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performed in a desert rangeland in the northeast (NE) Mendoza region in Argentina. Food
availability was estimated from forage species cover. Rectal grab faecal samples were col-
lected from goats, and the botanical composition of the goat diet was determined using a
microhistological technique. Goat preferences for each species consumed were calculated

Ilgzzvrirg;r.lgeland based on Ivlev’s index. Nutritional composition and secondary compounds of forage species
Microhistology were determined. Correlations between diet and availability; and between goat preference
Nutritive value and nutritional composition of forage species were also estimated. The habitat consisted of
Grazing behaviour adominant woody stratum associated with an herb stratum primarily composed of grasses.

Goats in different physiological states utilised a significantly higher proportion of woody
vegetation compared to grass (p <0.01). When grass availability was high (autumn), the herb
stratum was more utilised by pregnant and lactating goats than by dry goats (p <0.05). In
the winter, the diet of lactating goats consisted of more Atriplex lampa compared to the diet
of dry goats (p<0.05), probably due to the high crude protein content of the plant. Goats
consumed forage species with highly variable total phenol and tannin contents, which did
not negatively affect selection. Correlations between diet and availability were high in the
winter for dry (rs =0.88, p<0.02), pregnant (r;=0.93, p<0.01) and lactating goats (r;=0.97,
p<0.01) but were not significant in the autumn. A significant correlation between prefer-
ence and crude protein was shown during the autumn season for pregnant and lactating
goats (rs=0.6, p<0.05). Forage availability was the main factor influencing diet selection
in this arid environment. When food availability was not a limiting factor, goats selected
a diet that most closely matched their nutritional requirements. Physiological state modi-
fied nutrient requirements and affected diet selection in that pregnant and lactating goats
selected forage species with high protein contents.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Goats are particularly important in arid zones, with
attributes such as versatility in harvesting a wide range of
native browse and herbaceous species, ability to walk long
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varied diet composed of species with different nutrient and
toxin concentrations (Distel and Villalba, 2007; Emmans,
1991; Provenza et al., 2003).

Long-term changes in the physiological state of the ani-
mal, such as pregnancy and lactation, can cause shifts in
diet selection (Church, 1988; Mellado et al.,2005). This shift
may be due to the different nutritional requirements and
voluntary food intake that occurs during the phases of the
animal’s reproductive cycles (Forbes, 1995).

In the arid areas of the northeast (NE) Mendoza region
in Argentina, the most important economic activity is
goat husbandry, which is managed using extensive pro-
duction systems (Guevara et al., 2006). Shrublands and
open woodlands play an important role because they pro-
vide forage materials for grazing animals throughout the
year. These areas are characterised by a long dry period
(April-September) and harsh environmental conditions.
Animal and dietary factors affecting diet selection in these
environments are not completely understood. The aim of
this study was to determine the botanical composition of
the diet and species preference of native goats in different
physiological states that graze in a desert rangeland.

2. Material and methods
2.1. Study site

This study was performed in the farmer household of “La Majada”
(32°19'39'S, 67°54'36'W). Criollo goats were managed using extensive
grazing systems of over approximately 2500 ha. The trees and shrubs most
commonly found in the area include algarrobo dulce, Prosopis flexuosa
(DC); chaiiar, Geoffroea decorticans (Gill. ex Hook.) Burkart; retamo, Bulne-
sia retama (Hook. & Arn.) Gris.; atamisque, Capparis atamisquea (Kuntze);
zampa, Atriplex lampa (Gill. ex Moq); usillo, Tricomaria usillo (Gill. ex Hook.
ex Arnott) and pichana, Mimosa ephedroides (Gill. ex Hook. & Arn.) Benth.
The primary grass species include pasto de hoja, Trichloris crinita (Lag.
Parodi); plumerito, Pappophorum caespitosum (R. Fries) and tupe, Pan-
icum urvilleanum (Kunth). The vegetation communities of major foraging
importance with regard to floristic composition, forage species cover and
carrying capacity are semi-closed woodlands of P. flexuosa with A. lampa
in interdune valleys and open woodlands of P. flexuosa with A. lampa
and T. usillo on dunes (Alvarez et al., 2006; Passera et al., 2004). Rain-
fall is mostly torrential and occurs primarily in the summer. The mean
annual rainfall is 159 mm, and the mean annual temperature is 18.3°C
(Villagra et al., 2005). The growing season rainfall from October 2005
to March 2006 was 80.4 mm, while the mean growing season rainfall is
120.9mm (1971-1994, 2001-2008). Data were obtained from the Tel-
teca Reserve weather station (32°20'S, 68°00'W). Soils in the study area
are mainly sandy with undifferentiated horizons (Entisols and Aridis-
ols).

