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Abstract

The objective of this study was to compare the feeding strategies between sheep and goat rearing by shepherds in the
Mediterranean mountain area of northeast Portugal. For this purpose, grazing itineraries, diet selection, diet overlap and
the diet diversity of different flocks of sheep and goats were studied. The flocks were monitored along specific grazing
circuits every three months. Grazing itineraries were recorded by means of a hand global positioning system (GPS). Diet
composition was determined by direct observation method in pre-set intervals of 15 minutes during the day. For each
observation point, herbaceous communities, shrubs and tree species consumed were recorded. Diet selection was
estimated by Krueger’s preference index and the degree of overlap between diets was estimated using the Kulczynskis
similarity index.

The diet of goats had a significantly higher content of shrubs (27%) and trees species (24%) than sheep (6% and 10%
respectively). Sheep diet comprised 84 % of herbaceous plants, whereas this group only represented 49 % in goat diet.
Erica sp. and Rubus sp. were the shrubs with the highest preference index for goats. Both animals avoided Cytisus
multiflorus in winter and spring, and Cistus ladanifer in summer. Goats showed a higher preference for Fraxinus
excelsior and Quercus rotundifolia. Goat diversity of forage on offer and animal diet was significantly higher than on the
sheep diet. Plant species diversity in sheep and goat diets significantly increased in autumn compared to spring. The
average of diets’ overlap was higher during the winter and lower in summer. The length of grazing itineraries and diet
diversity reflects the level of dependence on natural resources and consequently it’s level of extensification.

Keywords: diet diversity, diet overlap, diet selection, small ruminants

Intreduction

Rangelands are a terrestrial natural resource with great ecological, economic and social importance for many regions of
the world (Jouven et al 2010; Karimzadegan et al 2007). Although they are seen as unproductive lands, rangelands
constitute the basis of various activities that are often compatible with each other. For instance, they offer the opportunity
to carry out outdoor recreational activities (Castro 2012), and give shelter to biodiversity conservation {(Bugalho and
Abreu 2009). Rangelands occupy 32% of the total land surface of Portugal (ICNF 2013), and together with the
agricultural by-products, they are the basis of livestock feeding systems of mountain areas in this region.

On the other hand, forestland use occupies about 68% of the territory (semi-natural grasslands and shrublands:; 43%;
woodlands: 25%) (ICN 2006). Q. rotundifolia (11% of land use forest} and 0. suber (10% of land use forest) are the
most important species, followed by others, such as Q. faginea and Juniperus oxycedrus.

Natural pastures, forages, fodder legumes, woody species, and crop residues are consumed by sheep and goat flocks in a
pastoral system based on grazing itineraries. Throughout the year, the consumption of these feed resources differs
according to several factors such as forage availability and accessibility, plant phenological stage (Moore and Jung
2001), plant content in anti-nutritional or toxic compounds (Bryant et al 1992), the physical defences of plant itself,
animals’ species and breed, and the nutritional and physiological state of the animals.

The Mediterranean climate is characterised by hot dry summers and cool wet winters, and during favourable seasons
{autumn and spring), pastures are available in higher quantities and show good nutritional quality, whereas the dry
season’s pastures have poor nutritional quality with high fibre and low protein contents, which often results in seasonal
weight loss of livestock (Lamy et al 2012). In the summer and winter, it is usually necessary to provide additional
resources such as forage, hay or grains to feed the flocks. Fodder trees and shrubs are common components of
Mediterranean vegetation and often fill the feed gap of the summer as well as the winter when evergreen (Kebaili and
Papanastasis 2005). Furthermore, the seasonal availability of their sprouts, leaves, flowers and fruit may moderate the
variations in the total amount of edible matter (Ammar et al 2004).

In the north of Portugal, rangelands are grazed by flocks of sheep and goats, always guided by a shepherd (Castro and
Gomez Sal 2016); usually there is no overlap in the use of grazing territory (Castro et al 2004). Sheep graze first on
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meadows and forage areas around the homestead, while goats, however, use woodlands in the remote areas of the
hamlet. Hence, sheep and goata are commonly clasaified as different feeding types, the former as mixed feeders and the
latter a2 browser (Hoffiman, 1989; NRC 2007). Despite this, faced with a scarcity of feed resources particnlarly in the dry
seagon, all animal species fall back on browse speciss (Sanon et al 2007).

