
details ,the model did not predict any stable habitat (i.e. unchanged between 1980 and 2016) below
1400 m, neither in inner nor outer Alps (Figure 3.5). However, habitat loss occurred at higher
elevations in outer Alps with respect to inner Alps, In fact, the elevation at which probability of
habitat loss dropped below 50% was 150 m higher in outer Alps (respectively, 1880 m and 1725 m)
(Figure 3.6). Slope and aspect had minor effect on habitat change prediction, while roughness
seemed positively correlated with habitat loss in the inner Alps (Figure 3.6). Looking at land cover,
habitat change showed an opposite relation to dense forest and meadows; indeed, consistently with a
forest ingrowth scenario, habitat loss was observed more often at low forest cover and high meadow
cover values (Figure 3.6). The correlation of shrub cover is less clear; in the outer Alps no
correlation emerged, while in the inner Alps the relation is similar to meadows, thus habitat loss is
associated to higher levels of shrub cover. Habitat loss is oppositely associated to SIEI and NDTI,
which represent land cover condensed indices, being negatively related to the former and positively to
the latter. Thus, low vegetation structural evenness is positively associated with decreased suitability
and, overall, has the third share of explained model deviance after elevation and dense forest cover,

while NDTT showed a positive relation to increasing vegetation densities.
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Figure 3.4 - Comparison of landscape metrics in 1980 (gray) and 2016 (green) at regional level and separated between

inner and outer Alps.
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Table 3.3 — Logistic model predicting habitat kss (cells that turned from suitable to unsuitable from the 1980s to current

time) and predictor contribution in the explained deviance.

elevation
dense_forest_500m_perc
siei_500m
roughness_500m_median
fields_meadows_500m_perc
ndti_500m_median
aspect
sparse_forest_500m_perc
shrubs_500m_perc

zone

slope

FULL MODEL

NULL MODEL

Deviance

493925.6
80802.3
66924.4
18990.6
15235.8
10702.9

7654.2
5684.7
3041.7
375.4
252.4
703590.0

Resid. dev

2090908.0

% expl. dev

70.20
11.48
9.51
2.70
2.17
1.52
1.09
0.81
0.43
0.05
0.04

Pr(>Chi)

<0.001***
<0.001%**
<0.001%**
<0.001***
<0.001***
<0.001***
<0.001***
<0.001***
<0.001***
<0.001***
<0.001***
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Figure 3.7 — Different change of habitat suitability between inner and outer Alps. Top: inner Alps; bottom: outer Alps.
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3.4 Discussion

3.4.1. Changes in Black grouse habitat suitability

3.4.1.1. Changes in elevation

A considerable environmental change has been occurring in subalpine ecotones in Central Italian
Alps, which is likely to severly affect Black grouse conservation. Our study showed a substantial
habitat suitability reduction and functional disruption related to land cover changes that have been
occurring in the past four decades. We underline however that the model did not take into account
several other environmental factors that contribute to define the species distribution, most notably
climate, predation, availability of food plants and human disturbance. Hence, the model output
might not be fully representative of the actual species distribution. In fact, in some of the predicted
extinction areas the species is still present, although with small populations that markedly decline
over the last decades (Martinoli, unpublished data). Most results that emerged from the analyses are
consistent with a scenario of vegetation densification. Suitable habitat in 1980 was predicted to be
distributed in a wider elevational range with respect to 2016 (interquartile range, respectively, 332
and 211 m) and median elevation shifted upwards by 101 m (1762 to 1863 m) (Figure 3.5). It must
be noted that a large part of the observed elevational shift should be attributed to habitat losses at
the trailing edge of the distribution rather than a genuine upward distribution shift. This explains
the net overall suitable habitat reduction, which was almost halved in 35 years, since losses at low
elevations have not been compensated by equal suitable areas gained at higher elevations. In this
sense, habitat shrinking is likely a result of gap filling process of woody vegetations into former
managed areas, given that the speed with which such dwarf shrubs develop depends primarily on
elevation, with lower elevations (1600-1900 m) characterized by higher invasion rates (Tasser and
Tappeiner 2002).

However, the estimated 100 m elevational shift is consistent with the 120 m upwards lek
displacement observed by Marti et al. (2016) in an area of Central Switzerland from the 1970s to
2016, with the most substantial shift recorded from the late 1980s on. A further raising has been
predicted during the 21°" century by climate change scenarios for the species, whose distribution in

Switzerland is expected to climb on average more than 400 m by 2100 (Zurell et al. 2012). A similar



effect has been observed for the Rock ptarmigan, an Alpine grouse considered among the birds most
threatened by climate change and treeline raising (Revermann et al. 2012; Imperio et al. 2013;
Maggini et al. 2014; Ferrarini et al. 2017), which is predicted to undergo a notable shift of mean

elevation of populations, possibly driven by population reductions or extinctions at the trailing edge

(Desmet 2014; Pernollet et al. 2015).

3.4.1.2. Differential habitat loss in inner and outer Alps

Estimated habitat loss in Lombardy inner Alps was markedly lower than predictions for the outer
Alps, where the extent of suitability reduction was 3-fold higher. As shown by Figure and Figure ,
these areas are mainly located on marginal ranges, characterized by lower elevations, by proximity to
the Alpine foothills and by broadleaved treelines. According to De Franceschi (1994) the species’
presence in these areas was a novelty of the 20" century, which followed a range expansion that
occurred in the two decades after WWII ending. Black grouse settled in these areas thanks to the
first phase of land abandonment, which coincides with an increase of habitat suitability owing to
reduced human and cattle disturbance and transition of intensive hay meadows and pastures towards
a semi-natural condition (Magnani 1992; Rotelli 2014). From the early 1980s we assisted to the
second phase, where shrub encroachment eventually led to reduced suitability and finally local
extinction of the “newly” settled populations.

