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Foreward 
The rediscovery of the Italian hare Lepus corsicanus is a clear example of the progresses made by 

research in the field of game species' biology. I have agreed with pleasure to write a short foreword for 
this book, as a further occasion to claim that a bigger openness of the hunting world towards research is 
needed. Nevertheless, I remember with satisfaction that the Italian Hunting Federation supported since 
the beginning – in 2000 – the request of participation to the working Team with the task of writing 
down the first National Action Plan for this endemic Italian species. Through its Study Centre, today the 
Italian Hunting Federation is able to give an additional productive contribution to the expected update 
of the national action Plan, as well as to other multilateral projects, that could be started for the 
conservation and management of the taxon. The populations of Lepus corsicanus in the Italian 
Peninsula need to be largely recovered and, for this reason, coordinated projects are necessary among 
all the subjects involved. The natural collocation of these initiatives is in line with the European 
Community biodiversity strategy to 2020 and the Natura 2000 network should be one of the relevant 
strategic axes. Nevertheless, it is quite odd that twenty years after the rediscovery, an endemic Mammal 
species has not be included in the “Habitats” Directive (species of Community interest), yet. The recent 
Action Plan to improve the implementation of the Nature Directives suggests an increase of the funds 
devoted to biodiversity conservation and Natura 2000 investments. The possibility to gain funds from 
the Community could give an essential contribution to the realization of projects on the Italian hare 
reintroduction and the ecosystem services reactivation, in still suitable habitats. Nevertheless, also the 
hunting interest, correctly expressed, could be transformed in opportunity for promoting projects of 
recovery of the populations in the Peninsula and in Sicily. It is clear, in any case, that Lepus corsicanus 
is part of an important heritage to be defended to conserve the potentialities for the future generations. 
The results of the studies shown during the Congress prove concretely that this progress is on the right 
track. 

Gian Luca Dall’Olio 
President of the F.I.d.C.  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New tools to detect diet of Italian hare, some considerations on different 
approaches 
Maria Buglione1, Gabriele de Filippo2, Simona Petrelli1, Lucilla Fusco1, Valeria Maselli1 and Domenico 
Fulgione1  
1 Department of Biology, University of Naples Federico II, Naples, Italy, fulgione@unina.it 
2 Istituto di Gestione della Fauna, Naples, Italy  

Abstract 
The Italian hare (Lepus corsicanus) is endemic to central and southern Italy and currently 

designated as vulnerable by the International Union for the Conservation of Nature (IUCN), but despite 
the worrying status, few studies have explored its ecology. The knowledge of diet could be a keystone 
to understand the role in the biological community and should be useful to define management actions 
for conservation. 

Different approaches can be adopted to analyze the diet of the herbivorous in general; first studies 
on Italian hare used microhistological identification of undigested plants fragments, while recently, the 
development of tools involving DNA metabarcoding and Next Generation Sequencing (NGS) provided 
new insight, both for diversity and semi-quantitative information on food items. 

Here, we addressed the methods available to infer about the diet of the Italian hare, highlighting 
potentialities and bias. Nowadays, molecular analysis is one of the most accurate approaches available 
for increasing the understanding of the feeding habits of hare. 

Main text 
The scientific interest about the Italian hare, endemic to central and southern Italy, is due to needing 

to define its conservation status and, consequently to increase the tools for management. 
There are only few studies exploring the ecology of this species such as to justify the categorization 

as vulnerable (IUCN, Angelici et al. 2008) and many questions need yet to be solved about its real 
treatments. It would be essential to clarify ecological characteristics of the Italian hare as the 
competition with the European hare, its ability to adapt to different environmental contexts, as well as 
its trophic requirements. In particular, diet definition represents a keystone to understand its role in the 
biological community and identify environmental resources for designing reliable conservation 
strategies (Marrero 2004, Cristobal-Azkarate et al. 2007). 

Different approaches can be adopted to analyze the diet of the herbivorous, such as direct 
observation, protein electrophoresis of gut contents, near-infrared reflectance spectroscopy, or stable 
isotope analysis (Symondson 2002, King et al. 2008). Except for direct observation, difficult to 
implement on such as elusive species, none of these strategies were applied to characterize the diet of 
the Italian hare. 

The first information on food habits of this species was obtained with the traditional 
microhistological identification of undigested plants fragments from fecal pellets (fig. 1), that is the 
most widely used indirect technique for determining diet composition of herbivorous (Baumgartner & 
Martin 1939, Dusi 1949). In particular, a diet surveys were performed on isolated populations from 
Regional Park Gallipoli Cognato Piccole Dolomiti Lucane (Southern Italy, Freschi et al. 2015) and from 
Sicily (De Battisti et al. 2004). This approach is not exhaustive and is lacking in resolution. In fact, 
morphological keys are sometimes only effective for a particular plant life stage; thus, the identification 
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of items that leave no solid remains, or simply lack diagnostic taxonomic features, is difficult (Holechek 
et al. 1982). 

Figure 1: Work flow of micro-histological approach starting from faecal pellet 

Moreover, because of these analyses were localized, the results can not reflect food habits of the 
species in its whole range distribution. 

The study on the hare diet has taken a relevant step forward with the introduction of the non-
invasive genetic approaches and especially with the advent of modern molecular biology techniques and 
the omic- sciences. 

In particular, a promising avenue is offered by DNA metabarcoding (Taberlet et al. 2012) and next-
generation sequencing (NGS) technologies (Shendure & Ji 2008, Glenn 2011), which have been used 
successfully to define dietary preferences of various herbivores such as European bisons (Kowalczyk et 
al. 2011), gazelles (Baamrane et al. 2012), small rodents (Soininen et al. 2009, 2015, Lopes et al. 2015) 
and Golden marmot (Valentini et al. 2009). 

The first molecular application to the analysis of the Italian hare diet was developed by Buglione 
and co-workers for central and southern Italy populations (Buglione et al. 2017). This pilot study 
addresses some points about the right way to investigate on diet of the Italian hare. The minimum 
number used to have a realistic definition of diet in local population was set at almost 22 fecal pellets, 
more than microhistological method (=10 pellets; Katona & Altbacker 2002); furthermore, pellets 
should be collected at a minimum distance of 20 meters each other, in order to minimize the risk to 
sample from the same individual. 

Moreover, genetic characterization, differently from microhistological approaches, allows to assign 
the faecal pellet to a hares species. Buglione and co-workers, suggest to perform two different DNA 
extraction, starting from the same fresh fecal pellet (fig 2), in order to provide both hare species 
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identification and diet characterization. DNA extracted from the surface of the pellet can be used to 
detect species throughout amplification and sequencing of mtDNA D-loop partial gene (Buglione et al. 
2017), or alternatively by HRM methods (fig. 3, see also Wittwer et al. 2003). DNA extracted from 
internal part of the faecal pellet, using CTAB protocol (Doyle & Doyle 1987), can be amplified for ITS1 
plant universal primers (DNA metabarcoding amplifications). These amplicons can be screened by 
MiSeq platform and analyzed with a specific bioinformatic pipeline for assign each read to 
corresponding taxonomic rank to define plants ingested by the hare. 

Figure 2: The typical shape of faecal pellet with three different age of deposition. A, fresh pellet; B, old 
pellet; C, very old pellet. Just the first two pellets are useful for DNA extraction and characterization 

Figure 3: DNA melting profile in the Italian and European hare. HRM analysis interpreters melting 
temperature in PCR of DNA fragments to discriminate different species 
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This approach provided both diversity and semi-quantitative information on food items in the diet 
of the Italian hare; furthermore, the technique bypasses a lot of problems of classical morphological 
methods. For example, the morphological method is labor-intensive and depends heavily on the 
operator’s skills to recognize species from masticated and semi-digested fragments (Ingerson-Mahar 
2014). Unlike, DNA metabarcoding can identify items that leave no solid remains or that simply are 
lacking in diagnostic taxonomic features. In a single experiment and working with small amounts of 
input material, cost, time and effort were reduced (Soininen et al. 2009, Deagle et al. 2010, Pompanon 
et al. 2012). 

Increased resolution of NGS technologies compared to traditional methods was found in studies 
developed on vole species (Microtus oeconomus and Myodes rufocanus) (Soininen et al. 2009) and on 
red-headed wood pigeon (Columba janthina nitens) (Ando et al. 2013). In Italian hare too molecular 
approaches have revealed common and uncommon food species identifying 71 genus plants (Buglione 
et al. 2017), 15% more than the traditional identification (Freschi et al. 2015), although in different 
populations. 

The lower resolution observed in microhistological method might be due to food too digested for 
recognition or /and where food species cannot be diagnosed by remains  (Kohn & Wayne 1997). 

Such result might explain the sensibility to the individual variability observed in microhistological-
based studies in European hare (Katona & Altbacker 2002). 

However, the molecular method is not immune from problems and stuff to fix to set species-
specific protocol. For example, the biomass of the food eaten is expected to be mirrored by the amount 
of DNA in the eaten sample and then in the recovered DNA sequences. Instead, some bias due to DNA 
extraction protocols and following steps could alter proportions of DNA used for determine items 
ingested, for this reasons the data can be used for semi-quantitative interpretation (Pompanon et al.,
2012). 

Another worthy deemed issue concerns the selection of a useful DNA barcode, depending on the 
type of study and the effectiveness of the amplification primers working on DNA from all plant in the 
fecal pellet (Valentini et al. 2009).  

On the other side, NGS technologies applied to faecals samples could be useful to increase the 
knowledge about other aspects of ecology and behavior; for examples it improves the ability to detect 
enteric pathogen, parasite or symbiotic species (Kohn & Wayne 1997). 

After the pilot study (Buglione et al. 2017), it would be fruitful to start an Italian hare diet project 
considering a larger sample collection, that could better depict the spatial variability in resources as well 
as temporal variability. Furthermore, it could be interesting to compare Italian and European hare 
populations living both in allopatry and in sympatry, in order to assess interpecific food competition.  

This project will be particularly useful to trigger conservation strategies including grass 
management, preservation of floristic diversity existed and/or grazing characterization in the National 
Park housing of the Italian hare. 
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Captive breeding and reintroduction of the Lepus corsicanus 
Egidio Mallia1, Celletti Stefano2, Giorgina Romeo3, M. Gallo4, Cecilia Ambrogi5, Charlotte Ragagli5, 
Adriano Di Biase6, Mario Lo Valvo7 and Valter Trocchi4 
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7 Dipartimento di Scienze e Tecnologie Biologiche, Chimiche e Farmaceutiche, Univ. of Palermo , Italy 

Abstract 
The Italian hare, Lepus corsicanus, faunal areas, are structures for recovery and populations 

conservation and they could contribute to improve knowledge on species biology and save the 
associated gene pool to the three recognized haplotypes (Sicily, Southern Italy and Central Italy). 
According to the National Action Plan for the Lepus corsicanus (Trocchi & Riga 2001), specific 
measures of ex-situ conservation have been carried out thanks to captive breeding in faunal areas, 
making it possible to start the first reintroduction and restocking programs for the species - “system 
projects” supported by Ministry of Environment (MATTM). First experiences show the validity offered 
by these structures for all haplotypes, highlighting the importance of ensuring always the genetic 
identity, the animal health and a breeding management according to criteria and methods consistent with 
planned aims. Now, in Italy there are seven faunal areas where they are bred, in different ways and 
separately, all three haplotypes of the species. A description of each structure characteristics, 
management, obtained results, problems and future management perspective are reported.   

Introduction 
The Italian hare, Lepus corsicanus, is an endemic species characterized by the existence of three 

different haplotypes (mtDNA) placed in Central, Southern Italy and in Sicily, showing the complexity 
of the species’ evolution, with long periods of reproductive isolation during late Pleistocene and 
Holocene. Rank confirmation of “bona species” for Lepus corsicanus is quite recent (Palacios 1996, 
Pierpaoli et al. 1999, 2003, Riga et al. 2001) and consequently scientific available information on this 
taxon are still very scarce. Timely, already in 2001, the ex INFS (now ISPRA), designed by the Ministry 
of Environment, coordinated the “National Action Plan for Lepus corsicanus” – NAP - (Trocchi & Riga,
2001), currently under revision, that represents the official reference document for species promoting 
activities. Continental populations of this delicate endemism are protected, in accordance to the Law n. 
157/1992. These populations are, indeed, characterized by a bad conservation status and threatened, 
being often isolated and at a low density, also in their natural habitat. On the contrary, information 
available on Sicilian populations show a better condition. Consequently, with D.P.C.M. 7.5.2003 act, 
populations on the island have been readmitted to a sustainable and limited hunting fruition. 
Nevertheless, local difficulty to carry out a correct hunting management and the failed start of 
applicative studies, have stopped the hunting fruition in Sicily. The NAP recommended, between the 
aims seen as priorities for the species, the necessity of beginning a series of actions to increase the 
populations. To do so, the NAP provides the creation of faunal areas able to produce stocks of animals 
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for reintroduction projects in suitable areas. First empirical attempts to Lepus corsicanus breeding date 
back to 1993 and 2004 in Sicily (Trocchi et al. 2010), but they were suddenly stopped. First two faunal 
areas for the breeding of the species were born in 2006. After 10 years there are 7 breeding structures 
where small groups of animals, of all haplotypes, are breeded separately, using different techniques. 
Below there is a description of these structures, of the different breeding techniques and of the results 
we had. 

