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.����"!��� � � � � � � � � ��������1�

� � �5�56� ��� ����"� ���"��'�� �9�� /���"�B� 	'��!������ �9�� �//���"� �/� ���:���� ����"� ���

���3!"��3�����������������"��!3� � � � � � ����������

� � �5�56� 	//���� �/� ���:���� ���� "��"��"� ��� �9�� �9������� �����"������ �/�

��������������"9�!3�"�����"������C����$��!����.��D� � � �������12�

� � �5956�����"9�!3�/�����3������3���//������3��������B�������3���������������"��/�

/�'����������������"9�!3�"�����"�!��������:���� � � �������������������27�

� � �5156� .����E!��!����� �����������0� ����� �!�� ��""���� �//���� ��� "!�'�'��� ����

�������������/���������������"9�!3"�"���"� � � �������������������������������7��
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��	��������*�������"� �����
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	�� ��� ���!������-� ��"� "�"����"� "��'���"������"� ����7"� ��� ���������� ��� !"�� ��� ��"�

����!���"�����"�"��'����"��������������!�������������������������������-�3!"�������

�"��3������� ����(����-� ����(����� �� "������ �� ���'4"� ��� ��� ��'��"�/�����(�� ��� ��"�

�"��!��!��"��������"�����!���"*�	���"�����"�"����������"��9�����������:����������������

�����3������4"�����5����������	����:��.�����6��������"��!��!��������"��'���(��������

'�������(�� ��� ��������� ���� "���3�" !�� ��� !��� ��������(�� ��� 
��	�� ����� ��� ���

	"������$��!���������C���� 5)��	"��C�6*��!�������!������C�"� "��9����'��!���0� �6�

��"����3��"����������"�������3��'��!���-���������/����3������-��������� !�:����������

��'��"���������"�����"�������!�������������"�����������3��"���!���"�����"���G���6���"�

���/�������"� �����������"� ��� ��"� ��3��"� �� ��� ���������� ��� 4"��"� ����� ��"���"��� ���

"������"�������!��"������"��"�����"������������� !����"���-����6�����/�����������"������

��������"�����"���(�������"�����!��"�����������!�!����"�������"!���-����'6�����/�����

���� ��"������ ��� ����!���(�� ��� ���9�� �� ��� �������-� ���� �"������� ��/�������� �� ���

�����"���(�� ��� ��"� 7����"� ���"�"*� ��"� ��3��"� ��"������ !��� ����� '�������� ���

�"�����"-����3�������������(�����"������(���!���������������C�*�	����"���������!;�����

�3!�������� ��� �"�����"-� ����� ��� �/���(� �� ��� �� !�:�� ��� ��"� ��"��"*� �!������ ���

��"�����-� ��"� ��3��"��!������������ ���"!�������"�����"����������'������!����������

5���������� ��� $���(����6� ���!������� ��� ����"��� ��� �"�����"� ���� ����� ��������� ���

����!�"��"� "��!������"� 5������"� �� /�����"6*� 	�� ��"������ ���!;�� ��� 3����"��

��!�!������������/����3������-�������3!�����������������������"���!��(���������"���

��� ��������"� /���"����"*�	������������������!����"���!��������������"���"������ ��"�

"������"� ��� ���!��"� ��� ��"� �"�����"�  !�� ��"��-� ���  !�� ��"� "������"� ��� ��"� �"�����"�

�"�!�����"�/!�����������"������"��������'4"���������"���������"��������������������*�

��������������-������"�������!����(����'��������������"�����"���(�������"�����!��"�

�������-�������3!����������������������(���������(�����������"�"����*�.���<�����-����

���9����� ��"���3��"������"������"���E�H���"�'����"��(���'���"��7"�����"����7����"�

���"�"� �E@� �� ������ ������ �IJ�@�  !�� ��"� ��3��"� ���� ������ ��� �����������*�

����������������� ����������������������� !�� ��"���3��"�"(�����!"��� ������������(��

��3������-� ��"� ��"!�����"� ����������"� ��� �"��� ��"�"���������� �'����������<������"�

�/����"���"���'�"�������"������"�3�����"����"�"����"���������7���"*��
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������"���-� "��'���"������ "�"���"� �������� ��� ���������� �9�� !"�� �/� ���!���� ����!��"� ����

��'�����������"��'���"�A��9����!���������/�����������-����"���������������������!�"!��

����������-� �������������"������ "!"�����3������ �9��!�9� �9����'��"�/���������/� "��!��!��"�

���� ����!��"� ���� ��� �//������� ����� !"�*� �9�"� .9�� �9�"�"� �H�����"� �9�� �//���� �/� �����

���:���� ��� �9�� "9�!3� !����"����� �/� �� ����� /���"�� �������� ��� �� )����"9� ���������� �����

5��C���� $��!���� .��D6*� ��!�� "����/��� �����"� �/� ������"�� A���� ��'�"�������� ������ /�!��

����"0��6�����������9����"�����9���'��!��-�/�����3�����-�"�����"����9��""�������'��"����

3��A���� "9�!3����"� ���:��� 3�� ����"� ���� !����:��� ���"G� ��6� /���� ���/������"� �/� ����"�

�����9����"������"���"����3�����G� ���6��//�����/���������:��������9���������"������������/�

������������������G������'6��//�����/������"���������3������"�������D����������� !�����-�A��9�

"����/�����/����������/���������"�5��6������"�����*�,�"!��"�"9�A����9�������"������"������

�9�� ����� /���"�� /��� ��� �� ������ '������� �/� "�����"-� �9������� �9���� ����� "��������� ��������

�9��!�9�!�� �9�� ����*� ��:���� ���!���� "9�!3� ��'��"���-� 3!�� ���� ���� �//���� "�����"�

���9��""*��!��������:���-�����"�������"����9�����!����������'��!������D��5$��������6�A9����

������:����"��������������!��"�5������������9����6-������9������!����"9�!3�3����""�

����/�����3�����-�������"�����9����"D��/�/���"��/���"*����"�A������"���������������3������

��"���"�� �9�� "���"� �/� "���� �/� �9�� "�����"� �9��� ���-� "����� �9�� ����"���� "���"� ��""���

�9��!�9��9������"K��!�"����������������/���A���"*�����������-���������:����������"����9��

�������"������ ����� �/�
��	�� ����� ������"-� ���������� �9�� �������������� �/� $��������

������9��"�"���*��������-����:��������"L����D�"9�A���9��9�����'��"��/��E@����������A���

�I0�@��������9��������"�'�����:���*�M����-��������������9�����������""!��������9�������"�

�������!"����'����������������������-��9����"!��"��/��9�"�.9���9�"�"��'������"��!�������

����������������������"���'���//���"��/���������:������������������������"�"���"*���
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	����"����"�"����"���������7���"-���"�9��3�'���"����4"����"�E�"��������������"�

�!������"E� 9��� ;!����� !�� ����������� ������ ��� ��� �4��"�"� �� �������������� ��� ��"�

���"�;�"�5	���!��"��-�=>>N6G������3���/!��������������"����������������"�������"�������

5O>>>� �C�"-� ��!����E
���D-� ?NNN6� �� 9�� ��"����� ��� ��������� ��"��� 9���� �������"� E���

	"��C����"���9�����������"�P>>>��C�"E�5.4��:�,�����-�?NQ>G�	"��3����!C�:-�=>>N6*��

	�� ��"� <�����"� �4����"-� ��"� ���3��"� "��������(����"� ��������"� ��� ��"�

"��������"� ���!"������"� 54H���� �!���-� �����"�/�����(�� ��� ��� ����'����� �������-� 3�;��

�����3��������������!���"�/���"����"-����*6-�;!��������"���������"���������"�9���/�'��������

��� ���������� �����"�'�� ��� ����������� ��� ��� �H���"�'�-� �� ����� ���"��!������ "�� 9���

����!��������3��"�������'�������(�*�

����"�������������3��������������������������H���"�'����������������������������������

�!�9�"�/���������"�'�������"-�����/�����������"������"�3��� ������"��'���(������������

��"�� "������� 9�� "���� �����3���� ������'������� 5������� ���F����"-� ?NQ@G������"� ��� ��*�

=>>R6*������������������� ��"��/����"� !��������3!�������"�����������(��"����3����� ���

�������"��(�-������!��� ������������������� "�3����"������ 5$��"��-�?NQQG�����-�?NN?G�

��'���"����-� ?NN?G� ��"���!�-� =>>I6-� ���"�������� ����� !��� ��� ��"� /������"� �7"�

����������"���������"����:���(��5���������F����"-�?NQ@6*�,�������������"����"�"���������

������3!��(������������������������3�������7����������������!���(������������5.!�9����

�����*-�=>>PG����������*-�=>>Q6-���"�������!"��������������������"�����"�5���1!����:-�?NN@�

�-3G� ��!����� �� ��H-� ?NNPG� �����"� ��� ��*-� =>>@6*� )��� ��3����-� ��� �!�9�"� ��"�"� ���

�H��!"�(�� ��������� ��� ��� ���������� ����!��� ���3��"� ��� ��� �� !�:�� �� ��'��"����� ���

�"�����"�5M!����-�?NN?G���!��!�����������*-�=>>RG���3������������*-�=>??G�$�D���'������*-�

=>??G������������*-�=>?@6*����/������������'��������������/�'��������������������������

'�������(�� ��C�"�� �� ���� ��� ������ ��� �!������ ��� ��� ��������� ��� ��������� '�������

���3!"��3���5)9��D������?NN@-��������������*-�=>>?G���"����������*-�=>>I6-��"����������

����/�����(�� ��� ������"� ������������"� ������"����/���"� 5�*�*� ������:�����"-� ��"����"�

9��3�'���"-� ����"������"-� ���*65���3������ ��� ��*-� =>>IG� ���������� ����!���-� =>?=G� ,�"��

�����������*-�=>?=6*�

�!� !�� ��"� ��3��"� "��� ���"�/�����"� ����� �������"� ����/���"� ��� �"� ������� ���

�/������(�� ���!���� 2��� ��3��� ����� ����� ���  !�� ���!�����8-� "����  !�� ���"������

���/�������"� �J�� ���9�:�"� ���� �����������"� �"�����"� ��� /!���(�� ��� ��� '������(��
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���"��S�-� =>>=G� �:�3�� ��� ��*-� =>>@6-�
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Abstract

Question: Can grazing by goats eliminate potentially combustible plant biomass

and thereby change the flammability of mediterranean vegetation?

Location: Doñana Natural Park, SW Spain.

Methods: The effect of goat grazing was evaluated, over a period of 42 mo, in

100 ha of pine forest understorey with an average density of 217 trees·ha�1.

Grazing by large herbivores was halted temporarily in the study area, with wild

deer excluded from 1970, and domestic goats excluded from 2002. However, fol-

lowing the creation of grazing exclusion plots and sampling of the vegetation

within as a control, adult female Payoya goats were introduced to the area in

spring 2007. Vegetation was sampled twice yearly using the point-intercept

method, and data of frequency, cover and phytovolume obtained. The study

was completed with an analysis of change in the flammability of the study area

(determined using data on the phytovolume and flammability of species).

Changes in species richness and species diversity were determined.

Results: After 42 mo, the phytovolume of the ungrazed vegetation had

increased significantly by 32%, while bare soil had decreased by 5%. This gave

rise to a significant increase in flammability of 25%.Within the grazed area, spe-

cies phytovolume decreased significantly by 34%, leading to a significant

increase in bare soil of 51%, while the flammability of the area decreased by

22%. The number of species remained constant throughout the study at 20 spe-

cies. Significant differences in species diversity were observed between grazed

and ungrazed areas after 42 mo of grazing (species diversity index after 42 mo

of exclusion = 1.59 ± 0.17, species diversity index after 42 mo of grazing =

0.95 ± 0.13).

Conclusions: Monitoring of the scrub understorey has shown the positive

impact of grazing goats: the resulting decrease in the quantity of total phytovo-

lume (easily combustible vegetation) induces changes in species diversity with-

out lowering species richness and reduces the risk of fire.

Introduction

Wildfires have increased dramatically over the last 50 yr in

Mediterranean Europe (EFFIS 2010). Over the last decade

in Spain, for example, wildfire events have reached an

annual average of 20 000 (Moreno et al. 1998; Vélez 2000;

Pausas 2004; Röder et al. 2008). This increase can be

related to changes in traditional social systems (rural

depopulation, decline of agriculture, low profitability of

forest products, etc.; Antrop 1993) and to policies adopted

in recent decades regarding the exclusion of livestock from

rangelands (Pausas 2004). These policies resulted in the

extensive recovery of the maquis (aMediterranean ecosys-

tem dominated by semi-deciduous shrubs such as Rosmari-

nus officinalis, Cistus spp. and Thymus spp.) but also caused

the closing-up of open grasslands and shrublands, modify-

ing the composition of plant and animal communities.

Both of these processes have favoured the spread of woody

vegetation and hence increased the amount of combustible

plant material. This process of rural abandonment has

resulted in an expansion of homogeneous fire-prone vege-

tation communities having increased fuel loads (Moreira
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et al. 2001; Lasanta et al. 2006). At present, widespread

forest fires are perceived publicly as a leading environmen-

tal concern (IESA/CSIC 2008) and their prevention, detec-

tion and suppression attract a substantial portion of the

forest management budget in Mediterranean countries

(Vélez 2009). Management strategies to reduce the current

coverage of highly flammable communities are a priority

in vast areas of the western Mediterranean region (Baeza

& Vallejo 2008).

Several management practices, such as the use of her-

bicides and cutting with manual or heavy equipment,

have been used to reduce the presence of flammable spe-

cies (Etienne et al. 1996; Henkin et al. 1998; Wagner et

al. 1998). In recent decades, wildfire prevention efforts

have focused on the creation of a network of firebreaks

designed to contain the spread of fires and contribute to

the success of fire fighting efforts (Agee et al. 2000). How-

ever, this strategy is costly: Varela Redondo et al. (2007)

conducted an economic study and found that application

of domestic grazing for wildfire prevention costs only an

average of 23% of the alternative manual clearing of fire-

breaks. A feasible and cost-effective alternative with

which to improve fire prevention strategy is, therefore,

the incorporation of grazing livestock into fire prevention

programmes (Franca 2001; Rigueiro-Rodrı́guez et al.

2005; Launchbaugh et al. 2008; Ruiz-Mirazo et al. 2011).

The potential offered by goats, with their ability to survive

in disadvantaged areas, is broadly recognized at national

and international level (Gall 1981; Devendra & McLeroy

1987; Rigueiro-Rodrı́guez et al. 2005; Torrano & Vald-

errábano 2005; Mosquera-Losada et al. 2006), but their

use within forest areas has, until relatively recently, been

a subject of controversy (Martı́n & Huss, 1981). The effect

of livestock grazing on environmental conservation has

historically been perceived as poor. Accused of causing

overgrazing (Nelson 1988; Livingstone 1991; Mace 1991)

and desertification (Dregne & Willis 1983), livestock graz-

ing has more recently been seen as responsible for meth-

ane emissions (Puchala et al. 2005; Goel et al. 2008) and

irreversible decline in species diversity (De Queiroz

1993a,b; Dougill & Cox 1995; Alados et al. 2003). How-

ever, grazing does not necessarily preclude ecosystem

resilience, and adoption of the practice of conservation

grazing can in fact maintain natural or cultural landscape

processes (Concepción et al. 2008; Reinhardt et al. 2008).

With this practice, grazing livestock are utilized appropri-

ately in the management of their habitats, often to repli-

cate the ecological effects of the wild relatives of livestock,

or those of other species now absent or extinct. This form

of extensive livestock management contributes to a more

diversified and heterogeneous landscape and can play a

role in fire prevention when intensified locally along the

length of firebreaks. The capacity of livestock to effectively

control shrub growth is supported by scientific evidence

(e.g. Magadlela et al. 1995; Torrano & Valderrábano,

2005; Jáuregui et al. 2007; Celaya et al. 2007), and such

targeted grazing could therefore be expected to success-

fully reduce the combustible material loads of the areas

concerned.

Goats are well adapted to the consumption of shrubs

inhabiting the Mediterranean forest understorey, probably

due to their physiological adaptations (Green & Newell

1982; Perevolotsky & Seligman 1998). They are able to

incorporate a greater variety of scrub species into their diet

than other domestic ruminants, and have the ability to

consume different plants or groups of plants according to

the time of year, thereby consuming virtually all species

growing within the Mediterranean forests (Morand-Fehr

et al. 1983; Mitchell 1991). In this regard, goats hinder

plant growth and the formation of dense and closed

patches of vegetation. The most obvious effects of grazing

disturbance in native plant communities include changes

to vegetation structure and composition, as certain species

are favoured by grazing and their numbers and/or cover

increase, while other species are disadvantaged and reduce

in number and/or cover (Hacker 1984; Belsky 1992; Mil-

chunas et al. 1998; Briske et al. 2003).

This paper describes changes to the vegetation caused by

goat grazing in the understorey of a pine forest in Doñana

Natural Park in Spain. The objectives of the study were: (1)

evaluation of changes in the phytovolume of different

groups of plant species important to ecosystem function-

ing; (2) determination of whether grazing by goats causes

changes in species richness and species diversity between

remnants exposed to and excluded from grazing; and (3)

analysis of change in the flammability of the understorey

as a result of grazing.

Methods

Study area

The study was carried out in a 100-ha fenced pine forest

situated in Doñana Natural Park in SW Spain (37°14′ N; 6°

20′ W). The climate is mediterranean, typified by wet and

mild winters and long, dry summers. Mean annual rainfall

is 540 mm, with 80% of precipitation occurring from

October toMarch. Summer drought is severe, with no pre-

cipitation from July to August. Winter is mild, with a mean

temperature of 10 °C in December and January, the cold-

est months, while the summer is hot, with a mean temper-

ature of 25 °C in July and August, the hottest months

(Fig. 1).