Currenily, innproving the menngement of the available rangelands in & region is a high priority, owing to their potential
for commencial livestock production, their important social function regarding fixing the population and maintaining
traditions, and the interest in decreasing wildfire risk. Deapite the fact that sheep and poats exhibit different feeding
habits, when adequately managed they can produce excellent reqults for wildfire prevention as they can control woody
bicnass prowih (Papenastasia 2009; Rufz-Mitaze and Robles 2012; Lovreglio ot al 2014).

Assessing the behaviomr patterng of emall ruminants in extensive pastoral sysiems will provide & baseline of information
to make manapement decisions and increase the efficiency of grazing systerns in theses areas, The obyjective of thiz study
is to compare the grazing itineraries, the diet selection, the overlapping levels and the diet diversity of different flocks of
sheep and poats on Mediterrancan mountsin rangelands,

Materials and methods

Experimental sites

The experiment was carried out it the Morais repion (N41° 29' 23" W6 46" 44"; 600 m above see level), northeast of
Portugal (Nadure tetwork 2000, PTCOND023, Fig. 1). The climede is sub-hamid Mediterranean, The mean antual
temperature is 14.6 *C and the mean rainfall is 636 mm, which occura mainty from October until May (INMG 1991).
Geomorphologically, it ia characterised by an unduladed platean (mean altitude of 600 m), cut by two rivers—the Azibo
and Sabor (Pacheco and Van der Weijden 2002). It is one of the most representative areas of ultramafic rocks, md one of
the larpest continuous writs of serpentinite in Portugal. Scils are shallow and poor in nutrients, snd frequently rich in
heavy metals such as nickel and copper. Perenndal sclerophyllous woodlande with chanpeable combinations of Fagaceae
{Q. suber L., Q. rotundifolia Lam., (. faginea Lam. and Crupressaceae specics Juniperus axycedrus L.) cotstitute the
tatural potential vegetation of this regdon {Sequedra <t al 2010).

A -
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Figure 1. Map of the leoaticn of grazing circnits of the gix herbs where 1-3: goat herds snd 4-6: sheep herds

Sub#istence fanming iz the dommamt type of agriculiure. Winder cercals {(wheat and rye) and spring crops (maize,
potatoes or vepetablen) are produced in small areay, Also, perermial crops, mainly olive proves and some vineyards are
very commeon in the landscape. A very significant part of the arable land of the village is cultivated with fodder plants,
maitly batley, oats, fodder sorghoan and sther forages,

Livestock anithale are raiged by Landless farmety or smallholders. Rangrelands are exteswively used by livestock and 4
sheep and goat rearimg system is supported by & grazing circuit network over all the non-fenced or uncultivated village
termitory in which natural resources are comstrained and people and their animale adopt sirategics 1o mest these
constreints. As a result, prazing circuits and consmmed resources strongly differ throughout the year and throughout the
territory, in other wonds between scasons and animal species.

Grazing itimeraries, length and duration

Six flocks, three of sheep (Chuora da Temra Quente breed) and three of goats (Sermmana breed), were randomly selected
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from the flocks identified in the study area. The flocks, led by their shepherd, use several grazing circuits, depending on
season and availability of resources. Along these grazing circuits, animals cross a land use mosaic composed by different
feed resources: meadows, annual and perennial crops, rangelands and forestlands. The flocks were monitored every three
months for a year in order to determine their grazing circuits and diet composition. Field observations were made in
September (autumn) 2010, January (winter), April (spring), and July (summer) 2011. The flocks set out daily for pasture
on schedules that differ with the season, abundance of resources and animal species. The flocks return to their stables
every day. In the summer, flocks of sheep set out before sunrise and go back after sunset. Back home, animals receive
straw and hay during the scarcity periods (winter and summer). The flocks have a variable size (110, 120, 130:
goats/flocks; and 170, 170, 340: sheep/flocks). The live weight of goats and sheep ranged from 25 to 40 kg and 55 to 60
kg, respectively. Livestock are raised for meat production and the management is considered to be extensive.

