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Abstract 

Brown bear (Ursus Arctos) is a flagship species for the conservation of biodiversity and its 

reintroduction in the Italian Alps represents a great challenge. Given the global decline of 

large carnivores, documenting the results of such attempts is crucial for future conservation 

management. 

Accurate estimates of abundance are extremely difficult to obtain for small populations of 

large and elusive carnivores, yet fundamental for their adaptive management. This thesis 

presents a method to estimate brown bear abundance in the Italian Alps based on the use of 

genetic capture-mark-recapture (CMR) models. 

Genetic data, obtained from systematic and opportunistic sampling in three consecutive 

years (2015, 2016 and 2017) by Trento Province, were used to obtain estimates of population 

abundance, population structure and growth rate. The analyses were conducted using 

Huggins models with the software RMark. Different combinations of models were tested, 

and a hierarchical model selection was operated. Results returned a population size of some 

55-57 individuals in 2017, including 9-11 newborns. Adult sex ratio was: 54% females and 

46% males. Analyses conducted by means of Jolly Seber models, including all years, showed 

a rapid growth of the population (10,70%). 

Lastly, the possibility of providing accurate estimations using opportunistic data only was 

tested, with positive results for Huggins closed population model. This result may allow for 

a simplification of future analyses, thus for the opportunity of money saving for institutions 

involved in monitoring, with positive effects on the conservation management measures of 

the brown bear Alpine population. 



 

  

 

 

 

 

 

 

 

 

 

 



 

  

 

Útdráttur 

Brúnbjörn eða skógarbjörn (Ursus Arctos) er lykiltegund í verndun líffræðilegs 

fjölbreytileika en mikil áskorun felst í endurinnleiðslu bjarnarins í ítölsku Alpana. Þar sem 

fjölda stórra rándýra fer hnignandi um heim allan, er mikilvægt að skrásetja árangur 

endurinnleiðslu fyrir verndaráætlanir til framtíðar. Afar erfitt er að meta nákvæman fjölda 

þegar um er að ræða litla stofna stórra rándýra en stofnstærðarmat er nauðsynlegt í 

aðlögunarstjórnun. Þessi lokaritgerð leggur til mat á fjölda skógarbjarna í ítölsku Ölpunum 

sem byggir á erfðatengdum fanga-merkja-endurfanga líkönum (e. CMR models). 

Erfðafræðileg gögn sem fengin voru með kerfisbundinni hentisýnatöku á þremur árum 

(2015, 2016 og 2017) í Stelvio þjóðgarði og Trento héraði voru notuð til að meta stærð 

stofnsins, samsetningu hans og vaxtarhlutfall. Notuð voru Huggins lokuð og opin stofnlíkön 

til greiningar í hugbúnaðinum RMark. Mismunandi samsetningar líkana voru rannsakaðar, 

með nákvæmu líkanavali. Niðurstöður benda til að stofninn hafi staðið saman af 55-57 

einstaklingum árið 2017, þar af 9-11 nýburum. Á meðal fullorðinna dýra, voru 55% 

kvenkyns og 46% karldýr. Greining á gögnum fyrri ára sýndi fram á hraðan vöxt stofnsins, 

og var það staðfest með Jolly Seber líkani. 

Enn fremur fengust jákvæðar niðurstöður með Huggins lokuðu stofnstærðarlíkani, þegar 

kannaðir voru möguleikar á því að fá nákvæmt mat með eingöngu hentigögnum. 

Niðurstöðurnar geta leitt til einföldunar í greiningum,til sparnaðar eftirlitsstofnana, og ekki 

síst til jákvæðra áhrifa á verndarstjórnunarkeðju skógarbjarnastofnsins. 

 

 

 

 

 

 

 





 

 

  

 

 

 

 

 

 

 

 

 

 

 

This thesis is dedicated to my mountains, the Central Alps. 

Mountains are among the few things in this world you can be sure to find always 

unaltered, in the same position, every day ready to teach you something different. 

Even after years, even after climate changes.





 

 

  

 

Preface 

The Helvetians called it Artio. Other Celtic populations worshipped it as Artaius, Andarta 

or Matunus. In their novels, brown bear was portrayed as the king of animals and it even 

symbolized temporal power. In countless stories, myths and legends, this animal fascinates 

us, and it still frightens us today. 

Brown bear is the largest living predator on the European continent. Its imposing appearance 

and its eating habits still lead us to consider it a danger and a rival: in Europe brown bears 

have been hunted for a long time, facing extinction in many countries. 

To try to revive the fate of the last brown bear nucleus of the Italian Alps, in 1996 the “LIFE 

Ursus Project - protection of the Brown bear population of the Brenta”, started with LIFE 

funding from the European Union. The success of the reintroduction operation is today 

sanctioned by the rapid growth of the population. Parallel to the increase in numbers, the 

population of bears is also expanding from a spatial point of view: the presence of the species 

is no longer limited to western Trentino, but it also includes zones distant from the core area. 

 

 

 

 

However, the danger of extinction cannot yet be said to be averted. Inbreeding between 

individuals with the same ancestors is now a concern. Moreover, the causes that almost lead 

the brown bear to extinction could reoccur. In fact, the main factors responsible for the 

almost total disappearance of the predator from the Alps were direct human persecution and 

gradual reduction and fragmentation of suitable habitats, resulting from deforestation, 

change in use and transformation of mountain environments, and construction of roads. In 

particular, non-acceptance by local populations often represents the main threat. In areas 

populated by brown bears, current human activities are rarely structured to allow a peaceful 

Figure 1: Ursus Arctos in Adamello-Brenta National 

Park (Parco Naturale Adamello Brenta, 2018) 



 

  

 

coexistence with big predators. The brown bear will be able to settle permanently only if 

people will accept its presence and will be willing to take the necessary precautions. Raising 

awareness and continuing a dialogue with the local residents are fundamental preconditions. 

The future of Alpine brown bears thus seems less undefined today, even if the definitive 

return of the species to the Alps is still strictly dependent on the possibility of reunification 

between the only stable bear population in the Alps, the Slovenian one, and the Central Alps 

population. This possibility will become reality only if all the institutions involved in the 

protection of big carnivores will find the most appropriate synergies and forms of 

cooperation. 

 

 

Figure 2: Brown bears photo captured by means of a camera trap in Trentino (Provincia 

Autonoma di Trento, 2016).
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1 Introduction 

1.1 Brown bear in the Italian Alps 

1.1.1 The species (Ursus arctos) 

The brown bear (Ursus Arctos, Linnaeus, 1758), is a mammal belonging to the Ursidae 

family, and the most widespread member of the family itself (Encyclopedia of Life, 2018). 

It is one of the largest living terrestrial members of the order Carnivora, weighting between 

100 and 700 kg, rivaled in size only by its closest relative, the polar bear (Ursus Maritimus), 

which is much less variable in size and slightly larger on average (Christiansen, 1999). 

The range of the Brown Bear has historically declined in North America, Europe, and Asia, 

and the species was extirpated in North Africa; nevertheless, it remains widespread across 

three continents and it is still one of the world’s most widely distributed terrestrial mammals 

(IUCN, 2008). Globally the population remains large and it is not significantly declining; 

according to data, it may even be increasing in some areas. According to IUCN, in fact, there 

are many small, isolated subpopulations that are at risk of extinction; however, the ones that 

are submitted to protection and management regimes are expanding (IUCN, 2016). In a 

nutshell, although the brown bear areal has narrowed and in some places it died out, with a 

total population of about 200,000 it continues to be assessed as a low-risk species (IUCN, 

2008). 
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Figure 3: Brown bears distribution in Europe. Dark blue cells indicate areas of permanent 

occurrence, and light blue cells indicate areas of sporadic occurrence. Numbers refer to 

population identifications. Orange lines indicate population never arrived in contact 

(IUCN, 2016). 

 

Regarding taxonomy, there is a discussion about the classification of brown bears. Some 

systematics have identified about 90 subspecies, while DNA analyzes have identified no 

more than five different clades (Calvignac & Hänni, 2009). DNA analyses have recently 

revealed that the identified subspecies of brown bear, both Eurasian and North American, 

are genetically almost homogeneous (Taberlet & Bouvet, 1994), and that their 

phylogeography does not correspond to their traditional taxonomy (Waits, 1998). 

1.1.2 The subspecies (Ursus arctos arctos) 

Ursus arctos arctos (Eurasian brown bear) represents every population found in Europe as 

well as in western Russia and in the Caucasus. It may be found as far east in Russia as the 

Yenisei River in Yamalo-Nenets Autonomous Okrug to Novosibirsk Oblast in the south 

(IUCN, 2008). It is featured by a predominantly dark, richly brown-colored (with rare 

light-colored individuals), moderately sized subspecies with dark claws. The Eurasian 

brown bears occurring in Russia are larger than their European counterparts, which may be 

in part because they are hunted less (Geptner, Nasimovich, Bannikov, & Hoffmann, 1988). 
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The Eurasian brown bear has brown fur, but it can also vary from brownish-brown to dark 

brown to brownish-red and, in some cases, it can even be almost black. This thick fur 

presents hair that can reach a length of 10 cm, and it is composed of several sloping layers. 

The shape of the head is generally almost round, with relatively small and round ears, the 

skull is wide, and the mouth has 42 teeth, including rather sharp canines. The bone structure 

is very resistant, and the big paws are equipped with large claws, which can reach 10 cm in 

length (Swenson et al., 1994). Body mass varies depending on the environment and the time 

of year. An adult male weights on average 135-410 kg and a female 90-200 kg. The largest 

Eurasian brown bear whose body mass was ascertained weighed 360 kg (Encyclopedia of 

Life, 2018). The mating season is between May and July, and the cubs generally are born in 

January or February. The brown bear is omnivorous: it feeds on berries, nuts, ants, green 

vegetation, carcasses and young of wild ungulates, livestock, and honey. It is a solitary 

animal, even though recent evidence indicates the presence of a complex structure among 

related females. Home ranges may vary from 120 to 1,600 km2 for males and 60 to 300 km2 

for females (LCIE, 2018). 

1.1.3  Status, history and management regime 

The decline in the European and, more specifically, in the Italian brown bear population in 

the last centuries is attributable to several factors, largely related to the increase in the human 

population: deforestation, changes in land use and hunting related to human-carnivores 

conflicts (Posillico, Lovari, & Russo, 2004). The persecution of the species conditioned 

quickly the distribution of the plantigrade, bringing it to extinction on almost the totality of 

its ancient European range. In the central-western Europe, the situation is undoubtedly of 

crisis: the existing populations are scarce, distant and often characterized by consistencies 

that pose serious doubts about their future (Parco Naturale Adamello Brenta, 2010).  

 

 

The threats are primarily (LCIE, 2018): 

• The fact that some populations are very small and isolated: it is not certain if these 

populations are viable in the long term from the points of view of both numbers and 

genetics. Population supplementation may be required for some populations, for 

example in the French Pyrenees (Zedrosser, Dahle, & Gerstl, 2001). 

• The fact that where large populations occur, bears are hunted: in these areas it is 

important that quotas are kept within the limits of sustainability. 

• The fact that depredation on livestock is common throughout Europe: effective 

mitigation measures need thus to be encouraged and applied wherever bears occur. 

• Population fragmentation: in many places anthropic infrastructures are being built 

within bear habitat, leading to populations fragmentation and increase in mortality. 

It is important that new infrastructure development takes wide ranging species into 

account and incorporate mitigation structures (tunnels, green bridges) into their 

plans. 
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The history of brown bear in Trentino region is like the one described for the rest of the 

Alpine territory. Since 1950 there has been a continuous and slow downsizing of the 

occupied territory, which is estimated to have declined from around 1,280 km2 to about 545 

km2. Some studies have shown that, in Trentino, the area occupied at the end of the twentieth 

century corresponded only to 2.5% of the original one. The drastic reduction in the 

distribution of the species was an obvious consequence of the dramatic numerical reduction 

(Parco Naturale Adamello Brenta, 2002).  