Faunal areas 
Faunal areas still operate in a pure scientific context and the breeding strategies are similar to those 

already known and tried in the Lepus europaeus captive breeding centers. Nevertheless, in faunal areas 
a series of adaptations in the strategies of captive breeding has been carried out independently by 
managers. In every structure, separate breeding of animals belonging to a single haplotype, respect of 
animal’s health and species’ needs are anyway guaranteed, in accordance with NAP recommendations. 

In order to give a similar description of all faunal areas, it has been developed and spread a single 
scheme of data collection for every area, concerning features, management and results; this scheme has 
been spread and compiled by every manager of the center. 

List of existing faunal areas: 
1. Bieri, Pieve Fosciana - UTCB of Lucca, Comando Unità per la Tutela Forestale Ambientale e 

Agroalimentare Carabinieri, San Romano in Garfagnana (LU); 
2. Tuscany Region Administration (previously Grosseto Province Administration); 
3. Parco Naturale Regionale Marturanum, Barbarano Romano (VT); 
4. Regione Campania, Centro Regionale Produzione Fauna – Foresta Demaniale “Cerreta Cognole”, 

Montesano sulla Marcellana (SA); 
5. Parco Gallipoli Cognato Piccole Dolomiti Lucane, Accettura (MT); 
6. Azienda Agro-Silvo Faunistica F. Gallo, Cenadi (CZ); 
7. Noto (SR). 

Bieri, Pieve Fosciana - UTCB of Lucca, Comando Unità per la Tutela Forestale Ambientale e 
Agroalimentare Carabinieri, San Romano in Garfagnana (LU) 

Haplotype: Central Italy 
Type of enclosures and breeding solutions: UTCB manages Bieri Faunal area for ex situ 

conservation of Lepus corsicanus, established in 2011. The area is located at 300 m a.s.l. near tosco-
emiliano Apennine; hares are bred in different enclosures which measure between 400 and 1000 m2. 
Enclosures are protected with electrified fences and with anti-predators devices; some of them are 
covered by net. 

Origin of founders: the breeding began with 10 animals. The hares came from Marturanum 
Regional Park faunal area, Grosseto Province faunal area and from Castelporziano Natural Reserve 
(RM). 

Current total number of individuals: at the moment 39 animals are present; recently 25 hares were 
transferred for the reintroduction project on Elba island (LI). 

Breeding data available: 80 hares were born between 2012 and 2015, with an average number of 
2,5 leverets /year/female (min. 1, max. 6), in 1-3 litters each year, with a sex ratio favoring males 
(1,36:1). In 2015 births began in April and finished in October; the highest number of births was 
observed in July and a reproductive diapause was observed from November to April.  
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Main management procedures and feeding: the breeders are reared on the ground forming small 
groups with a male and a couple of females for each enclosure, but in winter are closed in cages. The 
leverets never stay in the same enclosure more than 6 months. The diet is based on forage, 
supplemented with hare feed pellets. 

Causes of mortality: Trauma cause death in hares older than 4-5 months and adults occasionally. 
Deaths for parasite infestations and bacterial infections are rare, but increased in 2016 because of 
Staphilococcus spp. infections. 

Health management: routine qualitative and quantitative feces assays carried out to check the 
presence of parasites; when the threshold of 10.000 oocysts/g and 400 eggs/g is exceeded, the animals 
are treated with anticoccidial and anthelmintic drug, generally included in a fruit. Among the Coccidia, 
E bailei, E. deharoi, E. babatica were the species detected, while the identified helminth belonged to 
Genus Trycostrongilus spp, and less often to Genus Trichuris spp. Hares are vaccinated twice against 
European brown hare syndrome (E.B.H.S.), with annual booster vaccination. Since 2016 the hare are 
vaccinated even against Pasteurella spp and Staphilococcus spp, (three vaccinations and an annual 
booster vaccination). 

Main problems recorded: parasite infestations are a concrete threat for hare survival, requiring a 
continuous monitoring. From 2016 some cases of Staphilococcosis were recorded. 

Hypotheses and future management perspectives: Bieri faunal area is contributing to species 
reintroduction in Elba Island (project coordinated by ISPRA and Arcipelago Toscano National Park) and 
to a best understanding of Italian hare biology. 

Tuscany Region Administration (previously Grosseto Province Administration)   
Haplotype: Central Italy 
Type of enclosures and breeding solutions: the breeding center was established in 2014 from the 

Grosseto Province Administration, after fourteen years of regular monitoring of density and distribution 
of the Italian hare in the surrounding area. The project was started by the Istituto Nazionale per la Fauna 
Selvatica (INFS, now ISPRA). In 2016, following the closure of the Province Administrations in Italy, 
the breeding center passed under the jurisdiction of the Tuscany Region Administration. The center is 
located in a hilly area, covered by a typical Mediterranean vegetation. It is made up by three enclosures: 
one located in the private game reserve (AFV) “Capalbio”, 2.8 ha wide (1.5 ha woodland and 1.3 ha 
pastures), a second one in the private game reserve “Lago Acquato”, 2 ha wide (totally covered by 
woodland) and a third one located in the public game species breeding center close to Civitella 
Marittima. The latter is about 1 ha (mostly covered by woodland, with a small portion of forage fields). 
Besides the three centers, in the surroundings of the city of Grosseto there is a small enclosure to run 
sperimental tests on Italian hare reproduction. All enclosures are protected by low voltage electric 
fences and special perimetral fences. 

Origin of founders: 12 individuals from free ranging populations, captured locally.  
Current total number of individuals: the “Capalbio” enclosure is currently empty for parasite 

control, the “Lago Acquato” enclosure hosts 2 individuals, that of “Civitella” has 5 individuals, while 
the small enclosure in “Grosseto” hosts a pair made up by an Italian hare female and a European hare 
male.  

Breeding data available: in the center “Capalbio” 8 founders (3 females and 5 males) produced 26 
young hares in two years. Following external evidences on caught individuals and ecographic exams, it 
was possible to infer some early conclusions on the reproductive traits of the population: a gravid 
female was found in January and another one in August; 2 females in October and 3 females in March 
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were breast-feeding. In the “Civitella” no birth has been ascertained, although predation by birds of 
prey or corvids might not be excluded. The same applies for the “Lago Acquato” center.   

Main management procedures and feeding: breeding is exclusively carried out on the ground and 
the sex ratio may vary, depending on gender availability. All individuals are marked with a microchip 
for individual identification. Individuals are weighed and biometric measures are taken after any capture 
event. Age class is estimated following the examination of the Stroh’s sign. Feeding is exclusively 
natural and includes the sowing of forage species appreciated by the hares (leguminous species, cereals, 
sunflower). 

Causes of mortality: a total of 5 mortality cases (a young hare and 4 adults) due to Coccidiosis were 
recorded. 

Health management: Any individual undergo a health inspection (including blood sampling for 
tests on E.B.H.S., tularemia and brucellosis) and tissue or blood sampling for genetic analyses. 
Enclosures are left empty for nine months every two years to limit the spread of diseases.  

Main problems recorded: Coccidia have been recorded as one of the main causes of mortality, 
followed by predation (which is difficult to evaluate). 

Researches carried out: a health monitoring program (for E.B.H.S., tularemia, brucellosis) and a 
genetic investigation on the free-ranging Italian hare populations have been established since 2014.  At 
the end of the first two years of the project, 76 Italian hares have been investigated.  

Some experimental hybridization tests between L. corsicanus and L. europaeus have been 
conducted in the Civitella center, with only European hare females and Italian hare males, with no 
apparent results. In the enclosure close to Grosseto it was possible to ascertain the birth of a hybrid cub 
(mother Italian hare, father European hare), born dead. Radio-telemetry studies (in collaboration with 
the University of Siena (UNISI) and the National Institute for the Research and Protection of 
Environment, ISPRA) are currently ongoing in the field. The aim of the research is to evaluate habitat 
use and activity patterns of L. corsicanus and possible interactions between the two species in sympatric 
areas. At the end of 2016, 9 individuals (6 Italian hares and 3 European hares) are followed by 
telemetry. 

Hypotheses and future management perspectives: activation of investigations of the diet of the 
Italian hare through the genetic analysis of droppings, in collaboration with the University of Naples. 
Continuation and development of the studies on hybridization between L. corsicanus and L. europeus. 
In the field, continuation of the studies to evaluate space use and activity patterns of L. corsicanus and 
its interactions with L. europaeus (in collaboration with UNISI and ISPRA), raising the sample size to 
strengthen the final results.  

Parco Naturale Regionale Marturanum, Barbarano Romano (VT) 
Haplotype: Central Italy 
Type of enclosures and breeding solutions: in 2006, a Faunal area aimed to captive breeding of the 

Italian Hare (Lepus corsicanus De Winton, 1898) was set up into Marturanum Regional Park (Lazio – 
Italy) both for scientific and conservation purposes. Marturanum Regional Park is part of the integrated 
system of parks and protected areas of Lazio Region, in central Italy. The captive breeding Faunal Area 
of Italian Hare (FAIH from now on) extends over about 2.5 ha, and consists of six breeding enclosures 
of about 0.25 ha each and two sex-segregate enclosures of about 0.5 ha each, for acclimation. Metal-net 
fences separate enclosures from each other and anti-predator fence surrounds the whole area. 

Origin of founders: from 2008 to today, a total number of 7 Italian hares field-caught from natural 
populations and 4 captive-bred in the Bieri Faunal area (Tuscany) from a distinct program, have been 
introduced in the faunal area, leading to many reproductive events and several further generations so 
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far. Only 7 or 8 out of those 11 specimens appear to have successfully reproduced and therefore 
contributed to the progeny. 

Current total number of individuals: an extremely low number of Italian hares. 
Breeding data available: since 2009 in the FAIH, 66 recorded individuals were born and grew old 

enough to be caught during the periodic sessions. 
Main management procedures and feeding: human intervention both to set up and to manage the 

FAIH is kept to minimum. Camera trap surveys were conducted to assess minimum number of 
individuals per enclosure and to detect new-borns prior the periodic catching sessions. New born were 
moved from enclosure of birth before sexual maturity to prevent inbreeding and to keep density lower 
than 25 ind./ha. In each enclosure, hares were net-caught once or twice per year in order to assess their 
number and health conditions and to perform planned interventions such as veterinary procedures and 
tagging, parental couples management, relocating, release in the wild, exchange with similar projects 
(see further). At any time, the maximum number of adult hares in each enclosure was equal to five, with 
the sex ratio as even as possible. Thanks to the relatively low population density, hares’ diet in FAIH is 
mostly based on natural occurring plants.  

Causes of mortality: in order to asses death causes, necroscopy was performed whenever possible, 
although most of the carcasses, particularly of leverets, were found in such bad conditions to make 
analysis unfeasible. An E.B.H.S. outbreak have caused several deaths in 2014. In few other cases, the 
analysed carcasses carried high numbers of endo-parasite worms, though it is more likely to be a 
concurrent cause of death than the primary one. Some leverets and young adults in apparent good health 
died for unknown reasons. Finally, rare events of predation can be hypothesized. 

Health management: standard veterinary procedures performed at the periodic catch-sessions 
include endo- and ecto-parasites control and tagging of young by microchip implant. Since 2014, all 
animals get periodic E.B.H.S.v. vaccine. 

Researches carried out: From 2013 to 2016, in three different occasions, nine young hares were 
released from the FAIH into Marturanum R.P., five of which equipped with radio collars. Five 
specimens born in captivity were given to the C.F.S. Faunal area of Bieri; 10 more specimens were 
donated to the “Arcipelago Toscano” National Park to be used in a project for the reintroduction of the 
species in the Elba Island. 

Hypotheses and future management perspectives: the extremely low number of animals left in the 
FAIH after the recent releasing, donations and deaths, make it crucial to introduce in the structure new 
hares from external origin.  

Regione Campania, Centro Regionale Produzione Fauna – Foresta Demaniale “Cerreta Cognole”, 
Montesano sulla Marcellana (SA) 

Haplotype: Southern Italy 
Type of enclosures and breeding solutions: the faunal area was realized in 2015 by Campania 

Region Administration, thanks to an agreement between Cilento VDA National Park (Campania, S-
Italy), Istituto Superiore per la Protezione e la Ricerca Ambientale and Istituto Gestione Fauna onlus. 
The structure is in the Regional Forest “Cerreta Cognole”, at 550 m a. s. l., along the eastern edge of the 
National Park. It is composed by three enclosures (800 m2, 2000 m2 and 2600 m2) covered by pastures, 
young conifers and some oaks. Perimeters are protected by a low voltage electric fence, a metallic net 
against intrusion and a nylon net to mask the presence of predators outside. 

Origin of founders: the structure was founded in 2015, when a first group of 4 hares was 
introduced, 3 of them from the faunal area of Azienda Agro-Silvo Faunistica “F. Gallo” di Cenadi 
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(Calabria, S-Italy), and another one captured in the Cilento VDA National Park. Another group of 3 
hares was introduced during the first months of 2016. 

