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Food Preferences of the Crested Porcupine Hystrix cristata 
L., 1758 (Rodentia: Hystricidae) in South-Eastern Tunisia
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Abstract:  The present work is focused on the diet of the crested porcupine Hystrix cristata L., 1758 in South-Eastern 
Tunisia. Feeding habits of this species were assessed through faecal analysis in both cold and warm 
months: 105 samples of faecal pellets of porcupine were collected during two seasons. We found that wild 
species dominated the diet of this large rodent in both seasons, represented by 15 species. The most fre-
quently recorded species in both seasons were Stipa lagascae (20.54%), Hedysarum carnosum (10.26%) 
and Hordeum marinum (9.69%). In summer, the diet included also potatoes (Solanum tuberosum), barley 
(Hordeum vulgare) and figs (Ficus carica), of which barley was the most common species.
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Introduction
Rodents represent an important link between plants 
and predators (Botkin & Mellilo 1981). Previous 
studies have shown that herbivores have important 
role in regulating biological processes at different 
temporal and spatial scales (e.g. Seagle et al. 1992). 
They can affect the production of an ecosystem 
through food selection, which can change the struc-
ture of the plant communities (Zimmerman & Neu-
enschwander 1984, Belsky & Blumenthal 1997). 
The porcupine Hystrix cristata L., 1758 (Rodentia: 
Hystricidae) is a protected rare species in Tunisia 
(Bernard 1969, Cuzin 2003, Mohamed 2011). It 
is a herbivore rodent, which is a subject of growing 
interest in agrosystems, especially in farms suffering 
from damages caused by this species on vegetable 
crops. However, there is a lack of information on the 
biology of the porcupine in Africa, both in general 
and in Tunisia. Contrary, several studies concerning 
the diet of H. cristata have been carried out in Italy 

(Santini 1980, Pigozzi & Patterson 1990, Bruno & 
Riccardi 1995, Lucherini & Lovari 1996, Massei et 
al. 1997, Bozzi & Lovari 1999, Lovari et al. 2013, 
2017, Mori et al. 2014a, 2017). 

Knowledge of diet of wild mammals in their 
natural environment is of fundamental interest 
for understanding the ecology and organising the 
management of species and habitats (Symondson 
2002, Krahn et al. 2007). Two main approaches 
have been used ub studying diet of mammals: the 
“direct” approach, based on the observation of ani-
mals during their feeding phase, and the “indirect” 
approach, based on analyses of faeces or samples 
taken from digestive system of animals. Histori-
cally, the application of the indirect approach in 
dietary studies of a number of species relies on the 
identification of the stomach contents of killed in-
dividuals (Murie & Lavigne 1986, Perez & Bigg 
1986). More recently, emphasis has been placed 
on the development of alternative non-destruc-
tive methods for determining diets (Butet 1987, 
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Pierce & Boyle 1991, Baubet 1998, Iverson et 
al. 2004). In fact, there has been a growing inter-
est in methods of coprological analysis and have 
largely replaced the analysis of stomach contents 
in the study of the diet of wild species (Holechek 
et al. 1982, Dellinger & Trillmich 1988, Bowen 
2000, Tolllit et al. 2004).

In this context, our work explores food prefer-
ences of H. cristata in South-Eastern Tunisia during 
winter and summer.