In the second half of the twentieth century, three attempts of reinforcement of the population 

were made. These "experiments", meaningfully different among each other in terms of their 

execution, were undoubtedly important to highlight some critical points to be addressed in 

the projects conservation of the species. Furthermore, the social relevance of the actions 

carried out must not be neglected, as they have kept alive the interest of the public opinion 

and consequently of the policy-makers towards the bear (LCIE, 2018). 

Despite contrasting positions, in the early 90s of the last century the number of Trentino 

brown bears was believed to be around 10 individuals; nevertheless, the analyses carried out 

in 1997 for the realization of the Life Ursus Project confirmed the biological extinction of 

the bear, present only with 3 old, and no longer able to reproduce, individuals (Parco 

Naturale Adamello Brenta, 2010). 

Between 18 and 20 September 1992, at the Center of Alpine Ecology in Trento, the 

"International Meeting on the Trentino brown bear" was held. In this context, the participants 

elaborated a final document through which they proposed a series of interventions for the 

conservation of the species in the Alps; between all the initiatives planned, the 

implementation of a "revitalization" plan, to be implemented by 1995 with the introduction 

of bears from the Croatian-Slovenian area, emerged (Parco Naturale Adamello Brenta, 

2010). 

Some perplexities regarding the introduction of Slovenian bears were advanced in this 

context about the disappearance of the genetic patrimony that an eventual crossover with the 

indigenous bears would have caused (LCIE, 2018). The geneticist of the National Institute 

for Wildlife, dr. Ettore Randi, instead, brought data to confirm the similarity between the 

genetics assets of the two populations, separated since such a short period - evolutionarily 

speaking - not to allow the characterization of the population in a distinctive way (Randi, 

1993). 

On November 19th, 1996 the European LIFE project n°LIFE96/NAT/IT/3152, better known 

as "Life Ursus", was officially approved. The explicit objectives of the Project were 

(European Commission, 1996): 

• Safeguard the assets represented by the last brown bear population of the Alps; 

• Give continuity to the positive experience of coexistence between man and bear in 

the territory of the Adamello-Brenta National Park; 

• The conservation of biodiversity, in particular avoiding the extinction of one of the 

large carnivores present in the Alps; 

• Inform and raise public awareness about one of the main naturalistic assets of the 

region (De Barba, Genovesi, & Groff, 2013); 



 

  

 

25 

• Acquire important new scientific data on biology and ethology of the species; 

• Safeguard the genetic heritage: the extinction of the alpine strain was avoided by 

placing individuals taken from the Slovenian population: some studies demonstrated 

them to be genetically not differentiated from the Trentino bears; 

• The maintenance of a fundamental species, placed at the top of the ecological 

pyramid, which in its quality of omnivorous predator affects all the components of 

the ecosystem; 

• The resumption of reproductive activity, through the introduction of females and 

sexually active individuals to stimulate the renewal of births and therefore the natural 

demographic growth; 

• The reduction of consanguinity due to the small number of individuals, obtainable 

thanks to the new introductions; 

• The preservation of the man-bear balance: avoiding the disappearance of the nucleus, 

the current acceptance of the presence of the species was maintained in the local 

population; 

• Awareness raising: the intention was to give prominence to the initiative at the local 

and national level, through the media. It was also declared the aim to involve precise 

stakeholders (environmentalists, hunters, policy makers); 

• Scientific research: monitoring the introduced individuals allowed the acquisition of 

important information concerning the individuals themselves and the whole 

population. 

The most striking part of the Life Ursus Project was certainly the introduction of 3 bears, 

already with the idea of making new releases in case the beginning would have been 

considered satisfactory (Parco Naturale Adamello Brenta, 1998). The safeguard of the brown 

bear - promoted by the Adamello-Brenta Natural Park and carried out in collaboration with 

the Autonomous Province of Trento and the National Institute for Wildlife (ISPRA) - was 

based on a careful preparatory phase (European Commission, 1996). Based on a specific 

feasibility study (Duprè, Genovesi, & Pedrotti, 1998), the reintroduction was identified as 

the only method able to bring bears back to Trentino: 9 individuals (3 males and 6 females 

aged 3 to 6 years) were indicated as the quota minimum for the reconstruction, in the 

medium-long term (20-40 years), of a vital population of bears in the Central Alps, formed 

by at least 40-50 individuals. The feasibility study also estimated - through an in-depth 

modeling of the territory including western Trentino and part of the provinces of Bolzano, 

Brescia, Sondrio and Verona – an area of more than 1,700 km2 suitable for the presence of 

the plantigrade: the area was judged sufficiently wide to accommodate the minimum vital 

population (Duprè et al., 1998). 

Given the high emotional impact of the species, the preparatory phase of the project also 

included the fulfillment of an opinion poll: more than 1,500 inhabitants of the study area 

were interviewed by telephone to verify their attitude, their perception of the species and 

their possible reaction to the problems arising from its presence. The results were surprising: 

more than 70% of the questioned residents declared to be in favor of the release of bears in 

the area, and the percentage reached even the 80% with the assurance that damage prevention 

measures would have been taken with an adequate management of emergency situations 

(Parco Naturale Adamello Brenta, 2010). These last measures have been adequately and in 

detail planned by the Adamello-Brenta Park as part of the Guidelines of the project. These 

Guidelines, in addition to defining the general organization of the project, allowed to identify 
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the institutions and the figures involved in tasks and responsibilities within all the activities 

expected (Parco Naturale Adamello Brenta, 1998). 

The operational phase of the project began in 1999, with the release of the first two 

individuals: Masun and Kirka, captured in the hunting reserves of southern Slovenia. 

Between 2000 and 2002, another 8 individuals were released, for a total of 10 (De Barba et 

al., 2013): the last female, Maja, was released to replace Irma, who died in 2001 due to a 

landslide (Parco Naturale Adamello Brenta, 2002). All the released bears were equipped 

with a radio-collar and two transmitting ear tags. These devices made it possible to monitor 

the movements of the animals for the period following their release, confirming the 

feasibility study forecasts and the excellent adaptation of the individuals reintroduced to the 

new habitat (Parco Naturale Adamello Brenta, 2010). 

The Life Ursus project, which ended in December 2004 after a second phase of European 

funding, bore fruits: thanks to a rapid growth, the Trentino brown bear population is now 

recovering. In addition to the numerical increase, the success of the reintroduction operation 

is also confirmed by the territorial expansion: the presence of the species is in fact no longer 

limited to western Trentino but includes areas distant from the Park. The exploration of new 

territories gives hope for a possible future reunification of all the Alpine populations. 

Nonetheless, the danger of extinction cannot yet be said to have been avoided (Parco 

Naturale Adamello Brenta, 2010). 

 

 

Figure 4: Main Brown Bear populations in Europe in 2012 (LCIE, 2018). 

 

1.1.4  The present-day situation in the study area 

The numeric data reported in this section are excerpt from the Report on Big Carnivores for 

2017 (Provincia Autonoma di Trento, 2017).  
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The core territory of brown bears is fully included in Trentino province. Only four adult 

males were detected outside Trentino province: the individual called M29 in Switzerland; 

the individual M4 in Friuli Venezia Giulia region; the individual M47 in Lombardy region 

and the individual M48 in the province of Bolzano. Four of the bears present in Trentino 

also gravitated in neighboring provinces/regions, in particular M18 and M31 in Lombardy 

region, M19 in Veneto region and M22 in the province of Bolzano. 

Considering the huge movements carried out by young males, brown bear population of the 

central Alps in 2017 was distributed over a theoretical area of 24,360 km2. The territory 

permanently occupied by the females is much smaller (1,068 km2) and located entirely in 

western Trentino. The density in the area occupied by females is estimated around 3.3 bears 

/ 100 km2. 

Lastly, between 2005-2017, the dispersal of 34 bears (all males) was documented. 16 of 

these (47%) died or disappeared (before returning); 9 (26.5%) returned (3 of these dead or 

disappeared afterward), 2 (6%) emigrated and 7 (20.5%) are still in dispersion. No dispersion 

of females of Trentino population has so far been documented. 

As a big carnivore, brown bear has also a big impact on local communities, in terms of life 

habits and economic costs (Duprè et al., 1998). Here is an overview of the measures taken 

by the relevant authorities in order to mitigate the impact of the return of this predator, with 

the relevant costs (where estimated by Trento Province): 

• Compensation for bear damages: only in 2017, 216 reports of alleged bear damages 

were sent to the Forestry and Wildlife Service, for a total of € 82,979.54; 

• Prevention of bear damages: during 2017, 129 requests for prevention measures were 

presented to the Forestry and Wildlife Service (electric fences and guardian dogs), 

aimed at the protection of animal husbandry (cattle, horses, sheep and goats) and 

beehives, for a total of € 65,000; 

• Diffusion of guardian dogs: guardian dogs are used to protect grazing animals from 

attacks of wolves and bears; 

• Support interventions for livestock activities: in 2017 support for shepherds was 

consolidated. Apposite electrified fences (height 105 cm) were supplied with power 

units of adequate power (2.6 Joules) and rechargeable batteries powered by solar 

panels. 12,842 sheep and goats, 62 horses and 124 bovines were thus protected. In 

addition, 4 boxes were transported to allow the shepherds to stay near the flock even 

during the night. The results were good: in the Alpine pastures equipped with 

prevention measures, only 3 attacks on protected livestock were ascertained, that 

resulted in the total determined loss of 4 sheep, accounting for the 0.03% of the 

protected garments. 

• Emergency management: a problematic bear, or an individual in a critical situation, 

may be subjected to control actions in order to contain conflicts with human 

activities, as well as for reasons of public safety or other imperative reasons of 

significant public interest, with the possibility of derogation from the prohibitions of 

capture and killing (subject to authorization by the Ministry of the Environment). 

During 2017, there was a case of attack on humans and two cases of aggressive 

attitude, and one bear was removed; 

• Communication and training. 
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1.2 Importance and research questions 

1.2.1 Scientific and practical importance of the topic 

Reliable estimates of abundance and use of space (home range size) are useful for 

understanding the processes that regulate the ecological dynamics, in space and time, of 

brown bear in the central Alps (Provincia Autonoma di Trento, 2017). The understanding of 

these processes is, in turn, highly relevant for improving and calibrating species management 

and conservation actions (Ciucci, Gervasi, Boulanger, & Boitani, 2015). Obtaining reliable 

estimates of density and use of space is notoriously problematic for elusive species such as 

big carnivores. The elusiveness and limitation of funds for monitoring can negatively affect 

the quality of the data collected (Provincia Autonoma di Trento, 2017). The possibility of 

mathematically integrating information coming from different types of data is of particular 

interest for investigating the aforementioned processes at the population level (Ciucci et al., 

2015). In addition, data collected in an opportunistic way, that is, outside sampling carried 

out according to standardized protocols, could represent an additional source of information, 

whose reliability, however, has not been fully investigated for the species. In the case of 

brown bear, opportunistic data derives from the collection of organic samples that allow, 

through DNA analyses, the identification of individuals (Provincia Autonoma di Trento, 

2017). One of the most important objectives of this analysis is to investigate the situation 

regarding the recovery of the protected population and to provide data to determine the 

necessity of protection for the species, which is still considered endangered (LCIE, 2018). 