2.2. Animals and management

For the present study, Criollo goats from a commercial meat flock
were used (n=250). Goats grazed in an open range from 8.30 to 17.00h
and were penned near the household in the evening with access to water.
Autumn-winter (April-August) is the main parturition season. The mean
annual kid crop is 0.8-1.0 goat~!, and kids are weaned at 60 days old at
9-11kg in body weight.

The two sampling periods in 2006 occurred at the beginning of the par-
turition season in the autumn (April) and near the end of the season in the
winter (July). During each sampling period, six dry goats (non-lactating
and non-pregnant), six lactating does (from 30 days of the birth of their
kids) and six pregnant goats in late gestation (about 100 days of preg-
nancy) were identified for collection of faecal samples. Different animals
were used for each sampling season. The selected goats were 36 +2.8 kg
in body weight and had similar parity (>3 parturitions). The goats walked
2.5-6km daily followed by a shepherd who protected the herd from
predators, such as foxes and pumas. The most important forage species in

the zone were present at the grazing site within a range of approximately
500 ha. This large area prevented over-grazing of vegetation and provided
the goats with free dietary choices without any influence among animals.
Once at the grazing site, the shepherd stayed away from the goats with-
out influencing their grazing behaviour. The goats grazed at the same site
consisting of woodlands of P. flexuosa with A. lampa and P. flexuosa with
T. usillo in both seasons.

2.3. Food availability

Food availability was estimated at the same time as the faecal sam-
pling using vegetation cover as an approximate measure of availability
(Kufner et al., 2008). Forage species cover was estimated using the point
quadrat method (Daget and Poissonet, 1971), which was modified for the
Monte area by Passera et al. (2007). At the grazing site, ten 50-m randomly
distributed transects were established, and 100 points (50 cm apart) were
monitored per transect in each season. The intercepting species at each
point were recorded with a needle. The proportion of contact of each
species was considered an estimate of coverage. For each species con-
sumed by goats, the mean plant cover was calculated by season, and
plant species were grouped into two categories, grasses and shrubs plus
trees.

2.4. Diet analysis and specific selectivity

During each sampling period, rectal faecal samples were collected
from individual animals (approximately 10 pellets). Five faecal samples
were collected from each goat over five successive days. Samples were
dried at 70°C for 72 h, ground in a Willey mill and passed through a 1-
mm screen. The five samples were mixed together, and one subsample
per goat was analysed. The botanical composition was determined using a
microhistological technique (Holechek et al., 1982; Sparks and Malechek,
1968). Two microscope slides were made for each sample, and 50 fields
of view were systematically located on each slide at 400 x magnification,
resulting in 100 fields per sample. A reference plant collection was used
for plant identification (Guevara et al., 2010; Monge, 1989).

In order to identify the plant parts consumed by the goats, two grazing
animals from each group were directly observed for 2 days during both
seasons for 10-min periods every 30 min (Genin and Pijoan, 1993). These
observations were made to determine the nutritional composition of the
plants eaten by the goats. Ten plants were sampled, and one composite
sample was made for each species to determine the dry matter (DM) and
crude protein (CP) contents (AOAC, 1990). Organic matter digestibility
(OMD) and neutral detergent fibre (NDF) were determined in the Lab-
oratory of Nutrition and Forage Quality Assessment, EEA INTA Balcarce.
Total phenols (TP) and total tannins (TT) were analysed according to the
Folin-Ciocalteu method (Makkar, 2010).