Materials and Methods
Study area
This study was carried out in two governorates in 
South-Eastern Tunisia: Medenine and Tataouine. 
The study area included 60,973 km² (37.2% of 
the country; Fig 3) and spanned from Djerba 
(33°45’N, 10°47’E) and Fjaa (33º30’N, 10º38’E) 
in the north, to Ferech (32º57’N, 10º21’E) and Bir 
Amir (32º34’N, 10º16’E) in the south. The climate 
is arid to hyper-arid-Saharan. The mean tempera-
tures range 10–12°C in winter, 18–20°C in spring, 
c. 30°C in summer and 20–22°C in autumn. The 
number of rainy days is relatively low but the in-
tensity of the rains is very high. The vegetation is 
mostly steppe but the species composition is highly 
variable depending on relief and soil type. In the 
mountain zone, the vegetation cover is mostly 
made of Stipa tenacissima, Artemisia herba alba, 
Reaumuria vermiculata and Gymnocarpos decan-
der. This is a result of the degradation of Pinus 
halepensis, Juniperus phoenica and Pistacia at-
lantica, which completely vanished in the area due 
to a long history of tree harvesting. Moving down 
from the hills, Hammada scoparia and Helianthe-
man kahiricum replace Stipa tenacissima. Olives 
are grown in both jessour and tabias, being a domi-
nant tree crop in the watershed. The wadi beds and 
water courses are characterised by high biodiver-
sity, in particular plant species richness. The domi-
nant species are Retama retaem, Nerium oleander, 
Pennissetum elatum, Marrubium deserti, Juncus 
maritimus, Cenchrus ciliaris, Rhanterium suaveo-
lens and Thymus adriensis (Hanafi & Ouled Bel-
gacem 2006).

Data collection
Since the porcupine is a rare species in Tunisia, the 
opportunities to collect faecal pellets of this species 
are rather scarce. During two pellet-collection ses-
sions (winter 2016 and summer 2017), 105 samples 
were taken at random in the study area and stored in 
a freezer in plastic bags. Droppings of porcupines are 

easily distinguishable from those of other species, as 
they take the form of a series of stacked pellets (Bar-
thelmess 2006). The diet composition of H. cristata 
was determined using the microhistological analysis, 
which has largely replaced stomach content analysis 
in the study of wildlife diets (Holechek et al. 1982, 
Dellinger & Trillmich 1988, Bowen 2000, Toll-
lit et al. 2004). It is based on the assumption that 
we can find in droppings plant fragments, which are 
characteristic for the particular consumed plant spe-
cies; we can identify these fragments at the species 
level by comparison with published keys and guides 
or by using reference collections made by ourselves, 
as it is in this case.

Pellet samples were crushed and the obtained 
substrata were cleared and diluted in NaOH solu-
tion for two hours (Vavra & Holecheck 1980). 
The solution was filtered through a sieve of mesh 
sizes ranging from 0.2 to 0.4 mm. The obtained pel-
lets were rinsed and studied under microscope. Five 
slides were prepared from each sample of porcupine 
dropping and each piece was identified taxonomi-
cally as accurate as possible. Finally, the number 
of each species and the total number of fragments 
could be calculated.

Fig. 1. Relative frequencies of appearance – FA (a) and 
frequencies of occurrence – FO (b) of plant species in the 
diet of the porcupine in SE Tunisia.
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Data analysis
To be able to assess possible variations in porcu-
pine diet and to compare between the two seasons, 
we calculated the relative frequency of appearance 
(FA). It was computed as FA=ni/Ni.100, where ni 
was the number of appearances of each food cat-
egory and Ni was the total number of appearances 
of all food categories. The results were also ex-
pressed in frequency of occurrence, or frequency 
of ingestion of each item (FO), where the occur-
rence of a food item “i” was defined as the ratio 
of the number of samples containing “i” and the 
total number of analysed samples. It is expressed 
in percentage and allows to highlight the quantita-
tive importance of the different items. Concerning 
the diversity of the diet of H. cristata, it was ex-
pressed with the Shannon-Wiener Index of Diver-
sity (Shannon 1948, Colwell & Futuyma 1971, 
Zar 1999, Peetz 2001): H’ = - Σ ((Ni / N). log2 
(Ni / N)), where Ni was the number of individuals 
of a given species with i ranging from 1 to S (S to-
tal number of species) and N was the total number 
of individuals. We calculated also the Piélou In-
dex (J’), also known as Evenness Index (Blondel 
1979), representing the ratio between the real and 
the maximum diversity (Ramade 2003). The val-
ues of this index vary from 0 to 1 depending on the 
degree of specialisation of the diet (values close to 
1 indicate suggests generalists and those close to 0 
indicate specialists). 