The forestation rate in Lombardy from 1980 to 1999 was estimated in an impressive 4000 ha/year
(estimated forested area in Lombardy in 1980 was ~500.000 ha), which later slowed down to 285
ha/year from 1999 to 2007 (Regione Lombardia and ERSAF 2012). This phenomenon in the outer
Alps occurred much faster than in the inner Alps, favoured by warmer and wetter climate and
mainly lead by broadleaved, faster growing species (Piussi and Pettenella 2000). In the outer Alps,
traditional farming abandonment started in the 1950s, whereas in the inner Alps farming activities
declined to a minor extent (Della Marianna et al. 2004). This differential change in farming pressure,
together with the relative temporariness and instability of recent colonized areas in the outer Alps,
which resulted from a transient situation between farming regimes, are likely to have determined the

observed larger habitat loss south of the Insubric Line.
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3.4.1.3. Habitats involved

Areas more likely to undergo suitability loss for Black grouse from 1980s to 2016 were mostly
medium to dense forests or, on the opposite, clear grasslands located at low elevations (1500-1800 m)
and, overall, characterized by low vegetation structural evenness. The proportion of cells that turned
from suitable to unsuitable showed mostly a linear relation with respect to 1980 predictors, although
Black grouse presence relation to vegetation layers cover has rather a quadratic effect, as it selects
for mosaics where none of forest and low grasses cover more than 75% (Magnani 1988; CREN Rhone-
Alpes 2009, this study). Hence, we hypotethise that habitat suitability loss occurred primarily in sub-
optimal areas on the fringe of the distribution. If this hypothesis were true, the observed potential
distribution reduction could have less severe negative impact on the species conservation than
expected simply by considering the net habitat loss, as it affected areas characterized by marginal
importance, which eventually became fully unsuitable. These areas mainly consisted of medium to
dense subalpine larch (Lariz decidua Mill.) and spruce (Picea abies (L.) H.Karst) forests close to the
subalpine scrub belt, as evidenced by the relative high proportion of explained deviance of the logistic
regression. However, it is likely that this category include also a certain proportion of one of the
preferred habitat of Black grouse, that is, larch heliophilous woods with Ericaceae shrubs, which the
photointepretation evidently failed to classify more correctly into the ‘sparse forest’ class, as stated
before. This was confirmed by visual assessment on the field during fieldwork, when we visited sparse
Larici-Cembretum woods known as being classified into the ‘3121° DUSAF category (‘medium to
dense conifer woods’). Sparse larch woods were historically kept open by so-called “wood pastures”,
mainly used in spring and fall before and after cattle was brought in pastures above treeline (Mayer
et al. 2005; Garbarino et al. 2011). This traditional use of the forest affected the vegetation dynamics
and structure favouring the conservation of patches of grasses and limiting shrub encroachment
within forests (Mayer et al. 2005; Mayer and Stockli 2005). Wood and shrub pastures suffered a -64%
decline from 1955 to 2007 in Lombardy Alps, which currently cover just ~ 20000 ha (Regione
Lombardia and ERSAF 2012). Hence, habitat loss may have occurred chiefly in abandoned wood
pastures, where grass patches were soon invaded by Rhododendron. Recreation of the structural
heterogeneity of wood pastures by selective cutting of dwarf shrubs is already one of the key features

of habitat management to promote Black grouse (Magnani 1992; CREN Rhone-Alpes 2009; Rotelli



2014; Braunisch et al. 2016). Successful outcomes in terms of breeding success improvement have
been shown after shrub re-opening interventions (Novoa et al. 2002; Rotelli 2014).

Encroachment into wood pastures could explain also the unexpected relation of habitat loss with
respect to SIEI and NDTI, which apparently occurred more likely where habitat evenness was
already low and vegetation density high. It is interesting to highlight that our study period coincide
with the period when most of farm holding abandonment occurred in the Alps (an estimated 40%
between 1980-2000, Tasser et al. 2007), causing primarily discontinuation of wood pastures and
abandonment of larch meadows (Tasser and Tappeiner 2002). Surprisingly, slope had an almost
negligible effect in determining habitat loss, although land abandonment was shown to be positively
related to increasing slopes, since less accessible grasslands were the first where hay making and
grazing discontinued (Gellrich et al. 2007; Bolliger et al. 2007; Camacho et al. 2008; Tasser et al.
2017). However, when only slope is considered, a strong relation between with habitat loss
probability emerged for the inner Alps, while no effect was detected in the outer Alps. So, timing of
abandonment may be the key to interpret the effect of slope; in outer Alps, where abandonment
started well before than inner Alps, steep slopes were already encroached by shrubs in the early

1980s, while this process was still detectable in the analysed period for the inner Alps.