Reliable information on brown bear abundance and distribution is useful not only for 

studying the ecology of the species: the main practical advantage is that it promotes the 

development of a proper management actions for a species that is under a lot of pressure 

coming from media, local populations and activists (Gervasi, Ciucci, Boulanger, Randi, & 

Boitani, 2012). Moreover, brown bear is a species that may cause severe impact on 

anthropogenic activities (Smith, Herrero, & DeBruyn, 2005). Having appropriate 

estimations could help with preventive evaluations of (Provincia Autonoma di Trento, 

2015): 

• Compensation for bear damages; 

• Prevention of bear damages; 

• Diffusion of guardian dogs; 

• Support interventions for livestock activities; 

• Emergencies management; 

• Communication and training. 

In the second part of the thesis, the analysis is focused on the possibility to obtain a reliable 

estimate for the target population using only data from opportunistic sampling. This would 

have a very tangible effect, allowing to save the money spent every year for systematic 

sampling. At the same time, it would allow to maintain a level of ecological and practical 

knowledge of the situation of the species that is adequate for a strong and effective 
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management of the animals and the environment they affect (van Strien, van Swaay, 

Termaat, & Devictor, 2013). 

 

1.2.2 Research questions 

The main research questions for this thesis are: 

• What is a trustworthy estimation of brown bear abundance in the Italian Alps? 

• How is the brown bear population size changing over time? 

• Given the data from multiple sources, in particular from structured systematic 

sampling and from opportunistic sampling, to what extent abundance estimation 

using only opportunistic data reflect the estimates from the full data set? 

 

1.3 Methods 

Small populations of large carnivores pose the greatest theoretical and practical challenges 

when it comes to population assessment (Ciucci et al., 2015).  

In the case presented, the brown bear in the Italian Alps, data come from various sampling 

methods as one way to address heterogeneity is to apply several methods to sample the 

population. This is likely to  minimize the impact of heterogeneity caused by one method 

(Williams, Nichols, & Conroy, 2002). Moreover, simultaneous application of multiple 

sampling methods also has potential to reduce sampling costs by increasing fieldwork 

efficiency (Corlatti, Nelli, Bertolini, Zibordi, & Pedrotti, 2017), especially for studies on 

large carnivores (Boulanger et al., 2008). However, if individual animal attributes such as 

age or mass can predict catchability, then presumably these attributes could be measured on 

animals at capture and included in the model as covariates (Conroy, 2009).  

To address this the thesis relies on the programs MARK and RMARK, which use a 

likelihood approach based on finite mixtures. These models specify that animals are 

composed of two or more mixtures, one with a higher and the other a lower capture 

probability. The Full Heterogeneity class allows for models that combine individual (h), 

behavioral (b) and time (t) variation. The HetClosed models, by contrast allows to combine 

individual (h) and time (t) variation, but not behavioral (Conroy, 2009). 

 

The analysis was completed with three different type of models: Huggins model, Huggins 

model fitted in a robust-design fashion (both assume closed population within primary 

sessions) and Jolly Seber model (hereafter JS, an open population model), in order to test 

differences in abundance between models (Huggins, JS) and to estimate population growth 

(JS). To find the best model in each phase, the possible models were tested using a selection 

procedure based on AIC (the small-sample-size corrected version of Akaike information 
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criterion) values. In particular, the diverse effect of different covariates on the reliability of 

the model were tested. This was repeated for two different datasets, one including all the 

data, and the second including only data from opportunistic sample, to detect variations. 

 

1.4 Structure of the thesis 

This thesis aims to transmit to the readers, apart from the results and their relevance, the 

thinking with which the choice of the work methodology was carried out. Therefore, a big 

emphasis is put on the logical process behind model development. Besides, in order to 

present the data and the situation clearly, all the topics in this work are treated as concisely 

and clearly as possible. 

The thesis is divided into five sections. In the first one, the research objective is introduced, 

research questions are explicated, and the scientific and practical importance of the topic is 

clarified; the species under study are introduced and the current situation is illustrated. In the 

second section, a brief literature review is provided. In the third section, the study area is 

specified, available data are presented, and their organization is explained. Then, all the tools 

used for the analysis are introduced and methods deeply investigated. In the fourth section, 

the results are presented. In section five, results are discussed, with a particular focus on their 

significance. Finally, section six arguments the conclusions. 
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2 Literature Review 

2.1 Brown bear abundance estimations 

The status of Alpine brown bear population is monitored by Trento province through the 

annual report on big carnivores (Provincia Autonoma di Trento, 2007, 2008, 2009, 2010, 

2011, 2012, 2013, 2014, 2015, 2016, 2017). The outcomes of this report have been 

highlighted into section 1.2.4. This is, presently, the only reliable source for what concerns 

Trentino population abundance estimations, with the exception of a study by (Tenan et al., 

2016) which used Integrated population models (IPMs). In this study, the authors extended 

classical IPMs to a two sex framework that allows investigation of population dynamics and 

quantification of cause‐specific mortality rates in non monogamous species, concluding that 

on average 11% of cubs and 61% of adults in the Alpine brown bear population die because 

of human‐related causes. Some other estimations were made in the past, mainly for assessing 

the reintroduction success. 

This is not true for the Italian Apennines bear population, that has been repeatedly studied 

and estimated (Ciucci et al., 2015; Gervasi et al., 2008; Gervasi et al., 2012). However, the 

Apennine population represents a peculiar case: in fact, the Marsican brown bear (Ursus 

Arctos Marsicanus), also known as the Apennine brown bear, is a critically endangered 

subspecies of the brown bear (very similar to the European brown bear, with slight 

differences in appearance and hibernation techniques), with a range restricted to the Abruzzo 

National Park and the surrounding region, in central Italy (Loy, Genov, Galfo, Jacobone, & 

Vigna Taglianti, 2008). The recent estimations describe around 50 living individuals, within 

a stable and completely insulated population (Ciucci et al., 2015; Gervasi et al., 2008; 

Gervasi et al., 2012) at an extremely high risk of extinction (Morini et al., 2016). 

2.2 Analysis methods 

The procedure to analyze the data adopted in this thesis takes inspiration from a paper 

published on Italian Apennine brown bear population (Ciucci et al., 2015). Here, multiple 

noninvasive data sources were used into a DNA based mark–recapture framework to 

estimate the abundance of the small and endangered Marsican brown bear population. The 

authors collected hair samples from June to September 2011 by concurrently using 4 

noninvasive sampling methods: intensive hair snagging plus secondary sampling methods 

(bear rub trees, alpine buckthorn aggregations and incidental sampling). The following 

marker selection was based on tissue samples from 55 Marsican brown bears, using 13 

microsatellites (plus gender) and quality assurance protocols to identify multilocus 

genotypes from hair samples. They then used Huggins closed models in program MARK to 

estimate population size, which allowed to account for spatial, temporal, and demographic 
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components of heterogeneity in secondary sampling methods (Ciucci et al., 2015). 

Previously, a study (Gervasi et al., 2012), described a technique to deal with abundance 

assessment in the particularly challenging case of small populations of elusive species, with 

capture–recapture methods suffering from sampling and analytical limitations. The authors 

presented here an empirical and theoretical evaluation of multiple data source sampling as a 

flexible and effective way to improve the performance of capture–recapture models for 

abundance estimation of small populations. 

A preceding study (Gervasi et al., 2008) used a multiple data source approach and Huggins 

closed models implemented in program MARK to overcome the limitations of the sampling 

strategies. To account for model uncertainty, the authors averaged plausible models using 

Akaike weights, but they urged caution in interpreting the results because other expected but 

undefined sources of heterogeneity may have biased the estimate. 

In the same year, Boulanger et al. (2008) developed a methodology that uses two data 

sources to deal with heterogeneity and applied this to DNA mark–recapture data from Ursus 

Arctos. They improved population estimates by incorporating additional DNA captures of 

grizzly bears obtained by collecting hair from unbaited bear rub trees concurrently with 

baited, grid based, hair snag sampling (Boulanger et al., 2008). 

The possibilities of genetic monitoring were studied by De Barba et al. (2010). This study 

provides a model for other reintroduction programs. It demonstrates how genetic monitoring 

can be implemented to uncover aspects of demography, ecology and genetics of small and 

reintroduced populations, advancing our understanding of the processes influencing small 

populations viability, evolution, and successful restoration (De Barba et al., 2010). 

Lately, in 2017, an article was published that presents an analytical approach able to integrate 

spatial capture-recapture data collected systematically on hair and scraping traps, spatial 

capture-recapture data collected opportunistically, and telemetry data (Tenan, Pedrini, 

Bragalanti, Groff, & Sutherland, 2017). This work represents a partial exception in the lack 

of information regarding the Central Alps brown bear population. The framework was 

applied for the first time to the data collected in 2013 for the brown bear population of the 

central Alps, and it was used to verify the consistency of the information provided by the 

three above mentioned data sources. In other words, the analytical approach makes it 

possible to test the compatibility of different data, to verify quantitatively whether the 

different data sources provide concordant information about the density and size of the 

brown bear home range. The article reports that the simultaneous analysis of the three types 

of data can increase the accuracy, or decrease the uncertainty, of the estimates of brown bear 

density. Specifically, even though referring to a few individuals, the addition of telemetry 

data and opportunistic data to systematic CMR data can improve density estimates, provided 

that telemetry and opportunistic data contain spatial information concordant with the ones 

provided by the data derived from systematic sampling (Tenan et al., 2017). Although 

telemetry provides the most informative data on the use of space, telemetry is often applied 

to a very small number of individuals (Provincia Autonoma di Trento, 2017). The logical 

consequence is that opportunistic data, appropriately integrated with systematic data from 

hair traps (and possibly scrapers), represent an important source of information for the 

estimation of the use of space and population density, even with absence of telemetry data. 

In fact, systematic and opportunistic data are generally featured by a smaller number of 

georeferenced localizations per individual, but they have the advantage of being referred to 
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a much greater number of individuals compared to the one of the subjects that generally can 

be collared. Each data source therefore has advantages and disadvantages, but what should 

not be forgotten is that the data systematically collected are the basis of the analyses that 

allow to estimate the size of a population and, on a multi-year basis, the demographic 

parameters that regulate the population (Tenan et al., 2017). 

2.3 Human disturbance and big carnivores 

Lastly, it is useful to introduce the research on the theme of human disturbance on big 

carnivores, that is important in areas, such as the Alps, with high human density and high 

conflict risk (Güthlin et al., 2011). This was studied by Elgmork (1978), who described the 

effect of human disturbance and activities upon a small, remnant brown bear population in 

southern Norway throughout a 25-year period (Elgmork, 1978). Bear reports are compared 

with indices of human activities. Many studies highlighted the effects of human disturbances 

on big carnivores, even though not specifically on brown bears (Foster, Harmsen, & 

Doncaster, 2010; Kerley, Miquelle, Smirnov, & Quigley, 2002; Ngoprasert, Lynam, & Gale, 

2007; Weaver, Paquet, & Ruggiero, 1996). All come to conclusions similar to the one 

reported by Martin, Kindberg, Allainé, and Swensonbf (2010). They present the case, 

relevant for this literature review, of brown bear in Scandinavia, which is colonizing more 

human-dominated landscapes, leading inevitably to an overlap among animals’ home ranges 

and anthropogenic structures. In this study, fine-scale habitat selection by brown bears was 

investigated, to observe how they deal with possible disturbances. Outcomes demonstrated 

how females selected habitats within their home range that provided abundant food resources 

and minimized human-caused disturbance. In addition, temporal analysis of habitat selection 

revealed an avoidance of disturbed areas and a selection of slopes by bears during periods 

of most intense human activities (Martin et al., 2010). 

 

What is more relevant for this study, is that in 2017,  research that reports the results of 

analysis of the data collected in the first year of systematic monitoring in Trentino (2015), 

the same data used for this thesis, was published, which focused on the distribution and pace 

of daily activity of the trapped species (Oberosler, Groff, Iemma, Pedrini, & Rovero, 2017). 