Preference values were calculated for each species consumed based
on Ivlev’s (1961) electivity index as follows: (% species in diet — % species
availability)/(% species in diet+% species availability). Plants were clas-
sified according to this index into the following categories: preference
(+1.0 to +0.3), indifference (+0.3 to —0.3) and avoidance (—1.0 to —0.3)
(Puig et al., 2001).

2.5. Statistical analysis

The numbers of epidermal fragments of each species as recorded by
microhistological analysis were converted to percentages. Data on forage
species cover and percentage of plant species in the diet were trans-
formed to arcsin-root to normalise the distribution (Steel and Torrie,
1980). One-way ANOVA and Tukey’s multiple comparison tests were used
to detect differences between the animal groups. The sampling unit was
the individual goat (n=6), and the physiological state and seasons were
considered factors. Spearman’s rank correlation test was used to deter-
mine the relationship between seasonal forage availability and relative
frequency of species occurrence in the diet and the relationship between
goat preference (Ivlev’s index) and nutritional composition. Data were
analysed using InfoStat statistical software (InfoStat, 2004).

Overlap in diet composition was estimated using Kulczynski’s simi-
larity index as follows: KSI=100 Z 251‘/2 (a; + b;), where ¢; is the lesser
percentage of the i component in the two diets and (a; +b;) is the sum
of the percentages of each plant component in both diets (Oosting,
1956).
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Table 1
Mean contribution of forage species to food availability (%).
Autumn Winter

Atriplex lampa 21.0 125
Bulnesia retama 8.7 0.3
Capparis atamisquea 4.6 18.8
Geoffroea decorticans 5.7 125
Lycium spp. 4.6 0.9
Mimosa ephedroides 4.6 125
Prosopis flexuosa 6.6 7.8
Tricomaria usillo 21.4 25.1
Total shrubs and trees 77.2 90.6
Aristida mendocina 2.6 -
Panicum urvilleanum 9.2 3.1
Pappophorum caespitosum 3.1 3.1
Setaria spp. 2.3 -
Trichloris crinita 5.7 3.1
Total grasses 22.8 9.4

Values are means calculated from field transects (n=10). Empty cells indi-
cate non available species.

3. Results and discussion
3.1. Food availability

The study area consisted of a dominant shrub stra-
tum associated with an herb stratum composed primarily
of grasses. Food availability (forage species cover) in the
autumn was 37%, with shrubs and trees contributing 77%
and grass contributing 23%. In the winter, availability
decreased significantly to 17.5% (p <0.05), with over 90%
involving woody forage species. Availability of each species
was variable depending on the season (Table 1). In the
autumn, at least 13 species were available for consumption
by the goats, while in the winter only nine were available
(availability of B. retama and Lycium spp. were considered
negligible). T. usillo was the most available species during
both seasons.

3.2. Diet analysis and specific selectivity

The botanical composition of the goat diet (Table 2)
in all physiological states in both seasons had a signifi-
cantly higher percentage of shrubs and trees than grasses
(p<0.01). During the beginning of parturition (autumn),
more shrub and tree species were consumed by dry goats
than by lactating and pregnant goats (p <0.05). Dayenoff
et al. (1997) also observed a higher proportion of woody
species (71.7%) than grasses (22.7%) in the diet composi-
tion of Criollo goats under arid grazing conditions in Arid
Chaco, Argentina, during the dry season in the winter.

When grass availability was high (autumn), the herb
stratum was more utilised by pregnant and lactating goats
than by dry goats (p < 0.05). The proportion of P. urvilleanum
in the diet of pregnant and lactating goats was higher than
that in the diet of dry goats (p<0.05), likely because P.
urvilleanum remained in vegetative growth longer and may
have improved the quality of the diet because the CP values
of P. urvilleanum were moderately higher when compared
to the protein values of other grasses in the area (Guevara
et al., 2009). Pregnant and lactating goats likely selected
grasses to satisfy their protein requirements. This type of

vegetation represents a species that is appropriate for preg-
nant goats (Mellado et al., 2005, 2006).