3.4.1.4. Habitat fragmentation

Even though high-quality habitat in the 1980s may have marginally lost suitability for Black grouse,
at landscape level the study outlined deep habitat fragmentation. At medium-long term this could
severely impact the species conservation. All elements of fragmentation were evidenced by the study:
reduced mean patch size, mesh and core area, increased distance between patches. Most notably,
mesh area (MESH) values sharply reduced, indicating that in the 1980s Black grouse could rely on a
seamless strip-wise belt of suitable habitat which encircled the main ranges, which now appears as
fragmented into multiple small patches. We hypotethise that high quality patches in 1980 were likely
to be merged in a matrix of sub-optimal areas which represented a buffer zone towards unsuitable
habitat less intensively used by the species, but still providing useful features of a secondary
ecological niche (e.g. cover from predation, secondary roosting or feeding areas). These transition
areas appear now as fully unsuitable. The mean patch area (AREA__MN) decreased to a lesser extent

with respect to mesh area, suggesting that in the 1980s Black grouse habitat was spatially arranged
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at landscape scale into few very large patches representing the core of the species distribution,
surrounded by a network of smaller patches on peripheral ranges. Currently this structure seems to
have evolved into a more even arrangement of suitable patches resulting from breaking up of the
former large patches, and the loss of peripheral patches. Albeit it increased by 35% during the
considered period, mean distance between patches is however limited (335 + 728 m, median is 134
m) and actually does not seem to represent a threat. From a landscape perspective, negative effects
may derive from core-areas reduction, which dropped to 40% of the extent predicted in the early
1980s. This result, coupled with the loss of sub-optimal habitats, at medium-long term may threaten
Black grouse conservation by enhancing edge effects, which expose individuals to associated
ecological changes (Wilcove et al. 1986; Murcia 1995). Most notably, nest and brood predation by
generalist mammal and bird predators was shown being proportional to the degree of landscape
fragmentation in Fennocandian grouse populations (Andrén et al. 1985; Andrén 1994; Kurki and
Lindén 1995; Storaas et al. 1999; Kurki et al. 2000), even though in these studies fragmentation was
related to agricultural land interspersed in forest patches, which increases the detetion probability of
nests by corvids. These results might not fully apply to our study, since in this case fragmentation is
boosted by dense forest and corvids are not among Black grouse main predators in the Alps
(Caizergues and Ellison 1997). These are open areas and sparse forest predators (Goshawk Accipiter
gentilis, Golden eagle Aquila chrysaetos, Stoat Mustela erminea), dense forest predators (Stone
marten Martes foina, Pine marten Martes martes) and, chiefly, the ubiquitous Fox Vulpes wvulpes.
Hence, the overall predation rate may not be influced, but rather we might expect a change in the
prevalence of predators, with unknown consequences on population dynamics.

A ground-dwelling bird characterized by poor dispersal capabilities as the Black grouse (Caizergues
and Ellison 2002) is likely to be more susceptible to habitat fragmentation with respect to other
birds, which are capable to thrive also on a certain degree of fragmented landscape by connecting
patches with flight (Andrén 1994; Schmiegelow et al. 1997). Alpine populations are already more
exposed to population fragmentation by reason of the complex topography and the presence of high
ridges that likely prevent bird displacements (Pierson et al., manuscript). As a result, gene flow is

limited and evidences of genetic drift are seen (Caizergues et al. 2003b).



3.4.2. Use of remote sensing techniques

Remote sensing techniques are widely applied in the field of biodiversity monitoring and land cover
changes (I<hare and Ghosh 2016). One of the major shortcomings in land use/land cover changes
studies is represented by the availability of past land cover information, which is often available at
small scale only (agricultural/forest cadastre, aerial photography) and therefore unsuitable for larger
scale analysis. Remote sensing techniques are powerful tools that overcome the problem and were
already employed in the assessment of shrub encroachment in Black grouse habitat (Braunisch et al.
2016). However, the temporal scope of the analysis depends on the availability of past imagery.
LANDSAT is the longest-lasting remote sensing project of the Earth and allows to stretch the
temporal extent to the early 1980s. The use of remote sensing-derived NDTT as proxy for identifying
Black grouse habitat was encouraging, even though that we could not avoid the use of images with
partial cloud cover. To our knowledge is the first time that NDTI was employed to implement species
distribution models of an animal species. NDTI-based models could then be applied to estimate
changes in habitat suitability related to land use/land cover at wider spatial scale, such as the whole
Alpine range, albeit ground truthing validations should be performed in other study area to fine-tune

the response of the index to different phytosociologial associations.



Chapter 4

Alpine Rock ptarmigan (Lagopus muta helvetica
Thienemann) at range margins: evidence for low

ecological plasticity

ABSTRACT. In this Chapter we evaluated whether Rock ptarmigan populations living at range margins on
the trailing edge of a predicted displacement induced by climate change can use habitat in a plastic way in
order to adapt to suboptimal environmental conditions. Therefore, the aim was to test if in a climate change
scenario the species hypotethised high vulnerability could be somehow lower than predicted. Using a small
dataset of georeferenced locations, we compared the use of habitat in terms of topographic variables of two
populations living in ecologically different areas of the Western Alps, one located in the core of the Alpine
range and one in the southern edge of the distribution, 65 km from the sea. In such condition, plasticity would
emerge as lack of selection of environmental features and a more even use of space. Contrary to the hypothesis,
the use of habitat of Rock ptarmigan in the suboptimal area was markedly determined by elevation, which
caused a lack of seasonal movements related to climatic constraints. Conversely, in the area located in the core
of the Alps the use of habitat seems to be influenced by topography only marginally and ptarmigans likely
exploits a wider range of habitat features. This results suggest that the species may not be able to buffer the
negative effects of climate change at range margins and, therefore, these populations may go extinct sooner

than expected.

