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Abstract: We investigated the relationship between feeding selection by goats and changes in
plant species abundance in the shrubland of a pine forest in Doñana Natural Park along three years.
The abundance of the shrub species was measured using the point-intercept method. Goat preferences
for shrub species were determined through direct observation. Goats showed selective feeding,
since their browsing behavior was not related to species abundance. Myrtus communis was the
overall preferred species (almost half of the bites belonged to this species, despite its low abundance)
throughout the monitored years and seasons. Half of the species were selected some years while
discarded others; two species were never grazed (Daphne gnidium and Thymus mastichina) and nine
others were always ingested below their abundance. Within a year, species were consumed in certain
seasons but not in others. The detected changes in species abundance were not related to the feeding
preferences of the goats. The influence that grazing selectivity exerts on vegetation composition and
abundance has long been recognized, but our study suggests that the mechanical effect of grazing
herbivores on vegetation (pawing, scratching, and lying) may portrait a more important role than
attributed to date.
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1. Introduction

Grazing by domestic and wild ungulates is the most globally widespread land use [1].
Along with burning, grazing is the greatest vegetation disturbance activity in terms of
area and biomass loss [2], significantly influencing current vegetation composition and
structure [3].

Grazing selectivity has been considered to greatly influence species composition
and abundance, through the control that it exerts over the population dynamics of plant
species [4]. Accordingly, it is accepted that goats (Capra hircus) have modified, through selec-
tive feeding [5–8], the structure and composition of Mediterranean rangelands, which they
have traditionally grazed. Goats are poliphagous animals that feed on a great variety of
species, but they always select some species and avoid others [9]. Defoliation is not the
only effect that grazing animals exert on vegetation; animals also sit, lie, scratch, and paw
on vegetation, breaking the plants and thus also affecting them, especially those of lower
breaking resistance [10,11].

The aim of this study was to determine if changes in the abundance of the understory
shrub species of a pine forest grazed by goats were related to diet selection of goats.
To test this, we analyzed the potential relationship between the diet of a herd of goats
during three years and changes in shrub species abundance along this period.

2. Materials and Methods

2.1. Study Area

The study was carried out in a 100 ha pine forest located in the Doñana Natural Park
limits, SW Spain (37◦14′ N, 6◦20′ W). The climate is Mediterranean, with wet and mild win-
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ters and long, dry summers; mean annual rainfall is 540 mm [8]. The vegetation comprises
a Pinus pinea forest with an understory dominated by shrubs (the common species being
Cistus salviifolius, Halimium halimifolium, H. calycinum, Myrtus communis, Pistacia lentiscus,
and Rosmarinus officinalis). There are some pasture patches between the shrubs dominated
by annual species (such as Brachipodium phoenicoides and Ornithopus compresus).

2.2. Goat Grazing

The study area is used for timber production and hunting (rabbit and partridge).
Grazing by wild (deer) and domestic (goat) herbivores was common until 1970, when deer
were removed from the private estate. Goats were excluded in 2002 and reintroduced in
2007. During this five-year period of grazing exclusion, shrub vegetation expanded and
grew taller, increasing the pine forest fire risk. The experimental flock comprised 350 adult,
female Payoya goats of similar size and age (40–45 kg average weight and three years
old). Goats were introduced daily into the study area by a shepherd that moved them
around the whole area, daily covering one-third of the available surface, guaranteeing a
homogeneous use of the entire study area. The shrub species consumed by goats were
determined through direct observation; we followed a modified version of the method
described by Meuret et al. [12] and modified by Mancilla-Leytón et al. [13]. During the
study period (2007–2010), every month, the goats were observed along three consecutive
days. Each day, 10 randomly chosen goats were followed for ten minutes, annotating the
number of bites given to each species and the plant part consumed. The abundance of the
shrub species in the monthly diet of goats was estimated as the percentage of bites given to
each species during the three consecutive sampling dates.

2.3. Species Abundance

In February 2007, before the goats were reintroduced into the area, nine 50 × 50 m
plots (0.25 ha each) were randomly placed within the study area and fenced out in order
to exclude grazers outside. Five permanent linear transects 25 m long were established in
each exclusion plots and its surrounding area: one inside (9 ungrazed transects) and four
outside, in the grazed area, at the N, S, E, and W of the exclusion plot, ten meters apart
from the four edges of each plot (36 grazed transects). The abundance of each shrub species
was estimated in each transect through the point-intercept method [14], by annotating the
species in contact with a stick placed every 10 cm along the tape. The abundance of the
pasture patches was also assessed, without species differentiation. Species were identified
according to Valdés et al. [15]. Vegetation was sampled seven times along a three-year
grazing period: immediately before the goats entered the area (April 2007), and every
six months thereafter (October 2007, April and October 2008, April and October 2009,
and April 2010). The abundance of the shrub species in each sampling date and grazing
treatment was estimated as the percentage of points corresponding to each species sampled
in each of the 9 ungrazed and 36 grazed permanent transects.

