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Man is the most insane species. He worships an invisible God and destroys a visible

Nature. Unaware that this Nature he’s destroying is this God he’s worshiping.

L’uomo é la specie piu folle: venera un Dio invisibile e distrugge una Natura visibile.

Senza rendersi conto che la Natura che sta distruggendo é quel Dio che sta venerando.

(Hubert Reeves)
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Summary

The crested porcupine (Hystrix cristata) is a native African rodent and among European

country is present as naturalized specie only in Italy.

In Italy the crested porcupine is a widespread species with a population trend that is in
expansion. The porcupine is able to adapt itself to different habitat type where vegetation
offers adequate woody and/or bushes covered and food availability. However, habitat
diversity and environmental fragmentation are a key factor for the presence of this rodent. In
the Italian agro-ecosystem the crested porcupine benefit from the increase in the production of
agricultural crops leading to an increase of porcupine-human conflict. The crested porcupine
is indeed considered a pest species due to the agricultural crop demage as well as damage
performed to manmade riverbanks in which dig its burrows. For these reasons and also for its
tasty meat the poaching of this rodent is widely diffused in Italy.

The crested porcupine is strictly protected by European Law with the Bern Convention of
1979 and by Italian Law since 1981 with the National Law n. 503 of 1981 and it is included in

the IUCN Red List of threatened species among the “Least concern” species.

To date in Italy, despite the strict protectionist regime and the high conservation interest of the
crested porcupine, there are not tools and plain for porcupine management. No data are indeed
available concerning the density and abundance of the Italian porcupine population and no
census method exist for this species. Moreover, very few knowledge are available on

behavioural ecology and there is no data concerning the health status of porcupine population.

In this study, between 2016 and 2019, new behavioural ecology and health aspects of a
porcupine population were investigated in two experimental areas in order to contribute to

new knowledge tools potentially useful for the management and conservation of the species.

In both study areas geolocation and distribution analysis of ground entrance holes and
settlements were performed. Among the geolocated settlements, 16 in the experimental area 1
(EA1) and 8 in the experimental area (EA2) were chosen as experimental settlements. All the
experimental settlements were continuously monitored by camera-trapping in order to
investigate the spatio-temporal use of settlements by porcupine and detect and describe new

behavioural ecology aspects of this rodent.



Moreover, in order to better understand the spatio-temporal use of settlements porcupine
capture-marking campaigns were performed. Each captured porcupine was individually
marked in order to make it recognisable in the camera traps videos.

Biological samples (e.g. feaces, blood, kidney and intestine) from captured and road killed
porcupines were collected for health status investigations. Faecal samples for parasitological

analysis were also collected along transects.

The ground holes geolocated resulted clustered in well defined and circumscribable
settlements with very variable sizes ranged from 2 to 20 ground holes. The settlements
occurrence was mainly recorded in woody areas within 100 meters from feeding areas,
showing a marked preference of the porcupines for ecotonal zones. The settlements are
mostly distributed in binary systems called “stations”. Each station is characterized by the
presence of two settlements near one to each other no more than 250 meters, opposite oriented
and connected on the surface by a dense network of pathways. The settlements show a
preferred orientation trend throughout the North-west and South-east axis. The Manly index
shows a positive selection for South-east oriented ridges, a negative selection for those to

North-east and absence of selection for North-west and South-west sector.

The crested porcupines resulted to be the main and faithful inhabitant of settlements and
occasionally can co-habit with badger. The settlements inhabitation frequency by the
porcupines on the total monitored settlements was about 70%.

Each settlement was always inhabited by only one porcupine family group ranged from 2 to 6

individuals.

Each porcupine family group always alternatively and complementarly inhabited two
settlements belonging to a station with a different inhabitation pattern. The inhabitation of the
two settlements resulted not season dependent while South-west and North-west oriented
settlements were most frequently inhabited. New investigations concerning the factors
influencing the use of settlements by the porcupine are neccessary.

Data obtained concerning the settlements inhabitation frequency and the spatio-temporal
inhabitation of settlements by porcupines allowed us to elaborate for the first time the
estimation of Porcupine Population Abundance (PPA) and a preliminary census model. The
density of porcupine in the two experimental areas resulted to be 3.9 individuals/km? in EA1
and 3.6 individuals/km? in EA2.



The videos recorded by the camera-traps allowed us to observe and describe new behavioural
ecology aspects of crested porcupine such as the reproduction behaviour in the wild and the
pattern of first emerging time from burrow during the year. Moreover, two peculiar
behaviours, the “sunbathing” and the scavenging on carcasses, are here describe for the first

time.

Parasitological analysis allowed us to identified six different parasites: Cryptosporidium sp.,
Trichuris spp., Capillaria sp., gastrointestinal strongyles, coccidian oocysts and Giardia
duodenalis assemblage B. Serological positivity for Leptospira with a prevalence of 58% (7
out of 12) was found and for the first time the isolation of Leptospira interrogans serogroup
Pomona serovar Pomona on a road-killed porcupette was performed. In addition preliminary

porcupine haematological and biochemical values were obtained.

The results obtained in this investigation provide a new set of knowledge tools on crested
porcupine biology that could be usefull for the management of this precious rodent of the
Italian fauna. Further investigations concerning some of the new behavioural ecology aspects

observed in this study and on the health status of porcupines are desiderable.



1.Introduction



The Old World Porcupines

The Old World Porcupines belong to the order of Rodents, suborder Hystricomorpha or
Hystricognata, superfamily Hystricoidea, family Hystricidae. The suborder Hystricomorpha
or Hystricognata is assigned depending on whether zygomasseteric structure (anatomical
arrangement of the masseter muscle of the jaw and the zygomatic arch of the skull) or lower
jaw structure (processus condylaris) is respectively considered (Wood 1985). The superfamily
Hystricoidea also includes the family of Erethizontidae called New World Porcupines
(Dieterlen et al. 1974). The family of Hystricidae include three, all existing, genera: Trichys,
Atherurus and Hystrix which are distinguished by different degrees of specialisation (Van
Weers 1979, 1983, 2005; Jori et al. 1998, Rovi-Ryan et al. 2017).

The genus Trichys, long-tailed porcupine, is a monotypic genus with only one species (T.
fasciculata) (Fig 1A). It is the least specialised genus and the only one that is limited to
Southeast Asia (Malaya, Sumatra and Borneo) (Van Weers 1976, 1983, 2005). The
porcupines of genus Trichys are characterized by short spines, long tactile bristle and long tail
with bristles from 5.5 to 22cm and without brush (Dieterlen et al. 1974, Van Weers 1976,
1983).

The genus Atherurus, brush-tailed porcupine (Fig 1B), occurring in Africa as Atherurus
africanus and is represented in Southeast Asia with Atherurus macrourus (Jori et al. 1998).
The porcupines of this genus have the skin fully covered by long spines and a typical long
tail-brush (up to 26 cm) covered with a mixture of hair and quills. The base of the tail is
covered with a mixture of hair and quills, the middle part is scaly, hairless and it ends with a
tuft of white bristles with the shape of a brush (Van Weers 1983, Jori et al. 1998). The A.

africanus also present a small number of quills at the hind part of the back (Van Weers 1983).

Figure 1. (A) the long-tailed porcupine (T. fasciculate) and (B) the brush-tailed porcupine (A.
africanus) (Photos by Klaus Rudloff)
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The genus Hystrix, short-tailed porcupine, is the most specialised genus and includes three
subgenera: Acanthion, Thecurus and Hystrix (Van Weers 2005) (Fig 2). The species of genus
Hystrix present the body covered by quills that may be different in length and colouration and
a short tail with rattle-quills. In most Hystrix species crest is also present (Van Weers 1976,
1983).

Figure 2. Porcupines of genus Hystrix: (A) porcupine of subgenus Acanthion (H. (A.) brachyura)
(Photo by Sean Crane), (B) porcupine of subgenus Thecurus (H. (T.) crassispinis) (Photo by Animal
Database) and (C) porcupine of subgenus Hystrix (H. cristata) (Photo by Felicioli)

The subgenus Acanthion occurs in Asia and includes two species, H. (A.) brachyura and H.
(A.) javanica. In H. (A.) brachyura the subspecies H. (A.) b. Brachyuran, H. (A.) b.
subcristata and H. (A.) b. hodgsoni are distinguished (Van Weers 1979, 2005).

The subgenus Thecurus also occur in Asia and includes three species: H. (T.) sumatrae, H.
(T.) crassispinis and H. (T.) pumila (Van Weers 2005). However, study performed by Rovie-
Ryan et al. (2017) suggests that H. (T.) crassispinis should be classified as Hystrix

crassispinis.

The subgenus Hystrix is represented by three species H. (H) indica in Asia, H. (H)
africaeaustralis in Africa and H. (H) cristata in Africa and Italy (Corbet and Jones 1964, Van
Weers 1983, 2005).
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Morphology and distribution of porcupines of subgenus Hystrix

The porcupines of the subgenus Hystrix are medium-sized rodents with a stocky and muscular
body. The limbs are short and covered with bristles. The hand has four fingers with strong
nails and the thumb is atrophied. The foot is longer than the hand with a developed big toe.
Both hand and foot have a typical aspect of plantigrades (Toschi 1965) (Fig 3). The head is
globular and stocky with skull convex and very elongated and enlarged nasal bones (Toschi
1965) (Fig 4). The nose is very large, S-shaped and with black whiskers (Dieterlen et al.
1974).

Figure 3. Hand (left) and foot (right) of Figure 4. The ear (left) and the nose (right) of
porcupine, the atrophied thumb in the hand is porcupine (Photo by Felicioli).
visible (Photo by Felicioli)

The eyes are side, small, dark and have no eyelid (Tinelli and Tinelli 1983). The ear is
characterized by a small but well-structured auricle (Felicioli 1991) (Fig 4). The incisor teeth
(N=4) are continuously growing, robust and curved. The lower incisors are longer and less
curved (Fig 5). Molars (N=6) and premolars (N=4) very similar to each other with an
elliptical crown (Toschi 1965, Dieterlen et al. 1974, Angelici and Luiselli 1999). The body
length ranged from 60 to 90 cm, including tail (Kingdon 1974, Van Weers 1983). The adult
body weight is up to 18-20 Kg with a mean of 15 Kg (Santini 1980, Pigozzi 1987, Corbet and
Van Aarde 1996). The sexual dimorphism in porcupines is still debated. Investigation
performed by Pigozzi (1987) on H. cristata, by Alkon and Saltz (1985a) and Tohmé and
Tohme (1980) on H. indica and by Gaigher and Currie (1979) on H. africaeaustralis reported
weight and size significantly greater in the female than in the male. Conversely Lovari et al.
(2013a) and Mori and Lovari (2014) deny the presence of differences either between male and

female adult body sizes of H. cristata and in body weights. Females and males do not present
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other striking secondary sexual characteristics (Alkon and Saltz 1985a, Pigozzi 1987, Mori
and Lovari 2014).

le!"vi'w'lrlll-?\'}lh lallllllnll'cllllllul"illl|ll‘llsllll||lan'llll||§|'llll|t?ﬂ'n|||lu'lIgl'llalll'lllllll‘lll?ﬁlm'lls " w '

Figure 5. Skull of porcupine, the upper incisors are visible (up) and a
jaw portion with a lower incisor (down)
(Photo by Felicioli)

The male has no scrotum; the penis retractile is located in the uro-genitalis region, is caudally
directed and hidden in a deep crease in soft leather (Weir 1974, Tohmé and Tohme 1981,
Atalar and Ceribasi 2006) (Fig 6). The penis of the porcupines is considered in “vascular type
penis”, which also includes humans, equidae and carnivores and present two small nails
(Atalar and Ceribasi 2006). The testicles are retained in the abdominal cavity (Tohmé and

Tohme 1981). The female present an internal vaginal membrane that opens only during

13



parturition and oestrus (Weir 1974). The nipples are located in lateral position (Fig 7). On

each side may be 2 or 3 nipples. Often the number of nipples is different on the two sides. The

nipples are present also in the male. Therefore the number of nipples may be odd (Weir
1974).

B { B
. : X Sk "l/l i h \\\ - .
Figure 6. Porcupine penis (Photo by Felicioli)  Figure 7. Porcupine nipples (Photo by Felicioli)

The head, shoulders and limbs are covered by bristle. In the neck region the bristles are more
thin and long and form a crest (Toschi 1965). Immediately below the throat a collar of white
bristles is present (Tinelli and Tinelli 1983). The back, the rump and the hips are covered with
long erectile quills mainly with white and black pigmented bands (Findlay 1977, Van Weers
1983). However there are totally black quills not specifically localized and totally white in the
tail region (Van Weers 1983). The quills are modified hairs different in length, diameter and

flexibility (Chernova and Kuznetsov 2001). Van Weers (1983) classified the quills in six
types (Fig 8):

Spines: stiff, flat and grooved bristles with a sharp point, covering the greater part of the body
Quills: thickest modified hairs, very little flexible, circular in cross-section with the largest
diameter about mid-length and with a very sharp point; the principal weapons of porcupines;
length from a few cm to some tens cm.

Tactile bristles: very flexible bristles, circular in cross-section whit the largest diameter near
the base; some very short, some of these bristles in each skin considerable longer than the
longest quill; diameter on an average smaller than that of the quills.

Transitional quills: Intermediate forms between quills and tactile bristles as for length,
diameter and flexibility

Rattle-quills: hollow capsule-like structures, open at end, secured to the terminal part of the
tail by a thin stalk which produces a loud rattling sound as they strike against one another
Crest: Bundle of hairs on head and nape of the neck
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Name  Cross-section Form

Spine
Quill

Transitional |
quill

Tactile bristle~ ©

T m——— s —

Figure 8. The four types of porcupines quills (Van Weers 1983) (left) and rattle-quills of porcupine
(right) (Photo by the Author)

However this classification is not complete and further investigations are needs. The three
species of subgenus Hystrix present some phenotypic characters that allow distinguishing one
from each other. The length and the diameter of the rattle-quills, colour of the tail, colour of
the quills in median tract of rump and the crest are the clearly distinct characters between the
three species (Corbet and Jones 1964, Van Weers 1983).

H. indica have brown crest, short rattle-quills (< 6 cm) with a dimeter between 4 to 7 mm,
white quills in mid-line of rump and white ventral surface of the quills of the tail (Corbet and
Jones 1964, Van Weers 1983) (Fig 9A).

H. africaeaustralis have white crest, long rattle-quills (> 6 cm) with a dimeter between 5 to 7
mm, white quills in mid-line of rump and ventral surface of the quills of the tail (Corbet and
Jones 1964, Van Weers 1983) (Fig 9B).

H. cristata have white crest, short rattle-quills (< 5 cm) with a dimeter between 2 to 5 mm,
black or mottled quills in mid-line of rump and white quills of the tail sometimes with some
black quills below (Corbet and Jones 1964, VVan Weers 1983) (Fig 9C).
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Figure 9. (A)The Indian crested porcupine (H.indica) the red arrow indicate the brown
crest (Photo by Klaus Rudloff) and in detail the white gills in mide-line of rump (Photo
by Lovech Zoo), (B) the cape porcupine (H. africaeaustralis) the red arrow indicate the
whitw crest (Photo by Wildmoz) and in detail the white gills in mide-line of rump
(Photo by Klaus Rudloff) and (C) the crested porcupine (H. cristata) the red arrow
indicate the whitw crest and in detail the black qills in mide-line of rump (Photos by the
Author)
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Figure 10. The distribution range of Indian crested porcupine (red), cape porcupine (green) and
crested porcupine (yellow) (Source Google modified by the Author)

The Indian crested porcupine (H. indica) is widely distributed in the semi-arid areas of South-
western Asia (Fig 10). The distribution range of H. indica include Turkey, Syria, Palestine,
Irag, Iran, Israel, Lebanon, Jordan, Pakistan, Turkestan, Nepal, Kashmir, Southern Arabia,
Eastern Russian, Transcaucasia, Turkey, India and Sri-Lanka (Ellerman and Morrison-Scott
1951, Corbet and Jones 1964, Van Weers 1983, Kadhim 1997, Arslan 2008, Yurumez and
Uluturk 2016).

The cape porcupine (H. africaeaustralis) is a southern African species that lives in semi-
desert areas, in forests, in savannah and was found up to 3500 m a.s.l. in Kilimanjaro
(Kingdon 1974, Barthelmess 2006) (Fig 10). In East Africa H. africaeaustralis are sympatric

with H. cristata without no intermediate forms discovered (Kingdon 1974, Van Weers 1983).
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The African distribution range of H. cristata includes parts of north-western Africa from
Morocco to Libya and Sub-Saharan Africa from Gambia to Tanzania (Kingdon 1974, Van
Weers 1983) (Fig 10).

In Europe the distribution of H. cristata is limited to Italy (Ghigi 1911, 1917, 1947, Toschi
1959, Santini 1980, Amori and Angelici 1992, Amori and Capizzi 2002, Capizzi and Santini
2008, Mori et al. 2013) although the presence of porcupine in Balkans is still debated (Von
Wettstein 1941, Toschi 1959, Spitzemberg 1978, Santini 1980, Amori and Angelici 1992,
Prigioni 1996, Amori and Capizzi 2002, Masseti 2003, 2009, 2012, Masseti and Sara 2003,
Krystufek et al. 2009, Masseti et al. 2010).
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Origin and distribution of Hystrix cristata in Italy

The origin of the Italian populations of H. cristata has long been debated (Pigozzi 1992).
Recent molecular investigation performed by Trucchi and Sbordoni (2009) evidenced the
invasive origin of the Italian population of H. cristata from North Africa (Tunisia) introduced
during Roman Age as hypothesised by Riquelme and Morales-Muniz (1997) and Petronio et
al. (2007). Independent analyses of archaeological evidence and iconographic documentation
performed by Masseti et al. (2010) prove the presence of the species in continental Italy from
late Antiquity/early medieval times. Cranial morphometric variability undertaken by Angelici
et al. (2003), suggest that the porcupines living in continental Italy have distinct
characteristics from the animals living in Sicily and North Africa, which, conversely, seem to
be related to each other. Angelici et al. (2003) also suggest that the morphometric differences
between the Italian continental porcupines on the one hand and the Sicilian and African ones
on the other are too large to have developed in the last few millennia. Masseti et al. (2010)
therefore do not exclude the possibility that the crested porcupine only became an integral
part of the Italian fauna, with viable and self-sufficient populations, in later times probably as
sequence of several introduction events. New molecular analysis performed by Trucchi et al.
(2016) confirmed a multiple introduction events where many small propagules were

introduced over time by continuous commercial trading.

To date the crested porcupine is a common species in mainland Italy (Fig 11), although not
evenly distributed. The presence of this rodent is reported since historical times throughout
Veneto (Naccari 1818), Emilia Romagna (Ginanni 1774, Zangheri 1946, 1957, 1969, 1970,
Zavalloni et al. 1991, Zavalloni and Castellucci 1994), Liguria (Balletto 1969, 1977, Lavezzi
1999, Ghezzi and Lavezzi 2004), Umbria and Marche (Orsomando and Pedrotti 1976,
Pandolfi 1986), Molise and Abruzzi (Altobello 1920, Tassi 1971, De Santis 2011), Tuscany,
Latium, Campania, Basilicata, Calabria and Apulia (Ghigi 1911, Toschi 1965, Santini 1980,
Scaramella 1981, Mori et al. 2013). In the Veneto region after the early 1800s (Naccari 1818),
the presence of porcupine was recorded only from the early 2000s (Bon 2001, Bon et al. 2006,
Spada et al. 2008). Since 1980s, the distribution of crested porcupine has undergone rapid
expansion northward and eastward, extending its range to Lombardy (Bollin and Leo 2013),
Piedmont (Dutto et al. 2014, Chiodo and Mori 2015) and Trentino Alto Adige (Mori et al.
2013).

In the Italian islands porcupines are historically well documented in Sicily (Ghigi 1911, 1917,
1947, Toschi 1965, Santini 1980, 1983, Scaramella 1981, Amori and Angelici 1992, Amori
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and Capizzi 2002, Capizzi and Santini 2008, Mori et al. 2013). In Sardinia, recently, Angelici
et al. (2009a) reported that porcupines were illegally introduced in 2001 in Ogliastra Province.
Furthermore, between 2005 and 2008 the discovery of dead porcupines and other signs (scats,
quills, sightings by hunters, etc.) confirmed the presence of this rodent in the Island (Angelici
et al. 2009a). There are no porcupines in the other Italian islands. In Elba, a large island of
Tuscan Archipelago, the presence of porcupines is debated since 1808. Thiebaut de Bernaud
(1808), for the first time reported the presence of porcupine in the Island of Elba in 1808, as a
result of sightings by hunters. After the 1808 report there has been an ongoing debate between
those who do not include Elba Island in the porcupine distribution range (Ghigi 1911, Toschi
1965, Orsomando and Pedrotti 1976, Santini 1980, Scaramella 1981, Amori and Angelici
1992, Mori et al. 2013) and those who include Elba Island in the porcupine distribution range
(Lovari 1993, Agnelli 1996, De Marinis et al. 1996, Amori and Capizzi 2002, Bon et al. 2006,
Capizzi and Santini 2008, Spada et al. 2008, Angelici et al. 2009a, Angelici et al. 2009b,
Masseti et al. 2010). In 2018 the presence of crested porcupine was detected and documented
also in Elba Island (Vecchio et al. 2018) (Fig 12). Further genetic investigation and
comparison with the results obtained by Trucchi et al. (2016) are desirable and which may

offer interesting facts on the origin of this rodent in the Island of Elba.
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Figure 11. Distribution range of crested porcupine in Italy. Black
triangles represent the hypothetical historical range, white circles the
recent expansion. Introduced nuclei are circled: arrows represent the

link with the source population, where known (Mori et al. 2013)
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SICIUA

Tuscany

Figure 12. (1) Map of Italy, (1) Enlarged view of Tuscany Region showing the Island of Elba and (111)
Details of the Island of Elba, the white arrow indicate the Monte Perone area where the porcupine was
caught on camera in 2016 (Vecchio et al. 2018 modified by the Author)
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Habitat

Figure 13. Frontal view of a black locust wood (Robinia pseudoacacia), in the foreground is visible a
field of chicory and a strip of sorghum sown as environmental improvement (Photo by the Author)

Figure 14. Panoramic view of a fragmented environment, in the background is visible a black locust
wood and an arable area with a small bushes covered area and in the foreground a vineyard (Photo by
the Author)
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Environmental fragmentation is a key factor for the presence of the porcupine (Fig 13 and Fig
14). In Italy the porcupine is mainly recorded at medium-low altitudes between 600 to 900 m
a.s.l. (Orsomando and Pedrotti 1976, Santini 1980, 1983). The porcupine is able to adapt itself

to different habitat type as woods, Mediterranean scrubwood and cultivated open plains where

live along the banks of rivers and canals, where vegetation offers adequate woody and/or
bushes covered (Fig 15) (Santini 1980, 1983, Felicioli 1991). Rarely can it be also found in
woods of Pinus pinea, P. pinaster and P. halepensis (Tinelli and Tinelli 1980, Filibeck et al.
1981, Franconi et al. 2003).

;"., \‘r‘ y 9 R\ .
Figure 15. Panoramic view of a bank of a river with a good vegetation covered near a cultivated area.
In detail a burrow digged in the riverbank is visible (Photos by Felicioli)

The deciduous forests (e.g. Robinia pseudoacacia, Quercus cerri, Fraxinus ornus, Ostrya
carpinifolia, Quercus pubescens, Castanea sativa, Ulmus minor, Sorbus domestica) and
Mediterranean scrubwood (e.g. Quercus cerri, Quercus ilex, Hedera helix, Pinus pinea, Pinus
pinaster, Pinus halepensis and other deciduous species) are the more suitable habitats for
porcupine due to the presence of a thick vegetation that ensure food and an excellent coverage
throughout the year (Fig 16) (Orsomando and Pedrotti 1976, Tinelli and Tinelli 1980,
Felicioli 1991). The undergrowth of deciduous forest and Mediterranean scrubwood are
mainly characterized by Ceratonia siliqua, Cistus sp., Erica scoparia, Juniperus oxicedrus,
Spartium junceum, Laurus nobilis, Rhamnus alaternus, Arundo donax, Cornus mas, Ruscus
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aculeatus, Arbutus unedo, Rubus ulmifolius and Sambucus nigra). In the herbaceous layer we
can find Myrtus communis, Asparagus acutifolius, Cyclamen sp., Tamus communis, Arum

italicum, Rumex sp. and Orchis provincialis (Polunin and Walters 1987).

1 Quercus pubescens

2 Fraxinus ornus

3 Acer monspessulanum

4 Cornus mas

5 Buxus sempervirens

6 Ruscus aculeatus

7 Sesleria autumnalis

8 Brachypodium pinnatum
9 Hedera helix

Figure 16. Sub-Mediterranean oak forest with some characteristic species (Polunin and Walters 1987)

The spatio-temporal habitat selection in crested porcupines was widely described in many
studies using the radio-telemetry by Sonnino (1998), Borger (2002), Lovari et al. (2013a),
Mori et al. (2014a). The same Authors report a marked preference of covered habitats and a
reduction in the home-range size of porcupines in habitat with a high environmental

fragmentation and food availability.

The home-range size seems to have a seasonal variability with maximum sizes in spring and
summer and minimum in winter (Sonnino 1998, Borger 2002, Mori et al. 2014a). Significant
seasonal changes in home-range sizes were also observed by Saltz and Alkon (1989) in
Hystrix indica in the Negev desert and by Corbet and Van Aarde (1996) in Hystrix
africaeaustralis in South Africa with an increase in home-range size as consequence of the
reduction of food resources. This variability was more evident in animals that used only
natural forages compared to those who also used the crops forages (Saltz and Alkon 1989,
Sonnino 1998, Lovari at al. 2013a).
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Differently environment temperature, sex and body size does not seem to influence the use of

the spaces of this rodent (Borger 2002, Lovari et al. 2013a, Mori et al. 2014a).

The most suitable habitat is therefore characterized by high biodiversity and woody
fragmentation in which small wood areas are interspersed with marginal areas, cultivated and

uncultivated areas (Toschi 1965).

In these environments the porcupines dig its burrows (Tinelli and Tinelli 1980, Monetti et al.
2005) and coexist with two other semi-fossorial mammals: European badger (Meles meles)
and red fox (Vulpes vulpes) (Tinelli and Tinelli 1980, 1983, Pigozzi 1986, Mori et al. 2015a).
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Settlements: structure and use

Figure 17. Crested porcupine settlement. Two burrow entrance holes with spoil heap are visible
(Photo by Coppola and Felicioli)
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Figure 18. Natural cave use by crested porcupine as refuge

The crested porcupine is a semi-fossorial (not spends all of its life underground), nocturnal

rodent and live in reproductive pair or family group in hypogeus burrow (Kingdon 1974,
Santini 1980, Felicioli 1991, Monetti et al. 2005) (Fig 17). Occasionally the crested porcupine

use natural shalters and caves as site of refuges (Felicioli 1991, Corsini et al. 1995) (Fig 18).

The hypogeous burrows are the main
site for breeding, sleeping and refuges
during the daylight hours (Santini
1980). Hypogeus burrows are digged in
sandy soil with a good slope (10 to
40°) in wooded areas with a good
vegetation cover and near to cultivated
or uncultivated areas (Tinelli and
Tinelli 1980, Felicioli and Santini
1994, Monetti at al. 2005). The
porcupine settlements are characterized
by the presence of a large spoil heap in
front of each ground hole as
consequence of the digging activity
(Monetti at al. 2005) (Fig 19).

Figure 19. Large spoil heap in front of a burrow
entrance hole (Photo by Coppola and Felicioli)
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The burrows could be a very complex system of underground tunnels and chambres that show
huge variation in both size and complexity (Tinelli and Tinelli 1980). Felicioli (1991) defined
the burrow and/or burrow system as a set of one or more underground chambers
communicating in series or in parallel which are accessed throughout one or more tunnels that
open individually or after anastomosis to the outside by a ground level hole. Felicioli (1991)
and Felicioli and Santini (1994) also defined:

Hole: opening in the ground that through one or more tunnels is in communication with the

underground chambers

Settlement (Sett): cluster of ground holes detectable on the surface and connected to one or

more hypogeous burrows that are generally not individually recognisable from each other

Therefore only the settlements are detectable on ground surface as a cluster of holes (Santini
1980, Felicioli 1991, Felicioli and Santini 1994).

Felicioli (1994) and Felicioli and Santini (1994) hypothesized a binary system distribution of
settlements. According to Felicioli and Santini (1994) the settlements seems to be distributed
in pair within the territory and oriented opposite one another in an about 150 m area on the
Northwest-south axis. However, this hypothesis has never been confirmed and no other data

on the spatial distribution of settlements is available.

The inhabitation of settlements by the crested porcupine are yet unknown. According to
Santini (1980) and Monetti et al. (2005) each settlement is inhabit by only one reproductive
pair that shows a greater site fidelity than unpaired animals. Felicioli (1991) and Felicioli and
Santini (1994) by observing the signs of presence in the settlements suggest a seasonal
preference for different burrow orientation throughout the four seasons. In winter the
porcupine seems to choose south-oriented burrows while in summer a north-west orientation
are preferred. In spring and autumn no preference was observed (Felicioli and Santini 1994).
No other data are available about the inhabitation of settlement by crested porcupines and
further investigations are desirable. Moreover, to date there are no data if the burrows are dug
by porcupines, or are made by other semi-fossorial burrowing mammals, such as badgers
(Meles meles) and red fox (Vulpes vulpes). No data are also available on how this three

species use the settlements present within the territory.