KEYWORDS: plasticity, Alps, suboptimal habitat, Rock ptarmigan



4.1 Introduction

Recent increase in human pressure and global warming (Sala et al. 2000; Houghton and
Intergovernmental Panel on Climate Change 2001) is reshaping species distribution and causing local
extinctions, especially in species with narrow ecological niches (Moss et al. 2001; Thomas et al. 2004;
Sekercioglu et al. 2008). A major paradigm of biogeography is ‘centre-periphery’ hypothesis, which
states that at species range margins, where the limits of the distribution are constrained by
environmental factors, individual fitness is generally lower than in the core of its distribution
(Kawecki 2008), and, hence, marginal populations would be more prone to extinction than those from
the centre (Lawton 1993). Effectiveness of such constraints on fitness depends, among other factors,
on local adaptation of the populations, phenotypic plasticity, steepness of environmental gradients
and gene flow (IKawecki 2008). These features are of particular importance at the distribution edge,
especially when climatic changes occur (Davis and Shaw 2001).

Alpine Rock ptarmigan vulnerability to climate change has a manifold component. First, the species’
ecological niche and, hence, distribution, is markedly constrained by climate, and, chiefly, by low
summer temperatures (Revermann et al. 2012; Imperio et al. 2013). Second, the response to
temperature (Marti and Bossert 1985; Revermann et al. 2012; Visinoni et al. 2014) and vegetation
cover (Nelli et al. 2013) is narrow, preventing it from exploiting different conditions, unlike, for
example, Rock partridge, which has a broader ecological niche only partly overlapping with Rock
ptarmigan (Bernard-Laurent and De Franceschi 1994). Third, dispersal possibilities northwards are
virtually impossible, unlike Scandinavian and North American populations (Brommer 2004; Huntley
et al. 2007; Lenoir and Svenning 2015); thus, the species could only respond to a temperature
increase by shifting distribution on the elevational gradient, which determines an inevitable range
reduction and increased fragmentation (Pernollet et al. 2015). Fourth, it can be generally regarded as
a marginal and isolated population with respect to the core of the global range. Thus it experiences
the drawbacks already outlined in the thesis introduction, albeit the Alpine range is large enough to
allow the identification of core and peripheral environmental conditions within it, even at small scale
(Fasel and Zbinden 1983). All this considered, Alpine Rock ptarmigan conservation at medium term

is regarded as severely threatened by climate change (Revermann et al. 2012).
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However, in extreme habitat conditions species often make the best out of a non-optimal situation
(Kawecki 2008). Indeed, populations living at range margins are often characterized by a greater
plasticity with respect to populations living at the core of the distributions, or even show local
genotypic adaptation. As a consequence, they are able to thrive in sub-optimal environmental
conditions, if compared to the ones that core populations experience (Volis et al. 1998; Sunde et al.
2001; Otaki et al. 2010; Romeo et al. 2010). Nevertheless, plasticity and adaptation are rarely taken
into account when modelling species’ range shifts consequent to climate change, and an equal
response across populations is generally assumed (Jetz et al. 2007). Valladares et al. (2014) have
recently highlighted that range predictions in a global warming scenario could change substantially
when differential plasticity between leading edge, core and trailing edge populations is accounted for,
combining this feature with dispersal possibilities, which was already known to intensify or to buffer
the actual response (Thomas et al. 2004). A possible higher plasticity of populations on the
distribution trailing edge would mitigate the extinction risk. If this would apply to Rock ptarmigan,
predicted negative effects of climate change for its conservation may be overestimated.

In order to test this hypothesis we performed a study to analyse habitat use of two Rock ptarmigan
populations located in Western Italian Alps, one in the inner Alps with elevations rising up to 4000
m asl and one in the southern fringe of the Alpine arch, situated just 65 km from the Mediterranean
sea. In particular, using a small dataset of GPS locations, we compared the selection for
topographical features, considering elevation, slope and aspect, to investigate if the southern

populations exhibit range margin plasticity which could buffer negative effects of climate change.

4.2 Materials and methods

4.2.1. Study area

The two study areas are both located in Piedmont region, 140 km distant from each other (Figure ).
The area in the inner Alps, hereinafter “PNGP” (800 ha), was inside the Gran Paradiso National
Park, close to the border with Aosta Valley and France, nearby Nivolet lakes (45°28'01” N,
7°09'31” E). Elevation varies from 2100 to 3400 m asl. The marginal population lives in an area

(1000 ha).at the top of Stura valley at the border with France (44°13'43” N, 7°02'10” E),



hereinafter called “CACN4”. Elevation varies from 1900 to 2700 m asl. According to the Forestry
Map of Piedmont Region (hereinafter FMPR) four land cover categories are present in the two areas:
rocks and screes (PNGP 90%; CACN4 70%), rupicolous vegetation (PNGP 5%; CACN4 15%), high

altitude grassland (PNGP 5%; CACN4 10%), Alpine shrubland (CACN4 5%). The species is

protected in PNGP but hunted in CACN4.

Piedmont

Figure 4.1- Locations of study areas

4.2.2, Data collection

Ptarmigan surveys were carried out between May and October in 2010-2011 in PNGP, and in 2011
only in CACN4. Years 2010 and 2011 had different weather conditions: 2010 was characterized by a
wet spring and hot summer, while 2011 had a dry spring and fresh summer. Birds were located using
different methods in relation to the period of the breeding season. In May ptarmigans were located
with the help of recorded cock calls. In June-July animals were located with the help of recorded

juvenile calls. From August to October ptarmigans were located with pointing dogs, when possible
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(80% of total locations) we recorded sex. Every location was recorded using a GPS, with a
positioning precision between 3 and 10 m. Throughout the study period animals were located also by
periodic active search in the study areas.