The geological substratum is quarcitic sand, with an

undulated relief. Soils are shallow, acidic and poor in nutri-

ents. The vegetation is a Pinus pinea forest, with an average

density of 217 trees·ha�1 and an average tree diameter at
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breast height (DBH) of 26.92 cm. There are also some cork

(Quercus suber) and Holm oaks (Quercus ilex subsp. ballota)

at very low densities (<1 ha�1). The understorey is domi-

nated by shrubs (around 0.6–1.8-m tall), including Cistus

salvifolius, Halimium halimifolium, H. calycinum, Myrtus com-

munis, Pistacia lentiscus and Rosmarinus officinalis, as the most

common species.

The study area is used for timber production, hunting

(rabbit, partridge) and grazing. However, wild herbivores

(deer) were eliminated in 1970, and domestic goats

excluded from 2002, and grazing was therefore com-

pletely excluded from the study area for a period of 5 yr

prior to the reintroduction of goats. During this 5-yr per-

iod, the natural vegetation of the study area was not sub-

jected to any form of management, and consequently it

grew and accumulated rapidly. So, in the spring of 2007,

a herd of adult female Payoya goats (average weight

40 kg) was introduced into the area at a stocking rate of

2.7 goats ha�1·yr�1 (characterized as moderate grazing).

In order to exploit the 100 ha in a uniform manner, goats

are closely controlled and moved by a shepherd. These

goats browse the entire area over three consecutive days

and the fourth day is spent grazing outside the area

(280 d·yr�1). The goats were also fed with 450 g of fodder

when milked.

Vegetation sampling

In February 2007, nine 50-m 9 50-m plots (0.25-ha

each) were chosen at random within the study area and

fenced in order to exclude them from grazing by goats. A

25-m fixed linear transect was placed diagonally within

the fenced-off exclusion plots in order to avoid edge effects.

The transect was delimited and all species growing along

the length of it were identified. Four transects (25 m each),

were placed at 10-m distance from the four edges of each

square plot, extending outwards to the cardinal points N,

S, E and W. Measurements from the four transects outside

the plot at each site were averaged, in order to have a sin-

gle measurement comparable to the transect within the

plot, thereby producing paired sampling within each of the

nine sites, which were each considered as individual

experimental units.

All transects were sampled eight times throughout the

study period: once before the goats entered the pine forest

(April 2007), and then every 6 mo over 42 mo of grazing

(October 2007, April and October 2008, April and October

2009, and April andOctober 2010). In each plot, individual

species cover was estimated by placing a metal rod of diam-

eter 20 mm at 250 points (at regular intervals of 10 cm)

along each transect. At each point, all species in contact

with the rodwere recorded (point-interceptmethod; Daget

& Poissonet 1971). Species were identified according to

Valdés et al. (1987). In addition, the height of each species

at each point was recorded.

In order that the calculation of these variables incorpo-

rate the relative importance of each individual in the stra-

tum, individual plant heights were weighted by the length

they occupied on the transect. Shrub cover was calculated

as the percentage of the transect length occupied by a

shrub. Bare soil was also recorded as a variable since these

data are of importance to the evaluation of changes in spa-

tial continuity of vegetation. The bare soil cover results

were grouped using classes (<1, 1–2, 2–3, 3–4, 4–5 and

>5 m). Shrub phytovolume (m3
·ha�1) was calculated as

the product of the percentage cover and the weighted

height (Frandsen 1983). Species richness was calculated

for each plot and date using the Shannon–Wiener diversity

Fig. 1. Temperature and rainfall, monthly averages, from 2007 to 2010 in Doñana Natural Park (SW Spain).

Applied Vegetation Science

Doi: 10.1111/j.1654-109X.2012.01214.x© 2012 International Association for Vegetation Science 65

J.M. Mancilla-Leytón et al. Do goats preserve the forest?



index H′ (Magurran 1988): H′ = -∑ pi ln pi; where

pi = contacts of species i in a given plot and date/contacts

of all the species in that plot on that date. The study was

completed with an analysis of change in the flammability

of the study area. The following formula was applied:

∆ Flammability (time X) = ∑ (% Bi * Ii), where Bi is

the phytovolume of species i and Ii is the flammability of

species i. Mean flammability data for each species were

obtained from the data of Elvira & Hernando (1989), Vélez

(1990), Villalón et al. (2001) and Valette (1997) (Table 1).

In these studies, flammability experiments were performed

on branches of every species (not more than 8 cm in

length), in different seasons, following the standard UNE-

23-721 and using a standard epiradiator of 500 W constant

nominal power.

Data were collected regarding plant species; however,

unequal distribution of these species in the plots pro-

duced too many zero values, therefore data were grouped

for data analysis into Cistaceae, aromatic, aphyllous

and sclerophyllous resprouters (Table 1). Similarly, for

the flammability analysis, species were classified into

non-flammable, slightly flammable, flammable and

highly flammable.

Data analysis

An ANOVA model for repeated measures was fitted for

each dependent variable (phytovolume, flammability,

bare ground and diversity). The model includes two

within-unit factors: treatment, with two levels (grazed

areas and ungrazed areas), and time, with eight levels,

the first is the initial time, while the other seven levels

represent the 6-mo periods. We considered area type as a

within-unit factor because the sampling units are paired

(transects inside and outside the exclusion plots). The

ANOVA model included treatment, time and interaction

terms. We performed a univariate repeated measures

analysis of variance with SPSS v18.0 (SPSS Inc., Chicago,

IL, US) and the library car of the R system (R Foundation

for Statistical Computing, Vienna, AT). The compound

symmetry structure of the covariance matrix was tested

with the Mauchly procedure, rejecting the null hypothe-

sis for all models. We therefore used the adjusted proce-

dures based on Greenhouse–Geisser and Huynh–Feldt

corrections for departure from sphericity. Both correc-

tions agreed, therefore we only present results according

to the Huynh–Feldt corrections. It is noteworthy that the

results obtained assuming sphericity were coincident with

those arising from these last corrections, thus solving a

possible disagreement between the two approaches.

Finally, the relationships between phytovolume, flamma-

bility, diversity and bare ground were explored using

Pearson correlation.

Results

The characteristics of the species prevalent in the study

area prior to introduction of the goats, and the groups

Table 1. Height, cover and flammability index (IF) of shrub species found in the understorey of a Mediterranean pine forest in Doñana Natural Park,

SW Spain. Initial values (mean ± SE from 18 experimental units, April 2007) prior to the experimental entry of goats.

Group Species IF* Height (cm) Cover (%)

Cistaceae Cistus crispus (2) 113.83 ± 4.38 1.40 ± 0.65

Cistus ladanifer (4) 550.81 ± 7.30 3.67 ± 0.72

Cistus libanotis (2) 223.85 ± 8.57 3.90 ± 1.05

Cistus monspeliensis (2) 117.54 ± 5.15 1.05 ± 0.39

Cistus salvifolius (2) 339.37 ± 7.66 16.20 ± 0.64

Halimium calycinum (1) 225.68 ± 6.59 9.42 ± 4.05

Halimium halimifolium (1) 446.18 ± 12.40 11.52 ± 6.53

Aromatic Helichrysum italicum (3) 118.41 ± 7.13 1.30 ± 0.49

Lavandula stoechas subsp. pedunculata (3) 228.27 ± 3.63 4.30 ± 0.89

Rosmarinus officinalis (3) 552.12 ± 12.69 17.13 ± 5.86

Thymusmastichina (4) 333.29 ± 4.51 5.33 ± 1.75

Sclerophyllous Daphne gnidium (1) 335.55 ± 1.64 0.95 ± 0.18

Erica scoparia (4) 1108.65 ± 23.34 6.58 ± 3.50

Myrtus communis (2) 557.63 ± 15.82 11.16 ± 4.23

Phillyrea angustifolia (4) 991.27 ± 19.09 1.5 ± 0.07

Pistacia lentiscus (1) 668.97 ± 9.21 8.15 ± 3.32

Quercus coccifera (3) 338.34 ± 23.09 5.9 ± 2.62

Resprouters Aphyllous Genista hirsuta (4) 444.00 ± 10.38 2.98 ± 0.45

Genista triacanthos (4) 448.00 ± 8.42 3.01 ± 0.62

Stauracanthus genistoides (4) 446.05 ± 15.59 1.53 ± 1.73

*Flammability index: 1 = Non-flammable; 2 = Slightly flammable; 3 = Flammable; 4 = Highly flammable. (Elvira and Hernando 1989; Vélez 1990; Villalón

et al. 2001; Valette 1997).
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formed by these species, are detailed in Table 1. Goat graz-

ing decreased the total phytovolume of the shrubs (Fig. 2).

The decrease in total phytovolume from the initial values

was progressive, being 7%, 9%, 21%, 23%, 30%, 29%

and 32%, at 6, 12, 18, 24, 30, 36 and 42 mo of grazing,

respectively. In contrast, the total phytovolume of the spe-

cies in the exclusion plots increased by 14%, 33%, 25%,

33%, 24%, 28% and 36% at 6, 12, 18, 24, 30, 36 and

42 mo, respectively (Fig. 2). This interaction for the total

phytovolume of the species was statistically significant

(P = 0.014; Table 2). The aphyllous and sclerophyllous

resprouters group presented a significant interaction

between time and treatment, as can be seen in Table 2

(P = 0.021 and P = 0.031, respectively). This interaction is

displayed in Fig. 2, where there is a clear difference, over

time, between the profiles of grazed and ungrazed areas

for these groups. However, not all of the plant groups

responded in the same way to the grazing treatment.

Fig. 2. Changes in phytovolume and flammability in the understorey of a Mediterranean pine forest in Doñana Natural Park (SW Spain) over 42 mo with or

without goat grazing (mean ± SE, n = 9).
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In the case of the Cistaceae group, a significant difference

was observed between the grazed and ungrazed treatment

(P = 0.027; Table 2), but there was no significant interac-

tion between treatment and time (P = 0.086; Table 2).

Finally, the aromatic group did not present significant dif-

ferences between the grazed and ungrazed areas, but a sig-

nificant increase of the aromatic group across time was

observed (P = 0.001; Table 2).

Through the use of transects, it was possible to measure

changes in the linear cover of the studied species (from the

data regarding patches of bare ground). Table 2 shows a

significant interaction between time and treatment for

bare ground (P = 0.035). After 42 mo of study, the spatial

continuity of the vegetation had increased within the

exclusion plots: the number of patches of bare ground

<1 m had increased, reducing the number of patches of 1

–2 m (Fig. 3). This led to a reduction of 5% in the quantity

of bare ground within the ungrazed area (from an initial

37% bare soil to 35% after 42 mo of enclosure). The oppo-

site was true of the grazed area, where the number of <1

and 1–2 m patches of bare soil decreased in favour of an

increase in bare soil patches of 2–3, 3–4, 4–5 and >5 m.

This led to an increase in bare soil of 51% (45% of bare soil

initially, increasing to 67% after 42 mo of grazing).

The number of species was unaltered throughout the

experimental period in the grazed treatment, and remained

constant at 20 species. In terms of the ungrazed vegetation,

there were no significant differences in the diversity index

of these species over the entire study period. However, sig-

nificant differences in the diversity index of these species

were observed across time (P < 0.001; Table 2). Diversity

index showed a significant interaction between time and

treatment (P = 0.001; Table 2), with profiles differing after

the three first time periods (Fig. 4; Diversity index before

grazing = 1.51 ± 0.12; after 42 mo of exclusion = 1.59 ±

0.17, after 42 mo of grazing = 0.95 ± 0.13).

A significant interaction was also observed for total

flammability (P = 0.017; Table 2). This variable produced

a clear growth in the exclusion group throughout the

study period (increase of 25% after 42 mo of exclusion),

while in the grazed area, flammability was reduced

(decrease of 22% after 42 mo of grazing; Fig. 2). The

Table 2. Overall (averaged over time) least squares means for each grazing treatment (grazed and ungrazed), Standard error of the mean (SEM) and

P-values for the hypothesis of the main effects (treatment, time and interaction) found in the understorey of a Mediterranean pine forest in Doñana Natural

Park (SW Spain) over 42 mo under goat grazing or no grazing.

Variable Means SEM P-values

Ungrazed Grazed Treatment Time Interaction

Total phytovolume (m3
·ha�1) 6547.22 3744.87 513.37 0.006 0.417 0.014

Cistaceae (m3
·ha�1) 1467.72 478.52 250.03 0.027 0.001 0.086

Aromatic (m3
·ha�1) 1486.38 1606.16 311.44 0.793 0.001 0.451

Sclerophyllous (m3
·ha�1) 3222.16 1512.75 766.80 0.159 0.138 0.031

Resprouters aphyllous (m3
·ha�1) 411.57 147.45 111.63 0.179 0.060 0.021

Total flammability (m3
·ha�1) 15594.97 9781.01 747.43 0.001 0.024 0.017

Non-flammable (m3
·ha�1) 1562.84 860.86 325.96 0.172 0.225 0.296

Slightly flammable (m3
·ha�1) 4334.31 1097.83 1282.90 0.118 0.116 0.267

Flammable (m3
·ha�1) 4493.34 4734.76 777.34 0.832 0.004 0.201

Highly flammable (m3
·ha�1) 5204.47 3087.57 586.17 0.038 0.069 0.043

Bare ground (%) 35.30 58.78 6.01 0.033 0.000 0.035

Diversity index 1.47 1.33 0.16 0.257 0.000 0.001

Fig. 3. Changes in number of patches of bare ground from number of segments shown per 25-m transect in the understorey of a Mediterranean pine

forest in Doñana Natural Park (SW Spain) over 42 mo of exposure to or exclusion of goat grazing (mean ± SE, n = 9).
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marked decrease in phytovolume of the highly flammable

species group (Cistus ladanifer, Erica scoparia, Genista spp.,

Stauracanthus genistoides; Table 1), produced an overall

reduction in total flammability of the grazed area, with a

profile significantly different to the profile in the ungrazed

area (P = 0.043; Table 2).

Changes in total phytovolume were negatively corre-

lated with bare ground (r = �0.79, P < 0.001). However,

total phytovolume was positively correlated with diversity

index (r = 0.47, P < 0.001) and total flammability

(r = 0.94, P < 0.001). This last correlation seems quite nat-

ural since they are interrelated variables. Changes in total

flammability were positively correlated with changes in

diversity index (r = 0.56, P < 0.001) and negatively corre-

lated with bare ground (r = �0.76, P < 0.001). Diversity

index and bare ground were negatively correlated

(r = �0.39, P < 0.001).

Discussion

Despite the important loss of phytovolume in certain

species in this study, moderate grazing was insufficient to

remove these species completely, although the response of

each species or vegetation group to grazing differed. In the

case of the Cistaceae group, a significant difference in phy-

tovolume was observed between the grazed and ungrazed

treatment, but this difference was not observed in the

aromatic group. Mediterranean scrubland is an ecosystem

with a long history of grazing by domestic animals (Eman-

uelsson 2009); the study area has been heavily influenced

by both fire and grazing (Granados et al. 1988). Light

grazing has no profound effects on vegetation and soils,

while moderate grazing is considered to be essential for

maintaining species diversity and ecosystem stability

(McNaughton 1983; Noy-Meir 1998).

Within the exclusion plots, we found a progressive

increase in total living phytovolume of the species corre-

sponding incrementally to the time of exclosure. However,

in some species of the Cistaceae, live phytovolume

decreased after 18 mo of exclusion as a result of the death

of several individuals (senescence). It appears that the

demographic characteristics of Cistus spp. (recruitment lim-

ited to the 5 yr immediately following a fire, light inhibi-

tion of germination and short longevity) lead to stand

decline, which begins at around 15 yr after a fire event

(Roy & Sonié 1992). In addition, Juhren (1966) established

the period of senescence for Cistus monspeliensis in the Med-

iterranean basin at between 7–8 yr. Similarly, the decline

in Cistus and Halimium spp. observed in the summers of

2008 and 2009might have been aggravated by the drought

years that have prevailed in Southern Spain since 2003–

2005, with annual rainfall well below average for the area,

at 200 and 382 mm, respectively (data from the Natural

Processes Monitoring Team of Doñana Biological Station).

On the other hand, the aromatic group experienced an

increase in phytovolume in both areas across time (grazed

and ungrazed). Non-grazing or low consumption of

aromatic plants can be attributed to their high oil content

(Guillén et al. 1996), a feature which reduces their palat-

ability. In this area, Thymus mastichina and Lavandula

stoechas are never consumed by goats, while Helichrysum

italicum and Rosmarinus officinalis have a seasonal consump-

tion that occurs only while they are in flower (Martı́n et al.

2011). This result supports that of Valderrábano & Torrano

(2000), who observed that goat browsing also has a

remarkable effect on both regrowth and flowering density

in Genistas scorpius and, consequently, on short- and

medium-term survival rate, although the response of the

plant clearly differs depending on the time of grazing.

The other two groups (aphyllous and sclerophyllous

resprouters) showed significant differences in terms of

phytovolume development. The constant and intense con-

sumption of Erica scoparia, Myrtus communis, Pistacia lentiscus

and Phillyrea angustifolia (sclerophyllous resprouter species)

throughout the year, as well as the intense consumption,

while in leaf or flowering/fruiting, of Genista spp. and

Stauracanthus genistoides (aphyllous resprouter species),

caused a considerable decrease in their phytovolume

(Martı́n et al. 2011), and led to differential development

between grazed and ungrazed individuals.

