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Abstract

The last native population of Barbary deer (Cervus elaphus barbarus) lives across the northern
border of Algeria and Tunisia; its small population size and global-change pressures limit
conservation options, and basic habitat requirements, including diet, remain poorly known.
In the Akfadou Forest enclosure (Algeria), where concerns have been raised about wood-
land condition and limited perennial seedling recruitment, we assessed dietary preferences
using micro-histological analysis of faecal samples collected across four seasons. A wide
variety of plants was ingested; grasses dominated overall, particularly Avena sterilis and
Carex spp., while evergreen trees and woody shrubs also contributed substantially, includ-
ing Cytisus triflorus, Hedera helix, and Cistus salvifolius. The balance between grazing and
browsing indicates that the Barbary deer is an intermediate feeder. Diet composition varied
seasonally, with more forbs in winter, more grasses in spring, and greater consumption
of trees and shrubs in summer and autumn. These results provide baseline information
to support enclosure management and to guide conservation actions for this threatened
endemic subspecies, and they highlight the value of complementary analyses of food
availability and nutritional quality.

Keywords: diet; seasonal variations;

Cervus elaphus barbarous; semi-captive

population; conservation

1. Introduction

Knowledge of feeding ecology including foraged plants, diet quality and interspecific
competition, is fundamental for the management of large ungulates [1,2]. Moreover,
investigating seasonal food habits is essential for understanding and evaluating the carrying
capacity of habitat types for large herbivores [3-5]. On this basis, identifying potential
food resources is necessary to minimise damage to forests and crops [6,7]. Food quality
significantly impacts growth, reproduction, and the longevity of animals, the main factors
of population dynamics [8]. Therefore, studies on the diet and dietary habits of herbivores
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are required before implementing habitat management and other conservation strategies.
Seasonal, latitudinal and altitudinal variations are fundamental factors for determining
vegetation diversity [9], which regulates the dietary habits of herbivores [10].

The Barbary deer (Cervus elaphus barbarus Bennett, 1833) is the only Cervidae on the
African continent. The historical range of this Mediterranean deer covered large parts
of northern Algeria, Tunisia and possibly Morocco. During the last century, the species
increasingly declined throughout its former range, due primarily to poaching, excessive
hunting and severe habitat degradation as a consequence of the expansion of permanent
agriculture and increased livestock grazing pressure. Nowadays, native Barbary deer are
restricted to a small area of cork oak (Quercus suber) and Aleppo pine (Pinus halepensis) forest
at the Algerian-Tunisian border [11,12]. This small population is particularly susceptible to
diseases and forest fires, which are not uncommon in the region [13-16], and is of major
conservation concern. However, few studies have focused on Barbary deer ecology in its
native range with a view to directing the best management actions, and most of them are
quite old [17-19]. Food habits were mainly investigated by Burthey [20], reported later in
Burthey-Mandret and Burthey [21]. After several students’ studies [22-26], we decided
to publish a quantitative analysis of the diet of an Algerian population of Barbary deer.
Due to the threatened status and low population size of this deer, it was appropriate to
use non-invasive sampling to gain much-needed information on its resource and niche
requirements.

In this study, we quantified the plant consumption by Barbary deer throughout the sea-
sons in Akfadou Nature Reserve (Bejaia Province), more precisely in the enclosure devoted
to unique captive breeding, to provide baseline data for improving habitat management
and conservation of this cervid.

2. Materials and Methods
2.1. Study Area

This study was conducted in the 200 ha Akfadou Forest enclosure, located in the
Kabylie region, north-west of Bejaia city, Algeria (36°41.128' N, 4°38.876 E) (Figure 1). The
study area has a sub-humid climate (average annual rainfall: 684 mm, and temperature:
18-19 °C) characterised by relatively cold (average temperature in January: 5.6 °C) and wet
winters, and hot (average temperature in July: 22.3 °C) and dry summers [27].

Mediterranean sea  ppg|
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Figure 1. Geographic location of the Akfadou Forest enclosure in North Algeria. T1-T10: transects.