Data on elevation, aspect and slope were measured using a Digital Elevation Model (DEM, 50 m cell
size). Land cover was classified according to FMPR categories. This map was developed from
photointerpretation and field surveys performed in year 2000 (reference scale 1:25000, smallest

mapping unit 1 ha).
4.2.3. Statistical analysis

Data of each area were pooled, after testing with an ANOVA that the chioce of topographic variables
(elevation, aspect, slope) was not sex- or, in PNGP, year-biased. In fact, differential use of habitat
between sexes (Favaron et al. 2006), which include female-biased dispersal (Martin and Hannon 1987;
Warren and Baines 2002), or the uneven weather conditions (Marti and Bossert 1985; Scherini et al.
2003) could influence the spatial behaviour of Rock ptarmigan.

Comparison of the use of habitat between the study areas was tested with an ANOVA followed by
post-hoc tests (Tukey's range test) to assess for effects of elevation and slope on ptarmigans
locations. We evaluated the use of aspect, which has a non-uniform distribution, with a circular
ANOVA (Mardia and Jupp 1999). Elevation and slope data met the assumptions of normality
(Shapiro-Wilk test, W > 0.90). For aspect, non-uniform distribution of data was appropriately tested
using Watson test. We performed also the same analysis for each area separately to test for
significant monthly differences in the use of topographic variables, which usually characterise the
spatial behaviour of the species (Scherini et al. 2003; Favaron et al. 2006; Pernollet et al. 2015).
Then, we compare habitat availability between the two areas testing for differences in frequency
distribution (availability) of topographic values. A chi-square test was performed for each
topographic variable considered after categorization of continuous variables (breaks every 100m for
elevation, 10° for slope, 22.5° for aspect).

Finally, we tested for habitat selection of ptarmigans in the two areas. First, we computed Ivlev
Electivity Index (Ivlev 1961) for each variable (elevation, slope, aspect and land cover) after

categorization of continuous variables using the abovementioned criteria used for the chi-square test



on habitat availability. Given the proportions of available and used habitat categories, a positive
habitat selection is defined for index values in the range 20.5 — 1. Second, logistic regression was
performed for each area separately in order to evaluate the effect of elevation, slope, aspect and land
cover on ptarmigan locations (n=73). For this purpose we randomly generated a 10-fold number of
pseudo-absences with respect to presences within the study areas . A final model was selected using a
backward stepwise variable selection procedure excluding step by step from the complete model the
factor that was least significant (p > 0.05) until only significant factors were left.

All analyses were performed using the R software 3.4.0 (R Core Team 2017), in particular using the

functions provided by the stats and circular (Agostinelli and Lund 2017) packages.

4.3 Results

The frequency distribution of all the topographic variables resulted different between the two study
areas (elevation: chi-square= 5653.2, df=15, p<0.001; slope: chi-square =840.7, df=6, p<0.001;
aspect: chi-square=1769.6, df=15, p<0.001).

Overall, 73 locations were recorded: 51 at PNGP (19 in 2010, 32 in 2011) and 22 at CACN4. A first
comparison between years at PNGP showed that there were no differences in altitude selection
(average altitude in 2010 and 2011 respectively, 28824509 m and 2824+509 m asl, ANOVA:
F15=3,67; P=0.06), choice of aspect (2010: 250444 degree; 2011: 225+40 degree ; circular one-way
ANOVA: Fi5=0.91; P =0.35), or slope (2010: 14.7+2.9 degree: 2011: 13.1+2.4 degree, circular one-
way ANOVA: F,4=0.29; P=0.60), therefore for successive analysis we pooled data of 2010 and 2011.
Land cover categories use was not compared between years since all locations in PNGP lie in the
same category (rocks and screes).

Next, we tested for difference between sexes in the selection of topographic variables for each area
separately. There were no differences between males and females in selection of any of the
topographic variables: elevations (ANOVA: PNGP F,5=0.57, P=0.46; CACN4 F;=0.48, P=0.50),
aspect (circular one-way ANOVA: PNGP F,5=0.23, P=0.64; CACN4 F,,=1.04, P=0.32) and slope
(circular one-way ANOVA: PNGP F5=0.05, P=0.83; CACN4 F,,=1.05, P=0.32). Based on these

results, in successive analysis locations of both sexes were pooled.
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Ptarmigan locations at PNGP study area were on average at higher elevations than at CACN4
(respectively 2845+ 502 m and 2564+453 m asl; ANOVA: F,#1=97.6; P<0.01). Monthly variation in
elevations of locations was significant in PNGP (ANOVA: F;,:=6.26; P<0.01), but not in CACN4
area (ANOVA: F, ;= 0.33; P=0.85). At PNGP, birds were at lower elevations in May than in
August-October (Tukey test: all P<0.01), and in July they used lower elevations than in August and
September (Tukey test: P< 0.05).

Ptarmigan also selected different slopes between study areas (circular one-way ANOVA: F;»=11.0;
P<0.01, Fig. 2; Fig 3): they preferred shallow slope at PNGP compared to CACN4 where there was a
more uniform selection of different slopes. Likewise, aspect was not uniformly distributed (Watson
U?=0.74; P<0.01) and aspect selection differed between study areas (circular one-way ANOVA
Fim=21.9; P<0.01).