To determine the length and duration of grazing cireuits, each herd was recorded one day per season by means of a hand
global positioning system (GPS). GPS data comprised time, geographical position and land cover of 24 herd itineraries
in total.

Forage availability and diet selection

Plant species as well as the herbaceous communities were previously identified along grazing areas of the Morais
territory so that they would be recognised correctly. At each observation point, herbaceous communities, shrubs and trees
species consumed were recorded.

Five herbaceous communities were considered: i} herb (Cv), mainly composed of spontaneous grasses and forbs; ii)
cereal-fallow (Ba); iii) meadow (M}; iv) cereal stubble (Re); and v} other forage (Ot). The availability of each species or
vegetal group was evaluated by visual estimation of plant species cover as described by Torrano and Valderribano
(2005) by two observers (at each observation point, where feeding activities were recorded).

Diet selection was determined by the direct observation method, following the methodology of Meuret et al (1985) with
slight modifications. The scan-sampling method proposed by Altmann (1974), consisting of systematic sampling at pre-
set time intervals and regular records, was followed in the present work. At each observation point, two observers
recorded the activity of 10 animals randomly chosen in a quadrant (i.e. N, NE, E, SE, S, SW, W, NW). The set of animals
and quadrant changed every 15 minutes. If animals were feeding, the plant species (or “facies™) consumed were
recorded, as proposed by Agreil and Meuret (2004). Data collection was performed from points close to the groups of
animals found. Once animals were familiar with human presence, the observer followed the flocks very closely and the
grazed species could be identified without any difficulties. The total number of recordings per day varied between 23 and
48 according to animal species and seasons. During the summer, when temperatures were very high, flocks of sheep
were also monitored at night because they graze after sunset,

Plant species as well as the herbaceous communities were previously identified along grazing areas of the Morais
territory so that they would be recognised correctly. At each observation point, where feeding activities were recorded,
herbaceous communities, shrubs and trees species consumed were recorded.

The availability of each species or vegetal group was evaluated by visual estimation of plant species cover as described
by Torrano and Valderrdbano (2005) by two observers (at each observation point, where feeding activities were
recorded). It was assumed that the number of recordings of a plant species reflects the proporticn of that plant in the diet.
The percentage of each plant in the diet was calculated by the ratio between the numbers of records in relation to total
number of recordings foraging activity per observation day (Castro 2014),

Diet selection was estimated by Krueger’s preference index (Krueger 1972) using the following equation:
RP; = 5 , Di/RA; )M

where RP; is the mean preference ratio over » areas; D, is the percentage of species / in the diet, and RA ; is the
percentage of species 7 in the area. Values of RP greater than 1 indicate preference, while values less than 1 indicate
avoidance. The preference index was calculated for each sampling season (spring, summer, autumn and winter).

Plant species diversity in animal diet selection

Diversity of forage on offer and animal diet were estimated according to the Shannon-Weaver index (Pielou 1975) using
the following equation:

H" =- X p; logyoP;
where P; is the proportion of the total diet or forage in offer belonging to the iy, species.
Diet overlaps
The degree of overlap between the diets was estimated using the Kulczynskis similarity index (OQosting 1956) using the

following equation:
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KSI=[Z2W/Z (a + b)] x100

where W is the lesser percentage of a common component in the two diets to be compared and (a + b) is the sum of
percentages of components of the two diets being compared. This index ranges from 0 (no overlap) to 1 (total match).
KSI was estimated in each sampling season.

Data analysis

Grazing itineraries (length and duration), diet selection, plant diversity and diet overlaps were analysed via ANOVA,
with the objective to compare the means between this variables and determines whether any of those means are
significantly different from each other, following the medel: Yijklm = p. + SP; + 88, + ESy + g, where Yj; is the studied
variable; p the variable mean; SP;: plant categories (herbaceous, shrubs and trees); SS;: sampling season; ESy
experimental site; and € j;, the error. The LSD (least significant difference) test was used to make subsequent pairwise

comparisons after a normalisation test (& = 0.05), but only when factors were significant according to the results of the
ANOVA analyses. The statistical software package SAS (2001) was used for all analyses.