Current total number of individuals: 7 hares are in the enclosures at the date of November 2016. 
Breeding data available: 3 hares were born between May and August 2016. Newborn and parents 

hares were used to constitute 3 new reproductive groups distributed in the enclosures (2 pairs and 1 
group with 1 male and 2 females). 

Main management procedures and feeding: bushes of Crataegus, Pyrus and Malus were planted in 
the enclosures, in order to shelter hares from raptors and other forms of disturb. Bushes were grouped 
and large grass and leguminous surfaces were guaranteed, in order to ensure natural food. Apples, 
chestnuts, carrots and oat grains were given just sometimes, during winter season. Enclosures are 
regularly monitored by a system of 4 cameras avoiding intrusions. At the moment, it was considered not 
necessary to rotate hares among enclosures to avoid parasitic infections. 

Causes of mortality: the hare captured in the National Park died after 2 months (causes were not 
established). One hars among those from the faunal area of Azienda “F. Gallo” died after the 
introduction, because of an injury during the translocation. 

Health management: all the hares from the faunal area of Azienda “F. Gallo” were vaccinated for 
E.B.H.S.v. 

Main problems recorded: during the short period of activities, no significant management problem 
was observed. The collaboration among several Institutions, both public and private, ensures synergies 
and optimal management. 

Researches carried out: several, on ethology and time budget by using camera traps, food choice 
and parasites. 

Hypotheses and future management perspectives: further enclosures will be settled up, in order to 
ensure the alternate use and reduce impact of parasites. During the year 2017 further 6 hares will be 
introduced from the faunal area of Azienda “F. Gallo” and 2 from Cilento VDA National Park. New 
born will be used for increasing genetic variability by means of changing among other structures 
(Gallipoli Cognato Piccole Dolomiti Lucane Regional Park). Researches on territoriality will be carried 
out after releasing of newborn into the wild. 

Parco Gallipoli Cognato Piccole Dolomiti Lucane, Accettura (MT) 
Haplotype: Southern Italy  
Type of enclosures and breeding solutions: the faunal area, managed by the Regional Park Gallipoli 

Cognato Piccole Dolomiti Lucane, was built in 2004, part of a species conservation project supported 
by the Basilicata Region Administration. The breeding area is located in a mountainous area of the 
Gallipoli Forest, 800 m. a. s. l. The facility covers a total area of 4 hectares and consists of 8 enclosures, 
approximately 5000 m2 wide. The breeders are maintained in fixed groups with a M / F ratio of 1 / 2. In 
the past, a small group (two pairs of hand-weaned hares) was bred in close captivity. The enclosures are 
protected by a low voltage electric system and by a fox-proof fence. 

Origin of the founders: 12 founders, among which 11 caught in the park in areas characterized by 
good density (5 in 2008 and 6 more in the following years) and one individual from an area outside the 
park (Laurenzana – Potenza Province). 

Current total number of individuals: 9 individuals are present in the faunal area at the moment, 
after 15 individuals were donated to the Appennino Lucano National Park in 2014 and in 2016  for a 
restocking project, and after the severe losses suffered in 2012 due to a heavy snowfall and consequent 
entry of predatory Mammals. 
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Breeding data available: the first births were ascertained starting from 2009: 13 young hares were 
born from 2 adult females after 18 months. In total, between 2009 and 2016, the birth of 55 hares was 
verified through capture. The average number of leverets per female per year was 1.3 (calculation based 
on the autumnal captures). The births were distributed between April and September, with a peak in 
July. No births have ever been recorded between October and March, leading to the hypothesis of a 
reproductive diapause during winter. It should be highlighted, however, the difficulty of acquiring 
certain data on reproductive parameters in the breeding ground. In fact, the need to ensure the necessary 
privacy to the breeders does not recommend to frequently inspect the vegetation in the enclosures. 
Besides, reproduction data are influenced by factors of mortality, that mostly affect young hares. 

Main management procedures and feeding: every year, in the fall, a capture is made in order to 
evaluate reproductive success, constitute new pairs, identify hares with immovable ear tag, perform 
health checks, treat hares against ecto- and endo-parasites, carry out animals’ rotation in pens and 
sanitary practices. Young hares are destined to reproduce with those born in different pens. In the 
enclosures, sowings with forage species appreciated by hares are made at the end of the summer and at 
the end of winter, and periodic ploughing operations are conducted to reduce parasitic density. Feeding 
is essentially based on herbs growing in the enclosures, but every facility is equipped with a trough 
covered by a canopy where grains, chicories and fruits are distributed daily, especially in periods of 
drought, frost and snow. Water is not provided, but summer irrigations are made to promote the growth 
of vegetation. Pens are monitored through a video surveillance system and camera traps. 

Causes of mortality: main losses are due to predation by birds of prey (diurnal and nocturnal), 
which primarily affects leverets. In the past, also predation by wild and domestic Mammals has been 
recorded, but this problem has now been solved thanks to the integration of the low voltage electric 
system with a fox-proof fence. Rare losses are caused by intestinal parasites (Eimeria spp. and 
strongyles), especially in late summer, after heavy rains and when animals’ density in the enclosures is 
maximum. In the breeding area, after the first years, a massive presence of ticks has been observed: this, 
in summer, when the food availability is lower, has caused strong infestations of hares, resulting in skin 
lesions, weakening and in some cases mortality for secondary infections (Staphylococcus, Bordetella), 
especially in the weakest young individuals. In 2012, an exceptional snowfall, which caused crashes of 
trees on the fence and the subsequent inactivation of the electric system, determined the entry of 
predatory Mammals, and so the loss of 80% of the hares. 

Health management: all hares are annually caught, vaccinated against E.B.H.S.v. and treated with 
ivermectin against endo- and ecto-parasites. In autumn and spring, especially during rainy periods, 
qualitative and quantitative parasitological controls of the faecal pellets collected in the enclosures are 
carried out. In case of high thresholds of positivity, rarely encountered, agronomic operations are 
executed or animals are moved to other enclosures. Hares have never been treated with anticoccidials 
drugs. 

Main problems recorded: difficulty in reducing mortality from predation by diurnal and nocturnal 
birds of prey, mainly on leverets, and in collecting accurate data on reproductive parameters and 
growth. Difficulty in controlling ticks’ infestations in breeding enclosures. Criticalities in coordination 
of restocking operations with subject institutions, causing delays in the supply of animals, overcrowding 
of the pens and consequent higher mortality. Demanding management of animals, especially during 
heavy snowfalls: the need to save the breeders from predation imposed more than once to catch them 
and temporarily house them in cages. Lack of financial resources to ensure the availability of personnel 
able to prevent or tackle the above mentioned problems.  

Researches carried out: a study on growth, based on the evolution of the Stroh’s tubercle, was 
started on two hares born from two pairs bred in close captivity, who died shortly after from predation 
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(UNIBA, forthcoming). A study on ticks was carried out (Dantas-Torres et al. 2011) and another one on 
the evolution of the infestation of breeding areas is in progress (UNIBA). In addition, several studies 
analysed the diet of Italian hare (Freschi P. et al., 2014) and the color characteristics of the coat (Rugge 
C. et al. 2009). 

Hypotheses and future management perspectives: a better involvement of the faunal area in long-
term programs of conservation of the species (e.g. reintroduction and restocking activities) would be 
desirable, in order to allow the optimal planning of management activities. 

Azienda Agro-Silvo-Faunistica “F. Gallo” - Cenadi (CZ) 
Haplotype: Southern Italy 
Type of enclosures and breeding solutions: the faunal area managed by the Azienda Agro-Silvo-

Faunistica "F. Gallo" is located in the Municipality of Cenadi (CZ). It was built in 2006 thanks to an 
agreement with the former Province of Catanzaro and the former INFS (now ISPRA), as part of an 
experimental project on the species, funded by the Ministry of Environment. The breeding center is 
located in a mountainous area, 800 m a.s.l., and it is characterized by the presence of reforestation fir 
and cedar formations, with small clearing areas covered by grass and bushes, offering shelter to hares. 
The breeding system is based on fixed pairs. The area extends for about 3 hectares, and it is composed 
by 9 enclosures: 3 of them are very wide, while 6 are smaller (between 400 and 1000 m2 wide) and 
included within the major enclosures (double fence). The enclosures are interconnected to facilitate the 
transfer of the animals, the prophylaxis of parasitic diseases and the weaning of young hares. All the 
enclosures are protected by a low voltage electric system and a partial windproof barrier. 

Origin of founders: the original nucleus consisted of 4 founders caught in 2007 from the free 
ranging local population. A specimen from the Gallipoli-Cognato Park was added in 2008. 

Current total number of individuals: 9 ascertained individuals have been found in the small 
enclosures and an undetermined number of individuals is present in the large enclosures. Between 2015 
and 2016, 7 individuals were provided to constitute the initial stock of the faunal area of Cerreta-
Cognole (SA). 

Breeding data available: first births in the wide enclosures were observed starting from 2009. Until 
2011, at least 7 births from 2 females were verified. In the spring of 2012, a strong snowfall determined 
the crash of branches on the electrified fence, and so the entry of predatory mammals and the loss of 
many hares. In 2014, due to difficulties in the acquisition of data on breeders and on births, and in order 
to allow better controls, it was chosen to move the animals on the smaller enclosures. From 2014 the 
births of at least 17 hares have been ascertained. The gender distribution was equal in newborn 
individuals, and births were recorded from March to November, with a higher concentration in summer. 
Young hares are separated from their parents in about a month, and put into designated enclosures until 
the autumn, when they form new pairs. 

Main management procedures and feeding: hares in the small enclosures are captured, at least in 
autumn, for vaccinations, creation of new couples, and are translocated for enclosures health 
depopulation. Weaning of young hares is normally done by opening the gates, with no need to catch 
them. The grassy clearings are equipped with troughs covered by canopies, in which supplementary 
food - oat, chestnuts, apples, corn, chicories, vetch and carrots - is distributed throughout the year. The 
agronomic operations are annually conducted in the glades with a motor hoe, for seeding of clovers and 
controlling the growth of brambles and ferns. Hares are provided clean water in summer through drips 
and constant irrigation is ensured in order to produce new forage. 

Causes of mortality: in the recent past, in larger enclosures, phenomena of high mortality have been 
recorded, due to predation by Mustelids and Foxes, often favored by the crash of branches on the fences 
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or by snow that inactivated the electrical protection system. Rare cases of death have reported over the 
years (in late summer) due to Coccidiosis. In smaller enclosures mortality was almost absent. 

Health management: all individuals are annually submitted to vaccination against E.B.H.S.v. and 
treatment with anthelmintic drug. 

Main problems recorded: difficulties in fighting predation both terrestrial and by birds of prey 
especially in larger enclosures. A big commitment in terms of time and money is required in order to 
ensure the presence of personnel for ordinary and extraordinary management of the areas and for taking 
care of the animals. Uncertainty in the planning of works and of a possible enhancement of the breeding 
area, due to difficulties in predicting the future destination of the hares produced. 

Researches carried out: breeding data were collected, research material was provided for the 
writing of a Bachelor’s degree thesis (UNIRC) and sequences were filmed for documentaries on the 
species. 

Hypotheses and future management perspectives: a three-year project with the faunal area of 
Cerreta Cognole (SA) is ongoing for the supply of some pairs of Italian hares and for specialized 
technical support. Hopefully, a future involvement of the faunal area as part of conservation and 
reintroduction projects of the species, in order to allow the best planning of activities and possibly the 
enhancement of productive activities. 

Noto (SR) 
Haplotype: Sicily 
Type of enclosures and breeding solutions: the first experimental breeding activities took place 

thanks to a specific project of the Sicilian Region Administration developed from 2007 to 2009 in the 
Municipality of Noto (SR). The formal establishment of the first Sicilian breeding area for the Italian 
hare by the Region Administration dates back to 2014 (D.R.S. n. 6698/2014). The breeding center 
involves three parties: a Scientific Coordinator (UNIPA), a Supervisor (Ripartizione Faunistico-
venatoria of Siracusa of the Region Administration) and a Manager of the center (E. Mallia, veterinarian 
and facility’s owner and operator). The breeding area is located in a hilly area 400 m a.s.l., and hares are 
bred both within an enclosure or in close captivity within specific cages with a wire mesh bottom, 
placed in another small protective enclosure. The first enclosure is 700 m² wide, it is characterized by 
low bushy Mediterranean vegetation and outcropping rocks, and it is currently undergoing an expansion 
program. All facilities are equipped with electrified protection system, fox-proof fence and at the base a 
fine-mesh net. 

Origin of founders: the first group of founders was composed by 4 leverets, to which in later years 
6 additional ones, found locally by farmers during agricultural operations, were joined. 

Current total number of individuals: presently, the faunal area hosts 44 hares, 29 of which housed 
in cages and 15 (estimated) inside an enclosure. Among the 29 individuals kept in cages, only 14 
animals are currently intended for breeding (7 fixed pairs), because of the absolute uncertainty about 
their destination and the need to contain operating costs. The other 15 animals are kept separate, to be 
possibly used as reserves for reproduction. 

Breeding data available: Cage - Inside the cages, considering data from all the couples, it has been 
possible to ascertain births in all months of the year, with a substantial absence of reproductive 
diapause. In addition to the results reported in Lo Valvo et al. (2012), reproduction data of the 3 couples 
with the best reproductive performances in 2014 and in 2015 are reported below. 