Finally we used the Chi2 test to evaluate the 
variations in the diet by comparing the frequency of 
occurrence of food items consumed in both seasons. 
The dietary similarity or overlap between seasons 
was estimated using the Morisita-Horn’s index C 
(Morisita 1959). Its values vary between 0 and 1: 
when the value of Cλ is close to 0, the diets are com-
pletely different; if Cλ is equal to 1, the diets are the 
same; if Cλ exceeds 0.6, diets overlap significantly. 
The index was calculated according to the following 
formula:

1 
 

 
In this formula, Cλ was the index of overlap 

between cold and warm season, Pxi was the num-
ber of times species i was represented in the total 
X during cold season, Pyi was the number of times 
species i was represented in the total Y during warm 
season and n was the total number of species.

Results
Overall diet
The microhistological analysis of collected pellets 
during the two sampling seasons in South-Eastern 
Tunisia identified 18 plant species. These included 
both wild and cultivated species (Fig. 1). We found 
that wild species were more important (FA 65.72%). 
They included 15 species, of which the most fre-
quently observed were Stipa lagascae (20.54%), 
Hedysarum carnosum (10.26%) and Hordeum mari-
num (9.69%). In contrast, cultivated species repre-
sented only 15.97% of the total relative frequencies. 
This category was composed of potato (Solanum 
tuberosum), barley (Hordeum vulgare) and fig (Fi-
cus carica), of which barley was the most common 
species. According to the frequency of occurrence 
of the different food items identified, the dominance 
of barley (H. vulgare) among cultivated species and 
Stipa lagascae among wild species was revealed.

Wild species belonged to six families. The 
dominant family was Poaceae (FA 47.38%). This 
family was essentially represented by three species: 
Stipa lagascae, Stipa capensis and Hordeum mari-
num. As for Fabaceae, it accounted for 10.84% of 
porcupine diet. Other families such as Asteraceae, 
Brassicaceae, Zygophyllaceae and Cucurbitaceae 
were less consumed and had frequencies of occur-
rence less than 5% in the diet of H. cristata. How-
ever, it should be noted that the proportion of wild 
species was higher and they were diversified than 
that of cultivated species, which were represented 
by three species (Figs. 1, 2).

Seasonal fluctuations in the diet of H. cristata
The Chi-square test revealed significant seasonal 
differences between the two categories of plant spe-
cies (cultivated and wild) in the diet of the porcu-

Fig. 2. Relative frequencies of appearance (FA) of wild 
species families in the diet of the porcupine in SE Tunisia.
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pine (chi² = 14.93, p-value = 0.0001, ddl = 1). In 
term of species, there was no difference for the wild 
category (chi² = 9.55, p-value = 0.79, ddl = 14) and 
the dominant species were similar during both sea-
sons. In contrast, cultivated species were mainly 
consumed during the warm months (Table 1) and 
a significant dependence between species of culti-
vated plants and the two seasons was recorded (chi² 
= 8.82, p-value = 0.012, ddl = 2). The representa-
tion of average diets expressed in relative frequen-
cies of appearance confirmed these results. Wild 
species, especially Stipa lagascae, was an important 
resource in the diet of H. cristata, omnipresent dur-
ing both seasons with high appearance frequencies 
(15.42% in winter and 7.42% in summer). In addi-
tion to Stipa lagascae, the diet of H. cristata was 
marked by the importance of other species, such as 
Hedysarum carnosum, Hordeum marinum and Stipa 
capensis.  Cultivated species were characteristic 
only in the summer diet. In summer, we recorded 
high consumption of Hordeum vulgare (8.57%) and 
Ficus carica (4.57%) (Table 3).