On the other hand, preference or rejection of vegetation component was estimated expressed as a function of its
occurrence in the diet and its availability to the animals. Availability in the present study was estimated as the vegetation
composition accessible to the animals weighted for the area of the different range or vegetation types and the time spent
in each type.

Results
Grazing itineraries length and duration

Sheep spent more daytime on grazing itineraries than goats (P < 0.03) independently of the season, in average 504 min

d”! compared to 409 min d”! (Table 1). The greatest differences were found in summer and spring where duration
grazing itineraries of sheep were higher than goats, 188 min and 102 min, respectively. On the other hand, the length of
the grazing itinerary was significantly longer in autumn compared to the other seasons (P < 0.001).

Table 1, Duration of the grazing per day and distances walked per day by scason in goats and sheep (mean + SEM).

Length of
Duration of grazing pvalue
grazing day (min d°1) itinerary
(mdl) Length Duration
Goats Sheep Goats Sheep Animal Animal*Season Animal Animal*Season
Autumn iﬁg fl%‘; lgi‘; ig;; 0.66 0.02 0.18 0.04
346b 402b 6.14a 5.07b
Winter 1750 1750 159 42,68
Sorin 388b 490ab  5.16a 4.00¢
pring 1430 £114 2085 +1.84
376b 564a 6.132 627b
Summer £119 1111 20,89 +3.48

abc Different letters indicate significant differences between seasons for the same animal species
Diet selection

The percentage of shrubs and tree species in the diet of goats was significantly higher (P < 0.01) than in that of sheep,
while the proportion of herbaceous was lower in the diet of goats (P < 0.00[). The presence of tree species in sheep and
goat diets increased significantly in autumn (P < 0.05) (Fig. 2). Shrubs ingestion tended to increase during summer and
winter in goats, and in the case of sheep, it is highest in winter.
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The nutnber of plant specics or pledt prowpe in the diet ranged between 10 to 20 and 7 to 13 in poats and sheep,
teapectively, with the maximum divetsity obsetved ih auturmn and the mindtem in spoing (Table 2). Forba and prasscs
(31%), Sorghum sp. (16%) and 0. retundifolia {13%) were the most consumed proups in the case of goats, while
meadow (34%0), herb (25%) and stubble (1094) were the most conmmed in the cage of sheep.

Table 2. Perventages of the total speciea/season obtained by the direct obsexvetion of goats end sheep gmzing. Cod: Speciea
code; Aut: Autumn; Win: Wintes ﬁ:&xm& Sum: Sommer

Gonts Shety

' Cod Ant Wi S Som Asi Win Spe  Som
Aveng ap. Av - - - - 6.80 - - 106

Hordeum vilgare Hv - - - - - 1.80 - -

Sorghum mp. S0 45 - - 780 8.00 - - -

Figna ungudculaia Yo - - - - 370 - - -
Hebacoons  Foiba + Cmses Cv 144 419 572 112 11% 462 392 060
Other forage ot 0.8D - 050 320 - - - 790
Caxesl fallow Ba 320 - 1.70 - - - 125 500
Meadow M 2.60 - P30 153 348 197 422 395
Stubble Re 120 - - - 123 106 - 190
Cistus ladanifer Ci 800 188 570 720 020 010 OS50 180

Ciriux prilosepalux Cp 140 - - - - - - -

Cytines muiiiflorus Cm D040 690 11.1 - - 103 510 -

Cytinur scoparius Ca - - - 190 - - - -

Shrube Daphne gnidium Dg - D40 - - - - - -
Erica w. Er 200 530 - 5% - - - 320

Genivia hysirix Gh - 190 150 670 - - - -
Lavandula pedunculata Lv D40 250 D90 - - - - 090
FRacbus up. Ru 420 050 180 107 - 020 030 ©O20