The deer enclosure occupies a range of altitudes between 995 and 1190 m a.s.l. It is
located on a rather steep mountain slope, with many valleys. The enclosure is crossed by
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a network of watercourses. In addition to two recently installed water troughs, there are
several permanent streams, such as Targa El Ouard and Targa Asfel (Figure 1). The fence
surrounding the AFE is 8000 m long. In this enclosure, the forest stand is very homogeneous
with a dominance of oaks (Q. suber, Q. canariensis and Q. afares), along with Arbutus unedo,
Ampelodesma mauritanicum, Cytisus triflorus, and Prunus avium [27,28]. At the time of the
study, the Barbary deer population was estimated between 26 and 32 individuals, including
20-26 hinds. The main potentially competing animals were a few wild boars Sus scrofa and
wild rabbits Oryctolagus cuniculus.

2.2. Faecal Sampling, Epidermis References, and Faecal Analysis

Faecal pellets of Barbary deer were collected from January to December 2015, dur-
ing the first days of each month. Following the protocols of Stewart and Stewart [29],
Benamor et al. [30,31], and Bounaceur et al. [32], ten fresh pellets were randomly collected
per month from different scattered latrine sites to avoid resampling the same individuals.
Fresh pellets, identified by their colour and shiny appearance, were air-dried and stored in
paper bags.

In accordance with Garcia-Gonzélez [33], we prepared a reference collection of epi-
dermis of the main 52 plant species (16 families) collected within the enclosure. Plant
fragments were carefully scraped with a scalpel to separate the epidermal tissues from
leaves (adaxial and abaxial surfaces), stems, and flowers. Epidermal fragments were rinsed
in 12% sodium hypochlorite, washed in distilled water, mounted on slides in 50% glycerine,
and sealed with nail varnish [33].

Diagnostic features, including cells, fibres, trichomes, stomata, vessels, intercellular
structures and cell walls, were photographed using a Sony Cyber-Shot DSC-W380 camera
attached to an optical microscope at 10x and 40x magnification. Following Chapuis [34],
we identified the first 300 epidermal fragments from 30 pooled pellets per season by
comparison with reference slides. This pooling of pellets per season unfortunately prevents
us from studying within-season variability of diet, which could weaken our results.

2.3. Data Analysis

The diet composition was quantified as the mean relative numerical abundance (N%)
for each plant taxon. The relative abundance of a given taxon (n;) was calculated as the
number of fragments of that taxon divided by the total number of fragments of all plant
taxa [35]. Seasonal trophic diversity was assessed using the Shannon-Wiener diversity
index (H’). Seasonal variations in diet composition were further explored using chi-square
tests and a factorial correspondence analysis (FCA) computed on the number of fragments
for each plant taxon, followed by a hierarchical classification on factorial coordinates.
Multivariate analyses were conducted using PAST version 1.37 [36].

3. Results
3.1. Annual Diet

The annual diet of Cervus elaphus barbarus in the Akfadou Forest enclosure included
22 plant species, and was dominated by shrubs and trees (51.54%) over grasses (29.19%)
and forbs (14.97%) (Table 1). At the species level, deer showed a consistent consumption of
grasses, particularly Avena sterilis (18.90%) and Carex sp. (10.29%), which were also the most
consumed plants throughout the year. Shrubs and trees were less dominant but present
across all seasons, including Cytisus triflorus (7.93%), Hedera helix (7.24%), Cistus salvifolius
(7.16%), Quercus canariensis (5.6%) and Rubus ulmifolius (4.98%). Forbs also contributed
notably to the diet, with Asphodelus microcarpus and Galium aparine representing 4.31% and
4.01% of fragments, respectively. The Shannon-Wiener diversity index (H') of dietary plant
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species was higher in spring (2.66), than in summer (2.64), and much higher than in autumn
(2.48) and winter (2.47); however, the plant species richness did not vary among seasons
(chi-square = 0.33, DF =3, p > 0.95).