Besides, the chi-square test showed that the con-
sumption of the different families of plant species did 
not depend on season (chi² = 8.57, p-value = 0.28, 
ddl = 7). Species of Poaceae and Fabaceae dominated 
during the two seasons, contrary to Asteraceae, Bras-
sicaceae and Solanaceae that were recorded during 
the two seasons with reduced frequencies (Table 2). 
The Morisita-Horn’s quantitative index had a value 
close to 1 (Cλ=0.94), indicating that the dietary intake 
during the two seasons was comparable.

Diet diversity
Results on diversity (H ‘) and evenness (E) showed 
that the diet of H. cristata was constantly diversified 
across the two seasons. The H’ values during winter 
and summer were close to each other. Concerning 
the evenness values, they were close to zero, which 
implied that the food spectrum of this rodent was 
imbalanced and concentrated on a single species – 
Stipa lagascae (Table 4).

Fig. 3. Presentation of the study area

Table 1. Seasonal fluctuations of overall diet of Hystrix 
cristata in SE Tunisia

Food plants by origin
Relative abundance (FA%)

Cold season Warm season

Wild species 43.95 24.53
Cultivated species 1.71 14.28

Table 2. Seasonal fluctuations of different families of 
plant species in the porcupine diet in SE Tunisia

Food plant families
Relative abundance (FA%)

Cold season Warm season
Poaceae 31.4 24.55
Fabaceae 7.42 3.42
Zygophyllaceae 0.0 1.14
Asteraceae 2.28 1.71
Brassicaceae 2.85 1.71
Cucurbitaceae 0.0 0.57
Solanaceae 1.71 1.14
Moraceae 0.0 4.57

Table 3. Seasonal differences of plant species in the por-
cupine diet in SE Tunisia

Food species
Relative abundance (FA%)

Cold season Warm season
Solanum tuberosum 1.71 1.14
Hordeum vulgare 0.0 8.57
Ficus carica 0.0 4.57
Stipa lagascae 15.42 7.42
Stipa capensis 5.14 1.71
Stipa parviflora 0.57 0.57
Hedysarum carnosum 7.42 3.42
Hordeum marinum 5.14 4.57
Stipagrostis pungens 1.14 0.0
Fagonia cretica 0.0 1.14
Anacyclis clavatus 1.14 1.14
Enarthrocarpus clavatus 2.85 1.71
Cenchrus ciliaris 2.85 0.0
Bromus rebens 1.14 0.0
Launea glomurata 0.0 0.57
Bromus rebens 0.0 0.57
Koeleria rubescens 1.14 1.14
Colocynthis vulgaris 0.0 0.57
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Discussion
We found that H. cristata fed mainly on wild species 
that were present throughout the year. On the other 
hand, during the warm season, when cultivated spe-
cies reached their maximum of production in the 
study area, H. cristata consumed mainly barley and 
fig, in addition to wild species. Our observations are 
similar to those by Mori et al. (2017), who have re-
corded wild fruits in the porcupine diet in Italy dur-
ing the cold months and have been replaced by agri-
cultural products (oat, figs, watermelons, sunflower 
and apples) during the warm months. Similar are the 
findings of Lucherini & Lovari (1996), Massei et 
al. (1997) and Lovari et al. (2013), who have shown 
that the “natural” forage, i.e. roots and wild fruits, 
are primarily consumed by the porcupines between 
October and March, while during the warm months, 
when wild fruit production reaches its annual mini-
mum, H. cristata is found in other areas that contain 
agricultural products. Another study in favour of the 
consumption of agricultural products in summer is 
that of Pigozzi & Patterson (1990) who have ana-
lysed the feeding habits of porcupine in a Mediterra-
nean area in July, without reference to the rest of the 
year. They observed that sunflower and cereals were 
the main food sources used. According to Alkon & 
Saltz (1985), the partial transformation of the natu-
ral habitats of porcupines into agricultural fields for 
potato production resulted into the formation of two 
distinct “guilds” in their population: “crop foragers” 
having smaller home ranges, losing their abilities 
for feeding on natural resources and becoming de-
pendent on the crop production, and “natural forag-
ers” feeding mainly on wild food sources. 