Alnus ghutinosa Al 470 - - 530 - - - -

Cralasgus menogyna Cr 0.60 - - - - - - -

Fradnus excelrior Fr 3.80 - - 3Joo L0 - - -

e Jimipenis oxpeedn Io 0.60 - - - - - - -
Oiea mropass ol 140 183 - 249 102 590 - 9.10

Querens fagines of - - - - 035 - - -
Querces roiundifolia Or 210 29 100 178 430 410 020 1.BD

Quercrs suber Qs 250 - - - 1.10 - - -

Ulmus glabra m 0.70 - - 140 020 - - -
Tidal 100 100 160 100 100 100 100 100

In the care of poats, apecies such aw Cistur psilosepaiuy and 0. suber were compumed only in the autom, whileCyiisus
scoparius nd Daphne pridium were consumed only in the summer and winter, respectively. In the case of eheep,
Sorghum sp., Vigna smgwiculata, Fraxinus excelsior, . faginea, 0. suber and Ulmus giabra were consumed only in
autumn, while Erica spp. and Lavandulz pedunculata were present in the dict of sheep omly durimg the sommer.
Furthermore, some specica such as Cistis ladanifer, O rotundifolia and Rubus sp. were consumed by both annmals
during all acasons with the exception of Rubus sp. in the case of sheep m autunm.

The comparison Tesults between species selection versus species rejection by goats and sheep during the grazing period
can be scen in Fig. 3. Hab and Sorghum sp. showed to be strongly consumed by goats in gpring (Fig. 3E) and autumm
{Fig. 3A), respectively. Regarding herb, the results showed that goats decreased it consumption in the other grazing
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seasons, In the case of sheep, herb was selected mainly in autumn as well as stubble (Fig. 3B), and it was less consumed
in apring {Fig. 3F) and sumamer (Fig, JH). Meadowsa were selected across the scasons by sheep. Shrub specica sach as
Cistis ladanifer were strongly selected in winder bry goets (Fig, 3C), but its selection decreased in the other seasons.
Sheep weakly selected the previous gpecied in all seasons. The game result wag obtained in the case of Cytirus
maltiflorus for both aimal species. Reparding tree species, the results showed that 0. rorundifolia waa selected by pouts
in all scasons of the year, mainly in sotumn (Fig, 3A), and summer (Fig. 343), while by eheep, only in sutumn {Fig. 3B)
and winter (Fig. 3D),. On the other hand, Olea europaea was shown to be consumed proportionally above their
abundance in the case of sheep and of low consumption by goats.
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Pigure 3. Specics sclection va. rejection by goats and sheep in antumrm, winter, spring end surmmer. Note: *: 1o facilitate the
graphical representation of the data they were divided inte three. Code gpecics can be scen in Table 2

Finally, hexbaceous, shrub and tree gpecicd in the diet of goats and sheep were compared to their respective abumdanee in
the study ares i order to determine the mdividual species preference (Fig. 4).
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Figure 4. Seasonsl gosts mnd sheep Krueger's preference index for hesbaceous, shruba and trees specica

In the cage of herbaceoud, sheep showed a higher preference (RPI > 2) for stubble in winter, while both animal specics
showed & weak preference (1< RPI < 2) for it and Serghum: sp. m autumn, The shrub species with the highest preference
mdex {both species in summer) were Erica spp. for sheep, and Rubus gp. for goats, Cvtisus muldtifiorus was avoided
<huring winter and auttmn by both animal apecies. On the other hand, goats showed a higher preference for Fraxinus
excelsior in summet, while both animal apecica aveided it in aohomn, Other tree species such as . rotundifolia were
highly preferred by goats in autumn and spring, whereas sheep showed little preference for them in autumn, and avoided
themn during the spring.

Plant species diversity in animal diet

Diversity of forage on offer and animal diet of goats" diversity was significantly higher tham that of sheep (P < 0.01)
{Fig. 5). On the other hand, plant species diversity in the diet of both animal spscies significantly mereased in swlumn
rclation to sprimg ( P < 0.05).
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Figure 5. Sharmon index fior diet and forage on offer in goats angd eheep, Different 1etters indicate gignificant differences between vegetation in the
EAMS Seas0N

Plani specics availability for goats was lower during the winter and spring (P < 0.00) while in the case of sheep, higher
valuss were found in autumn compared to spring end summer, and in winter compared to summer (2 < 0.01).