Table 1. Annual diet of the Barbary deer Cervus elaphus barbarus in the Akfadou Forest enclosure,
northern Algeria, identified from January to December 2015. Others: non-identified epidermal
fragments. Plant categories are in bold.

Plant Categories and Species ‘ﬁn(zze)r ?\113%2;% S;ng/ro\ )e ! All\}t:tz;n Al\r; r(l‘:/t é;l
Shrubs and trees 46.67 48.49 57.92 53.13 51.54
Arbutus unedo 0.61 0 0 1.59 0.55
Calycotome spinosa 0.28 3.23 0 0 0.88
Cistus salvifolius 8.28 7.00 6.14 7.23 7.16
Cytisus triflorus 10.22 8.03 541 8.08 7.93
Erica arborea 4.85 4.26 7.54 5.38 5.51
Genista sp. 5.53 1.55 2.19 3.78 3.26
Hedera helix 8.78 3.63 7.13 9.41 7.24
Phillyrea angustifolia 0 2.93 12.62 0.11 391
Quercus canariensis 2.75 6.87 717 5.62 5.60
Quercus suber 2.54 2.93 3.40 4.46 3.33
Rubus ulmifolius 2.83 411 5.52 7.47 4.98
Smilax aspera 0 3.95 0.80 0 1.19
Grasses 30.31 34.22 20.33 31.88 29.19
Avena sterilis 23.05 19.31 11.45 21.78 18.90
Carex sp. 7.26 14.91 8.88 10.10 10.29
Forbs 19.82 13.21 16.48 10.35 14.97
Asphodelus microcarpus 5.81 2.13 5.04 4.27 4.31
Galium aparine 6.98 1.03 491 3.12 4.01
Iris juncea 0 1.29 0.16 0.18 0.41
Mentha sp. 0.34 1.75 3.28 0 1.34
Pteridium aquilinum 3.96 2.54 3.09 0.82 2.60
Rumex sp. 0 0 0 0.38 0.10
Stellaria sp. 0 1.51 0 0 0.38
Trifolium sp. 2.73 2.96 0 1.58 1.82
Others 3.19 4.11 5.28 4.66 4.31
Number of fragments 300 300 300 300 1200
Plant species richness 17 20 17 18 22
Diet diversity H' 2.47 2.66 2.64 2.48 2.69

3.2. Seasonal Variations in Diet

On the contrary, the seasonal consumption of the three plant categories revealed some
significant differences. If the consumption of shrubs and trees was quite similar among
seasons (chi-square = 4.59, DF = 3, p > 0.05), variations were significant for forbs (chi-square
=12.15, DF = 3, p < 0.01), and highly significant for grasses (chi-square = 15.81, DF = 3,
p < 0.001).

At the species level, the first axis of the FCA (58.12% of the variance) contrasts the plant
species most consumed in summer (Phillyrea angustifolia, Mentha sp.) versus autumn-winter
(Arbutus unedo, Rumex sp.) (Figure 2). However, most plant species were consumed all
year round. The second axis of the FCA (29.01% of the variance) shows some plant species
mainly consumed in spring (Stellaria sp., Calycotome spinosa, Smilax aspera, Iris juncea).
However, none of these species is abundant in the diet, and further comparisons are needed
to better explain seasonal variations.
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Figure 2. Plot of the first two axes of the factorial correspondence analysis (FCA) and first
groups of plant species identified by automatic classification according to Ward’s criterion
in the diet of Cervus elaphus barbarus in the Akfadou Forest enclosure (north Algeria) in 2015.
Ami:  Asphodelus microcarpus; Aun: Arbutus unedo; Car: Carex sp.; Csa: Cistus salvifolius; Csp:
Calycotome spinosa; Ctr: Cytisus triflorus; Ear: Erica arborea; Gen: Genista sp.; Gap: Galium aparine;
Hhe: Hedera helix; Iju: Iris juncea; Men: Mentha sp.; Paq: Pteridium aquilinum; Pan: Phillyrea angustifolia;
Ast: Avena sterilis; Qca: Quercus canariensis; Qsu: Quercus suber; Rum: Rumex sp.; Rul: Rubus ulmifolius;
Sas: Smilax aspera; Ste: Stellaria sp.; Tri: Trifolium sp.