   !19



Pair 1: 2014 

Pair 1: 2015 

Pair 2: 2014 

N° delivery Birthdate N° born hares N° dead hares

I 20 January 2014 1 1

II 10 March 2014 2 1

III 15 May 2014 2 0

IV 15 September 2014 2 1

V 13 October 2014 1 0

TOTAL 8 3

N° delivery Birthdate N° born hares N° dead hares

I 3 February 2015 2 2

II 10 March 2015 1 0

III 11 May 2015 1 0

IV 15 August 2015 1 0

TOTAL 6 2

N° delivery Birthdate N° born hares N° dead hares

I 15 February 2014 2 0

II 20 March 2014 1 0

III 25 April 2014 2 1

IV 18 July 2014 1 0

V 10 September 2014 2 0

TOTAL 8 1
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Pair 2: 2015 

Pair 3: 2014 

Pair 3: 2015 

In this case the period of births was between the 20th of January and the 7th of November. The average 
inter-births period was found to last 63.9 days (± 31.4; 28-133; n = 21), but there have been inter-births 
of only 28 and 29 days (as well as 32, 35, 36 days), signaling the likely occurrence of the phenomenon 
of superfetation. The average litter size was found to be 1.44 (± 0.51; 1-2; n = 27). The mortality rate in 
the three couples in the years 2014-2015, was of 37.8% (total births = 45; total deaths = 17). Another 
interesting fact was observed in 3 of the other 4 breeding pairs, which, although showing more modest 
performances (1-2 births per year), have always had a birth in the months of December or January. 

N° delivery Birthdate N° born hares N° dead hares

I 15 March 2015 2 2

II 13 April 2015 2 0

III 10 July 15 1 0

IV 02 September 2015 1 0

V 04 October 2015 2 2

TOTAL 8 4

N° delivery Birthdate N° born hares N° dead hares

I 01 February 2014 2 0

II 10 May 2014 1 0

III 12 August 2014 2 1

IV 20 September 2014 1 1

TOTAL 8 2

N° delivery Birthdate N° born hares N° dead hares

I 10 March 2015 2 1

II 30 April 2015 2 1

III 10 September 2015 1 1

IV 07 November 2015 2 2

TOTAL 7 5
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Enclosure - in 2014 two pairs were placed inside an enclosure, ascertaining the successful reproduction 
in the same year. Currently the birth of 11 individuals is estimated. 

Main management procedures and feeding: Cage – Regular cleanings and inspections on alternate 
days for the survey of possible births, etc. are needed. Feeding is based on hare feed pellets, formulated 
for the European hare and distributed ad libitum, together with hay and seasonal vegetables. The 
presence of water is ensured through distribution in drinking troughs. Young hares are weaned at the age 
of about 20 days and housed in metal weaning cages with mesh bottom. Enclosure – feeding is based on 
natural forage, daily integrated with the supply of grains, beans, vegetables and water in special 
containers. 

Causes of mortality: Cage - The highest mortality rate recorded in the 3 breeding pairs monitored in 
the years 2014-2015, was 37.8% (total births = 45; total deaths = 17). The greatest losses have occurred 
in the post partum stage due to squashing. No phenomena of cannibalism against young hares have ever 
been detected. Some cases of mortality for dystocia at birth of the best female individuals were 
recorded, and rare cases of loss for traumatism of adults too. Enclosure - From 2014 no deaths have 
been reported. 

Health management: individuals hosted in cages undergo an annual vaccination against E.B.H.S.v., 
with the first dose administered when hares are about 60 days old, while individuals hosted in the 
enclosure are treated at the time of the capture. 

Main problems recorded: lacking interest of the qualified bodies for the area’s potential from a 
scientific point of view for conservation programs, restocking, etc.. Absolute lack of an economic 
return, nevertheless needed to ensure the management and renewal of facilities. 

Researches carried out: data collection for the study of reproductive parameters of the species, 
periodic studies and health surveys, that have permitted to identify for the first time on the Italian hare 
the pathogenicity of the R.H.D.v French variant (Camarda et al. 2014). 

Main problems recorded: numerous cases of dystocia, which led to the loss of the best mares. A 
case of death in the whole stock caused by the R.H.D.v. French variant, which arouses particular 
concern for the possible effects in free-living populations. 

Hypotheses and future management perspectives: hypothesis of starting experimental programs in 
Sicily to evaluate the fitness of individuals raised in cages and settled in enclosures, with the 
involvement of various public Administrations and hunting and environmentalist associations. 
Possibility to enlarge the breeding area by building more enclosures for the breeding on the ground of 
the species. 

Discussion and conclusions 
Ten-year long experience of captive breeding of Lepus corsicanus in faunal areas confirms the 

importance of these structures in conservation strategies of the species (all haplotypes). After many 
years dedicated to the search of financial support for the structures construction and finding of founders, 
today the activity of captive breeding is everywhere well functioning. These are still small experiences 
(if we consider the relatively big range of the species) carried out in little structures and with a low 
number of animals. Nevertheless, the positive effects on knowledge, training, awareness, 
experimentation and reintroduction are encouraging. The availability of Italian hares breeded allows us, 
first of all, to make up the great difficulties of finding these animals in their natural habitat, making it 
possible to plan and carry out reintroduction projects. The positive trend of the project of reintroduction 
of the taxon on the Elba Island represents an example of the potentiality offered by the animals bred in 
faunal areas and traces out a first methodological path. Important are also the proofs of the 
radiotracking carried out in the Marturanum Regional Park and the ones, in progress, in the Appennino 

!22



Lucano and Val d'Agri National Park. These first experiences highlight the importance of being able to 
give sufficient guarantees (in addition to the genetic pool conservation) on:  
• the health of the animals destined for introduction in the wild, and  
• a breeding management of the animals produced according to the protocols (if necessary, 

experimental) consistent with the planned aims.  
In this direction a lot of work has still to be done collaborating with the Research Organizations and 

with the Managers of the Protected Areas. From 2013, thanks to the start of “systemic projects” to 
biodiversity preserve promoted by the Ministry of Environment, which furthered a series of activities in 
some National Parks of Central and Southern Italy, almost all faunal areas found a first strategic 
position in actions aimed to preserve this endemic species. Once again the conservation ex situ of a 
taxon, nearly rare and disappeared from a great part of the range, comes up beside the conservation in 
situ, that often seems to have difficulties while overcoming natural and artificial barriers. Moreover, the 
conservation ex situ seems to include a greater capacity to awareness raising of stakeholders, through 
the possibility of their direct involvement in projects of reintroduction/restocking. 

From a productive point of view, fenced structures show difficulties of inspection, especially if 
relatively wide and with a habitat suitable to the needs of the species (presence of bush, underwood, 
high vegetation). Moreover, frequent intrusion of predators (Mammals, Raptors and Crows) is cause of 
important losses, especially during extreme climatic events (snow, strong wind etc.). Consequently, 
these are structures where production is difficult to plan and predict. An intermediate solution, 
compared to strict captive breeding, can be the use of fence of a few hundreds of square metres, as 
successfully experimented in the faunal area of Bieri (LU) and in the one of Cenadi (CZ). In these 
cases, nevertheless, management is more difficult and onerous. Very important is the experience of strict 
captive breeding carried out in the faunal area of Noto (SR) that shows that also Lepus corsicanus can 
be bred using the technology tested for Lepus europaeus. The performances of the best reproductive 
couples show the potential of the female of giving birth to up to 8 viable hares in 4-5 delivery per year. 
Noteworthy is the performance of a female that gave birth to 9 viable leverets in a year in the faunal 
area of Cenadi (CZ). The litter size average, verified in strict captivity, has been of 1.44 leverets, not 
different from what has been verified by De Marinis and coll. (2007) analysing placental scars of hares 
killed in nature (1.6). For the first time it is confirmed the superfetation also in this hare species (even if 
indirectly, as we still ignore gestation times). Nevertheless, are especially peculiar the short inter-births 
of 28 and 29 days, considering that in Lepus europaeus the inter-births average, in case of experimental 
superfetation, is of 38.1 ± 1.8 days (Roellig et al. 2010). In this last species the second pregnancy starts 
generally 3-4 days before the birth and there is no fecundation reached through artificial insemination 
carried out from 34° to 36° day of gestation (Roellig et al. 2010); according to Spagnesi & Trocchi 
(1992), second conception can occur at most till 7 days before the birth. A more exhaustive study is 
being held on reproductive biology of Lepus corsicanus bred in the faunal area of Noto (SR). 

The mortality caused by predation is a continuing threat to hares bred in enclosures and a problem 
onerous and of difficult management. On the other hand, we could discuss on the experience anti-
predatory that hares bred in this way can obtain in view of the possible use on reintroduction projects. A 
great importance is also that of the losses registered in some structures and that are consequences of the 
explosion of focuses of E.B.H.S.v. in not immunized hares. On this point, we highlight the difficulties 
met while carrying out precise plans of vaccination in hares bred in condition of partial freedom, 
requiring periodical captures even during the long reproductive season, with  possible troubles for not 
targeted subjects. Moreover, in some faunal areas using fenced structures, we have noticed the presence 
of great infestations of Ticks, almost impossible to be checked and potentially able to weaken young 
animals and those in reproduction phase. As regards endoparasites, analyses done on faecal finds or on 

   !23



dead animals enabled to detect in all faunal areas the presence of Coccidia (ascribable to several species 
of Eimeria) and in some of them also the presence of Helminthiasis attributable to a Trychstrongylus 
spp and to Trichuris spp.. According to what already noticed in the breeding of Lepus europaeus (ex.: 
Spagnesi & Trocchi 1992), the endoparasites can have an important role in conditioning the 
reproductive performances and to determine high mortalities, in the presence of loads relatively high in 
the structures and in absence of a periodic depopulation. The experience had till now about Lepus 
corsicanus shows that in some faunal areas these parasite diseases can be a bigger problem, maybe in 
connection with local climatic conditions. Consequently, we think that it is fundamental to predict the 
application of specific sanitary protocols, able to prevent the heavy risks described. In this sense, the 
experience of the faunal area of Bieri can be informative. Collected data highlight, even if rarely, also 
the insurgence of some bacterial pathologies (Bordetellosis and Stafilococcosis), that drive us to avoid 
neglecting management (and sanitary) aspects, because the outbreak could be conditioned by breeding 
techniques. This is even more important in strict captive breeding technology. The risk represented by 
the irruption in breeding areas of E.B.H.S.v. cannot be underestimated, because it is a highly pathogenic 
infection that can endanger years of work. Protection through vaccination, even if in presence of 
difficulties connected to capturing hares into the fenced structures, enables us to assure appropriate 
safety margins. At present it is not possible to know the level of risk associated to the spread of the 
French type of R.H.D.v., but it is advisable to avoid any kind of contact with wild or domestic rabbits. 
Anyway, it is fundamental having a sufficient number of structures of stabling in order to be able to 
practice the necessary periods of sanitary depopulation. The difficulty of management of faunal areas 
highlights the importance of having operators professionally qualified. The experiences of the public 
structures of Bieri, of the Marturanum Park and of the Gallipoli Cognato Piccole Dolomiti Lucane Park, 
that were able to rely on the availability of dedicated operators and on a good number of fences, 
confirm the relevance of these aspects. In this way these structures have been able to produce first 
contingents of Italian hares for reintroduction and restocking programs. Only the management costs to 
ex situ conservation of the three haplotypes, represent a charge that weighs heavily on costs of 
production of the Italian hares intended for reintroduction projects, to study and to improvement of 
breeding techniques. Consequently, the latter are, in proportion, much more than those of a common 
breeding farm of Lepus europaeus. Therefore, there is the need of relying at least on a programme of 
medium-long term activities and on contribution to expenses given by competent Authorities on nature 
conservation, at least for the ex situ conservation activities. Management expenses in strict captivity 
breeding are more reasonable, even as regards the better performances of the breeders. Nevertheless, 
also in this case we highlight the importance of relying on a strategy of plurennial use of the hares 
produced. The experience started in the province of Grosseto with the creation of a big zone of 
repopulation and capture for Lepus corsicanus (the first one), gives interesting future prospects. These 
initiatives will enable to diversify the set of tools useful to obtain specimens of Italian hare important 
for the reintroduction/restocking activities. 

In conclusion, in the light of the experiences of these years and of first results, we think it is priority 
to resolve these problems: 
• increase the number of faunal areas for every typology of hare haplotype; 
• strengthen a synergy of relationships between faunal areas in order to increase strategies able to 

guarantee a greater effective dimension of the reproductive population (Ne) of the same haplotype 
and, ultimately, able to conserving a good genetic variability; 

• have a sufficient number of breeding fences, as regards the production needs and with suitable sizes, 
in order to guarantee periodical sanitary depopulation of the structures; 
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• define efficient strategies, able to cope with sanitary threat, especially for the specimens bred in semi-
natural conditions; 

• consider the possibility of establishing a stock of reproductors in strict captivity (breeding in cages) 
for all the genetic typologies; 

• have enough funds to carry out the activity of conservation ex situ; 
• define protocols of acclimatization (in enclosures) in order to maximize survival and success of the 

reintroduction programs; 
• set the activity of the faunal areas in the context of strategies of the competent Authorities on wild 

fauna conservation and management, in order to be able to plan productive activities on mid-long-
term. 
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Abstract 
The National Park of the Tuscan Archipelago, according to the National Action Plan for the Italian 

hare, under the scientific responsibility of ISPRA, achieved a reintroduction project in the Island of 
Elba. 