Among mammals, at least 58% are known to exhibit burrowing behaviour (Kinlaw 1999).

Given the energetic costs associated with digging and limitations in availability of burrowing
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sites, many species share same den sites (Vleck 1979, Mukherjee et al. 2019). The
coexistence of unrelated species and sharing of resources in a region has always been
intriguing for ecologists to study the interactions between individuals of these species. Italy is
the only European country where the crested porcupines, the European badger and the red fox
coexist sharing the same hypogeous burrows (Pigozzi 1986, Mori et al. 2015a). Therefore,
Italy provides an ideal natural set up of coexisting of these three species in a small area
sharing common resources. For all these three species the burrows are the preferred sites for
breeding, sleeping and hiding during daylight hours (Santini 1980, Kuuk 1989, Roper 1992a).
The badger settlements show the same structural and habitat characteristics than the
porcupine’s ones (Dunwell and Killingley 1969, Kruuk 1978, 1989, Pigozzi 1986, Roper
1992a, b, Broseth et al. 1997, Bianciardi et al. 2014). Therefore the settlements of badgers are

not recognizable from those of porcupines.

Otherwise the burrows of red fox are mainly located in wooded areas with a low vegetation
and shrubby cover but very often use rocky outcrops or natural refuges as burrow (Meriggi
and Rosa 1991). The red fox is also frequently reported to be an opportunistic user of badgers
or porcupines burrows mainly in spring for breeding (Dunwell and Killingley 1969, Tinelli
and Tinelli 1983, Kowalczyk et al. 2000, Goszczynski and Wojtowicz 2001).

Observation of traces like footprints, hairs, quills and feaces of porcupine, red fox and badger
in the same settlement indicate that porcupines and badgers traces are often found in the same
settlement, but generally not at the same time (Tinelli and Tinelli 1983, 1988, Pigozzi 1986).
Conversely, porcupines and red foxes traces have never been found simultaneously and the
presence of red foxes in settlements has been detected only occasionally and always in spring
for breeding (Tinelli and Tinelli 1988). Therefore, Tinelli and Tinelli (1983, 1988) and
Pigozzi (1986) have hypothesized a sharing of the same settlement (sett-sharing) between
crested porcupines, badgers and red foxes. The settlement-sharing (co-use of the same
settlement not simultaneously) by crested porcupines, badgers and red foxes was subsequently
confirmed from observations performed by Mori et al. (2015a) using camera-trapping

However no data are available whether the three species cohabit (contemporary inhabitation)

in the same settlements.

Badger and fox are known to be predators (Kruuk 1989, Diaz-Ruiz et al. 2016). However,
despite sett-sharing between porcupines and its two potential predators, no acts of predation

have ever been observed in Italy.
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Predation on speciemens of genus Hystrix has only been observed by Mills and Shenk (1992)
on three young and twelve adult African crested porcupines by lions (Panthera leo). Acts of
predation have been recorded in Hystrix indica by Alkon and Saltz (1988a) citing the personal
communication of G.llani and by Kingdon (1974) on Hystrix cristata and africaeaustralis in
Africa by the common leopard (Pantera pardus). Lovari et al. (2013b) in a review on the food
habits reported that in Asia, Hystrix spp. is one of the most frequent used wild prey of the
common leopards. However Loveri et al. (2013b) did not rule out the possibility of the
scavenging of carcasses of some species in the diet of the common leopard. Porcupine
remains were occasionally fuond also in other large carnivors like African wild dogs, lions

and spotted hyenas (Breuer 2005).

According to Monetti et al. (2005) and Capizzi and Santini (2008) today in Italy the crested
porcupine does not have natural predators able to kill adult specimens. The predation of
porcupettes is also improbable because they are always protected by at least one parent (Mohr
1965, Morris and Van Aarde 1985, Sever and Mendelssohn 1988a, Felicioli et al. 19974, b).

In Italy, porcupine remains were occasionally found in the feces of the wolf (Canis lupus)
(Battochino et al. 2017), wild boar (Sus scrofa) (Massei et al. 1996) and red fox (Fais et al.
1991; Lucherini et al. 1995). Conversely, no evidence of porcupine in in the diet of badgers
was reported (Ciampalini and Lovari, 1985, Melis et al. 2002, Balestrieri et al. 2004). Fais et
al. (1991) and Lucherini et al. (1995) hypothesised that red foxes are an occasional porcupine
predators. However predation on porcupines by red foxes has never been documented and
Mori et al. (2014c) hypothesized mutual avoidance behaviour among porcupine, badger and
red fox. The above factors could have implications on sett-sharing or cohabitation and need to
be more investigated.
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Temporal motor activity pattern

Crested porcupine is active throughout the year and is reported to be a strictly nocturnal
mammal (Santini 1980).
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Figure 20. Variation of quantity of motor activity with moon phases in semi-captive crested
porcupine (Felicioli 1991)

The porcupine motor activity is light-dependent (Felicioli 1991, Felicioli and Santini 1991).
The porcupine shows a rhythmic variation of the quantity of motor activity that corresponds
to the synodic lunar cycle (Felicioli 1991) (Fig 20). The nocturnal motor activity is more
intense during the new-moon phases and a less intense one during the full-moon phases
(moonlight avoidance) throughout the all year (Felicioli 1991, Mori et al. 2014b). The
moonlight avoidance behaviour was also observed in H. indica by Alkon (1987) and by
Alkon and Saltz (1983, 1986, 1988a). In this species the moonlight avoidance is reported to
be maximum in winter and absent in late summer (Alkon and Saltz 1988a). Conversely

moonlight avoidance seems not be present in H. africaeaustralis (Corbet 1991).

Crested porcupine mostly leave its burrow after sunset and stop their activity before sunrise
(Felicioli 1991, Corsini et al. 1995). Felicioli (1991) in two semi-captives and two wild
porcupine families observed that the first emergences time from burrow in winter occurs later
than time of sunset (Fig 21). Differently in summer the first emergence occur near to sunset
time (Felicioli 1991). The results obtained by Corsini et al. (1995) using radio-telemetry on
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four wild porcupines confirm what observed by Felicioli (1991). Corsini et al. (1995) also
reported that the ending of motor activity in crested porcupine occur before sunrise from
September to March while from April to October the porcupines came back to their burrow
significantly more often later in the morning (Fig 22). No informations are available
concerning the possible factors affecting the patterns of first emergence time from burrow and

last entrance and further investigation are desirable.
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Figure 21. Pattern of first emerging time from burrow observed in semi-captive crested
porcupines by Felicioli (Felicioli 1991)

The porcupine nocturnal motor activity regularly occurs during all year. This rodent spends
most of the nocturnal time in search of food and in the social activities within its family group
(Felicioli 1991). In autumn and winter when the nights are longer the activity interruption
with resting periods and returning to the burrows was observed (Felicioli 1991, Corsini et al.
1995). The crested porcupine is mainly active in the first part of the night (from 8:00 p.m.to
11 p.m.) but show a high activity also in crepuscular interval (Corsini et al. 1995). Conversely
Fattorini and Pokheral (2012) observed that H. indica is more active in the central part of the
night (from 11:00 p.m. to 2 a.m.) than in crepuscular and daylight periods. Few data are
available concerning motor activity in cape porcupine. This species seems to be more active
in the central part of the night (after the 22:00 p.m.) whit a decreasing

33



12+ F1 127 M1

SR e ° o ~ et
-~ - - ° * - e .. a5 R Lo
I 2 LR B S a1 T
3 . H 4
. ° 4 ) ¢ ¢
o 5 y ' . . .
> A ) H ¢
:CI> o | o & | ° *
° o o L ] 0 o
- = ° o 8 o 8 38 _g §‘*1(;\ § o o 8 /%——8
o % -8 ’»\3\, . E 5;/2_7 g—> & o \8-»»\_8\ g % > 8 _8— o o
4 o o J o O T
] J
12 S T | T T B ] 1 12 1,.7,,, r 3 y
J A ONDUJFMAMI J ASONDUJFMAM
12 M2 12 M3
L ]
" y
5 N s ‘l pe A & I~
o e [ . L] - 0 . gt —~
5 8 . ¢ v—2° B s - A
§ ¢ 8 s : } : o] l e °* 3§ ; ‘ i !
N L]
o $ g "
Ig 24: N B . 24+ . ° g e -
| o
8 ° o °
B 8 : gl 1 g °o 8
—~Q o S . O ~ o o~
i RN T TR § 8 ) B g5
4 — | 6 o —o—
| |
R T o S —— 12— T
J A S ONDUJFMAMJ J AS ONDJ FMAMJ
Months Months

Figure 22. Pattern of first emerging time-from (white dots) and last returning time to the
burrow (black dots) recorded by Corsini et al. in four different specimens of free-ranging
porcupines. Upper solid line indicate the sunrise while lower solid line the sunset (Corsini et
al. 1995)

of the activity towards dawn and little crepuscular activity (Corbet 1991). Corsini et al. (1995)
have also observed the presence of an irregular diurnal motor activity throughout the year of
H. cristata with a peak in spring (Fig 23). Daylight movements of crested porcupines were
usually recorded to the surrounding of burrow, within 100 m from den (Corsini et al. 1995).
Conversely no diurnal activity was recorded in H. indica (Fattorini and Pokheral 2012) and no
data are available for H. africaeaustralis. Moreover Kingdon (1974) reported for the first time
its observation in Africa concerning two adults and two young porcupines “enjoying a siesta”
under a shady bush close to a large hole. Kingdon (1974) therefore hypothesised that
porcupine exhibit the sunbathing behaviour. However the same author does not report on
which of the two sympatric species of porcupines (H. cristata or africaeaustralis) the
sunbathing behaviour was observed. Yellen (1991) also suggested the possibility of the
presence of this behaviour in H. africaeaustralis without any support data. Subsequently no
other observation and data are available concerning the sunbathing behaviour in other

porcupine species of sub-genus Hystrix (H. cristata and H. indica) neither if it is a specie-
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specific behaviour. Therefore further investigation in order to verify the presence of this

behaviour in crested porcupine is desirable.
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Figure 23. Bi-monthly activity rythms of four free-ranging radiotagged porcupines
(Corsini et al. 1995)
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Reproduction

Among the hystricomorph Rodents, the genus Hystrix shows a social organization based on
the formation of the pair, on small family groups or clans (Mohr 1965, Kingdon 1974, Santini
1983, Morris and Van Aarde 1985, Saltz and Alkon 1992) in which monogamy appears to be
a fundamental mating system (Mohr 1965, Weir 1974, Van Aarde 1987a, Sever and
Mendelssohn 1988a, b). In H. cristata the season seems not to affect breeding which was
observed throughout the year (Santini 1980, 1983, Grazzini 1992, Mori et al. 2016). In H.
cristata peak of births were recorded in February and October (Mori et al. 2016), in H.
africaeaustralis in summer between August and March (Kingdon 1974, Van Aarde 1984,
1985) while in H. indica between April and September (Kadhim 1997, Tohmé and Tohme
1980). The duration of oestrus cycle in H.cristata is 35 days (Weir 1974) and the mounting
and copulation behaviour were observed also out of oestrus state (Felicioli 1997a, b). The
mounting and copulation are distinct behaviours. The mounting behaviour do not include the
intromission (insertion of the penis into the vagina) and the thrusting (pelvic movements
during intromission) while in the copulation intromission and thrusting occurs (Felicioli et al.
1997a, b). The crested porcupines performs copulation independently of the oestrus state with
a night rhythm of multiple mounting also after or before births and even in presence of
porcupettes (Grazzini 1992, Felicioli et al. 1997 a, b) as also reported for H. indica by Sever
& Mendelsshon (1988a). Coversely in H. africaeaustralis night rhythm of mounting with
copulation was observed only in the oestrus state (Morris and Van Aarde 1985). The vaginal
membrane located in a deeper position than in other hystricomorph rodents could explain the
different copulation rhythm in these three different species (Weir 1974). The mounting and
copulation behaviours in H. cristata seem to follow a typical scheme that was described by
Felicioli (1997a, b) in semi-captive porcupines. No data about the mounting and copulation
behaviours in wild crested porcupines as well as in H. indica and H. africaeaustralis are
available and should be more investigated. According to Felicioli (1997a, b) the mounting
sequence begins either with both members of the couple sitting in contact or alongside each
other facing in the same or opposite directions (Resting) (Fig 24A). In the resting mode, if one
of the members of the pair rises up it is immediately followed by the partner (Following).

When both partners are standing, different behavioural patterns can be observed:

o olfactive (Sniffing), occur only in male, is carried out either in front or at the side of

the female and it is often associated with stepping (Fig 24B);

36



e tactile (Grooming) occur in male and female with act of self, allo or mutual grooming
such as licking the tail, licking the head or the neck respectively (Morris and Van
Aarde 1985, Sever and Mendelsshon 1990) (Fig 24C);

e acoustic (Sound), occur in male and female alternatively with short and rapid vocal
sounds emitted through the nostrils (snorts) and closely tied to male-female
interactions;

e Stepping occur in male and consists in preparatory movements by stepping with hind
legs on the spot.

e Following act of following each other. Outside the burrow the male follows close

behind the female, while inside the burrow this behaviour becomes circular (Morris
and Van Aarde 1985) (Fig 24D);

Figure 24. (A) Resting behaviour, (B) sniffing behaviour, (C) allo-grooming behaviour
and (D) following behaviour (Drawing of Pat Gordon reported in Felicioli et al. 1997)

The behaviour patterns are variably interconnected with mutual precedence and without strict
rigidity in the possible, alternative sequences performed. This early phase of the sequence
leads to a peculiar behaviour named Nose-Quill contact (Fig 25A). In this behavioural pattern
the male behind the female, with his head raises one of the long and completely white back
facing quills which are located in each side of the tail region. These quills appear highly

sensitive to contact.

The nose-quill contact is followed by the presenting of the female with erection of the back
quills, rising of the tail on to her back and exposure of the ano-genital region for mounting
next step (Fig. 25B).

Spontaneous presenting by the female is adopted by the genus Hystrix as an indication of the
oestrus state (Kleiman 1974). The mounting and copulation occur with the male in bipedal
position. The male lifts his body in an upright position, extroflects the penis and advances
towards the female until the underside part of her raised tail makes contact with his belly.

During the mounting the forelegs are put on female's back but do not hold her (Fig. 25C).
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Figure 25. (A) Nose-quill contact behaviour, (B) presenting behaviour and (C) mounting and
copulation behaviour (Drawing of Pat Gordon reported in Felicioli et al. 1997)

Even if the presenting of the female, the mounting, the intromission or the thrusting do not
occur the mounting behaviour sequence do not stop but began again from one of the
behavioural patterns above describe (e.g. following, sniffing or nose-quill contact) in order to
repeat the sequence. After copulation the sequence can be repeated, otherwise it continue

either with exploring, which ended the sequence, or with grooming and then resting.

The average time length of copulation in H. cristata is 8.3 SD 3.9 seconds and 5.2 SD 4.4
thrustings (Felicioli et al. 1997). In H. africaeaustralis the duration of copulation ranged from
2 to 3 min with an average of 38 thrustings (Morris and Van Aarde 1985). Felicioli et al.

(1997) observed that in H. cristata copulation occur also in the burrows.

The gestation length in porcupines (H. cristata, indica and africaeaustralis) it is yet unknown
as well as the number of births in the year. Kingdon (1974) report a gestation length for H.
cristata and H. africaeaustralis from 42 and 112 days. Santini (1980, 1983) in H. cristata,
Tohme and Tohme (1980) in H. indica and Van Aarde (1985) in H. africaeaustralis suggest a
gestation length of about three month. Conversely Grazzini (1992) suggest that the length of
gestation in crested porcupine is about 106 days. According to Santini (1980) for H. cristata,
Kingdon (1974) for H. cristata and H. africaeaustralis and Kadhim (1997) for H. indica the

births occur in the burrows probably one or two time per year.

The litter size in H.cristata as well as in H. africaeaustralis and H. indica range from one to
two and only occasionally three porcupette (Fig 26A) (Weir 1974, Santini 1980, Van Aarde
1985, Grazzini 1992, Kadhim 1997, Mori et al. 2016). Only Tohmé and Tohme (1980)

observed litters of four porcupette in H. indica.
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Figure 26. (A) Porcupine litter of three porcupette (Photo by Santini) and (B) pocupette just born
(Photo by Biliotti)

The weight at births of H. cristata ranged from 260 to 400 g (Grazzini 1992) similarly to in H.
africaeaustralis (300 to 440 g) (Van Aarde 1985). The porcupette are well developed at birth
with open eyes, the back already covered with soft quills and move independently (Santini
1980, Grazzini 1992) (Fig 26B).

According to observations performed by Grazzini (1992) in semi-captive porcupines the
porcupette leave the den for the first time when about 10 days old. Conversely Mori et al.
(2016) reported the first observations of porcupette outside the den into the wild at about 45-
60 days old.

The porcupettes spend most of the time outside the burrow playing, exploring and showing
the “frisky-hop dance” behaviour (Kleiman 1974). The “frisky-hop dance” is characterized by
small jumps and fast and unexpected runs interspersed by resting which may also involve

adults or sub-adults of the same family.

The female suckles the porcupettes for about 40-50 days and the weaning occurs at around 3
months (Santini 1980, Grazzini 1992). However the porcupettes already start to feed with
solid foods at one month old (Grazzini 1992).

Both male and female equally perform the parental cares (Fig 27) (Sever and Mendelssohn
1989a, 1991a, Grazzini 1992). Male and female alternatively remain with porcupettes for
monitoring them (Baby-sitting) and frequently show allo- and mutual-grooming with
porcupettes (Grazzini 1992). The Baby-sitting is also performed by sub-adults of the same

family as helper in the porcupettes weaning (Grazzini 1992).
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The sex maturity in H. cristata seems to be reached at about 9 months, when body weight is

about 8-9 kg (Santini 1980). Van Aarde (1987b, c) reported the age of sexual maturity in H.

africaeaustralis is of 52 week while Tohme and Tohme (1980) in H. indica of 2 years. The

sub-adults seem to remain in the family group up to 1 or 2 years (Van Aarde 1987b, Grazzini

(%) duui],

1992) and no data are available concerning their dispersal.
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Feeding behaviour

The crested porcupine is reported to be
polyphagous, but strictly herbivorous, with a
marked fondness for roots, bulbs, tubers (also
truffles) and rhizomes of many wild and cultivated
herbaceous plants which are dug up (Fig 28 and
Fig 29) (Santini 1980, Alkon and Olsvig-
Whittaker 1987, Pigozzi and Patterson 1990 Ori et
al. 2018). It also feed on epigeal parts, leaves,
flowers, buds, grass, inflorescences and fallen fruit
(Santini 1980, Bruno and Riccardi 1995).

Porcupine foraging generates a network of direct

and indirect impacts on ecological processes.  Figure 28. Porcupine digs in a food-patch

Loose soil excavated by porcupines enhances soil area (Photo by the Author)

erosion and transport, and may substantially enhance ecosystem flows of water, soil, and
nutrients (Alkon 1999).

Porcupine often bites only partially its food, chewing it loudly and then discards it after just
few mouthfuls (Chevalier and Ashton 2006).

The crested porcupine, as well as Cape porcupine and Indian crested porcupine, also perform
osteophagia (consume bones ) (Kingdon 1974, Duthie and Skinner 1986, 1989, Felicioli 1991,
Robinovich and Horwitz 1994, Kiibi 2009, Akram et al. 2017, Mori et al. 2017a, 2018).
Porcupines have long been known to collect and gnaw bones inside and outside their burrow
(Rosevear 1969, Kingdon 1974, Santini 1980; Felicioli 1991, O’Regan et al. 2011, Horwitz et
al. 2012). The reason for osteophagia in porcupine is still not clear and two main reasons have
been hypothesised: the need to hone the open-rooted incisor teeth and/or gnawing bones for
calcium and phosphorus assumption (Rosevear 1969, Kingdon 1974, Santini 1980, Duthie
and Skinner 1986, 1989, Akram et al. 2017).

Porcupines have a simple stomach, a small intestine, a voluminous caecum (Van Jaarsveld
1983, Van Jaarsveld and Knight-Eloff 1984) and a peculiar furrow in the large intestine
(Gorgas 1967). This anatomic feature allowed to hypothesising the presence of a caecotrophy
practice (eating cecotropes or "soft feces" directly from anus) (Hagen et al. 2019) even if is

not ever observed.
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Roth (1964) and Kingdon (1974) observed porcupine (H. cristata and/or H. africaeaustralis)

eating flesh of dead mammals or birds. Roth (1964) also report an eight-ten week old captive

cape porcupine fed on boiled ham and fried meat. No other data or observation concerning

this unexpected feeding behaviour in the other two believed herbivorous porcupine (H.

cristata and H. indica) are available and further investigation are desiderable.

The crested porcupine forages singly and/or in pair, except when the young (up 6-8 months)

are accompanied by the parents (Santini 1980, Van Aarde 1987c). When foraging, they may

cover a long distance (up to 10-12 km) from their burrow and each time they follow the same

path and visit the same biotopes (Santini 1980, Pigozzi and Patterson 1990).

Wild crops

Scientific name Family Part eaten
Arum maculatum L. Aracee rhizome
Tamus comnmuus L. Discoreaceae tuber

Iris germanica L. Iridaceae thizome
Allium orsinum L. Liliaceae bulb
Asparagus officinalis L. Liliaceae rhizome, sprout
Rumex crispus L. Poligonaceae tap-root
Cyclamen europaeus L. Primulaceae tuber
Fraxinus omus L. Oleaceae bark

Cultivated crops

Common name Family Part eaten
Coin Granmunaceae seeds
Potato Solanaceae tuber

Sugar beet
White cabbage
Chickpea
Watermelon
Melon

Onion
Pumpkin

Vine

Chenopodiaceae
Crucifereae

Legunminosae
e

Cocurbitaceaea

Cocurbitaceaea

Liliaceae

e

Cocurbitaceaea

Ampelidaceae

tap-root

central sprount

Figure 29. List of wild and cultivated plants most palatable by the crested porcupine

(Santini 1980)
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The season, the habitat richness and ecological features of the place where the porcupine live
strongly influence the diet (Saltz and Alkon 1989, Pigozzi and Patterson 1990, Brown and
Alkon 1990, Bruno and Riccardi 1995, Oussou et al. 2006, Fattorini and Pokheral 2012,
Lovari et al 2013a, Akram et al 2017, Lovari et al 2017, Mori et al 2017b). Overall porcupines
are considered generalists herbivorous able to reach a high fiber digestibility with a average
intake of 3089 of fruit and 575g of barks through a time of 48 and 24 hours respectively
(Riccardi and Bruno 1996). Porcupines change their feeding habits according to food
availability, showing a wide ecological tolerance and fitness maximization (Brown and Alkon
1990; Pillay et al. 2015). Hystrix porcupines are capable of substantial formation and
mobilization of fat reserves and this is a useful adaptation in environmental seasonally
fluctuating (Alkon et al. 1986). Large inverse changes in the proportional composition of
body water and body solids are likely such that total body mass is an inadequate index to

body condition.

In Italy the crested porcupines adopt a generalist strategy, consuming a variety of food
resources according to their seasonal availability (Bruno and Riccardi 1995, Lovari et al.
2017). Ranging movements seasonal changes are due to a sensitive response in food
availability (Mori et al. 2014a).

Ranging movements of porcupines are determined by habitat richness (Lovari et al. 2013a).
Accordingly, the distribution of food resources is the main determinant of habitat selection of
this rodent (Mori et al. 2014a). The habitat selection reflects the food resources distribution
also in H. indica (Fattorini and Pokheral 2012) and in H. Africaeaustralis (De Villiers et al.
1994).

In Mediterranean scrubwood roots, tubers and wild fruits are available almost throughout the
year and are mostly eat by porcupines between October and March. During the warm season
the Mediterranean scrubwood is a poor source of food, the fruit production reaches its yearly
minimum (Lucherini and Lovari 1996, Massei et al. 1996, Lovari et al. 2013a) and crested
porcupines range towards agricultural areas (Santini 1980, Mori et al. 2014a). Therefore in
Mediterranean scrubwood underground storage organs of wild plants made up the staple of
the diet of the porcupine throughout the year, followed by wild fruits in the cold period and by
agricultural products in the warm months (Mori et al. 2017b). Conversely, porcupine select
deciduous woodland for feed during both the cold and the warm periods and in this habitat
seems to avoid the agricultural areas (Mori et al. 2014a). Investigation performed by Bruno
and Riccardi on the diet of H.cristata in deciduous woodland show that roots are the main
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food in the porcupine diet and are consumed at a similar frequency all year round. In winter
and spring in deciduous woodland food availability is generally poorly and the consumption
of storage organs and herbs increase as consequence of a decrease in the availability of other
food categories, such as grass inflorescences and fruits (Bruno and Riccardi 1995).
Conversely grass inflorescences are an important diet component in summer while porcupines
fed on fruits mainly in summer and autumn (Bruno and Riccardi 1995). The consumption of
herbs seems to be a feeding compensatory strategy to the variation of seasonal availability of

the others food sources (Bruno and Riccardi 1995).
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Aggressive behaviour and territoriality

The body of porcupine is characterized by the presence of erectile quills covering the back,
hips and the back region of the body. Quills are the main and efficient defensive-offensive

weapon in the inter-specific interactions (Findlay 1977, Van Weers 1983, Zherebtsova 2000).

The defensive behaviour of porcupine is characterized by many behavioural displays: crest
and quills erection, tail rattling, hind foot stamping, growling and backwards or sideways
attack. These displays are shown in different combinations with the different aggressiveness
degree (Rosevear 1969, Felicioli 1991, Mori et al. 2014c). In most cases quills erection and
the tail rattle are enough to get away single opponent. Only if in extreme difficulty violent
fights with often lethal consequences for aggressors occur (Kingdon 1974, Mori et al. 2014c).
The defensive behavioural displays can also be observed in intra-specific interactions. In this
case the main offensive weapons are the incisors. The attack is frontal with rapid accelerations
to pierce the back region of the opponent with the teeth (Felicioli 1991). As in inter-specie
specific aggressiveness the combination of behavioural displays change with the different
aggressiveness degree. Territoriality, establishment or the pair defence are the main reasons
for lethal attacks occurs (Felicioli, 1991).

, PN LT L Nriiae S
Figure 30. The adult porcupine male dead after a fight with the female porcupine. The
wounds caused by the incisors teeth are visible (Photo by Felicioli)
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Intra-specific aggressiveness in crested porcupine was observed by Felicioli (1991) in two
individuals (a male and a female) kept in captivity between September and November. In
these occasions the two individuals have peacefully cohabited for 7 months in the same
enclosure. Subsequently the male has been moved in another enclosure and the female has
established a pair relationship. Accidentally, the male entered in the enclosure of the pair and
fighting between the male and the female occurred with lethal consequence for the male (Fig
30). This event allowed to Felicioli (1991) to hypothesise the presence of territoriality in
crested porcupine. However, territorial behaviour in wild crested porcupines has never been
demonstrated (Massolo et al. 2009, Mori and Lovari 2014) and Mori et al. (2014a) refers to
crested porcupine as non-territorial rodent. Territoriality behaviour was recorded in captive H.
asfricaeaustralis by De Villiers et al. (1994) and Corbet and Van Aarde (1996) and
hypothesised in free-ranging cape porcupines (Corbet and Van Aarde 1996). Alkon and Saltz
(1983) suggest the presence of well-defined territories in free-ranging Indian crested
porcupines with stable and largely exclusive home-ranges serving as feeding territories.
Morris and van Aarde (1985), De Villans et al. (1994) and Corbet and Van Aarde (1996)
observed that captive males of H. africaeaustralis scent-marked the perimeter of feeding sites
with the peri-anal glands as territory maintenance. Scent-marking was also observed in
captive H. indica by Sever and Mendelssohn (1989b).The territoriality seems to constrain the
use of habitat in the Indian and cape porcupine (Sever and Mendelssohn 1989b). Investigation
performed by Corbet and VVan Aarde (1996) on free-ranging porcupines show that porcupines
utilize the same area throughout the year and maintain a small, exclusive territory within a
larger, non-exclusive home range. Moreover the encounter between neighbour porcupine
families is rarely recorded. Therefore acccording to Corbet and Van Aarde (1996) is probably
that the territory in cape porcupine is maintained by scent-marking rather than through direct

interactions.

The scent-marking behaviour in crested porcupine has been observed only by Felicioli
(personal communication) in semi-captive specimens. The individuals in the same night
frequently walked on the stones present along the perimeter of the enclosure. On the stones
presence of marking was visibile during the enclosure inspection. Felicioli et al. (1993)
demonstrate the presence of eight new proteins (odorant-binding proteins) in the nasal tissue
of crested porcupines suggesting a discriminating function of these proteins in the process of
odour perception to mediate inter and intra-specific chemical communication. It cannot be

excluded the involving of the peri-anal glands secretions and urin in scent-marking territory
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and chemical communication. Behavioural data and bioassays are lacking and more

investigation is desiderable.