Another finding of this study is that during the 
summer the consumption of barley and figs is greater 
than that of potato. Therefore, we could speculate that 
even if potatoes are become abundant in a particu-
lar part of the year, the porcupines continue to prefer 
other items such as barley and figs that are relatively 
more easily accessible. This behaviour corresponds 
to the mechanism of food choice in the optimal for-
aging approach (Roze 1989). In general, the grass 
species of the family Poaceae are the most palatable 
to H. cristata during the two study seasons, in which 
they have significant vegetative growth (Bowman & 

McDonough 1991). The significant consumption of 
these plants is likely owing to the fewer cellulose con-
tents, making them easier to digest (Baubet 1998). 

The absence of animal food in the diet of porcu-
pines from the studied region could be explained by 
the fact that H. cristata is a herbivorous species that 
feeds mainly on roots, bulbs and fruits. It also feeds 
on above-ground and below-ground parts of the plants 
(Santini 1980, Bruno & Riccardi 1995, Bozzi & 
Lovari 1999) and tree bark (Nowak 1999). Insects 
and small vertebrates are sometimes ingested, and the 
bones of the latter may represent a source of calcium 
(Nowak 1991, Bartos et al. 1996). Food selectivity 
of herbivores is difficult to be understood because it 
is linked not only to measurable data, such as nutri-
tional value or palatability, but also to poorly known 
elements of the species behaviour (Hofmann 1989).

Our results have shown that H. cristata in SE Tu-
nisia prefers to feed rather on wild plants than on cul-
tivated plants during both studied seasons. Moreover, 
even in terms of grassland, it has been demonstrated 
that this species consumes members of the family 
Poaceae much more than those of other plant families. 
This may be related to the behaviour of the species 
seeking for food at the safest locations. Therefore, to 
better understand the preferences of H. cristata for the 
plants present in its habitat, it is necessary to carry out 
targeted studies on the behaviour of this species.

Acknowledgements: We thank Ali Zaidi, Belgacem Khchira 
and Mohsen Jarray for their help during the fieldwork. We 
would like to thank the staff members of the Regional Com-
missariat for Agricultural Development of Medenine and the 
General Directorate of Forests for their help.

References

Alkon P.U. & Saltz D. 1985. Potatoes and the nutritional ecol-
ogy of crested porcupines in a desert biome. The Journal 
of Applied Ecology 22(3): 727–737.

Barthelmess E. 2006. Hystrix africae australis. Mammalian 
Species Journal 788(1): 1–7.

Bartos L., Vankova D., Siler J. & Losos S. 1996. Fallow deer 
tactic to compete over food with red deer. Aggregate Be-
haviour 22 (2): 375–385.

Baubet E. 1998. Biologie du sanglier en montagne: biodémog-
raphie, occupation de l’espace et régime alimentaire. PhD 
Thesis, University of Lyon I. 281 p.

Belsky A.J. & Blumenthal D.M. 1997. Effects of livestock 
grazing on stand dynamics and soils in upland forests of 
the Interior West. Conservation Biology 11(2): 315–327.

Bernard J. 1969. Les mammifères de Tunisie et des régions 
voisines. Tunis: Bulletin de la Faculté d’Agronomie. 159 p.

Blondel J. 1979. Biogéographie et écologie. Paris: Ed. Mas-
son. 173 p.

Bowman D.M.J.S. & McDonough L. 1991. Feral pig (Sus 
scrofa) rooting in a monsoon forest-wetland transition, 
northern Australia. Wildlife Research 18(6): 761–765.

Table 4. Diet diversity indices during cold and warm seasons

Indices Overall 
diet

Seasonal diet 
Cold season Warm season

H’ 1.92 1.21 1.09
H’max 2.89 2.48 2.70
E (%) 66 48 40



42

Ettiss K., M. Chammem & T. Khorchani

Botkin D.B. & Mellilo J.M. 1981. Dynamics of large mam-
mal populations. New York: John Willey and Sons. 388 p.