A logistic regression model was calculated for each area, considering both topographic variables and
land cover classes, and the stepwise procedure selected for the same variables in each area. Land
cover variables were first removed and only topographic variables were selected in the final models,
which in both areas resulted slope (PNGP; coeff. estimate= -0.075, z value=-4.635, p<0.001;
CACN4, coeff. estimate= —0.060, z value=-2.574, p<0.01) and elevation (PNGP, coeff. estimate=
0.003, z value= 3.772, p<0.001; CACN4, coeff. estimate= 0.012, z value=4.215, p<0.001). However,
the deviance explained by the model resulted remarkably higher in CACN4 (32.3%) with respect to
PNGP, where elevation and slope were able to explain a mere 9.8% of the null deviance.

The effect of elevation on ptarmigan locations shown by the logistic regression is consistent with the
results of the Ivlev Electivity Index in both areas (PNGP: 2901-3000 m, Ivlev index=0.52; CACN4:
2601-2700 m, Ivlev index=0.57). Conversely, no selection for specific slopes emerged from the
analysis, as it did not for land cover categories. Easterly aspects were selected in CACN4 (45°-67.5°,

Ivlev index=0.53; 135°-157.5°, Ivlev index=0.70), but not in PNGP.
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Figure 4.2 — Comparison between habitat use and habitat availability in the two study areas with respect to topographical

variables and land cover. Light gray refers to habitat availability and dark gray refers to  habitat used by Rock ptarmigan.

Top left: distribution of habitat availability and habitat use with respect to eclevation (boxplot hinges indicate 25-75%

interqurtile range). Top right, slope. Middle: density of available and used aspects within the study areas (left, CACNY;
right, PNGP). Bottom: proportion of land cover categories (as defined by the Forest Map of Piedmont Region, FMPR)

available and used in the study areas (left, CACN4; right, PNGP).
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4.4 Discussion

Albeit the two analysed populations live in different environments, the results of this study seems to
reject the hypothesis that marginal Rock ptarmigan populations may exhibit a higher ecological
plasticity with respect of populations living in optimal habitat conditions in the core of the
distribution range. On the contrary, it may be true the opposite, since a wider plasticity emerged in
PNGP while in CACN4 the species showed narrower selection for topographic features.

Topography in the two areas is different. PNGP is characterized by higher elevations and more
gentle slopes, and, generally, it exhibits a broader availability of different topographic features, while
the environment in CACN4 resulted much more constraining to Rock ptarmigan, with lower
elevations that abruptly end below 2800m and steeper slopes, which are usually avoided by the
species (Zohmann et al. 2013; Pedersen et al. 2013). In such conditions, plasticity would emerge as
lack of selection of environmental features and a more even use of space.

Contrary to the hypothesis, the species seems to use the habitat in similar way in the two areas as
far as topography is concerned. Elevation was the main factor affecting Rock ptarmigan habitat use
in both study areas, as shown both by the logistic model and Ivlev Electivity Index. The effect of
elevation is likely to be strongly correlated to temperature constraints, which prevent the species
from exploiting areas at lower elevations, which would likely result too warm for the species
physiology and ecology. This is consistent with studies that show that July temperature is a major
factor shaping distribution, both at macro- and microscale (Revermann et al. 2012; Visinoni et al.
2014; Furrer et al. 2016). Besides higher elevations, the species positively selects gradual slopes in
both areas. Gentle slopes are related to the presence of snow patches and nival vegetations, which
represent important microhabitat features of the species habitat (Revermann et al. 2012; Pedersen et
al. 2013). The avoidance of steep slopes was already shown by other studies that took topography
into consideration in analysing the habitat of the Rock ptarmigan (Zohmann et al. 2013; Nelli et al.
2013).

In must be noted, however, that, overall, topography only marginally affected use of space in PNGP,
since it explained less than 10% of observed variance, while this percentage amounts to almost 33%

in CACN4. In other words, in PNGP other variables, such as vegetation, likely affect ptarmigan use
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of space, suggesting a higher plasticity than birds living in CACN4, where climatic constraints
strongly determine habitat selection even if lower elevations are present within the area.

Therefore, according to the classification of plasticity intraspecific variation presented by Valladares
et al. (2014), we speculate that Rock ptarmigan may not belong to the scenario 3 (‘high margin
plasticity’), but it should rather be assigned to scenario 4 (‘high central plasticity’). If dispersal
possibilities were practically non-existent, as they are actually given the lack of contiguous high
mountain ranges north of the Alps, this would shift the species’ response under climatic warming
from a situation where range reduction would be rather even between core and marginal populations
to a situation where severe range reduction would be observed chiefly in marginal populations, while
core populations would result less affected. Evidently, in this latter case peripheral populations could
not play an important role for the persistence of the species under climate change, as it would
happen if they exhibited more ecological plasticity.

As stated before, this study is based on a small number of locations, which were likely the cause of
some inconsistencies found (e.g. GLM and Ivlev index for aspect selection in CACN4). To confirm
this results, the analyses should be repeated on a larger dataset and extended to climate and to fine-
scaled land cover maps, since FMPR, resolution proved to be too coarse to predict Rock ptarmigan
habitat selection. Nelli et al. (2013) already used the FMPR for modelling Rock Ptarmigan cocks
territories, although its predictive capability proved to be weaker than a phytosociological map due
to insufficient spatial resolution. When phytosociolgical information is available, topographic
variables became not significant in the models, consistently with the importance of the ecological
features associated with vegetation cover for the individuals (food sources, predation avoidance,
microclimate etc.). Unfortunately, no phytosociological map was available for either study areas,
therefore FMPR, provided the most detailed information available on land cover. Large scale or low
resolution maps have limited predictive power to detect relevant habitat features of Rock ptamirgan
(Revermann et al. 2012; Nelli et al. 2013). At the spatial scale of our study, in the order of
magnitude of several territories, microhabitat features such as the presence of boulders (Rae 2015).
the height or dwarf shrubs (Schweiger et al. 2012) or the presence of depressions and snowfields
(Pedersen et al. 2013; Visinoni et al. 2014) become key features to describe accurately the species use
of space. Nevertheless, topography provides still important information to model the species habitat