As described above, grazing was insufficient to eliminate

any species completely, although total phytovolume,

and that of different species groups, was significantly

reduced in the grazed area compared to the ungrazed

area, in which values remained similar to those recorded at

the beginning of the study. Grazing directly affects the

demography of plants by changing establishment, growth

and survivorship rates (Huntly 1991). However, heavy

Fig. 4. Change in Shannon–Wiener diversity index in the understorey of a

Mediterranean pine forest in Doñana Natural Park (SW Spain) over 42 mo

with or without goat grazing (mean ± SE, n = 9).
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grazing of specific species can benefit the ungrazed or sea-

sonally consumed species, by reducing competition for

resources (Harper 1969; Milchunas et al. 1992; Perevolot-

sky et al. 1998). The reduced diversity (Shannon–Wiener

diversity index, Fig. 4) found in the grazed vs ungrazed

treatment was a consequence of reduced evenness

(increased dominance), since species richness remained

constant. There may be other non-exclusive mechanisms

through which grazing animals can trigger shrub domi-

nance cover, including changes in resource availability,

demographic changes (e.g. changes in seed availability,

establishment and survivorship) and changes in biotic

interactions (e.g. changes in the competitive environment)

(Facelli & Springbett 2009).

Mediterranean vegetation is able to survive various dis-

turbances due to regeneration of lost organs in the case of

resprouting species, and to the soil seed bank that ensures

the presence of seeding species, such as those of the Cista-

ceae, in the next generation (Keeley 1986). The resprout-

ing capacity of many Mediterranean woody species has

allowed them to withstand significant periodic distur-

bances, sprouting vigorously from roots, rhizomes or

stocks, in which they have abundant carbohydrate

reserves. Examples of species of this type include Erica

scoparia, Myrtus communis, Pistacia lentiscus, Phillyrea angusti-

folia, Genista spp. and Stauracanthus genistoides (Ojeda 2001;

Vallejo et al. 2006).

The changes found in the flammability of the area

were significantly and positively correlated to changes in

the phytovolume of the species. The flammability of a

forest, which also considers other variables, is deter-

mined mainly by the pyrophytism, or characteristic

flammability, presented by the understorey shrub species

(Valette 1990). Thus, medium-high density pine forests

(190–390 trees·ha�1 and 50–60 yr) with tall, thick

undergrowth are more flammable (Montero et al. 2004;

Villalón et al. 2001): these characteristics are relatively

similar to those found in our study area. The reduction

of potentially combustible understorey plant biomass

found in this study translates into a reduced fire risk, as

many of these species (e.g. Cistus ladanifer, Erica scoparia,

Genista spp., Phillyrea angustifolia and Thymus mastichina:

Table 1) are highly flammable, not only in summer, but

throughout the year (Elvira & Hernando 1989; Valette

1997).

It should also be noted that fire can have difficulty start-

ing and spreading where there is discontinuity in the vege-

tation; under this scenario, even highly flammable species

may not present a great danger (Morvan & Dupuy 2004).

In this sense, and further to decline of the phytovolume of

the species, a significant reduction of horizontal vegetation

cover, or the increase of bare ground found after 42 mo of

grazing (51% relative to the initial value), can all contrib-

ute to a progressive reduction in fire risk. This effect of

grazing on vegetation at light to moderate intensities (crea-

tion of ‘regeneration gaps’) controls the combustible bio-

mass, reducing the fire risk, and permits the co-existence

of species that were previously suppressed by the dense

sward of the dominant species (Grime 1979; Noy-Meir

1995). The creation of open canopy environments, when

seeds exist in the soil or are introduced by animals (Ramos

et al. 2006; Mancilla-Leytón et al. 2011), can lead to

improved pastures with a consequent increase in the avail-

ability of food for small wild herbivores (e.g. rabbit; Oryctol-

agus cuniculus) that feed on grass. A dominance of shrubs

causes the absence of grass, which therefore has a consid-

erable impact on herbivore populations. Rabbits form an

important part of the ecology of the study area: they con-

stitute prey for many endangered species that breed in the

Doñana Natural Park, such as the Iberian lynx (Lynx pardi-

nus), Iberian imperial eagle (Aquila adalberti) and the Eur-

asian eagle-owl (Bubo bubo). When the above factors are

all taken into account, instead of provoking a competition

for resources between domestic and wild animals, goat

grazing can become an important factor enabling an over-

all increase in total (plant and animal) species richness in

an area.

This combination of agricultural land use, forestry and

livestock production, also known as agro-silvo-pastoral-

ism, is a traditional land use in the Mediterranean region

and is already successfully applied in several temperate

regions of the world. In the Mediterranean basin, the flora

has co-evolved with large gregarious herbivores that heav-

ily graze vegetation. Domestic herbivores have been used

for economic purposes for thousands of years (production

of meat and milk is still the primary economic activity in

many rural areas). While increasing the income from the

land, grazing has also acquired an environmental dimen-

sion in the last decade: control of the understorey vegeta-

tion, thus reducing fire risk and increasing forest structural

diversity and biodiversity.

The results of this study demonstrate that in our study

area, which is representative ofMediterranean ecosystems,

adoption of the practice of conservation grazing can be an

effective and economically sound method through which

to both promote the growth of native vegetation andmini-

mize the risk of its loss by reducing the likelihood and

potential destructivity of forest fires in the region.
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Vélez, R. 2000. La defensa contra incendios forestales: Fundamentos y

experiencias. MacGrawHill, Madrid, ES.
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Abstract

Questions: (i) How do large proportions of seeds pass through the guts of goats

without damage? (ii) What is the temporal pattern of seed defecation? (iii) Does

ingestion by goats enhance or depress seed germination?

Location: Doñana Natural Park, SW Spain.

Methods: Six female goats of similar size and age were fed with 1000 seeds of

four common Mediterranean shrub species (Cistus salvifolius, Halimium halimi-

folium, Myrtus communis, Pistacia lentiscus), which were retrieved from the goat’s

dung 96 h after ingestion. The seeds retrieved were tested for germination and

viability, along with seeds not eaten by the goats.

Results: Less than 30% of the seeds eaten were retrieved from the dung, with

significant differences between species. No seeds of P. lentiscus were retrieved.

Themajor part of the seeds was retrieved between 48 and 72h after ingestion in

all other species. The passage through the goat gut significantly increased seed

germination in C. salvifolius and H. halimifolium, and depressed it in M.

communis. Viability was significantly lower in the eaten seeds of M. communis

than in the uneaten ones, while there were no differences in C. salvifolius andH.

halimifolium.

Conclusions: Goats can potentially disperse seeds of the plants that they eat.

This should be taken into account when designing management plans in order

to prevent shrub invasion in undesired areas. It could also be used as a

management tool for spreading populations of desireable shrub species.

Introduction

Endozoochorous seed dispersal by animals has attracted

scientific attention for a long time, and attention has

increased in recent years. Traditionally, research focused

on the fate of fleshy fruits, dispersed mainly by birds and

mammals (Debussche & Isenmann 1989; Herrera 1989;

Willson 1993; López-Bao & González-Varo 2011), but

recently more attention has been paid to the role of

herbivorous mammals as endozoochorous seed dispersers

(Willson 1993; Pakeman et al. 2002; Myers et al. 2004).

Several studies have shown the presence of seeds in the

dung of wild and domestic large herbivores (Malo &

Suárez 1998; Sánchez & Peco 2002; Manzano et al. 2005;

Kuiters & Huiskes 2010; De la Vega & Godinez-Alvarez

2010). Since herbivorous mammals have long gut passage

time for seeds (24–72h; Olson &Wallander 2002) and can

travel long distances (Cory 1972; Klein 1981), they may

promote the rapid spread of plant populations.

Domestic goats have grazed in Mediterranean shrub-

lands for millennia. Goats were the first animal species to

be domesticated (7000 years ago; Clutton-Brock 1999)

and have been reared in Spain for 5000 years (Pérez

Ripoll 1980; Esteban Muñoz 2009). The feeding habits

and forage preferences of domestic and wild goats are

similar (Aldezabal & Garin 2000). Goats are mainly

browsers; they consume the leaves, flowers and fruits of

shrubs and trees. As fruit eaters they can behave as seed

predators, but also as seed dispersers. Domestic livestock

could play a similar seed disperser role to the contempor-

ary and extinct herbivorous mammals that they have
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replaced (Janzen & Martin 1982; Martin & Klein 1984;

Janzen 1986; Skape 1991; Tiffney 2004; Hansen et al.

2008). Despite the paramount importance of domestic

goats as browsers in Mediterranean shrublands – around

1,090,000 head grazed in the shrublands of southern

Spain in the 19th century (SIGGAN 2008) – little atten-

tion has been paid to their role as seed dispersers of the

shrub species on which they browse. It has been docu-

mented that goats can disperse the seeds of thorny shrubs

in Mexico (Baraza & Valiente-Banuet 2008) and legume

shrubs in Spain (Robles et al. 2005), but there is no

information about the common shrubs that they eat in

Mediterranean shrublands.

The aim of this study was to investigate whether goats

can potentially disperse the seeds of the shrub species on

which they browse by quantifying the number of seeds

that pass through the goat’s gut and then germinate

afterwards. Four shrub species that are very common in

Mediterranean shrublands and browsed by goats were

studied: Cistus salvifolius L., Halimium halimifolium (L.)

Willk., Myrtus communis L. and Pistacia lentiscus L. We

addressed three specific questions: (i) How do large

proportions of seeds pass through the goat gut without

damage? (ii) What is the temporal pattern of seed defeca-

tion? (iii) Does ingestion by goats enhance or depress seed

germination?

Methods

Seed collection

Fruits were collected in a rangeland located in Doñana

Natural Park, SW Spain (3711405200N, 612003500W), where

the four species are very common and largely consumed

by goats (Mancilla-Leytón et al. 2009).

Ripe fruits of the four chosen species were randomly

collected from 25 different plants of each species. Fruits of

Cistus salvifolius and Halimium halimifolium were collected

in summer and fruits of Myrtus communis and Pistacia

lentiscus in autumn. The fruits collected from each species

were mixed together and stored in the laboratory at room

temperature in dry and dark conditions until the begin-

ning of the experiments.

Fruit and seed characteristics

In order to determine average fruit and seed length and

weight, 100 fruits and 1000 seeds of each species were

dried at 80 1C for 2 days. Fruits were individually

weighed, and seeds were weighed in 100 groups of ten

seeds. The seed length was measured in 100 fruits and 100

seeds with vernier calipers. In order to determine the

number of seeds ingested by goats, the mean number of

seeds per fruit was estimated by counting the seeds in 100

fruits of each species.

Seeds retrieved after gut passage

Six female adult goats of similar size and age (40 kg

average weight and 3 years old) were used in the experi-

ment. The goats were kept in individual metabolic pens

with a collector system for faeces, where they were fed

with the fruits. Fruits of each species were offered to each

goat: 60 fruits of Cistus salvifolius, 125 fruits of Halimium

halimifolium, 300 fruits ofMyrtus communis and 1000 fruits

of Pistacia lentiscus, chosen at random from the pool of

collected fruits. This represented around 1000 seeds of

each species given to each goat. The fruits were mixed

with barley grains (250 g) to facilitate the intake. The

animals also had access to alfalfa hay ad libitum and to

water.

The goats were introduced in the metabolic pens in the

morning. The mix of fruits and grains was offered for

roughly 1h and fully consumed by the goats. All the dung

pellets produced by each goat were collected 24, 48, 72

and 96h after ingestion, dried at room temperature and

stored in the laboratory. All the pellets recorded were

crushed manually, counting the number of seeds of each

shrub species.

Some of the seeds retrieved were partially broken,

missing part of the cotyledons but with an intact embryo.

Since the number of broken seeds was very low (Cistus

salvifolius 0.20%, Halimium halimifolium 0.08%, Myrtus

communis 0.04% and Pistacia lentiscus 0%) these were no

tested for germination. Only seeds with no evidence of

apparent external damage, examined under a micro-

scope, were used for the germination experiment.

Seed germination after gut passage

The germination of seeds retrieved from goat dung was

compared to germination of seeds that were not eaten.

For each species, there were three treatments, (1) Con-

trol: seeds that were not eaten; (2) 48h: seeds retrieved

between 24 and 48h after ingestion; and (3) 72h: seeds

retrieved between 48 and 72h after ingestion. The num-

ber of seeds retrieved in the first 24h and after 72h was

very low and thus these were not tested. The seeds of each

species eaten by different goats, for the same treatment

(0–24, 24–48, 48–72h), were mixed together for this

experiment. Since we retrieved very few seeds of Myrtus

communis, the seeds retrieved after 48 and 72h were

mixed together. Thus, we had only two treatments for

this species (eaten or not eaten).

Seeds of all treatments were disinfected by immersion

in a 1% sodium hypochlorite solution for 2min, and

thoroughly rinsed with sterile distilled water (10 min).

Then the seeds were placed on filter paper in a 5-cm Petri

dish. Each Petri dish contained 25 seeds, and there were

four replicates per treatment.
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Three milliliters of distilled water were added to each

dish. Dishes were wrapped with parafilm and placed in a

germinator (ASL Aparatos Cientı́ficos M-92004, Madrid,

Spain) for 60 days with a regime of 12h light (25 1C,

35 mmolm�2 s�1, 400–700nm) and 12h darkness (12 1C).

This temperature regime was chosen to represent the end

of autumn temperatures in the Mediterranean climate,

when these species geminate. The dishes were inspected

daily and germinated seeds were counted and removed.

The water level was adjusted daily with distilled water.

We considered that seeds had germinated after root

emergence (1–2mm).

Three parameters of germination were determined:

final germination percentage, time of first germination

and mean time to germination (MTG), calculated as:

MTG ¼ siðni � diÞ=N

where n is the number of seeds germinated at day i, d the

incubation period in days and N the total number of seeds

germinated in the treatment (Brenchley & Probert 1998).

The global effect of goat gut passage on seed germina-

tion of each species was estimated by multiplying the

mean percentage of seeds retrieved by their mean germi-

nation percentage.

Viability test

The tetrazolium test was applied to three samples of 20

seeds collected from pellets and from plants (control), to

determine the viability of the embryos (MacKay 1972).

Seeds were kept in water for 16h at a constant tempera-

ture of 25 1C. Seeds were then submerged in a 1%

aqueous 2,3,5-triphenyl-tetrazolium chloride, pH 7, in

darkness for 24h at a constant temperature of 25 1C.

Subsequently, seeds were dissected and the embryo was

examined with a magnifying glass (Bradbeer 1998).

Data analysis

Differences among species in the total number of seeds

retrieved from goat dung were statistically evaluated with

ANOVA. The data were tested for normality with the

Kolmogorov-Smirnov test. The Tukey test was used to

evaluate significant differences among species.

Differences in germinability, time of first germination

and mean time of germination between control seeds and

seeds retrieved from dung after 24-48 and 48-72h in each

species were tested with ANOVA. The data were tested for

normality with the Kolmogorov-Smirnov test. The Tukey

test was used to evaluate significant differences among

species.

Differences in viability between control and retrieved

seeds were assessed with a t-test. The data were tested for

normality with the Kolmogorov-Smirnov test. SPSS 17.0

for Windows (SPSS Inc., Chicago, IL, USA) was used in all

statistical analyses.

Results

The characteristics of fruits and seeds are listed in Table 1.

The larger fruits were those of Myrtus communis and Cistus

salvifolius, followed by Halimium halimifolium. Pistacia

lentiscus had the smallest fruits, with only one seed. The

number of seeds per fruit varied between species: C.

salvifolius and .H. halimifolium had more seeds per fruit

and the seeds were much smaller than those of M.

communis and P. lentiscus.

The number of seeds retrieved from goat dung was low

in all species, o 30% of the seeds eaten by the goats (Fig.

1), with significant differences between species (Tukey

test, F-value = 87.24, Po0.01). The highest percentages

of seeds were found in C. salvifolius, followed by H.

halimifolium and M. communis. No seeds were retrieved

for P. lentiscus.

In all the species, the majority of the seeds were

retrieved between 24 and 48h after ingestion (C. salvifo-

lius 77.19%, H. halimifolium 72.72% and M. communis

66.66% of seeds retrieved), followed by 48-72h (C.

salvifolius 17.54%, H. halimifolium 18.18% and M. commu-

nis 33.33% of seeds retrieved). Very few seeds were

retrieved after 72h (Fig. 1).

Passage through the goat gut significantly increased

seed germination in C. salvifolius and H. halimifolium

(Tukey test, F-value= 10.11 and F-value= 19.89, P

o0.01, respectively) (Fig. 2), especially of those that

remained longer in the gut (48-72h), which germinated

significantly more than the others (Tukey test, F-

value = 37.11, Po0.01). In M. communis, in contrast,

Table 1. Mean and standard error of the length and weight of fruits and number of seeds of the four plant species studied. For more details see text.

Species Fruit Seed

Length (mm) Mass (mg) Seed number Length (mm) Mass (mg)

Cistus salvifolius 7.18� 0.09 91.24� 5.33 39.7� 0.88 1.55� 0.04 1.41� 0.07

Halimium halimifolium 7.64� 0.14 39.33� 1.96 18.4� 0.86 1.32� 0.03 0.72� 0.06

Myrtus communis 7.66� 0.13 122.54� 7.23 7.1� 0.4 3.54� 0.07 8.86� 0.58

Pistacia lentiscus 4.38� 0.04 39.08� 1.55 1 4.07� 0.04 19.48� 0.90
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significantly fewer seeds eaten by the goats germinated

than the control seeds (Tukey test, F-value = 14.23, P

o 0.01).

When considering gut passage and germination to-

gether (Table 2), gut passage notably depressed seed

germination in M. communis (54% of control seeds com-

pared to 2.6% of retrieved seeds), but not in C. salvifolius

and H. halimifolium, where retrieved seeds germinated in

similar percentages to control seeds.

Passage through the goat gut significantly shortened

germination time of C. salvifolius and had no effect in M.

communis (Table 3). The time of first germination in H.

halimifolium was significantly lower in seeds retrieved

from goat dung, but the mean time of germination was

significantly longer. This was due to the low germinability

of control seeds. Only three control seeds germinated at

the beginning of the experiment. The retrieved seeds

began to germinate before the control seeds and contin-

ued for longer, lengthening the germination period.