The hares were reintroduced in two years and two different areas, Spring 2015 Monte Calamita 
(southeast) and spring 2016 Monte Perone (southwest). After releasing, the animals were monitored 
once a day for 15 days and on alternate days. The radio tracking has been joined to an intensive 
monitoring, for the entire project, with 16 camera traps opportunistically placed near areas frequented 
by hares. 

During the project, a total of 39 hares were released, 30 of them equipped with VHF radio collar: N 
= 20 from the Wildlife Centre Bieri of the Corpo Forestale (Castelnuovo Garfagnana - Lucca) and N = 
10 from the Wildlife Centre of the Regional Park Marturanum (Barbarano – Viterbo). 

The survival trends, related to the 30 days after release, of the hares coming from Wildlife Centre 
(Bieri) and released within the two reintroduction areas, were compared (Kaplan - Meier method) and 
the result was statistically significant: Log-rank test, χ21 = 9,33 p < 0,05. 

Furthermore, we compared their home ranges (kernel method) of the first 30 days between and the 
result was not statistically relevant U-test = 14, p < 0,05. 

The survival of the subjects seems to be influenced by variables related to the reintroduction area. 
The camera trap data analysis showed, in the area affected by a higher mortality (Mt. Calamita), a 
greater anthropic disturbance. The main cause of death appears to be due to predation, probably marten, 
but predation by cat and dog can't be excluded. 

Introduction 
The reintroduction of the Italian hare in suitable areas is one of the priority actions of the National 

Action Plan for the Conservation of Lepus corsicanus, this last one is drawn up with the purpose to 
define the steps to promote the conservation of the species, to enhance information about the current 
status and ecology of this species of high conservation value, even suggesting normative adaptations 
(Trocchi & Riga, 2001). The project is focused to achieve the goals 3.3 and 3.7 of the Action Plan, with 
a reintroduction program aimed to create a wild population within the historical range of the Italian hare 
and carry out a pivotal trial on survival and dispersal of released subjects. The project involves the 
collaboration between the National Park of the Tuscan Archipelago, the State Forestry Corp, the Studio 
Agrofauna and the Italian National Institute for Enviromental Protection and Research (ISPRA) as 
scientific coordinator. The project was authorized on the basis of a feasibility study. 
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Study area and methods 
The project develops over two years and distinct reintroduction areas have been identified, one for 

each year: spring 2015 on Monte Calamita and spring 2016 on Monte Perone (fig. 1); both within the 
National Park boundaries  and characterized by a mediterranean environment. The areas were chosen by 
the design of a habitat suitability model. 

Figure 1: Island of Elba 

The reintroduction were carried out in the months of March and April,  when the weather 
conditions are more confortable, in order to ensure the founder animals’ welfare. 

The released subjects came from ”Centro Faunistico di Bieri”  (Lucca - Tuscany) and from ”Area 
Faunistica della Lepre italica nel Parco Regionale Marturanum” (Viterbo - Lazio). The hares (sub-adults 
and adults) had an average weight of 2,3 ± 0,24 Kg and at release were microchipped. A total of 39 
subjects were released: 30 fitted with VHF tracking collars (average weight 31 ± 0,5 g) and 9 without 
tracking collars. 

The project foresees a daily radiotracking activity for the first fifteen days after the release, 
hereinafter it was performed every two days. For the radiotracking activity a Yagi-Uda directional 
antenna and a Yaesu FT 817 receiver were used. 

The radiotracking activity was supported by camera trapping (6504 monitoring hours in the first 
month during the two years of activity), by using Scout Guard SG560K and Boskon Guard-520 camera 
traps, placed in 16 different areas frequented by the hares. 

The survival trends of the hares coming from “Centro faunistico di Bieri” and released within the 
two reintroduction areas (monte Calamita and monte Perone), related to the 30 days after release, were 
compared using the Kaplan-Meier method and the log-rank test (Petrini, 1995). The home ranges of the 
hares, regarding to that period, were estimated using the Kernel method at 95% and compared with the 
Mann Whitney U – test. 
Results 
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The difference between the survival curves (fig. 2), related to the 30 days after release, of the 
subjects coming from the Wild life centre of Bieri and released in the two different study areas (Monte 
Calamita and Monte Perone) was statistically significant: Log-rank test, χ21 = 9,33 p < 0,05. Mortality in 
hares released in March 2015 at Monte Calamita was significantly higher. In a first analysis on the 
deceased subjects we could observe that the main cause of death is predation. 

The comparison between the home ranges (fig. 3, 4) did not show any statistical differences:  
U-test = 14, p < 0,05. 

The camera traps allowed to observe the released subjects during feeding and socializing activities. 
Moreover it was possible to ascertain that the pine marten (Martes martes) is the only wild predator on 
Elba Island, as mentioned in literature (Angelici et al. 2009; Amato et al. 2003). In both areas Domestic 
cat (Felis catus) and Dog (Canis familiaris) were filmed, and human presence was detected. 

Figure 2: Survival trend at 30 days after release of Lepus corsicanus, coming from the centre of Bieri 
(Lucca - Tuscany) and reintroduced at Monte Calamita and Monte Perone (Elba Island). 
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Figure 3: Home range (Kernel method 95%), 30 days after release, of two subjects of Lepus cosicanus 
(ID 9 and 10) coming from the Wild life centre of Bieri (Lucca – Tuscany) and reintroduced at Monte 
Calamita (2015), Elba Island. 
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Figure 4: Home range (Kernel method 95%), 30 days after release, of two subjects of Lepus cosicanus 
(ID 16 and 13) coming from the Wild life centre of Bieri (Lucca – Tuscany) and reintroduced at Monte 
Perone (2016), Elba Island. 
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Discussion 
The analysis shows that the survival of the subjects seems to be influenced by variables related to 

the reintroduction area and not by his intrinsic features. The spatial behavior of the released hares does 
not seems to affect the survival. 

The camera trap data analisys showed, in the area affected by a higher mortality (Monte Calamita), 
a greater anthropic disturbance and presence of predators. 

The main cause of death appears to be due to predation, probably marten, but predation by cat and 
dog can't be excluded. 
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Abstract 
Lepus corsicanus is an Italian endemic species, inhabiting central-southern Italy, Sicily and Corsica 

(introduced). The study aimed at defining its distribution and the ecological aspects focusing in 
particular, on the cohexistance with the L. europaeus. The methods used are nocturnal transects through 
spot light census, camera trapping, looking for of tracks on snowy ground and genetic sampling through 
fecal pellets. The methodologies that assessed the presence of the Lepus corsicanus were camera 
trapping and genetic sampling. The presence of the Lepus corsicanus was observed in 18 sections 
(28%) out of 63, in 7 the presence of only corsicanus wase registered, in 19 only europaeus and in 11 
both of the species. The genetic sampling was also carried out to study the alimentation of L. corsicanus 
and these studies were concentrated in the southern section of the park. Of the 33 (66%) from which it 
was possible to extract Lepus DNA: 18 samples (55%) were attributed to L. corsicanus and the 
remainder to L. europaeus. The information collected to date shows that the Lepus corsicanus is present 
in the Majella National Park in two exclusive areas, apparently unconnected, one in the south section 
and one in the centre west section, Monti Pizzi and the Morrone massive respectively. 

Introduction 
Records and marks from history and paleontology (Palacios 1996, Lo Valvo et al.1997, Riga et al. 

2001, Vismara 2012) show that, among genus Lepus, the Italian one is the only hare originally present 
in the Majella National Park and peninsular Italy, Sicily included. 

Afterwards, also the European hare colonized  northern Italy and part of southern Appennine, 
probably through the grazing uplands which worked as habitat corridors. Those populations are still 
characterized by ancient haplotypes of the European hare. In recent times though, the release of 
European hares from foreign countries for hunting purposes and later the repopulations with farmed 
European hares, caused a radical change in the distribution of the genus Lepus in Italy. 

The presence of the italian hare within the Majella National Park is not supported by any hystorical 
record. A survey aimed at defining the distribution of the species and the evaluation of the ecological 
suitability with special regard to the coexistence with L. europaeus took place as a result of the first 
certain observation in 2010 (fig.1). 

The study has been carried out as a project for the conservation of biodiversity in accordance with 
the guidelines of the Italian Ministry of Environment and Protection of the Territory and the Sea. 

Study area and methods 
Surveys on the presence of the italian hare’s have been carried out throughout the territory of the 

Majella National Park which is located in the Abruzzo Region and spreads over the provinces of 
L’Aquila, Pescara and Chieti. The work plan based on the suitability model developped by ISPRA 
(Italian Superior Institute for environmental protection and research) which resulted from an adaptation 
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of the maximum entropy modeling, the mathematical approach by Phillips et al. (2006)  for modeling 
species geographic distributions. The study aimed at deepening the knowings on L. corsicanus 
distribution and made use of phototrapping and genethic sampling through fecal pellets. 

Figure 1: The first proved observation of L. corsicanus in the Park 

!  

Camera trapping 
Camera trapping allows the identification of the species and the distinction between L. corsicanus 

and L. europaeus on the base of the color of the coats.  Only cameras with a flash device have been used 
in this work, in order to get color shots even during the night, increasing in this way the chance to 
identify the species correctly. 

Between december 2013 and november 2016 all the territory of the Majella National Park has been 
surveyed, the southern part firstly, then the centre and the northern section in the end. Overlaying an 
ideal grid of 2.5 km per side, there came out 63 sections highly suitable for L. corsicanus. 4 points have 
been chosen randomly in each section and there camera traps were set. Later though, they had to be 
moved along forest routes, paths and tracks included on IGM cartography in order to increase the 
chance of stumbling on hares, given that they usually follow the same paths when moving from lairs to 
food sites.(Spagnesi & Trocchi 1979). Camera traps ( Attack flash and Cuddeback C1 Flash models), 
were placed in a locked metal box, fixed on a tree trunk at 50-100 cm from the ground level and 
oriented so to point to the right direction of the animals’ movement. Every 15-20 days cameras were 
checked, runout batteries replaced and trapped photos and videos downloaded by Cuddeview X2 
programme.  

Non invasive genetic sampling 
From the genetic analysis of the cells found on the outern layer of fecal pellets, it is possible to get 

precise informations on presence and distribution of the different species of Lepus of a certain territory. 
While planning the sampling activities, a GIS software has been used for locating 50 random points 
within the area where the environmental suitability for hares resulted to be high (according to ISPRA 
model). 

Between march 2015 and genuary 2016, 45 point were surveyed and fecal pellets were collected 
and analyzed in accordance with two different mothods: 
1. Collection and conservation into a Buffer ASL and later, DNA extraction by using the QIAamp DNA 

Stool Mini Kit provided by Qiagen and optimized for DNA extraction from fecal elements 

!34



2. Collection and conservation into Falcon sterilized test tubes of 50 ml containing Silica gel and DNA 
extraction by using CTAB method (hexadecyltrimethylammonium bromide) (Doyle & Doyle 1987). 

Results 
Cameratrapping 

67 camera traps out of 141, shot images of hares. L. corsicanus was photographed in 22 points, L. 
europaeus in 38 and both of them in 7 sites. 

In 5 cases, it was not possible to identify correctly the species because the snow made the shots 
overexposed.  

The virtual grid of 2.5 km per side outlined 63 suitable quadrants. In 26 of them, hares were not 
observed, in 17 cases this was probably due to the fact that the quadrant host just one camera. L. 
europeaus was observed in 19 quadrants, L. corsicanus in 7, and both of them were registered in 11 
sections. On the base of the datas from the cameras shooting images of hares, it comes out that the 
distribution of italian/European hare in the Majella National Park follows four different patterns 
corresponding to as many areas with different orographic features (fig. 2): 
1. Area of Mounts Pizzi and Secine: italian hare is here more frequent, 12 camera traps out of 16 got 

shots of L. corsicanus only, 5 registered the presence of both species and none of them photographed 
L. europaeus; 

2. Area of Mounts Pizzalto and Rotella: all of the 8 camera traps took images only of L. europeaus. 
3. Majella Massiv: 24 cameras were placed, 20 provided only images of L. europeaus, 4 registered both 

species and none the italian hare only; 
4. Morrone Massiv: L. europeaus only was obseved from 13 cameras out of 21, L. corsicanus only 

from 5 and both species were seen in 2 cases. 

Figure 2: Areas with similar orographical features 

!  
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Non invasive genetic sampling 
The first analysis with “A” method turned to be successful in 42% of the samples; from 19 samples 

DNA could not be extracted and therefore they underwent an additional treatment, the “B” method and 
appropriate genetic material was recovered in 7 cases. 28 samples led to a precise identification of the 
species. Generally, the genetic survey  saw a success of 62%. 46% of samples were attributed to L. 
corsicanus (n.13) while 54% of samples to  L. europaeus (n.15). Of 19 different individuals, genotype 
and sex could be correctly identified, 10 were italian hares (8 males and 2 females), 9 were European 
hares (7 males and 2 females). Most samples were collected on snow while following fresh hares’ 
footprints impressed only few hours earlier or at last during the overnight. The samples from whose 
DNA could not be extracted were picked up also on snow but close to footprints that had been 
transformed by temperature or not really legible, the reminders on dry land or nearby spots of melting 
snow. 