The study investigated, specifically, the response of wild species to different sources of 

anthropic disturbance in terms of distribution, in a spatial and temporal dimension. An 

interesting result for the bear concerns the "availability" of the species, or the ease with 

which the species can be detected. The results indicate that the probability of presence of the 

brown bear increases as the distance from the inhabited centers increases and decreases as 

the rate of human passage increases, confirming for the brown bear a tendency to have an 

elusive behavior towards humans (Oberosler et al., 2017). 

Finally, given the relevance of human-bear conflicts in the recent news of the area (Parco 

Naturale Adamello Brenta, 2018) and the big importance of this theme for what concerns 

the management of the species under study (Chapron et al., 2014), a small overview of 

studies on human-bear conflicts is provided. Studies on this subject were conducted in 

several areas. Among those, the most important was conducted in the Yellowstone area 

(Gunther et al., 2004). Trends in conflicts over time, geographic location on macro and micro 

scales, land ownership and relationship to the seasonal availability of bear foods were here 

considered, focusing the attention on 995 grizzly bears–humans conflicts in the area. The 
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scope of the analysis was to provide wildlife managers with the information necessary to 

develop strategies designed to prevent conflicts from occurring rather than reacting to 

conflicts after they occur (Gunther et al., 2004). 

2.4 Research possibilities and literature gaps 

As highlighted in section 2.1, the Alpine brown bear population is presently not studied as 

deeply as the Apennines one. Specific studies related with the precise abundance of the 

Alpine population need to be carried out in order to fill this gap and to develop liked 

management strategies, in particular referring to human disturbances and human-bear 

conflicts. Furthermore, researches show that genetic monitoring can be implemented to 

uncover aspects of demography, ecology and genetics of small and reintroduced populations, 

advancing our understanding of the processes influencing small populations viability, 

evolution, and successful restoration (De Barba et al., 2010). Again, it is important to notice 

the relevance given in the literature to the collection of opportunistic data, usually together 

with systematic data (Tenan et al., 2017). 

This research aims to fill the gap of Alpine brown bear population abundance estimation, 

introducing a new element: the analysis of opportunistic data only, as an original element. 

Anyway, with the given data, detailed growth rate analyses will be difficult: thus, a 

continuous data collection in the incoming years is required to estimate precisely the 

population growth rates. 

However, there is another gap to be profoundly investigated: the spatial analysis of the data 

collected about the Alpine brown bear population. Further studies need to be built in order 

to analyze the spatial distribution of the individuals, to examine the habitat selection and the 

dispersal habits of the population members, in order to forecast patterns for expansion and 

new habitats colonization, and to improve management strategies with the final aim to 

prevent conflicts. 

3 Materials and methods 

3.1 Data 

3.1.1 The study area 

The study area, that has a total dimension of about 220 km2 (Provincia Autonoma di Trento, 

2015), was defined a priori at the start of the data collection in 2015. It was selected to 

represent all the altitudinal gradients and forest habitats of the area, and it partially overlaps 
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with the Adamello-Brenta Natural Park - the largest park in the region - and with the core 

area of the Alpine brown bear population (Provincia Autonoma di Trento, 2017). 

 

 

Figure 5: Study area, area used for systematic sampling. Image elaborated with ArcGIS 

software over an altitude model of the Italian Alps. 

 

The area is included in the Autonomous Province of Trento, which includes 77 

municipalities, covering an area of more than 6,000 km2 with a total population of about 

540,000. All the province is included in the area of the Central Alps (Provincia Autonoma 

di Trento, 2018). 

However, this is only the area studied for the systematic sampling: the area for the occasional 

sampling is far bigger, including some neighboring areas, in particular in the provinces of 

Brescia, Sondrio, and Bolzano (Provincia Autonoma di Trento, 2016). This is true especially 

for male individuals: they can wander even for long periods, during an event called dispersal. 

The dispersal is defined as displacement outside the core area (the one affected by the 

presence of females, which substantially coincides with western Trentino), by bears born in 

the same area, without them reaching the territory permanently frequented by bears 



 

  

 

36 

 

belonging to the Dinaric-Balkan population. 

This behavior is radically different for what concerns females, as highlighted in figure 3: 

females stay for all their time in the core area, only 1,070 km2 against the total of 24,360 

km2 interested by bear presence. 

 

 

Figure 6: Area frequented by Alpine brown bear population (2017). Pink area indicates 

the females core area, while blue area is for males (Provincia Autonoma di Trento, 2017). 

 

3.1.2 Presentation of available data 

Data are from a multiannual wildlife monitoring program made by the Autonomous Province 

of Trento, and refer to year 2015, 2016 and 2017 (Provincia Autonoma di Trento, 2015, 

2016, 2017). The retrospective reconstruction of the present population and the application 

of statistical methods, applied to systematic and opportunistic monitoring, make it possible 

to provide estimates of the Alpine brown bear population. 

The monitoring of the bear has been carried out by the Autonomous Province of Trento on 

a continuous basis since the 70s. The traditional field detection techniques have been 

supported over time by radio telemetry (methodology used for the first time in Eurasia in 

1976), by automatic video control by remote stations, by trapping and finally, since 2002, 

by genetic monitoring. Genetic monitoring is based on the collection of organic samples 
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(hair, excrements, urine, saliva, tissues), and it is realized in two ways. The systematic 

monitoring, based on the use of traps with olfactory baits aimed at the "capture" of hairs by 

barbed wires, and the opportunistic monitoring, which is based on the collection of organic 

samples found on all the territory during ordinary service activities (i.e. verification of 

damages by predators and control of the scrapers) (Provincia Autonoma di Trento, 2017). 

The systematic monitoring follows a planned and standardized sampling scheme, with the 

final aim to estimate the number of alive individuals without necessarily knowing all of them 

through genetic analysis. Appropriate sampling planning makes it possible to apply 

statistical models more effectively, attempting to quantify the average probability of a brown 

bear of being detected genetically. In recent years, genetic monitoring has constituted the 

main technique for gathering information regarding the bear population present in the 

province. in 2015, systematic monitoring was again carried out in 69 sites, from May 20th to 

July 29th; the monitoring provided 246 organic samples over a total of 807 samples collected 

(Provincia Autonoma di Trento, 2015). In 2016, systematic monitoring was carried out on 

79 sites, from May 17th to July 27th; it provided 167 organic samples over a total of 829 

sample gathered (Provincia Autonoma di Trento, 2016). In 2017, systematic monitoring was 

carried out on 78 sites, from May 23rd to October 17th; it provided 241 organic samples out 

of a total of 749 (Provincia Autonoma di Trento, 2017). In relation to the hypothesis of 

progressive extension of the territory frequented by the Alpine brown bear population, the 

area in which the systematic monitoring is performed was extended in 2017 to the northern 

and southern parts of western Trentino, to Val di Non in the province of Bolzano, to 

Valcamonica, Valle del Caffaro, Val Trompia and upper Garda in the province of Brescia. 

The systematic sampling area is highlighted in figure 3 (section 3.1.1). Most of the organic 

samples collected through the traps were gathered in the central part of the sampling grid, 

where the density of brown bears is higher. 

Opportunistic samples were collected inside and outside the provincial territory; data coming 

from outside the province were provided by the Autonomous Province of Bolzano, the 

Autonomous Region of Friuli Venezia Giulia, the University of Udine, the Lombardy 

Region, the Veneto Region and the Provinces of Brescia and Sondrio. 

The data were collected and processed on an annual basis, referring to the calendar year, that 

coincides with the biological year of the brown bear: this allows to have an overview of the 

situation just before the new births, during the months of minor activity of the species. 

3.1.3 Data organization 

Data are subdivided into 3 years: 2015, 2016 and 2017. In all the three years both systematic 

and opportunistic sampling are included. In year 2015, there were 8 opportunistic sampling 

occasions and 5 systematic sampling occasions; in year 2016, there were 5 systematic 

sampling occasions and 4 opportunistic sampling occasions; finally, in 2017, 7 systematic 

sampling occasions and 4 opportunistic sampling occasions were carried out. 

Each sample in the row data contains genetic, geographic and individuals information, in 

particular: type of sampling, dates of sampling, a univocal code for each sample, the origin 

of the sample, the ID of the trap, the location, the municipality, the province, the XY 

coordinates reported using UTM32N coordinates system, the species, the identified 

individual and the sampler. Other data, such as the age of the individual at the moment of 

the sampling and its sex, are available in the database of the bears. 
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Data were elaborated in order to have a string for each individual sampled in each year. 

This was made to obtain the data formatted as required for the analysis in RMark. Each 

string report contained: the name of the individual, the binary mark (1 for capture, 0 for 

absence) to individuate the capture in each session (OP = opportunistic sampling, S= 

systematic sampling). The bears were then divided into three groups: adult males, young 

males and females. Here females were left as a single group because their behavior does 

not have a significative variance according to their age: in particular, they stay only in a 

determined area for all the time considered. Males, on the contrary, present a very different 

behavior in case they are young (young here is defined as age <5 years old) or adults. In 

particular, referring to dispersal habits (Chapron et al., 2014). However, in the final 

analysis only two classes of sex (males and females) were considered, given the small 

number of individuals: fragmenting the sample excessively could have led to a rising 

uncertainty in the data. Again, in the analysis, the known individuals with no captures for a 

specific year and newborns of the same year of the sampling have been excluded. In fact, 

in view of the increasing difficulty in acquiring a complete and robust data about birth 

rates, it is considered appropriate not to consider the newborns class in determining the 

minimum number of bears (Provincia Autonoma di Trento, 2017). 

Furthermore, in the data, the age of each individual at the time of the sampling was reported, 

using the known birth year of every bear. Moreover, a new index was created to insert a 

spatial variable in the model: the percentage of the estimated home range of each individual 

inside of the systematic sampling area (%HR/S). The process is explained in the “methods” 

section (section 3.2.4). This was made in order to try to quantify a probability of recapture 

in the systematic sampling area for each individual, depending on its habits. 

All the strings obtained were then exported in different .INP files, according to the diverse 

need for each type of analysis. 
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Table 1: Example of strings obtained for two marked individals in 2017: the capture/not 

capture of the bear in the 7 systematic sampling occasions and 4 opportunistic samplig 

occasions is reported (0/1); the individual  is clustered in sex groups; the age and the 

%HR/SIST index are reported; finally, the string is ready to be input in the .INP file. 

 

 

3.2 Methods 

3.2.1 Summary of the methodology 

Small populations of large carnivores pose the greatest theoretical and practical challenges 

when it comes to population assessment (Ciucci et al., 2015). In the case presented, data 

come from various sampling methods. Different capture probabilities among marking 

methods and subsequent bias of population estimates represent a fundamental challenge to 

estimating population size with mark–recapture (Boulanger et al., 2008). In addition, 

estimates may still be biased if inappropriate models are selected when capture probabilities 

for a segment of the population approach zero (Boulanger, McLellan, Woods, Proctor, & 

Strobeck, 2004). 

One way to confront heterogeneity is to use multiple methods to sample the population, 

thereby minimizing the impact of heterogeneity caused by one method (Williams, Nichols, 

& Conroy, 2002). Moreover, simultaneous application of multiple sampling methods also 

has potential to reduce sampling costs by increasing fieldwork efficiency (Corlatti, Nelli, 

Bertolini, Zibordi, & Pedrotti, 2017), especially for studies on large carnivores (Boulanger 

et al., 2008). However, if individual animal attributes like age, mass, or other variable can 

predict catchability, then presumably these attributes could be measured on animals at 

capture and included in the model as covariates (Conroy, 2009). Though, there are other 

possibilities to take in account individual heterogeneity: programs MARK and RMARK use 

a likelihood approach based on finite mixtures. These models specify that animals are 

composed of two or more mixtures, one with a higher and the other a lower capture 

probability. The Full Heterogeneity class allows for models that combine individual (h), 

behavioral (b) and time (t) variation. The HetClosed models, by contrast allows to combine 

individual (h) and time (t) variation, but not behavioral (Conroy, 2009). 