2.4. Data Analysis

To determine if the abundance of the species influenced their consumption by goats,
a G test was performed to compare the shrub species abundance in the grazed area at the
beginning of each year with the number of goat bites given to each shrub species throughout
the corresponding year. Total annual plant consumption was estimated by adding the
bites given to each shrub species during the twelve annual samplings (3 days/2 grazing
treatments/2 annual surveys), and these values were compared to species abundance
in the grazed area at the beginning of the year (19 study species, Table 1). When test
results were significant, the residuals of Habermann [16] were used to determine which
species were consumed significantly above or below their abundance. The analyses were
carried out with the library car of the R system (R Foundation for Statistical Computing,
Vienna, Austria).
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Table 1. Species abundance at the beginning of the study (April 2007), before the goats entered in the area, measured as
percentage of total cover. Total goat consumption of each species measured as percentage of bites given to each species in
the whole study period (2007–2010). Percentage of change in abundance of the species between the beginning (April 2007)
and the end (April 2010) of the study in the ungrazed and in the grazed area.

Species
Initial Cover Total Consumption Change in Abundance from 2007 to 2010 (%)

% % Ungrazed Grazed

Cistus crispus (Cc) 1.1 0.23 1.10 −29.2
Cistus ladanifer (Cl) 3.0 1.19 45.6 −72.2
Cistus libanotis (Cli) 3.2 0.37 −5.90 −69.2

Cistus monspeliensis (Cm) 0.9 0.07 0.60 −62.9
Cistus salviifolius (Cs) 13.3 10.14 −65.5 −80.6

Halimium calycinum (Hc) 7.7 2.14 −60.8 −87.4
Halimium halimifolium (Hh) 9.4 7.61 −26.9 −91.1
Helichrysum italicum (Hi) 1.1 0.04 161.1 19.2

Lavandula stoechas (Ls) 3.5 0.19 24.0 17.1
Rosmarinus officinalis (Ro) 14.0 2.23 66.8 −18.0
Thymus mastichina (Tm) 4.3 0.00 14.9 26.6

Daphne gnidium (Dg) 0.7 0.00 27.8 −29.3
Erica scoparia (Es) 5.4 4.04 25.7 −21.8

Myrtus communis (Mc) 9.1 43.30 30.8 −30.8
Phillyrea angustifolia (Pa) 1.2 1.10 39.7 10.4

Pistacia lentiscus (Pl) 6.6 6.63 11.7 −5.90
Quercus coccifera (Qc) 4.8 3.88 17.4 −34.9
Spiny legumes (spn) 6.1 6.33 20.0 −8.10

Grassland (Grs) 4.3 10.5 13.3 82.0

The Ivlev’s selectivity index “E” [17] was calculated to evaluate diet selectivity vari-
ations within each year. The index relates species abundance with species consumption
through the following equation: Ei = (ri − pi)/(ri + pi), where ri is the proportion of species
“i” in the diet, and pi the proportion of species “I” in the grazing area. “E” varies from
−1 to 0 for negative selection, and from 0 to +1 for positive selection. The index was
calculated seasonally from 2007 to 2010. Seasonal species consumption was estimated as
the sum of the bites recorded during the three months of the season (autumn: Septem-
ber, October, and November; winter: December, January, and February; spring: March,
April, and May; summer: June, July, and August). Species abundances changed slowly,
thus seasonal surveys were not considered necessary. Instead, each April survey was
assumed as representative of that year’s spring and summer, and autumn and winter
seasons were represented by October surveys. In accordance with this, seasonal consump-
tion was compared with plant species abundance registered in the grazed area during
the previous representative April/October survey. The Ivlev’s index was also used to
determine each year’s goat grazing preferences as an indicator of the grazing pressure on
each species. This annual grazing pressure was compared to the annual abundance change
of each species, in order to analyze if changes in species abundances were related with
different grazing pressures. The abundance of the species calculated in October was used
to compare it with consumption in the autumn and winter seasons, and the abundance of
the species calculated in April was used to compare it with consumption in the spring and
summer seasons.