Figure 31. Anal region (left) and extroflected peri-anal glands (right) of the crested porcupine
(Photos by Felicioli)

The peri-anal glands are well developed in the crested porcupine (Fig 31) and their waxy
secretion has a peculiar odour that is reported to be perceivable around the dens (Massolo et
al. 2009). Massolo et al. (2009) suggest that the peri-anal secretions may play a role in
individual recognition. Despite the reasonability of the above mentioned hypothesised, further
research is strongly needed to assess the role, or roles, of the urine and peri-anal glands in

crested porcupines scent-marking and individual recognition.
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Porcupine-human conflicts

The porcupines are considered as agricultural pests throughout its distribution range: H.
indica (Greaves and Khan 1978, Moran 1981, Alkon and Saltz 1985b, c, 1988b, Alkon 1987,
Hafeez 2011, Khan et al. 2014), H. africaeaustralis and H. cristata (Kingdon 1974, Skinner
and Chimimba 2005). Also in Italy H. cristata is commonly believed as a pest species
(Laurenzi et al. 2016). According to Skinner and Chimimba (2005) the cape porcupine is one
of the species that have benefitted from an increase in the production of agricultural crops
leading to a porcupine-human conflict. As natural food source have become limited,
porcupine have turned to a larger and much more accessible and varied food source as
agricultural crops (Khan et al. 2014). Trophic activity of the crested porcupine in Central Italy
causes damage to crops in cultivated areas due to animal preference for maize, potatoes,
sunflowers, pumpkin and melon (Santini 1980, Bertolino et al. 2015) and it is also reported to
be responsible of trees debarking (Santini 1980). The crested porcupine crop damages occur
mainly in private vegetable gardens in the surroundings of human settlements (Laurenzi et al.

2016) and this has increasing the conflict with humans.

Figure 32. Porcupine damage on pumpkin and melon in vegetable gardens
(Photos by Vecchio and Coppola)
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The conflicts with this rodent are locally increased also due to wounds occur in hunting-dogs
as well as damage performed to manmade riverbanks in which dig its burrows. An
investigation performed by Laurenzi et al. (2016) show that in Central Italy the porcupine
damage is about 3-4% of the overall total damage of wildlife in agricultural crops. The higher
damage occurs in crop as melon, pumpkin, watermelon, sunflower and onion (Fig 32).
Generally the crested porcupines damage are low even if may occasionally account for up to
50% or more the overall agricultural loss. Heaviest damage occurs to iris bulb (up to 100%)
and potatoes (up to 90%). Conversely bark-stripping/gnawing in crested porcupine is a
marginal problem and occurs only occasionally mainly on Fraxinus ornus and Pyrus pyraster
(Laurenzi et al. 2016). All crop damages by porcupines are limited to small single vegetable
gardens. Despite the losses are high it became negligible if compared to damages recorded on
a large scale for other wildlife species as wild boar (Laurenzi et al. 2016). Moreover the
porcupines crop damage in vegetables garden may be easily avoid by using simple 50 cm

height fences partially buried (Sforzi et al. 1999).

The presence of porcupine burrow along the manmade riverbanks frequently causes the
collapse of the banks with consequent flood events. The management of this species as well
as that of other semi-fossorial species (e.g. badger and coypu) along the banks is a key factor
for the human-safety. The investigations performed by Felicioli between 1996 and 1999 on
the management of porcupine burrows in 6 rivers in the Province of Pisa show that the
presence of porcupine burrow in these habitat are related to the manmade riverbanks
vegetation cover (Santini 1999). The cut of the vegetation cover in the manmade riverbanks
has resulted in the disappearance of some previous identified burrow and a high reduction of
the fossorial activity in the others. Therefore maintaining the manmade riverbanks free from
vegetation cover is a simple method in order to limit the presence of porcupines and increase
the safety of the manmade riverbanks from possible collapses (Santini 1999). Conversely
animal’s removal without vegetation cover managements could cause a new re-colonization

of the manmade riverbanks.
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Status of crested porcupine in Italy

The crested porcupine is strictly protected by European Law with the Bern Convention of
1979 and by Italian Law since 1981 with the National Law n. 503 of 1981. Despite this law
protection the porcupines is a widely poached species for its status of pest and for its tasty
meat (Amori and Capizzi 2002, Chevallier and Ashton 2006, Lovari et al. 2017). Lovari et al.
(2017) report a poaching rate over 70% on individually marked porcupines (n=11) during first
three month of study.

The presence of crested porcupine in wildlife rescue centers in Italy in the last 10 years has
undergone a strong increase with high mortality rates during hospitalization. The main causes
of hospitalization are impacts with cars or finding of porcupettes. In the most cases the
porcupines die for the severity of injuries and the adults that survive as well the porcupettes
are inadequately managed. To date there are no guidelines for the management, rehabilitation
and release in the wild of this rodent. The porcupines are generally released near the site of
occurrence without any kind of post-liberation monitoring. Moreover for this species there are
no scientific evidences about the efficacy of the rescue process made in wildlife rescue

centres as well as the liberation success.

Despite the strong expansion of this rodent recorded in Italy (Mori et al. 2013a, Vecchio et al.
2018) there are no data concerning the density and the consistency of the Italian porcupine
population. Niethammer (1982) refer to a crested porcupine population density of 2-4
individuals/km?. Trucchi and Shordoni (2009) hypothesised that the population living in
North-Central Italy can be estimated as about 80.000-120.000 individuals. However to date
no census of the species was even performed and there are no a census methodology. The
IUCN Red List of threatened species includes the crested porcupine among the “Least
concern” species. However, it cannot be excluded that the threats reported above could be an

obstacle to the conservation of this precious rodent of the Italian fauna.

Lacks of knowledge on the health aspects of crested porcupine are available. At the best of
literature analysis the only data available refer to one case of Pulmonary Adiaspiromycosis by
Emmonsia crescens in a young porcupine found dead (Morandi et al. 2012) and one cases of
Toxoplasma gondii infection in a captive adult female specimens with neurologic signs
(Harrison et al. 2007). Presence of Bacillus thuringiensis was detected in captive H. cristata
(Lee et al. 2002). Shaftenaar (2001) and Mouchantat (2003) also report one case of infection

of Foot-and-Mouth Disease (FMD) in H. cristata in a zoo. Salmonella in cretsetd porcupine
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feaceas in Nigeria was also searched by Falade and Durojaiye (1976) without obtain any

result.

Ectoparasites in crested porcupine are rarely recorded and the most frequent species found are
flea Pulex irritans and hard tick Ixodes ricinus (Monetti et al. 2005, Mori et al. 2015b).
Parasitological positivities for Trichuris infundibulum and T. hystricis have been reported in
H. cristata by Pavlov (1957). Among the other species of genus Hystrix parasitological
positivity for Giardia sp. in Indian crested porcupine (Chakraborty et al. 2015) and
serological positivity to Leptospira serovars Javanica, Hurstbridge, Ballum, Celledoni and
Hardjoprajitno in captive Malayan porcupine (Hystrix brachyura) were found (Siti-Nurdyana
et al. 2016).

No data are available concerning haematological and biochemical parameters in crested
porcupine. Among hystricomorph rodent haematological and biochemical parameters were
investigated in coypu (Myocastor coypus) (Martino et al. 2012) and capybara (Hydrochoerus
hydrochaeris) (Arouca et al. 2000, Di Chiacchio et al. 2014) while among porcupine only few
data are reported in some species of new world porcupines by De Almeida et al. (2011) in
captive bristle-spined porcupine (Chaetomys subspinosus) and by Moreau et al. (2003) in
Brazilian porcupine (Coendou prehensilis) and black-tailed hairy dwarf porcupine (Coendou
melanurus). Therefore new investigations concerning the density, behavioural ecology and

health aspects are desirable in order to increase the knowledge on this Italian rodent.
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2.Alm of the work
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The aim of this study was to investigate the behavioural ecology and health aspects of crested
porcupine in order to contribute to the knowledge of porcupine biology for the set up of new
potential tools useful for the management and conservation of the species.

The spatial distribution of settlements was here analysed for the first time in order to verify its

binary distribution by using cluster analysis.

The occurrence of co-habitation of the same settlement by crested porcupines, European
badgers and red foxes in a condition of a high density of available settlements was
investigated by camera-trapping in order to assess the prediction that: I) porcupines co-habit
in the same burrow with badgers and/or foxes independently from settlements availability, 1)
the lack of aggressiveness and/or predation between these three species in order to permit co-

habitation.

Also the frequency and the spatio-temporal inhabitation of settlements by crested porcupine
were investigated in order to assess the prediction that: 1) porcupines inhabit the settlement
with high frequencies than other burrowing species, Il) exclusive use of one settlement by
each porcupine family thoughout the year, Ill) presence of porcupine intraspecific

territoriality for settlement defence.

Data collected on the spatio-temporal use of settlement were used for elaborate an estimation
of porcupine population abundance and perform a first attempt to develop a porcupine census

model.

The camera trapping monitoring was also used to collect new other behavioural ecology
informations concerning the motor activity rythm of porcupine, feeding habit and
reproduction.

Biological samples (e.i. feaces, blood and organs) from dead and captured porcupines were
collected in order to preliminary investigate some health aspects of porcupine. The health
monitoring focused on the evaluation of haematological and blood biochemical profile,
detection of ectoparasite and zoonotic parasitic and infectious diseases, in particular
Giardiasis and Leptospirosis, of crested porcupine.

53



3.Materials and Methods
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3.1.Study Areas

A 3 years investigation has been performed in the years 2016-2019 within two experimental

areas.

Figure 33. Experimental area (EA1) of 4.476 ha in Crespina-Lorenzana and Casciana Terme Lari

The first study area (EA1) was located in a hilly area (86 m a.s.l) of 4.476 ha in Crespina-
Lorenzana and Casciana Terme- Lari (43.55943 Long - 10.56684 Lat) in the province of Pisa
(Tuscany, Central Italy) (Fig 33). The study area is characterized by a high biodiversity and
environmental fragmentation in which small woody areas are interspersed with uncultivated
and/or cultivated areas and rivers. The woody cover is characterized by deciduous forest
mainly of Robinia pseudoacacia, Quercus cerris, Q. pubescens and Q. ilex with a thick and
thrive undergrowth. The undergrowth are composed by a large variety of shrubs and
herbaceous plants such as Sambucus nigra, Rubus ulmifolius, Laurus nobilis, Ruscus
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aculeatus, Juniperus oxycedrus, Asparagus acutifolius, Cyclamen sp., Tamus communis and
Orchis provincialis. The agricultural activities include vineyards, olive groves, corns crops,
alfalfa crops, sorghum crops, sunflower crops, wheat and barley crops, open field and private

vegetable crops.

In the study area live a wide variety of wildlife mammals such as the crested porcupine,
european hedgehog (Erinaceus europaeus), wild boar (Sus scrofa), roe deer (Capreolus
capreolus), pine marten (Martes martes), stone marten (Martes foina), skunk (Mustela
putorius) badger (Meles meles), hare (Lepus europeus), eastern cottontail (Sylvilagus
floridanus), wild rabbit (Oryctolagus cuniculus), red fox (Vulpes vulpes), and wolf (Canis
lupus). The climate is temperate with hot summers (average 23.1 °C in August) and rainy and
mild winters (average 6.8° C in January). The average annual rainfall is 842 mm with peaks
between October and December (Climate-Data. Org, Regional Hydro-geological section of

Tuscany Region).

Since 2018 the investigation was extended to a second experimental area (EA2) of 514 ha was
located in the wildlife hunting reserve “Camugliano” (621 ha) (43.60305 Long- 10.64909 Lat)
in Ponsacco-Capannoli in the Province of Pisa at 24 m a.s.l. (Tuscany, Central Italy) (Fig 34).

The study area is characterized by a low environmental biodiversity and fragmentation. The
woody area is evenly distributed for a total of about 100 ha. The woody cover is characterized
by cops of Q. cerri, Q. pubescens and Q. ilex while the undergrowth is mainly composed by
Ruscus aculeatus. The agricultural activities include mainly alfalfa, wheat and sunflower
crops but also vineyards, olive groves and vegetable crops. In the study area a mixed crops of
chicory, forage cabbage and sorghum are available for the exclusive use of the wildlife.

The mammals fauna of this area include the crested porcupine, european hedgehog, wild boar,
roe deer, fallow deer (Dama dama), pine marten, stone marten, badger, hare, eastern cottontail
and red fox. The climate is temperate with hot summers (average 23.4 °C in July) and rainy
and mild winters (average 6.7° C in January). The average annual rainfall is 848 mm with
peaks between October and December (Climate-Data. Org, Regional Hydro-geological

section of Tuscany Region).
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Figure 34. The Experimental area (EA2) of 621 ha in the wildlife hunting reserve “Camugliano”

This second study area was also used as control area for replicate and verifies the validity of
the population estimate processed. In this area the porcupines population and all settlements

present was already known.
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3.2. Geolocation of settlements

Since 2017 the largest number of settlements in the study area EA1 was searched and
geolocated.

The settlements (“Setts”) were identified as a set of ground entrance holes detectable on the
surface. Sets of ground entrance holes continuously detected were assigned as real
settlements. Conversely, the sets of ground holes continuously detected but not clearly
circumscribable were assigned as putative settlements. The detection of settlements was
performed through active research in the area and in collaboration with hunting associations
and citizens. Within the study area EA2 all settlements were previously known and only geo-
location was performed in 2018. The settlements in both study areas were geolocated using
GPS trackers such as Locus Map 3.38 android application and Garmin Oregon® 550 (Fig 35).

Figure 35. Garmin Oregon ® 550 (left) and Locus map 3.38 android
application (right) used for settlements geolocation

Within each study area a unique progressive number was assigned to each settlement. Among

the detected settlements the following data were collected:

e Geographical coordinates of the settlements

e Geographical coordinates of all ground entrance holes

e Habitat (wood, riverbanks, uncultivated areas)

e Soil type (sandy or clay)

e Presence of patch areas with detectable porcupine digs in the vicinity of settlements

(cultivated and/or uncultivated areas)
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e Orientation of settlement by using compass
e Number of ground entrance holes
e Orientation of each ground entrance holes by using compass (Fig 36)

e Status of settlement (used or abandoned)

Figure 36. Detection of burrow entrance hole orientation
with compass (Photo by the Author)

The status of settlement was evaluated considering the following parameters:

e Presence/absence of fresh spoil heap in front of ground entrance holes

e Presence/absence of leaves and branches inside the visible part of the tunnels

e Presence/absence of cobwebs in front of ground entrance holes

e Presence/absence of signs of presence (quills, faeces, footprint, hairs) of burrowing

species (red fox, badgers, porcupines).
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Spatial-distribution analysis of settlements

Within each study area all detected ground holes and settlements were mapped using QGis
2.18 software. The spatial-distribution of both the ground holes and the settlements were
analysed by Cluster analysis in R 3.6.1 software using ‘cluster’, ‘factoextra’, ‘fcp’ and
‘NbClus’t packages (Kassambara 2017). The clustering model that fit better for ground holes
and settlements distribution analysis was assessed using the set of ground holes of the real
settlements geo-located in EAl. Two clustering methods were used for a total of four

clustering models tested:

1. Hierarchical Clustering
e Agglomerative clustering, average linkage
e Agglomerative clustering, Ward.D linkage

e Agglomerative clustering, complete linkage

2. Partitioning Clustering

e K-medoids algorithm

The agglomerative clustering is the most common type of hierarchical clustering use to group
objects in clusters based on their similarity (Kassambara 2017). Each type of linkage uses a
different method for computing distance between clusters.

The average linkage: define the distance between two clusters as the average distance between
the elements in cluster 1 and the elements in cluster 2.

The Ward’s minimum variance method (Ward.D): minimizes the total within-cluster variance.
The complete linkage: define the distance between two clusters as the maximum value of all
pairwise distances between the elements in cluster 1 and the elements in cluster 2.

The k-medoids algorithm is a clustering approach for partitioning a data set into clusters in
which each cluster is represented by one of the objects in the cluster named cluster medoids.
The term medoid refers to an object within a cluster for which average dissimilarity between
it and all the other members of the cluster is minimal. It corresponds to the most centrally
located point in the cluster (Kassambara 2017). The Euclidean distance between geographical
coordinates of ground holes was used to calculate the objects similarity.

External cluster validation was performed in order to quantify the agreement between the

identified clusters obtained from each clustering models tested and the real settlements using
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both the corrected Rand index and Meila’s variation index (V1). The corrected Rand index
varies from -1 (no agreement) to 1 (perfect agreement).

The clustering model with Rand index nearest to 1 and lowest Meila’s variation index was
choose as model for clustering the ground holes of the putative settlements both in EA1 and in
EA2.

The agglomerative clustering with average and Ward.D linkage model were used as models to
evaluate clustering of the ground holes of the putative settlements.

The internal cluster validation was performed in order to evaluate the goodness of a clustering
structure. The correlation between the cophenetic distances (height of the dendrogram where
the two branches that include the two objects merge into a single branch) and the original
distance data was used to verify the validity of clustering. The linkage model with value of
correlation > 0.75 was chosen for clustering the ground holes of the putative settlements.

The optimal number of cluster was defined using the average Silhouette method.

The agglomerative clustering with the same linkage model used for ground holes clustering
was applied for the settlements spatial-distribution analysis in both study areas. In this case
the Euclidean distance between the geographical coordinates of the settlements centroids was
used. The geographical coordinates of the centroids were calculated as mean of the
geographical coordinates of the all ground holes of each settlement. The value of maximum
distance recorded between two settlements inhabited by only one porcupine family group was

used to cut the dendogramm and clustering the settlements.

The ground entrance holes and settlements orientations in both study areas were analysed by
the Circular Statistic in R 3.6.1 software using ‘circular’ package. The mean vector was
calculated both for ground holes and settlements orientation. For settlements the longest
vector between unimodal and bimodal was used. The mean vector length ‘r’ is the measure of
dispersion of points around the mean angle ‘m’ (Batschelet, 1965) and its length (0 <r < 1)
varies according to the concentration of data around the mean angle, where r = 1 indicates
minimum dispersion and r = 0 means maximum dispersion (Batschelet, 1965; Maia-Carneiro
and Rocha, 2013). To test the uniformity of compass orientation of settlements the Rayleigh

test was performed.

Moreover, the frequencies of settlements and ground entrance holes detection (Xi) for each
exposition sector (i = North-east, South-east, North-west and South-west) in both study areas

have been analysed by Manly selection index (w) in R 3.6.1 software using ‘raster’, ‘sp’,
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‘rgdal’ and ‘adehabitatHS’ packages (Manly et al. 1993, 2002). The selection index was
computed as the ratios between used and available exposures proportion. The available
exposures proportions were obtained by the exposure raster provided by the Tuscany Region

and processed using the Q-Gis software.

The frequency of settlements detection in different habitats (wood, riverbanks and cultivated

areas) and soil types (sandy or clay) were analysed using chi-square test ().

The resulted linear distance from patch and/or coultivated areas was measured using QGis
“line measurement” tool in both study areas. Moreover, the settlements density on woody
perimeter kilometre (Setts/km) was determined. The woody perimeter was extrapolated from

layer of land use of Pisa province using QGis.
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3.3. Porcupines capture and marking

The capture-marking activity of resident porcupines in EA1 and EA2 was approved by the
Italian Institute for Environmental Protection and Research (ISPRA) with protocol number
22584 of the 8 May 2017 and protocol number 150071 of the 16 March 2018 respectively.
The capture activity was also approved by Tuscany Region with the Decree n. 14235 of the 3
October 2017 and n. 4842 of the 6 April 2018 respectively for EA1 and EA2.

The capture-marking activity was performed between 2018 and 2019 in both study areas.

In EAL in 2018 four capture campaigns between March and June were performed. From
March to May 2018 the traps were activated for 10 days per month while in June 2018 for 30
consecutive days.

In 2019 a single capture campaign of 30 days between February and March was carried out.
In the experimental area EA2 two capture campaigns of 30 days were performed between
February and March in 2018 and 2019.

Within study area EAL the capture-marking activity was performed only in Crespina-

Lorenzana.

Within each experimental area, in each capture session, six traps were placed in the most used
pathways (Fig. 37 and Fig. 38).

Wire mesh traps with double entrance (110 x 42 x 42 cm) baited with corn and potatoes were
used for trapping porcupines (Fig 39).

Each capture trap was equipped with a numbered identification plate supplied by the Province

of Pisa (Fig 40) and was monitored by a camera-trap set to record 20s videos.

The capture traps were checked two times a day, one after sunrise and one before sunset. The
no-target species captured were immediately released.
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Figure 37. The 6 strap sites in EAl.Image elaborate using Q-Gis
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Figure 38. The 6 trap sites in EA2.Image elaborate using Q-Gis
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Figure 39. Capture trap foraged with corn and potatoes and monitored by
camera-trap (Photo by the Author)

Figure 40. Plate with the identification number supplied by the Province
of Pisa located on a capture trap (Photo by the Author)
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Porcupines handling procedures and sampling protocol

The handling of the captured animals was performed under the surveillance of the veterinarian
Enrico D’addio, as expected in the authorization procedures. The whole trap with the trapped
porcupine was weighed by an electronic dynamometer (Fig 41). The weight of each cage has

been previously measured and the animal weight was obtained by difference.

The age class of each captured porcupine was estimated on the basis of the weight (Table 1).

Table 1. Ages range (month) and weight (kg) parameters used to assess the age class of porcupine

Age class Ages range Weight
Porcupettes <5 <5
Sub-adults 5-11 5-11
Adults >12 >11

Porcupines were anaesthetized with Zoletil 100® (Massolo et al. 2003) by intramuscular
injections in the lumbar region using an air-compressed syringe (Mini-ject 2000, 2 ml) darted
by a blow-pipe (Fig. 42 and Fig 43). The injection dose was to 0.05 ml/kg of live weight.

After sedation the animals were removed from the capture traps and a wet cloth on the eyes
was applied (Fig 44). For each captured porcupine the sex was detected, the age class
estimated and the body temperature measured (Fig 45). The presence of ectoparasite, scars

and/or injuries were also recorded.

Each porcupines was individually marked by colored adhesive tapes apply on the quills, by
white or black paint sprayed on the crest and/or on the tail or else by a combination of these
latest (Fig 46). The marking was applied in order to individually recognise the porcupines

recorded in camera-traps videos.
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Figure 41. Weighing operation of captured porcupines. In the left two operators while raise the
capture trap with the porcupine inside and in the right the detail of electronic dynamometer using for
weigh the animals (Photo by Coppola and Felicioli)

Figure 42. (A) Preparation of the air-compressed syringe for sedation and (B) dard-syringe used for
animals immobilization (Photo by Coppola and Felicioli)
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Figure 43. Porcupine sedation using a blow-pipe (upper picture). In the lower picture the air-
compressed syringe in the porcupine lumbar region is visible (Photo by Coppola and Felicioli)
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Figure 44. Porcupine removing from capture trap after sedation (left) and immobilization of the animal
after application of a wet cloth on the eyes (right) (Photos by Felicioli)

Figure 45. Sex assessment of porcupine (A:male and B:female), measuring of the body temperature
(C) and detection of injuries (D) in captured porcupines ((Photo by Coppola and Felicioli)



Figure 46. Porcupines marking. In the upper, the application of colored adhesive tape on the
quills and in the lower, the porcupine marking with a combination of adhesive tape on quills
and white paint on the crest (Photo by Felicioli and Coppola)
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For each captured porcupine the following sampling protocol was also applied:

e 1 ml of blood with anticoagulant (EDTA) (if possible)
e 3-4 ml of blood without anticoagulant
e Ectoparasites (if presents)

o 1 faecal samples (if present in the capture cage) (Fig.47)

Blood samples were collected from the femoral vein (Fig 47) into tubes and each blood
sample without EDTA was subsequently divided in two sub-samples, one for biochemical

analysis and one for microbiological investigation (Fig 48).

Figure 47. Porcupine blood sampling (left) and faecal sample collected from capture cage (right)
(Photos by Felicioli and Coppola)

Figure 48. Porcupine blood samples and faecal samples
(Photo by Felicioli and Coppola)
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After awakening from sedation the animals were immediately released. In some cases the
animals were released directly in burrow (Fig 49 and Fig 50). For each capture animal, the
date, the number of capture cage, the post-anaesthesia immobilization and awakening time,

the all detected parameters, the collected samples and the marking apply were reported in a
redact form (Fig 51).

Figure 49. Liberation of a marked porcupette in front of the burrow entrance hole. In the left, the
operator with the jute bag with the animal inside and in the right the marked porcupette while enter in
the burrow (Photo by Felicioli)

s

Figure 50. A marked porcupette (left) and a marked adult porcupine while enter in their burrow (Photo
by Coppola and Felicioli)
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CAPTURE FORM

CAPTURE N*:

N® CAPTURE CAGE:

DATE:

WEIGHT:

ANESTHETIC INJECTION DMOSE:

POST-ANAFESTHESTA INMOBILIZATION TIME:

POST-ANAESTHESTA AWARKFNING TIME:

MOEPHOMETRIC DATA:
SEX : FEMALE [ ] MALE []
ACECLASS: ADULT [ SUB-ADULT [ cUB [

BODY TEMPERATURE:

ECTOPARASITES: YES [ NO [ TYPE:

SCARS /INJURIES:: YES [ NO [] TYPE:

SAMPLES:

BLOOD WITH ANTICOACGULANT: vEs [ xo [ Quantity:
BLOOD WITHOUT ANTICOAGULANT: YES [ ] No [ Quantity:
FAECAL SAMPLES: YES [ ] NOo [ Number:

ECTOPARASITES: YES [ %o [

JOEPEOF MARRING:

Figure 51. Capture form which has been filled out for each captured porcupine



3.4. Camera-trapping

In study area EA1 the camera-trapping activity was performed in the settlements recorded in
Crespina-Lorenzana between January 2017 and July 2019. All detected settlements were first
alternatively monitored for 60-90 days. This preliminary monitoring allowed us to assess
which settlements was mostly used by crested porcupine and between these 16 experimental
settlements were chosen (Fig 52).

Each experimental settlement was monitored at different time range between 12 to 24 months
by using two camera-traps. The number of camera traps in each settlement was chosen in
order to monitor the greatest number of holes. In S2, S3, S4, S5, S7, S8, S10, S11, S12, S13
and S15 given their small size (from 2 to 6 holes), all ground holes have been monitored.
Conversely, 4 out of 8, 3 out of 8, 3 out of 13, 3 out of 7 and 4 ou of 12 ground holes have
been respectively monitored in S1, S6, S9, S14 and S16 due to their big size (more than 6
holes). Ten experimental settlements were continuously monitored for 12 months (S6, S7, S8,
S9, S10, S11, S12, S13, S14, and S16), two for 15 months (S3, S15), two for 22 months (S4,
S5) and two for 30 months (S1, S2). Each camera trap was sited at 2 m distance and 1 m high
from entrance hole where clear signs of activity were presents (e.g. footprints, quills, scats,

fresh spoil heap).

In study area EA2 the camera-trapping monitoring started in March 2018 and all settlements
were preliminarily monitored as in EAL. The preliminary monitoring in EA2 lasted 30-60
days. Also in this case, within the settlements mostly used by the porcupines 8 experimental
settlements were chosen (Fig 53). Each experimental settlement was continuously monitored
for 1 year using one camera-trap sited in front of a burrow ground hole where clear signs of

activity were presents.
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Casciana Terme

Figure 52. The 16 experimental settlements in EAL. The black line indicates the border of the
municipalities. Image elaborate using Q-Gis
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Pontedera

Figure 53. The 8 experimental settlements in EA2. The black line indicates the border of the
municipalities. Image elaborate using Q-Gis

Forty five digital pocket cameras (Boskon Guard BG520, BG530 and Num’axes PIE1009)
with passive infrared sensor (PIR) were used. The camera traps were deployed at a minimum
distance of 1.5-2.5 m at a height of 1.5 m and set to record 20 s long video clips without time
lapse and to stamp date and hour in each video recorded. Video trapping success was

expressed as percentage of total number of useful videos in which animal were detect.

Camera-traps video recordings were checked and filed on a weekly basis. The videos
recorded by camera-traps were used to investigate the inhabitation of settlements and
interaction between crested porcupine, badgers and red foxes, the spatio-temporal inhabitation
of settlements by crested porcupine and to detect, verify and describe the diurnal motor
activity and sunbathing behaviour, the scavenging behaviour, the reproductive behaviour and

the pattern of first daily emergence time from burrow in crested porcupine.
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Individual recognition of the animals in camera-traps videos

The porcupines recognition in the recorded videos was possible for the presence of the

specimens individually marked.

In addition other specimens were individually recognisable by the presence of phenotypic
peculiarities (e.g. blindness, presence of injuries). The presence of the specimens marked

and/or individually recognisable allowed us to identify the families group.
For each recognised porcupine family the number of the individuals was recorded.

Whenever possible, the individual recognition for both badgers and red foxes in EAL were
made by detecting the presence of some phenotypic peculiarities (e.g. blindness, presence of

wounds or injuries, particularity in the coat coloration).
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Co-habitation of settlements and interactions between crested porcupines,
badgers and red foxes

The co-habitation of settlements and interactions between crested porcupines, badgers and red
foxes was investigated in the 16 experimental settlements in EA1 due to the impossibility of
individually recognize badgers and red foxes in EA2.