Diet/DMet overlaps

The obaerved overlapa reflect seasonal influences aa animals shift diet focus (Fig. 6). In the case of herbaceous specics,
the ovetlap was significantly higher in spring (P < §.67; 0.35), and lower in summer (0.18). In the case of shrub species,
the highest values were found in spring (0.22), and the lowest in autumn (0.01). Regarding tree species, the degree of
overlap wes lower during spring (0.04) and summer (0.12) and higher during winter (0.68). The average overlap of diets
was greater during winter (0.36) and lower in summer (0.16).

KSI index
80
da
a
40 Antumn
b
b P a W Winter
c ab ez 2
& M Spring
= Summer
c
o . __ IEEE— = .
herbaceous shrub tree

Figure 6. The degree of overlap between dietz eztimated using Kulczyneki's Shmilarity lndex (K£I).
Different lettem indicate significemt differences hetween acapons for the game vegetation type

Discussion

The duration of the daily grazing itineraries is affected by the availability of food resources and the kind of livestock
production system, as well as by environmendal limitations that change behaviour patterns of ruminant animals. The
length of the daily grazing itineraries of goats was gimilar to values reported by Pacheco (2000) (10 km/d) in Serra da
Penads (NE of Portugal); and lower than the values reported by Schlecht et al (2009) in northern Omun, duse to the
different ecological conditions (Totel ennual precipitation of 100-340 mm; Annusl everage temperature 18.1 °C with e
minimum of 3.6 °C and a maximum of 36.3°C). In the case of sheep, our resnlis showed higher length values than those
found by Castro (2004) in the northeast of Portugal due to the absence of nocturnal grazing. The resulis of the present
study showed significant seasonal differences in the itinerariea length in both animal species due to the changes in ferage
availability, Thus, the longer duration of itineraries was found in auturn due to the scarcity of forage in contrast to the
situation in spring, when the availebility of forage increases, and therefore, the lengih of itineraries was reduced. On the
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other hand, goat and sheep grazing times observed in this study were similar to those reported in previous studies (480-
630 min/day: Lynch et al 1992; Bojkovski et al 2006; Ferreira et al 2013). In our case, excluding the flocks of sheep in
summet, grazing time was limited to daylight periods, coinciding with the activity patterns for sheep and goats under
extensive conditions as generally described in literature (Askins and Turner 1972; Lu 1988). Furthermore, the the results
showed that goats spent less time grazing than sheep due to their lower overall dry matter intake associated with their
lower body weight as reported by Bonanno et al (2008). On the other hand, our results showed that the grazing time
varied between seasons, being the highest in autumn coinciding with the lowest forage availability and when the days are
shorter, and the lowest in winter coinciding with the lowest average temperature in the area of the study. In the case of
sheep, it should be pointed out that the higher time of grazing was also observed in summer where the average
temperature in the area increased. Hence, on hot days, sheep grazing oceurred early in the morning and at night, while
the activity ceases and remains inactive during the hot hours of the day, increasing the time of grazing. Compared to
goats, it is known that sheep are particularly sensitive to high temperatures and solar radiation, and hence, nocturnal
grazing is more beneficial for sheep, contributing to improving body condition, reducing heat stress and increasing
forage intake and production (Marai et al 2007).