3.2.1. Winter Diet

In winter, shrubs and trees were the most represented group in the diet (46.67%), with
Cytisus triflorus (10.22%) and Hedera helix (8.78%) as the main taxa. Consumed grasses
(30.31%) were Avena sterilis (23.05%) and Carex sp. (7.26%). Forbs (19.82%) included mainly
Galium aparine (6.98%) and Asphodelus microcarpus (5.81%). Shrubs like Quercus canariensis
(2.75%) and Rubus ulmifolius (2,83%) are less consumed than in the other seasons, indicating
that these plants are either less available or less desirable during the cold winter months.
As a consequence, this diet is the most balanced among the seasons.

3.2.2. Spring Diet

In spring, Barbary deer primarily consumed shrubs and trees (48.19%), including
Cytisus triflorus (8.03%), Cistus salvifolius (7.00%), Quercus canariensis (6.87%), Hedera helix
(3.63%), Rubus ulmifolius (4.11%) and Calycotome spinosa (3.23%). But grasses (34.22%)
were quite abundant in the diet, including Avena sterilis (19,31%) and almost a significant
consumption of Carex sp. (14,91%) when compared to the other seasons (chi-square = 9.48,
DF = 3, p < 0.05), suggesting that fresh green vegetation could be sought during this season,
when forbs are not available yet.

3.2.3. Summer Diet

In summer, shrubs and trees (57.92%) like Phillyrea angustifolia (12.62%), Erica arborea
(7.54%), Quercus canariensis (7.17%), Hedera helix (7.13%) and Rubus ulmifolius (5.52%) were
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still the most consumed plant group. Forbs (16.48%), including mainly Asphodelus microcarpus
(5.04%) and Galium aparine (4.91%), were also abundant in the diet together along with
grasses (20.33%), like Avena sterilis (11.45%), which was nevertheless less consumed than in
the other seasons (chi-square = 13.04, DF = 3, p < 0.01), and Carex sp. (8.88%).

3.2.4. Autumn Diet

In autumn, shrubs and trees were still the most abundant group and were overdomi-
nant (53.13%), with Hedera helix (9.41%), Cytisus triflorus (8.08%), Rubus ulmifolius (7.47%),
Cistus salvifolius (7.23%), Quercus canariensis (5.62%) and Erica arborea (5.38%). Grasses
(31.88%) like Avena sterilis (21.78%) and Carex sp. (10.10%) dominated forbs (only 10.35%).

4. Discussion

The accuracy of faecal analysis to determine herbivore diet composition has been
widely investigated by a number of researchers. Serious problems with this method
include (1) technician error [2], (2) differential digestibility of plant species [37,38], (3) low
discernibility of epidermal fragments due to a lack of identifiable characteristics [39],
(4) sample preparations [2,40], and (5) the biased perception of the biomass intake [40].
Nevertheless, the micro-histological analysis of faeces is a non-invasive technique which
continues to be useful for investigating the quantitative diet of threatened species as long
as genetic approaches cannot yet estimate the true abundance of each food species. Its
accuracy for estimating the diet composition of herbivores has been demonstrated for
a long time [2], especially in comparative studies and in environments with low plant
diversity, and is still used for studying the feeding ecology of red deer [41-44].

4.1. Annual Diet

The annual diet of the Barbary deer in the Akfadou Forest enclosure included
22 identified plant taxa, of which 10 were shrubs and trees, nine were forbs and only
three were grasses (Table 1). This number is quite different to the numbers reported pre-
viously, varying from at least nine species in Morocco [42] to 29 in Tunisia [16], and 17 in
Algeria [20] (Appendix A).