The use of settlements by each of the three investigated species was assessed by using the
time of permanence in the burrow. The permanence is defined as the time continuously spent
by the species inside or in front of the burrow (e.g. performing sunbathing and/or lactation)
during daytime being longer than the minimum recorded time interval between the last

coming in and the first coming out from the burrow itself.

Three possible types of settlement use were established: (1) inhabitation, (11) co-habitation and
(1) visit or exploration. The settlements were considered inhabited if the permanence of a
monitored species in the burrow was confirmed. Similarly, the settlement was considered co-
habited when at least two individuals of different species simultaneously inhabited the same
settlement. Conversely, the settlement was indicated as visited or explored if the permanence

in burrow was not recorded.

Co-habitation in the same settlement between porcupine and badger (P-B), porcupine and red
fox (P-F), badger and red fox (B-F) and porcupine, badger and red fox (P-B-F) was
investigated. To each co-habitation event, the simultaneous time of permanence in a
settlement was measured. In addition, the use of the same and/or different burrow entrance
holes during emerging-from and returning-to the burrow were assessed. The correspondence
between early or late emergence of the species with the respective early and late return to the
settlement on the same day were also assessed. The exclusively inhabitation of porcupine’s

temporarily uninhabited burrows by red foxes and badgers were tested using chi-square test
0)-

Presence of free settlements within 1 km of those co-habited was checked in order to assess if
co-habitation occur only in limited availability of settlements.

All the videos in which at least two species were detected together were analyzed for the
interaction description. The interactions were classified into two types: avoidance (AV) and
aggressive interactions (Al). The AV interaction was assigned when the two species showed

changing direction associated to quiet behaviour and absence of aggressiveness. The Al was
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assigned when at least one of the two species showed signs of aggression (e.g. quill erection,
tail rattling, attempt to attack, approaching and biting).

Differences in the number of avoidances and aggressive interactions recorded in the dyads P-
F and P-B in not co-habited settlements were analysed by using chi-square test (y2).
Moreover, differences in the number of avoidances and aggressive interactions in co-habited

and not co-habited settlements between P-B, were also analysed by using chi-square test (y2).
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Spatio-temporal inhabitation of settlements by crested porcupine

The spatio-temporal inhabitation of settlements was investigated in 6 recognisable porcupine
families, 5 in EALl and 1 in EA2, in 12 settlements. The inhabitation of settlements by each

family group was determined by assessing the time of permanence in the burrow.

The settlements were considered inhabited if the permanence of a porcupine family in the
burrow during the daytime was confirmed. Those days when it was not possible to determine
the permanence in the settlements were excluded from the analysis. For each porcupine
family the number of settlement inhabited and the days of inhabitation in each settlement
during the whole monitoring were recorded. In addition the number of settlement changes for
each family was recorded. For each event of settlement change, the occurrence of human
disturbance and/or activity by other species (e.i. badger and red fox) in the days before was
assessed.

The overall inhabitation pattern of each investigated family in both study areas and the
inhabitation pattern between July 2018 and July 2019 of the 5 family in EAlwas build and
analysed. The difference in the inhabitation frequencies (days of inhabitation in each sett/total
days of monitoring) in each settlement by each porcupines family were analysed using chi-

square test (%)

Moreover, the differences in the inhabitation frequencies were also analysed on the basis of
settlements exposure to North-west (N-W), South-west (S-W), North-east (N-E) and South-
east (S-E) using chi-square test (x?). For S1 and S2 in EAL1 the frequencies of inhabitation of
the two setts in 2017 and 2018 and in each settlement in 2017 and 2018 were also analysed.
Similarly, for S4 and S5 the frequencies of inhabitation of both settlement between January
and July in 2018 and 2019 and in each settlement in the period January -July 2018 and 2019

were also analysed.
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First daily emergence time of crested porcupine from burrow

The first daily emergence time was defined as the time of the first observation of recognisable

porcupines while coming out from the burrow.

The time of first observation was obtained from the recorded camera-traps videos. Data
concerning the first daily emergence time of porcupines from burrow were collected in all

monitored settlements in both study areas.

The times of first daily emergence recorded were graphically represented in relation to the
time of sunset throughout the year. The average and maximum delay of porcupines
emergence from burrow compared to the time of sunset was computed throughout the year,

during the cold period (September to February) and warm period (March to August).

In addition the average and maximum advance of porcupine emergence events recorded was

calculated.
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Diurnal motor activity and sunbathing in crested porcupine

The diurnal motor activity and sunbathing were investigated in EA1 within three porcupine
age classes: porcupettes (< 5 month old), youngsters (5 to 12 month old) and adults (>12
month old). The porcupine youngsters included juveniles (5 to 8 month old) and sub-adults (8
to 12 month old). In order to distinguish porcupettes from juveniles we considered the weight
and body length parameters reported in Table 1. The sub-adults and adults, due to very similar
body size, were recognized by individual markings or phenotypic peculiarities (e.g. blindness,

presence of injuries).

Diurnal motor activity was assessed when returning to or emerging from the burrow and when
transits of porcupines in the settlements area during daylight hours were observed. All those
videos recorded during daylight time from 60’ after sunrise to 60’ before sunset were
considered for the analysis of diurnal motor activity. In addition those videos of emerging
from burrow starting from 30’ before sunrise as well as all those of returning to the burrow
within 30 before sunset were also included. Consecutive videos clearly attributable to the
same specimen and/or family group were considered as a single event. All events of diurnal
motor activity in relation to sunrise and sunset times throughout the year were recorded in a
graph. For each diurnal event the date, time and age class of detected porcupines were
reported and, where possible, the outside permanence was also calculated. The frequency of
diurnal motor activities in the settlements permanently and occasionally inhabited were

analysed using chi square test ().

Sunbathing behaviour was assessed by recording porcupines pausing in front of the burrow
for at least 1 minute. Even in this case consecutive videos clearly attributable to the same
specimen and/or family group were considered as a single episode. The length of each
sunbathing episode was established considering the hour of the first and the last observation
of the same specimens and/or family group. For each sunbathing episode the settlement, date,
time, duration, number and age class of detected porcupines were reported.

The frequency (number of events/episode for each porcupines age/total numbers of
events/episode) of diurnal motor activity and sunbathing in different porcupine age were

analyzed using chi-square test ().
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Scavenging behaviour in crested porcupine

The presence of scavenging behaviour in crested porcupine was preliminary investigated only
in study area EA2 between June and August 2019. Porcupine population in EA2 benefit of a
high food availability due to the presence of cultivated crops for exclusive use of wildlife and

artificial feeders with corn provided by operator throughout the year.

From June to August a pigeon carcass together whit corn and/or potatoes were placed in 7
porcupine monitored settlements (S1 to S7) and near to 2 monitored capture traps (T2 and T4)
(Fig 54). Pigeon carcasses came from planned and authorized killing plans.

Figure 54. Pigeon carcasses and corn placed in Sett S6 (Photo by the Author)

The settlements chose for this investigation were well known to be inhabited and/or
frequented by 4 different porcupine families. The porcupine families were recognisable due to
the presence of specimens individually marked and/or recognisable in each family. The
individual recognition of some specimens was possible due to the presence of phenotypic

peculiarities such as blindness or scars and injuries.

Both settlements and capture traps were continuously monitored by a camera-trap set to
record 20s long videos without time lapse.
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Every two days the pigeon carcasses were replaced in all site and the videos recorded by the

camera-traps were checked.

Scavenging of pigeons by porcupines was attributing if tear of the meat from carcass was
clearly observed. The scavenging behaviour was assessed within three porcupine ages class:
porcupettes (< 5 month old), youngsters (5 to 12 month old) and adults (>12 month old). For
each pigeon scavenging event, the date, hour, specie, age class and sex (when possible) were

recorded.
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Reproduction in wild crested porcupine

The reproductive behaviour was investigated in each recognisable monitored reproductive
porcupine pair in both study areas. Videos recording the mounting and copulation events were

used for describe the reproduction behaviour in wild porcupines.

The mounting and copulation behaviour observed were compared with the observations
reported by Felicioli et al. (1997a, b) in semi-captive porcupines. For each reproductive pair
the nights in which single and multiple mounting and copulation events were performed were
analysed. In accordance to Felicioli et al. (1997a) the mounting behaviour was assessed if
intromission (insertion of the penis into the vagina) and thrusting (pelvic movements during
intromission) not occurred. Conversely, the copulation was assessed if intromission and
thrusting occurred. The duration of copulation and number of thrusting when possible were
recorded.

For the monitored reproductive porcupines pairs the numbers of births throughout the all
period of monitoring were also recorded. For each births event, the month and the litter size
were recorded. The first emergence of porcupettes from burrow after birth was recorded and
in addition the age of porcupettes at the time of their first emergence outside were estimated
by observing the appearance of peculiar behaviours in the pair (e.i. Increase in the number of
entrance of the adults in burrow during the night, bring food into the burrow). Whenever
possible it was recorded the time interval between the first coming out of the porcupettes from

burrow and the first time in which they were observed eating independently.

Moreover, the time spent with porcupettes (i.e. parental cares) by adult male and adult female
was also analysed whenever possible in the recognisable families. The parental care by sub-
adults and adult male and female togher were also recorded. The parental cares were assessed
by using the camera-traps videos in wich porcupettes with adults or sub-adults were
simultaneously present. The frequency of occurrence of parental care by adult male, adult
female, male and female together and sub-adults was calculated as percentage of the total
number of video in wich parental cares were recorded. The differences of occurrence of

parental care by male and female in each family were analysed using chi-square test (Xz).

The minimum time of permanence of marked and/or recognisable sub-adults within the
family was also detected. The minimum permanence was assessed considering the last time in

which the sub-adults were detected in camera traps with the family.
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3.5. Porcupines Population Abundance estimate (PPA) and first

hypothesis of census model

The porcupine population abundance estimate (PPA) was processed using the settlement as
census unit and considering the following parameters:

e Number of settlements geo-located

e Number of geo-located settlements inhabited by crested porcupine

e Spatio-temporal inhabitation analysis of settlements by each recognisable porcupines

family groups

e Average size of porcupines family group

e Total area of investigation
The porcupine population abundance was calculated in Crespina-Lorenzana area in EA1 and
in EA2. The average porcupine population size was computed as a product of porcupine
population abundance estimate and the total areas.
The census model was proposed and tested starting from the result obtained in this study
concerning the spatial-distribution of settlements and the spatio-temporal use of settlements
by crested porcupine in EAL. The model provides guidelines for the estimation of settlements
density and porcupine population abundance. The census model was preliminary tested in
EAZ2 that was used as internal control area. The estimated settlements density and porcupine
population abundance obtained by apply the census model were then compared with those

computed in the same area starting from geolocation and camera-traps data collected.
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3.6. Health monitoring of crested porcupine

The health monitoring of crested porcupine included investigation of parasitological analysis
on faecal samples and ectoparasites detection, haematological and blood biochemical
parameters, antibody detection and isolation of Leptospira sp.. The biological samples were
collected from both captured and road-killed porcupines. The faecal samples were also
collected along transect in both study areas.

Parasitological analysis

Parasitological investigation was performed in collaboration with the parasitological section
of the Department of Veterinary Science of Pisa University and the Department of Clinical

Science and Translational Medicine, University of Rome "Tor Vergata".

Figure 55. The7 zones (close areas in black, Z1-Z7), transects (white lines), and trap-sites (red
arrows, T1-T6) in EA1 where faecal samples were collected
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The faecal sampling were performed along 7
transects 1.8 SD 1.2 km average long in EAl and in
the feeding area near experimental settlements in
EA2. Each transect in EA1 was embedded in a
zone. The average distance between transects was
2.9 £ 1.14 km. The seven zones (Z1-Z7) were
chosen in order to be at a distance compatible with
the crested porcupine clan average home-range
(100 ha) (Lovari et al. 2013a) (Fig 55).

Each transect was monitored every 48 hours and all
the faecal samples found were removed even if

they were not used in this study, as an attempt to

ensure faecal samples were relatively fresh (max 48

Fig 56. Fresh porcupines feaces found
along a transect (Photo by Baldanti)

hours from faecal deposition) when collected for
parasitological analysis (Fig 56).

Faecal samples were also collected from road-killed and captured porcupines. Faecal

samples were considered belonging to single individuals if taken from captured and road-
killed animals, and if only a single faecal sample was collected from a transect during the
whole sampling period. Therefore, only a partial number of collected faecal samples were
considered attributable to different individuals.

All faecal samples collected were stored at -4°C and analysed within 24 hours.

Faecal samples were examined by using a commercial rapid immunoassay to detect Giardia
spp. and Cryptosporidium spp. faecal antigens (Rida Quick® Cryptosporidium/Giardia Combi,
R-Biopharm, Darmstadt, Germany). For the identification of helminthic eggs and protozoan
cysts/oocysts, all faecal samples were analysed also microscopically by the Mini-FLOTAC
technique (Cringoli et al. 2017) on 2 g-faecal samples by using satured sodium chloride as
flotation solution (specific gravity 1.2). Magnifications of 100x and 400x were used to
identify helminth eggs and protozoan cysts/oocysts. The results were expressed as the

arithmetic mean number of eggs/oocysts per gram (EPG/OPG) of faeces.

Molecular investigation was performed to identify the species and genotypes of Giardia in
samples found positive for Giardia spp. at parasitological analysis.For DNA extraction,

samples were processed by a commercial kit (QlAamp DNA Stool Mini Kit, QIAGEN,
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Valencia, CA, USA). A nested PCR protocol was applied to amplify a fragment of the small
subunit ribosomal RNA (SSUrDNA, 130 bp, Read et al. 2002), of glutamate dehydrogenase
(gdh, 432 bp, Read et al. 2004) and of triose phosphate isomerase (tpi, 530 bp, Sulaiman et
al., 2003) genes. Positive amplicons were purified using mi-PCR Purification Kit, Metabion
International AG.

Amplification products were sent to an external laboratory for sequencing (Bio-Fab Research,
Rome, Italy). Forward and reverse sequences were manually checked using FinchTV. The
obtained consensus sequences were then compared with those available in GenBank database
by using the Standard Nucleotide BLAST search and aligned by Clustal Omega implemented

in MEGAY7.0 with representative sequences for the three loci and used as reference.
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Ectoparasites

The presence of ectoparasites was checked in all capture porcupines and in two road-Kkilled
porcupines at post-mortem examination. All the body regions were examined for arthropods
detection. The age class and sex of the porcupine in which ectoparasites were found were
recorded. Collected fleas were fixed in 70% ethanol mounted with the Hoyer's solution and
microscopically identified with optical microscope. Species identification was based on the
morpho-anatomical characteristics and referred to descriptions reported by Berlinguer (1964)
and Manfredini (2005).
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Haematological and blood biochemical profile of crested porcupine

The haematological and blood biochemical profile of captured crested porcupine was
investigated in collaboration with the didactic veterinary hospital of the Department of
Veterinary Science of Pisa University. The blood samples with EDTA collected were
analysed for blood count within 90 minute from sampled using automatic cell counters. The

haematological values analysed were:

e Red blood cells (RBC)

e Haemoglobin (Hgb)

e MCV: mean corpuscular volume

e MCH: mean corpuscular haemoglobin
e MCHC: mean corpuscular haemoglobin concentration
e Platelets (PLT)

e White blood cells (WBC)

e Number and % of neutrophils

e Number and % of eosinophils

e Number and % of basophils

e Number and % of monocytes

e Number and % of lymphocytes

The blood samples without EDTA were centrifuged at 3.000 rpm for 10 min to separate the
serum from blood. The serum obtained was used for assessed the biochemical profile using
spectrophotometric, colorimetric and automated kinetic methods. The biochemical values

analysed were:

e Total Proteins (TP)

e Total and direct bilirubin

e Urea
e Creatinine
e Glycemia

e Alanine aminotransferase (ALT)

e Aspartate transaminase (AST)

e Gamma-glutamyl transpeptidase (GGT)
e Creatine kinase (CK)
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e Sodium (Na")
e Potassium (K")
e Calcium (Ca™)
e Phosphates

e Lactate

For each biochemical and haematological value obtained the mean, standars deviation and

median were computed.
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Leptospirosis in crested porcupine

The investigation was performed in collaboration with the infectious diseases and general
pathology and veterinary pathological anatomy sections of the Department of Veterinary

Science of Pisa University.
Antibodies detection of Leptospira

For the detection of Leptospira antibodies, all blood samples collected from captured
porcupines were centrifuged at 10.000 rpm for 10 min to separate the serum from blood. The

sera were collected in a 1.5 ml microtube and were kept at -20° C until analysis occur.

Leptospira antibodies were detected in the serum by Microscopic Agglutination Test (MAT).

Antibody titre of at least of 1:100 was considered positive.

The Leptospira live suspension employed for the MAT were: Icterohaemorrhagiae (serogroup
Icterohaemorrhagiae, strain Bianchi), Canicola (serogroup Canicola, strain Alarik), Pomona
(serogroup Pomona, strain Mezzano), Grippotyphosa (serogroup Grippotyphosa, strain
Moskva V), Tarassovi (serogroup Tarassovi, strain Mitis Johnson), Bratislava (serogroup
Australis, strain Riccio 2), Hardjo (serogroup Sejroe, serovar Hardjoprajitno), Castellonis
(serogroup Ballum, strain Castellon 3), Copenhageni (serogroup Icterohaemorrhagiae, strain
Wijmberg), Bataviae (serogroup Bataviae, strain Pavia), Australis (serogroup Australis, strain
Ballico), Zanoni (serogroup Pyrogenes, strain Zanoni), Saxkoebing (serogroup Sejroe, strain
Mus 24), Sejroe (serogroup Sejroe, strain Topo 1), Poi (serogroup Javanica, strain Poi), Mini
(serogroup Mini, strain Sari), Lora (serogroup Australis, strain Riccio 37), Hardjo (serogroup
Sejroe, strain Farina), Autumnalis (serogroup Autumnalis, strain Akiyami A), Hebdomadis

(serogroup Hebdomadis, strain Hebdomadis).
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Isolation of Leptospira

The investigation was performed on two dead porcupines, an 11kg adult female and a
porcupette female of 1.4 kg., following an impact with a car in Grosseto province (Tuscany,
Italy). From each carcass both kidneys and 1 ml of blood from heart cavity were collected

during necroscopy.

The blood samples were centrifuged at 10.000 rpm for 10 min to separate the serum. The sera
samples obtained were tested to detect Leptospira antibodies by using Microscopic
Agglutination Test (MAT) (OIE 2014) as describe in the previous chapter (Antibodies
detection of Leptospira).

The kidney samples were cultured in Ellinghausen-McCullough-Johnson-Harris (EMJH)
medium (Difco, Detroit, MI, USA). A representative portion of 10 cm? from each kidney was
homogenized with 5 ml of sterile water. One ml of homogenate was cultured in 5 ml of
EMJH. Cultures were incubated at 30 °C = 1 °C for 120 days and checked every 10 days
under dark-filed microscopy to assess bacterial growth. Subcultures were arranged to

maintain the isolated strain alive, in case of positive cultures.

Isolated Leptospira were genotyped using a Multilocus Sequence Typing (MLST) scheme
encompassing housekeeping genes (Ahmed et al., 2006; Boonsilp et al., 2013; Varni et al.,
2014). The amplification of each target gene was realized with HotStarTaq Master Mix Kit
(Qiagen, Hilden, Germany) and further sequenced (BMR Genomics, Padova, Italy) using the
same amplification primer sets and analysed using BioEdit Software (Hall, 1999).

The DNA was extracted from each kidney using the Quick-DNA Plus Kits (Zymo Research,
Irvine, CA, USA) according to the manufacturer’s instructions. The lipL32 gene Tagman
RealTime PCR was performed to detect pathogenic leptospires (Stoddard et al., 2009). The
RealTime PCR assay was performed on a Rotorgene Corbett 6000 (Corbett Research, Sidney,
Australia) with the following thermal conditions: a holding stage of 95 °C for 5 min, and 45
cycles of 95 °C for 15 sec and 60 °C for 30 sec. Sample with Ct lipL32 < 35 was considered

as positive.

Representative portions of kidneys collected during necropsy were routinely processed,
paraffin-embedded and 5-pm thick sections were stained with haematoxylin and eosin,
Masson trichrome Goldner and Warthin Starry stains. Tissue sections were also submitted to
immunohistochemistry. Antigen retrieval was achieved on the slides by placing them in a bath
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of 10 mmol/L citric acid (pH 6) and boiling for 16 min in an 800-watt microwave oven. The
slides were dried at room temperature and washed with running tap water. A peroxidase block
was performed and the slides were incubated with specific rabbit antisera against Leptospira
serogroup Pomona and Leptospira serogroup Grippotyphosa. The primary antibodies were
diluted 1:300 in a buffer solution (PBS) prior to incubation. A polyclonal horse serum (1 drop
diluted in 1ml of PBS) was used as a secondary antibody for 30 min at room temperature
(Vector Laboratories, CA USA). Antibody binding was detected using a streptavidin-biotin-
peroxidase Kit (Vector Laboratories, CA USA). The enzymatic reaction was developed with
the use of 3-1- diaminobenzydine (Sigma Chemical, MO, USA) as a substrate. Stained slides
were subsequently counter-stained in hematoxylin for 40 sec followed by a wash in tap water,
dehydration in graded alcohols (70, 90, and 100%), and clearance with xylene. Sections were
mounted in DPX (08600E; Surgipath Europe, UK). As a positive control a kidney of a PCR

positive mouse was used.
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4.Results
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4.1.Geolocation of settlements

Within the study area EA1 were geolocated a total of 446 ground holes of which 434
attributable to 41 real settlements and to 48 putative settlements and 12 detected in 8 war-
shelters (Fig 57). Within EA2, 97 ground holes distributed in 17 putative settlements were
geo-located (Fig 58).

Figure 57. The 446 ground holes geolocated in EA1. The ground holes assigned to a real or
putative settlement are represented with spots of the same colour. Image elaborate using Q-Gis
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Figure 58. The 97 ground holes geolocated in EA2. The ground holes assigned to each putative
settlement are represented with spots of the same colour. Image elaborate using Q-Gis
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Spatial-distribution analysis of settlements

Among the tested clustering models both the agglomerative clustering average linkage and
Ward.D linkage are resulted to be suitable model for settlements discrimination. For both
methods the Rand index resulted 1 (perfect agreements) and the Meila'’s variation index (V1)

resulted 8.9%°

. Conversely the Rand index and the Meila’s variation index (V1) was
respectively 0.952 and 0.072 for agglomerative clustering complete linkage and 0.954 and

0.065 for k-medoids model.

The agglomerative clustering average linkage showed the highest correlation value
(value=0.86). This model was used for clustering the ground holes of the putative settlements
and for spatial-distribution analysis of the obtained settlements. The maximum distance
recorded between two settlements inhabited by only one porcupine family group resulted 250

meters.

In EA1 the cluster analysis showed a distribution of the 434 geolocated ground holes in 85
settlements. The assignement of the 263 ground holes to the 41 real settlements was
confirmed by the cluster analysis. Among the 171 ground holes assigned to putative
settlements 126 (73.6%) were confirmed by the cluster analysis to belong to 33 settlements
while the other 45 ground holes were clustered in 11 new settlements (Fig 59).

The average number of ground holes per settlement resulted 4.5 holes (SD = 4.4 holes) and
the settlements density was 2 settlements/km?.

In EA2 the 97 geolocated ground holes resulted clustered in 15 settlements. The assignement
of the 77 (n=97, 79.4%) ground holes to 13 putative settlements was confirmed by the cluster

analysis while the other 20 ground holes were clustered in 2 new settlements (Fig 60).

In EA2 the settlements density resulted to 2.4 settlements/km? and the average number of

ground holes per settlement was 5.7 holes (SD = 4.5 holes).

100



Figure 59. Identified settlements by cluster analysis in EA1. The white spots indicate the real and
putative settlements analysed, the green circle the confirmed settlements, the red pentagon the no-
confirmed settlements and the yellow arrow the new settlements identified.

Image elaborate using Q-Gis
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Figure 60. Identified settlements by cluster analysis in EA2. The white spots indicate the real and
putative settlements analysed, the green circle the confirmed settlements, the red pentagon the no-
confirmed settlements and the yellow arrow the new settlements identified.

Image elaborate using Q-Gis
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The 67% (n=57) and 86.6% (n=13) of settlements in EAl and EA2 respectively resulted
distributed in settlements systems named here “Stations”. The settlements belonging to a
station resulted opposite exposed and connected one to each other by a dense network of
pathways. Overall 24 stations in EA1 and 4 in EA2 were identified (Fig 61 and Fig 62). In
particular in the study area EA1 the 37.6% (n=32) of settlements resulted distributed in binary
stations, the 24.7% (n=21) in ternary stations and the 4.7% (n=4) in quaternary stations. In the
study area EA2 the 13.3% (n=2) of settlements resulted distributed in binary stations, the 20%
(n=3) in ternary stations and the 53.3% (n=8) in quaternary stations. In the 71.4% (n=5) of
ternary stations in EA1 and the 50% (n=1) of quaternary stations in EA2 the settlements
systems were characterized by the presence of two main settlements and outlier settlements

with one or two ground holes digged in war-shelters or in grooves created by rainwater.
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Figure 61. Cluster dendrogram of the 24 stations identified in EAL. The red line is the cut line at 250
meters used for settlements spatial-distribution analysis.
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Figure 62. Cluster dendrogram of the 4 stations identified in EA2. The red line is the cut line at 250
meters used for settlements spatial-distribution analysis.

The ground holes orientation did not present a sector preference in the orientation in both the
study areas. The mean vector of ground holes in EAL resulted 164° with a mean vector length
(r) of 0.062 (Fig 63A) while in EA2 242° with a mean vector length (r) of 0.074 (Fig 63B).

Figure 63. Circular distribution of the 434 ground holes in EAL (A) and of the 97
ground holes in EA2 (B). The red arrows indicate the mean vector
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The bimodal mean vector length (r) of settlements in EAlresulted 0.29 while in EA2 was 0.4.
The unimodal mean vector length was 0.093 in EAl and 0.1 in EA2. The Rayleigh test
showed a highly significant bimodal distribution of the settlements orientation in EAl
(P<0.001) and a significant bimodal distribution of settlements orientation in EA2 (P<0.05).
In EAL the average settlements orientation trend resulted 122° South-east-302° North-west
with confidence intervals ranges from 288° to 318° North-west and from 108° to 132° South-
east. In EA2 the average settlements orientation trend resulted 130° South-east — 310° North-
west while the confidence intervals ranges from 107° to 155° South-east and from 288° to
335° North-west (Fig 64).

B

Figure 64. Bimodal circular distribution of the 85 settlements in EA1 (A) and of the 15
settlements in EA2 (B). The red arrows indicate the mean vector and the red dashed lines
the confidence intervals.

Manly selection index for ground holes occurrence showed positive selection for the South-
east and a negative selection for the North-east in both the study areas. Conversely no
selection was obtained for South-west and North-west exposures sectors (Fig 65). Similarly in
EAL the Manly index showed a positive selection for settlements occurrence to South-east
and a negative selection to North-east while no selection was resulted in EA2 (Fig 66).

In EAL the 95.3% (n=81) of settlements were detected in woody areas, the 3.5% (n=3) in
uncultivated areas and the 1.2% (n=1) in woody covered riverbanks. In EA2 the 80% (n=12)
of settlements were presents in woody areas, the 13.3% (n=2) in uncultivated areas and the
6.7% (n=1) in woody covered riverbanks. The frequency of settlements occurrence was
significantly higher in woody areas than in uncultivated areas (P<0.001, XZ = 143.2) and
woody covered riverbanks (P<0.001, ¥* = 150.77) in EAL Similarly, in EA2, the settlements

occurrence was significantly higher in woody areas than in uncultivated areas (P<0.001, xz =

105



13.39) and woody covered riverbanks (P<0.001, y*> = 16.42). All settlements in both study
areas were detected in sandy soil.

In the study area EAl the average distance of detected settlements from cultivated or
uncultivated areas resulted 32.4 meters (SD = 18.2) and the maximum distance recorded was
77.5 meters. In study area EA2 the average distance between settlements and from cultivated
or uncultivated areas was 37.3 meters (SD = 22.7) with a maximum distance recorded of 86.5
meters.

In EAL the settlements average density on perimeter kilometre resulted 0.97 (SD = 0.37)
settlements/km while in resulted 2.08 (SD = 0.006) settlements/km in EA2.
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Figure 65. Sectors exposure selection for the ground holes occurrence in EA1 (A) and EA2 (B) using
Manly selection index.
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4.2. Porcupines capture and marking

Overall 14 porcupines were captured and marked (Fig 67), 8 in EA1 and 6 in EA2. In Table 2
and Table 3 the sex, age class, weight of each capture porcupine and the samples collected for

each specimen are reported.