Diet selection

According to our results, sheep behaved as typical grazers selecting more herbaceous species in their diet. Although the
contribution of herbaceous species in the diet of goats was also important, shrubs and tree species represented the main
component in the diet of goats as previously observed in other studies (Allan and Holst 1996; Grant et al 1987; Celaya et
al 2007; Osoro et al 2013). The results showed that herbaceous resources dominated the diet of both animals during
spring (94% and 69% in sheep and goats, respectively} when these resources showed higher protein content and highest
digestibility (Ferndndez-Nuafiez et al 2012). During spring, the most important herbaceous components in the diet of both
animals were herb and meadow. Despite the high percentage of herb in the diet of sheep, it is important to highlight that
this resource was consumed below their proportional abundance in all seasons with the exception of autumn when the
availability of this resource decreases. Regarding meadow, it is known that the growing season in the Mediterranean area
limits the production of meadows to spring and autumn (Pires and Moreira 2000}. Moreover, the quality of meadows is
low during summer. In that period, the grass in meadows is dry and depleted, and it is cusiomary that shepherds lead
their flocks for grazing to other resources such as stubble. However, our results showed that meadow continued to be an
important component in the diet of both animal species during the summer, while stubble was the second component in
the diet of sheep during this season. This result could be explained by the fact that flocks were monitored at the
beginning of summer, after the hay was cut, when the nutritive value of meadows remains relatively high.

It is important to highlight that sheep exhibited a strong preference for stubble during the winter (Table 2) despite due to
the large amount of indigestible stem material that reduces their nutritive value during this season. This result is in
contrast with other authors who reported higher preference for this type of resource during the summer and autumn
(Robertson 2006). One hypothesis that could explain such findings is that while the ground is still wet from the night’s
dew, the shepherds lead their flock to pastures sparsely covered with plants, and in our case, stubble where sheep are
attracted to graze the cereal grain that remain on the soil surface. When the rising sun has dried the dew, the flock moves
on to more nutritive pastures. >

It has been established that the diet composition of goats and sheep changes seasonally, according to plant species
availability, their phenological development and their nutritive value (Fajemisin et al 1996; Provenza et al 2003; Utsumi
et al 2009; Basha et al 2012). The results of the present study showed that shrubs species were always present in the diet
of goats. For example, species such as Cisfus ladanifer and Rubus sp. were present in the diet of goats in all seasons.
Previous research showed that Rubus sp. provided excellent quality forage suitable for livestock (McGregor 1992). This
author points out that the consumption of this genus in the summer and autumn when pastures have low levels of
digestibility would be superior to providing by hay. Goats and other animals such as roe deer (Gonzélez-Hernéndez et al
2003) and horse (Rigueiro et al 1998) are effective at removing the above ground parts of this genus, while pigs have
been shown to be very effective at digging up and consuming the roots (Rodriguez-Estévez et al 2009). On the other
hand, the diet of goats was dominated by shrub species in winter and summer but their consumption decreased in autumn
and spring. It is known that goats are deemed as opportunistic feeders, eating the best that is available to them, while
sheep are deemed as grazers (Kawas et al 2010; Egea et al 2014). Thus, goats increased the consumption of herbaceous
species in seasons in which the nutritional values of herbaceous species in the Mediterranean area are high (autumn and
spring) (Pires and Moreira 2000). Moreover, most of the shrub species present in the area of the study showed a low
quality (low protein and high fibre) during the autumn (Castro and Femméandez-Nufiez 2014) and goats avoided them (e.g.
Cytisus scoparius, Genista hystrix, Cytisus multiflorus). One exception to these results can be seen in the case of Cytisus
multiflorus. The percentage of this shrub species in the diet of goats increased during the spring, coinciding with the
absence of tannins (Gonzilez-Hernandez et al 2003).

Unlike for shrubs, the presence of tree species significantly increased in both animal species in autumn, contributing to
an increase in the diet diversity values. These results can be explained; when resources are limited, a change in feeding
strategy from specialist to generalist occurs due to the necessity of maintaining nutrient intake. Goats showed higher
intakes than sheep for all tree species with the exception of Q. faginea andOlea europaea. These results can be explained
by the fact that in the presence of other tree species, mainly Q. rotundifolia and Fraxinus excelsior, goats had chosen
these tree species at the expense of Olea europaea (Table 1), However, it is important to highlight that both animals
showed a higher consumption of Olea europaea during the winter. Olive leaves provide half of the energy and amino
acid requirements of sheep and goats at the maintenance level (Molina-Alcaide and Yéfiez-Ruiz 2008) and they have
traditionally been used in the Mediterranean area as alternative feeds for sheep and goats during periods of scarcity
(winter). Another important component of the diet of both animal species, but especially of goats, was Q. rotundifolia
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during autumn and winter. In these seasons, sheep and goat flocks eat acorns. It is known that oak acorns have potential
nutritive values for ruminant animals since acorns have high starch, organic matter and metabolisable contents but a low
level of condensed tannin contents (Al Jassim et al 1998; Rodriguez-Estévez et al 2008; Kaya and Kamalak 2012).
Sheep and goats exhibit different levels of tolerance to the effects of tannins extracted from Quercus spp. leaves
(Narjisse et al 1995). Furthermore, under field conditions goats are able to consume larger amounts of tannin-rich
Quercus leaves than sheep (Min and Hart 2003). On the other hand, condensed tannins concentration decreased with
maturation in Quercus spp. leaves (Kamalak et al 2004). All of these reasons could help to explain the higher selectivity
showed by goats compared to sheep for Q.rotundifolia during the spring and summer in the study area.