Bowen W.D. 2000. Reconstruction of pinniped diets: accounting for 
complete digestion of otoliths and cephalopod beaks. Cana-
dian Journal of Fisheries and Aquatic Science 57(5): 898–905.

Bozzi R. & Lovari S. 1999. Alimentazione del l’istrice (Hys-
trix cristata) nel Parco Regionale della Maremma. Italy: 
I.N.F.S. A. Ghigi. Bologna. 196 p.

Bruno E. & Riccardi C. 1995. The diet of the crested porcupine 
Hystrix cristata L., 1758 in a Mediterranean rural area. 
Zeitschrift für Säugetierkunde 60: 226–236.

Butet A. 1987. L’analyse microscopique des fèces: une technique 
non perturbante d’étude des régimes alimentaires des mam-
mifères phytophages. Arvicola 4(1): 33–38.

Colwell R. K. & Futuyma D. J. 1971. On the measurement 
of niche breadth and overlap. Ecology 52(4): 567–576.

Cuzin F. 2003. Les grands mammifères du Maroc méridional 
(Haut atlas, Anti Atlas et Sahara) Distribution, Ecologie et 
conservation. Montpellier: Phd, pp. 128–273.

Dellinger T. & Trillmich F. 1988. Estimating diet composition 
from scat analysis in otariid seals (Otariidae): is it reliable? 
Canadian Journal of Zoology 66(8): 1865–1870.

Mori E., Bozzi R. & Laurenzi A. 2017. Feeding habits of the 
crested porcupine Hystrix cristata L. 1758 (Mammalia, 
Rodentia) in a Mediterranean area of Central Italy. The 
European Zoological Journal 84(1): 261–265.

Hanafi A. & Ouled Belgacem A. 2006. Les formations végé-
tales et l’impact de l’emprise agricole sur leur dynamique. 
In Genin D et al. (éd.). Entre désertification et développe-
ment. La ]effara tunisienne, Tunis: Cérès éditions, IRD, 
IRA, pp. 57–67.

Hofmann R.R. 1989. Evolutionary steps of ecophysiological 
adaptation and diversification of ruminants: a comparative 
view of their digestive system. Oecologia 78(4): 443–457.

Holechek J.L., Gross B.D., Dabo SM. & Stephenson T. 1982. 
Effects of sample preparation, growth stage and observer 
on microhistological analysis. Journal of Wildlife Manage-
ment 46(2): 502–505.

Iverson S.J., Field C., Bowen W.D. & Blanchard W. 2004. 
Quantitative fatty acid signature analysis: a new method 
of estimating predator diets. Ecological Monographs 
74(2): 211–235.

Krahn M.M., Hanson M.B., Baird R.W., Boyer R.H., Bur-
rows D.G., Emmons C.K., Ford K.B., Jones L.L., Noren 
D.P., Ross P.S., Schorr G.S. & Collier T.K. 2007. Persis-
tent organic pollutants and stable isotope ratios in biopsy 
samples (2004−2006) from southern resident killer whales. 
Marine Pollution Bulletin 54(12): 1903−1911.

Lovari S., Corsini M.T., Guazzini B., Romeo G. & Mori E. 
2017. Suburban ecology of the crested porcupine in a heav-
ily poached area: A global approach. European Journal of 
Wildlife Research 63(1): 1–10.

Lovari S., Sforzi A. & Mori E. 2013. Habitat richness affects 
home range size in a monogamous large rodent. Behav-
ioural Processes 99(1): 42–46.

Lucherini M. & Lovari S. 1996. Habitat richness affects home 
range size in the red fox Vulpes vulpes. Behavioural Pro-
cesses 36(1): 103–105. 

Massei G., Genov P.V., Staines B.W. & Gorman M.L. 1997. 
Factors influencing home range and activity of wild boar 
(Sus scrofa) in a Mediterranean coastal area. Journal of 
Zoology 242(3): 411–423. 