The tetrazolium test showed no significant differences

between control seed and seeds retrieved from goat dung

in C. salvifolius and H. halimifolium (t-test, t=0.719 and

t=0.750, P40.05). In M. communis, the viability of seeds

retrieved was significantly lower than control seeds (t-

test, t=5.237, Po0.05) (Fig. 3).

Discussion

Seeds from three of the four Mediterranean species

studied, Cistus salvifolius,Halimium halimifolium andMyrtus

communis, survived ingestion and gut passage through

goats and germinated afterwards, and could potentially

be dispersed by free-ranging goats. The seeds of the fourth

species studied, Pistacia lentiscus, did not survived gut

passage. In this case the goats behaved as seed predators.

Few seeds passed through the goat gut. In the best case,

only one-third of the consumed seeds were retrieved from

faeces. These low values were similar to those obtained

for other grass and shrub species eaten by wild and

domestic ruminants (Russi et al. 1992; Olson &Wallander

2002; Razanamandranto et al. 2004; Mouissie et al.

2005). We found significant differences between species:

the small, rounded seeds of C. salvifolius and H. halimifo-

lium passed in more quantities than the larger seeds of M.

communis. The largest seeds, those of P. lentiscus, could not

survive gut passage, possibly due to mastication. Other
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Fig. 1. Percentage of seeds retrieved from goat faeces 24, 48, 72 and 96

h after consumption in the four species studied. Different letters indicate

significant differences among species in the total number of seeds

retrieved (Tukey test; Po 0.01).
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Fig. 2. Percentage of germination of control seeds and seeds retrieved

from goat pellets 24-48 and 48-72 h after ingestion in the four species

studied. Different letters indicate significant differences among treat-

ments within each species (Tukey test; Po 0.01). The seeds of Myrtus

communis retrieved from faeces between 24 and 72 h after ingestion

were pooled due to low sample size (see text for explanation).

Table 2. Percentage of final germination in control seeds and seeds

retrieved from dung pellets at different times (24-48, 48-72 h) in the four

plant species studied. Figures were obtained by multiplying the percen-

tage of seeds retrieved by their germination percentage.

Species Control Retrieved

24-48 h 48-72 h 24-72 h

Cistus salvifolius 4 4.18 1.4 5.58

Halimium halimifolium 2.5 1.2 0.54 1.74

Myrtus communis 54 0 0 2.61

Pistacia lentiscus 43 0 0 0
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studies have also found a negative relationship between

seed size and recovery (Staniforth & Cavers 1977; Russi et

al. 1992; Pakeman et al. 2002). The most retrieved seeds

were not the smallest (H. halimifolium), as expected, but

those of C. salvifolius, which are slightly larger. Manzano et

al. (2005) also found that the tiny seeds of Cistus ladanifer

passed in lower quantities than the slightly larger seeds of

Halimium umbellatum, suggesting that the higher losses in

the first species could be attributed to digestion. The

higher surface-to-mass ratio of very small seeds limits

their coat thickness, leading to a stronger effect of diges-

tive fluids.

The passage through the goat gut enhanced seed

germination in C. salvifolius and H. halimifolium. Other

authors have also found that passage through the gut of

large herbivores enhance seed germination in some spe-

cies of Cistaceae (Manzano et al. 2005; Ramos et al. 2006).

Cistaceae seeds are characterized by primary seed dor-

mancy (i.e. physical dormancy) imposed by a hard seed

coat (Thanos et al. 1992; Baskin et al. 2000) and thus any

factor softening the seed coat without damaging the

embryo may promote germination.

The temporal distribution of seed defecation increases

dispersal distance, which is especially important for spe-

cies that lack specialized dispersal methods such as C.

salvifolius and H. halimifolium (van der Pijl 1982; Herrera

1992; Malo & Suárez 1995; Bastida & Talavera 2002).

Thus, the minimum predicted dispersal distances by goats

may be much larger than those provided by abiotic

dispersal mechanisms, especially for the seeds that stay in

the gut for longer times (more than 48h). Although the

cost of gut passage is undoubtedly high, an appreciable

number of seeds of three of the four species studied passed

and germinated thereafter, 5.58% of C. salvifolius, 2.6% of

M. communis and 1.l7% of H. halimifolium. In Cistus and

Halimium the percentage germination was similar to the

uneaten seeds (4% and 2.5%, respectively), which means

that the goats do not seem to depress current-year

germination, but enlarge the area reached by the seeds.

The effect of the goats is on the seed bank, diminishing the

number of seeds stored in the ground. Gut passage

significantly depressed the germination of M. communis

(54% in control and 2.6% in eaten seeds). In this case, the

goats behave mainly as seed predators and only disperse a

small amount of viable seeds. This species is mainly

dispersed by birds (Traveset et al. 2007). If the goats

defecate in other places than birds, they could facilitate

the colonization of otherwise inaccessible ecosystems.

The dispersal distance attained by seeds passed through

the gut depends on the management of the goats. In

transhumant herds, it could be extremely high, between

30 and 90 km, according to the mean speed of transhu-

mant herds in Spain (Manzano et al. 2005). In herds that

always forage in the same area, dispersal range should be

negligible. If the herds alternately graze in grasslands and

Table 3. Number of days to first germination and mean time-to-germination (MTG) of the control seeds and seeds retrieved from goat faeces. Values are

means� SE (n = 4). Different letters indicate significant differences among treatments (Tukey test; Po 0.01).

Species Treatment 1st germination (d) MTG (d)

Cistus salvifolius Control 29.52� 2.32 a 34.3� 0.90 a

Retrieved 24-48 h 13.50� 3.71 b 21.8� 1.98 b

Retrieved 48-72 h 9.57� 2.71 b 18.1� 2.36 b

Halimium halimifolium Control 7.75� 1.63 a 9.08� 2.25 a

Retrieved 24-48 h 3.51� 0.75 b 16.65� 2.90 b

Retrieved 48-72 h 2.97� 0.43 b 16.21� 2.13 b

Myrtus communis Control 5.53� 0.65 a 10.64� 0.73 a

Retrieved 24-72 h 4.11� 0.81 a 9.69� 0.61 a

Pistacia lentiscus Control 12.50� 1.65 33.09� 2.08
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shrublands, they could speed succession in grasslands by

carrying the next stage seeds, i.e. the shrubland. Since the

goats behave as seed predators of some species and as

dispersers of others, and seed dispersal differs among

species, goats could control vegetation composition in

the areas they graze in the long term.

The ability of goats to disperse the seeds of shrub species

should be taken into account when designing manage-

ment plans for goats in order to prevent shrub invasion in

undesired areas. Goats could also be used as a manage-

ment tool for spreading populations of target shrub

species. But all these findings require further research on

the number of seeds actually dispersed by goats of a

broader number of species, and on the fate of the seed-

lings.
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Abstract

Aims The aim of this study was to determine whether
goat grazing in the understory of a pine forest at Doñana
Natural Park could accelerate the decomposition of the
pine needles accumulated on the soil surface and, if so,
through which mechanisms. Specifically, the roles of
trampling (mechanical fragmentation) and nutrient enrich-
ment through defecation (fertilization) were evaluated in
terms of their effect on pine needle decomposition rates.
Methods An experiment was conducted featuring the
following 4 treatments: 1) intact needles (control), 2)
trampled needles, 3) intact needles fertilized with liq-
uid manure, and 4) trampled needles fertilized with
liquid manure. Litter decomposition was determined
as a function of mass loss over time, using the litter-
bag method. Bags were recovered 4, 8, 16, 24 and
36 months after burial in soil, dried and weighed.
Needle length, leaf mass per area and C and N con-
centration were also measured in the buried litter-bags.
Results Four months after burial, mass loss was great-
er in the trampled (23–27 %) than non-trampled (14–
16 %) treatments. However, from 8 months onwards,
decomposition rates in the fertilized treatments were

significantly higher than those in the non-fertilized
treatments (between 5 % and 15 % less mass loss).
Meanwhile, fertilized treatments presented higher N
content (2.1 %) than the non-fertilized ones (1.2 %),
with a significantly lower C:N ratio also found in the
in the fertilized treatment.
Conclusions Trampling and fertilization during graz-
ing accelerates litter decomposition and thus promotes
the incorporation of N into the system. Acceleration of
decomposition reduces the accumulation of pine
needles on the soil surface, reducing the risk of fire.

Keywords Decomposition rate . Leaf litter . Carbon .

Nitrogen . Goat grazing . Pine needles

Introduction

The effect of livestock grazing on environmental con-
servation has historically been perceived as detrimen-
tal to the environment, due to overgrazing (Mace
1991), desertification (Dregne and Willis 1983), meth-
ane emission (Goel et al. 2008) and associated biodi-
versity loss (Alados et al. 2003). However, grazing is
not universally harmful and can actually contribute to
the preservation of natural and cultural values and
assets. Livestock activity has regained momentum in
current forest plans; the incorporation of grazing live-
stock into fire prevention programs is a feasible and cost-
effective method to improve fire prevention strategies
(Rigueiro-Rodríguez et al. 2005; Launchbaugh et al.
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2008; Ruiz-Mirazo et al. 2011). Additionally, the poten-
tial offered by goats in terms of their ability to survive in
disadvantaged areas is broadly recognized at national
and international level (Devendra and McLeroy 1987;
Torrano and Valderrábano 2005; Mosquera-Losada et al.
2006; Celaya et al. 2007; Ruiz-Mirazo et al. 2011;
Mancilla-Leytón et al. 2013). Silvopastoral systems in-
corporating livestock attempt to reconcile the use of nat-
ural products and services from the environment with a
guarantee of permanence, or attempt to pursue ecological,
economic and social stability through an efficient land use
and the diversification of structures and products.

During grazing, damage by trampling and nutrient
enrichment through faeces and urine deposition can
indirectly accelerate litter decomposition. This process
is rarely continuous; decomposition alternates between
promotion and inhibition stages where chemical, phys-
ical and/or biological factors dictate the process (Swift
and Anderson 1989). Many studies have evaluated foli-
ar decomposition in relation to different climatic condi-
tions (Silver and Miya 2001) but few have analysed the
effect of grazing on foliar decomposition (Olofsson and
Oksanen 2002; Garibaldi et al. 2007). Grazing may be
of particular relevance in pine forests, where pine
needles tend to accumulate abundantly because of their
naturally low decomposition rates (Fioretto et al. 1998),
and is especially important in nutrient-poor soil ecosys-
tems (e.g. Mediterranean forests and dehesas) where it
represents the main source of nutrients for new primary
production (Wang and Huang 2008). At the same time,
nitrogen (N) availability is widely considered to control
the rate of litter decomposition, especially during the
early stages in N-poor sites (Liu et al. 2011). A good
correlation can often be found between the initial N
concentration in litter and the decomposition rate
(Dubeux et al. 2006). Furthermore, while detritivores
are essential for the initial breakdown of litter (Prescott
1995), trampling during grazing can fragment the litter,
thereby facilitating microbial activity and affecting the
rate of litter decomposition.

The aim of this study was therefore to determine
whether, goat grazing on the understory of a pine forest
at Doñana Natural Park could accelerate the decomposi-
tion of the pine needles accumulated on the soil surface
and to identify the relevant mechanisms. Specifically, the
roles of trampling (mechanical fragmentation) and nutri-
ent enrichment through defecation (fertilization) were
evaluated in terms of their effect on pine needle decom-
position rates.

Materials and methods

Study area

The study was carried out in a reforested pine forest
(100 ha) on a private estate located within the Doñana
Natural Park, in the southwest of the Iberian Peninsula
(37º14′N, 6º20′W). The climate is Mediterranean
moderated by the ocean, with wet (80 % of precipita-
tion occurs between October and March) and mild
winters (average monthly temperature of 10 °C in
December and January) and very hot (average temper-
ature of 25 °C in July and August) and dry (rarely
rains in July and August) summers. Average annual
rainfall in the study area is 540 mm. The substrate is
mainly quartz sand and is extremely nutrient-poor,
leading to poorly developed and infertile soils with
low water retention capacities.

The vegetation comprises an arboreal stratum of pine
trees (Pinus pinea L.) with a mean coverage of 38 %, an
average density of 217 trees/ha, and an average tree
diameter at breast height (DBH) of 26.92 cm. The under-
story is dominated by shrubs, with Cistus salvifolius L.,
Halimium halimifolium (L.) Willk.,Halimium calycinum

(L.) K., Rosmarinus officinalis L., Pistacia lentiscus L.
and Myrtus communis L., the most common species.

The study area is used for timber production, hunting
(rabbit, partridge) and grazing. However, wild herbi-
vores (deer) were excluded in 1970 and domestic goats
in 2002, with the study area remaining ungrazed for a
period of 5 years prior to the reintroduction of goats
(2007). During this 5-year period of livestock exclusion,
vegetation was unmanaged and consequently grew and
expanded rapidly. Afterwards, in spring of 2007, a herd
of adult female Payoya goats (average weight of 40–
45 kg) was introduced to the area and stocked at 2.7
goats ha−1 year−1 rate (characterized as moderate graz-
ing). This stocking rate may be considered semi-
extensive, although in order to exploit the available
100 ha area in a uniform manner, a shepherd actively
controlled the herd movement.

Study of litter decomposition using litter-bags

The litter-bag method was used to study the decom-
position of the pine needles (Wieder and Lang 1982).
In autumn of 2008 (maximum needle fall peak), a total
of 45 litter traps were placed in groups of 5 below 9
pine trees (5 traps/tree), and needles were recovered
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after 1 week. These needles were dried at 80 °C for
48 h, and then mixed together to homogenize the
sample before placing the litter into litter-bags. Two
grams of the dried needles were placed in plastic mesh
bags (pore size of 2 mm2). This mesh size allows a
range of detritivorous invertebrates to enter the bag,
while retaining most of the fragmented needles. The
needles were subject to 4 treatments: 1) intact needles
(I), 2) needles trampled by goats (T), 3) intact needles
fertilized with liquid manure (IF) and 4) trampled
needles fertilized with liquid manure (TF). The mesh
bags pertaining to the trampled treatments (T and TF)
were placed into hermetically sealed plastic bags and
half-buried for 5 days at the entrances and exits of the
pen so that the goats could trample them. Afterwards,
the bags belonging to treatments TF and IF were
submerged for 24 h in a mixture of goat urine and
faeces (300 g of faeces/l of urine), while the bags from
treatments I and T were submerged in distilled water
(also 24 h) in order to obtain a uniform moisture
content in all the litter treatments.

A total of 300 bags (75 bags per treatment) were
randomly distributed across a flat plot excluded from
livestock, buried 3 cm under the soil (December of
2008) and covered with a uniform 2 cm layer of mixed
sand and pine needles. Fifteen bags were randomly
collected from each treatment after 4, 8, 16, 24 and
36 months and transported intact to the laboratory.
Once opened, roots, small invertebrates and soil par-
ticles were manually removed from each bag and the
needles were dried (80 °C for 48 h) and weighed.

Leaf litter decomposition (k) was determined as a
function of mass loss over time (Matus and Rodríguez
1994) and calculated using the equation y=Ao * e-kt,
where y is final dry mass, Ao is initial dry mass and t
is time of accumulation. From this, litter decomposi-
tion rates were calculated as: k=Ln (final mass/initial
mass)/t.

Biometric and chemical characteristics of the needles

Needle length and leafmass per area weremeasured after
decomposition. Leaf mass per area (g/m2) was deter-
mined by scanning the surface of the needles with image
analysis software (Midebmp) (R. Ordiales, CSIC, Spain,
2000) and recording their weight. Finally, concentrations
of carbon (C) and nitrogen (N) were determined from
undigested dry samples using an elemental analyser
(Leco CHNS-932, Spain).

Leaf litter decomposition in grazed and ungrazed areas

To determine whether the presence of livestock acceler-
ated the decomposition of leaf litter in the pine forest,
the decomposition rates of falling residues and of litter
accumulated on the soil surface were calculated for both
grazed and ungrazed areas. Falling residues were col-
lected in 44 plastic bins (105 cm in height; 2,000 cm2

capture area). These were randomly distributed, with 22
placed in areas excluded from livestock and 22 in grazed
areas. The bins were placed below the crowns of the
pine trees, fixed to the ground by a metal structure that
prevented them from tipping over or being moved by
animals. The height and resistance of the bins prevented
the herbivores from consuming the tree residues
contained within. Residues were collected monthly,
transported to the laboratory and dried at 80 °C until
reaching constant mass (48 h). Once dried, needles were
separated from the other residues. Annual needle fall per
unit area of arboreal canopy was estimated by summing
the mass of all the needles collected within the same
year and expressing this value in g/m2. Average annual
needle fall for the pine forest (L) was estimated by
multiplying this production value by the canopy area
(% pine tree coverage). To quantify the litter accumu-
lated on the soil surface (H), a total of 90 plots of area
0.3 m2 were randomly distributed, 45 across livestock
excluded areas and 45 across the grazed areas. Samples
(total litter accumulated on each plot) were transferred to
the laboratory where they were sieved to remove soil,
and dried in a fan oven at 80 °C for 48 h. Once dried,
needles were separated from other fractions and the
remaining litter was weighed and expressed in g/m2

(H). This procedure was repeated 4 times; once before
livestock entered the pine forest, and annually thereafter
for 3 years (12, 24 and 36 months). The decomposition
rate of the pine forest (k′) was calculated with Olson’s
Model, as the ratio of needle fall production (L) to the
total amount of litter accumulated on the soil (H) (k′=
L/H). Finally, once the decomposition rate of the pine
forest (k′) was estimated, k was calculated through the
equation: k=Ln (1-k′) (Olson 1963; Staaf 1987).

Statistical analysis

For each variable (mass remaining (%), needle length,
leaf mass per area and C and N content) a repeated
measures ANOVA model was generated. The model
comprised two factors: treatment (I, T, IF and TF) and
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time (five sampling dates). The results were adjusted
according to the Huynh-Feldt correction. Finally, the
linear relationship between remaining mass and leaf
mass per area was calculated using a Pearson correla-
tion. All analyses were conducted using the programme
SPSS 18.0 forWindows (SPSS Inc., Chicago, IL, USA).