Moreover, goats showed a higher preference for Fraxinus excelsior in the summer as previously reported by
Papachristou and Papanastasis (1994) because this species’ foliage supplied sufficient digestible protein and energy to
meet the production requirements of these animals (Papachristou and Nastis 1996; Pereira et al 2008).

Diet overlap

The selective behaviour of animals changes from season to season according to the available resources. This different
behaviour is shown by the partial replacement of vegetation resources in seasons in which they were scarce and other
resources were available. For these reasons, the diet overlap between goats and sheep for each kind of resource changes
from season to season (Fig. 6). Thus, the fact that herbaceous species were highly abundant, and therefore, easily
accessible to livestock in spring in relation to the other seasons, would explain the highest diet overlaps found in this
type of vegetation in spring (Fig. 6). Regarding trees species, the highest overlap was found in winter when goats and
sheep showed higher preference for Q. rotundifolia and Olea europaea for the reasons explained above. However, goals
and sheep showed low diet overlap in the case of shrub species, suggesting little competition for this type of vegetation.
The greatest diet overlap for shrubs occurred in summer when the availability and quality of herbaceous species were
lower and their desirability decreased.

Management implications

The socio-economic importance of rangelands is widely recognised but it could be constrained by inefficient use of
pastoral systems and poor feeding management. The results obtained in this work showed a seasonal effect on the
utilisation ability of resources by goats and sheep that should be taken into account when designing management practice
in the area. This variation in preference for some plant species could be related to modifications in their nutritive value
or secondary metabolism content (e.g. tannins). Many species with appreciable amounts of tannins, such as the genus
Cistus> sp., Erica sp., Quercus sp. sp., were present, above all, in the diet of goats. However, goats reduce their
consumption of most of these species in the spring, when the availability and nutritive value of herbaceous species
increase in the study area. This result contributes, on one hand, to an increase in the diet overlap for herbaceous
resources in spring, and on the other hand, to an increase in the shrubs accumulation, and therefore, increases the risk of
wildfires in the area. However, shepherds need to provide supplementary forage to feed the flocks in summer and winter
when the availability of herbaceous species decreases in the study area. Taking into account that when shepherds control
their flocks on a grazing circuit, their strategy for utilisation of resources influences the animal’s behaviour. This makes
it possible to make some management recommendations for spring grazing in the case of goats: i) goats could be guided
by the shepherd to shrub areas to promote their consumption and reduce the intake of herbaceous resources that could be
used for hay during the scarce periods; ii} increase the size/number of the flocks, which could increase the shepherd’s
revenues, taking into account that the ability of the shepherd to control the animals is a determining factor for the
maximum size of the flocks. The maximum size of the flocks is approximately 150 goats in the study area; iii) mixed
grazing by goats and sheep using goats as support thus influencing the consumption of more woody species by sheep as
this type of animal has a more passive foraging behavior.

Conclusions

s Sheep and goats showed a low level of competition for the same feed resources, since they differ in their feeding
habits.

o It was confirmed a mixed feeder type behaviour for goats, as an opportunistic strategy, and a grazers feeder type
for sheep.

¢ The length of grazing itineraries and diet diversity reflects the dependence on natural resources of feeding systems.
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