Discussion 
Comparing the methods for investigating the presence of L. corsicanus and L. europaeus so to 

define their spatial distribution, the non invasive genethic sampling turns out to be  more efficient than 
camera trapping. 62% of fecal samples provided positive results while only 47% of camera traps 
procured usable images. 

However, if we consider the quadrants where both mothods were used, we have evidence that just 
in one of them, the genetic sampling provided more informations. On the other hand, cameras took 
useful images of L. corsicanus and/or L. europaeus in six quadrants where the genetic sampling of fecal 
pellets did not provide any information about. 

Moreover, we need to consider that camera traps caught additional images of several animals of 
particular interest like wolf, bear, wildcat, marten,porcupine, so we can finally assert that the use of 
camera trapping, where possible, is a efficient method of surveying the italian Hare. 

The information collected to date shows that the Lepus corsicanus is present in the Majella 
National Park in two areas with different characteristics also refearing to the coexistence with the 
European hare (fig. 3). In the southern section, this one  occupies exclusively, the area of Monts Pizzi 
and Secine; it becomes less frequent in the central and northern section where it visits the same places 
of L. corsicanus. The environmental analysis shows that L. corsicanus hangs out at broad-leaves woods 
more than L. europaeus (fig. 4) Their favourite slopes are those facing N and NE (fig. 5). Any particular 
difference between the two species concerning altitude preference.(fig. 6), even though, primary garzing 
uplands have not been considered in this work. Any dissimilarity also as far as the declivity of the 
slopes (fig. 6). 
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Figure 3: Sites where L. europaeus and L. corsicanus were observed during the survey 

� 	

Figure 4: Distribution of the two species of hares in relation to different environments 

!  
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Figure 5: Distribution of the two species of hares in relation to exposure 

� 	

Figure 6: Distribution of the two species of hares in relation to declivity of the slopes (left) and altitude 
(right) 

!  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Abstract 
In 2006, an area aimed to captive breeding of the Italian Hare (Lepus corsicanus De Winton, 1898) 

was set up into Marturanum Regional Park (Latium – Italy) both for scientific and conservation 
purposes. From 2008 to today, a total number of 7 field-caught and 4 captive-breed specimens from a 
distinct program have been introduced in the area, leading to many reproductive events and several 
further generations so far. 

Issues concerning many aspects of this breeding program and its contributions to restocking 
projects are discussed in the present contribution. 

Introduction 
The earliest record of Italian Hare Lepus corsicanus in the Marturanum Regional Park, consisting 

in a female died from EBHS (European Brown Hare Syndrome), dates back to 1998, while the 
taxonomic status of the species was still under clarification (Palacios 1996, Lo Valvo et al. 1997, Riga 
et al. 1998, Pietropaoli et al. 1999). It promoted a partnership between the Park and the former National 
Institute for Wild Fauna (ex INFS, now ISPRA) to study the local population and, further on, to setup a 
captive-breeding area for the species (Trocchi & Riga 2001). The main aims of the project were to 
investigate the biology of the recently assessed species and to preserve its genetic diversity by 
reintroduction and restocking to promote gene flow and reduce genetic drift. In 2004, the project 
“Conservazione della lepre autoctona (Conservation of the autochthonous Italian Hare)” received a 
grant from the Italian Ministry of Environment and Lazio Region in the framework program “Aree 
sensibili parchi e riserve (Sensitive areas, parks and natural reserves)” (APQ7). The structure was 
completed by the end of 2005 and the first hares were introduced in 2008. 

Area of study and methods 
Marturanum Regional Park was established in 1984 and it is part of the integrated system of parks 

and protected areas of Lazio Region, in central Italy (fig. 1). The park includes an area of about 1.000 
hectares of hilly pasture with sparse tree and unpalatable bushes, used for extensive livestock farming, 
called “Quarto”, and some 200 hectares of canyons with reverse altitudinal gradient of vegetation cover, 
form Mediterranean maquis (top) to mesophilic woodland (bottom) (Scoppola & Filibeck 2008). 

The captive Breeding Area of Italian Hare (BAIH from now on) is located in the “Quarto” section 
of the park (fig.1). In the same area, it lives also a natural population of L. corsicanus, while specimens 
of brown hare (L. europaeus), observed in the cultivated area surrounding the park, rarely penetrate it. 

BAIH extends over about 2.5 hectares (ha) and consists of six breeding enclosures of about 0.25 ha 
each and two sex-segregate enclosures of about 0.5 ha each, for acclimation. Metal-net fences separate 
enclosures from each other and anti-predator fence surrounds the whole area. 
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Figure 1: Geographic position of: the Marturanum Regional Park; the breeding area of Italian hare 
into the park (“BAIH” - star); the localities of field-catch from wild populations (“caught” - triangles); 
the breeding area managed by the Italian forestry autority (CFS) in Bieri (“bred” - circle) 
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All animals used in this breeding program are, or descend from, the 11 specimens listed in tab.1, 
either net-caught from natural populations or captive-bred in the Bieri area (Tuscany) managed by 
“Corpo Forestale dello Stato” (CFS: the Italian forestry authority) (fig. 1). Only seven or eight out those 
11 specimens appear to have successfully reproduced and therefore contributed to the progeny (see tab. 
1 for details).  

Table 1: Founder specimens in the captive breeding area of the Italian hare in the Marturanum 
Regional Park. Year: year of introduction in the area; Locality: geographic origin of samples (region in 
bracket); Origin (of the specimens): caught = by net-catching from natural populations, bred = from 
captive breeding; Nm and Nf = number of males and females respectively; Nme and Nfe = effective 
number of reproductive males and female 

Human intervention both to set up and to manage the BAIH is kept to minimum. Slight 
improvement of vegetation coverage and quality by plantation and sowing of plant species suitable for 
shelter and/or feed was performed at an early stage, followed by periodic modest operations to keep 
shrubs at bay. 

In each enclosure, hares were net-caught once or twice per year in order to assess their number and 
health conditions and to perform planned interventions such as veterinary procedures and tagging, 
parental couples management, relocating, release in the wild, exchange with similar projects (see 
further).  

Camera trap surveys were conducted to assess minimum number of individuals per enclosure and 
to detect newborns prior the periodic catching sessions. 

At any time, the maximum number of adult hares in each enclosure was equal to five, with the sex 
ratio as even as possible. New born were moved from enclosure of birth before sexual maturity to 
prevent inbreeding and to keep density lower than 25 ind./ha. 

Thanks to the relatively low population density, hares’ diet in BAIH is mostly based on natural 
occurring plants; food supply, namely carrots and apples, is only provided at severe drought or 
extremely harsh weather. Water is regularly provided in summers and unusually dry springs. 

Standard veterinary procedures performed at the periodic catch-sections include endo- and ecto-
parasites control and tagging of young by microchip implant. Occasional injuries were treated with 
antibiotics (Marbofloxacina or Enrofloxacina) and antiseptics (Iodopovidone and 4% Clorexidina); 
stitches were applied and bone fractures treated in few occasions. Since 2014, all animals get periodic 
EBHS vaccine. 

Year Locality Origin Nm Nme Nf Nfe

2008 Circeo (Latium) caught 2 1 1 1

2009 Vallinfreda (Latium) caught 2 2 1 1

2014 Bieri (Tuscany) bred 4 2-3 - -

2015 Castelfusano (Latium) caught 1 - - -

Total 9 5-6 2 2
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Results 
Since 2009 in the BAIH, sixty-six recorded individuals were born and grew old enough to be 

caught during the periodic sessions and tagged with individual chip. Some specimens lived in captivity 
more than five years, matching the maximum expected live spam for the species, and reproduced 
several time, while others never breed (or at least never produced viable progeny) in spite having lived 
long enough for sexual maturity and beyond. 

In order to asses dead causes, necroscopy was performed whenever possible, although most of the 
carcasses, particularly of leverets, were found in such bad conditions to make analysis unfeasible. An 
European Brown Hare Syndrome epidemic appear have caused several deaths in 2014, calling for a 
vaccination campaign from then onwards. In few other cases, the analysed carcasses carried high 
numbers of endoparasite worms, though it is more likely to be a concurrent cause of death than the 
primary one. Some leverets and young adults in apparent good health died for unknown reasons. 
Finally, rare events of predation can be hypothesized. 

At the present time, hares in the BAIH belong to the fourth/fifth partially overlapping generations 
born in captivity. 

From 2013 to 2016, in three different occasions, nine young hares were released from the BAIH 
into Marturanum R.P., five of which equipped with radio collars. Three out of the five were tracked 
down for several months, until the radio batteries died out; one lost the collar within few days; the last 
one was found dead of EBHS less than 10 days after release. Five specimens born in captivity were 
given to the C.F.S. breeding project in Bieri; 10 more specimens were donated to the “Arcipelago 
Toscano” National Park to be used in a project for the reintroduction of the species in the Elba Island. 

Discussion 
The results so far achieved prove that both the designated area and the procedures adopted in this 

project are suitable for survival and breeding of field-caught Italian hares and their born-in-captivity 
progeny. Preliminary radio-tracking data suggest also that captive-bred animals can survive at least 
several months once released into the wild. 

Although the overall mortality in the BAIH appears as expected in similar context, the high level of 
parasite infections and the deaths of apparently healthy animals might be related to inbreeding, due to 
the small number of founders. This and the extremely low number of animals left in the BAIH after the 
recent releasing, donations and deaths, make it crucial to input in the structure more hares from external 
origin. It is hence highly advisable a) to promote the current collaboration with the two existing 
programs in central Italy (i.e. the one in Bieri by CFS and the one carried on by “Provincia di 
Grosseto”, both in Tuscany); b) to perform new captures in wild populations from the same geographic 
area. In order to better assess the fitness in the wild of captive-bred hares and their actual suitability for 
reintroduction/restocking programs, more releases followed by more solid tracking protocols are 
needed. Therefore, the involvement of institutions such as ISPRA and “Direzione Regionale Ambiente e 
Sistemi Naturali” of Lazio Region (Guglielmi et al. 2011) it is vital to the future of the breeding area of 
the Italian hare in the Marturanum Regional Park. 
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Abstract 
The Italian Hare (Lepus corsicanus) is an endemic species living in central and southern Italy, 

"threatened" according to IUCN criteria and classified "vulnerable" in the IUCN Red List with trend "in 
decline". In the "National Action Plan for the Italian Hare" (ISPRA) the possible actions to help in the 
preservation of this species were identified, since this species represent an important component of the 
biodiversity of the Italian Mammals. The general conservation aims of the National Action Plan include 
the promotion of studies on the ecology, behaviour, environmental soundness, genetic variability and 
data collection. Thanks to the project on the preservation of Lepus corsicanus involving different Italian 
National Parks, promoted by the Ministry of the Environment, several conservation actions identified in 
the National Action Plan are in progress.  

In particular, the Circeo National Park, where the species is present, is carrying out several projects 
to monitor the Italian Hare populations status. 

In this context, it is important to estimate the numerical size of the populations, obtained by 
methods such as spot light census and the camera trapping. Unfortunately, in certain areas, such a 
method has proved to be less efficient because of the reduced visibility in dense vegetation condition. A 
good alternative, conducted by the Circeo National Park, was the identification of individuals of Italian 
Hare by genetic analysis of faecal samples and tissue fragments collected in the field.  

Introduction 
The Italian Hare is present with small populations in the Circeo National Park (Spagnesi and Toso 

1999, Zerunian 2005) and later to the strategies put in place with National Action Plan developed by 
ISPRA (Trocchi et al. 2001) studies on species began in the Circeo Forest (Guglielmi et al. 2011). The 
forest measures about 3.300 hectares and maintains many peculiarities regarding the Selva Terracina, 
the ancient coastal forest that occupied nearly 11.000 hectares before reclamation during the 30s. The 
Circeo National Park forest comprises three areas of Integral Nature Reserve:  Piscina delle Bagnature, 
Piscina della Gattuccia and Lestra della Coscia. the forest region that characterizes the Circeo forest is 
represented by the typical plain wood region (Del Favero 2010). The forest is an extremely rich and 
various ecosystem and, for his features, in 1977 it has been declared "Biosphere Reserve" under the 
program M.A.B. (Man and Biosphere), sponsored by Unesco.  

Study area and methods 
The activity was carried out from March 2015 to August 2016 in the SIC "Foresta Demaniale del  

Circeo". We analyzed 86 biological samples (81 fecal pellets, 4 hair samples) stored in ASL buffer 
(Qiagen) at -20°c. 

DNA was extracted with the Qiamp Stool Kit Qiagen. PCR primers used to genotype individuals 
are: Sat02, Sat12 (Mougel et al. 1997), Lsa1, Lsa2, Lsa3, Lsa4, Lsa5, Lsa6, Lsa8 (Krygeret et al. 2002), 
Sol33, Sol28, Sol08 (Surridgeet et al. 1997), Sol 30, Ocelamb, D7utri (Hamill et al. 2006), originally 
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designed for wild rabbit genome and then tested and implemented for several hare species. We repeated 
four independent amplification to evaluate data reliability and to obtain genotyping errors estimations 
(allelic drop-out = ADO; false allele = FA) (fig. 1). 