To analyze the data, the software Mark and the RMark package were used. The analysis was 

completed with three different type of models: Huggins model, Huggins model fitted in a 

robust-design fashion (both assume closed population within primary sessions) and Jolly 

Seber model (hereafter JS, an open population model), in order to test differences in 

abundance between models (Huggins, JS) and to estimate population growth (JS). To find 

the best model in each phase, the possible models were tested using a selection procedure 

based on AICc (the small-sample-size corrected version of Akaike information criterion) 

values. In particular, the diverse effect of different covariates on the reliability of the model 

BEAR S1 S2 S3 S4 S5 S6 S7 OP1 OP2 OP3 OP4 YM AM FF Age % HR/SIST ; String

DG3 0 1 0 0 0 0 0 1 1 0 0 0 0 1 11 100 ; /* DG3 */ 01000001100 0 0 1 11 100;

M07 1 1 1 0 0 0 0 1 1 1 0 0 1 0 8 100 ; /* M07 */ 11100001110 0 1 0 8 100;
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were tested. This was repeated for two different datasets, one including all the data, and the 

second including only data from opportunistic sample, to detect variations. 

3.2.2 Presentation and advantages of CMR method 

For estimates of absolute numbers, mark-recapture methods can be very effective (Cox, 

2001). In Capture-Mark-Recapture (CMR) experiments, the target individuals are captured, 

marked, released and then recaptured many times by repeated sampling, in order to build a 

set of capture histories. At the end, the result is a capture history for each animal (Pledger & 

Phillpot, 2008; Pradel, 1996). The first step is to capture and mark a sample of individuals. 

Marking methods depend on the species: for example, large mammals can be fitted with 

collars. Marked animals are immediately released as close as possible to the collection site. 

After giving the animals time to recover and to mix randomly with the whole population, the 

ecologist goes out several times again to collect other samples of the organisms. The size of 

the population can then be estimated starting from the number of marked individuals 

recaptured (Cox, 2001). 

Nevertheless, this method does not strictly involve an invasive capture (Boulanger et al., 

2008; Boulanger et al., 2004; Ciucci et al., 2015; Gervasi et al., 2008; Gervasi et al., 2012). 

In fact, non-invasive genetic capture-mark-recapture methods have become a very important 

tool to estimate population parameters in rare and elusive species, to exclude direct handling 

(Lampa, Mihoub, Gruber, Klenke, & Henle, 2015). The basic principle of this approach is 

that non-invasively collected samples (e.g. feces) are genotyped. Matching genotypes are 

considered as belonging to the same individual and are classified as recaptures. Non-

matching genotypes indicate newly captured animals. Hence, for each sampling occasion, 

all individuals are determined to be either captured (coded as 1) or not captured (coded as 

0), resulting in individual capture histories which are used for CMR analyses. Non-invasive 

genetic CMR opens the possibility to obtain estimates of population size, sex ratio, survival, 

migration, fecundity, or population growth (Corlatti, Bakran-Lebl, Filli, & Ruf, 2011; Lampa 

et al., 2015; Thompson, White, & Gowan, 1998). 

However, there are several difficulties that must be overcome, such as low success rates and 

genotyping errors (Conroy, 2009; Powell & Gale, 2015). Genotyping errors can either result 

in erroneously assigning a sample to a wrong individual, because they seem to have the same 

genotype, or can create new so far unknown - but false – individuals, the so called “ghost 

individuals” (Lampa et al., 2015; Otis & Anderson, 1978; Sutherland, 2006). Furthermore, 

in the presence of individual heterogeneity in detection probability, capture–recapture 

analysis is strongly model dependent (Link, 2004). 

3.2.3 Usage of Mark and RMark 

The program MARK is a Windows-based software application, developed by Gary White 

(Colorado State University) for the analysis of data from marked individuals (Cooch, 2009). 

MARK delivers parameter estimates from marked wildlife individuals when they are re-

encountered at a later time. Re-encounters can be from some combination of various sources. 

The time intervals between re-encounters do not have to be equal but are assumed to be one 
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time unit if not specified. More than one attribute group can be modeled, and covariates 

specific to the group or to the individual can be used. The basic input to program MARK is 

the encounter history for each individual composing the data set. MARK can also provide 

estimates of population size for closed populations. Probability of first capture (p) and 

subsequent re-capture (c) can be modeled by attribute groups, as a function of time, and as 

a function of individual-specific covariates (Cooch, 2009). Parameters can be fixed constant 

over re-encounter occasions, or depend by age, or by group. A set of common models for 

screening data are provided, with time effects, group effects, time*group effects, and a null 

model of none of the above given for each parameter. In addition to the logit function to link 

the design matrix to the parameters of the model, other link functions comprise the log-log, 

complimentary log-log, sine, log, and identity. MARK calculates the estimates of model 

parameters via numerical maximum likelihood procedures. The FORTRAN program which 

does this computation also determines numerically the number of parameters that are 

estimable in the model and reports its deduction of not estimable parameters (Cooch & 

White, 2002). The number of estimable parameters is used to compute the quasi-likelihood 

AIC value (QAICc) for the model. Outputs for various models which the user has fit are 

stored in a database. The input data are also stored in this database, making it a complete 

report of the model building process. Summaries available include model outputs (estimates, 

standard errors, and goodness-of-fit tests), deviance residuals from the model, likelihood 

ratio and analysis of deviance (ANODEV) between models, and adjustments for over 

dispersion (Cooch & White, 2002). 

The RMark package is a collection of R functions that can be used as an interface to MARK 

for analysis of capture-recapture data (Laake, 2018). This R interface has the following 

advantages (Laake, 2018): 

• Uses model notation to create design matrices rather than designing them by hand in 

MARK, which makes model development faster and more reliable; 

• Allows models based on group (factor variables) and individual covariates with 

groups created on the fly. Age, cohort, group and time variables are pre-defined for 

use in formulas; 

• Both real and beta labels are automatically added for easy output interpretation; 

• Input, output and specific results (for example: parameter estimates, AICc) are stored 

in an R object where they can be manipulated as deemed useful (plotting, further 

calculations, simulation); 

• Parameter estimates can be displayed in triangular PIM format (if appropriate) for 

ease of interpretation; 

• Easy setup of batch jobs and the calls to the R functions document the model 

specifications and allow models to be easily reproduced or re-run if data are changed; 

• Covariate-specific estimates of real parameters can be computed within R without 

re-running the analysis. 

3.2.4 GIS and home range calculation 

The covariate “percentage of the home range included in the systematic sampling area”, one 

of the covariates used for the analysis, required a GIS-based computation. The purpose of 

this covariate was to describe appropriately the fact that the capture and recapture 
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probabilities - in the systematic sapling occasions - could differ on the basis of the attitude 

of a certain individual, in the selected period, to stay inside or outside of the area selected 

for systematic sampling. 

The needed data was procured by a GIS analysis made with ArcGIS. In particular: 

• A raster layer with the terrain model of the Alps was used as a original layer; 

• A shapefile with the boundaries of the systematic sampling area was placed above 

the original layer; 

• For each single individual, a layer containing all the points in which the bear was 

captured or recaptured was built (the coordinates were given in the original data set); 

• For each single individual, a convex hull polygon made with the above-mentioned 

points was built; 

• Using ArcGIS tools, the percentage of this polygon included in the systematic 

sampling was determined; 

• This percentage was added to the capture history of each individual as an individual 

covariate. 

3.2.5 Model selection 

The first model used was Huggins closed captures models (Huggins, 1989). In the closed 

population Huggins model (indicated as H model), the likelihood is conditioned by the 

number of animals detected and f0 therefore drops out of the likelihood. These models 

contain only p and c (the probability of capture and recapture): the abundance N is estimated 

as a derived parameter. The primary advantage of the Huggins data type is that individual 

covariates can be used to model p and c (Cooch & White, 2002). 

Secondly, Huggins Robust Design model (later indicated as HRD model) was used. The 

reason is that closed models assume that size of the population remained unchanged between 

sampling events (Williams et al., 2002). Instead, changes in population size through time are 

a function of births, deaths, immigration, and emigration. Robust design brings more 

biological reality to the analysis of population dynamics. This method provides for the 

estimation of parameters that are not estimable under either open or closed models as well 

as more robust estimates of the parameters of interest present in H model. Although most 

CMR designs assume that captures occur instantaneously, this is rarely the case. Usually, 

data are aggregated from capture sessions that may last several days or weeks (Williams et 

al., 2002). The concept behind Robust Design is to break these sessions into shorter sampling 

occasions, so that capture probabilities can be estimated between encounter occasions during 

these sessions. The primary assumption over closed models is that capture sessions are brief 

enough to assume population closure (i.e., no births, deaths, emigration, or immigration). 

Thus, closed models can be used for the estimation of N or other parameters of interest, and 

integrated with open models to estimate true survival, temporary emigration, and 

immigration of marked animals back to the trapping area over the longer, open, primary 

sampling periods (Williams et al., 2002). There is no disadvantage in using Robust Design, 

but H model can be more precise, as it considers data separated year by year. 
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In the last stage, the type of model used is the Jolly–Seber model (JS model). The Jolly–

Seber model provides estimates of abundance, survival, and capture rates from capture–

recapture experiments (Schwarz, 2001): 

• modeling the pattern of entrance of new recruits; 

• modeling age-specific breeding proportions; 

• modeling population growth, dilution, or fecundity. 

In this specific case, JS model has been used to estimate both abundance and population 

growth. 

For the analyses, mixture was not used because data are too scarce to fit models with 

mixtures and interactive sex effects. Furthermore, heterogeneity could not be modelled 

because of the scarcity of data. 

To take into account the different sampling methods, systematic and opportunistic, the 

design matrix has been modified to consider different probabilities linked to different 

sampling procedures. The design matrix in RMark has been modified in order to associate, 

to the different capture occasions, different intercepts to take into account the fact that 

systematic and opportunistic sampling has potentially different values. This was made by 

assigning to each specific capture methods a numbered session, in each year. As observed 

by Ciucci et al. (2015) this approach is feasible in a context of closed population capture–

recapture models, as the relative order of sessions is irrelevant to parameter estimation, 

because no behavioral responses are expected in the data. In addition to sampling method, 

individual, group, and temporal covariates were used to model heterogeneity in capture 

probability. 

The data subdivided in three years (2015, 2016 and 2017) were used to prepare three 

different data files containing: 0-1 values for opportunistic sampling sessions (sessions 1-8 

in 2015; 6-9 in 2016; 8-11 in 2017); 0-1 values for systematic sampling sessions (sessions 

9-13 in 2015; 1-5 in 2016; 1-7 in 2017); the division into two groups, males and females; the 

individual covariate regarding the age of the captured individuals; the individual covariate 

describing the percentage of the home range included in the systematic sampling area 

(described in point 2.2.4). 