Beyond the quite high number of plant species, the annual diet of the Barbary deer in
the Akfadou Forest enclosure was mainly composed of shrubs and trees. In the Beni Salah
natural reserve, shrubs and trees were also the main forage of this cervid [26,45], a result
confirmed by subsequent studies, either for free-ranging populations in north-western
Tunisia [16,46] or in enclosures [21,42]. The main species identified by Burthey-Mandret
and Burthey [21] were Arbutus unedo and Phillyrea angustifolia, whereas Kacem et al. [46]
recorded a higher frequency of Pistacia lentiscus, Myrtus communis and Crataegus monogyna,
Oumani [16] the prevalence of Arbutus unedo and Hordeum murinum, and Mouadna [26]
the main occurrence of Quercus suber in north-eastern Algeria. Our analyses identified
two grass species as the main food for Barbary deer in the Akfadou Forest enclosure,
Avena sterilis and Carex sp. This discrepancy should be further studied by measuring the
availability of each plant species in the enclosure.

In the northern Mediterranean region, three main studies reported the diets of Spanish
red deer based upon similar micro-histological analyses of faeces content which can be
compared; browsing data are restricted to shrubs and trees [47-49], and rumen analyses [50]
introduce different biases. Miranda et al. [41] reported a diet including a large amount
shrubs and trees (55%), and a balanced consumption of grasses and forbs, a result which
is rather similar to ours. In the two other studies [44,51], the amount of shrubs and trees
was higher (81%) with a balanced low consumption of grasses and forbs. More widely,
the variations in diet composition of red deer [52] are mainly explained by their foraging
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habitat, implying that food availability is a key determinant of the diet. Diet composition
in a particular study area will therefore rarely be relevant to other areas.

Our findings confirm that the Barbary deer is an intermediate feeder, able to switch
between browse- and grass-dominated diets [53-55]. The consumption of shrubs and trees
may be due to the need for nutrients including crude protein. In this case, the digestion
of protein can be influenced by soluble phenolics, like tannins, which bind protein to
form irreversible complexes, thereby reducing protein availability and digestibility of cell
solubles [56,57]. However, salivary protein of red deer may have a high capacity to bind
tannins, hence reducing the effects of tannins [58]. Measuring the nutrient values of plants
browsed by Barbary deer in the National Park of El Kala (eastern Algeria), Arbouche and
Arbouche [59] showed that the most energetic plants were identified in the herbaceous layer
and the acorns of Quercus suber. Among shrubs, Arbutus unedo delivered an energy value
comparable to that of green grass fodder, followed by Phillyrea augustifolia, Erica arborea
and Pistacia lentiscus. None of these most energetic plant species were among those most
consumed by Barbary deer in the Akfadou Forest enclosure, highlighting again the need to
measure the availability and nutrient value of each plant species in the enclosure.

4.2. Seasonal Diet

A seasonal change in diet can be caused not only by a lack of access to certain food
types in given seasons, but also to a change in the nutritive properties of the same plants
over different seasons [60]. In Mediterranean areas, seasonal variation in ungulate diets
is usually marked as herbaceous vegetation usually dries up in summer due to high
temperatures and a lack of rainfall. So, the red deer was reported to increase browsing
on bushes and tree saplings until autumn, when acorns and other forest fruits become
available [61]. Such browsing can be intense on shoots of trees and shrubs, especially
on some preferred species (e.g., genus Quercus and Phillyrea), which may put at risk the
conservation of natural vegetation under conditions of high red deer density and/or low
relative abundance of browse [42,48,62].

In the Akfadou Forest enclosure the diet of Barbary deer exhibited a similar diversity
throughout the year, even though the botanical composition varied. Such a result was
previously reported in Algeria [20], and Tunisia [16]. Unfortunately, none of the published
studies from the Mediterranean region [47-51] provided either a list of consumed species or
even species richness in the diet for comparison. More widely, in Europe, as most analyses
rely on rumens from hunted animals, such information is only available for autumn and
winter times [52].