Mohamed W.F. 2011. The Crested Porcupine Hystrix cristata 

(Linnaeus, 1758) in Misurata, Libya. European Journal 
of Biological Sciences 1: 9–12.

Mori E., Lovari S., Sforzi A., Romeo G., Pisani C., Massolo 
A. & Fattorini L. 2014a. Patterns of spatial overlap in a 
monogamous large rodent, the crested porcupine. Behav-
ioural Processes 107(1): 112–118.

Mori E., Bozzi R. & Laurenzi A. 2017. Feeding habits of the 
crested porcupine Hystrix cristata L. 1758 (Mammalia, 
Rodentia) in a Mediterranean area of Central Italy. Euro-
pean Zoological Journal 84(1): 261–265. 

Morisita M. 1959. Measuring of interspecific association and similar-
ity between communities. Memories of the Faculty of Science, 
Kyushu University, Japan. Series E (Biology) 3(1): 65–80.

Murie D.J. & Lavigne D.M. 1986. Interpretation of otoliths in 
stomach content analyses of phocid seals: quantifying fish 
consumption. Canadian Journal of Zoology 64(5): 1152–1157.

Nowak R.M. 1991. Mammals of the world. London: Johns 
Hopkins University Press.

Nowak R.M. 1999. Walker’s Mammals of the World. Baltimore: 
Johns Hopkins University Press, pp. 1166–1170. 

Peetz A. 2001. Ecology and social organization of the bearded 
saki Chiropotes satanas chiropotes (Primates: Pitheciinae) 
in Venezuela. Ecotropical Monographs 1 (5): 1–170.

Perez M. A. & Bigg M.A. 1986. Diet of northern fur seals Cal-
lorhinus ursinus. The Western North American Fisheries 
bulletin 84(4): 957–971.

Pierce G.J. & Boyle P.R. 1991. A review of methods for diet 
analysis in piscivorous marine mammals. Oceanography 
and Marine Biology Annual Review 29: 409–486.

Pigozzi G. & Patterson I.J. 1990. Movements and diet of crested 
porcupines in the Maremma Natural Park, central Italy. 
Acta Theriologica 35(3-4): 173–180.

Ramade F. 2003. Eléments d’écologie fondamentale. Paris: Ed. 
Dunod. 690 p.

Roze U. 1989. The North American Porcupine. Washington: 
Smithsonian Institution Press.

Santini L. 1980. The habits and influence on the environment of 
the old world porcupine Hystrix cristata L. in the northern-
most part of its range. In: Proceedings of the 9th Vertebrate 
Pest Conference, pp. 149–153. 

Seagle S.W., McNaughton S.J. & Ruess R.W. 1992. Simulated 
effects of grazing on soil nitrogen and mineralization in 
contrasting Serengeti grasslands. Ecology 73(3): 1105-1123.

Shannon C.E. 1948. A mathematical theory of communication. 
Bell System Technical Journal 27(3): 379–423.

Symondson W.O.C. 2002. Molecular identification of prey in 
predator diets. Molecular Ecology 11(4): 627–641. 

Tollit D.J., Heaslip S.G. & Trites A.W. 2004. Sizes of walleye 
pollock (Theragra chalcogramma) consumed by the eastern 
stock of Steller sea lions (Eumetopias jubatus) in southeast 
Alaska from 1994 to 1999. Fishery Bulletin 102 (3): 522–532.

Vavra M. & Holechek J.L. 1980. Factors influencing micro-
histological analyses of herbivore diets. Journal of Range 
Management 33 (5): 371–374.

Zar J.H. 1999. Biostatistical Analysis. USA: Englewood Cliffs, 
New Jersey: Prentice Hall, 663 p.

Zimmerman G.T. & Neuenschwander L.F. 1984. Livestock 
grazing influences on community structure, fire intensity, 
and fire frequency within the Douglas-fir ninebark habitat 
type. Journal of Range Management 37(2): 104–110.

Received: 22.11.2018 
Accepted: 10.10.2019