In the first phase, the closed population Huggins model (H model) was used. In this phase, 

the start was with the annual estimates to have a more precise parametrization. First of all, 

only the parameter p, which is the probability for the first capture, was modelled, as the 

recapture probabilities would be equal. Parameters p and c are assumed to be equal because, 

as above mentioned, no behavioral responses are expected in the data. In order to avoid a 

simple try of all the possible model combinations, it was decided to use a hierarchical 

selection procedure. Before the model selection, some parameters were defined: 

• Different intercepts for systematic and opportunistic sampling were defined; 

• Time for systematic sampling was defined; 

• Time for opportunistic sampling was defined; 

• Time trends only for opportunistic sampling were defined; 

• Time trends only for systematic sampling were defined. 
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This was done for each of the three years involved. The process of model selection was then 

carried out: 

• the first step was the comparison between models with full-time effect, time trends 

and no time effects. AICc results for the three different options were investigated; 

• the second stage was the comparison between models with different sex effects 

(interactive, additive, no sex effect). AICc results for the three different options were 

investigated; 

• after that, alternative models were tested, refining parametrization for some 

parameters; 

• the significance of the parameters was tested; 

• the model with only significant parameters was considered as the best model. 

 

In the second phase, the Huggins model in its robust design version (HRD model) was 

applied. The aim was to improve the estimations, as HRD model uses information of more 

than one year (in this case, 3 years). Accordingly, a single data set, reporting individuals 

divided by sex and age at the first capture, was prepared. In the preparation of data, the time 

intervals for 2015, 2016 and 2017 were specified. The robust design presents three 

parameters more than the closed population model: the survival probability (S), the 

emigration probability (gamma) and the immigration probability (gamma double prime). 

After that, the same model selection above explained was applied. 

In the third phase, the Jolly Seber model was applied to calculate the population growth (this 

is represented by the new parameter lambda and by its logarithm loglambda) and, again, 

abundance. Here, the data are organized with 0/1 values for observed presence absence in 

each year, not anymore in single sessions. That means, if an individual A was observed seven 

times in the year 2015, and an individual B was observed 2 times in the same year, they both 

will have a “1” value for that year. 

JS models assume that every marked animal present in the population at the sampling period 

has the same probability p of recapture and that every marked animal present in the 

population immediately after period i has the same probability phi of survival from i to i+1. 

Furthermore, this model assumes that the different types of sampling (systematic and 

opportunistic) have no difference between them, as only the presence in a certain year is 

detected. For this model, the procedure of model section was repeated as above described. 

As the problem was related with the costs of conducting both systematic and opportunistic 

sampling, all the analyses were repeated taking in account only the data from the 

opportunistic sampling, to detect variations in outcomes. Model selections were repeated 

exactly how is above described for estimations made with the full data set. 
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4 Results 

4.1 Outcomes of model selection 

Outcomes of model selection process are here described. A remarkable note is that, during 

the parametrization, the covariate %HR/SIST, mentioned in section 3.2.4 and describing the 

percentage of the home range included in the systematic sampling area, was found not to be 

significant, probably due to the small variability in the values. 

Below the model selection process results for H model are reported, using the full data set, 

for years 2015, 2016 and 2017. 

 

Table 2: Model selection, H model, full data set, 2015. AICc values and parameters formulas 

for each model are reported, the bold model is the best model for each selection step. 

Model (2015) H model, full data set AICc value Formula 

Model 1 526.8552 p= (sampling*age+timeopp+timesyst)*sex 

Model 2 500.6437 p= (sampling*age+trendopp+trendsyst)*sex 

Model 3 518.1788 p= sampling*age*sex 

Model (2015) H model, full data set AICc value Formula 

Model 2 500.6437 p= (sampling*age+trendopp+trendsyst)*sex 

Model 4 508.6143 p= sampling*age+trendopp+trendsyst+sex 

Model 5 529.1815 p= sampling*age+trendopp+trendsyst 

Model (2015) H model, full data set AICc value Formula 

Model 2 500.6437 p= (sampling*age+trendopp+trendsyst)*sex 

Model 6 496.7068 p= (sampling*age+trendopp)*sex 
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Table 3: Model selection, H model, full data set, 2016. AICc values and parameters formulas 

for each model are reported, the bold model is the best model for each selection step. 

Model (2016) H model, full data set AICc value Formula 

Model 7 376.1811 p= (sampling*age+timeopp+timesyst)*sex 

Model 8 360.5607 p= (sampling*age+trendopp+trendsyst)*sex 

Model 9 354.808 p= sampling*age*sex 

Model (2016) H model, full data set AICc value Formula 

Model 9 354.808 p= sampling*age*sex 

Model 10 362.0929 p= sampling*age+sex 

Model 11 371.6268 p= sampling*age 

Model (2016) H model, full data set AICc value Formula 

Model 9 354.808 p= sampling*age*sex 

Model 12 349.8662 p= sampling+age*sex 

 

 

Table 4: Model selection, H model, full data set, 2017. AICc values and parameters formulas 

for each model are reported, the bold model is the best model for each selection step. 

Model (2017) H model, full data set AICc value Formula 

Model 13 483.2806 p= (sampling*age+timeopp+timesyst)*sex 

Model 14 470.2508 p= (sampling*age+trendopp+trendsyst)*sex 

Model 15 478.6445 p= sampling*age*sex 

Model (2017) H model, full data set AICc value Formula 

Model 14 470.2508 p= (sampling*age+trendopp+trendsyst)*sex 

Model 16 477.4122 p= sampling*age+trendopp+trendsyst+sex 

Model 17 488.1183 p= sampling*age+trendopp+trendsyst 

Model (2017) H model, full data set AICc value Formula 

Model 14 470.2508 p= (sampling*age+trendopp+trendsyst)*sex 

Model 18 465.8194 p= (sampling+trendopp+age)*sex+trendsyst 

 

 

For 2015, model 6 was selected as the best model. For 2016, model 12 was selected as the 

best model. For 2017, model 18 was selected as the best model. 

In the table below is reported the description of the models selected as best models for each 

year. As p=c, only the formula for p is reported: 
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Table 5: Best models description, H model, full data set, 2015-2016-2017. 

Year (H model, full data set) Best Model Formula AICc 

2015 Model 6 p= (sampling*age+trendopp)*sex 496.7068 

2016 Model 12 p= sampling+age*sex 349.8662 

2017 Model 18 p= (sampling+trendopp+age)*sex+trendsyst 465.8194 

 

 

Below, instead, the model selection process results for HRD model are reported, using the 

full data set, for years 2015, 2016 and 2017. 

 

 

 

Table 6: Model selection, HRD model, full data set, 2015-2016-2017. AICc values and 

parameters formulas for each model are reported, the bold model is the best model for each 

selection step. 

Model (2015-2016-2017) HRD 
model, full data set 

AICc value Formula 

Model 19 1479.382 
p= (sampling+session+age+timeopp+timesyst)*sex 
GammaDoublePrime= time 
S= time 

Model 20 1488.308 
p= (sampling+session+age+trendopp+trendsyst)*sex 
GammaDoublePrime= time 
S= time 

Model 21 1503.072 
p= (sampling+session+age)*sex 
GammaDoublePrime= time 
S= time 

Model (2015-2016-2017) HRD 
model, full data set 

AICc value Formula 

Model 19 1479.382 
p= (sampling+session+age+timeopp+timesyst)*sex 
GammaDoublePrime= time 
S= time 

Model 22 1481.526 
p= (sampling+session+age+timeopp+timesyst)+sex 
GammaDoublePrime= time 
S= time 

Model 23 1521.491 
p= sampling+session+age+timeopp+timesyst 
GammaDoublePrime= time 
S= time 
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Model (2015-2016-2017) HRD 
model, full data set 

AICc value Formula 

Model 19 1479.382 
p= (sampling+session+age+timeopp+timesyst)*sex 
GammaDoublePrime= time 
S= time 

Model 24 1492.995 
p= session+time+age*sex 
GammaDoublePrime= time 
S= time 

Model (2015-2016-2017) HRD 
model, full data set 

AICc value Formula 

Model 19 1479.382 
p= (sampling+session+age+timeopp+timesyst)*sex 
GammaDoublePrime= time 
S= time 

Model 25 1459.974 
p= (sampling+session+age)*sex+timeopp+timesyst 
GammaDoublePrime= time 
S= time 

Model (2015-2016-2017) HRD 
model, full data set 

AICc value Formula 

Model 25 1459.974 
p= (sampling+session+age)*sex+timeopp+timesyst 
GammaDoublePrime= time 
S= time 

Model 26 1455.565 
p= (sampling+age)*sex+timeopp+timesyst+session 
GammaDoublePrime= time 
S= time 

Model (2015-2016-2017) HRD 
model, full data set 

AICc value Formula 

Model 26 1455.565 
p= (sampling+age)*sex+timeopp+timesyst+session 
GammaDoublePrime= time 
S= time 

Model 27 1451.086 
p= (sampling+age)*sex+timeopp+timesyst+session 
GammaDoublePrime= 1 
S= 1 

Model (2015-2016-2017) HRD 
model, full data set 

AICc value Formula 

Model 27 1451.086 
p= (sampling+age)*sex+timeopp+timesyst+session 
GammaDoublePrime= 1 
S= 1 

Model 28 1451.871 
p= (sampling+age)*sex+timeopp+timesyst+session 
GammaDoublePrime= sex 
S= sex 

 



 

  

 

49 

 

The table below reports the description of the model selected as best model for HRD 

selection with the full data set. 

 

 

Table 7: Best model description, HRD model, full data set, 2015-2016-2017. 

Best Model (2015-2016-2017) 
HRD model, full data set 

AICc value Formula 

Model 27 1451.086 
p= (sampling+age)*sex+timeopp+timesyst+session 
GammaDoublePrime= 1 
S= 1 

 

 

At this point, the model selection process results for JS model are reported, using the full 

data set, for years 2015, 2016 and 2017. 
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Table 8: Model selection, JS model, full data set, 2015-2016-2017. AICc values and 

parameters formulas for each model are reported, the bold model is the best model for each 

selection step. 

Model (2015-2016-2017) 
JS model, full data set 

AICc value Formula 

Model 29 229.4024 
p= 1 
phi= sex 
lambda= 1 

Model 30 232.7259 
p= time 
phi= sex 
lambda= 1 

Model 31 231.4902 
p= sex 
phi= sex 
lambda= 1 

Model (2015-2016-2017) 
JS model, full data set 

AICc value Formula 

Model 29 229.4024 
p= 1 
phi= sex 
lambda= 1 

Model 32 234.6614 
p= 1 
phi= time 
lambda= 1 

Model 33 232.6063 
p= 1 
phi= 1 
lambda= 1 

Model (2015-2016-2017) 
JS model, full data set 

AICc value Formula 

Model 29 229.4024 
p= 1 
phi= sex 
lambda= 1 

Model 34 231.5892 
p= 1 
phi= sex 
lambda= sex 

Model 35 231.5892 
p= 1 
phi= sex 
lambda= time 
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In the table below the description of the model selected as best model for JS selection are 

reported with the full data set. 

 

Table 9: Best model description, JS model, full data set, 2015-2016-2017. 

Model (2015-2016-2017) 
JS model, full data set 

AICc value Formula 

Model 29 229.4024 
p= 1 
phi= sex 
lambda= 1 

 

 

Below, again, the model selection process results for H model are reported in tables 10, 11 

and 12, using opportunistic data only, for years 2015, 2016 and 2017. 

 

 

Table 10: Model selection, H model, opportunistic data only, 2015. AICc values and 

parameters formulas for each model are reported, the bold model is the best model for each 

selection step. 

Model (2015) H model, opp. data only AICc value Formula 

Model 36 248.4326 p= (age+time)*sex 

Model 37 235.8552 p= (age+Time)*sex 

Model 38 259.0821 p= age*sex 

Model (2015) H model, opp. data only AICc value Formula 

Model 37 235.8552 p= (age+Time)*sex 

Model 39 241.6263 p= age+Time+sex 

Model 40 261.052 p= age+Time 
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Table 11: Model selection, H model, opportunistic data only, 2016. AICc values and 

parameters formulas for each model are reported, the bold model is the best model for each 

selection step. 