Table 2. Sex, age class and weight of the 8 captured porcupines in EAL. For each porcupine the date
and site of capture and the collected sample (blood, ectoparasite and feaces) are also reported

Sex Age class BW Date TS BS 85 EP FS
EDTA
Male Porcupette 3.1 17/04/2018 T1 X
Male Adult 11.6  13/06/2018 Tl X X
Female Porcupette 3.5 10/02/2019 T2 X X
Male Adult 14.5 14/02/2019 T5 X X
Male Adult 11.4  19/02/2019 T3 X X
Female Adult 12 28/02/2019 T5 X X X
Male Adult 145  01/03/2019 T2 X X
Female  Sub-adult 11 01/03/2019 T1 X X X X

BW= body weight (kg), TS= trap site, BS= blood samples, BS EDTA= blood samples with EDTA,
EP=ectoparasite, FS= faecal samples

Table 3. Sex, age class and weight of the 6 captured porcupines in EA2. For each porcupine the date
and site of capture and and the collected sample (blood, ectoparasite and feaces) are also reported

Sex Age class BW Date Trap BS 55 EP FS
EDTA
Female Adult 13.4  20/02/2018 T2 X
Female Adult 11 22/02/2018 T2 X
Female  Sub-adult 56  21/05/2018 T5 X X X
Female  Sub-adult 7.2 14/02/2019 T3 X X
Female Porcupette 1.9  02/03/2019 T3 X X X X

Female Sub-adult 95 02/03/2019 T4 X X X

BW= body weight (kg), TS= trap site, BS= blood samples, BS EDTA= blood samples with EDTA,
EP=ectoparasite, FS= faecal samples
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Figure 67. Specimens of porcupine captured and marked in EAL and EA2: (A) adult male in EAl
marked with black tapes on the quills and black paint on the tail, (B) porcupette female in EA2
marked with black tapes on the quills, (C), sub-adult female in EA1 marked with a red taps on quills
and black paint on the crest, (D) sub-adult female in EA2 marked with white tapes on the quills and
white paint on the crest, (E) sub-adult female in EA1 marked with red tapes on the quills and white
paint on the tail and (F) adult female in EA2marked with red tapes on the quills and white paint on
the crest (Photos by the Author)

109



4.3. Camera-trapping

Overall, in EA1 68 out of 89 geolocated settlements, were monitored for a total of 58.347

(TV) video collected. The camera trapping success was 48% for a total of 28.050 useful video

in which target and no-target animals were present (UV). In Table 4 the number of videos

recorded for each observed species is reported.

Table 4: List of the species observed in the collected videos in EA1. For each specie the total number
of videos recorded, the percentage on the total video collected during the monitoring (%TV) and the
percentage on the useful video collected during the monitoring (%UV) are reported.

Scientific name Common name N°videos  %TV %UV
Hystrix cristata Crested porcupine 20.038 34.3 714
Meles meles European badger 5.224 8.9 18.6
Vulpes vulpes Red fox 1.046 1.7 3.7
Sus scrofa Wild boar 267 0.4 0.9
Capreolus capreolus Roe deer 271 0.5 1
Martes martes/foina Pine marten/ Stone marten 45 0.08 0.2
Oryctolagus cuniculus Wild rabbit 458 0.8 1.65
Sylvilagus floridanus Eastern Cottontail 522 0.9 1.9
Lepus europeaus European hare 6 0.01 0.02
Sciurus vulgaris Red squirrel 26 0.04 0.09
Phasianus colchicus Pheasant 17 0.02 0.06
Garrulus glandarius Jay 76 0.1 0.3
Erinaceus europeus Hedgehog 11 0.02 0.04
Upupa epops Hoopoe 1 0.002 0.003
Picus viridis Green woodpecker 29 0.05 0.1
Dendrocopos major Great spotted woodpecker 3 0.005 0.01
Cyanistes caeruleus Blue tit 1 0.002 0.003
Scolopax rusticola European woodcock 1 0.002 0.003
Canis lupus Wolf 1 0.002 0.003
Mustela putorius Skunk 1 0.002 0.003
Mustela nivalis Weasel 3 0.005 0.01
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Among the monitored settlements the 69% (n=47) resulted inhabited by porcupines while the

31% (n=21) resulted abandoned and/or only visited.

In EA2 all geolocated settlements (n=17) were monitored for a total of 10.511 video recorded.

The camera trapping success was 54.6 % for a total of 5747 useful video in which target and

no-target animals were present. In Table 5 the numbers of videos recorded for each observed

species are reported. The 65% (n=11) of monitored settlements resulted inhabited by

porcupines while the 35% (n=6) were only visited.

Table 5: List of the species observed in the collected videos in EA2. For each specie the total number
of videos recorded, the percentage on the total video collected during the monitoring (%TV) and the
percentage on the useful video collected during the monitoring (%UV) are reported..

Scientific name Common name N°videos % TV %UV
Hystrix cristata Crested porcupine 3815 36.3 66.4
Meles meles European badger 626 6 11
Vulpes vulpes Red fox 50 0.5 0.9
Sus scrofa Wild boar 3 0.03 0.05
Capreolus capreolus Roe deer 63 0.6 1.1
Dama dama Fallow deer 53 0.5 0.9
Martes martes/foina Pine marten/Stone marten 24 0.2 0.4
Lepus europeus European hare 170 1.6 3
Oryctolagus cuniculus Wild rabbit 432 4.1 7.5
Phasianus colchicus Pheasant 485 4.6 8.4
Buteo buteo Buzzard 26 0.2 0.4
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Individual recognition of the animals in camera-traps videos

Overall, in EA1, in addition to the 8 marked porcupine, 5 no marked porcupines were

recognisable by detecting the presence of phenotypic peculiarities. In this way 5 porcupine
families were identified (Tab 6 and Fig 68, 69, 70, 71 and 72). The average size of the family

group was 4.1 SD 1.5 individuals. In addition 9 badgers and 5 red foxes were individually
recognised (Tab 7 and Fig 73).

Table 6. Porcupines individually marked and/or recognisable due to the presence of phenotypic

peculiarities in each identified porcupine family groups in EAL. For the individuals phenotypically
recognisable the phenotypic characteristic is reported.

Specimens Marked Recognisable
Adult male X White tapes on the quills
Blindness left and right
Family 1 Sub-adult female X Red tapes on the quills
Black paint on the crest
Porcupette male X White paint on the tail
Adult male X Black tapes on the quills
Blindness left
Family 2 Adult female NO Blindness left
Porcupette female X White tapes on the quills
Sub-adult NO Absence of crest
Family 3 Adult female NO Bfindness I-eft
Adult male NO Blindness right
Adult male X Black tapes on the quills
Family 4 Black paint on the t-ail
Sub-adult female X Red tapes on the quills
White paint on the tail
Adult male X White tapes on the quills
Family 5 Injury on the nose
Adult female NO Crest carried on the left side
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Table 7. Phenotypic characteristics of the 6 badgers and 5 red foxes identified in EAL

Particularities

Blindness right  Blindness left Injuries )
in coat
1 X
2 X
Badger > % %
4 X
5 X
6 X
1 X
2 X
Red fox 3 X X
4 X
5 X

In EA2, in addition to the 6 marked porcupines, only 2 porcupines with individual phenotypic
peculiarities were observed and 3 families groups were identified (Tab 8 and Fig 74, 75 and
76). The average size of the family group resulted 4.1 SD 1.6. No badger and red fox were
identified.

Table 8. Porcupines individually marked and/or recognisable by the presence of phenotypic
peculiarities in each porcupines family groups identified in EA2. For the specimens phenotypically
recognisable the phenotypic characteristic is reported.

Specimen Marked Recognisable
Adult female X Black tapes on the quills

Family 1 Injury in the rump (left
Y Adult male NO A P (left)

Blindness right

Red tapes on the quills

Family 2 Adult female X ] _
White paint on the crest
Sub-adult female X White tapes on the quills
Family 3 Porcupette female X Black tapes on the quills
Sub-adult male NO Injuries in the rump (left)
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Figure 68. Marked and individually recognisable individuals in the family 1 of EAL: (A) the
marked sub-adult female with red tapes on the quills and black paint on the crest with the adult
female and two 1 month old porcupettes, (B) the marked adult male with white tapes on the
quills, the blindness of the left eye is visible, (C) the marked adult male with white tapes on the
quills, the blindness of the right eye is also visible, with the adult female and the marked male
porcupette with white paint on the tail, (D) the marked sub-adult female with red tapes on the
quills and black paint on the crest.

o, A | - i

Figure 69. Marked and individually recognisable individuals in the family 2
of EAL: (A) the marked adult male with black tapes on the quills, (B) the left
eye blind adult female, (C) the marked porcupette female with white tapes on

the quills and (D) the without crest sub-adult.
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Figure 70. Individually recognisable specimens in the family 3 of EA1: (A) the blind left eye
adult male with the blind right eye adult female, a sub-adult and a porcupette and (B) the blind
right eye adult female with blind left eye adult male and a sub-adult.

Figure 71. Marked and individually recognisable specimens in the family 4 of EAL: (A) the marked

adult male with black tapes on the quills and black paint on the tail, (B) the marked adult male with

black tapes on the quills and black paint on the tail with the adult female of the pair (C) the marked

adult male with black tapes on the quills and black paint on the tail with the adult female of the pair

and a porcupette and (D) the marked sub-adult female with red tapes on the quills and white paint on
the tail with another sub-adult individual.
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Figure 72. Marked and individually recognisable specimens in the family 5 of EAL: (A) the
recognisable adult female with the crest carried on the left side (B) the marked adult male with
white tapes on the quills with the recognisable adult female with the crest carried on the left side,
the injury on the adult male nose is visible (C) the marked adult male with white tapes on the
quills an recognisable for the presence of an injuries on the nose with the recognisable adult
female with the crest carried on the left side, a sub-adult and a porcupette and (D) the marked
adult male with white tapes on the quills with a sub-adult individual.

- »~ L Y,

Figure 73. (A) An adult badger blind from right eye and (B) an adult female of red fox blind from
its left eye both detected in EAL.
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Figure 74. Marked and individually recognisable specimens in the family 1 of EA2: (A) the
marked adult female with black tapes on the quills with the recognisable adult male, the injury on
the male rump is visible and (B) the the recognisable adult male, the blind from the right eye is
visible, with the marked adult female with black tapes on the quills and a porcupette.

on the quills and (B) the marked adult female with red tapes on the quills with the adult male of the
pair.
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Figure 76. Marked and individually recognisable specimens in the family 3 of EA2: (A) the marked
sub-adult female with white tapes on the quills, (B) the recognisable sub-adult male with a injury in
the rump, (C) the marked sub-adult female with white tapes on the quills with the marked
porcuppette female with black tapes on the quills and (D) the marked porcuppette female with
black tapes on the quills with an adult individual.
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Co-habitation of settlements and interaction between crested porcupines,
badgers and red foxes

The inhabitation of settlements and interaction between crested porcupines, badgers and red
foxes were assessed in 12 out of 16 settlements. The investigated settlements were often
explored by crested porcupines, badgers and red foxes within the same night but at different
times (Fig 77).

Figure 77: Sharing of the same settlements at different time by crested porcupines, badgers and red
foxes observed in S8 (A, B, C), in S1 (D, E, F) and in S9 (G, H, I).

The minimum time of permanence resulted 10 hours and 11 minutes while the average time
was 13 hours and 44 minutes (SD = 1 hour and 26 minutes). Porcupines inhabited not
permanently 12 monitored settlements, the red foxes inhabited only S1 and S2 while the
badgers inhabited 7 out of 16 settlements, four of them (S2, S5, S6, S12) in absence of
porcupine and three (S1, S4, S8) in presence of porcupines (Fig 78).

In each settlement, the porcupine’s permanence ranged from 1 day to 10 consecutive months.
The longer permanence of porcupines in one settlement was related to the presence of

porcupettes.

The badgers had inhabited S1, S2, S4, S5 and S12 for short and reiterate periods (1 to 6 days)

in autumn and winter. Only in S8 a social group of three badgers have permanently inhabited
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the settlemenet from September 2018 to February 2019 and from June to July 2019. The same
social group of badgers inhabited S8 for short and reiterate periods (1 to 4 days) between
March and June 2019. In the others settlements, events of inhabitation by badgers in spring

and summer were rarely recorded and only for very short periods (1 to 2 days).

The red foxes inhabited S1 on two occasions in spring (April 2018 and April 2019). In both
cases, red fox exploratory activity in the settlement inhabited by porcupine family 1 with

porcupettes, was recorded. After 6 days, the resident porcupine family moved to S2.
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Figure 78. Settlements inhabitation. Percent of days of inhabitation of the 12 settlements by crested
porcupines (P), badgers (B), red foxes (F) and cohabitation between porcupines and badgers.

The red fox immediately occupied S1 and gave birth to four pups in April 2018 and five pups
in April 2019 (Fig 79). The red fox and its pups inhabited the settlement for one month in
springs in both years. After the red fox and its pups left the settlement, the porcupine family 1

returned.

120



Figure 79. The adult red fox in Aprll 2018 while nursing its pups in S1 (A) and the red fox while
resting with its pups (B) in S1 in April 2019

The co-habitation was only recorded between badgers and porcupines in S1 (n=7 events), S4

(n=2 events) and S8 (n=110 events) (Fig. 78), each inhabited by a different recognisable

porcupine family, for a total of 119 events. The 5% (n=6) of co-habitation events were
recorded in 2017, the 43.7% (n=52) in 2018 and the 51.3% (n=61) in 2019.
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Figure 80. Number of monthly co-habitation events recorded during the whole period
of monitoring

The co-habitation between porcupines and badgers resulted distributed throughout the year
(Fig 80). The S1 and S4 were both co-habited by a single badger and a porcupine family
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group for no more than 1 day. S8 was co-habited by a social group of three badgers and a
family group of five porcupines (two adults, one young and two porcupettes). Badgers and
porcupines in 2018 co-habited in the S8 for 26, 24 and 23 day intervals from October to

December and for 14 and 16 day intervals in February and June-July 2019 respectively.

In the 77.3% of co-habitation days (n=92) the co-habitation was performed in the presence of
porcupettes. Co-habitation between badgers and porcupines with porcupettes was recorded in

all settlements in which co-habitation occurred.

Porcupines and badgers in S1 only used 2 out of 4 monitored ground holes, 1 out of 2 in S4
and 2 out of 5 in S8 for emerging-from and returning-to the burrow. In Table 9 are reported
the percentage of use of the same or different burrow entrance holes during emerging-from
and returning-to the burrow. Usually each species used separate entrance. In some cases the
two species used the same entrance hole without any specific priority in the entrance order of
one species over the other. Only in one case in S8 the two species use both entrance holes
without priority in the entrance order of one species over the other.

Within the co-habitation days (n=119), badgers emerged from and returned to the burrow
after the porcupines 30 times (25.2%),they emerged after and returned before the porcupines
in 62 times (52.1%), emerged before and returned after the porcupines 14 times (11.7%) and
emerged and returned before the porcupines 18 times (15.1%). The average delay of first
emergence between the two species was 46 minutes (SD = 38 minutes). The last returning
home was recorded with an average delay between the two species of 41 minutes (SD = 37
minutes). The average co-habitation time between the two species was 12 hours and 40
minutes (SD = 1 hour and 6 minutes), from 10 hours and 11 minutes to 16 hours.

The exclusively inhabitation of porcupines temporarily uninhabited burrows by red foxes and
badgers resulted significantly different (p<0.001, X®> = 52.26). The foxes exclusively
inhabited the settlements in the 100% of cases while badgers both exclusively inhabited and
co-habited with porcupines in 57% and 43% of cases respectively. Within a settlement, all the
co-habitation events always happen in the vicinity (no more than 250 meters) of another

available free/fempty settlement.
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Table 9. Percentage of use of the same and different burrow entrance holes during emerging-from and
returning-to the burrow by porcupines and badgers in S1, S4 and S8. The single event of co-use of the
ground holes by both species is not here reported.

S1 S4 S8
Same hole 2 (14.3%) 2 (100%) 23 (21.3%)
Different holes 12 (85.7%) 0 84 (77.7%)

Totally 44 interaction events were recorded of these the 86.4 % (n=38) were detected between
porcupines and badgers in S1, S8 and S9 (Fig 81), the 11.4 % (n=5) between porcupines and
foxes in S1, S2, S9 and S10 (Fig 82A) and the 2.3 % (n= 1) between badgers and foxes only
in S1 (Fig 82B). In Table 10 the number and percentage of both types of interactions between

P-B, P-F and F-B in each settlement are reported.

In 63.2% (n=24 events) of porcupines and badgers interactions, a mutual avoidance behaviour
was observed. Events of aggressive interactions occurred in 36.8% (n=14 events). Aggressive
interaction between badgers and porcupines always starts with the two animals staring at each
other then, suddenly the badger would move forward while the porcupine would attack
sideways. Erection of quills, rattling of tail, snorting and grumbling from the porcupine would

usually be enough to end the interaction.

In three occasions, in S8 interactions between adult badger and a four-month old porcupette
were recorded. The porcupette always drove away the badger by sideways attack, quills

erection and tail rattling.
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Figure 81. Interactions between crested porcupines and badgers: (A) Aggressive interaction between
adult badger and a three months old porcupette of family 3 in S8, (B) Aggressive interaction
between an adult badger and the adult male porcupine of family 5 in S9, (C) Avoidance interaction
between a sub-adult with a porcupette of family 3 and an adult badger in S8 and (D) Avoidance
interaction between an adult badger and the adult male porcupine of family 1 in S1.
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Figure 82: Avoidance interactions between the adult male porcupine of family 1 (in the circle) and a
young red fox (A) and between an adult red fox and an adult badger in S1

Table 10. Number and percent of avoidance (AV) and aggressive interactions (Al) recorded between
porcupines and badgers (P-B), porcupines and foxes (P-F), badgers and foxes (B-F) in those
settlements in EA1 in which interactions occurred during the monitoring period.

Settlement Al AV Al+AV

S1 0 8 (100%) 8
P-B S8 12 (40%) 14 (60%) 26

S9 2 (50%) 2 (50%) 4

S1 0 1 (100%) 1

S2 2 (100%) 0 2
P-F

S9 0 1 (100%) 1

S10 1 (100%) 0 1
B-F S1 1 (100%) 0 1
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In 40% (n=2) of porcupines and red foxes interactions a mutual avoidance behaviour was also
recorded. Aggressive interactions between porcupines and red foxes were always recorded as
consequence of an intense exploratory activity of the red fox just after the birth of porcupettes
in S2 and in S10. The explorative behaviour of the red fox was always the same: it
approached the entrance hole, sniffed, tried to enter and then walked away. In two cases, an
adult porcupine drove away the red fox while it was sniffing in front of the entrance hole
where the porcupettes were present. After this, the red fox activity immediately stopped.

No statistical differences were recorded in the number of avoidances and aggressive
interactions between P-F and P-B in not co-habited settlements while statistical differences
(p<0.01, ¥* =7.27) resulted in the number of avoidances and aggressive interactions between

P-B in the co-habited and not co-habited settlements.
Predation events on porcupine by both badger and red fox have never been observed.

The scavenging of porcupine carcasses by red foxes was recorded in October 2018 in S1 and
in November 2019 in S2 (Fig 83). In both cases the recorded videos clearly show the red fox
sniffing and yelping before partially enter the ground hole and pulling out a dead porcupine
from the burrow without any display of predatory movements. In both cases, the fox ate the
innards of the dead porcupine and decapitated the carcass. The fox then moved the remains a

few meters away (Fig 84).

Furthermore, in the first case, a badger's exploratory activity was also recorded a few minutes
before the red fox arrival. In this occasion, the badger stopped and sniffed in front of the

burrow where the dead porcupine was present and then moved away.
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Figure 83. Scavenging of porcupine carcass by red fox. (A) The
red fox while extracting the dead porcupine from burrow. (B)
The red fox while scavenging porcupine carcass after
extracting it from the burrow

Figure 84. Carcass of decapitated porcupine found
near the burrow from where it was extracted (Photo 127
by the Author)



Spatio-temporal inhabitation of settlements by crested porcupine

All the 12 investigated settlements resulted inhabited always by only one porcupines family
without cohabitation with other porcupines. In four occasions, 2 in S1 and 1 in S2 and S5,
encounters between porcupines that inhabited the settlement and porcupines visiting the
settlement were recorded and in all cases fighting occurred. The family 3 in EA2 and 4 out of
5 porcupine families in EAL alternatively and complementarily inhabited two settlements
belonging to a station while the family 5 in EA1 stably inhabited only one settlement. Each
porcupine family show a different inhabitation pattern of the two inhabited settlements during
the whole period of monitoring (Fig 85). Different inhabitation patterns were also observed

between the 5 porcupine families in EAL during the same year of monitoring (Fig 86).
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Figure 85. Inhabitation pattern of each porcupines family group in the two inhabited settlements
(green and red colored) belonging to a station during the whole monitoring period. White space
indicates the days in which it was not possible to assess the inhabitation. Green colour always
refer to the mostly used settlement
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129



In EAL the settlements S1, S11and S16 were oriented to South-west, the settlements S2, S3
and S5 to South-east, the settlements S4, S8 and S9 to North-west and S15 to North-east. In
EA2 the settlement S5 was oriented to North-west while S6 to South-west. Inhabitation of the
station by other porcupines families other than the “owner” was never been observed not even
when the “resident” family was not present in one of the two settlements.

In EAL the family 1 inhabited the S1 and S2, the family 2 the S3 and S15, family 3 the S8 and
S11, family 4 the S4 and S5 while, family 5 always inhabited only S9. In EA2 the family 3
inhabited S5 and S6. In EA1 the frequencies of inhabitation of the families 1, 3, 4, 5in S1
(n=421 days), S8 (n= 239 days), S4 (n=230 days) and S9 (n=331 days) during the whole
period of monitoring was significantly higher (P<0.001) than in the S2 (n=297 days), S11
(n=12 days), S5 (n=165 days) and S16 (n=0) respectively. The family 2 inhabit significantly
more frequently (P<0.05, y* = 4.42) S3 (n=181 days) than S15 (n=150 days). The family 3 in
EA2 inhabited the S6 (n=158 days) significantly more frequently (P<0.001, x* = 174.05) than
the S5 (n= 12 days).

Overall the inhabitation frequencies resulted significantly higher (P<0.001) in N-W and S-W
oriented settlements than in S-E and N-E oriented settlements and in S-E oriented settlements
than those to N-E. No statistical differences were recorded between the inhabitation
frequencies in N-W and SW oriented settlemements.

In EAL the family 1 inhabited S1 and S2 with a clearly different pattern in 2017 and 2018
(Fig 87). The S1 (n=173) was significantly more frequently inhabited (P<0.001, y* = 13.06)
than S2 (N=125) in 2017 while no statistical difference were recorded in the inhabitation of
S1 (n=147) and S2 (n=160) in 2018. The frequencies of inhabitation of S1 by family 1 in
2017 (n=173) and 2018 (n=147) do not show statistical differences while the inhabitation of
S2 was significantly higher (P<0.01, * = 7.05) in 2018 (n=160) than in 2017 (n=125). As
observed for family 1, also the family 4 showed a different inhabitation pattern in the two
settlements in the period January-July 2018 and 2019 (Fig 88). The S4 (n= 123) was
significantly more frequently inhabited (P<0.001, °= 10.82) than S5 (n=83) between January
and July 2018. Conversely, between January and July 2019 the frequency of inhabitation of
family 4 was significantly higher (P<0.001, x*= 14.95) in S5 (n=92) than in S4 (n=53). The
inhabitation of S4 was significantly higher (P<0.001, ¥°= 39.42) between January and July
2018 (n=107) than in January-July 2019 (n=45). The S5 was inhabited by Family 4
significantly more frequently (P<0.001, x*= 58.19) in January-July 2019 (n=79) than in
January-July 2018 (n=14).
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Overall 133 events of settlement change were recorded and only in the 2.3% (n=3) the

increase of the exploratory activity by badger and/or red fox in the days before the settlement

change were recorded. In the 97.7% (n=130) the settlement change occurs without any

detectable disturbance and no settlement change was documented even if in presence of high

human disturbance for hunting. The inhabitation of the settlements by each family ranged

from 1 to 244 consecutive days with an average time of permanence in each settlement of 7

SD 16.6 days. Long periods of permanence in the same settlement (> 20 consecutive days)

were recorded in 24 occasions and in the 50% of these (n=12) porcupettes were present.
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Figure 87. Inhabltatlon pattern of porcupme family 1 in EA1 in S1 and S2 belonging to
a station in 2017 and 2018. White spaces indicates the days in which it was not possible

to assess the inhabitation Green colour refer to the mostly used settlement

Figure 88. Inhabitation pattern of porcupine family 4 in EAL in S4 and S5 (green and
red colored) belonging to a station in the period January-July in 2018 and 2019.
White spaces indicates the days in which it was not possible to assess the inhabitation

Green colour refer to the mostly used settlement
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First daily emergence time of crested porcupine from burrow

Overall 1077 events of first emergence of porcupines from burrow were recorded from all the
monitored settlements of both the study areas during all the monitoring period (Fig 89 and Fig
90).

The average delay of emergence of porcupine from burrow compared to the time of sunset
throughout the years resulted to be 1 hour and 23 minutes (SD = 1 hour and 1 minute. In the
cold period (September to February) the average delay of emergence resulted 1 hour and 54
minutes (SD = 1 hour and 4 minutes) with a maximum delay of 6 hours and 18 minutes. In the
warm period (March to August) the average delay of emergence resulted 45 minutes (SD = 27
minutes). In this period the maximum delay of emergence resulted 3 hours and 36 minutes.
The first emerging from burrow before sunset was recorded mainly between March and
August for a total of 36 events while only one event was recorded in cold period. The average
advance of emergence resulted 24 minutes (SD = 21 minutes) with a maximum advance of 1

hour and 22 minutes.

Figure 89. (A) the adult pair and two porcupettes of family 2 in S3, (B) the adult male and a sub-adult
of family 5 in S9, (C) the adult pair and two porcupettes of family 1 in S2 and (D) the adult female and
a sub-adult of family 3 in S8 during their first daily emergence from burrows in EA1
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Figure 90. Graphical representation of the 1077 events of first daily emergence of porcupines from burrows compared to the time of sunset throughout all
the year (21 December - 20 December)
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Diurnal motor activity and sunbathing in crested porcupine

Diurnal motor activity was recorded in 10 out of 16 settlements for a total of 148 events of
diurnal motor activity recorded in 214 videos (1.06% of videos where porcupines were
present) (Fig 91A). Times of permanence outside the burrow were obtained from 11 diurnal

motor activity events (Fig 91B).
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Figure 91. (A) Graphical representation of the 148 diurnal motor activity events
recorded in the monitored settlement in relation to the time of sunset and sunrise
during the year (21 December - 20 December) and (B) times of permanence outside
the burrow recorded in 11 diurnal motor activity events.
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The average time of permanence outside the burrow resulted in 55 minutes SD 1 hour and 4
minutes. The minimum permanence time was up to 1 minute and the maximum time up to
3hours and 13 minutes.

A diurnal motor activity irregular pattern was observed within each porcupine family

throughout the year (Fig 92).
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Figure 92. Total number of monthly diurnal motor activity events recorded in
the monitored settlement in relation to daylight hours during the year.
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136



The 92.2% (n=135 events) of porcupine diurnal movements were recorded between
December and July with a peak between April and June (n=78 events). The 8.7% (n=13
events) of diurnal motor activity was detected between August and November. The diurnal
motor activity was recorded at all hours in daytime with a peak between 15:00 to 16:00 (Fig
93).

The 28.3% of daylight events were performed by porcupettes (n=46 events), the 24.3% by
youngsters (n=36 events), the 29.7% by adults (n=44 events) and the 14.8% by family groups
(n=22 events) (Fig 94, 95 and 96). The diurnal motor activity resulted significantly lower in
family groups compared to lonely youngsters (P<0.05), porcupettes and adults (P<0.001). No
significant differences were recorded among the porcupettes, youngsters and adults daylight
movements. The occurrence of diurnal motor activity resulted significantly higher in the
settlements permanently inhabited (P<0.001) than in those only occasionally inhabited by

porcupines (Fig 97).
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Figure 94. Total numbers of events of diurnal motor activity and sunbathing recorded in the
monitored settlement in porcupettes, youngsters, adults and family groups.
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Figure 95. (A) The adult male and female of family 5, recognisable by the presence of the injury on
the nose and of the crest carried on the left side respectively, with two porcupettes in S9 and (B) the
blind left eye adult female of family 2 with a porcupette and a sub-adult in S3 outside the burrow
during the daylight hours

Figure 96. (A) The blind left eye adult female of family 2 in S3, (B) the marked adult male with
white tapes on the quills (the injury on the nose is also visible) of family 5 in S3, (C) a sub-adult of
family 1 in Sland (D) a porcupette of family 3 in S8 outside the burrow during the daylight hours
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The sunbathing behaviour was detected in 0.8% (n=160) of videos with porcupines for a total
of 36 episodes (Fig 98). The sunbathing was observed only in porcupines belonging to 5
family groups in S1, S3, S6, S9 and S10 always in the vicinity of the ground holes entrance of
the burrow (Fig 99).
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Fig 98. Graphical representation of the 36 episodes of sunbathing recorded in the monitored
settlement in relation to the time of sunset and sunrise during the year (21 December - 20
December).

In the 64% of recorded episodes the sunbathing behaviour was performed by porcupettes
(n=23 episodes), in the 8.3% by youngsters (n=3 episodes), in the 2.7% (n=1 episode) by
adults and in the 25% (n=9 episodes) by porcupettes with adults or youngsters of the same
family (Fig 94).