preferences at territory scale (Revermann et al. 2012; Pedersen et al. 2013; Nelli et al. 2013).
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Ptarmigan breeding success in the two areas are similar over the years (Bisi et al. 2012), which
suggest that, currently, the population fitness may be not negatively influenced by marginality by
living just below mountain ridges. In fact, marginal populations are not necessarily less abundant
than core populations (Sagarin et al. 2006), although, as long as dispersal between populations is
ensured, immigration from core habitats can sustain populations in habitats where the population
growth rate is negative and so recruitment could never compensate for mortality ([Kawecki 2008).
Albeit some local extinction observed in Western Alps (Buffet and Dumont-Dayot 2011), Rock
ptarmigan still lives in a metapopulation structure (Caizergues et al. 2003a), where sub-populations
are located within dispersal distance capabilities (Favaron et al. 2006), so that immigration from
inner Alps helping CACN4 population performing equally well cannot be excluded. It is clear that
the observed lack of plasticity exposes the population to a high risk of extinction if climatic
conditions would be increasingly unfavourable. A summer temperature increase of 1° C (Rebetez and
Reinhard 2008) or 1.6° C (Gobiet et al. 2014) by mid-XXI century would result in a upward shift of,
respectively, 192-308m, assuming an elevational temperature gradient of -0.52° C/100 m (Maggini et
al. 2011), which would not be possible in CACN4 due to the local low upper limit of the range.

Being a cold-adapted species, Rock ptarmigan biogeographic history is markedly influenced by glacial
pulses of the Pleistocene (Holder et al. 1999, 2000; Kozma et al. 2016). Reconstruction of past
population fluctuations in Northern Europe by genome sequencing highlighted that Rock ptarmigan
experienced a severe population bottleneck during the last glacial maximum (20000 years BP),
caused by extensive ice cover which limited suitable habitat ([Kozma et al. 2016). During the same
period, Central and Southern Europe offered vast suitable territories of cold semi-desert, which
started disappearing over the last 10000-15000 (Caizergues et al. 2003a). Hence, geographic and
ecological marginality of CACN4 occurred in very recent times on the evolutionary scale and likely
the period comprised between the onset of marginality and the current situation is too short for

genotypic adaptation and possibly also for phenotypic plasticity to appear (Ghalambor et al. 2007).
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CONCLUSIONS

4.5 The need for robust monitoring

This PhD project led to an increase of knowledge of the conservation status of Italian Alpine
Galliforms, with an in-depth analysis on marginal populations. According to the two studies focused
on the estimation of medium term national trends (Chapter 1 and 2), I was able to confirm the
validity of current TUCN status classification of the three target species (LC for the Black grouse, VU
for Rock ptarmigan and Rock partridge). However, the available dataset proved to be still
inadequate for robust studies on population dynamics and the evaluation of the effects of
environmental factors related to global change. Currently, Italy should quickly fill the gap with other
Alpine nations, which own long term standardized data series and have a national coordination on
Galliform management (e.g. Observatoire des Galliformes de Montagne in France, Swiss
Ornithological Institute in Switzerland). Both bag and count data of Italian populations of Alpine
Galliforms are subject to species-specific flaws and are possibly influenced by different game
management policies enforced. Given that Alpine Galliforms all listed in the Annex I and II of the
Birds Directive, I highlight the need for a national survey scheme and national game management
guidelines applied uniformly across the Italian Alps, in order to allow the elaboration of national
management and conservation strategies on solid bases. The integration of count and bag data and
the use of state-space models represented an ad hoc solution to limit uncertainty on the estimation of
population trends and to account for estimation errors, but it is a solution to obtain the best out of
poor data. However, since 2015, there is an ongoing process of transferring of the hunting authority
from provinces previously in charge to regions, which have already started drafting guidelines. This
could be considered a first step towards a national standardisation.

Here below I summarised some potential improvements to current enforced game management.

Data gathering.

Count and bag data should be archived in a national georeferenced database, on the model of

ungulate management, for which Italy has already defined a protocol on data flow from local



administrations to national institutions. This would improve the evaluation of the conservation
status and the hunting pressure at national scale, quickly providing information to researchers and
policymakers, in compliance with reporting requirements of the European Union. Notable examples of
national hunting statistics and wildlife data databases exist in Fennoscandian (eg. Finland, Helle et
al. 2016; Norway, www.ssb.no) as well as Alpine countries (France, www.observatoire-galliformes-

montagne.com; Switzerland, www.vogelwarte.ch).

Counts.

Sampling areas should be standardised across administrations in terms of number and average size.
The extent of each area should be large enough include both winter/spring and summer/autumn
ranges, according to the species eco-ethology. In a perspective of resource optimisation, we suggest
the choice of few large areas instead of several small. Within each sampling area, spring and summer
counts parcels should be defined. Spring counts should become mandatory and annual shooting plans
should be set taking into account not only the breeding success but also population trends deriving
from spring counts. Sampling methods (point counts, line transects) should be standardised whenever
possible; the choice should take into account local environmental conditions and human resources
available. We recommend the application of repeated counts, at least in spring, in order to minimize
bias from weather conditions and to allow the utilisation of population modelling techniques that
include species’ detectability (e.g. N-mixture models, Kéry and Schaub 2012). Collected data
variables should be standardised, with specification of sex and age when possible. Derived parameters

such as breeding success or population density should be calculated from defined criteria.