In winter, the diet is the most balanced among the seasons. Barbary deer consumed a
low number of plant species, including the largest seasonal amount of forbs and the lowest
amount of shrubs and trees, even if Avena sterilis (23,05%) was the most consumed plant
species. Forbs were less abundant in the diets reported by Burthey [20], Oumani [16] and
Ismaili et al. [42]. The consumption of shrubs and trees shows the opposite trend, and
grasses were more abundant in diets reported by Ismaili et al. [42] and by Oumani [16] who
identified 66.01% of grasses and only 24.18% of shrubs and trees. On the Iberian Peninsula,
the diet includes a larger number of shrubs and trees [41,52], reaching 92% in research
by Cazorla [51]. Such winter consumption of shrubs and trees is frequently reported in
European populations of red deer [53]. Westoby [63] and Belovsky [64] suggested that
herbivores would specialise when resource levels were high and generalise when they were
low. The main plant species consumed were Poaceae, Arbutus unedo and Erica arborea in
Ben Salah Natural Reserve [21], Poaceae and Hordeum murinum in Mhebeés Reserve [16].
In Tazekka National Park, Ulex boivini is overdominant in the diet of the reintroduced
population. In our study the main plant species in the winter diet was Avena sterilis, which
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reflects either a local abundance of this species, or the scarcity of more appetent shrub
species. Again, the availability of each plant species in the enclosure should be measured
to identify preferences of Barbary deer.

In spring, Barbary deer consumed the greatest diversity of plant species, including the
largest amount of grasses. A similar result was reported in Ben Salah Natural Reserve [21], in
Tazekka National Park [42], in Sierra Morena [50], and also for juveniles of Ammotragus lervia
in the fenced Amassine nature reserve in Morocco [65]. In Tunisia (Mhebés Reserve),
Oumani [16] reported a shift between grasses (39.31%) and shrubs and trees (51.11%)
compared with the winter diet, which is surprising. Such high consumption of shrubs
and trees was also recorded at Ain Baccouch [16]. Indeed, for wild ungulates spring is the
season of moulting, parturition, and early lactation, so they have high energy requirements,
when grasses and forb leaves provide highly soluble cell content, including proteins
and carbohydrates [66]. Whereas Poaceae were the most abundant species in several
diets [21,42], in Tunisia these plant species are counterbalanced by Hordeum murinum and
Arbutus unedo in Mhebes Reserve, and by Myrtus communis and Arbutus unedo at Ain
Baccouch [16]. In central Spain, even if the spring diet was dominated by forbs, the shrubs
Pistacia spp. were a main food source too [41].

In summer, in our study and also in Mhebes Reserve [16] and Tazekka National Park [42],
shrubs and trees were the most consumed over the year, whereas at Ain Baccouch
grasses were the main food source for Barbary deer [16]. In Ben Salah Natural
Reserve, these two groups were balanced in the diet [21]. We also recorded the
lowest percentage of grasses, particularly Avena sterilis, in the summer diet when
Phillyrea angustifolia was particularly abundant. This species was also much-consumed
in Ben Salah Natural Reserve [21] together with Liliaceae. In Tunisia, Arbutus unedo
and Smilax aspersa were the main plant species in Mhebes Reserve versus Poaceae and
Brachypodium distachyum at Ain Baccouch [16]. In Tazzeka National Park, reintroduced Bar-
bary deer mainly consumed Quercus faginea (61%) [42]. These results suggest that summer
is a season of nutritional constraint for deer inhabiting Mediterranean environments. Differ-
ences among diets could be linked to the local environment but also to climate conditions.
So, in Portugal, Bugalho and Milne [59] reported that red deer ingested a higher proportion
of browse in summer during drier years than during a wet year.