Results

Leaf litter decomposition

Figure 1 shows the remaining mass (%) of the pine
needles throughout the study period. Results show a
significant interaction between the different treatments
and time (F=39.43, p≤0.01).

Initially (at 4 months), the treatments with trampled
needles (Tand TF) registered a greater loss of mass (23–
27 %, respectively) than those with intact needles (I and
IF, 15–17%, respectively). From 8 months onwards, the
fertilized treatments (IF and TF) lost relatively more
mass, with recorded differences between fertilized and
non-fertilized treatments of 5–15 %.

Table 1 shows the decomposition rate (k) for each
treatment and time period. The highest decomposition
rates were recorded after 4 months, with the trampled

needle treatments (T and TF) presenting significantly
higher rates (0.93 and 0.90 year−1, respectively) than the
intact needle treatments (I and IF, 0.64 and 0.70 year−1,
respectively). From this time period onwards, however,
decomposition rates in the fertilized treatments (TF and
IF) were significantly higher than those in the non-
fertilized treatments (I and T) (F=536.46, p≤0.01).

Biometric and chemical characteristics of the pine
needles

Throughout the study period, average needle length in
the trampled treatments was significantly shorter (T
and TF; 8.1±0.3 cm) than those in the non-trampled
treatments (I and IF; 9.6±0.2 cm). These differences
persisted during the whole study period (F=29.93,
p≤0.01).

In terms of leaf mass per area (LMA), the results
showed a significant interaction between the different
treatments and time (F=4.75, p≤0.01) (Figure 2).
Initially, both treatments with trampled needles (T
and TF) presented significantly lower LMA values
(250 and 260 g/m2, respectively) than those with intact
needles (I and IF) (300 and 310 g/m2, respectively).
From 8 months onwards, the fertilized treatments (IF
and TF) presented significantly lower LMAvalues than
the non-fertilized treatments (I and T) (F=85.23,
p≤0.01). These differences (10–20 g/m2) persisted until
the end of the study period. The remaining mass of the
needles and the LMA correlated positively (r=0.73,
p<0.01).

Finally, chemical analyses showed similar initial C
percentage values (approximately 50 %) in needles
across all treatments (Table 2). Over time, the per-
centage of C decreased across all treatments, but in
the fertilized treatments (IF and TF) the loss of C was
greater (Table 2). As expected, the initial percentage
of N was significantly greater in the treatments
soaked with purines (2.1 %) compared to those that
were unfertilized (1.2 %) (F=476.29, p<0.01).
Although all treatments showed an increase in the
percentage of N after 8, 16 and 24 months, by the end
of the experiment (36 months), the final percentage
of N was significantly lower in the treatments that
had been soaked with purines (0.7 %) than in those
that were unfertilized (0.9 %) (F=308.01, p<0.01)
(Table 2). Consequently, the C:N ratio was signifi-
cantly lower in the fertilized treatments (IF and TF)
(F=254.47, p<0.01) (Table 2).

Fig. 1 Pinus pinea litter mass remaining over time. Intact
needles (I), intact needles with liquid manure (IF), trampled
needles (T) and trampled needles with liquid manure (TF).
Mean ± S.E
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Decomposition of the pine forest leaf litter

Mean annual litter accumulation (H) in the ungrazed
areas was 3 times greater (442.91 g/m2) than in the
grazed area (135.83 g/m2). The estimated mean annual
needle production of the pine forest (L) was 101.87 g/m2.
The mean annual decomposition rate constant (k) of the
ungrazed areas (0.26 year−1) did not differ significantly
from the control treatment (I) (Table 1). However, the
mean annual decomposition rate of the grazed areas
(1.40 year−1) was much higher than that of the other
treatments (Table 1).

Discussion

Large herbivores mainly affect nutrient cycling through
twomechanisms: processing plants into urine and faeces

and influencing litter decomposition (Semmartin et al.
2008). Faeces and urine deposition by grazing animals
exerts a positive influence on soil nutrient pools and
microbial communities (Sankaran and Augustine 2004),
thereby endorsing the use of grazers to enhance soil N
availability and litter breakdown. Our results show that
trampling by goats, which fragments the pine needles,
significantly increases their initial decomposition rate,
with nutrient enrichment (represented by soaking in
purines) becoming more important with time (Table 1).

The decomposition rate of Pinus pinea needles in
the control treatment (I) falls within the ranges found
in other studies for this genus (Pausas 1997; Moro and
Domingo 2000; Li et al. 2007; Harmon et al. 2009).
However, the decomposition rates of the trampled and
fertilized treatments were much higher. Most studies
agree that the physical and chemical characteristics of
plant tissues dictate their decomposition (see Prescott
2010). Some studies have shown that the macrofauna
plays an important role in decomposition; fragmenters,
such as earthworms, millipedes, termites, and isopods,
are primarily macrofauna that can affect resource
availability by modifying the physical properties of
litter (Chapin et al. 2002; Yang et al. 2012). Litter
fragmentation has been found to facilitate microbial
attack, which in turn may produce increased decom-
position rates: by enlarging the surface area available
for microbial attack, litter fragmentation by small in-
vertebrates causes a temporary increase in litter de-
composition (Gillon and David 2001; Podgaiski and
Rodrigues 2010; Yang et al. 2012). This study indi-
cates that needle fragmentation during grazing can
significantly increase decomposition rates (Table 1),
apparently by enlarging the surface area available for
attack by decomposers. However, this effect can be
limited to a period of a few months following frag-
mentation after which rates of C mineralization may
fall below the control values.

Table 1 Needle decomposition constant (k, year−1) after 4, 8, 16, 24 and 36 months of burial in the soil. Intact needles (I), intact
needles with liquid manure (IF), trampled needles (T) and trampled needles with liquid manure (TF). Mean ± S.E

Treatments Months

4 8 16 24 36

I 0.64±0.03 0.37±0.01 0.33±0.01 0.27±0.01 0.26±0.01

IF 0.70±0.02 0.58±0.01 0.41±0.03 0.39±0.01 0.37±0.01

T 0.93±0.03 0.39±0.02 0.32±0.02 0.30±0.02 0.25±0.01

TF 0.90±0.02 0.55±0.03 0.40±0.02 0.38±0.01 0.40±0.03

Fig. 2 Leaf mass per area (LMA) of Pinus pinea needles over
time. Intact needles (I), intact needles with liquid manure (IF),
trampled needles (T) and trampled needles with liquid manure
(TF). Mean ± S.E
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The chemical characteristics of the litter became
more relevant after 4 months of treatment (Table 2).
It has been recognized for some time that mineral
elements, particularly N, play an important role in
controlling decomposition rates in organic material.
The magnitude and even the sign of these effects are,
however, not universal and the underlying mecha-
nisms are poorly understood (Agren et al. 2001). It is
not clear whether the relationship between decompo-
sition and N content is an effect of the N itself, since
changing the concentration of N promotes multiple
changes in the decomposition process (such as in-
creases in decomposer efficiency, more rapid forma-
tion of recalcitrant material and, although less pro-
nounced, decreased decomposer growth rate) (Agren
et al. 2001). For instance, Joffre et al. (2001) state that
changing the N concentration has little effect on de-
composition rates, while Berg and Ekbohm (1991)
argue the contrary. Additionally, decomposition rates
tend to decline over time with increases in the C:N
ratio, the latter being accepted as a general index of
quality (Seneviratne 2000). This trend is in accordance
with our findings, which show a significant increase in
decomposition rates from 8 months onwards in the
treatments that were soaked in purines (Table 1).
This increase was maintained until the end of the study
(36 months).

For a few decades, the consequences of N deposition
on soil nutrient renewal rates have often been attributed
to microbial activity (Söderström et al. 1983; Arnebrant
et al. 1996). The most likely explanation for this in-
crease in decomposer efficiency is that the increased N
promotes changes in the decomposer community, espe-
cially in N-poor systems such as Doñana Natural Park
(Gallardo and Merino 1992; Allison et al. 2007;
Treseder 2008; Papanikolaou et al. 2010). This mecha-
nism is supported by numerous studies demonstrating
shifts in microbial community composition after N fer-
tilization (see Talbot and Treseder 2012), across nutrient
gradients and following the addition of free N from
wood ash produced by forest fires (Papanikolaou et al.
2010).We do not fully understand how this relates to the
observed changes in decomposition rates, since the
community of decomposers has not been analysed;
however, this aspect certainly merits further study.

Gallardo and Merino (1992), in a study focusing on
the decomposition of Mediterranean shrublands in
Doñana, suggested that nitrogen could be imported
to the litter by the microbial biomass. This may explain
the N increase found as litter decomposition proceeds
(Table 2). Similarly, Aber and Melillo (1982) found an
inverse-linear relationship between remaining mass and
N concentration in litter, this relationship being validat-
ed by a large number of litter decomposition studies.

Table 2 Carbon and nitrogen content (%) 4, 8, 16, 24 and 36 months after burial in the soil. Intact needles (I), intact needles with liquid
manure (IF), trampled needles (T) and trampled needles with liquid manure (TF). Mean ± S.E.

Months 0 4 8 16 24 36

I

N 1.20±0.02 0.54±0.01 0.65±0.01 0.69±0.04 0.93±0.04 0.90±0.05

C 48.08±0.64 42.83±0.44 43.44±0.30 38.55±0.34 37.23±0.31 33.14±0.57

C/N 40.91±1.51 78.76±1.25 67.27±0.42 56.58±3.28 40.53±1.97 36.83±0.61

IF

N 2.08±0.02 0.88±0.01 1.04±0.01 1.03±0.05 1.02±0.06 0.77±0.02

C 48.59±1.32 42.16±0.62 42.27±0.35 36.44±0.58 30.54±0.82 22.27±1.37

C/N 23.14±0.90 48.10±0.51 40.71±0.58 35.64±1.42 30.10±1.04 28.98±1.49

T

N 1.21±0.02 0.70±0.01 0.74±0.03 0.73±0.01 0.95±0.01 0.92±0.02

C 49.01±1.08 41.95±0.44 43.53±1.17 37.49±0.45 35.64±1.42 30.57±1.29

C/N 40.94±1.15 56.74±0.84 62.59±0.92 51.63±0.96 37.40±2.19 33.44±2.27

TF

N 2.12±0.03 0.97±0.03 1.07±0.04 1.05±0.02 1.07±0.05 0.77±0.02

C 48.89±1.10 42.32±0.55 41.36±0.52 36.19±0.61 30.86±0.79 18.90±1.29

C/N 23.49±1.94 43.63±1.74 38.59±0.80 34.67±1.17 29.41±1.05 24.82±1.64
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Fixation of atmospheric N, contamination by insect
frass, through fall/importation from green litter, etc.,
have all been proposed as possible explanations for this
N increase. In this sense, Gallardo and Merino (1992)
suggested that tannins could be responsible for N im-
mobilization in leaf litter of Mediterranean shrublands,
their effect being relatively more important in nutrient-
poor soils with less microbial biomass (Aber and
Melillo 1982). During a second step, tannins could
precipitate N and immobilize it in the lignin fraction.
The maximum amount of immobilized N would be
limited by the size of microbial biomass (depending on
the site characteristics) and the amount and quality of
tannins (as a factor of litter quality) (Gallardo and
Merino 1998). Therefore, since the environmental char-
acteristics were shared across all the treatments in our
study, the changes found in the N content can be attrib-
uted to quality differences in the litter itself (e.g. fertil-
ized vs. unfertilized).

Finally, with respect to decomposition rate in the pine
forest (k), the resulting k of the ungrazed areas was
similar to that of the control treatment (0.26 year−1),
however, the decomposition rate of the grazed areas
was far greater than that of the other treatments (IF, T
and TF) (Table 1). The differences between these rates
are attributed to the constant fertilization and trampling
that occurs in the grazed areas throughout the study
period (36 months) resulting in a higher decomposition
rate, unlike the other treatments that were only fertilized
and trampled at the beginning of the experiment. Other
factors related to enclosing litter within bags with a small
mesh size could have also contributed to the differences
found among the different treatments (e.g. the exclusion
of macroarthropods from the litter could have slowed
down decomposition within the litter-bags). These fac-
tors would have been of minor effect, since decomposi-
tion in the ungrazed area was similar to that observed in
the bags, but they should nevertheless be considered.

In conclusion, contrary to the general assumption
that goats only cause environmental degradation, the
results of this study indicate an indirect positive effect
of goat grazing in the decomposition of leaf litter.
Grazing increased the decomposition rate of P. pinea
needles, promoting the incorporation of N into the
system. The higher decomposition rates recorded in
the grazed area could certainly contribute to changes
in vegetation composition, creating a positive feed-
back (plant-soil) in these areas (Bardgett and Wardle
2003). In this sense, grazing could not only benefit

vegetation through soil nutrient enrichment, but the
acceleration of decomposition could also reduce the
accumulation of pine needles on the soil surface,
thereby making a valuable contribution to the mitiga-
tion of forest fire risk.
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a b s t r a c t

This study aims to evaluate the preferences and nutritive value of dairy goats summer diet
selection in a Mediterranean shrubland and its effect on milk yield and quality, with specific
reference to fatty acid (FA) composition. A commercial flock of the indigenous Payoya goat
was used in the present study, carried out from August to October of 2008. The goats were
divided into two groups: a free-range grazing group (goats had free access to pasture, (G)
n = 100) and an indoor group (goats were housed in a stable, and received 1.5–2 kg/goat/day
of alfalfa hay and pea straw mixture, (I) n = 60). A supplementary concentrate was fed to both
groups at 0.5 kg/goat/d, during milking. Diet composition of the grazing goats was estimated
through in situ observations. Chemical composition and nutritive value of selected diets, hay
and concentrate samples were analyzed. Milk samples were taken from pooled milk of all
animals in each group the day after diet observations, and basic chemical composition and
FA profile were performed. Myrtus communis and Pistacia lentiscus were the most frequently
ingested species. Milk yield and basic chemical composition were greater in group I than in
group G for most of the studied parameters. The percentages of the nutritionally desirable
FA (�-linolenic acid, C20:5 n-3, total n-3 PUFA) were significantly higher in milk from
the G group, while the C18:2 n-6 cis, total n-6 PUFA and n6:n3 ratio were significantly
lower than in I group. Total conjugate linoleic acid and its isomers were not affected by
feeding-type group. In conclusion, the pastures selected could be considered to be of low to
intermediate nutritional quality (4 MJ/kg DM of net energy for lactation). In addition, small
but significant differences were found on milk yield and milk FA composition according to
feeding treatment (grazing vs. concentrate-forage diet). Particularly, grazing goats showed
higher levels of FA recognized as having beneficial effects on human health.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Andalusia is the second goat milk-producing region in
Europe, goat stocks comprising essentially autochthonous
breeds, such as the Payoya goat (MARM, 2011). The impor-
tance of this breed has recently increased and there are
actually around 15,000 Payoya goats, most of the flocks

∗ Corresponding author. Tel.: +34 954486450; fax: +34 954486436.
E-mail address: pertinez@us.es (M. Delgado-Pertíñez).

under a grazing-based management, with scrubland occu-
pying most of the grazing area (Nahed et al., 2006; Ruiz
et al., 2008). Additionally, and according to Ruiz et al.
(2008), the net energy obtained from grazing to cover
the animals energy requirements varies greatly between
50 and 80% from system to system. The use of indoor
feeding (concentrate and forage) as a complement to graz-
ing varies as well, and is determined by several factors
such as availability of grass, productivity level of the
animals and seasonal variation of pastures. Furthermore,
unlike sheep and cattle, which predominantly select leafy

0921-4488/$ – see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.smallrumres.2013.04.010
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material during spring, browse constitutes 50–80% of the
forage selected by goats all year round (Silanikove et al.,
2010). It was suggested that this behavior is an adaptive
mechanism that allows goats to maintain a high intake of
browse to preserve their specific superior capacity in uti-
lizing food rich in tannins and other source of secondary
metabolites (Silanikove et al., 2010). Nevertheless, the diet
selection, its nutritional value, and the food intake rate
of goats grazing in the Andalusian shrublands are poorly
understood (Ruiz et al., 2008). An understanding of diet
selection and intake rates by ruminants on rangelands can
strengthen efficient management practices and profitable
animal production (Ruiz et al., 2008; Mancilla-Leytón et al.,
2012).

Nowadays, current research is oriented towards reduc-
ing the milk’s amount of saturated fatty acids (SFA) and
increasing polyunsaturated fatty acids (PUFA) which ben-
efits human health. In particular, great attention is given to
n-3 fatty acids and conjugated linoleic acid (CLA) (MacRae
et al., 2005). Several works on dairy goats have high-
lighted the potentiality of grazing on herbaceous pasture
to enhance milk and dairy products proportion of PUFA, �-
linolenic acid (the main n-3 FA in milk), and/or CLA (D’Urso
et al., 2008; Silanikove et al., 2010), in comparison to con-
ventional concentrate-forage diets or low grazing systems.
According to Silanikove et al. (2010) milk from goats feed-
ing on pasture may present an overlooked “treasure trove”
with respect to its health promoting lipid profile. However,
there is little information on how Mediterranean forage
species (particularly shrub and woody species) affect the fat
composition of milk and cheese, and contradictory results
have been found (Tsiplakou et al., 2006; Vasta et al., 2008).

So, the present study aims to evaluate the foraging
behavior of dairy goats in summer, with focus on the pre-
ferences and nutritive value of the diet selected between
shrub and woody species in a Mediterranean shrubland,
and their effect on milk yield and quality, with specific
reference to fatty acids composition.