Inclusion of grasses in the goat diet is related to avail-
ability. Therefore, it is more appropriate to classify goats as
“opportunists” and mixed feeders than grazers or browsers
(Dziba et al., 2003; Lu, 1988; Rogosic et al., 2008).

T. usillo, supplemented with P. flexuosa, C. atamisquea
and A. lampa and M. ephedroides, was the main shrub in the
diet of goats in both seasons and for all physiological states,
probably due to its high availability in the field (Table 2).
In the winter, lactating goats utilised T. usillo less (p < 0.05)
than pregnant and dry does, and A. lampa was present in
higher proportion in the diet of lactating does than in the
diet of dry and pregnant goats (p<0.05). M. ephedroides
was used in higher proportions by dry and pregnant goats
compared to goats that were lactating (p <0.05) (Table 2).

The woody species in this study are generally consid-
ered to have an intermediate nutritional quality because
they contain approximately 40% OMD, 10% CP, and between
33.2 and 60% NDF (Table 3). These values are similar to
those reported by Van den Bosch et al. (1997). The leaves,
twigs and immature fruits of B. retama and Lycium were
available only in the autumn and were likely consumed
due to their high protein contents (Table 3). Plant phe-
nology could influence the availability of food and daily
food intake; goats, as selective feeders, become adapted to
changes in the feeding conditions (Becker and Lohrmann,
1992).

In the winter, the increased inclusion of evergreen
shrubs (A. lampa, C. atamisquea) in the diet could be due to
their crude protein contents compared to T. usillo (12.8 and
13.5vs. 7.2%, respectively). The nutritional requirements of
lactating ruminants are as much as five times higher than
their normal maintenance requirements (Forbes, 1986).
P. flexuosa had high protein levels during both seasons.
Because these trees lose their leaves during the winter, the
goats consumed the leaves that had fallen on the ground
(Table 3).

Goats consumed a wide array of plant species, includ-
ing forage species with highly variable contents of TP and
TT (Table 3). Although T. usillo and M. ephedroides were
the most frequently consumed species in the winter, they
had had high TP and TT levels (Table 3). Under the study
conditions, these secondary compounds did not negatively
affect diet selection. Goats are capable of eating tannin-rich
browse species due to their ability to neutralise the nega-
tive effect of tannins (Launchbaugh et al., 2001; Provenza
et al.,, 2003; Silanikove, 2000). A behavioural strategy for
coping with high secondary compounds is the composi-
tion of the mixed diets, which include plant species with
low concentrations of the compounds (Estell, 2010).

Correlations between diet and availability were high in
the winter for dry (r;=0.88, p<0.05), pregnant (rs=0.93,
p<0.01) and lactating goats (r;=0.97, p<0.01) (Fig. 1a and
b). When food availability was low (winter), goats had
fewer selection opportunities and food availability was the
major determining factor in diet composition. Although
goats have species preferences, in this situation, their diets
are closely related to the available forage (Animut and
Goetsch, 2008; Dziba et al., 2003; Papachristou et al., 2005).
The close relationship between the diet of goats and arid
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Table 2

Diet botanical composition (%) for dry, pregnant and lactating goats in autumn and winter.
Species Autumn Winter