The occurrence of sunbathing behaviour was significantly higher in porcupettes (64%)
(P<0.001) compared to youngsters (8.3%), adults (2.7%) and porcupettes with adults or
youngsters (25%). The sunbathing performance in porcupettes with adults or youngsters was
higher than in youngsters only (P<0.05) and adults only (P<0.01). No statistical difference

resulted between adults and youngsters sunbathing performances.
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Figure 99. Porcupines performing sunbathing. (A) Two porcupettes of family 2 in S3, (B)
the adult female of family 1 in S1, (C) the adult female recognisable by the crest carried
on the left side and a porcupette of family 5 in S9 and (D) a sub-adult in S6.

The 72.2% of sunbathing episodes was recorded between April and June mainly from 11:00
to 12:00 (Fig 93).

The average duration of the sunbath resulted to be 20 minutes SD 28 minutes with the

duration range between 1 to 123 minutes (Fig 100).
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Sunbathing performance
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Figure 100. Graphical representation of the length of sunbathing episodes recorded. For each sunbathing
episode the date, the time, the duration (min), the time of sunset (SS) and sunrise (SR) are indicated.
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Scavenging behaviour in crested porcupine

Overall a total of 4 scavenging events by crested porcupines were recorded. The scavenging
of pigeon carcass was observed in the adult female of family 2 in S1, in a no-identified adult
in S7 and in one occasions in adult porcupine near capture cage T2 and T4 respectively (Fig
101). In the scavenging event recorded near T2 another porcupine specimen, probably a sub-
adult, was present with the adult porcupine without show any interest to the carcass. The same
lack of interest was observed in the adult male present with adult female of family 1. In the
specimens observed near the capture cage it was not possible to assess the marking; however
in one case we cannot exclude that it could be the adult female of family 1. In 4 occasions 2
sub-adults, a male and a female, of family 3 sniffed the pigeon but didn’t proceed to

scavenging.

Figure 101. Adult porcupine while eat the pigeon carcass near T4
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Reproduction in wild crested porcupine

The reproductive behaviour was investigated in the pairs of porcupines belonging to the 5
recognisable families in EAL (Pair 1 to 5) and to the family 1 (Pair 6), family 2 (Pair 7) and
family 3 (Pair 8) in EA2. Overall 813 videos recording the porcupines mounting and
copulation behaviour were collected for a total of 217 events of mounting behaviour and 2
copulation events within all monitored pair recorded. In the 80.2% (n=174) single events of
mounting were observed while in the 19.8% (n=43) multiple events of mounting in the same
night were recorded. In Table 11 are reported the number of nights in which mounting, single
mounting (SM), multiple mounting (MM) and copulation for each investigated porcupine pair

were performed.

Table 11: Total number of nights in which mounting and/or copulation events were recorded in each
monitored porcupine pair. For each pair of porcupine the number of events of single mounting (SM)
and multiple mounting (MM) observed were reported.

Mounting SM MM Copulation
nights (n) nights (n) nights (n) nights (n)

Pair 1 76 56 20 0

Pair 2 21 18 3 0

Pair 3 5 5 0 0

Pair 4 12 9 3 1

Pair 5 52 41 11 1

Pair 6 8 8 0 0

Pair 7 8 8 0 0

Pair 8 35 29 6 0

The mounting behaviour was performed throughout the year even after births, in presence of

porcupettes and during lactation (Fig 102 and 103).

In the 83.8% (n=182) of the recorded mounting events the mounting sequence started with the
nose-quill contact, followed by the presenting of the female with erection of the back quills,
raising of the tail on to her back and exposure of the ano-genital region for mounting next step
(Fig 104). In the 16.1% (n=35) of mounting events spontaneous presenting of the female were
observed. The behavioural pattern of grooming, sniffing, sound, stepping and following were

always performed in different sequences during the mounting events observed.
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Figure 102. Mounting behaviour in Pair 2 within S3 (A), in Pair 4 within S9 (B), in Pair 1 within S1
(C) in Pair 5 within S4 (D) of the study area EAL and in Pair 7 within S1 (E) and in Pair 8 within S6
(F) in the study area EA2
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Months

Figure 103. Total number of monthly mounting events recorded in 8 monitored
porcupine pair during the whole period of monitoring

Figure 104. Mounting sequence.observed in Pair 7 within S1 of EA2 (A) Resting behaviour,

(B) Allo-grooming behaviour, (C) Contact nose-quills and (D) presenting behaviour and
mounting.
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Copulation was recorded only in 2 nights of the monitoring period in Pair 4 and 5. In Pair 5 a
single copulation were observed in January 2018 while in Pair 4 multiple copulations in the
same night were recorded in November 2018. The average duration of copulation resulted to
24 seconds (SD = 7 seconds) with an average of 17 thrusting (SD = 5.5 thrusting).

Birth data were collected from the 8 recognisable porcupine pairs and from other 3 porcupine
pairs inhabiting the experimental S10, S12 and S14 of EAL. Overall 21 births for a total of 35
porcupettes were recorded during the all period of monitoring. The porcupine births occurred
throughout the year (Fig 105) with an average of 1.7 births (SD = 0.7 births) (from 1 to 3) per
pair per year. The average size of porcupine litters resulted to 1.6 porcupettes (SD = 0.5

porcupettes) (from 1 to 2). No litters of 3 porcupettes were recorded.
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Figure 105. Total number of monthly births recorded in 11 porcupines pair during the whole
period of monitoring

The age of first emergence of porcupettes from burrow was estimated in a range between 10
and 15 days after birth. In the previously days of porcupettes emergences, in all porcupines
pairs, male and female alternately emerged from burrow and increased the number of entrance
in burrow during the same night. In the same period a low activity of the females outside the
burrow was recorded. Moreover, in 6 occasions, the adult male brings food and/or bones into
the burrow during the days before the first detection of porcupettes outside the burrow was

observed.
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Figure 106. Adult female of pair 4 in S9 (A), of pair 1 in S1 (B), of pair 2 in S3 (C) and of pair 3 in
S8 (D) while their nursing its porcupettes

The porcupettes began to eat independently after 5-10 days after their first coming out from
the burrow but nursing events were recorded up to 2 months after the first emergence of
porcupettes from burrow (Fig 106).

The parental care by adult male, adult female, sub-adults and by adult male and female togher
was investigated in the 5 recognisable porcupine families in EAL and in Family 3 in EA2.
Overall 576 events of parental cares were recorded in Family 1, 433 in Family 2, 548 in
Family 3, 102 in Family 4, 236 in Family 5 of EA1 and 144 in Family 3 of EA2.

In all porcupines families the frequency of occurrence of parental cares by the male and by
the female did not show any statistical differences. The parental cares by sub-adults and adult
male and female together were recorded in all the investigated porcupine families. In Table 12
are reported the percentage of time spent performing parental cares by adult male, adult
female, sub-adults and male and female together recorded in each porcupine family.

The minimum time of permanence of the sub-adults within the family resulted to be at least 1

year.
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Table 12: Percentage of time spent performing parental cares by adult male (Male), adult female
(Female), sub-adults and male and female together (Male + Female) recorded in each investigated

porcupine family

Male Female Male +Female  Sub-adults

EA1l

Family 1 17.4 17.7 59.5 0.5
Family 2 16.8 17.5 24.4 27.5
Family 3 15.1 16.6 28.8 17.8
Family 4 18.6 15.7 30.4 6.8
Family 5 14.8 19.9 38.5 16.5
EA2

Family 3 12,5 10.4 59.0 9.0
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4.4. Porcupines Population Abundance estimate (PPA) and first

hypothesis of porcupine census model

The porcupines population abundance estimate (PPA) was computed as the ratio between the

number of estimated porcupines (EP) and the surface of the investigated area (SUP).
PPAI = EP/SUP

The number of estimated porcupines (EP) was computes we the following formula:
EP = USp/2*FG

where:

USp: is the number of settlements used by porcupines among the whole geolocated and
monitored settlements;

USp/2: number of stations, considering that each porcupine family group alternatively used
two settlements (station)

FG: average size of porcupine family group recorded

The porcupine population abundance is expressed as number of porcupines for kilometre
square (individuals/km?).

In Crespina-Lorenzana area (2458 ha) in EA1 47 out of 68 geolocated and monitored
settlements resulted used by porcupines and the average number of porcupines per family
resulted 4.1 individuals (SD = 1.5 individuals). In EA2 (612 ha) 11 out of 15 settlements
resulted used by porcupines and the average size of family group was 4.1 individuals (SD =
1.6 individuals).

The porcupine population abundance in Crespina-Lorenzana resulted 3.9 individuals /km? (SD
= 1.4 individuals /km?) for an average porcupine population size in EA1 of 174.56 individuals
(SD = 67.14) individuals. In EA2 the porcupine population abundance was 3.6 individuals
/km? (SD = 1.4 specimens/km?) for an average porcupine population size of 22.3 individuals
(SD = 8.7 individuals).

The porcupine census model was made up by 6 steps:

1. Assess the environmental suitability for the presence of the species:
e Presence of woody areas with a good vegetation covered

e Presence of sandy soil with a good slope (5-10%)
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2. Verify the presence of the specie in the investigation area by:
e Detection of the signs of presence like quills and faeces
e Detection of road killed specimens
e Camera-trapping on sampling areas
3. Estimate the number settlements (ES) as the product of the average settlements density

and the total area in kilometre square (SUP) of investigation zone
ES (setts/km?) = 2.2 * SUP
4. Estimate the number of settlements used by porcupine (USp)
USp = 70% ES

5. Estimate the number of porcupine (EP) using as average size of porcupine family
group (FG) the value 4.1 SD 1.4.

EP = USp/2*FG

6. Estimate the abundance of porcupine population (PPA) and the average porcupines

population size as a product of PPA and the total areas of the investigation zone.

The PPAI in EA2 obtained by applying the census model resulted 3.2 specimens/km? for a
porcupine population size estimated ranged from 20 to 27 individuals compared to 3.6

specimens/km? and a population size from 22 to 31 computed.
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4.5.Health monitoring of crested porcupine

Parasitological analysis

Overall, a total of 52 porcupine faecal samples were collected and analysed, of which 45 in
EAland 7 in EA2 (Fig 107 and Fig 108).

The 84.6% (n=44) of the faecal samples were detected along transects in the seven different
zones in EAL and feeding area in EA2. The 1.9% (n=1, adult male) and the 13.5% (n=7, 2
adult males, 3 sub-adult female and 2 porcupette females) of the faecal samples were
collected from road-killed and captured crested porcupines, respectively. In four of the seven
zones in EAL, only a single faecal sample was found and collected during the whole

investigation period.

Totally, 12/52 faecal samples resulted to be attributable to individual animals.

—

Figure 107. Location of faecal samples collected in each zone along transect (green dots), from
captured (blue dots) and road-killed (red dot) porcupines in EA1
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Figure 108. Location of faecal samples collected in feeding areas (green dots) and from captured
porcupines (blue dots) in EA2

Overall, 39 out of 52 samples were found positive for at least one parasite taxa at

parasitological analysis and six different parasites were identified (Table 13).

The 48% (25/52) of analysed faecal samples were found positive for Giardia spp. and the
1.9% (1/52 in EA1) for Cryptosporidium spp.by the immunoassay only (Table 13 and Fig
109).

The 96% (24/25) of Giardia positive faecal samples were collected in EA1 (Fig. 110) while in
EA2 only the faecal samples belonging to the sub-adult female captured in T3 resulted

positive.
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Figure 110. Location of Giardia spp. positive faecal samples (pink dots) in EA1
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Table 13. Number of total positive faecal samples collected from road killed and captured

crested porcupine and sampled in transectsor feeding areas for each type of detected parasites

Parasites N. positive (%) Road killed Captured Faecal samples
Helminths

GI* Strongyles 17/52 (32.7) 1 12

Trichuris sp. 17/52 (32.7) 0 15

Capillaria sp. 2/52 (3.8) 0 2

Protozoa

Giardia sp. 25/52 (48) 1 22

Coccidia 1/52 (1.9) 0 0
Cryptosporidium  1/52 (1.9) 0 1

sp.

*Gastrointestinal

Tablel4. Multiple parasite infections found in 39 out of 52 crested porcupine positive faecal

samples

Parasites

N. positive (%)

Trichuris spp. + Giardia spp.

GI* Strongyles + Giardia spp.

Capillaria spp. + Giardia spp. + Trichuris spp.
GI* Strongyles + Giardia spp. + Trichuris spp.

Cryptosporidium spp. + Giardia spp. + Trichuris spp.

GI* Strongyles + Trichuris spp.
GI* Strongyles + Capillaria spp.

Trichuris spp. + Coccidia

7139 (17.9)
5/39 (12.8)
1/39 (2.6)
1/39 (2.6)
1/39 (2.6)
3/39 (7.7)
1/39 (2.6)
1/39 (2.6)

*Gastrointestinal
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Figure 111. Parasites identified in 52 crested porcupine faecal samples: A-C).Gastrointestinal
strongyle eggs (59.8-78 um x 28.6-44.2 um) (A and C 400X, scale bar 15 um; B 100X, scale bar 60
um); D). Capillariid egg measuring 59.8 um x 26 um (400X, scale bar 15 um); E, F). Trichuris sp.

eggs of 60 x 28.6-40 um in dimensions (400X, scale bar 15 um); G). Coccidian oocyst measuring
36.4 um x 23.4 um (400X, scale bar 15 pum).

Among the 12 faecal samples belonging to different individuals, four samples (33.3%, 4/12)
were positive for Giardia spp..

At microscopical examination, positivity for Trichuris spp. eggs (32.7%, 17/52),
gastrointestinal strongyle eggs (32.7%, 17/52), capillariid eggs (3.8%, 2/52) and coccidian
oocysts (1.9%; 1/52) was also evidenced (Table 13 and Fig 111).

Multiple parasite infections were found in 20/39 positive samples (51.28%). Giardia plus
other parasites coinfections were detected in 15/39 (38.46%) positive samples (Table 14).
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Molecular analysis was performed on 17 out of the 25 Giardia-positive isolates. At the SS
rDNA locus, expected bands were achieved for 12/17 isolates. All isolates were assigned to
assemblage B. Only 3 out of 17 samples were successfully amplified at the tpi locus.
Sequencing confirmed assemblage BIV for one isolate and revealed assemblage All for the
other two samples. However, no heterozygous positions (double peaks) were detected during
chromatogram inspection of these two isolates at both loci. Attempts to further subtype these

samples at gdh locus were not successful.
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Ectoparasites

A total of 2 out of 14 (14.3%) captured porcupines and 1 out of 2 road-killed porcupines
(50%) examinated were found infested by parasitic arthropods species (n=16, 18.8%). All
ectoparasited detected were fleas. The fleas collected in the capture porcupines (an adult and a
porcupette) were identified as Pulex irritans (Fig 112) while those found in the road-killed
(porcupette) porcupine was Ctenocephalides felis. All porcupines infested by fleas were

female.

Figure 112. Female (left) and male (right) specimen of Pulex irritans detected in
the captured porcupines

158



Haematological and blood biochemical profile of crested porcupine

Blood samples for haematological and biochemical analyses were collected from 7 out of 14
captured porcupines: 4 adult female, 1 adult male, 1 sub-adult female and 1 porcupette
female. All the captured porcupines were in good physical condition while no data were
available on the health status. Out of 7 collected samples only 5 were used for haematological
and/or biochemical analysis. On the other samples it was not possible to perform the analysis
beacouse one was haemolytic and the other badly preserved. Biochemical profile was
obtained for 5 out of 7 (71%) blood samples while the haematological values only for 2 out of
7 (0.3%) samples.

In table 15 are reported the age class and sex of porcupines for each blood sample collected
and the analysis performed.

In table 16 and table 17 the biochemical and haematological values obtained for each samples

are reported.

Table 15: Age class and sex of porcupines for each blood sample analysed. For each blood samples the
analysis performed (CBC= Complete blood count or Biochemical) are indicated

Blood Sample  Age class Sex CBC Biochemical
1 Adult Female X X
2 Sub-adult Female X
3 Adult Male X
4 Adult Female X
5 Sub-adult Female X X

159



Table 16: Biochemical values of crested porcupine blood. For each parameter the mean, the standard deviation (SD) and the median are reported.

Urea Creat Biltot  Bil Dir Glic TP GGT AST ALT CK Na* K* Ca™ Phosph  Lactate
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (g/dL) (U/L) (U/L) (UIL) (UIL) (mmoliL) (mmol/L) (mg/dL) (mg/dL) (mmol/L)
1 19 1,1 0,5 - - - 6,0 90,0 - 426 - - - - -
2 22 1,2 0,7 - - - 37,0 235,0 - 1003 - - - - -
3 41 11,2 - - - 7,3 8 261 - 230 - - - - -
4 20 1 - - - 9,3 36 201 - 684 - - - - -
5 9 0,7 0,2 - - 6 5 282 - 4243 - - - - -
Mean 22,2 3,04 0,47 - - 7,53 18,4 213,8 - 1317,2 - - - - -
SD 16,7 4,6 0,25 - - 1,7 16,56 75,53 - 1661 - - - - -
Median 20 1,1 0,5 - - 7,3 8 235 - 684 - - - - -

Creat=Creatinine, Bil Tot= Total bilirubin, Bil Dir=Direct bilirubin, Glic= Glycemia, TP=total proteins, GGT= Gamma-glutamyl transpeptidase, AST= Aspartate

transaminase, ALT= Alanine aminotransferase, CK= Creatine kinase, Na'= Sodium, K*= Potassium, Ca"*= Calcium, Phosph= Phosphates
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Table 17. Haematological profile of crested porcupine. For each parameter the mean and the standard deviation (SD) are reported.

RBC Hgb Hct MCV MCH MCHC PLT WBC LYM LYM NEU NEU MON MON EOS EOS BAS BAS
ML) (gdl) (%) (L) (pg) (g/dl) (K/mL) (K/uL) (KmL) % (KpL) % (KuL) % Kkl % (KpL) %

1 5,5 141 394 715 256 358 2260 75 20 261 51 687 01 1,3 02 32 01 07

5 6,2 155 519 826 257 299 90 9,3 2,8 30 5,6 60 0,9 10 00 00 00 00

Mean 59 148 457 789 257 329 158 8,4 24 281 54 644 05 5,7 01 16 0 0,4

sb 049 099 884 104 007 417 9,17 129 059 27% 03 615 059 6,15 017 23 004 05

RBC= Red blood cells, Hgb= Haemoglobin, Hct= hematocrit, MCV= mean corpuscular volume, MCH= mean corpuscular haemoglobin, MCHC= mean
corpuscular haemoglobin concentration, PLT= Platelets, WBC= White blood cell, LYM= lymphocytes, NEU= neutrophils, MON= monocytes, EOS=
eosinophils, BAS= basophils
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Leptospirosis in crested porcupine

Antibodies detection of Leptospira

A total of 12 blood samples were collected and analysed. In Table 18 the sex, age class and
MAT results for each captured porcupine are reported. Totally 7 out of 12 sera (58%) resulted
positive to MAT. The serogroup Icterohaemorrhagiae was recorded in 4 out of 7 sera (57%).
In one case (sub-adult female) Icterohaemorrhagiae was found associated to Sejroe with
antibody titer of 1:200 and 1:100 respectively. Pomona serogroup positivity was detected in 2
out of 7 sera (28.5%) and in one of these was found associated with Australis, both with
antibody titer of 1:100. The serogroup Australis was also found in the serum of a sub-adult
female with the higher antibody titer recorded (1:1600).

Table 18: Sex, age class and MAT results for each captured porcupine. For each MAT positive sample
the serogroup and titer is reported.

Samples Sex Age class MAT result Serogroup Titer
Female Adult Positive Pomona 400
Female Sub-adult Positive Australis 1600
3 Male Adult Negative - -
4 Female Porcupette Positive Pomona 100
Australis 100
5 Male Adult Positive Icterohaemorrhagiae 400
6 Female Sub-adult Positive Icterohaer.norrhaglae 200
Sejroe 100
7 Male Adult Positive Icterohaemorrhagiae 100
8 Female Adult Positive Icterohaemorrhagiae 800
Male Adult Negative - -
10 Female Sub-adult Negative - -
11 Female Sub-adult Negative - -
12 Female Porcupette Negative - -
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Isolation of Leptospira

Both sera samples collected resulted negative to MAT for all Leptospira serovar tested. Only
in porcupette kidney the Leptospira DNA was detected and the Leptospira isolation was
performed. The strain was identified as L. interrogans serogroup Pomona serovar Pomona,

showing Sequence Type (ST) 140 for scheme 1, ST 4 for scheme 2 and ST 58 for scheme 3.

The kidney of porcupette showed small grey-white focal lesions, mainly located in the renal
cortex and varying from 1 to 2 mm in diameter. Microscopically a mild chronic interstitial
nephritis was present, characterized by vacuolar degeneration of the tubular epithelium and
scattered interstitial foci consisting of lymphocytes and plasma cells (Figure 113A),
accompanied by interstitial fibrosis (Figure 113B). In silver-stained sections, leptospires were
never detected in the tubular lumen adhering to the luminal surface of tubular cells, while
Intracytoplasmic spherical bodies within cells of a tubule undergoing regressive changes were
observed. In immunoperoxidase-stained sections, using antisera against Leptospira serogroup
Pomona an intense immunoreactivity for leptospiral antigen was detectable within the tubular
epithelia cells and in cellular debris in tubular lumen (Figure 113C), while absence of
immune-labelling was observed when the antiserum against Leptospira serogroup

Grippotyphosa was used.
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Figure 113. Crested porcupine kidney. Renal alterations
associated with Leptospira infection. A) mild interstitial nephritis
characterized by lymphocyte and plasma cell infiltration (arrows)

(H-E; Bar =50 um). B) Mild interstitial fibrosis (arrow)

surrounded by scattered inflammatory cells (Masson trichrome
Goldner stain; Bar = 50 um). C) Leptospiral antigen is present
within tubular epithelial cells undergoing regressive changes
(Immunohistochemical staining using anti L. Pomona antiserum
and hematoxylin counterstain; Bar = 30 um).
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5.Discussion
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5.1.Geolocation of settlements

Spatial-distribution analysis of settlements

In this study the spatial distribution analysis of porcupine settlements was performed for the
first time. At the best of our knowledges, to date the only available data on the spatial
distribution of settlements are those reported by Felicioli (1991) and Felicioli and Santini
(1994) basing on field observations.

The cluster analysis here performed show that the 434 ground holes in EA1 and the 97 ground
holes in EA2 are distributed in 85 and 15 ground holes cluster respectively. This result
confirms that the settlements are made up by a cluster of ground holes detectable on the
surface as defined by Felicioli (1991) and Felicioli and Santini (1994). The settlements are
charecterized by a high variability in the number of ground holes that ranges from 2 to 20.
The average settlements size recorded in this study (4.5 SD 4.4 in EAl and 5.7 SD 4.5 in
EAZ2) are greater than those reported by Mukherjee et al. (2017a) in India for H. indica (2.36
SD 1.4). Conversely, similar settlement sizes to those detected in this study have been
reported by Tinelli and Tinelli (1988) and Felicioli (1991) in Italy and by Kruuk (1978) for
the badger settlements in England. Italy is the only European country in which the crested
porcupine and the badger coexist and share the same settlements (Pigozzi 1986, Tinelli and
Tinelli 1980, 1983, Mori et al. 2015a). Both badger and crested porcupine are burrowing
mammals and excellent diggers (Kruuk 1978, 1989, Santini 1980) but there is no evidence on
who digs the settlements. Since most of the settlements are known to be older than 50 years,
therefore we can not exclude that settlements included in this study may be digged by the
badgers and than occupied by the crested porcupines or viceversa.

The cluster analysis have also showed that the 67% and 87% of settlements in the two study
areas are clustered in setts-system called “Station” confirming the Felicioli (1994) and
Felicioli and Santini (1994) hypothesis. In accordance with Felicioli (1994) and Felicioli and
Santini (1994) the settlements belonging to a station are detectable within a distance ranging
from 100 to 250 meters, are characterized by different exposure and are connected on the
surface by a dense network of pathways. Monetti et al. (2005) reported to have never found
two settlements closer than 150 meters. Howerever, despite the same Authors do not refer to
the spatial organization of settlements this result is also in accordance with Felicioli (1994)
and Felicioli and Santini (1994) data and with the results obtained in this investigation.

The cluster analysis showed that in the most cases, the settlements resulted distributed in

binary stations as previously suggested by Felicioli and Santini (1994). However, ternary and
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quaternary stations in this study are also detected. In these last cases the stations was
characterized by the presence of two main settlements and outlier settlements digged in war
sheters or in grooves created by rainwater. This allows hypothesising that the presence of
ternary and quaternary stations may be an alteration of the binary station due to the presence
of outlier refuges and that the binary system could be the rule.

In accordance with the results obtained by Mukherjee et al. (2017a) and the observations
performed by Felicioli and Santini (1994) the ground holes orientations in both study areas
did not present a sector preference. The settlements orientation in both study area shows a
bimodal distribution with an orientation trend to South-east to North-west in accordance with
Felicioli and Santini (1994). The selection pattern of exposure sectors resulted to be the same
for the ground holes and the settlements in both study areas. The selection pattern for
settlements occurrence shows a marked preference for South-east sector and avoidance for
North-east while no selection was obtained for North-west and South-west exposure sector.
This result confirm the negative selection of slopes exposed to North-east reported by Monetti
et al. (2005) and the hypothesis of south exposure selection (Felicioli and Santini 1994). The
highest porcupine inhabitation frequency in this study was recorded in settlements in North-
west and South-west exposure sector indicating that the settlements inhabitation is not
exposure related.

The results obtained in this study confirm that the presence of settlements is stricty linked to
the woody habitat that provide good vegetation coverage and food availability and to the
presence of soils easy to digging (Tinelli and Tinelli 1980, 1988, Monetti et al. 2005) as also
reported by Mukherjee et al. (2017b) in H. indica and by Marina and Subaid (2015) in Hystrix
brachyura and Hystrix crassispinis in Malaysia. In woody habitat settlements occurred within
100 meter from feeding areas such as arable or uncultivated areas suggesting ecotonal
preferece of the crested porcupine.

The settlement densitity ranged between 2 to 2.4 settlements for kilometer square. This result
suggests that there are no differences between areas with differend woody extension and
distribution. Conversely, significantly difference resulted in this study concerning the
settlements density on woody perimeter kilometer with higher values in big continuous
wooded areas than in small fragmented woody areas. This result is probably consequence of
ecotonal habit of crested porcupines. Data on settlement density are not available in other
areas of distribution of crested porcupine in Italy. Mukherjee et al. (2018) reported similar

value of Indian porcupine settlement density in India.
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5.2.Camera-trapping

Co-habitation of settlements and interactions between crested porcupines,

badgers and red foxes

The result obtained in this study clearly indicates that red foxes always inhabited in exclusive
mode the settlements while both crested porcupines and badgers could inhabit the same

settlement in exclusive mode as well as together.

The crested porcupines are the main stable and faithful inhabitants of settlements as observed
by Monetti et al. (2005). The badgers and red foxes, during the whole year, are the most
common visitors or explorers of the settlements inhabited by the porcupines. Camera-trap
videos recorded during this investigation, show that badgers inhabit a single settlement only
for short periods and seems to confirm the reluctant habit of badgers to live in a stable
settlement as previously reported (Kruuk 1978, Roper 1992). The inhabitation of settlements
by badgers was mainly recorded in autumn-winter months and it is possible that badgers
inhabited unmonitored settlements within the territory in spring and summer. Data collected
in this investigation reinforced the observations of Tinelli and Tinelli (1988) concerning the
opportunistic occupation of settlements for breeding by red foxes, as also hypothesized in
studies performed in Poland and Belarus (Kowalczyk et al. 2000, Goszczynski and Wojtowicz
2001).

The potential co-habitation of settlements between red foxes and porcupines could arise with

foxes density increasing.

The same settlement is usually shared at different times by crested porcupines, badgers and
red foxes. This result confirms the settlement-sharing between these three species as
previously hypothesized by Pigozzi (1986) and Tinelli and Tinelli (1980, 1983) and observed
also by Mori et al. (2015a). However, Mori et al. (2015a) defined the simultaneous use of the
same settlement during a surveyed period of 12-14 days as “sett-sharing”. The same Authors
consider a settlement in use whenever an animal is detected entering and emerging from the
same burrow without discriminating between exploration activity and inhabitation.
Furthermore, Mori et al. (2015a) report that the same ground holes of the same settlement
could be co-used by porcupines and badgers but no co-using by porcupines and red foxes was
detected. Even in this case no information on the time spent together inside the burrow is

available.
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In the present study sett-sharing and co-habitation have different meanings. Sett-sharing refer
to the co-use by more than one species of the same settlement not simultaneously. Co-

habitation refers to simultaneous permanence of more than one species in the same burrow.