2. Materials and methods

2.1. Study area, experimental farm and goats

The study was conducted in a pine forest (100 ha) of a private estate
located within the Doñana Natural Park limits, in the southwestern Iberian
Peninsula (37◦14′N, 6◦20′W). The climate is Mediterranean, with wet (80%
of precipitation occurring between October and March) and mild (average
monthly temperature of 10 ◦C in December and January) winters, and very
hot (average temperature of 25 ◦C in July and August) and dry (rarely rains
in July and August) summers. Average annual rainfall in the study area is
540 mm.

The vegetation comprises an arboreal stratum of pine trees (Pinus

pinea L.) with 38% mean coverage, and an understory of Mediterranean
scrub. The characteristics of the prevalent species in the understory are
detailed in Table 1. Seventy percent of the understory was covered with
shrubs, with a total of twenty species, the most common being Rosmari-

nus officinalis (17.1%), Cistus salvifolius (16.2%), and Halimium halimifolium

(11.5%).
A commercial flock of indigenous Payoya goats was used in the present

study, carried out from August to October 2008. Goats kidded between
October 2007 and January 2008, and during the experiment were in late
stage lactation and milked once a day. Goats were divided into two groups,
homogeneous in parity and milk production at the previous lactation: a
free-range grazing group (G, n = 100) and a control or indoor group (I,
n = 60). The grazing group goats (G) had free access to pasture. The indoor
group goats (I) were housed in a stable, and received a mixture of alfalfa

Table 1

Cover (%) of shrub species found in the understory of a Mediterranean
pine forest in Doñana Natural Park, SW Spain.

Species Cover (%)

Daphne gnidium 0.9
Cistus monspeliensis 1.1
Helichrysum italicum 1.3
Cistus crispus 1.4
Phillyrea angustifolia 1.5
Stauracanthus genistoides 1.5
Genista hirsuta 2.9
Genista triacanthos 3.1
Cistus ladanifer 3.7
Cistus libanotis 3.9
Lavandula stoechas 4.3
Thymus mastichina 5.3
Quercus coccifera 5.9
Erica scoparia 6.6
Pistacia lentiscus 8.1
Halimium calycinum 9.4
Myrtus communis 11.1
Halimium halimifolium 11.5
Cistus salvifolius 16.2
Rosmarinus officinalis 17.1

hay and pea straw (in the proportion of 1 part of alfalfa to 3 parts of straw)
at 1.5–2 kg/goat/day. A supplementary concentrate was fed to both groups
at a rate of 0.5 kg/goat/d, during milking.

2.2. Diet selection and composition

From August to October, the grazing group entered the study area.
The management may be considered to be semi-extensive, although in
order to exploit the 100 ha in a uniform manner, the goats were closely
controlled and moved around by a shepherd. In order to determine which
shrub species are preferred by the goat herd, a method of direct observa-
tion was used. This observational surveying method is very efficient for
determining the shrub species grazed, the relative preferences and varia-
tions throughout the year. Although modified, the procedure described by
Meuret et al. (1985) was followed. In this experiment, surveys were per-
formed thrice a month in the understory of the pine forest, with 10 min
monitoring period per goat stretching from the beginning to the end
of the grazing day. Every surveying day, 10–15 goats were monitored
(30–45 goats/month). Goats were chosen at random, without repeating
any individual in the same surveying. The recorded variables for each goat
and monitoring period were: number of species consumed and organ of
the consumed species (leave, stem, flower, or fruit), number of bites per
species, consumption time per species and displacement time (from plant
to plant) (Mancilla-Leytón and Martín Vicente, 2011). After every 10 min
period, the monitored goat was changed.

In order to estimate the nutritional value of the shrubs ingested by
goats, the amount of each species ingested in each bite (g of dry mat-
ter, DM) also needed to be estimated (Mancilla-Leytón et al., 2012). A
manual simulation of grazing (handplucked) was performed (100 sam-
ples/species), from which the weight per bite was obtained. Weight per
mouthful was estimated by imitating the biting behavior of goats (clipping
material physically comparable to that selected by the animals) (Mancilla-
Leytón et al., 2012). These samples were dried at 60 ◦C (48 h), their dry
weight determined and their nutritive value analyzed. The Meuret et al.
(1985) formula was used to calculate dry matter intake of each plant:
DMIi = (GP/OP) × (Bi × WBi); where DMIi is the dry matter intake of ‘i’
species; GP, the grazing period; OP, the observation period; Bi, the bites
of ‘i’ species; and WBi, the weight of bite of ‘i’ species. For each moni-
tored period, mean grazing percentage values of each species were used
to calculate the relative presence of plant species in the diet selected by
goats.

2.3. Chemical analysis of concentrate and shrubs

Samples of selected diets (only G group), hay (only I group) and con-
centrate (both groups) were dried and ground to pass the 1-mm screen of a
Willey mill before analysis. AOAC (2005) methods were used to determine
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dry matter (method 934.01), ash (method 942.05), ether extract (method
920.39), and N (method 968.06) content in samples of selected diets, hay
and concentrate. Total N was determined by the combustion method using
a CNS-2000 carbon, N, and sulfur analyzer (Leco CNS-2000, Leco Corpora-
tion, USA), and converted to crude protein (CP) by multiplying by a factor
of 6.25. The analyses of neutral detergent fiber (NDF) and acid detergent
fiber (ADF) were carried out following Van Soest et al. (1991). Amylase was
not used in the analysis of NDF, and both NDF and ADF were expressed
as exclusive of residual ash. Acid detergent lignin (ADL) was determined
through solubilization of cellulose with 72% sulfuric acid. All fiber frac-
tions were analyzed with a Fibertec 1030 Hot Extractor (Tecator, Sweden).
Fat content was measured by extraction with petroleum ether (boiling
point, 40–60 ◦C) on a Soxtec System 1040 Extraction Unit (FOSS Tecator
AB, Sweden).

Samples were analyzed for in vitro digestibility of dry matter (IVDMD),
organic matter (IVOMD) and nitrogen (IVND) according to Tilley and Terry
(1963) by using the Daisy II incubator (Ankom® Technology, New York,
USA) as described by Martín García et al. (2004). The rumen inoculum
was individually withdrawn from three ruminally fistulated goats 2 h after
morning feeding, transferred into pre-warmed (39 ◦C) thermo bottles and
squeezed through four layers of cheesecloth under anaerobic conditions. A
pooled sample was prepared by combining equal squeezed volumes from
each animal. The inoculum was a mixture (4:1, v/v) of rumen liquor and
artificial saliva (McDougall, 1948). Samples (0.5 ± 0.05 g) were weighted
in filter bags (Ankom® Technology, #F57) and three samples per treatment
were incubated in the incubator. Two incubation runs were carried out.
Every incubation run included two blanks (controls) and three standard
samples for which the apparent in vivo DM digestibility was known. The
in vitro DM and CP digestibilities were calculated as DM and CP disap-
pearance, respectively, per unit of original DM and CP. Residual DM and
CP were corrected for those in the blanks.

Metabolizable and net energy for lactation (ME and NEL, respectively)
were calculated from chemical and digestibility analyses, according to the
method of INRA (2007). The in vivo organic matter digestibility (OMD) of
the forages and concentrate consumed were estimated from in vitro Tilley
and Terry values (IVOMD) using a specific regression equation (Molina
Alcaide et al., 1997): OMD, % = 15.9 + 0.758 × IVOMD, %. Digestibility of
energy (DE) was related to OMD through different equations, in case the
plant consumed by the animals of grazing group was related to following
the equation for untreated and treated straw: DE = 0.985 OMD (%) − 2.949
(INRA, 2007).

Free, protein- and fiber-bound condensed tannins were sequentially
extracted following the procedure described by Terril et al. (1992) and
modified by Pérez Maldonado and Norton (1996). The free-CT fraction
was extracted using aqueous acetone (70%), diethyl ether and ethyl
acetate and partitioned into the aqueous phase to exclude pigments and
small phenolic compounds. Subsequent extraction with boiling sodium
dodecyl sulphate (SDS), triethanolamine and 2-mercaptoethanol yielded
protein-bound tannins. The residue from this SDS extraction was washed
with methanol and butanol to yield fiber-bound tannins. Analyses of the
free, protein-bound and fiber-bound condensed tannins were conducted
according to the butanol–HCl method of Porter et al. (1986), with the
modifications proposed by Terril et al. (1992). Condensed tannins from
quebracho powder (Roy Wilson Dickson Ltd., Mold, U.K.) were used as
standard. Total amount of CT was calculated by adding the amounts of
free, protein- and fiber-bound CT in the sample.

2.4. Milk Sample collection and basic chemical analysis

Milk samples were taken the day after observational surveys from
pooled milk of all animals in each group after milking (n = 18, 9 for each
feeding group). Milk composition was analyzed (fat, protein, and lactose)
with an infrared spectrophotometer (Milko Skan in a Combi-Foss 5000,
Foss Electric, Hillerød, Denmark).

2.5. Fatty acids composition in milk and feed samples

Feed samples and a freeze-dried aliquot of each milk sample stored
at −20 ◦C were used for gas chromatography analyses of FA. Separa-
tion and quantification of FA methyl esters were performed with a gas
chromatograph Agilent 6890N Network GS System (Agilent, Santa Clara,
USA), equipped with a flame ionization detector and fitted with a HP-88
capillary column (100 m, 0.25 mm i.d., 0.2 �m film thickness). Nonanoic
acid methyl ester (C9:0 ME, 4 mg/mL) was used as an internal standard.

Extraction and direct methylation were performed in a single step pro-
cedure based on the method published by Sukhija and Palmquist (1998)
and revised by Juárez et al. (2008) in order to minimize isomerization and
epimerization in CLA. Briefly, 1 mL of n-hexane and 3 mL of freshly made
5% in wt methanolic HCl were added to freeze-dry milk samples, vortexed
and heated for 90 min in a water bath at 70 ◦C. After the contents were
cooled to room temperature, 5 mL of 6% by wt K2CO3 were added, followed
by 2 mL of n-hexane. The contents of the tubes were vortexed, followed
by centrifugation at 3500 rpm for 10 min. The upper organic phase was
transferred to a culture tube and added 1 mL of NaSO4 and finally dis-
solved in 1 mL of n-hexane for gas chromatography analysis. Individual
FA were identified by comparing their retention times with those of an
authenticated standard FA mix Supelco 37 (Sigma Chemical Co. Ltd., Poole,
UK). Identification of the CLA isomers cis-9 trans-11, cis-11 trans-13, trans-
10 cis-12 and cis-10 cis-12 was done by comparing retention times with
those of another authenticated standard mix (Sigma Chemical Co. Ltd.,
Poole, UK). Fatty acids content was expressed as the percentage of total
methyl esters identified.

After analyses, the FA composition data were grouped as: short-chain
fatty acids (SCFA; C4:0–C10:0), medium-chain fatty acids (MCFA;
C11:0–C17:1), long-chain fatty acids (LCFA; C18:0–C24:1), saturated
fatty acids (SFA), monounsaturated fatty acids (MUFA), polyunsaturated
fatty acids (PUFA), unsaturated fatty acids (USFA), n-3 PUFA, n-6
PUFA, and total CLA. Ratios between the different fractions, namely
PUFA/SFA, USFA/SFA and n-6/n-3 were calculated. The desaturase activ-
ities were estimated indirectly as [product]/[precursor + product]
ratio. Thus, activities of �9C14 (C14:1)/C14:1 + C14:0), �9C16
(C16:1)/C16:1 + C16:0) and CLA desaturase (rumenic acid, CLA/vaccenic
acid, VA + CLA) indices were estimated. Finally, the atherogenic-
ity (C12:0 + 4 × 14:0 + C16:0)/(MUFA + PUFA) and thrombogenecity
(C14:0 + C16:0 + C18:0)/(0,5 × MUFA + 0.5 × n-6-PUFA + 3 × n-3-PUFA + n-
3-PUFA/n-6-PUFA) indices were calculated according to Ulbricht and
Southgate (1991).

2.6. Statistical analyses

To compare the number of species consumed, non-parametric tests
(Kruskal–Wallis) and a posteriori U-Man-Whitney comparisons were per-
formed. Data of milk production and milk constituents were analysed by
factorial ANOVA, using the general linear model (GLM) of the SPSS 18.0 for
Windows package (SPSS Inc., Chicago, USA), including the fixed effects of
feeding group and month. The linear model used for each parameter was
as follows: Yijk = � + FGi + Mj + (FG × M)ij + εijk; where Yijk = observations for
dependent variables; � = overall mean; FGi = fixed effect of feeding group
(i = grazing or indoor); Mj = fixed effect of month (j = August to October);
FG × M = interactions between and among these factors, and εijk = random
effect of residual. Pairwise comparisons of means were carried out, where
appropriate, using Tukey’s honest significant difference tests.

3. Results

3.1. Diet selection and nutritional composition

A high variety of species comprised the diet as
observed during surveys, with a maximum of six different
species/goat/10 min monitoring period. There were signif-
icant differences between months; a greater consumption
diversity occurred in September (4.96 ± 0.17 species) and
October (5.02 ± 0.31 species), which were the periods
with greater food offers, and the very opposite in August
(3.96 ± 0.23 species), with the least variety of species con-
sumed (H = 0.17, P ≤ 0.05, K–W test).

Table 2 shows the percentage of total
bites/species/season recorded through direct obser-
vation of the goats. Selection did not follow a fixed
pattern: no close relationship was observed between the
coverage of shrub species and their consumption degree.
The most abundant species were not the most consumed
ones (Tables 1 and 2). The animals tended to select the
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Table 2

Forage intake (g DM and %) and phenological state (PS) of diets selected by goats grazing in summer on a Mediterranean shrublands.a

Shrubs August September October

Intake Intake Intake

(g) (%) PS (g) (%) PS (g) (%) PS

Cistus ladanifer 32.0 3.3 Fr 122.4 6.3 Vg 80.8 6.3 Vg
Cistus salvifolius 84.0 8.7 Fr 98.8 5.1 Vg 41.2 3.2 Vg
Erica scoparia 11.4 1.2 Do 1.6 0.1 Vg 5.6 0.4 Vg
Genista hirsuta 62.3 6.5 Do 224.7 11.6 Vg 81.9 6.4 Vg
Halimium calicynum 29.5 3.1 Do 0.0 0.0 Do 49.5 3.9 Vg
Halimium halimifolium 178.8 18.6 Fr 40.8 2.1 Do 77.4 6.0 Vg
Mirtus communis 432.6 44.9 Fr 408.0 21.0 Fr 78.6 6.1 Fr
Pistacea lentiscus 32.4 3.4 Fr 740.4 38.1 Fr 740.4 57.8 Fr
Quercus coccifera 93.6 9.7 Fr 280.8 14.4 Fr 120.0 9.4 Vg
Stauracanthus genistoides 7.0 0.7 Do 26.6 1.4 Vg 4.9 0.4 Vg

Total 963.6 1944.1 1280.3

a Results shown correspond to monthly averages of triple samples. Vg: vegetative growth; Fl: flowering; Fr: fruiting; Do: dormancy.

leaves and stem shoots in all the species, as well as the
fruits of C. salvifolius, Myrtus communis, Pistacia lentiscus,
and Quercus coccifera. The consumption of shrub species
varied among the studied months. M. communis was the
most consumed species in August (44.9%) and P. lentiscus

in September and October (38.1 and 57.8%, respectively).
Shrub intake varied from month to month, with smaller
values in August (963.6 g DM) that increased to 1944.1 g
DM in September and decreased in October (1280.3 g DM).
The contribution of each species to the diet also varied
during the study period (Table 2).

The average chemical composition, nutritive value and
FA profile of selected pastures in each month are reported
in Tables 3 and 4. Observed changes in digestibility
between months are consistent with variations in the
chemical composition of the selected shrubland species.

The highest values in lignin and tannins and the lowest
values in digestibility were registered in September and
October (Table 3).

3.2. Milk yield and chemical composition

The yield and chemical composition of milk are reported
in Table 5. Milk yield and milk fat and protein contents were
significantly lower in milk from G group compared to milk
from I group. Regarding the influence of the month, milk
yield significantly decreased as a function of the sampled
month, and with regards to the chemical composition, the
highest values of these components were found in the last
two months.

Few significant differences and trends were found in
milk fat composition between the grazing and indoor

Table 3

Chemical composition and nutritive value of indoor feeds and diets selected by goats grazing in summer on a Mediterranean shrubland.

Item (g/kg DM)a Forageb Concentratec Pasture

August September October

Chemical composition
Dry matter (g/kg fresh matter) 964 956
Ash 160.8 28.5 46.7 5.08 48.6
Crude protein 158.8 127.7 68.2 69.7 68.1
Ether extract 5.6 29.3 28.6 47.1 40.6
NDF 579.4 362.1 318.7 361.9
ADF 290.7 247.2 143.3 153.1
ADL 159.7 76.0 95.8 95.3
Total CT 12.23 8.21 46.75 73.11 63.74
Free CT 1.97 1.99 19.79 27.27 26.77
Protein-bound CT 0.59 0.07 1.04 0.75 0.87
Fibre-bound CT 9.67 6.15 25.91 45.08 36.10
IVDMD (%) 42.6 83.8 49.8 49.4 45.1
IVOMD (%) 38.1 85.6 48.3 45.6 43.7
IVND (%) 60.7 95.0 35.7 24.4 15.7
ME (MJ/kg DM) 5.9 11.9 7.5 7.1 7.0
NEL (MJ/kg DM) (UFL between parenthesis) 3.2 (0.45) 7.4 (1.04) 4.2 (0.59) 4.0 (0.56) 3.9 (0.54)

a NDF, neutral detergent fiber; ADF, acid detergent fiber; ADL, acid detergent lignin; IVDMD, IVOMD and IVND, in vitro digestibility of dry matter, organic
matter and nitrogen, respectively; CT: condensed tannins; ME, NEL, metabolizable and net energy for lactation, respectively; UFL, unit feed for lactation.

b Mixture of alfalfa hay and pea straw.
c Supplement ingredients (%): maize grain (24.8), soybean meal (10.9), green peas (10.9), barley grain (37.1), oat grain (14.9), sunflower meal (0.5) and

mineral-vitamin supplement (1). The NDF, ADF and ADL contents were not determined in the concentrate supplement.
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Table 4

Fatty acids profile (% of total FA) of the indoor feeds and diets selected by goats grazing in summer on a Mediterranean shrubland.