In autumn, the diet of Barbary deer was characterised by the lowest amount of
forbs, a large amount of desiccated grasses and of shrubs and trees, as a consequence
of heat and prolonged drought in the study area. This new shift suggests that some
fresh grasses benefited from the first rainfall, when shrubs and trees still provided nutri-
tious options as other sources, mainly forbs, declined. Such low seasonal consumption of
forbs, mainly compensated by high consumption of grasses, was previously recorded in
Ben Salah Natural Reserve [21], in Mhebes Reserve [16] and in Tazekka National Park [42].
This seasonal contribution of grasses does not support the more extensive consumption
of dicots during the dry season, when monocots show reduced protein and increased
fibre content [67]. In this context, Kleynhans et al. [68] noted that this high grass contri-
bution to the diet is likely due to the shortage of forbs, which is not counterbalanced by
a switch to browse when good quality grass runs out. Together with grasses, the main
plant species in this autumn diet were Hedera helix, Cytisus triflorus, Rubus ulmifolius and
Cistus salvifolius versus Ulex boivini in Tazekka National Park [42], or Arbutus unedo in
both Ben Salah Natural Reserve [21] and Mhebes Reserve [16]. Arbutus unedo was also the
most browsed species by red deer in Corsica [69], and fruits were the main food source
(75%) in southern Spain due to acorn production [50]. In central Spain, the autumn diet
was primarily associated with shrub species: Cistus spp., Hallimium ocymoides, Quercus spp.,
Rosa sp. and Rubus ulmifolius [41].
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The seasonal plasticity in the feeding ecology of red deer in different Mediterranean ar-
eas can be associated with local habitats which offer varying numbers of plant species; differ-
ent availabilities of highly digestible food rich in cellulose, hemicellulose and nitrogen [41];
and possible avoidance of high contents of lignin and tannin, which are digestive retar-
dants [57,66,70]. Then, the response of vegetation to an increase in the abundance of
herbivorous mammals is a reduction in the abundance of the most palatable (or preferred)
species and an increase in the least palatable (or avoided) species [71,72]. Many studies of
deer note the potential for ecosystem change and degradation resulting from long-term
grazing [73-75]. Following Spitzer et al. [55], their impact on the herbaceous layer and
implications for plant ecosystems should be investigated, particularly in enclosures, as well
as their trophic interactions with sympatric wild herbivores and livestock.

5. Conclusions

The diet of Barbary deer in the Akfadou Forest enclosure is composed, in decreasing
order, of shrubs and trees, grasses and forbs, with large seasonal variations that can be
linked to plant availability, palatability and nutrient content. As such variations can be
linked to climate conditions [61], even within a season, it would be valuable to carry out
further faecal analyses every month, or better still every two weeks, in conjunction with
food availability surveys to investigate within-season variability and diet selection by the
last native Barbary deer, including the influence of foliar characteristics (such as fibre)
and chemical defences that have been found to affect palatability to deer [76,77]. The
partitioning of food resources between male and female wild ungulates has important
management implications [78], and it has been suggested that their management requires
consideration that the sexes behave as if they were different species [79]. So, further
analyses should be conducted on stags and hinds separately. Identifying preferences and
impact on vegetation by each sex would improve management actions for the fruitful
conservation of this threatened subspecies of red deer.
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Appendix A

Table Al. Seasonal diet of the Barbary deer Cervus elaphus barbarus in Beni Salah Natural Reserve

(Algeria). Revised data from [20]. Plant categories are in bold.

. . Winter Spring Summer  Autumn Annual
Plant Categories and Species N% N% N% N% N%
Shrubs and trees 52.66 43.75 42.04 36.86 43.65
Arbutus unedo 31.17 27.00 6.66 19.38 22.04
Calycotome spinosa 2.62 0.06 0.08 0.17 0.57
Crataegus oxyacantha 1.14 8.94 1.50 0.15 4.14
Cytisus triflorus 232 0.77 1.32 8.43 2.75
Erica arborea 8.73 5.33 0.31 0.10 3.86
Hedera helix 0.59 - 0.35 0.19 0.22
Quercus faginea 0.50 0.20 7.31 2.27 2.14
Quercus suber 0.51 0.01 2.18 0.26 0.60
Myrtus comunis 1.34 0.03 0.01 0.33 0.33
Phillyrea angustifolia 1.54 0.71 20.11 5.08 5.74
Rubus ulmifolius 1.00 0.18 1.58 0.20 0.63
Others 121 0.53 0.63 0.31 0.63
Grasses 31.51 40.62 40.59 46.64 40.15
Liliaceae indet. 4.63 4.06 27.19 16.71 11.52
Poaceae indet. 26.88 36.56 13.40 29.93 28.63
Forbs 13.32 13.58 10.24 8.51 11.80
Coronilla juncea 0.55 - 0.64 1.01 0.44
Galium aparine 0.72 1.85 2.30 1.78 1.72
Others 12.05 11.73 7.30 5.72 9.64
Indeterminates 2.48 2.05 7.13 7.99 4.40
Number of fragments 8010 17,149 8758 8825 42,742