Figure 1: Fecal pellets before DNA extracting laboratory 

!  

The sexing method amplifies a DNA fragment on the Y mammals chromosome (SRY gene, present 
only in males) together  with a portion of an autosomal gene (Transferrin gene, present in males and 
females). PCR products were analyzed with an automatic sequencer ABI 3130xl and data were 
corrected and processed with the software Genemapper 4 (Life Technologies). 

The pellet research conducted in the study area, in order to assess the presence of the species,was 
supported by camera-trapping and spot light census techniques. The camera-traps were placed in 
different habitats in the Park, on trees trunks between 30 to 50 cm from the ground, depending on shrub 
coverage. The models used were: the model IRPLUS BFHD, 5 Mpixel/FullHD, the model LTL Acorn 
6210HD 12 Mpixel, and the model CUDDEBACK C2 - 20 Mpixel. Every device was set to record a 
picture, the next video of 30 sec at high resolution and a trigger interval of 1 minute (fig.2). 
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Figure 2: Photografs of Lepus corsicanus from nocturnal and diurnal camera trap footage 

The night monitoring was conducted seasonally with the ISPRA and National Park staff and 
equipments (fig. 3). 

Figure 3: Lepus corsicanus during spot light census by foot 
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Results 
On a total of 85 biological samples analyzed (fig. 4), 40 samples were reliably genotyped, 

corresponding to 19 different Italian Hare genotypes (obtaining positive rate for 47% of the samples). 
Applying a sexing protocol to non-invasive samples it was possible to discriminate 14 males and 5 
females. 

Figure 4: Biological samples: fecal pellet ad tuft of hair collecting 

Three out of 15 loci were found to be monomorphic. In general the genetic variability shown is 
quite low (tab. 1), according to values found in bibliography for this species (Mengoni et al. 2015) 

Analyzing the resampled faecal pellets of the same individual, it’s clear that the home range for 
some hares is of maximum 5590 square meters area and a maximum of 217 meters of linear distance 
(fig. 6). 

Discussion 
The pellet collection in the field has proved to be quite difficult, especially within the underbrush. 

For this reason a collaboration within the Circeo National Park and ISPRA is in progress to improve the 
collection with the help of scat-detection dogs (Beebe et al. 2016) (fig. 7).  

The Italian hares pellet search has been useful to identify areas where to begin with environmental 
improvements for the species. In particular in ecotone and discontinuous areas between the oak grove 
and mature domestic pine forest within the SIC "Foresta Demaniale del Circeo”, we hypothesized 
forestry interventions in order to extend the grazing habitat for the species (a “cutting draft” is under 
review for authorization). 

Results obtained from this study, implemented with the ongoing research, allowed to identify 
different individuals of the populations and animals movements within the sampled area and foraging 
areas. These informations represent an useful tool in order to ensure an efficient management of this 
species and to look for new conservation strategies. 
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Table 1: Heterozygosity values of the 19 genotypes detected: Na indicates the number of alleles for each 
microsatellite locus; Ho and He indicates the observed and expected heterozygosity. 

Locus Na Ho He

Lsa3 1,000 0,000 0,000

Lsa4 2,000 0,053 0,051

Lsa5 3,000 0,737 0,605

Lsa6 4,000 0,211 0,195

Lsa8 2,000 0,263 0,229

Sol33 2,000 0,316 0,332

Lsa1 2,000 0,053 0,051

D7utri 3,000 0,421 0,445

Sol30 5,000 0,444 0,611

Sol08 2,000 0,000 0,266

Sat02 5,000 0,789 0,708

Ocelamb  1,000 0,000 0,000

Sat12  1,000 0,000 0,000

Sol28 4,000 0,737 0,677

Lsa2 3,000 0,353 0,306
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Figure 5: Map of the 19 genotypes localization 

!  

Figure 6: Map of four genotipes of Lepus corsicanus and their home ranges 

!  
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Figure 7: The English Springer Spaniel dog utilized in the scat detection sperimentation 

!  

References 
Beebe S.C., Howell T.J.,Bennett P.C. 2016. Using Scent Detection Dogs in Conservation Settings: A 

Review of Scientific Literature Regarding Their Selection. Front. Vet. Sci. 3: 96. doi: 10.3389/fvets.
2016.00096 

Del Favero R. 2010. I boschi delle regioni dell'Italia Centrale - Tipologia, funzionamento eselvicoltura. 
CLEUP Ed. 

Guglielmi S., Properzi S., Scalisi M., Sorace A., Trocchi V., Riga F. 2011. La Lepre italica nel Lazio: 
status e piano d’azione. Edizioni ARP, Roma.; 80 pp. 

Hamill R.M., Doyle D., Duke E.K. 2006. Spatial patterns of genetic diversity across European 
subspecies of the mountain hare, Lepus timidus L. Heredity 97: 355-365 

Kryger U., Robinson T.J., Bloomer P. 2002. Isolation and characterization of six polymorphic 
microsatellite loci in South African hares (Lepus saxatilis F. Cuvier, 1823 and Lepus capensis 
Linnaeus, 1758). Molecular Ecology Notes 2: 422-424 

Mengoni C., Mucci N., Randi E. 2015 Genetic diversity and no evidences of recent hybridization in the 
endemic Italian hare (Lepus corsicanus). Conservation Genetics, 16, 477–489 

Mougel F., Mounolou J.C., Monnerot M. 1997. Nine polymorphic microsatellite loci in the rabbit, 
Oryctolagus cuniculus. Animal Genetics 28: 58-71 

Surridge A.K., Bell D.J., Rico C., Hewitt G.M. 1997. Polymorphic microsatellite loci in the European 
rabbit (Oryctolagus cuniculus) are also amplified in other lagomorph species. Animal Genetics 28: 
302-305 

Spagnesi M., Toso S. (eds.) 1999. Iconografia dei Mammiferi d'Italia. Ministero dell'Ambiente Ser. 
Conservazione Natura- Istituto Nazionale per la Fauna Selvatica: 198 pp. 

   !53



Trocchi V., F. Riga (eds.) 2001. Piano d’azione nazionale per la Lepre italica (Lepus corsicanus). Quad. 
Cons. Natura, 9, Min. Ambiente - Ist. Naz. Fauna Selvatica. 

Zerunian S. 2005. Emergenze faunistiche del Parco Nazionale del Circeo (Vertebrati): gestione 
finalizzata alla conservazione. Pp. 71-80 in: Zerunian S. (ed.) 2005 – Habitat, flora e fauna del Parco 
Nazionale del Circeo. Uff. Gestione Beni ex ASFD di Sabaudia – Parco Nazionale del Circeo. 

The research is carried out by the account of the Circeo National Park under Action System in the 
National Parks " Conservazione della lepre italica (Lepus corsicanus)" funded by the Ministry for 
Environment, Land and Sea with special guidelines for activities aimed at the conservation of 
biodiversity. www.parcocirceo.it 

!54



Habitat suitability model for Lepus corsicanus in the Circeo National 
Park: implementation and management implication 
Francesco Riga1, Daniela Mastrodomenico2, Mario Fortebraccio3, Servizio biodiversità e reti 
ecologiche4 
1 Istituto Superiore per la Protezione e la Ricerca Ambientale, francesco.riga@isprambiente.it 
2 Dottore in Ecobiologia, daniela.mastrodomenico@gmail.com 
3 Dottore Forestale, fortebraccio.mario@gmail.com 
4 Parco Nazionale del Circeo, conservazione@parcocirceo.it 

Abstract  
After the recognition of Lepus corsicanus as a “good species”, a first survey in Circeo National 

Park showed that L. corsicanus is the only hare inhabiting the protected forest. This research was 
initially followed by occasional surveys within the project for the definition of Italian hare status in 
Lazio; since 2013 systematic monitoring of the species carried out in the Circeo N.P.. 

The presence data used in this work are taken from a research conducted from March 2015 to 
August 2016, obtained by techniques as spot light census and camera trapping and by finding of 
biological signs (faecal pellets and tufts of fur). 

This work aims to create an Italian hare distribution model in the Circeo N.P. using the most 
updated data relating to the species and its habitat, including information about other species in order to 
analyze possible competition/predation dynamics. We used the software MaxEnt 3.3.3k, considering 
nine layers for this analysis: DEM to 20 m, land use, distance from meadows that draws a distinction 
between big clearings and ecotone areas, distance from path forestry and from roads, data on ungulates 
(Sus scrofa and Dama dama), dogs and foxes. 

We defined the wild boar impact on lowland forest interpolating the rooting activity assessed in 
sample plots; for fallow deer and predators, we built a kernel density estimation using data collected by 
distance sampling with thermal imaging camera and camera trapping. Our model clearly demonstrates 
the higher contribution of the variable “predators” compared to other variables taken in account. 

Introduction 
The history’s steps of Lepus corsicanus in the Circeo National Park are: first survey was made a 

few months later the evaluation of the taxonomic status as a “good species”, to find wich species of 
lepus genus was living in the PN Plain Forest. A little population of Lepus corsicanus was found 
(Zerunian 2005). In 2007-2009 was carried out a research, that supported the theory of presence/
distribution of L. corsicanus in CNP (Guglielmi et al. 2011), for the definition of conservation status 
and distribution of Italian hare in Lazio Region by ex ARP of Lazio Region and ISPRA. 

 Systematic surveys in the Park area have been started since 2013, to obtain more information about 
the presence of the Italian hare in the different habitats of the Park. The data were collected with 
different methods: pellets resource, spot light census and camera trapping at first; and then systematic 
project for collection of biological samples for genetic monitoring and camera trapping. 

Presence data of last research were used to develop a model of suitability for help to find areas with 
higher probability of presence and support management practices through evaluation of variables 
response. In fact species distribution model are becoming increasingly popular in ecology, for instance 
for predict distributions starting to presence or abundance of species and environmental predictors 
(Elith et al. 2006). The information about where a species occurs (and where it does not) and about the 
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associate environment are uses to predict how likely the species is to be present or absent in unsampled 
locations (Latimer et al. 2006). 

Study area and methods 
The Circeo National Park is locate in southern Latium (fig. 1) and it is characterize by different 

habitat in a little space: coastal dune, four lakes, continental dune in part cover by plain forest, Circeo 
promontory and Zannone island.  

The research started on March 2015 and finished on August 2016. The survey was carried out in 
forest, promontory and dune, but Italian hare data were collected only in the plain forest. The forest 
vegetation is composed by oak woods mostly and less by pine forest. In most of this forest there is a 
dense undergrowth and the forest paths provide by open areas. The plain forest area (about 3300 
hectares) is enclosed by routes and fields. Another piece of forest is locate in south of this, separate by 
routes and buildings (fig. 1).  

Figure 1: Localization of Circeo National Park, presence data of Lepus corsicanus and survey areas in 
the Forest 

We used environmental and animal data to identify the importance of different environmental 
feature for L. corsicanus in Circeo Nationa Park. The habitat suitability model was created base on 
“maximum entropy modeling” method, an approach that Phillips et al. (2006) adjust for analyze species 
distribution. The analyses was achieved by Maxent software (Phillips et al. 2006, Phillips & Dudik 
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2008; version 3.3.3k, http://www.cs.princeton.edu/~schapire/maxent/). This software is a multivariate 
approach that estimates the distribution of a species by finding the probability distribution of maximum 
entropy, subject to constraints representing our incomplete information about the distribution (Phillips 
et al. 2006). 

The basic concept is that the true and unknown distribution of a species is represented as a 
probability distribution p over the set X of sites in the study area (in other words all the cells of study 
area). This distribution p fit by a probability distribution p^ that respects a set of constraints connect to 
environmental variables, that are derived from the occurrence data. The principle of maximum entropy 
suppose that the distribution that approximate p is the distribution p^ with the maximum entropy that 
guarantee the utilization of all information and avoiding constraint not justify on p^ . The method uses 
regularization mechanism to prevent model complexity (Phillips et al. 2006, Phillips & Dudik 2008). 

This is a valid method in case of presence of negative false (these are data of absence not verified); 
this is an important factor for species that occupy a part of their areal. The model of maximum entropy 
work well also with small samples.  

The information used are only presence data obtained by camera trapping, spot light census and 
genetic monitoring (faecal pellets and tufts of fur). These data were selected to remove geographically 
adjacent samples and to avoid autocorrelation. Finally we used 43 points of presence with a distance 
between them not lesser than 40 m. 

The analysis was carried out by interpolation of geographic data got by different tematism in the 
form of square cell grid of 20m, using ArcGIS (ArcGis 10, ESRI 2010).    

Nine layers were used for the evaluation: a Dem to 20 m, land use (9 category*) and different 
layers concerning environmental factors. There were included layers about presence of big clearings/
open areas (areas with a minimum dimension of about 2000 m2) and ecotone areas (areas with a 
minimum dimension of about 350 m2) and layers refers to path forestry and roads near the study area.  