Dry Pregnant Lactating Dry Pregnant Lactating

Atriplex lampa 12.56 + 1.8 9.23 + 3.7 9.08 + 3.9 8.47 + 3.3a 10.29 + 6.4a 16.38 + 1.6b
Bulnesia retama 6.78 £ 0.7 3.70 £ 1.2 5.04 + 3.1 - - -
Capparis atamisquea 14.05 + 3.7 14.04 + 0.6 11.16 + 0.7 1711 +£59 21.20 +£ 3.7 24.05 + 4.1
Geoffroea decorticans 0.57 £ 1.0 - - 0.36 + 0.8 0.29 + 0.7 0.71 £ 2.2
Lycium spp. 5.05 + 3.0 4.55 + 2.8 5.08 + 1.8 - 0.26 + 0.6 -
Mimosa ephedroides - - 0.51 +£ 1.0 25.90 + 4.5a 2347 + 3.8a 18.12 £ 5.2b
Prosopis flexuosa 12.64 + 2.6 14.37 £ 6.6 1321 £ 1.1 11.82 + 3.8 8.30 +£ 3.2 9.78 £ 2.1
Tricomaria usillo 40.50 + 2.7 38.71 +£ 3.5 38.54 + 2.3 34.58 + 3.0a 35.64 + 3.0a 28.18 + 3.4b
Total shrubs and trees 92.14 + 8.3a 84.60 + 8.9b 82.62 + 10.0b 98.24 + 6.9 99.44 + 10.1 97.22 +£ 135
Aristida mendocina 0.50 + 0.9 - 2.08 + 3.6 - - -
Panicum urvilleanum 322 + 1.8a 8.40 + 1.5b 12.13 £ 3.8b 143 + 3.1 0.56 + 0.9 -
Pappophorum caespitosum 264+1.0 3.50 + 3.1 0.63+1.0 0.33 £ 0.7 - 244 + 26
Setaria spp. 0.50 + 0.9 152+ 15 1.02 + 3.6 - - -
Trichloris crinita 1.00 + 1.7 198 + 2.2 152+ 0.9 - - 0.34 +£ 0.8
Total grasses 7.86 + 1.6a 15.40 + 4.7b 17.38 + 8.0b 1.76 £ 3.1 0.56 + 0.9 2.78 £ 3.1

Values are means + SD (n=6). Values in the same row with different letters differ significantly (p <0.05).

Empty cells indicate that plant species were not utilised by goats.

Table 3

Chemical composition (%¥DM) of plant parts consumed by goats in autumn and winter.

Autumn Winter
Species Plant part OMD CP NDF TP TT Plant part OMD CP NDF TP TT
consumed consumed

A. lampa LT 713 10.0 33.2 nd nd LTF 65.4 12.8 39.2 14 nd
B. retama LTF 53.8 17.0 41.5 nd nd NC - - - - -
C. atamisquea LT 40.2 154 50.1 1.2 1.3 LT 35.1 13.5 59.5 1.5 nd
G. decorticans LTF 42.5 18.5 44.6 12.07 13 L! 38.2 12.5 45.9 9.3 3.1
Lycium spp. LTF 55.2 16.4 59.1 nd nd L! 27.8 8.6 75.9 nd nd
M. ephedroides B 32.2 10.9 52.8 27.6 6.5 B 31.2 8.4 55.1 153 7.0
P. flexuosa LT 37.1 14.0 39.7 4.2 2.6 L! 323 12.6 50.1 3.2 0.7
T. usillo LT 40.9 10.5 48.8 20.4 7.3 TL 333 7.2 55.3 15.1 8.3
P. urvilleanum LS 37.5 7.2 60.0 nd nd LS 25.5 5.4 72.9 nd nd

B, upright branches; L-1, leaves on the plant or fallen on the ground; LS, leaves and stems; LT, leaves and twigs; LTF, leaves, twigs and immature fruits; TL,
green twigs and dry leaves, on the plant or fallen; NC, non-consumable; OMD, organic matter digestibility; CP, crude protein; NDF, neutral detergent fibre;
TP, total phenols; TT, total tannins, and nd, not detected. Empty cells indicate that plant species were not utilised by goats.
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Fig. 1. (a) Relationship between food availability (proportion of forage species in the field) and goat diet composition (proportion of consumed species in
the diet). Forage species consumed by dry, pregnant and lactating goats in autumn were: Atriplex lampa, Bulnesia retama, Capparis atamisquea, Geoffroea
decorticans, Lycium spp., Mimosa ephedroides, Prosopis flexuosa, Tricomaria usillo, Aristida mendocina, Panicum urvilleanum, Pappophorum caespitosum, Setaria
spp., and Trichloris crinita.