The co-habitation between porcupines and badgers occurred in several period throughout
whole the year also when porcupettes are present. The availability of not inhabited settlements
in the vicinity of the co-habited ones allows hypothesizing that co-habitation is not due to lack
of settlements. .Although the density of porcupines and badgers population in the study area is
not known, co-habitation by these two species is intriguing and overcrowding seems no to be
the reason for co-habitation. Co-habitation between porcupines and badgers seems to not be
due also to peculiar physiological state of the badgers as overwintering. In the winter
cohabitation periods recorded in this investigation, the badger did not reduce its nocturnal
activity indicating no overwintering at this latitude and altitude. In the study area in the cold
season the average nocturnal temperature resulted 6.8°C and occasionally reached the
minimum of 3°C. According to Goszczynski et al. (2001) the time spent by badgers in their

settlements was closely dependent on the outside temperature.

The co-habitation of porcupines and badgers in the same burrow is probably due to the
possibility of using different rooms. The use of the same and/or different burrow entrances by
both porcupines and badgers at different times during emerging-from and returning-to the
burrow, confirm the existence of an underground connection between the ground holes and
indicate the use of different rooms by the two species. Moreover, the correspondence between
early or late emergence of either of the species with the respective early and late return to the
settlement on the same day, do not follow a rigid scheme. Within these three large settlements
(S1, S6 and S9) the co-habitation was recorded only in S1. In this case 4 out of 8 ground
entrance holes were not monitored. So in this case there could be an underestimation of co-
habitation occurrence. In the other two settlements no co-habitation has been recorded and
also in this case there is a possibility of underestimation.

A general non aggressive coexistence of porcupine, badger and red fox has been observed as
hypothesized by Mori et al. (2015a). The same peaceful behaviour was observed between

badgers and red foxes inside the settlements in England (Macdonald et al. 2004).

Both aggressive interaction (Al) and avoidance behaviour (AV) between porcupines and
badger resulted significantly higher in the co-habited settlements compared to those

exclusively inhabited ones. Conversely, no significantly differences resulted in aggressive
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interaction in the dyads porcupines-badgers compared to porcupines-foxes. These results
surprisingly disregard the prediction that absence of aggressive interactions permits co-
habitation

According to Monetti et al. (2005), predation represents a significant risk for both porcupette
and juveniles. The results obtained in this investigation indicate for the first time that
porcupettes at least of four month of age when necessary, show effective defence ability.
Porcupette and juveniles show the whole aggressive set of display previously described in the
adults (Rosevear 1969, Felicioli 1991, Mori et al. 2014c).

To the best of our knowledge, scavenging of porcupine carcasses by red foxes is documented
here for the first time. This result suggests that the occasional presence of porcupine remains
found in red fox faeces (Fais 1991, Lucherini et al. 1995) is more likely to be a consequence
of scavenging on carcasses rather than of predation. It is therefore possible to assume that the
red fox is not a natural predator of the porcupine but scavenges on carcasses that it
occasionally finds. Conversely, the badger seems not to be a scavenger of porcupine carcasses
and porcupine remains were never found in badger faeces (Melis et al. 2002, Balestrieri et al.
2004).

New investigation are needed in order to assess the settlements features that determine the
choice by porcupines and badgers as well as individuate the potential advantages of co-
habitation for both the species.
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Spatio-temporal inhabitation of settlements by crested porcupine

Each settlement was inhabited by only one porcupines family group and no cohabitation
between more porcupines families was never been documented. This result indicate the
exclusive use of a settlement by only a porcupines family group and the strong site fidelity in
paired crested porcupine as previously recorded by Monetti et al. (2005). In four occasions
encounters between porcupines that inhabited the settlement and porcupines visiting the
settlement were recorded and in all cases aggressive interactions or fighting occurred. As
observed by Corbet and Van Aarde (1996) in free-ranging cape porcupines (H.
africaeaustralis) also in H.cristata the family group use exclusive territory and the occurrence
of fighting observed were probably due to territory defence. The territorial behaviour was
observed in semi-captive crested porcupine (Felicioli 1991) and in captive cape porcupine (De
Villiers et al. 1994, Corbet and Van Aarde 1996). Moreover Corbet and Van Aarde (1996)
hypothesised the presence of territorial behaviour also in wild cape porcupines. The
territoriality in free-ranging crested porcupines has never been demonstrated (Massolo et al.
2009, Mori and Lovari 2014) and despite this some Authors refer to H. cristata as a non
territorial rodent (Mori et al. 2014a). However, the observations performed in this study allow
to suggest the presence of intraspecific territoriality in the crested porcupine.

The 83.3% (5 out of 6) of the monitored porcupine families alternatively and complementarily
inhabited always the same two settlements belonging to a station during the whole period of
monitoring. The two settlements used by the monitored porcupines families were never been
inhabited by other porcupines not even when the resident family was not present. These
results suggest that the intraspecific territoriality is not strictly linked only to a settlement but
can be extended to a station.

The alternate use of settlements by crested porcupines was previously reported by Felicioli
(1991) and Felicioli and Santini (1994). The same Authors hypothesised the presence of a
relationship between burrows orientation and seasonal use by crested porcupines on the basis
of signs of presence. According to Felicioli (1991) and Felicioli and Santini (1994) the
porcupine prefer south-oriented burrows in winter and north-west orientation in summer while
no orientation preference was observed in spring and autumn. Conversely, the results obtained
in this study using camera-trapping show a very complex and different inhabitation pattern for
each monitored family throughout the year. Data collected in this study show that each
porcupine family present a different inhabitation pattern of the two settlements during the
whole period of monitoring without significant preference in settlements orientation. Different

patterns of inhabitation were also recorded between the 5 porcupines families in EAL during
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the same year of monitoring. This result is not in acoordance with what hypothesised by
Felicioli (1991) and Felicioli and Santini (1994) and suggests that the settlements inhabitation
IS not season drive. In addition the same families in different years of monitoring showed a
significantly different use of the two settlements with a different pattern, confirming the
absence of relationship between settlement inhabitation and seasons. During the year, change
of settlements by each porcupine family occurred without any apparent reason. The analysis
of overall inhabitation frequencies of settlements show that crested porcupines prefer North-
west and South-west oriented settlements than those oriented to North-east and South-east.
This result partially disagrees with the pattern of exposure selection obtained in this study
(Chapter 4.1). Conversely, the negative selection of North-east exposure recorded in this
study seems to be confirmed by the settlements frequencies inhabitation analysis. However,
only one North-east oriented settlements was analysed and further investigation are necessary.
Settlements inhabitation changes occur without any detectable reason and the time of
permanence in each settlements show a high variation range. The alternative inhabitation
pattern of settlements by crested porcupine seems not to be affected by the season and/or by
the presence of human disturbance. The presence of porcupettes resulted to be a factor
determining long periods of permanence in a settlement. Despite this, long periods of
permanence in the settlements were recorded also in absence of porcupettes and further
investigations are necessary in order to assess the factors that can be influencing the
settlement changes. Despite the crested porcupine seems to prefer the North-west and South-
east exposure settlements this can not to be considering the only factor affecting the
settlement change. The lack of data concerning the inhabitation of settlements by the crested

porcupines does not allow us to compare our results and further investigation are needed.
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First daily emergence time of crested porcupine from burrow

Data collected in this investigation confirm that usually the first daily emergence of crested
porcupine from burrow occur after sunset as reported by Felicioli and Santini (1994) and
Corsini et al. (1995).

The average delay time of emergence recorded during the year was 1 hour and 23 minutes SD
1 hour and 1 minute. However the pattern of first emergence from burrow resulted different
between cold and warm period. As observed by Felicioli (1991) and Felicioli and Santini
(1994) in semi-captive porcupines, in the cold period, the first emergence time from burrow
occurs with a higher delay and lower accuracy compare to the time of sunset. Conversely, in
the warm period a lower delay and a higher accuracy in the first emergence time occur. In
cold period the average delay resulted 1 hour and 54 minutes (SD = 1 hour and 4 minutes)
while in the warms period resulted 45 minutes (SD = 27 minutes). Moreover, in accordance to
Corsini et al. (1995), in the warm period porcupines emergences from burrow before sunset
has been often observed in this study with a maximum advance recorded of 1 hour and 22
minutes. The different pattern of first emergence from burrows between cold and warm period
is probably due to the combined effect of the reduction of: 1) seasonal natural food availability

and I1) darkness hours necessary for feeding (Fig 114).

The crested porcupine is a generalist herbivorous consuming different food resource
according to their seasonal availability (Bruno and Ricciardi 1995, Lovari et al. 2017). The
crested porcupine show a marked fondness for roots, bulbs, tubers (also truffles) and rhizomes
of many wild and cultivated herbaceous plants that are mainly available in late summer,
autumn and early winter (Santini 1980, Pigozzi 1980, Pigozzi and Patterson 1990, Felicioli
1991, Bruno and Riccardi 1995, Lovari et al. 2017, Mori et al. 2017a). However, it also feed
on epigeal parts, leaves, flowers, buds, grass, inflorescences, vegetables and fallen fruit
(Santini 1980, Bruno and Riccardi 1995). The increasing of consumption of these foods
during warm period is considered a feeding compensatory strategy due to the variation of

seasonal availability of the others food sources (Bruno and Riccardi 1995).

Therefore, the most probable hypothesis is that at our latitude (45° north) the variations in
first emergence time of porcupine from burrow in the warm period is due to contemporary
reduction of night hours and of natural food more fondness and readily available. This
hypothesis could be reinforced by the increasing of porcupine diurnal motor activity resulted
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in this study and also previously reported by Corsini et al. (1995) as well as by the home-

range increasing in the warm period (Sonnino 1998, Borger 2002, Mori et al. 2014a).

Investigations concerning the first daily emergence time of porcupines from burrows in
equatorial countries, where night length variation during the year are absent, could be provide
useful information on the porcupine daily emergence pattern and in particularly on role of

food availability on this behaviour.
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Figure 114. Food availability during the year (21 December — 20 December) at the latitude of 45°north in relation to the reduction
of darkness hours
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Diurnal motor activity and sunbathing in crested porcupine

Crested porcupine spends most of nocturnal hours searching for food (Pigozzi 1980, Felicioli
1991, Lovari et al. 2017). Corsini et al. (1995) also described the presence of some diurnal
activity in the crested porcupine and hypothesised that this behaviour maybe due to an
extension of their night-time foraging behaviour or thermoregulation strategy. The diurnal
motor activity in crested porcupines was observed in all the monitored settlements and shows
an irregular pattern throughout the year. The diurnal motor activity events were recorded
mainly between December and June with a peak from April to June in accordance to Corsini
and colleagues (1995). The diurnal outdoor permanence ranged from 1 minute to 3 hours and
13 minutes. The increasing of occurrence of the daytime activity between December and June
could be due to the combined effect of 1) reduction of darkness hours necessary for feeding I1)
reduction of favourite food due to season changes. Most of porcupines favourite food (roots,
bulbs, tubers and rhizomes of many wild and cultivated herbaceous plants) is mainly available
in late summer, autumn and early winter (Santini 1980, Pigozzi 1980, Felicioli 1991, Bruno
and Riccardi 1995, Lovari et al. 2017, Mori et al. 2017a).

According to Corsini and colleagues (1995) crested porcupines seem to show an irregular
diurnal motor activity with a peak in spring when the night becomes progressively shorter and
a lack of diurnal activity during summer nights. These Authors do not explicit whether this
behaviour is the result of anticipation of emerging and/or delay in returning to the burrow.
The same Authors speculate that this behaviour could be either a feeding and/or
thermoregulation strategy. In this investigation the porcupine motor activity was performed
throughout all daytime hours with a preference for central hours therefore it cannot be
connected to anticipation of emerging or delay of returning to the burrow. In accordance to
Corsini and colleagues (1995), these results support that motor diurnal activity could be
linked to feeding strategy. The presence of diurnal motor activity also in summer days has
been observed thereby excluding thermoregulation needs, as hypothesised by Corsini and
colleagues (1995). The Italian population of crested porcupines seems to have African origins
(Trucchi et al. 2016) where this species lives in desert areas of northern Africa and Sub-
Saharan Africa overlapping its distribution range with Hystrix africaeaustralis (Kingdon
1974). Study performed in captivity shows that Cape porcupines (H. africaeaustralis)
acclimated to 25°C can regulate their body temperature between 13° and 30°C (Haim et al.
1990). No data are available for both crested porcupine (H. cristata) and H. indica. However

it can be assumed that also H. cristata may have similar ranges of thermoregulation.

176



Moreover no information is available concerning the thermoregulation ability of this species
at low temperatures. In Italy porcupines live in temperate areas with hot summers and mild
winters (Mori et al. 2013, Vecchio et al. 2018). Therefore it is more likely that these
environmental conditions can be widely tolerated by porcupines without significant
thermoregulation need.

Family group daylight movements resulted significantly different from lonely specimens of
all ages. On the other hand, no difference was recorded in diurnal motor activity between
lonely specimens (porcupettes, youngsters or adults). This result suggests that daylight
behaviour could not be related to sub-adults dispersion although no information is available
on the dispersal of sub-adults. The only information available is that the youngsters seem to
remain with the parents until they reach the adult weight size (10 kg, from 1 to 2 years old)
(Van Aarde 1987b, Grazzini 1992).

Diurnal motor activity resulted significantly higher in the settlements permanently inhabited
by porcupines while sporadic diurnal transits were recorded in settlements occasionally
inhabited. This result may exclude a connection between diurnal motor activity and
exploration of the environment and thereby supporting the linkage of diurnal movements to

feeding strategy.

The sunbathing behaviour was observed in five porcupine families. 32 out of 36 episodes
show only porcupettes or porcupettes with adults or youngsters. These observations confirm
that porcupines perform sunbathing, as hypothesized by Kingdon (1974) and suggested by
Yallen (1991), and prove for the first time the presence of sunbathing behaviour in crested
porcupine. Sunbathing (direct exposure to maximum sun) is a common thermoregulation
behavioural mechanism both in ecto and endotherms animals that live in desert and arctic
areas (Morse 1980).

Sunbathing also occurs in a wide range of bird species (Kennedy 1969, Cade 1973, Yavad et
al. 2018) and it has been frequently observed in primates (Hanya et al. 2007, Danzy et al.
2012, Lubbe et al. 2014), felines (Smith and Kok 2006) and some small mammals (George
and Crowther 1981). Among rodents the sunbathing behaviour is normally exhibited in some
small diurnal species such as round-tailed ground squirrel (Spermophilus tereticaudus)
(Walsberg 1988) and gundi (Ctenodactylus gundi) (Honigs and Greven 2003). No data are
indeed available for nocturnal rodents. The sunbathing behaviour in crested porcupine seems
to be somehow related to the presence of porcupettes (Coppola et al. 2019a). The presence of

adult and young of the same family with the porcupettes during sunbathing may be due to
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porcupettes protection. So it is possible to hypothesise that the porcupettes need to perform
sunbathes for thermoregulation and/or synthesis of metabolites such as vitamins (Vitamin D)
necessary for growth. As hypothesised for diurnal motor activity, thermoregulation may not
be a necessity for adults. However, considering the lack of information on the ability of
thermoregulation of the species it cannot be excluded that the porcupettes may have some
difficulties in thermoregulation. The Vitamin D is necessary for the normal skeletal
development in the young as well as maintenance of calcium and phosphate homeostasis in
the adult (DeLuca 1967). Reduction in growth and bone deformities were reported to be the
main consequences of vitamin D deficiency in diets or of lack of natural sunlight in young
animals (Miller et al. 1983, El Shorafa et al. 1979, Kenny 1998). Exposure to sunlight initiates
the formation of vitamin D and studies performed on ponies (El Shorafa et al. 1979) and
primates in zoos (Kenny 1998) reported that dietary vitamin D is not needed for normal bone
development when there is abundant sunlight. No data are available concerning vitamin D
requirement in nocturnal mammals and among these, porcupines. In this investigation
sunbathing behaviour was recorded between April and June mainly in the hot hours of the
day. The sunlight exposure in hottest period of the year and during hottest hours of the day
could reinforce the hypothesis of sunbathing as thermoregulation strategy or sunlight
absorption for Vitamin D production. For all diurnal events/episodes, the porcupines showed
no changes in their usual nocturnal activity pattern the previous and successive nights. In this
case the permanence of porcupines near the burrow during daylight hours seems to be
probably due to metabolic necessities. In conclusion the crested porcupine seems not to be a
strictly nocturnal mammal. Porcupines show peaks of diurnal activity, probably as feeding
strategy, mainly in late winter and spring when the hours of darkness necessary for feeding
decrease and there is a reduction of food sources preferred by porcupines. Crested porcupine
porcupettes perform sunbathing in spring. The permanence under sunlight seems to be a

behaviour probably regulated by metabolic necessities.

At the light of the results obtained in this investigation, feeding strategy is not the exclusive
reasons of the occurrence of diurnal activity in porcupine as predicted in this study. Further
investigations concerning the pattern of diurnal activity and physiological aspects of the

species are desirable in order to explain the diurnal behaviour of this nocturnal rodent.
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Scavenging behaviour in crested porcupine

The scavenging behaviour in crested porcupines was here observed for the first time in four
occasions. This result clearly shows that also the crested porcupine eats flesh as previously
reported in Hystrix africaeaustralis by Roth (1964) and Kingdon (1974).

The scavenging behaviour of crested porcupine was recorded in presence of available fresh
food provided by the operators and in high food availability habitat. This condition indicate
that feeding on carrion flesh by crested porcupine is not related to lack of food and it is more
probably due to physiological and biochemical requirement. The vegetarian diet
supplemented with animal protein is common in many frugivorous and granivorous rodents,
especially in growing young and breeding females (White 2007, 2011). The animal protein
supplementation in vegetarian diet seems to be the result of behavioural and physiological
adaptation in order to increase the reproduction success (White 2011).

In this investigation the eating on carrion flesh was clearly observed only in adult specimens,
one of which was a female and the other was not sex determined. The observation of this
feeding behaviour in a porcupine female suggest that eating animal protein could be a feeding
strategy for the assumption of key proteins necessary for breeding as indicated by White
(2011).

The Authors are aware of the small number of events recorded in this investigation however
this result disclosed new important information concerning the feeding behaviour of this
believed strictly herbivorous rodent. Further investigations are necessary in order to assess the
occurrence of the scavenging behaviour in crested porcupine in relation to age, sex and

physiological state.
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Reproduction in wild crested porcupine

The mounting behaviour in free-ranging crested porcupines was observed throughout the year

independently from births, lactation and presence of porcupettes.

Nightly rhythm of single mounting regularly occurs and multiple mountings per night were
also observed. This result is in accordance with the observations performed by Felicioli et al.
(19974, b) in semi-captive crested porcupines and by Sever and Mendelsshon (1988a) in
semi-captive Indian crested porcupine (H. indica). The crested porcupine is a monogamous
rodent living in pair, small family group (Mohr 1965) or clan where sub-adults of previously
litters behave as helper. The oestrus cycle of H. cristata is 35 days (Weir 1974). Therefore,
the observation of nightly mounting indicates that this behaviour is not linked to the oestrus
state and it’s probably performed as a mechanism for pair maintaining. The sequence of
mounting observed in free-ranging porcupines is the same described by Felicioli (19973, b) in
semi-captivity and also into the burrow. In the 83.8% of mounting events the sequence starts
with the nose-quill contact by the male followed by the presenting of the female while in the
16.1% spontaneous presenting by the female was observed. According to Keliman (1974) the
spontaneous presenting could be an indication of oestrus state. The behavioural display as
grooming, sniffing, following, sound and stepping, observed in semi-captive porcupines
(Felicioli 1997a, b), are also recorded in free-ranging porcupines. Moreover as reported by
Felicioli (1997a, b), in each mounting event the behavioural pattern are performed with
different combination and no standard sequence in the performing of these is recorded.

Copulation in free-ranging crested porcupine was detected in only two occasions. The average
duration of copulation recorded was 24 SD 7 seconds with a mean of 17 SD 5.5 thrusting.
Conversely, Felicioli et al. (1997) reported lower copulation time (8.9 SD 3.9 sec) in semi-
captive crested porcupines while longer copulation time (2-3 minutes) was observed by

Morris and Van Aarde (1985) in H. africaeaustralis.

Porcupine births were observed thuoghtout the year as previously reported by Santini (1980,
1983) and Mori et al. (2016) in free-ranging porcupines and by Grazzini (1992) in semi-
captive porcupines. Mori et al. (2016) also reported the presence of two significantly births
peaks of in February and October. However, our observations indicate the absence of seasonal

effect in H. cristata reproduction (Santini 1980, Grazzini 1992).
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The number of births recorded in wild crested porcupine in this study ranged from 1 to 3 per
year. This result is in accordance with results obtained by Grazzini (1992) in semi-captive
porcupine while no other data are available on free-ranging porcupines.

The size of porcupine litters recorded in this investigation ranged from 1 to 2 porcupettes per
biths and no litters of 3 or 4 porcupettes has been recorded. The porcupines litters of three
porcupettes are an extremely occasional event and only Santini (unpublished data) and Mori
et al. (2016) in free ranging porcupines have both documented in one occasion this event.
Porcupine litters of four porcupettes have been reported only by Tohmeé and Tohme (1980) in
H. indica. Despite these exceptions, in the most cases the litter’s size recorded is the same
obtained in this study (Weir 1974, Santini 1980, Felicioli 1991, Grazzini 1992, Mori et al.
2016).

Mori et al. (2016) in free ranging porcupines reported that porcupettes leave the burrow for
the first time when about 40-50 days. The age of first emergence of porcupettes from burrow
in this study was estimated between 10 and 15 days after birth. The same interval time
between birth of porcupettes and their first emerging from artificial burrow was recorded by
Grazzini (1992) in semi-captive porcupines. Considering that birth porcupettes are well
developed with open eyes and at 30 days start to eat solid food (Santini 1980, Grazzini 1992),
the interval between birth and first emergence of porcupettes from burrow reported in this

study is reliable.

In the interval between birth and emergence of porcupettes, adult male and female in all
monitored pair, started to alternate into the burrow and increased the number entrance in
burrow during the same night. This behaviour was also oserved by Felicioli (1991) in semi-
captivity and by Mori et al. (2016) in free-ranging crested porcupines. Before first emergence
from burrow of porcupettes a lower activity of the females outside the burrow has been also
recorded and adult males while brings food and/or bones into the burrow were detected. The
combined observation of these two behaviours allows us to hypothesise that during the first
days after porcupettes birth the females mostly remain in burrow for porcupettes care and
nursing while the males look after to its partner. The observations performed in this study
confirm that porcupettes start to eat solid food at about 30 days after birth while the nursing

following up to 2-3 months (Grazzini 1992).

In accordance with the observations performed by Grazzini (1992) in semi-captive crested

porcupines also in free-ranging porcupines both adult male and female equally perform
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parental cares and also the sub-adults actively take parte to the care of the new born

porcupettes.

The minimum time of permanence of the sub-adults within the family resulted 1 year as
hypothesised by Grazzini (1992) on H.cristata and by Van Aarde (1987b) on H.
africaeaustralis. The achievement of sex maturity seems to occur at around 9-10 months in H.
cristata (Santini 1980) and at 1 year in H. africaeaustralis (Van Aarde 1987b). Therefore, is
possible that the departure of sub-adult from the family is linked to the the achievement of sex
maturity. However no information is available concerning the dispersal of porcupines sub-

adults and futher investigation are necessary.
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5.3. Porcupine Population Abundance estimate (PPA) and first

hypothesis of census model

In both study areas, the porcupine population abundance provided very similar result. In EA1
(Crespina-Lorenzana) the average porcupine density resulted 3.9 specimens/km? (SD = 1.4
specimens/km?) while in EA2 (Camugliano) was 3.6 specimens/km? (SD = 1.4

specimens/km?).

Despite the distribution expansion of this rodent in Italy (Mori et al. 2013, Vecchio et al.
2018) there are no data concerning the density and abundance of crested porcupine and this

lack of information do not allow comparing the results obtained in this study.

The porcupine populations are self regulatory (Van Aarde 1998). The density of porcupines
varies primarily according to food availability and in areas in the surrounding of agricultural
fields increases the likelihood of a relatively high density of porcupines (Horwitz et al. 2012).
The sociality induced delay in reproduction limiting population growth, while a relaxation of
reproductive suppression, through the creation of dipersal opportunities, enhances population
growth rate (Van Aarde 1998). Study performed by Van Aarde (1987c) suggests a low
mortality rate in the first two months of porcupine life which mostly increase up to 70%
during the first year of life. Moreover, porcupine females have the ability to compensate for
the loss of litters by conceiving within a few days of such loss (Van Aarde 1998). Therefore,
the resistance and resilience of porcupine populations may be explained in terms of
reproductive plasticity, where changes in the social environment induce a response on the

reproductive axis.

Alkon and Saltz (1985a) in a semi-desert area and Sever and Mendelssohn (1991b) in coastal
plain of Israel reported a population density of H.indica of 4 porcupines/Km?, basing on the
home-range sizes. Conversely, Alkon (1999) estimates in Desert Negev for H. indica a
population density of 2.1 porcupines/Km? for animals utilizing only natural habitats and 7.5

animals/km? for “agricultural” porcupines.

Sharma (2001) using the pellets count method and direct counts of animals along transects
obtained a porcupine density for H. indica in a semi-arid zone in wester India of 12.4
animals/Km? and 8.8 animals/Km? respectively. Despite these two methods are widely used
for wildlife census (Eberhardt 1978, Plumptre 2000, Lioy et al. 2015) there are not suitable
for porcupine estimate density and determine an overestimation of population abundance. The
porcupine is suggested to be a territorial rodent (Felicioli 1991, De Villiers 1994, Corbet and
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Van Aarde 1996) that use and maintain an exclusive territory whitin a large, non-exclusive
home range (Corbet and Van Aarde 1996). Moreover, when foraging the porcupines follow
the same path and visit the same biotopes (Santini 1980, Pigozzi and Patterson 1990).

More recently, Mukherjee et al. (2018) estimated a density of Indian crested porcupine in a
semi-arid zone of India (3.2 SD 1.3 individuals/Km?) similar to those obtain in this

investigation using a very similar aproach.

The difference between the method conceived in this study and the one used by Mukherjee et
al. (2018) is the way to compute the number of settlement inhabited by porcupine. Mukherjee
et al. (2018) computed the number of estimate inhabited settlements by using the inhabitation
frequency recorded in the sampled settlements. Conversely, in our computation forecast the
estimation of the number of inhabited settlements by using the frequency of settlements use
by the porcupines and considering the spatio-temporal inhabitation of settlements by the
crested porcupine. Although the application of the two methods gives the same results, the
method developed in this study includes an additional data concerning the pattern of

settlements inhabitation by the crested porcupine.

The preliminary census model developed in this study provides the guidline for the crested
porcupines’ estimation density without the necessity to search and monitor all settlements
present in an area. The preliminary result obtained by testing the census method in
Camugliano area, used in this case as a control area, show a good match with the result
obtained by using the real data. Interestingly, if this method is applied to Mukherjee et al.
(2018) data the same result can be obtained. However, despite this model is preliminary and
not exhaustive, can represents a usefull and easy method to be replicated in other area of
crested porcupine presence and probably also of the two other species of genus Hystrix (H.
indica and H. africaeaustralis). At the current state of model development it is not possible to
establish which can be the error range obtainable from its application. Therefore, further
applications of this method and obtained data collection are desirable in order to validate and
assess the reliability of the model.
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5.4.Health monitoring of crested porcupine

Parasitological analysis

G. duodenalis is a common parasite of the small intestine and one of the most important and
frequent causes of human and animal diarrheal disease worldwide (Caccio et al. 2018). Long-
term health consequences of giardiasis have also been documented in humans (Lanata et al.
2013).

Among parasites identified in 52 porcupine faecal samples collected within the study area,
Giardia spp. was the most prevalent. Almost half of the samples examined (48%) were found
positive to Giardia by the immunoassay and G. duodenalis was identified in 12 out of 17
isolates examined at molecular analysis. However, the possibility that some of the analysed
faecal samples were belonging to the same animals is high, especially for those samples

collected within transects where more than one sample was found.

Nevertheless, within the 25 Giardia spp. positive faecal samples to the immunoassay also 4
out of 12 (33.3%) individual faecal samples were included. These four samples were
belonging to two captured animals, one road-killed specimen and the single faecal sample
collected in Z1 in EAL.

For the detection of G. duodenalis, Cryptosporidium parvum and Cryptosporidium hominis, a
sensitivity and a specificity of 85-96% and 89%, 80-85% and > 98%, 96% and 99% has been
reported for the rapid immunoassay used in this study compared to conventional microscopy,
direct fluorescent-antibody and PCR, respectively (Weitzel et al. 2006, Regnath et al. 2006,
Chalmers et al. 2011). However, false negative results may be possible due to intermittent
faecal excretion of these protozoans or if the amount of protozoan antigens in the examined
samples is too small (RIDASCREEN® Cryptosporidium/Giardia Combi). Moreover, the
sensitivity and the specificity of this commercial kit for the detection of other Giardia and
Cryptosporidium species is unknown. Therefore, it is possible that some samples tested

negative to these protozoa in the present study were instead positive.

Results from the immunoassay were not confirmed by PCR in all cases. As previously
described, the difference between immunological and molecular results may be due to the
presence of PCR inhibitors in faecal samples, with the amplification turning out unsuccessful
due to the loss of pretreatment methods for removal of specific PCR inhibitors (Schrader et al.
2012).
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Nevertheless, this study is the first report of G. duodenalis infection in the crested porcupine.