3. Results

At the beginning of the experiment, before the goats entered the grazing area, twenty
shrub species were found in the study area; two of them were dominant (Cistus salviifolius
and Rosmarinus officinalis) with over 10% cover (Table 1). Another four species (Halimium
halimifolium, H. calycinum, Myrtus communis, and Pistacia lentiscus) presented a cover be-
tween 5% and 10%, and the rest were less abundant, with a cover below 5%. The pasture,
dominated by annual species, was also sparse (less than 5% cover) (Table 1).
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We recorded 88,395 goat bites along the study period; goats browsed the leaves,
stem shoots and flowers of all species except Daphne gnidium and Thymus mastichina,
which were never consumed (Table 1). They also browsed the fruits of C. salviifolius,
H. halimifolium, M. communis, P. lentiscus, and Quercus coccifera, and grazed the pasture.
The most consumed species was by far M. communis (43.8% of total bites), followed by the
pasture (10.5%) and C. salviifolius (10.1%).

The results of the G tests showed that the goats did not consume the species according
to their abundance in any of the three periods of study (G = 20,578.9, 23,555.0, and 14,875.4
for 2007/8, 2008/9, and 2009/10, respectively; df = 18, p < 0.000). The analysis of the
residuals showed that ten species maintained the same consumption pattern during the
three periods of study (Figure 1). M. communis was always significantly consumed well
above its abundance, and C. ladanifer, C. libanotis, C. monspeliensis, H. calycinum, Helichry-
sum italicum, Lavandula stoechas, and R. officinalis were always consumed significantly below
their abundance. The majority of these species were not consumed at all during the last
period of study (all but R. officinalis). D. gnidium and T. mastichina were never consumed.
Six species, C. salviifolius, H. halimifolium, Erica scoparia, Phillyrea angustifolia, P. lentiscus, and
Q. coccifera, the spiny legumes, and the pasture were significantly consumed above their
abundance some years and below or according to their abundance during other periods
(Figure 1).

Figure 1. Cont.
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Figure 1. Percentage of cover of each species at the beginning of each year, and percentage of bites
given to each species each year. For the names of the species, see Table 1.

The goats’ preferences also varied within the years (Figure 2). Certain species tended
to be less eaten in spring and summer, such as Cistaceae (with the exception of C. libanotis
and H. calicynum). Other species were only consumed in certain seasons, such as H. italicum
and R. officinalis, which were only consumed during flowering, or the pasture, which was
consumed mainly in winter and spring, when it is green. Many species followed different
patterns of seasonal consumption during different years. For instance, P. lentiscus and
Q. coccifera were only consumed in summer during the third year of study, while E. scoparia
was not consumed in spring and summer of this third year. The spiny legumes were
consumed during spring of the first two years, and in autumn and winter of the third.
M. communis, the most consumed species, was eaten throughout all seasons and years
of study.

Figure 2. Cont.
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Figure 2. Seasonal species selection by goats measured with Ivlev’s index. SNO: autumn (September,
October, and November), DEF: winter (December, January, and February). MAM: spring (March,
April, and May). JJA: summer (June, July, and August). (#) 2007–8 (3) 2008–9 (4) 2009–10.

Vegetation cover decreased by 30% in the grazed areas from the beginning to the end
of the study period (Table 1). The abundance of the majority of the species decreased:
all but H. italicum, T. mastichina, L. stoechas, P. angustifolia, and the pasture. Contrastingly,
plant cover slightly increased in the ungrazed area (6.2%), with most of the species (all but
some Cistaceae) increasing in cover or remaining the same. Nine of the twenty studied
species followed the same trends of abundance change during the study period in the
grazed and ungrazed areas: C. libanotis, C. salviifolius, and Halimium spp. abundance
decreased, more in the grazed than in the ungrazed areas, while abundance of H. italicum,
L. stoechas, T. mastichina, P. angustifolia, and pasture increased (Table 1).

There was no clear relationship between changes in species abundance and grazing
pressure on the species, measured through the selectivity index (Figure 3). The most
preferred species, M. communis, annually decreased by less than 20% in cover, the same
trend registered for other species such as R. officinalis, E. scoparia, or P. lentiscus, which were
consumed below their abundance. The Cistaceae species showed the greatest plant cover
decrease, also decreasing in the ungrazed areas. The only species that showed a higher
cover reduction when more heavily eaten was Halimium spp. The others did not show any
trend of change: their abundance was not affected by consumption intensity.
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Figure 3. Relationship between selectivity index each year and changes in plant cover this year for
each species and year. Only the species that received more than 1% of the bites of the goats at least in
one year have been represented.