(b) Relationship between food availability (proportion of forage species in the field) and goat diet composition (proportion of consumed species in the
diet). Forage species consumed by dry, pregnant and lactating goats in winter were: Atriplex lampa, Capparis atamisquea, Geoffroea decorticans, Mimosa
ephedroides, Prosopis flexuosa, Tricomaria usillo, Panicum urvilleanum, Pappophorum caespitosum, and Trichloris crinita.
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Fig. 2a. Ivlev’s index of forage species consumed by dry, pregnant and lactating goats in autumn. Atriplex lampa; Bulnesia retama; Capparis atamisquea;
Lycium spp.; Prosopis flexuosa and Tricomaria usillo. Forage species were classified into the following categories indicating: preference (+1.0 to +0.3),

indifference (+0.3 to —0.3) and avoidance (—1.0 to —0.3).

(b)Ivlev's index of forage species consumed by dry, pregnant and lactating goats in winter. Atriplex lampa; Capparis atamisquea; Prosopis flexuosa; Tricomaria
usillo and Mimosa ephedroides. Forage species were classified into the following categories indicating: preference (+1.0 to +0.3), indifference (+0.3 to —0.3)

and avoidance (—1.0 to —0.3).

environments suggests an adaptation effort by herbivores
to cope with food limitations (Kufner et al., 2008; Puig et al.,
2001).

In the autumn when food availability increased, no sig-
nificant correlations between diet and availability were
detected for dry (rs=0.51, p>0.05), pregnant or lactat-
ing goats (rs=0.60, p>0.05), indicating that goats selected
between available species according to their preferences.
In this season, three species were preferred (T. usillo, C.
atamisquea and P. flexuosa), and two species were avoided
(A. lampa by pregnant and lactating goats and B. retama
by pregnant goats). In the winter, preference was only
observed for one species (M. ephedroides) by dry and
pregnant goats, and all other species were consumed pro-
portional to field availability (Fig. 2a and b).

Spearman’s correlation analysis indicated a significant
correlation in the autumn between goat preference and
crude protein content for pregnant and lactating goats
(rs=0.6,p <0.05)and no significant correlation for dry goats
(rs=0.66, p>0.05). When food availability was not a lim-
iting factor, other factors such as nutritional composition
could influence the diet selection of goats. Small ruminants
can modify their foraging behaviours during pregnancy
and lactation (Forbes, 1993; Knubel et al., 2004; Penning
et al., 1995). When foraging freely in open rangelands and
able to choose food according to their energy and pro-
tein needs, goats increase the crude protein content in
their diet in late pregnancy and the starch content dur-
ing lactation (Fedele et al., 2002; Parsons et al., 1994).
Mellado et al. (2005) reported that during advanced preg-
nancy or lactation, goats in the Chihuahuan desert range

incorporate the forage resources that best satisfy their
nutritional needs into their diets.

Although diet choice was limited, in the winter, there
were significant correlations between goat preference and
TP (rs=0.84, p<0.001) and TT (15 =0.66, p <0.01) after tak-
ing all physiological states into account. These results
contradict the theory that goats minimise the intake of sec-
ondary compounds found in plants, although some authors
(Alonso Diaz et al., 2007; Dziba et al., 2003) consider it
an inevitable consequence of nutrient intake optimisation
when availability is low.

In both seasons, Kulczynski’s similarity index was high
(>80) between physiological states. A great dietary overlap
was observed between groups of does, coinciding with the
results of Mellado et al. (2005). The selected diets included
almost the same plant species in both the autumn and the
winter.

4. Conclusion

Forage availability was the most important factor influ-
encing diet selection in dry, pregnant and lactating goats
in an arid environment. When food availability was not a
limiting factor, goats consumed a varied diet composed of
species that differed in nutrient and toxin concentrations
and selected a diet that closely matched their nutritional
requirements. Physiological state affected the diet selec-
tion of goats by increasing nutrient requirements, and
pregnant and lactating goats preferred forage species with
high protein contents.
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