Hunting statistics and plans.

Shooting plans should be set with standardised criteria, taking into account, as already mentioned,
population trends, population densities and breeding success. Similarly to counts, we recommend the
collection of sex and age information of harvested birds in order to estimate sex ratio and to compare
juvenile recruitment from summer counts and game bags. Finally, information of number of hunting
licenses and hunting days in each hunting district should be collected at national scale to allow

hunting effort estimation as hunting person-days.



Conclusions I_-

The application of these “good practices” would lead to a robust monitoring of conservation statuses

both at national and local scale in compliance with the Birds’ Directive demands.

4.6 Global change threatening trailing edge populations

In Chapter 3 and 4 we focused on the trailing edge of Black grouse and Rock ptarmigan distribution
on the Alps. The identification of marginal populations living at lower elevations as ‘trailing edge’
finds its basis on the fact there is evidence of distribution shifts along that elevational gradient
caused by the two major sources of habitat change, climate and land use, both acting from below.
Hence, for populations strongly constrained in latitudinal dispersal such as Alpine Galliforms, we
observe a ‘leading edge’ at higher elevations, inhabited by sub-populations which settle in new areas,
and a ‘trailing edge’, where population experience the harshest change and abandon former habitats
(Thomas et al. 2001; Hampe and Petit 2005). This is quite a straightforward concept when dealing
with climate change, confirmed by an overwhelming number of studies which analysed and predicted
the effects of warmer temperatures at various scale of the biological diversity, from intraspecific
genetic heterogeneity to biomes (Walther et al. 2005; Pearman et al. 2011; Gottfried et al. 2012;
Pauls et al. 2013; Vittoz et al. 2013; Thuiller et al. 2014). In this case, I evidenced that similar
dynamics are determined by land cover changes presumably triggered by land abandonment, which
resulted more effective in the pre-Alpine areas. The extent of the observed reduction in habitat
suitability was impressively high, but the elevational gradient in mountain areas speed up the
migration of habitats. Indeed, since habitats are juxtaposed in elevational belts often enclosed in less
than 1 km, plant migrating capabilities through seed dispersal exceed the displacement required to
colonize new habitats (Jump et al. 2009). Land use change is potentially even more detrimental than
climate change to Black grouse. Even if differential warming is recorded among elevational belts
(Acquaotta et al. 2015), the net distribution range should not change substantially as long as trailing
edge retractions are compensated by an advancing leading edge. In the case of Lombardy, habitat
suitability was halved in 35 years, since the leading edge upwards expansion was almost negligible if
compared to the extensive loss detected at the trailing edge. As a consequence, the sharpest decline
recorded among 9 biogeographic regions in Chapter 2 was seen in the Lombardy pre-Alps indeed (-

66% habitat suitability), equal to an estimated 57% abundance loss between 1996 and 2014 (which



raise to 75% based on lower CI). Conversely, in NE inner Alps, where habitat reduction was
extremely limited, the species showed a stable trend.

Trailing edge have a great importance for biodiversity and the conservation of marginal populations
deserve high priority (Hampe and Petit 2005). Appropriate conservation strategies need to be
designed that consider the peculiarities of trailing edge populations. For instance, conservation
strategies should be directed towards the detection and maintenance of the greatest possible number
of local populations, regardless of their size or performance, instead of focusing on the most viable
core populations. Therefore, I recommend that for Black grouse these strategies should take into
account habitat management measures targeted at increasing structural diversity in the outer Alpine
belt especially in larch sparse woods (Patthey et al. 2012), promoting whenever possible traditional
farming which helps suitable habitats self-maintaining with limited expense (Losinger et al. 2011). In
France this strategy has long tradition and more than 120 interventions were reported from 1989 to
2003 (Novoa et al. 2002). Successful outcomes of such habitat management operations in terms of
increased breeding success were reported (Novoa et al. 2002; Rotelli 2014). Management resources
should be allocated in geographic regions where shrub encroachment represents a major biodiversity
conservation issue (Braunisch et al. 2016).

In case of Rock ptarmigan, short and medium term conservation of its trailing edge cannot rely on
habitat management as for Black grouse, since the major constraint acting directly and indirectly on
its distribution is temperature (Revermann et al. 2012). However, by evidencing a lack of phenotypic
plasticity of marginal populations, I would recommend to take into account also for a core-marginal
gradient when planning conservation strategies. Areas located on the distribution edge should be
prioritized, although their demographic parameters may reveal a healthy population. For example,
hunting in marginal areas could be strongly limited or even banned to avoid a further source of stress
to populations, as well activities causing high disturbance such as hiking or off-ski pist could be
regulated (Formenti et al. 2015; Chamberlain et al. 2016). Ferrarini et al. (2017) recently evidenced
that the predicted climate-driven upward shift of treelines by the end of XXI century will be 10-fold
more considerable at lower elevations (<1900 m) than high elevations (>2400 m). Thus, as for Black
grouse, direct subventions for maintaining pastures above treelines could be allocated selectively in
marginal areas where Rock ptarmigan lives on average at lower elevations (es. NE Italy, Brichetti

and Fracasso 2004).
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