Model (2016) H model, opp. data only AICc value Formula 

Model 41 173.8455 p= (age+time)*sex 

Model 42 167.0629 p= (age+Time)*sex 

Model 43 165.9046 p= age*sex 

Model (2016) H model, opp. data only AICc value Formula 

Model 43 165.9046 p= age*sex 

Model 44 172.6233 p= age+sex 

Model 45 174.335 p= age 

 

 

Table 12: Model selection, H model, opportunistic data only, 2017. AICc values and 

parameters formulas for each model are reported, the bold model is the best model for each 

selection step. 

Model (2017) H model, opp. data only AICc value Formula 

Model 46 173.7139 p= (age+time)*sex 

Model 47 182.2062 p= (age+Time)*sex 

Model 48 185.9737 p= age*sex 

Model (2017) H model, opp. data only AICc value Formula 

Model 46 173.7139 p= (age+time)*sex 

Model 49 181.4718 p= age+time+sex 

Model 50 197.7826 p= age+time 

 

The table below reports the description of the models selected as best models for each year. 

Table 13: Best model description, H model, opportunistic data only, 2015-2016-2017. 

Year (H model, opp. data only) Best Model Formula AICc 

2015 Model 37 p= (age+Time)*sex 235.8552 

2016 Model 43 p= age*sex 165.9046 

2017 Model 46 p= (age+time)*sex 173.7139 

 

 

Below, once more, the model selection process results for HRD model are reported, using 

opportunistic data only, for years 2015, 2016 and 2017. 
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Table 14: Model selection, HRD model, opportunistic data only, 2015-2016-2017. AICc 

values and parameters formulas for each model are reported, the bold model is the best 

model for each selection step. 

Model (2015-2016-2017) HRD 
model, opp. data only 

AICc value Formula 

Model 51 678.0536 
p= (session+age+time)*sex 
GammaDoublePrime= time 
S= time 

Model 52 679.8509 
p= (session+age+Time)*sex 
GammaDoublePrime= time 
S= time 

Model 53 696.4164 
p= (session+age)*sex 
GammaDoublePrime= time 
S= time 

Model (2015-2016-2017) HRD 
model, opp. data only 

AICc value Formula 

Model 51 678.0536 
p= (session+age+time)*sex 
GammaDoublePrime= time 
S= time 

Model 54 693.7728 
p= (session+age+time)+sex 
GammaDoublePrime= time 
S= time 

Model 55 722.4772 
p= session+age+time 
GammaDoublePrime= time 
S= time 

Model (2015-2016-2017) HRD 
model, opp. data only 

AICc value Formula 

Model 51 678.0536 
p= (session+age+time)*sex 
GammaDoublePrime= time 
S= time 

Model 56 693.1674 
p= session+age*sex 
GammaDoublePrime= time 
S= time 

Model (2015-2016-2017) HRD 
model, opp. data only 

AICc value Formula 

Model 51 678.0536 
p= (session+age+time)*sex 
GammaDoublePrime= time 
S= time 

Model 57 672.1303 
p= session+age*sex+time 
GammaDoublePrime= time 
S= time 
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Model (2015-2016-2017) HRD 
model, opp. data only 

AICc value Formula 

Model 57 672.1303 
p= session+age*sex+time 
GammaDoublePrime= time 
S= time 

Model 57b 673.1543 
p= session+age*sex+time 
GammaDoublePrime= sex 
S= sex 

Model 57e 667.9386 
p= session+age*sex+time 
GammaDoublePrime= 1 
S= 1 

 

 

In the table below the description of the model selected as best model for HRD selection is 

reported, using opportunistic data only. 

 

 

Table 15: Best model description, HRD model, opportunistic data only, 2015-2016-2017. 

Best Model (2015-2016-2017) 
HRD model, opp. data only 

AICc Formula 

Model 57e 667.9386 
p= session+age*sex+time 
GammaDoublePrime= 1 
S= 1 

 

 

Below, finally, the model selection process results for JS model are reported, using 

opportunistic data only, for years 2015, 2016 and 2017. 
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Table 16: Model selection, JS model, opportunistic data only, 2015-2016-2017. AICc values 

and parameters formulas for each model are reported, the bold model is the best model for 

each selection step. 

Model (2015-2016-2017) JS 
model, opp. data only 

AICc value Formula 

Model 58 188.434 
p= 1 
phi= sex 
lambda= 1 

Model 59 192.4684 
p= time 
phi= sex 
lambda= 1 

Model 60 188.9369 
p= sex 
phi= sex 
lambda= 1 

Model (2015-2016-2017) JS 
model, opp. data only 

AICc value Formula 

Model 58 188.434 
p= 1 
phi= sex 
lambda= 1 

Model 61 189.1975 
p= 1 
phi= time 
lambda= 1 

Model 62 187.4467 
p= 1 
phi= 1 
lambda= 1 

Model (2015-2016-2017) JS 
model, opp. data only 

AICc value Formula 

Model 62 187.4467 
p= 1 
phi= 1 
lambda= 1 

Model 63 189.4781 
p= 1 
phi= 1 
lambda= time 

Model 64 188.8261 
p= 1 
phi= 1 
lambda= sex 

 

 

 

In the table below the description of the model selected as best model for JS selection is 

reported, using opportunistic data only. 
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Table 17: Best model description, JS model, opportunistic data only, 2015-2016-2017. 

Best Model (2015-2016-
2017) JS model, opp. data 
only 

AICc value Formula 

Model 62 187.4467 
p= 1 
phi= 1 
lambda= 1 

 

 

4.2 Outcomes 

First, table 18 gives a general overview of all the obtained estimates. The table (table 18) 

contains information about each sub-population (divided by sex and year) describing the 

type of model used for the analysis, the exact estimation and the confidence intervals. The 

relevant formulas for parameters can be retrieved in section 4.1. 
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Table 18: Abundance estimations, all sub-populations, models and data sets. 

Sub-population Model Data set Model ID Estimation LCL UCL 

Males 2015 H Full Model 6 16.43 16.04 20.33 

Females 2015 H Full Model 6 21.11 20.19 26.45 

Males 2016 H Full Model 12 18.83 17.35 26.39 

Females 2016 H Full Model 12 20.23 19.21 26.13 

Males 2017 H Full Model 18 20.65 20.08 25.22 

Females 2017 H Full Model 18 27.02 24.08 37.97 

Males 2015 H Opp. only Model 37 14.45 13.22 22.23 

Females 2015 H Opp. only Model 37 20.29 16.48 33.83 

Males 2016 H Opp. only Model 43 20.23 16.88 36.21 

Females 2016 H Opp. only Model 43 18.85 17.36 26.36 

Males 2017 H Opp. only Model 46 21.98 20.36 30.85 

Females 2017 H Opp. only Model 46 27.92 21.21 54.93 

Males 2015 HRD Full Model 27 16.5 16.05 20.38 

Females 2015 HRD Full Model 27 21.44 20.29 27.05 

Males 2016 HRD Full Model 27 18.12 17.19 23.31 

Females 2016 HRD Full Model 27 20.59 19.33 26.51 

Males 2017 HRD Full Model 27 21.05 20.18 26.09 

Females 2017 HRD Full Model 27 25.07 23.5 31.45 

Males 2015 HRD Opp. only Model 57e 13.99 13.15 19.63 

Females 2015 HRD Opp. only Model 57e 18.31 15.87 27.55 

Males 2016 HRD Opp. only Model 57e 17.67 16.33 24.32 

Females 2016 HRD Opp. only Model 57e 18.82 17.39 25.35 

Males 2017 HRD Opp. only Model 57e 23.63 20.99 33.25 

Females 2017 HRD Opp. only Model 57e 23.45 20.37 33.44 

Males 2015 JS Full Model 29 20.77 15.66 25.89 

Females 2015 JS Full Model 29 19.52 14.68 24.36 

Males 2016 JS Full Model 29 21.02 16.51 25.52 

Females 2016 JS Full Model 29 23.45 19.34 27.56 

Males 2017 JS Full Model 29 21.19 14.55 27.84 

Females 2017 JS Full Model 29 27.01 21.01 33.02 

Males 2015 JS Opp. only Model 62 15.07 11.2 18.95 

Females 2015 JS Opp. only Model 62 13.46 10 16.92 

Males 2016 JS Opp. only Model 62 17.78 15.1 20.46 

Females 2016 JS Opp. only Model 62 16.93 14.69 19.18 

Males 2017 JS Opp. only Model 62 19.81 14.97 24.65 

Females 2017 JS Opp. only Model 62 19.82 15.83 23.8 

 

Then, a graphic overview of the results obtained with the various models is reported. All 

estimates are reported with 95% confidence interval. The six figures below show the 

abundance estimations for males and females in years 2015, 2016 and 2017. The first two 
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figures (figures 7 and 8) depict the analysis carried out with the H model. Then, two models 

depicting assessments made with the HRD model are reported in figures 9 and 10. Finally 

the last two figures (figures 11 and 12) refer to the JS model. For each year, the estimated 

value is reported, together with the positive and negative confidence intervals. Additionally, 

each value is associated with the value predicted using only data from opportunistic 

sampling. In the description of outcomes, the estimation obtained with the full data set is 

preferred to comment values, as it has a higher precision and smaller confidence intervals. 

All the estimates were rounded to the closer integer.. 

 

 

 

Figure 7: Brown bear abundance (males), full data set vs opp. data only, H Model, 2015-

2016-2017. 
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Figure 8: Brown bear abundance (females), full data set vs opp. data only, H Model, 2015-

2016-2017. 

 

 

The analyses made with Huggins closed population model shown in figures 7 and 8 show 

that, in year 2015, around 16 male individuals were present (with 16-20 as confidence 

interval). In the same period, around 21 females were in the area (between 20 and 25). Values 

obtained with opportunistic data do not differ significantly, even though confidence intervals 

are bigger. 

In 2016, around 18 male individuals were present (with 17-26 as confidence interval). In the 

same period, around 20 females were in the Italian Alps (between 19 and 26). Again, values 

obtained with opportunistic data do not differ so much, even if confidence intervals, 

especially for males, are bigger. 

In 2017, 20 males (between 20 and 25) and 27 females (between 24 and 37) were estimated. 

Here confidence intervals, especially for females, are higher. Again, the values obtained with 

opportunistic data are concordant, with bigger confidence intervals. 

 

21
20

20
19

27 28

15

20

25

30

35

40

45

50

55

60

Brown bear abundance (F) - H Model

All data Opp. data only

2015               2016                               2017



 

  

 

60 

 

 

Figure 9: Brown bear abundance (males), full data set vs opp. data only, HRD Model, 

2015-2016-2017. 

 

 

Figure 10: Brown bear abundance (females), full data set vs opp. data only, HRD Model, 

2015-2016-2017. 
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even though confidence intervals are higher. Here, especially for females, values obtained 

with opportunistic sampling only are less accurate. 

In 2016, 18 males (between 17 and 23) and 21 females (between 19 and 27) were present, 

according to the selected models. Again, opportunistic values do not differ meaningfully. 

Also, data obtained with Huggins closed population model are concordant. However, results 

obtained with RD models have slightly bigger confidence intervals. 

In 2017, 21 males (between 20 and 26) and 25 females (between 23 and 31) were predicted. 

Here, data are not fully concordant with the ones obtained with Huggins closed population 

model. Furthermore, there is a small but non neglectable difference in male estimations 

between full data set and opportunistic data only. 

 

 

 

Figure 11: Brown bear abundance (males), full data set vs opp. data only, JS Model, 2015-

2016-2017. 
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Figure 12: Brown bear abundance (females), full data set vs opp. data only, JS Model, 

2015-2016-2017. 