Table A2. Seasonal diet of the Barbary deer Cervus elaphus barbarus in two areas of Tunisia: Mhebes
Reserve (year 2004-2005) and Ain Baccouch (April-August 2004. Others: non-identified epidermal
fragments. Data from Oumani [16]. Plant categories are in bold.

Mhebeés Reserve Ain Baccouch

Plant Categories and Species Spring Summer Autumn Winter Annual Spring Summer

N% N% N% N% N% N% N%
Shrubs and trees 51.11 57.48 36.46 24.18 41.63 56.95 30.77
Arbutus unedo 10.47 13.36 16.50 4.16 10.90 1191 7.44
Calycotome vilosa 3.99 1.30 1.73 5.89 3.33 1.84 7.60
Cistus monspeliensis 2.37 3.02 0.70 0.26 1.51 0.97 271
Cistus salvifoliius 4.47 1.80 2.26 2.48 2.74 0.90 2.43
Crataequs azarolus 224 2.50 0.45 0.11 1.25 1.88 222
Cytisus villosus 0.71 1.89 1.37 3.94 2.06 0.25 0.70
Erica arborea 0.75 0.69 2.75 1.99 1.59 0.57 0.75
Myrtus comunis 6.86 10.20 6.70 0.79 5.90 22.10 2.20
Phyllerea angustifolia 6.73 8.82 - - 3.63 5.70 1.01
Pistacia lentiscus 1.29 1.59 0.57 0.25 0.89 0.61 0.70
Quercus canariensis 0.13 - - 1.22 0.37 1.33 0.42
Quercus suber 0.18 - 0.82 - 0.25 - -
Rubus ulmifolius 1.63 2.29 - - 0.92 0.97 1.59
Viburnum tinus 9.30 10.02 2.60 4.09 6.32 7.94 1.00
Grasses 39.31 32.70 54.67 66.01 49.13 38.75 58.05
Brachypodium distachyum 4.46 1.66 7.62 9.61 6.05 1.07 9.29
Briza maxima 1.69 1.37 0.47 0.08 0.86 0.60 0.73
Bromus robens 0.52 - 1.31 1.61 0.90 1.25 1.54
Carex distachya 1.17 4.42 2.08 4.57 3.11 0.66 1.64
Cyperus balli 1.55 0.94 8.57 5.64 433 1.04 3.02
Digitaria sanguinalis 0.35 0.16 1.50 1.96 1.05 0.88 1.97
Hordeum murinum 12.97 4.36 8.54 9.25 8.81 6.34 3.28
Melica minuta 1.04 0.86 3.00 3.11 2.07 0.42 0.52
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Table A2. Cont.

Mhebeés Reserve Ain Baccouch
Plant Categories and Species Spring Summer Autumn Winter Annual Spring Summer
N% N% N% N% N% N% N%
Phalaris minor 0.28 0.23 8.00 3.87 3.22 0.43 -
Poaceae indet. 12.89 8.67 1.72 18.97 13.06 18.71 27.73
Smilax aspersa 2.39 10.03 2.86 7.34 5.67 7.34 8.32
Forbs 7.97 6.37 3.02 3.68 5.14 3.07 4.04
Centorium umbellatum 0.07 1.75 1.55 1.33 1.19 - -
Euphorbia retusa 0.08 - 0.20 0.12 0.10 - -
Plantago crassifolia 2.70 - 0.98 222 1.51 1.33 0.58
Trifolium campestre 5.11 4.62 0.28 - 2.35 1.75 3.46
Others 1.60 3.46 5.84 5.13 4.09 1.22 7.15
Number of fragments 4324 3550 6455 8639 22,968 6702 5724
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