Use of soil Map have this layers: 1) Herbaceus dense area (graminacee), 2) Routes 3) Oak forest 
with more English oak, 4) Eucalyptus riforestation 5) Artificial coniferus forest of domestic and 
maritime 6) Mixed forest and plantation of mediterranean pine or cipress 7) Steppic pasture of 
Ampelodesmos mauritanicus and/or of Hyparrhenia hirta, 8) High scrub, 9) Turkey oak forest with  
Quercus frainetto  

Variables “open area”, “ecotone”, “paths” and “routes” were obtained as distance from this 
category by the use of “Euclidean distance” tool on ArcGIS (ArcGis 10, ESRI 2010).    

To evaluate the interaction between this species and other animals, in the analysis were included 
layers concerning wild boar (Sus scrofa), fallow deer (Dama dama), fox (Vulpes vulpes) and stray 
dogs.“Sus scrofa” layer was produced from monitoring of rooting activity carried out in 2015 
(Mastrodomenico et al. 2016). The mean rooting value obtained in sample plots were interpolating in 
the study area through tool “Kriging” (ArcGis 10, ESRI 2010).  

In 2015 were also collected data for fallow deer by distance sampling and thermal infrared imagery 
(infrared thermocam): starting to location and number of individuals we produced a kernel density 
estimation (ArcGis 10, ESRI 2010). Similarly the camera trapping data of foxes and dogs were used to 
produce a layer of potential predators through tool “Kernel density” in ArcGIS (ArcGis 10, ESRI 2010).  

All the raster were converted to .asc format and were included in Maxent. The Maxent setting 
includes: 100 replicates subsample, maximum iteration of 5000, 10000 random points of background. 
The map of suitability was made for the whole study area. 

A performance measure of the model is the area under the Area under curve (AUC) through the 
jackknife statistic method. The validation compared the predicted values of environmental suitability to 
the presence data, therefore obtaining the ROC curve (Receiver Operating Characteristic) and infer the 
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AUC. This method consider the whole area under curve (ROC) that representing in all points the 
relationship between the number of false positives and the true positives that result by the application of 
a classifier on a set of classifiable points. The AUC of a classifier is equivalent to the probability that 
the classifier will rank a randomly chosen positive instance higher than a randomly chosen negative 
instance (Fawcett 2006). Models whit higher AUC are more accurate because more area is under the 
curve and it is nearest to the perfect classifier (vertical axis from the point (0,0) that give back only true 
positive). The AUC value goes from 0 to 1, this range is linked to the probability that a random site of 
presence, have predictive value higher than an absence site (Phillips et al., 2006). 

The jackknife test help to understand variables importance: each variables is excluded in turn and a 
model created with the remaining variables; then a model is created using each variable in isolation; in 
addition a model is created using all variables. The results allow to evaluate variables that are useful or 
not useful to estimate the distribution.  

The output of Maxent include also curves that show how each environmental variables affect the 
model prediction. The value shown on the y-axis is probability of suitable conditions, setting all other 
variables on their average value on the set of presence localities. 

Results 
The output model is the mean of 100 repetitions (fig. 2), this exhibit the suitability values and show 

the distribution of real and potential areas in the Park.  
This model show also a good performance, the AUC value corresponds to 0.959 (standard 

deviation=0.031) (fig. 3). 

Figure 2: Habitat suitability model for PNC 
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Figure 3: ROC curve 

The evaluation of percent contributions of the environmental variables to the Maxent model (tab. 1) 
and also the evaluation of the jackknife test (fig. 4), shows that the environmental variable with highest 
information is predators. When “Predator” was used in isolation this variable had highest gain, when it 
was not include in the model there was a gain decrease. After “Predator”, “Open areas” and “Ecotone” 
were the other variables with highest gain/decrease of gain.  

There are show below variables order by decreasing of percent contribution: “predator” (81.5%), 
“ecotone” (7%), “open areas” (6.3), and with lower values “CUS” (2.2%), “paths” (1.6%), 
“routes” (0.9%), “Dem” (0.2%), “Dama dama” (0.2%) e “Sus scrofa” (0.1%).  

Evaluating the relationship between variables and suitability values (fig. 5), the output is 
summarize as detailed below: 

- high suitability for higher density values of predators 
- high suitability for lesser distance from big “open areas”. The probability of presence firstly 

decrease, and after there are some fluctuations  
- high suitability for lesser distance from ecotone areas. The probability of presence firstly 

decrease, and after there are some fluctuations  
- high suitability for category 1 of CUS, lesser values for category 5, while the other category 

have same values except 2 that have an higher value 
- high probability of presence for higher value of Dem and a decrease for the maximum value of 

Dem  
- less probability of presence for higher value of variable Dama dama  
- high probability of presence for higher value of rooting by Sus scrofa 
- lesser suitability for higher distance from path forestry 
- little variation for distance from roads. 
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Table 1: Variables contribution to model. Percent contribution of variables  
and their percent decrease of AUC after permutation 

Figure 4: Jackknife test 

 

Variable Percent contribution Permutation importance

Predatori 81.5 87.4

Ecotono 7 3.8

Aree aperte 6.3 1.7

CUS 2.2 0.6

Sentieri 1.6 3.3

Strade 0.9 2.7

Dem 0.2 0.3

Dama dama 0.2 0.1

Sus scrofa 0.1 0.1
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Figure 5: The response curve show how variables influence the model. The value shown on the y-axis is 
predicted probability of suitable conditions, with all other variables set to their average value over the 
set of presence localities 

Discussion 
The Italian hare is present only in the Plain Forest, and its distribution is restricted to some areas. 

Through Maxent analysis it was possible to obtain information and guidelines for the management of 
the species and the forest by evaluation of environmental factors that influence Lepus corsicanus 
presence and distribution. Predators and availability of meadows are fundamental factors for its.  

The management of meadows is necessary because this type of habitat are in a small number, and 
the open areas that exist are effectively used. The forest management have to be characterize by the 
creation of this areas and the maintenance also through the exclusion of wild boar and fallow deer, 
above all in the first period. The area created for this purpose in the Park is useful to understand how to 
make and manage them.  

Also, in the forest, is important to manage the presence of stray dogs, especially because higher 
probability of Italian hare presence correspond to higher value of predator density.  

The response curve do not identify an important rule of wild boar and fallow deer, but a substantial 
impact of this species in the area can influence the whole ecosystem, and not only Lepus corsicanus. 
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Abstract 
The Italian Hare (Lepus corsicanus) is an endangered species, included in the first annex of the 

IUCN Red List of European mammals mediterranean, in the Vulnerable species list. 
Three different haplotypes were recognized, by DNA analysis, in Central and Southern Italy areas 

and in Sicily region. Currently, ISPRA, on behalf of the Ministry of the Environment, has drafted the 
"National Action Plan for the Italian Hare" which shows the importance of undertaking concrete 
conservation actions for the species. The Action Plan promotes the creation of wildlife areas in order to 
study biology, behavior, eating and reproductive habits of the species. For this purpose, the Regional 
Park Gallipoli Cognato Piccole Dolomiti Lucane, Basilicata, since 2004, having verified the presence of 
Lepus corsicanus in its area, has started conservation efforts "in-situ" and "ex situ", referring to the 
Southern Italy’s haplotype.  

Introduction 
The Regional Park of Gallipoli Cognato - Piccole Dolomiti Lucane programmed actions finalised 

to the conservation of Lepus corsicanus populations, acording with Dept. Environment, Territory and 
Sustainable Policy of Regione Basilicata. 

During 2007, a wildlife center was set up, a fenced area of about 3.5 hectares, located within the 
SIC-ZSC Gallipoli Cognato Forest, at about 800 m s.l.m. in Southern Apennines.  

Study area and methods 
The area is characterized by the presence of species of trees, shrubs and herbaceous typical of 

habitats 6210 natural dry grasslands and scrubland facies on calcareous substrates - Festuco-Brometalia 
and Forests 91M0 Pannonian-Balkanic turkey oak and entered the Annex 1 of  Dir. 92/43/CEE (fig.1). 

Currently there are five pens used for the breeding of  L. corsicanus (fences n. 1, 2, 3, 4, 5), is 
nearing completion the fence no. 6. They are made with galvanized mesh network of rhomboid 5 cm, 
height 200 cm, of which 15 cm underground, are fixed to a curb-hardened and protected by electricity 
(fig. 2).  

The breeding phase began in 2008 with five founding hares, captured within the area of the 
Regional Park and housed in a single enclosure of 1 hectare. Following the reproduction of these 
individuals and the enlargement of wildlife centre, it has been possible to place a male and two females 
in each enclosure. The young hares born remained in the enclosure until the end of the summer and then 
moved to another enclosed area. 

The feeding was composed of spontaneous grass species integrated with other species, such as 
common chicory, grains of oats and feed pellets, especially during drought and cold conditions (fig. 3). 

About the sanitarian management, the founding hares and the new-borns have been vaccinated 
against EBHSv and treated against ecto parasites.  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Figure 1: Location of the wildlife centre in the Habitat 6210 and 91M0 
 

Figure 2: The fences the wildlife area for breeding of the Italian hare 
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Figure 3: Supplementary feeding: chicory plants and grains of oats 
 

Results 
From 2009 to 2015, through catches within the breeding areas, the Parks has certified the birth of 

55 young hares (tab. 1).  
The reproductive period was between the months of April and August, but the new-borns belonging 

to the parts occurred in April and May were preyed by diurnal and nocturnal raptors. Consequently, 
mortality decreases as springtime goes on. In the used pens, an increase in tick infestation has been 
recorded, determining the weakening and loss of some young hares. Specific agronomic practices help 
to contrast these infestations. 

Discussion 
The Italian hare breeding is quite difficult. Particularly, the breeding in the field provoke the 

excessive consumption of natural vegetation, with constant recourse to supplementary feeding. 
For this in the wildlife centre every year the operators making the agronomic practice: plowing an 

sowing of oats (fig. 4). 
The animals in the fences suffer when are infested by ticks that cause a general weakening of the 

subjects, the appearance of opportunistic lesions with declining reproductive performance. It was 
detected in adult males of crusted lesions of the ano-genital, making the possible presence of venereal 
diseases in lagomorphs (syphilis). In this case, it’s important the agronomic practice like plowing and 
burning and leaving empty the enclosures for several year.  

The presence of predators including nocturnal and diurnal raptors, marten, wild cat and fox, despite 
defense systems, represent a significant mortality factor especially among young people. 

The selvicoltural practice, like pruning the branches that allow the passage of predators in 
enclosures and planting native plant species (rosehip, blackthorn, bramble) to create shelter to the hares, 
are fundamental (fig. 5). 
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Table 1: Framework summary of the Italian Hare products in wildlife centre 

 
Figure 4: Agronomic phases: plowing, sowing of oat. signs of hare bite on oat seedlings 

Period of capture Juvenile Note

September 2010: 
8 Females

8

September 2011: 10 Females 9

From 12 Females 
On March 2012 
to 3 Females

/
Mortality caused by extraordinary snowfall

September 2012: 
3 Females

4

September 2013: 
5 Females

6

September 2014: 
7 Females

9

August – October 2014 4 juvenile + 5 adult Restocking PN Appennino Lucano

November 2016 6 adult Restocking PN Appennino Lucano

TOTAL 55 juvenile

Current level 9 hares
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Figure 5: Silvicultural practices: restores vegetation in the enclosures, with native species plants 
(rosehip, blackthorn and bramble), for forming the refuge of the hares and the ecotone band between 
the forest and the meadows. Cutting branches above the electrified fence. 

The Regional Park promotes various researches and studies, to support the activities of the 
management of wildlife. 

Together with the University of Basilicata (Freschi 2014) has been studied the feeding behavior of 
the Italian hare, in order to know the suitable sites for the species in the Regional Park. 

It is an ongoing study of the health aspects linked all'Ixodidofauna in collaboration with the 
Institute of Parasitology - Parasitic Diseases Faculty of Veterinary Medicine of Bari, to identify possible 
strategies to combat pests and diseases transmitted by arthropods. 

It is being published a clinical and radiographic study on the subject, aimed at assessing the times 
of disappearance of the tubercle of Stroh, held at the Institute of Surgical Clinic of Bari Veterinary. 

The wildlife areas may contribute positively to the conservation of species and play an important 
role in achieving the restocking activities (fig. 6) into Italy still suitable areas (measure provided for in 
the National Action Plan for the Italian Hare), providing for an implementation. 

Figure 6: Restocking activities 
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In the light of the first experiences obtained from breeding activities and the placing of the Italian 
hare but it seems a priority to consider some aspects, such as: 
• have a sufficient number of fenced areas and large enough to accommodate the voids and to ensure 

the health of periodic breeding areas; 
• identify strategies to address the possible health threats to living animals in semi freedom; 
• implement measures to encourage the survival of hares (3 fetuses / female, De Marinis et al. 2007b); 
• the availability of sufficient funds for the proper management of the wildlife; 
• provision for the development of technical specifications release of livestock and appropriate 

monitoring to facilitate the adaptation of species and reduce mortality. 
Finally, among the specific aims of this area, there is the purpose to use this hares for restocking 

programs. In 2014, a project of reintroduction started in another protected area of the Basilicata Region 
with the release of a group of nine marked individuals. This has allowed the highlighting of the 
difficulties of survival and adaptation of individuals newly entered and the need to identify appropriate 
techniques of release. The wildlife centres and the "ex situ" conservation projects can play an important 
role in the conservation strategies of this endemism. 
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