Indeed, Giardia spp. infection was detected also by Chakraborty et al. (2015) in the Indian
crested porcupine (H. indica), but species, assemblage and subtype identification were not
performed. In the present study, different combinations of G. duodenalis assemblages were
identified in two isolates at SSU rDNA and tpi loci. The genotyping lack of concordance is
quite recurrent in G. duodenalis; these discordant results can derive from mixed infections,
subsequent infections or heterogeneity of allelic sequences (Sprong et al. 2009, Ryan and
Caccio 2013, Fahmy et al. 2015, Adell-Aledén et al. 2018). However, due to the small
number of samples, it was difficult to draw any conclusion concerning the genotyping

discordance.

The habitat diversity and environmental fragmentation linked to anthropic activities are key
factors for the presence of crested porcupines (Toschi 1965). In the Italian agro-ecosystem,
the crested porcupine is considered as a pest and it benefits from the increase in the
production of agricultural crops (Santini 1980, Laurenzi et al. 2016). Therefore, contaminated
anthropogenic settlements may represent a risk factor for the acquisition of G. duodenalis
infection by crested porcupines in the examined area, as anthropogenic spread of G.
duodenalis is well documented in other wildlife species and environments worldwide
(Hillman et al. 2019, Thompson 2013). Conversely, land-use changes by humans for
agricultural development and urbanization have been associated with higher risks of zoonotic
pathogen transmission by potential reservoir animals, and the presence of crested porcupines
in habitat characterised by anthropic activities may enhance the possibility for the spread of
crested porcupine parasite infections that could affect also humans (Chakraborty et al. 2015,
Otranto and Deplazes 2019, Mendoza et al. 2020). As assemblages All and BIV are likely
associated with human infections, results here obtained may suggest that H. cristata can act as
source of G. duodenalis cysts potentially infectious to humans (Robertson 2019, Caccio et al.
2018). In Europe, G. duodenalis infection has been reported in badgers, red foxes and wild
boars (Hamnes et al. 2007, Caccio et al. 2008, Barlow et al. 2010, Beck et al. 2011, Onac et
al. 2015, Stojecki et al. 2015, Robertson et al. 2019). Interestingly, the majority of identifiable
G. duodenalis DNA isolated from red fox and wild boar samples in previous European studies
was found to be assemblage A or B, suggesting that these wild animals may play a role in the
zoonotic transmission of G. duodenalis (Stojecki et al. 2015, Robertson et al. 2019). In the
area here examined, wild boars, red foxes and badgers share the same porcupine habitat, with

crested porcupines and badgers occasionally sharing and co-habiting the same settlements.
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Moreover, the ingestion of porcupine carrions by red foxes may represent another source of
infection in these animals (Fais 1991). Therefore, it is possible to hypothesise a putative
circulation and transmission of potentially zoonotic G. duodenalis assemblages among crested
porcupines, red foxes, wild boars and badgers in the study area with a potential impact on the
population health of these wild animal species. Moreover, these wild species may act as

reservoirs of G. duodenalis infections for humans (Hillman et al. 2019, Thompson 2013).

Concerning other parasites identified in this study, eggs of Trichuris spp. and of
gastrointestinal strongyles were found in about 33% of examined samples, while capillariids,
coccidia and Cryptosporidium spp. were much less frequent (about 2-4%). However, it should
be considered that the Mini-FLOTAC technique used for the detection of most of these
parasites has a sensitivity of 10 eggs-oo(cysts)/ gram of faeces (Cringoli et al. 2017).
Therefore, it is possible that positivity was not evidenced for all those parasites present at

lower quantities in examined faecal samples.

In previous studies, Trichuris infundibulum and Trichuris hystricis have been reported from
H. cristata (Pavlov 1957), and Trichuris landak from H. javanica (Purwaningsih, 2013),
while gastrointestinal strongyles (Trichostrongylus colubriformis) and unidentified Trichuris
and Capillaria species have been reported from H. indica (Wertheim and Durette-Desset
1975, Mir et al. 2016). However, to the best of our knowledge coccidian and Cryptosporidium
spp. infections have been never reported before in crested porcupines. About
Cryptosporidium, it would be extremely interesting to perform further and more in-depth
studies aimed to the identification of Cryptosporidium species infecting crested porcupines
and to assess the molecular epidemiology of this protozoan species in the examined area.
More specifically, it would be very interesting to know whether in the study area involved
species/genotypes are shared with other wild mammals cohabiting with crested porcupines or
specific for H. cristata, as host-adapted species/genotypes are frequently observed among
wildlife (Thompson and Ash 2019). It would be also very interesting to know whether in the
study area are involved zoonotic species, considering the recent detection of potentially

zoonotic Cryptosporidium species in European red foxes and badgers (Mateo et al. 2017).

Further studies aimed to know the impact on the health of crested porcupines of the remaining
parasites identified in this study are also needed, since data are lacking. In conclusion, results
obtained in this investigation improved the knowledge on the parasite-fauna of crested
porcupines in Italy and showed for the first time that H. cristata can be infected by G.

duodenalis. More studies are needed on the epidemiology of Giardia and other parasite
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species in crested porcupine populations, especially on G. duodenalis assemblages to better

evaluate the zoonotic potential of Giardia in H. cristata.
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Ectoparasites

Ectoparasites were collected in 3 out of 16 (18.8%) examinated porcupines. The ectoparasite
prevalence obtained in this investigation is in accordance with those reported by Mori et al.
(2015b). Despite the small sample size, our results seem to confirm a low ectoparasite
infection in crested porcupines. Mori et al. (2015b) reported the presence of a higher
abundance of arthropod parasite and parasitic load in porcupines living in richness habitat
compared to those in densely wooded areas. This data seems not match with the results
obtained in this study. In this study both porcupines capture areas are characterized by a high
environmental richness but despite this, low variability and abundance of parasite was
recorded. In the examinated porcupines only fleas were collected and the only detected specie
in captured porcupine was Pulex irritans. The presence of this species in crested porcupines
was frequently reported with values of prevalence above 20% (Monetti et al. 2005, Mori et al.
2015b). However, P.irritans is the most common flea in wild mammals such as red foxes and
European badgers (Dominiguez 2004, Martinez-Carrasco et al. 2007). This suggest a
relationship between the presence of fleas in crested porcupines and habitat and settlement
sharing by crested porcupines, badgers and red foxes (Mori et al. 2015a, Coppola et al.
2019b). According to Mori et al. (2015b) also Ixodes ricinus result to be a dominant species in

crested porcupine however, in this study no hard tick was ever been detected.

The only one road-killed porcupine examinated resulted infected of Ctenocephalides felis. C.
felis is the most common flea on dogs and cats (Rust 2005) but it can also parasitize wild
mammals including red foxes (Martinez-Carrasco et al. 2007). Therefore, the infection of
examineted porcupine with C. felis could be related to environmental and settlements sharing
with red fox (Mori et al. 2015a, Coppola et al. 2019b) or consequence of hospetalization in a

veterinary clinic before the examination.

In accordance with Mori et al. (2015b) the parasitic arthropod fauna of crested porcupines
seems to be composed by a relatively low number of species. All recorded ectoparasite in
crested porcupine are sourced from other mammals known to be primary hosts, mainly red
foxes and badgers and no specific taxa was never been recorded. At the best of our knowledge
no information are available concerning the parasitic arthropod fauna of this rodent in their
original country. However, a possible hypothesis is that, in Italy, the absence of specific taxa
in crested porcupines may be due to its non native Italian specie status (Trucchi and Sbhordoni
2009).
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Haematological and blood biochemical profile of crested porcupine

Biochemical profile of crested porcupine was obtained for 5 out of 7 blood samples collected
from captured porcupines while the haematological values only for 2 out of 7 samples. Author
is aware of the small sample size nevertheless few data are available concerning the
haematological and biochemical profile of old world porcupines and in particular on crested
porcupines (Leonetti 2018). Therefore, the results obtained in this study may be used as a

basis for futher haematology and biochemical studies in H. cristata.

The haematological values obtained in this investigation are in accordance with those reported
in some species of new world porcupines by De Almeida et al. (2011) in captive bristle-
spined porcupine (Chaetomys subspinosus) and by Moreau et al. (2003) in Brazilian
porcupine (Coendou prehensilis) and black-tailed hairy dwarf porcupine (Coendou
melanurus). Moreover, the same haematological values are also reported in coypu (Myocastor
coypus) (Martino et al. 2012) and capybara (Hydrochoerus hydrochaeris) (Arouca et al. 2000,
Di Chiacchio et al. 2014). These last two species are the only two wild rodents belonging to
the same suborder of porcupines but not to the same familiy. H. cristata, C. Subspinosus, C.
Prehensilis, C. Melanurus, H. hydrochaeris and M. Coypus all present similar values of
haemoglobin (Arouca et al. 2000, Moreau et al. 2003, De Almeida et al. 2011, Martino et al.
2012, Di Chiacchio et al. 2014). However, the crested porcupine shows a higher mean value
of red blood cells but a lower mean value of MCV (mean corpuscular volume) than the other

ones.

In the biochemical profile it was not possible to obtained values for all the established
parameters. Blood sampling in the captured porcupines has often been very difficult (e.g. vein
collapse and rapid coagulation) and this factor can have influenced the samples analysis.

The mean value of TP in crested porcupine (7.5 SD 1.7) resulted in accordance with the
values reported for capybara (Di Chiacchio et al. 2014), coypu (Martino et al. 2012), Brazilian
porcupine and black-tailed hairy dwarf porcupine (Moreau et al. 2003). The same can be
assumed for mean creatinine values recorded in 4 out of 5 examined crested porcupines (1.1
SD 0.2). In only one case value of creatinine of 11.2 mg/dL was recorded in an adult male
associated with a high value of urea (41 mg/dL). Considering the high prevalence of
leptospira antibodies detected and the isolation performed during this study, the high values of
urea and creatinina could be due to kidney damage for leptospira infection. Unfortunately for

this subject no MAT result was obtained due to aemolitic blood sample.

190



In the other porcupines the values of urea resulted similar to the mean value recorded in
coypu (Martino et al. 2012) and black-tailed hairy dwarf porcupine (Moreau et al. 2003) while
a lower and a nigher mean value was recorded in Brazilian porcupine and capybara
respectively (Moreau et al. 2003, Di Chiacchio et al. 2014). In these individuals positivity for
leptospira antibody was recorded only in the sample 2 with the highest titer detected. In this
case the absence of alteration in urea and creatinine values could be do to the absence of

kidney localization of leptospira or to the young ages of the individual.

Among the investigated serum enzymes results were obtained for GGT, AST and CK. The
mean value of GGT recorded in crested porcupine resulted higher than capybara (Di
Chiacchio et al. 2014), Brazilian porcupine and black-tailed hairy dwarf porcupine (Moreau et
al. 2003). Despite this, the mean value is not to be considered reliable due to the presence of
two samples with high GGT values (>30 U/L) probably due to the presence of pathological
states. Conversely, in the other three samples similar values of GGT to those reported for the

other previously mentioned species are recorded.

The values CK resulted extremely high in all analysed samples. As suggest in another similar
study (Moreau et al. 2003) these results are most probably attributable to the excitation and
stress state during the captures and handling. This hypothesis seems is reinforced also by the
presence of AST very high values in 4 out of 5 porcupines blood samples. Moreover, extreme
values of CK were recorded in two blood samples attributable to porcupines remain in the

cage traps more than 12 hours.
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Leptospirosis in crested porcupine

Antibodies detection of Leptospira

Humans, domestic animals and wildlife share Leptospirosis a zoonosis caused by the
pathogenic spirochete of genus Leptospira (Adler and de la Pefia Moctezuma 2010). Urine
shedding and marsh water contact is the main cause of clinical disease (Adler and de la Pefia
Moctezuma 2010, Faine et al. 1999, Haake and Levett 2015). Leptospira epidemiology is
strictly linked to the widespread of maintenance host species (Bertelloni et al. 2019, Cerri et
al. 2003). Wildlife plays a pivot role in the epidemiology of leptospirosis. Leptospira
maintenance host function has been described for some rodents in different countries, such as
for Apodemus spp., Bandicota spp., Delomys spp., Mus spp., Necromys spp., Oryzomys spp.,
Rattus spp., Thaptomys spp., Trinomys spp. and also for Myocastor coypus and Hydrochaeris
hydrochaeris (Levett 2001, Michel et al. 2001, Jorge et al. 2012, Cosson et al. 2014, Cortizo
et al. 2015, Fratini et al. 2015, Haake and Levett 2015, Moreno et al. 2016a, Vieira et al.
2018, 2019, Krijger et al. 2019). Icterohaemorrhagiae and Ballum serogroup are the most
widespread in rodents that contribute to the base of the trophic chain (preys) (Faine et al.
1999, Levett 2001). Conversely, several wild carnivores and scavengers are at the top of the
feeding chain and are potentially exposed to the pathogen Leptospira through their diseased
preys and carrion respectively (Ellis 2015). Italy is the only European country where four
semi-fossorial mammals two mainly herbivorous rodents (porcupines and coypus) and two
mainly carnivores (red foxes and badgers) potentially share both foraging areas and burrows
(Pigozzi 1986).

The seroprevalence of leptospirosis in crested porcupine resulted 58% (7 out of 12). Authors
are aware that the size of the samples is small nevertheless the crested porcupine belong to the
rodents order that are well known to be important Leptospira carriers (Blasdell et al. 2019,
Mori et al. 2017b). The crested porcupine is a widespread species in Italian agro-ecosystems
and its distribution range is rapidly expanding (Mori et al. 2013, Vecchio et al. 2018). These
three factors warrant to propose this preliminary report as a potential useful set of information

for better understanding the epidemiology of leptospirosis in wildlife.

The seroprevalence in crested porcupine found in this investigation seems to be in accordance
with the prevalence of Leptospira infection reported in the semi-fossorial Eurasian badger, red
fox and coypus (Ayral et al. 2016, Fratini et al. 2015, Michel et al. 2001, Milas et al. 2006,
Millan et al. 2009, Slavica et al. 2008, 2011, Vein et al. 2014). In badger a seroprevalence of
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50% (n=2) was reported. (Millan et al. 2009). Moreover, a prevalence of 8.2% (n=316) of
pathogenic Leptospira DNA in badger kidneys was detected by Ayral et al. (2016) in France.
In the red fox, a seroprevalence of 5.3% (n=94) was reported in a study performed in Tuscany
by Bertelloni et al. (2019), while seroprevalence of 33.8% (n=121), of 31.3% (n=112) and of
57.6% (n=59) were recorded in Croatia (Milas et al. 2006, Slavica et al. 2008) and of 47.1%
(n=17) in Spain (Millan et al., 2009). In addition, the 6.1% (n=362) of red fox kidney resulted
positive to pathogenic Leptospira DNA in France (Ayral et al. 2016). Concerning coypu,
MAT analysis scored positive of 27.9% (n=122) and 28.5% (n=70) in two Tuscanian
investigation (Bertelloni et al. 2019, Fratini et al. 2015), while in two studies performed in
France by Vein et al. (2014) and Michel et al. (2001) the seroprevalence resulted of 76%
(n=50) and 64% (n=75) and between 16.5% (n=236) and 66% (n=100) respectively.

In the porcupine, the serogroup Icterohaemorrhagiae prevalence resulted 57% (4 out of 7
sera). A comparable value of prevalence of Icterohaemorrhagiae was also reported in red fox,
badger (Millan et al. 2009) and coypu (Bertelloni et al. 2019, Fratini et al. 2015, Michel et al.
2001). In one porcupine the serogroup Icterohaemorrhagiae was found associated to Sejroe
with antibody titer of 1:200 and 1:100 respectively. In this case, the low Sejroe titer, could be
the consequence of a higher Icterohaemorrhagiae titer that lead to aspecific reaction between
the sera antibody and Sejroe antigens (Faine et al. 1999). The serogroup Pomona was detected
in 28.5% of sera (2 out of 7). Pomona seropositivity was never found in badgers in Spain and
France (Ayral et al. 2016, Millan et al. 2009), in coypus in Italy and France (Fratini et al.
2015, Michel et al. 2001, Vein et al. 2014) and in red foxes in Italy (Bertelloni et al. 2019).
Conversely Pomona seropositivity was found in red foxes in Croatia (Milas et al. 2006,
Slavica et al. 2011). Further investigations are necessary to assess Pomona serogroup
presence in foxes, badgers and coypus in the same porcupine area as well as establish if
serogroup Pomona is shared among porcupine and these other three semi-fossorial mammals.
Noteworthy the serogroup Pomona was found in high prevalence in the wild boar (Bertelloni
et al. 2019, Boqvist et al. 2012, Castillo-Contreras et al. 2018, Tagliabue et al. 2016, Vale-
Gongalves et al. 2015; Zmudzki et al. 2016). In Italy wild boar and crested porcupines share
the same habitat (Massei et al. 2015, Santilli and Varuzza 2013). Since wild boar is
recognised as a Pomona reservoir (Ellis 2015) is reasonable to hypothesise a possible
transmission of Leptospira Pomona from wild boar to porcupines. Further investigation would
be useful to disclose the hidden relationship between the four semi-fossorial mammals (i.e.
crested porcupines, red foxes, badgers and coypus) and wild boar in order to delineate the

Pomona infection route throughout wildlife. In the crested porcupines, the highest titer
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resulted the serogroup Australis (1:1600) from a serum of the female sub-adult (5.6 Kg)
specimen. The serogroup Australis is also the most detected in red foxes (Bertelloni et al.
2019, Milas et al. 2006, Slavica et al. 2008, 2011) and coypus (Michel et al. 2001; Vein et al.
2014). Moreover, the serogroup Australis was isolated in red foxes and badgers in Grain
Britain (Hathaway et al. 1983). The high titer found in the sub-adult porcupine could be due
to: 1) a recent Leptospira infection in the porcupette by environmental contamination, 1)
congenital route, 111) a reaction caused by a new host-pathogen relationship (Adler and de la
Pefia Moctezuma 2010, Faine et al. 1999) between serogroup Australis and Hystrix cristata.

In one porcupine female porcupette Pomona and Australis serogroup were both found with a
titer of 1:100. These two serogroup are known to not cross-react each other (André-Fontaine
and Triger 2018, Houwers et al. 2011) so the co-presence could indicate a co-infection as well
as that the low detected titer could suggest that one of the two is a false positive.

Among porcupines, Leptospira was found in Erethizon dorsatum, Sphiggurus villosus and
Hystrix brachyura (Fornazari et al. 2018; Mitchell et al. 1966; Siti-Nurdyana et al. 2016). In a
specimen of E. dorsatum Pomona serogroup was isolated (Mitchell et al. 1966). In S. villosus
while MAT resulted negative, DNA of pathogen Leptospira was found in urine without
serogroup specification (Fornazari et al. 2018). In H. brachyura seropositivity to Javanica,
Hurstbridge, Ballum and Celledoni was found (Siti-Nurdyana et al. 2016). These results
indicate that porcupines could be infected by several serogroup of Leptospira. The role of
reservoir or accidental host need to be address. Further investigations are necessary to
disclose the relationship and route of leptospirosis between porcupines, red foxes, badgers and
coypus and their interaction with wild boar in order to clarify the leptospirosis — epidemiology
— wildlife framework at the light of its potential zoonotic source.
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Isolation of Leptospira

Leptospira interrogans serogroup Pomona, serovar Pomona, was isolated for the first time
from a porcupette kidney. Both sampled sera resulted negative to MAT for all Leptospira
serovars tested. The seronegativity of Leptospira-positive subjects has been previously
reported in literature for other species (Merien et al. 1995; Agampodi et al. 2012; Hall and
Lambourne 2014) and also for porcupine (Sphiggurus villosus) (Fornazari et al. 2018). The
serological negativity of Leptospira-positive porcupette could be related to the bad quality of
blood sample collected in the heart cavity or to a chronic or an early infection. The hypothesis
of a chronic or early stage infection are both unlikely due to the young age of the individual
and the stage of renal lesions characterized by the presence of chronic inflammatory infiltrates
and fibrosis. Therefore, the most probable hypothesis could be that the absence of Leptospira
antibodies in the Leptospira-positive porcupette may be related to the antibiotic treatment
with Enrofloxacin performed during its hospitalization.

Activity of Enrofloxacin against Leptospira in vitro is documented. However, some studies
suggest an increasing of the MIC values in recent isolates (Moreno et al. 2016b, Liegeon et al.
2018). Carrascosa et al. (2017) reported a low effectiveness of Enrofloxacin antibiotic in vivo
in order to prevent renal colonization of Leptospira in hamster. In state of this, antibiotic
treatment of Leptospira-positive porcupette could have affected the antibodies response,
leading to the negative MAT result. The antibiotic treatment could have also determined the
lack of leptospires in the renal tissue highlighted with specific Warthin Starry staining.

At the best of our knowledge, among Hystricomorph rodent, serological positivity for
phatogenic Leptospire were detected only in Sphiggurus villosus, Hystrix brachyuran and in a
North American porcupine without specified the species (Mitchell et al. 1966, Siti-Nurdyana
et al. 2016, Fornazari et al. 2018). Isolation of Leptospira serovar Pomona from kidney, blood
and urine was only performed in one individual of North American porcupine (Mitchell et al.
1966). No other Leptospira serovar have ever been isolated in the porcupines.

Wild and domestic rodents are well known to be important Leptospira carrier, involved in

transmission to animals and humans (Mori et al. 2017b, Blasdell et al. 2019).

However, the Leptospira infection of crested porcupine documented in this investigation
could be the result of porcupines habitat sharing with wild boar (Sus scrofa) that are present in
Tuscany with an high density population (Santilli and Varuzza 2013, Massei et al. 2015).

Wild boar plays a key role in the spreading of some Leptospira serovars, such as Pomona, in
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the environment (Chiari et al. 2016, Bertelloni et al. 2019). All these factors could strongly
increase and promote the possibility of Leptospira infection in crested porcupine.

Therefore, the isolation of Leptospira in the crested porcupine could indicate that H. cristata
could be a new potential natural host for this bacterium.

This is a single case report of Leptospira serovar Pomona in crested porcupine, however, this
result could be a useful contributes to the description of the epidemiology of leptospirosis.
Further investigations in order to assess the real role of crested porcupine as accidental or as
maintenance host for Leptospira are desirable.
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6.Conclusions
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The crested porcupine is a burrowing rodent and its presence is strictly related to the

settlements availability and/or site for burrowing in the territory.

The settlements are distributed in ecotonal woody areas with sandy soil. The settlements
density does not vary in areas with different woody distribution and extension (2-2.4
settlements/Km?). The settlements density strongly increases in ecotones (settlements/
ecotonal kilometer) of big continuous and homogeneous woody areas rather in small

fragmented ones.

The settlements are cluster of ground holes detectable on the surface and connected to a one
or more hypogeus burrows in wich the porcupine spend most of the daylight hours.

The settlements have a bimodal distribution trend in orientation to the Northwest-Southeast
axis and are distributed on the territory as binary systems named “Stations”.

The stations are characterized by the presence of two settlements detectable within a
maximum distance of 250 meters, different oriented and connected on the surface by a dense

network of pathways.

Settlemnets are usually shared by crested porcupine, badger and red fox at different time, for
exploring or inhabit them. Red foxes always inhabited in exclusive mode the settlements
while both crested porcupines and badgers could inhabit the same settlement in exclusive
mode as well as together (co-habitation).

Co-habitation between crested porcupine and badger occur in the same settlements and also in
the same burrow probably using different chambers and is not due to lack of un-inhabited
settlements. Porcupines and badgers co-habit even in presence of porcupettes and the
cohabitation is associated to an increase of aggressive interaction between the two species.
New investigation are needed in order to assess the settlements features that determine the
choice by porcupines and badgers as well as individuate the potential advantages of co-

habitation for both the species.

The badger and the red foxes are not porcupine predators while the red fox is an occasional

scavenger of porcupine carcasses.

The crested porcupine is the main and faithful inhabitant of settlements and using about the

70% of available settlements.
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Each settlement is inhabited by only one porcupine family group ranging from 2 to 6

individuals.

Each porcupine family group alternatively and complementarly inhabit always the same two
settlements belonging to a station, showing a very complex and different inhabitation pattern.

The alternate inhabitation pattern in the two settlements seems not to be affect by the season
and N-W and S-W oriented settlements seems to be preferred. Further investigations are

needed in order to identify the possible factors influencing the porcupine inhabitation pattern.

The fidel and exclusive inhabitation of the station by each porcupine family suggest the
presence of intraspecific territoriality in this rodent. Territoriality in crested porcupine need to

be assessed and investigated.

The first daily emerging of porcupine from burrow is sunset-light dependent. However, in the
warm period emergence from burrow before sunset occur frequently probably due to the
combinate effect of the reduction of both seasonal natural food availability and darkness hours

available for feeding.

The crested porcupine is mainly a nocturnal mammal and regularly shows diurnal motor

activity often performing a peculiar behaviour defined as “Sunbathing”.

Diurnal motor activity in crested porcupine occurs mainly in late winter and spring probably
as a feeding strategy. The sunbathing behaviour is performed only in spring by porcupettes,
lonely or with parents, probably due to metabolic necessities like thermoregulation and/or
synthesis of metabolites such as vitamins (Vitamin D) necessary for growth. Further
investigation concerning the pattern of diurnal motor activity and physiological aspects of the
crested porcupines are desirable in order to explain the diurnal behaviour of this nocturnal
rodent.

The crested porcupine is not a stricltly haerbivourous mammal and adult female eat on carrion
flesh. This feeding behaviour is not linked to lack of food and could be a feeding strategy for
the assumption of key proteins necessary for breeding. Investigation on the occurrence of the
scavenging behaviour in crested porcupine in relation to age, sex and physiological state are

necessary.

The reproduction of free-ranging crested porcupine is not season dependent. Nightly rhythms
of single and/or multiple mounting are regularly performed, probably linked to to pair sability
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and maintenance and the births occur in all months of the year, 1 to 3 times per year. The size
of porcupine litters ranges from 1 to 2 porcupettes. The porcupine give birth in burrow and the
first emergence of porcupettes from burrow occur 10-15 days after birth. Adult male and
female but also the sub-adults of the family actively perform parental care. The sub-adults
remain within the family at least for 1 year and further investigations are needed concerning

the dispersal of the sub-adults.

The porcupine population density ranges from 3.6 to 3.9 SD 1.4 specimens/Km?® The
porcupine population abundance estimate (PPA) and the hypothesis of census model are
elaborated and applied in this work for the first time. The census model, despite is still
preliminary and not exhaustive, provide a useful and easy method for porcupine census to be
replicate in other areas of porcupine presence. The model needs to be further tested in order to
assess its reliability and establish the error range obtainable from its application.

The crested porcupine can be infected by Trichuris sp., Capillaria sp., gastrointestinal
strongyles, coccidian, Cryptosporidium sp. and Giardia duodenalis assemblage BIV that is
potentially zoonotic. More studies are needed on the epidemiology of Giardia and other
parasite species in crested porcupine populations, especially on G. duodenalis assemblages to
better evaluate the zoonotic potential of Giardia in H. cristata. Investigations in order to
identify the Cryptosporidium species infecting the crested porcupine are also necessary due to

its zoonotic potential.

Ectoparasites infections in crested porcupine are low. Pulex irritans is the most frequent
ectoparasite found. No specific taxa has been detect in crested porcupines in Italy probably

due to its non native Italian specie status.

The haematological and blood biochemical values of the crested porcupine are here
investigated for the first time. The data obtained are preliminary and not exhaustive, however
could represent a basis for further investigation.

The crested porcupine could be infected by several serogroup of Leptospira. For the first time
the isolation of Leptospira serovar Pomona from a porcupine kidney was performed and this
could indicate that Hystrix cristata could be a new potential natural host for this bacterium.
The role of porcupine as reservoir or accidental host of Leptospira need to be addressed.
Moreover, further investigations are necessary to disclose the relationship and the route of

leptospirosis between porcupines, red foxes, badgers and coypus and their interaction with
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wild boar in order to clarify the leptospirosis — epidemiology — wildlife framework at the light

of its potential zoonotic source.

The results obtained in this study represent a new set of knowledges on the use of the space,
time and feeding sources by the crested porcupine.

The use of the space by the crested porcupine is drived by environmental features as woody
fragmentation and their shape as well as animal density and settlements availability. However,
the exclusive and limited use of settlements by crested porcupines families indicate that high
availability of settlements does not necessary implicates high porcupine population density.
Moreover, environmental and settlements sharing by the crested porcupine with two other
burrowing mammals can affect the porcupine space use and density but even the health status
of their population. The space use of crested porcupine as well as population density and
health status are also strongly determined by feeding source availability in space and time.
The rythms of crested porcupine motor activity for searching food are indeed strictly related
to the length of the night at different latitudes.

The crested porcupine is protected by Italian law, is included among the “Last concern”
species by the IUCN Red list and its presence in Italy seems to increase its distribution range.
Despite this no data are yet available on the Italian crested porcupine population density and
abundance. Italy is the only European country in which the crested porcupine lives as
naturalized species, however is a widely poaching species, road mortality is increasing and
and results collected in this study suggest that it may still be vulnerable to environmental

changes.

In conclusion, is desiderable that the results obtained in this study can be used as a basis set of
knowledges that could be a useful tool for the development of crested porcupine management
plans necessary to monitor, promote and ensure the conservation of this precious rodent in

Italy.
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