4. Discussion

During three years of study, goats showed a selective feeding, since they did not
browse species according to their abundance; they are selective grazers. A variety of other
factors could be supporting this selective behavior, such as chemical characteristics of
plants (nutrients, secondary compounds, taste, etc.) or vegetation heterogeneity [5,18],
which play an important role in plant function and evolution.

In Mediterranean ecosystems, secondary compounds (tannins, phenols, alkaloids,
and other chemical compounds) strongly influence livestock grazing by increasing or
diminishing consumption in different species [19], causing different species composition
and diversity in grassland and shrubland communities. Grazing is not a random process;
goats increased their nutritional value intake (N content) while minimizing secondary com-
pounds (tannin and phenol) [20]. Secondary compounds could explain the low consump-
tion of aromatic species such as L. stoechas, R. officinalis, T. mastichina, and H. italicum [21,22],
species of the Cistaceae family (C. ladanifer, C. libanotis, C. montpeliensis, and H. calycinum),
which are rich in tannins [20], and D. gnidium, a toxic species [23]. Moreover, changes in
vegetation heterogeneity as plant cover decreases could be behind the interannual changing
preferences for species. A dense understory provides limited amounts of usable forage
because it is difficult to penetrate in comparison to a more open shrubland. When the
shrubland is thinned, the accessibility to different species changes, perhaps also changing
the preferences of the goats. This could explain why Q. coccifera and the spiny legumes
were consumed below their abundance at the beginning of the study (2007–08 and 2008–09
periods) and above it at the end (2009–10 period). Furthermore, the induction of secondary
compounds in the plants by herbivory [24] could explain the interannual changing prefer-
ences for species such as C. salviifolius, H. halimifolium, P. angustifolia, and P. lentiscus, which
were selected in the first period, refused in the second, and then selected once again. These
induced secondary compounds are produced after plant damage, and their production
ceases when damage diminishes. Attractive new green shoots in this species cause them to
be consumed again. The resprouting capacity of many Mediterranean shrubs has allowed
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them to withstand significant periodic disturbances (i.e., grazing), sprouting vigorously
from roots, rhizomes, or stocks, in which they have abundant carbohydrate reserves [13].

The increase in pasture consumption as its cover increases could be related to a
selectivity behavior according to abundance. Goats are not exclusively browsers, they are
also grazers, preferring grasses over shrubs when they are green and abundant [13]. During
grazing, in addition to making a valuable contribution to the mitigation of forest fire risk
(control of accumulated biofuel), large herbivores could benefit grassland through soil
nutrient enrichment. Feces and urine deposition by grazing animals exerts a positive
influence on soil nutrient pools and microbial communities, creating a positive feedback
(plant–soil) in grazing areas, especially in N-poor sites, such as Doñana Natural Park [25].
As available pasture increased over time, facilitated by the thinning of the shrubland and
the fertilizing effect of goat depositions, goats began to consume it when it was green
(winter and spring) over its abundance [18].

Changes in species abundance were poorly related to the preferences of the goats.
Species that were consumed significantly below their abundance, such as C. ladanifer,
C. libanotis, or C. monspeliensis, notably decreased in the grazed areas and not in the
ungrazed ones, while the abundance of the most preferred species, M. communis, de-
creased much less. Even D. gnidium, which was not consumed at all, reduced its cover in
the grazed areas but not in the ungrazed ones. The decline of these species could be related
to a special sensibility to damage caused by pawing and scratching of goats [10].

In summary, the goats released into the pine forest fed on a great variety of species,
browsing nearly all species available in the understory with different intensities, and also
grazing the pasture. However, the changes detected in species abundance were not related
to their feeding preferences, suggesting that other effects, such as pawing or scratching,
could also be shaping species abundance. Mediterranean shrubland is an ecosystem with
a long history of grazing by domestic animals where the flora has co-evolved with large
gregarious herbivores that heavily graze vegetation [7,26]. In the last decade, grazing has
acquired an environmental dimension: control of the understorey vegetation, thus reducing
fire risk and increasing forest structural diversity and biodiversity. Differential species
selection during grazing could be used in management plans to control the understory
vegetation, especially in rural areas, where goat production plays a relevant role [6].
Good management practices in livestock husbandry are key for the residence, sustainability,
and preservation of biodiversity in pastoral ecosystems, enhancing silvopastoral systems
to reconcile the use of products and services of the natural environment with a guarantee
of permanence, in an attempt to pursue ecological, economic, and social stability.
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