Fatty acida Forageb Concentrate Pasture

August September October

C:8:0 0.24 0.05 0.34 0.12 0.04
C:10:0 2.58 0.41 2.69 0.89 0.15
C:12:0 1.97 0.34 1.96 1.13 0.57
C:14:0 6.47 1.89 7.24 6.19 4.97
C:15:0 0.94 0.19 0.53 0.42 0.25
C:16:0 32.23 19.38 27.78 26.13 23.59
C:16:1 2.65 0.50 0.82 0.82 0.90
C:17:0 1.18 0.22 1.04 0.79 1.06
C:17:1 0.38 0.09 0.60 0.42 0.37
C:18:0 12.98 5.72 11.73 9.26 12.63
C:18:1 n-9 cis 14.59 25.99 15.03 14.65 9.45
C:18:2 n-6 trans 0.17 0.07 0.35 1.56 0.34
C:18:2 n-6 cis 11.16 40.15 9.19 11.63 11.74
�-C:18:3 n-6 0.14 0.03 0.20 0.12 0.16
C:20:0 1.51 0.41 2.69 4.50 4.35
�-C:18:3 n-3 2.34 2.35 7.76 11.69 12.87
C:20:1 n-9 0.20 0.46 0.95 1.12 1.00
C:21:0 0.07 0.03 0.08 0.09 0.18
C:20:2 0.26 0.10 0.10 0.12 0.21
C:20:3 n-6 2.08 0.26 1.86 2.02 2.14
C:20:4 n-6 0.20 0.04 0.16 0.26 0.21
C:20:3 n-3 4.92 1.19 4.67 4.11 10.41
C:20:5 n-3 (EPA) 0.32 0.05 0.24 0.29 0.63
C:22:5 n-3 (DPA) 0.23 0.02 0.20 0.22 0.33
C:22:6 n-3 (DHA) 0.18 0.03 1.77 1.48 1.45
SFA 60.17 28.66 56.08 49.51 47.80
MUFA 17.82 27.04 17.41 17.00 11.71
PUFA 22.01 44.30 26.51 33.49 40.49
n-6 13.77 40.55 11.77 15.58 14.59
n-3 7.98 3.64 14.65 17.78 25.69

a EPA, eicosapentaenoic acid; DPA, docosapentaenoic acid; DHA, docosahexaenoic acid; SFA, saturated fatty acids; MUFA, monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids.

b Mixture of alfalfa hay and pea straw.

groups during the summer period when goats were fed
concentrate and conserved forage (Table 6). Nevertheless,
the percentages of C12:0 (P < 0.001) and C15:0 (P < 0.01)
were significantly higher and the C16:0 (P < 0.01), C17:0

(P < 0.05) and C20:1 n-9 (P < 0.001) significantly lower in
milk from G group when compared to milk from I group.
With respect to the percentages of the nutritionally desir-
able FA (�-linolenic acid, P < 0.05; C20:5 n-3, P < 0.05; total

Table 5

Intake, milk yield and chemical composition of Payoya dairy goats according to feeding group (grazing Mediterranean shrubland, G; indoor, I) and month.

ITEMa Feeding group (FG) Month (M)a S.E.M.b Effects, Pc

Grazing Indoor August September October FG M FG × M

Intake (g/d)
DM 1874 2166 1804 2294 1962
Fat 71 23 32 64 45
Neutral detergent fibre 477 978 663 799 720
Acid detergent fibre 238 491 365 385 343
Net energy (MJ/d) 9.13 8.97 8.29 10.14 8.13
In vitro digestible protein 81 221 151 156 146

Daily milk yield (L) 0.7 1.0 1.1a 0.8b 0.8b 0.04 * * ns
Fat (%) 3.72 5.54 4.02b 4.40b 5.26a 0.26 *** *** ns
Fat (g/d) 28.3 57.1 42.3a 35.6b 39.9a,b 1.04 * * ns
Protein (%) 3.47 3.73 3.25b 3.48b 3.94a 0.08 ** *** ns
Protein (g/d) 26.4 38.4 35.0a 29.0b 30.6b 1.03 *** *** ns
Lactose (%) 4.26 4.14 4.16b 4.12b 4.29a 0.03 ** ** ns
Total solids (%) 11.99 14.30 12.08b 12.68b 14.28a 0.37 *** *** ns

a Means within a row with different suffix (a or b) are significantly different (p < 0.05).
b Standard error of mean.
c ns: not significant, P > 0.05.
* P < 0.05.

** P < 0.01.
*** P < 0.001.
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Table 6

Fatty acids (% total FA) in milk of Payoya dairy goats according to feeding group (grazing Mediterranean shrubland, G; indoor, I).

Fatty acida Feeding group (FG) S.E.M.b Effects, Pc

Grazing Indoor FG M FG × M

C4:0 1.63 1.56 0.02 ns ns ns
C6:0 1.66 1.61 0.03 ns ns ns
C8:0 2.33 1.88 0.03 ns ns ns
C10:0 9.18 8.56 0.40 ns ns ns
C11:0 0.14 0.06 0.01 ns ns ns
C12:0 4.11 3.08 0.15 *** ns ns
C13:0 0.11 0.06 0.01 ns ns ns
C14:0 9.90 9.70 0.14 ns ns ns
C14:1 0.13 0.09 0.01 ns ns ns
C15:0 0.81 0.62 0.04 ** ns ns
C15:1 0.08 0.06 0.00 ns ns ns
C16:0 28.87 31.61 0.51 ** ns ns
C16:1 n-9 0.59 0.53 0.02 ns * ns
C17:0 0.61 0.74 0.02 * ** ns
C17:1 0.24 0.27 0.01 ns ns ns
C18:0 14.70 15.35 0.31 ns ns ns
C18:1 n-9 cis 17.36 18.49 0.38 ns ns ns
C18:1 n-9 trans 0.28 0.36 0.02 ns ns ns
C18:1 trans-11 (VA) 0.48 0.69 0.04 ns ns ns
C18:2 n-6 trans 0.14 0.12 0.01 ns ns ns
C18:2 n-6 cis 1.37 1.64 0.04 *** ns ns
CLA cis-9. trans-11 (RA) 0.23 0.28 0.01 ns ns ns
CLA trans-9. trans-11 0.04 0.02 0.00 ns ns ns
CLA trans-10. cis-12 0.04 0.03 0.00 ns ns ns
CLA cis-9. cis-11 0.04 0.02 0.00 ns ns ns
CLA trans-9. cis-11 0.09 0.08 0.00 ns ns ns
� -C18:3 n-6 0.10 0.10 0.01 ns ns ns
� -C18:3 n-3 0.65 0.53 0.01 * ns ns
C20:0 0.31 0.37 0.02 ns ns ns
C20:1 n-9 0.19 0.38 0.03 *** ns ns
C20:2 0.07 0.08 0.01 ns ns ns
C20:3 n-6 0.02 0.02 0.00 ns ns ns
C20:4 n-6 (ARA) 0.13 0.15 0.00 ns ns ns
C20:3 n-3 0.02 0.02 0.00 ns ns ns
C20:5 n-3 (EPA) 0.08 0.06 0.00 * ns ns
C21:0 0.09 0.10 0.00 ns ns ns
C22:0 0.11 0.07 0.01 ns * ns
C22:1 n-9 0.06 0.04 0.00 ns ns ns
C22:2 0.08 0.06 0.01 ns * ns
C22:4 n-6 0.12 0.08 0.01 ns ns ns
C22:5 n-3 (DPA) 0.15 0.12 0.01 ns ns ns
C22:6 n-3 (DHA) 0.12 0.05 0.02 ns ns ns
C23:0 0.08 0.07 0.01 ns ns ns
C24:0 0.16 0.12 0.01 ns ns ns
C24:1 0.12 0.07 0.01 ns ns ns
SFA 74.79 75.58 0.37 ns ns ns
MUFA 19.52 20.97 0.39 ns ns ns
PUFA 4.68 4.25 0.14 ns ns ns
UFA 24.21 25.22 0.37 ns ns ns
SCFA 14.79 13.61 0.58 ns ns ns
MCFA 45.58 46.03 0.57 ns ns ns
LCFA 39.62 40.36 0.56 ns ns ns
CLA 0.44 0.43 0.01 ns ns ns
n-3 1.02 0.78 0.02 * ns ns
n-6 1.88 2.11 0.05 * ns *

n6/n3 1.84 2.70 0.05 ** ns ns
PUFA/SFA 0.06 0.06 0.00 ns ns ns
UFA/SFA 0.32 0.34 0.01 ns ns ns
�9C14 0.01 0.01 0.00 ns ns ns
�9C16 0.02 0.01 0.00 ns ns ns
�9C18 0.55 0.56 0.01 ns ns ns
CLA index 0.32 0.29 0.01 ns ns ns
VA/RA 2.18 2.52 0.12 ns ns ns
AI 3.04 2.95 0.07 ns ns ns
TI 2.90 3.23 0.07 * ns Ns

a CLA, conjugated linoleic acid; VA, vaccenic acid; RA, rumenic acid; ARA, arachidonic acid; EPA, eicosapentaenoic acid; DPA, docosapentaenoic acid; DHA,
docosahexaenoic acid; SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; UFA, unsaturated fatty acids;
SCFS, short-chain fatty acids; MCFS, medium-chain fatty acids; LCFS, long-chain fatty acids; �9C16, �9C16 desaturase index; �9C18, �9C18 desaturase
index; CLA index, CLA desaturase index; �6, �6 desaturase index; AI, atherogenicity index; TI, thrombogenicity index.

b Standard error of mean.
c FS, Feeding group; M, month; FGxM, feeding group × month interaction. ns: not significant, P > 0.05.
* P < 0.05.

** P < 0.01.
*** P < 0.001.
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n-3 PUFA, P < 0.05), they were significantly higher in milk
from G group, while levels of C18:2 n-6 cis (P < 0.01) and
total n-6 PUFA (P < 0.05) were significantly lower. As a
result, the n6:n3 ratio was higher in milk from I group
(P < 0.05). CLA total and CLA isomers (cis-9, trans-11; trans-
10, cis-12; trans-9. trans-11; cis-9. cis-11; trans-9. cis-11)
were not affected by feeding group. The thrombogenic-
ity index was significantly lower in milk from G group
(P < 0.05), when compared with milk from I group.

4. Discussion

4.1. Diet selection and nutritional composition

A great variety in the selected diet was observed in this
study. The use of a considerable number of plants decreases
the competitive advantages generated when some species
are not consumed, and improves the conservation of plant
biodiversity (Villalba et al., 2002). Selection and intake of
shrub species did not follow a fixed pattern and the con-
tribution of each species to the diet also varied during
the study period. Therefore, along their daily routes, goats
selected those species that pleased them the most, con-
sumption not being random (Mancilla-Leytón et al., 2012).
The goat, in its food selection, seems to establish a balance
between swiftness and best consumption quality (Duncan
and Gordon, 1999), depending on the nutritional require-
ments of each moment (Sánchez Rodríguez et al., 1993).
The temporal variations in food selection seem to be largely
related to the phenology of the species: in most of the stud-
ied species, the probability of being consumed increases
during the flowering and fructification stages; thereby we
could speak of seasonal consumption (Mancilla-Leytón and
Martín Vicente, 2011). For instance, M. communis and P.

lentiscus were highly consumed in summer (see Table 2),
since the fruits of these species are an attractant for goats
during this season. Contrastingly, the low consumption of
Lamiaceae or Labiateae species (e.g. aromatic species: R.

officinalis, Lavandula stoechas, Thymus mastichina, etc.) is
attributed to their high oil content (Guillen and Cabo, 1996)
which increases during the summer period and decreases
their desirability.

The methodology adopted to build up representative
samples of the selected pastures by the grazing animals has
an undoubtedly subjectivity component which may lead to
bias as far as feeding behavior and related parameters are
concerned (García et al., 1995). Unfortunately, information
on the composition and nutritive value of pastures selected
by dairy goats grazing on Mediterranean shrublands is
unknown. Nevertheless, these results agree with previ-
ous ones relating to single Mediterranean shrub species
(Rogosic et al., 2006). The highest values in tannins could be
due to P. lentiscus being the most consumed shrub species
during those summer months, and the high tannin concen-
tration that this species has (Rogosic et al., 2006). Observed
changes in digestibility between months are consistent
with variations in the chemical composition of the samples.
Tannin concentrations higher than 5% adversely affect for-
age intake and digestibility of Mediterranean shrubs, such
as Quercus calliprinos and P. lentiscus (Perevolotsky et al.,
1993). Condensed tannins bind and precipitate proteins in

the rumen (Jones and Mangan, 1977) reduce protein degra-
dation and reduce absorption of amino acids reaching the
small intestine, resulting in low digestibility and voluntary
intake. Furthermore, lignin limits the availability of plant
cell walls to ruminants and to rumen microbes (Van Soest,
1994). According to all of the above, the pastures selected
in this study could be considered to be of low to intermedi-
ate nutritional quality because they contain less than 55%
digestible OM and 8% CP (Leng, 1990).

4.2. Milk yield and chemical composition

In this experiment, the energy and protein requirements
for maintenance and milk production of local genotype
goats, with 55–60 kg of body weight (BW), were esti-
mated in 0.0366 UFL (unit feed for lactation) and 2.32 g PDI
(protein digestible in the intestine)/kg metabolic weight
(MW = BW0.75) and 0.42 UFL and 49 g PDI/kg fat-corrected
milk (3.5% fat), respectively. The energy expenditure of
locomotion in the grazing group was estimated in 0.10
UFL/d, according to the procedure described by Lachica
et al. (1997). Though the estimated energy intake of goats
was similar in both groups, the higher energy costs of
walking and the lower protein supply in the G group (see
Table 5), can explain the differences in the yield and chem-
ical composition of milk (Morand-Fehr et al., 2007).

Lactational effects can explain the different results in
milk yield and chemical composition in the studied months
(see Table 5). With regard to this factor, goats in late stage
lactation are dominant in the experimental farm of this
study and the number of milking goats decreased as the
months progressed. Delgado-Pertíñez et al. (2003) reported
a similar tendency related to seasonality of milk production
in grazing goats.

The n-3 FA are considered the most important dietary
FA for human health. Present human health recommenda-
tions include an optimal dietary n-6:n-3 FA ratio of 2.0–2.5
(MacRae et al., 2005). In the present study, although the
PUFA content in milk from both groups was similar, the G
group displayed higher percentages of n-3 FA and a lower
n-6:n-3 ratio than I group (see Table 6). These results are
not surprising in view of the contrasting diets, and could be
a consequence of pasture intake and FA composition (see
Table 4) by G managed does. Goats fed on rangeland (herba-
ceous plants, leaves and shrubs) (Tsiplakou et al., 2006) and
on grass pasture (D’Urso et al., 2008) have been shown to
have higher n-3 FA proportions in milk fat than animals
fed diets based on concentrate. Also, because of poten-
tially increased risks of atherogenicity of C16:0, fat with a
high atherogenicity index is assumed to be detrimental to
human health (Ulbricht and Southgate, 1991). In this study,
only the thrombogenicity index was significantly lower in
milk from animals in G group, when compared to milk from
I group. Values of these indexes from studies of goats under
grazing–based systems are not known, but nevertheless,
the atherogenicity index values for both groups were lower
than those reported for milk of sheep fed Mediterranean
forages (Addis et al., 2005).

In the present study, forage type had no effect on the
milk content of CLA, despite large differences in the con-
tent and intake of tannins. Tsiplakou et al. (2006) observed
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that goats feeding on Mediterranean shrublands did not
increase the milk CLA contents compared to non or low
grazing animals, while Vasta et al. (2008) found that goats
grazing on condensed tannins-rich grass and Mediter-
ranean shrubs (mainly M. communis, P. lentiscus, Quercus

ilex and Arbutus unedo) had a higher CLA and trans-vaccenic
acid content in milk fat than animals grazing only grass. In
addition, vaccenic acid was accumulated in in vitro studies,
while the total CLA isomers were not affected by tannins
(Vasta et al., 2010). The lack of effect on milk shown in the
present work agrees with the in vitro studies, and could
be due to the effects of tannins on ruminal biohydrogena-
tion. Hence, future studies are necessary to determine the
metabolic effects of tannins on CLA production routes.

5. Conclusions

The nutritional quality (4 MJ/kg DM of net energy for
lactation; 0.56 UFL; low protein supply) of the selected
pastures could be considered low to intermediate. Small
but significant differences were found on milk yield and
milk fatty acids composition according to feeding treat-
ment (grazing vs. concentrate-forage diet). Particularly,
free-range grazing goats showed higher levels of n-3 FA and
lower n6:n3 ratio, which are widely recognized as having
beneficial effects on human health. Nevertheless, neither
total CLA content nor its isomers were influenced by feed-
ing treatment.
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a b s t r a c t

Energy is a major limiting factor in animal production. To plan the management of a

herd in extensive grazing it is essential to monitor and understand the energy balances,

in order to optimize fodder supplements. The objectives of this study were to evaluate

the diet selection and to quantify the energy balance of domestic goats (Payoya goat)

under semi-extensive production for the shrub understory of a pine forest in Doñana

Natural Park, along the year. We used direct observation for estimating the distance

traveled, speed, time consuming and diet composition. These data were transformed

into kcal ingested and consumed by the goats daily in different seasons. The consump-

tion of shrub species varied throughout the year, so grazing did not follow a fixed

pattern. Goats tended to select the leaves and stem shoots in all the species, as well as

the fruits of some species (dry and fleshy fruits). The results showed that grazing was

able to meet the needs of goats in spring and summer but not in autumn and winter.