 

 

The analyses made with Jolly Seber model, as shown in figures 11 and 12, show that, in year 

2015, around 21 male individuals were present (with 16-26 as confidence interval). In the 

same period, around 20 females were in the area (between 15 and 24). Confidence intervals, 

especially for males, are big. Values obtained with opportunistic data differ significantly for 

both sexes. 

In 2016, around 21 male individuals were present (with 17-26 as confidence interval). In the 

same period, around 23 females were in the Italian Alps (between 19 and 27). Confidence 

intervals, especially for males, are big. Again, values obtained with opportunistic differ a 

lot: in the extreme case of females in 2016, estimates made with opportunistic data only are 

not overlapping with the ones made with the full data set, not even in a single point of the 

confidence interval.  

In 2017, 21 males (between 15 and 28) and 27 females (between 22 and 33) were estimated. 

Confidence intervals, especially for males, are big. Again, values obtained with opportunistic 

data are not concordant, especially for females. 

In general, it can be easily observed how values for males have significantly bigger 

confidence intervals. This could be due to the switch from a closed population model to an 

open one. 

At the end of this section, the estimates for population growth made with Jolly Seber models 

are provided, for both total and opportunistic data, in table 19. 
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Table 19: Estimated growth rate (JS model), 2015-2016-2017. 

Type of data Estimated growth rate (JS model) 

Full data set 10.70% 

Opportunistic only 19.20% 

 

 

Here, the difference in estimated values between the two type of data sets appears clear, with 

a value for opportunistic data which is almost double with respect to the full data set values. 

A more reliable estimation for population growth is then 10.70%. 
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5 Discussion 

5.1 Model comparison 

First of all, it is necessary to introduce a comparison between data obtained with the two 

different types of closed population models (H model and HRD model). When it comes to 

the data estimated with the full data set, outcomes are almost the same, with the exception 

of females in year 2017 (27 in H model and 25 in HRD model), while data obtained with JS 

model are not always concordant, as reported in the graphs below: 

 

 

Figure 13: Brown bear abundance (males), full data set, H vs HRD vs JS model, 2015-

2016-2017. 
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Figure 14: Brown bear abundance (females), full data set, H vs HRD vs JS model, 2015-

2016-2017. 
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Figure 15: Brown bear abundance (males), opp. data only, H vs HRD vs JS model, 2015-

2016-2017. 

 

 

Figure 16: Brown bear abundance (females), opp. data only, H vs HRD vs JS model, 2015-

2016-2017. 
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This observations about models’ use are concordant with similar analyses in the literature 

(Boulanger et al., 2008; Ciucci et al., 2015; Gervasi et al., 2008; Gervasi et al., 2012). 

5.2 Full data set vs opportunistic data only 

The comparison between numbers obtained with the full data set and opportunistic data is 

clear from figures 7 to 12 in section 4.2. To summarize, data obtained with opportunistic 

data only appear reliable in the case of closed population models, for both males and females, 

with the only possible exception for males in 2015 (16-17 with full data set, 14 with 

opportunistic sampling only). In the case of JS model, estimations obtained from 

opportunistic data only appear not consistent with the estimations obtained with the full data 

set. However, in the case of HRD model (figure 9 and 10), information obtained with 

opportunistic data only appear not so consistent with reference data. 

The conclusion, as reported in section 4.2, is that - in the case of availability of opportunistic 

data only – the H model could be preferable over the HRD model. Considering the H model, 

the fact that results are similar for both types of data sets, opens up a range of interesting 

opportunities in term of management strategies for sampling, in example giving the 

opportunity to choose the best sampling strategies with respect to the type of analysis 

selected. 

5.3 Estimated growth rate (JS model) 

Analyzing growth rates obtained with the JS model (table 19 in section 4.1), it appears clear 

that the difference between the two estimates (full data set and opportunistic values only) is 

relevant. In this case, it can be asserted that it is preferable to estimate growth with a full 

data set, or at least using a set of historical series available for a relevant number of years (at 

least, five), as observed by Provincia Autonoma di Trento (2017) and Tenan et al. (2017). 

The growth rates themselves are consistent with the estimates. 

5.4 Abundance estimates 

With all data available, the most robust and precise estimation is the one made with the HRD 

model. Here, therefore, the final estimate for the three years considered is presented, based 

on data obtained with the HRD model and the full data set. 
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Figure 17: Brown bear abundance (both sexes), HRD model, full data set, 2015-2016-

2017. 

 

Again, below an aggregated graph is presented for the total population, males and females 

together. 

 

 

Figure 18: Brown bear abundance (both sexes summed), HRD model, full data set, 2015-

2016-2017. 
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According to punctual values, in 2015 there were around 38 individuals in total, in 2016 they 

were around 39 and in 2017 around 46 (again, excluding newborns of the same year of the 

estimated value). 

Lastly, figures 19 – 21, consider the male/female ratio for the three years, based on punctual 

data obtained with the HRD model and all the sampled data. 

 

 

Figure 19: Male/female ratio (2015) - HRD model, full data set. 

 

 

Figure 20: Male/female ratio (2016) - HRD model, full data set. 
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Figure 21: Male/female ratio (2017) - HRD model, full data set. 

 

There seems to be a slight prevalence of females, 57% in 2015, 53% in 2016 and 54% in 

2017. However, the situation appears to be variable, given the small population size. Still, it 

is important to clarify that the graphs are based only on punctual estimates (thus, not 

considering confidence intervals) and this could lead to bias. 

An additional information provided focuses on the cubs of the year, as counted by Trentino 

Province (Provincia Autonoma di Trento, 2017). In 2017 the presence of eight new litters 

were estimated, for a total of 11-13 newborns. The estimate was derived from information 

based on genetic analyses, together with direct observations of females with cubs recorded 

during the year (Provincia Autonoma di Trento, 2017). Of these cubs, 9 were genetically 

determined on the basis of paternity analyses, one was detected with images from camera 

traps related to the genetic identification of the mother, one based on direct observations, 

while two were observed during an event of infanticide. Therefore, the estimation of live 

cubs at the end of the autumn season 2017 was equal to 9-11 (Provincia Autonoma di Trento, 

2017). The probable total population should then be between 55 and 57 individuals. 
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Table 20: Estimated brown bear abundance in the Italian Alps in year 2017. 

Total brown bear abundance, Italian Alps, 2017 55-57 

Males 21 

Females 25 

Newborns of the year (2017) 9-11 

 

These estimates are generally concordant with the values hypothesized by Trento Province 

(2017), which estimates a value of 52-63 individuals in 2017.  

5.5 Implications and limitations 

The limitations of this research are rooted in the scarceness of data for what concerns 

temporal trends. In fact, it is useful to point out how three years of sampling do not yet allow 

the derivation of precise temporal trends in the presence of the study species, even though 

they constitute an important volume of data. With at least five consecutive years of data it 

will be possible to begin to investigate the temporal dynamics of populations, thus 

distinguishing real trends from normal annual oscillations (Provincia Autonoma di Trento, 

2017). 

Despite these limitations the results have implications for the species’ management. First of 

all, the processing of the collected data and the row data themselves provide information on 

bears identification, on the minimum population size, on the population estimate, on 

newborns estimate, on survival rates, on the trend that characterizes the development of the 

population, and on the use of territory by the animals (McComb, Zuckerberg, Vesely, & 

Jordan, 2010). This is of crucial importance as increased certainty of population abundance 

rises the power of monitoring programs to detect real changes in the population, favoring 

timely adoption of adaptive management (Nichols & Williams, 2006). In particular, conflicts 

should play a relevant role in decisions by policy makers and an increasing pressure from a 

large part of the main stakeholders is to be expected. As reported in literature review section 

(section 2) conflicts influence habitat selection by females, as they choose to settle as far as 

possible from human-caused disturbances (Martin et al., 2010). Also, the probability of 

presence of the brown bear increases as the distance from the inhabited centers increases and 

decreases with the rate of human passage, as observed by Oberosler et al. (2017). 

At the same time, with an expanding population an expanding home range is forecasted, and 

therefore an increase in conflicts-prevention costs needs to be planned. In particular, the 

following activities will have a heavier and heavier impact on management budget 

(Provincia Autonoma di Trento, 2015): 

• Compensation for bear damages; 

• Prevention of bear damages; 

• Diffusion of guardian dogs; 

• Support interventions for livestock activities; 

• Emergencies management; 
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• Communication and training. 

Another finding of this thesis is related with the possible use of opportunistic data only. 

Given data from multiple data sources, in particular from structured systematic sampling and 

from opportunistic sampling, it is now possible to affirm that similar results are reachable 

by estimating the abundance using only the opportunistic data and the full data set. This is 

true, in particular, when Huggins closed populations models (HRD models) are used. The 

importance of this conclusion, that was not investigated before for this particular species 

(Gervasi et al., 2012), consists of its absolute value, the scientific importance of the finding, 

but also based on the simplification of possible future analyses.  This means that there in an 

opportunity to save money for institutions involved in monitoring. To give a concrete 

example, every year 47,000 € are spent to organize and put in practice systematic sampling, 

as highlighted in the table below (data reported were provided by the Scientific Research 

division of Stelvio National Park). 

 

Table 21: Money saving (€/year) obtained by excluding systematic sampling. 

Yearly money saving (€/y) 

Average cost of a year with both types of sampling 115.000 

Average cost of a year with opportunistic sampling only 68.000 

Money saving (per year) 47.000 

 

 

Precisely, the average cost per year in which both systematic and opportunistic monitoring 

are carried out is € 115,000, while the average cost per year in which only opportunistic 

monitoring is carried out is € 68,000, resulting in savings of € 47,000 where the cost  

estimates are based on: 

• cost of genetic analyses; 

• cost of workers involved; 

• cost for the materials. 

Specifically, for an average year with both types of sampling, average costs are based on:   

• collection of 250 systematic samples and 375 opportunistic samples; 

• genetic analysis of samples at € 120 per sample; 

• 152 days needed to install 101 traps; 

• 125 days needed for the collection of opportunistic samples; 

• material costs for silica, envelopes, components for traps. 
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Subsequently, during a year in which opportunistic sampling only is carried out, costs related 

with traps materials and installation, as well as part of the costs for genetic analyses, need to 

be excluded. 

In addition, registering and managing large volume of consequent data requires time, 

subtracted to other activities (Chapron et al., 2014). Having the possibility to produce 

reliable estimates based only on opportunistic sampling would therefore mean cost savings, 

saving time and a performance improvement for other meaningful tasks. 

6 Conclusion 

This thesis has provided an estimation of brown bear abundance in the Italian Alps, 

highlighting the presence in 2017 of around 46 adult brown bears, divided to 25 females and 

21 males. Taking in account the cubs of the year, as counted by Trento Province, the probable 

total population should be between 55 and 57 individuals. Additionally, a growing trend for 

the population was shown, and the numerical superiority of females in the three analyzed 

years was emphasized. 

The results derived from the models, despite uncertainties due to big confidence intervals, 

were:  

• individual years (H model) allow to parameterize in greater detail, but, utilizing the 

full data set, the robust design (HRD) provides more precise indications; 

• if instead only opportunistic data are used, it is better to use single years (H model) 

and not robust design; 

• in trend estimations, the opportunistic sampling only provides un-precise data, while 

a full data set comprising both sampling types gives more exact estimations, as 

observed by Tenan et al. (2016). 

The results can enhance increased certainty of population abundance assessments. This can   

increase the power of monitoring programs to detect real changes in the population, easing 

the use of adaptive management. 

 

Finally, the possibility to perform, in the future, analyses made with only opportunistic data 

could lead to cost savings of around € 47,000 per year. These cost savings, together with the 

subsequent time-savings, can lead to an improvement in the quality of the species 

management chain and thus contributing to the conservation of the endangered Alpine brown 

bear population. 
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