These seasonal variations in the preferences of goats, detected by direct observation,

suggest the potential utility of the understory of pine forest. So, direct observation may

be an efficient and economic tool for knowing and controlling the energy balances of

our grazing animals at all times. This will contribute to significant improvements in

models for grazing systems, being essential in herd planning (supplements and inputs).

& 2012 Elsevier B.V. All rights reserved.

1. Introduction

Knowing the relationships between phytophaga and

vegetation is essential for the rational management of the

natural environment and for the conservation of biodi-

versity and landscapes (Anderson et al., 2000). In Europe,

domestic herbivores, especially ruminants, have played

an important role in the genesis and maintenance of

landscapes (Emanuelsson, 2009). But, in the last few

years, extensive livestock farming has suffered a sharp

decrease in Europe, and it is now limited to very marginal

areas. In fact, it is due to their marginalization that these

areas are very well conserved and have gradually become

areas with very strict conservationist statuses, which com-

plicates the management of pastoral livestock exploitation.

Aside from health and labor issues, one of the pro-

blems with extensive livestock production is the need for

adjusting the energy balance between displacement and

consumption, and availability of food. Energy is the main

limiting factor in animal production and its availability

affects the adaptation of animals to their environments,

their behavior and their feeding strategy (Lachica and

Aguilera, 2003). Small ruminants adapt well to environ-

mental conditions, as they are able to obtain an adequate

diet even when there is a shortage of food.

There is plenty of literature regarding the energy needs

of bovid cattle, and very little with respect to the needs of

goat cattle, despite the latter provides an important source

of income, particularly in countries of the entire Mediterra-

nean basin. The interest offered by the exploitation of goat

cattle, due to its possibilities of surviving in disadvantaged
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areas, acknowledged internationally by wide sectors, has

been the subject, until relatively recent times, of a con-

troversy about whether or not this exploitation is conveni-

ent in forest areas. The goat is, without question, the

domestic ruminant that is most specialized in foraging;

thereby, when managed properly it can become a very

interesting tool in the conservation of Mediterranean forests

and scrublands (Torrano and Valderrábano, 2005).

The main purpose of this study is to identify and

characterize those aspects related to the feeding behavior

of goat cattle (Payoya goats) under semi-extensive pro-

duction that may affect the energy balance and its varia-

tions throughout the four seasons of the year.

2. Material and methods

2.1. Characteristics of the experimental area

The experiment was carried out in a forest (Pinus pinea)

of 100 ha located in Doñana Natural Park (371140N; 61200W,

SW Spain). The climate is Mediterranean: humid winters

with mild temperatures and long and dry summers. The

geological substratum is quarcitic sand, with an undulated

relief. Soils are shallow, acidic and poor in nutrients. The

average annual rainfall is 540 mm. The vegetation is a Pinus

pinea forest with an average density of 217 trees/ha and an

average tree diameter at breast height (DBH) of 26.92 cm. A

few cork (Quercus suber) and holm (Quercus ilex subsp.

ballota) oaks appear intermingled with the pines.

2.2. Availability and diet selectivity

The availability of a species will be subject to its con-

sumption, so prior to the introduction of grazing, availability

of each species was sampled using the point-intercept

method (Daget and Poissonet, 1971). The overall availability

of each species for the whole study area was calculated by

weighting the abundance of the species in each transect by

the proportion of the study area occupied by the species.

A herd of 350 adult female Payoya goats (average

weight of 45 kg) was introduced into the study area at a

stocking rate of 2.7 goats/ha/yr. These goats browse the

entire area over three consecutive days and the fourth day

is spent grazing outside the area (280 d/yr). The manage-

ment may be considered to be semi-extensive, although

in order to exploit the 100 ha in a uniform manner, the

goats are closely controlled and moved by a shepherd.

In order to determine which shrub species are pre-

ferred by goat cattle, a method of direct observation was

used. Direct observation is very efficient for determining

the shrub species consumed the most desired parts, the

relative preferences and variation throughout the year.

Although modified, the procedure described by Meuret

et al. (1986) was followed. In this experiment, the

samplings were performed three consecutive days per

month, with 10 min monitoring per goat from the begin-

ning to the end of the grazing day in the understory of the

forest. For every day, 10–15 goats were observed (30–45

goats/month). Goats were chosen at random, without

repeating any individual in the same simple. The recorded

variables for each goat and monitoring time were:

number of species consumed, organ of the consumed

species (leave, stem, flower, and fruit), number of bites

per species, consumption time per species and displace-

ment time (from plant to plant) (Mancilla-Leytón and

Martı́n Vicente, 2011). Finally, the ratio between the

proportion of a given food item in the consumer diet (r)

and the proportion of the same food item in the environ-

ment (p) was used for quantifying plant selectivity.

2.3. Energy balance of grazing

In order to estimate the nutritional values of the shrub

ingested by the goats, it was necessary to estimate the

amount of each species ingested in each bite (g of dry

mass (DM)). A manual simulation of the grazing was

performed (100 samples/species), from which the weight

per bite was obtained. Weight per mouthful was esti-

mated by manual simulation of grazing (handplucked)

adapted to a goat bite by imitating the behavior of goats

(clipping material physically comparable to that selected

by the animals). Dry mass consumed was determined on

the basis of the number of bites and the weight of DM per

bite. Once the amount ingested was known for each

species, determination of the compositional analysis of

samples of species was carried out according to Van Soest

(1964). Metabolizable energy (ME) content of dietary

samples was estimated using the following equation:

ME (KJ/Kg DM)¼14.41–0.144�ADF (acid detergent fiber)

(Kirchgessner and Kellner, 1977) (All values were taken

from Llorens, 2010 and Schneider, 1991) (Table 1).

The distances traveled by each goat were recorded in a

Pocket PC (Airis T620) through GPS system. Then, digital

aerial photography was used to calculate the distances

traveled, as well as the speed, during the grazing. In order

to calculate the energy expenditure in locomotion, the

equation proposed by Brockway and Boyne (1980) was

used, although it was modified, resulting in the following

equation: locomotion energy expenditure (J/kg�m)¼2.35–

0.036�Vþ0.00052�V2, where V is the speed (m/min)¼

distance traveled/displacement time. The expenditure cost

was estimated for an average animal, considering the mean

weight of an adult goat to be approximately 45 kg. The slope

was considered null for the study area.

Finally, the metabolizable energy requirement for the

maintenance (MEm) of goats was obtained according:

424.2 kJ/kg BW0.75 (NRC, 1981).

2.4. Statistical analysis

The processing of the data was performed through the

analysis of variance. In the case of consumption time and

distance traveled, the data were transformed to ln in

order to meet the requirements of the ANOVA (normal

distribution and variance homogeneity). A posteriori

comparative tests were applied in order to detect sig-

nificant differences among the levels of a factor (Tukey

test). To compare the number of species consumed, non-

parametric tests (Kruskal–Wallis) and a posteriori U-

Man–Whitney comparisons were used. A chi square (w2)

statistic was used to analyze the relationship between

food availability and consumption. SPSS 18.0 for windows

J.M. Mancilla-Leytón et al. / Livestock Science 148 (2012) 237–242238



(SPSS, Inc., Chicago, IL, USA) was used in all statistical

analyses.

3. Results and discussion

3.1. Diet selection by goats and consumption time

The characteristics of the species prevalent in the study

area prior to the introduction of the goats, and the groups

formed by these species, are detailed in Table 1. The

understory is covered with 70% shrubs, Rosmarinus officinalis

(17.1%), Cistus salvifolius (16.2%), Halimium halimifolium

(11.5%) being the more common species (Table 1).

During the monitoring, a great variety in the diet was

observed, being in some cases a maximum of ten different

species/goat/10 min of monitoring. The use of a large

number of plants decreases the competitive advantages

generated when some plants are not consumed, and

improves the conservation of vegetation biodiversity

(Villalba et al., 2002). Greater consumption diversity

occurred in winter (5.0670.17 species) and spring

(4.8670.15 species), which are the periods with greater

food offers, and all the opposite in autumn (3.8770.14

species) and summer (3.8870.17 species) with less

variety of species consumed (P¼0.20, K–W test).

Table 2 shows the percentage of the total bites/spe-

cies/season recorded by direct observation of the goats.

Myrtus communis was the most consumed species (40%),

followed by Cistus salvifolius (17%) and Halimium halimi-

folium (13%). Other species were registered but at a much

lower frequency (1–5%) (Table 2). The animals tended to

select the leaves and stem shoots in all the species, as well

as the fruits of Cistus salvifolius, Myrtus communis, Pistacia

lentiscus, Pinus pinea, Quercus coccifera, Q. suber and Q. ilex

subsp. ballota. Selection did not follow a fixed pattern: the

consumption of shrub species varied throughout the year,

but there was a preferential consumption toward specific

species. The goat, in its food selection, seems to establish a

balance between swiftness and best consumption quality

(Duncan and Gordon, 1999), depending on the nutritional

requirements of each moment (Villalba and Provenza,

1999). No close relationship was observed between the

coverage of shrub species and their consumption. The most

abundant species are not the most consumed ones

(w2¼201.51 a¼0.01) (Table 1, Fig. 1). Species such as Cistus

salvifolius, H. halimifolium and Myrtus communis showed to

be consumed proportionally above their abundance (Fig. 1).

Table 2

Percentages of the total bites/species/season obtained by the direct

observation of goats grazing on the understory of a Mediterranean pine

forest in Doñana Natural Park (SW Spain).

Species Autumn Winter Spring Summer

Cistus crispus 0.3 0.1 0.0 0.0

Cistus ladanifer 1.9 1.6 0.9 0.4

Cistus libanotis 1.5 0.4 0.6 0.6

Cistus monspeliensis 1.9 2.2 0.7 0.1

Cistus salvifolius 18.7 27.5 15.9 5.0

Dafne gnidium – – – –

Erica scoparia 1.9 2.6 7.5 7.9

Halimium calycinum 6.2 5.2 4.1 2.9

Halimium halimifolium 25.2 11.6 10.4 5.7

Helicrisum italicum 0.0 0.0 0.0 0.3

Lavandula stoechas 0.0 0.0 0.5 0.3

Myrtus communis 30.1 27.7 36.4 67.6

Phillyrea angustifolia 0.6 0.1 2.1 0.7

Pistacia lentiscus 7.3 1.9 4.2 4.1

Quercus coccifera 0.4 4.6 0.7 1.6

Rosmarinus officinalis 0.0 7.9 2.3 0.0

Thymus mastichina – – – –

Genista spp. 1.0 3.9 6.9 1.9

Stauracanthus genistoides 0.4 0.0 0.0 0.0

Table 1

Cover (%), acid detergent fiber (%) and Metabolizable energy (ME) of shrub species found in the understory of a Mediterranean pine forest in Doñana

Natural Park, SW Spain. Initial values prior to the experimental entry of goats.

Group Species Cover (%) ADF (% DM) ME (MJ/Kg DM)*

Cistaceae Cistus crispus (cc) 1.4 48.7 7.4

Cistus ladanifer (cd) 3.7 45.2 7.9

Cistus libanotis (cl) 3.9 44.5 8.0

Cistus monspeliensis (cm) 1.1 43.8 8.1

Cistus salvifolius (cs) 16.2 42.4 8.3

Halimium calycinum (hc) 9.4 41.7 8.4

Halimium halimifolium (hh) 11.5 39.7 8.7

Aromatic Helichrysum italicum (hi) 1.3 53.5 6.7

Lavandula stoechas (ls) 4.3 59.8 5.8

Rosmarinus officinalis (ro) 17.1 59.1 5.9

Thymus mastichina (tm) 5.3 58.4 6.0

Sclerophyllous Daphne gnidium (dg) 0.9 57.7 6.1

Erica scoparia (es) 6.6 45.2 7.9

Myrtus communis (mc) 11.1 34.1 9.5

Phillyrea angustifolia (ph) 1.5 36.2 9.2

Pistacia lentiscus (pl) 8.1 24.4 10.9

Quercus coccifera (qc) 5.9 34.8 9.4

Resprouters Aphyllous Genista hirsuta (ge) 2.9 45.2 7.9

Genista triacanthos (ge) 3.1 48.0 7.5

Stauracanthus genistoides (sg) 1.5 52.2 6.9

n From Schneider (1991) and Llorens (2010)
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Therefore, in their daily routes, the goats selected those

species that pleased themmost; consumption is not random

(Martı́n Vicente et al., 2011). The time variations of food

selection seem to be greatly related to the phenology of the

species: in most of the study species, the probability of

being consumed increases in the flowering and fructification

stages; thereby we could speak of seasonal consumption

(Mancilla-Leytón and Martı́n Vicente, 2011). For instance,

Helichrysum italicum is consumed only in summer (Table 2),

since the goats ate only its fruits and part of the scape. The

consumption of Rosmarinus officinalis corresponds to the

period of maximum flowering, between December and

March (Table 2, Martı́n Vicente et al., 2011). The low

consumption of Lamiaceae or Labiateae species (e.g. aro-

matic species: Rosmarinus officnalis, Lavandula stoechas,

Thymus mastichina, etc) (Fig. 1) is assigned to their high oil

content (Guillen and Cabo, 1996) which decreases their

desirability; only rosemary is consumed, although solely in

the period of maximum flowering. The fact that the nutri-

tional value of thorny species decreases (Ulex spp., Staur-

acanthus spp. and Genista spp.) as the grazing season

advances (Garı́n et al., 1996) could explain its lower

consumption, coinciding its maximum consumption records

in the phenophase of regrowth and flowering from January

to April (Mancilla-Leytón and Martı́n Vicente, 2011).

3.2. Energy balance of grazing

Table 1 shows the nutritional data for the species in the

study area. Among the species studied, Pistacia lentiscus and

Lavandula stoechas had the highest and lowest nutritive

values, respectively. The estimated metabolizable energy

showed significant differences for the different seasons: the

metabolizable energy intake was significantly lower in

autumn and winter than in spring and summer (Fig. 2)

(F¼4.26; Tukey test po¼0.05).

This involves an average metabolizable energy intake,

in our case (45 kg goats) of 7330.14 kJ/goat/d (NRC, 1981).

Considering this parameter, we could state that the

grazing met the average energy needs at 65.02% in

autumn, 77.82% in winter, 112.42% in spring and 102%

in summer (Fig. 2). These estimates should be useful in

diet formulation as well as prediction of performance of

goats. However, goats in the reports used in this study

were not subjected to appreciable stress, such as environ-

mental or nutritional. Moe et al. (1972) noted that factors

such as pregnancy, nutrient imbalances, disease, tissue

energy gain, environmental stress and exercise tend to

increase energy expended for maintenance. Hence, appli-

cation in some specific settings may require additional

considerations. The data showed in this study were

derived from experiments with animals at various stages

of lactation and geographical locations. Animals accli-

mated to environments with high temperatures have

lower maintenance requirements than those reared at

lower temperatures (NRC, 2000; Tolkamp et al., 1994).

There is increasing evidence that for goat and sheep,

seasons affect MEm and feed intake differently, apart

from the influence of temperature (Morand-Fehr and

Doreau, 2001). Goats are well known for their adaptability

to various agro-climatic conditions (low availability of

vegetation in arid areas, feeds rich in fiber and low in

nitrogen, lack of water, heat stress). Goats adapted to heat

stress resist the negative impact of heat better than

unadapted goat breeds (usually exotic breeds) by adapting

their intake so as to reduce their heat production due to

rumen fermentation by grazing at night and by increasing

the number of short meals (Morand-Fehr, 2005). On the

Fig. 1. Species selection vs. rejection on different shrubs species groups: Cistacea (Cistus crispus (CC), C. libanotis (CL), C. ladanifer (CD), C. monpeliensis

(CM), C. salvifolius (CS), Halimium calycinum (HC) and H. halimifolium (HH)); Sclerophyllous (Daphe gnidium (DG), Erica scoparia (ES), Myrtus communis

(MC), Phillyrea angustifolia (PH), Pistacia lentiscus (PL) and Quercus coccifera (QC)); Aromatic (Helichrysum italicum (HI), Lavandula stoechas (LS), Rosmarinus

officinalis (RO) and Thymus masticina (TM)) and Aphyllous (Stauracanthus genistoides (SG) and Genista spp. (GE)).
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other hand, goats well adapted to semi-arid zones do not

reduce their feed intake when they are short of water for

less than 48 h (Misra and Khub, 2002). Our goats (Payoya

goat) are a native breed to the study area, so they are well

adapted to the climatic conditions and vegetation of

Mediterranean ecosystems, i.e. they are adapted to heat

stress.

4. Conclusions

The increasing interest on goat cattle due to its

capacity to survive and exploit vegetation motivates the

study of its behavior in order to achieve the maximum use

of those resources without endangering their continuity.

The results obtained showed a good use of the goat in the

study shrub understory. Grazing constituted an important

part of the animals’ diet, being able to meet their energy

requirements in spring and summer. The locomotion

expenditure involved an important factor to be consid-

ered, which increased in the seasons of lower food offer.

Direct observation may be an efficient tool for knowing

and controlling the energy balances of our grazing ani-

mals at all times, being essential in herd planning (sup-

plements and inputs). Estimates of metabolizable energy

requirement for maintenance seem useful as general

describers of maintenance energy needs of goats continu-

ously consuming diets at, near or above maintenance.

Further research is necessary to develop energy require-

ment expressions for goats more appropriate for specific

production or experimental conditions.
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Española para el Estudio de los Pastos, S.E.E.P., La Rioja,
pp. 293–297.

Guillen, M.D., Cabo, N.J., 1996. Characterisation of the esential oils of
some cultivated aromatic plants of industrial interest. J. Sci. Food
Agric. 70, 359–363.

Kirchgessner, M., Kellner, R.J., 1977. Zur Shätzung der umsertzbaren
Energie von Grün- und Rauhfutter mit einfachen Kenndaten. Z.
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