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Abstract. The objective of this study was to determine diet selection by goats on a semi-arid shrubland
in the central part of Argentina. Ten goats grazed on a pasture for 10-days periods in winter, spring,
and summer. The botanical composition of the pasture was estimated by a combined measure of
cover and biomass, whereas the botanical composition of the diet was determined by the
microhistological technique complemented with direct observation. Two shrub species (Condalia
microphylla and Prosopis caldenia) and five soft grasses (Piptochaetium napostaense, Poa spp., Stipa
tennis, S. clarazii, and Pappophorum spp.) were highly selected by goats. Shrubs represented 32%,
40% and 74% of goat diets in winter, spring and summer, respectively. For each season, the rest of
goat diets was composed by the soft grasses. Although coarse grasses represented most (> 80%) of
the available biomass in all seasons, they were always highly avoided by goats. The results showed
that goats behave as mixed-feeders (eat grasses and shrubs) on semi-arid shrublands in central
Argentina.

Introduction

Goats present morphological and biochemical mechanisms that allow for a dietary plasticity not
found in other livestock species. The small mouth and agile lips and tongue enable them the
consumption of plant parts that are relatively inaccessible or protected by physical defenses (e.g.,
spines) (Hofmann 1988), whereas the ability to detoxify secondary compounds enables them the
consumption of plants or plant parts with a high content of chemical defenses (e.g. phenols) (Distel
and Provenza 1991, Silanikove et al. 1996). However, detoxification of plant secondary compounds
can represent high metabolic costs (Freeland and Janzen 1974, McArthur et al. 1991, Cheeke 1994,
Cheeke and Palo 1995), whereas to feed on spiny plants can result in a low consumption rate (Cooper
and Owen-Smith 1986, Belovsky et al. 1991). Together, the mechanisms to counteract antiherbivore
defenses and their limitations may explain why the diet of goats is commonly characterized by variety
and frequent compositional changes (e.g. Riggs et al. 1988, Ricardi and Shimada 1992, Grünwaldt et
al. 1994, Richman and Johnson 1995, Fraser and Gordon 1997).

The central part of Argentina (35-40° S  62-66° W) is occupied by semi-arid shrublands, where
grasses and shrubs are the dominant life forms (Distel and Bóo 1996). During the first half of the XX
century the region was grazed by sheep, and since then it has been grazed by cattle. Studies on the
botanical composition of diets show that cattle feed on grasses and forbs only, except for the
consumption of Prosopis’ pods in summer and fall (Boo et al. 1993, Bontti et al. 1999). However, no
information is available on the diets of other livestock species, particularly goats. If shrubs are important
components of goat diets, then the implementation of a mixed species grazing (cattle and goat) may
result in an increased potential carrying capacity of a landscape. The aim of the present study was to
determine diet selection by goats on a semi-arid shrubland in central Argentina. We hypothesized that
goats behave as mixed feeders (eat grasses and shrubs) in the studied ecosystem.
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Materials and Methods

The study site is located in the southern part of the Caldenal rangelands in central Argentina (35-40°
S, 62-66° W), which cover an area of approximately 4 000 000 ha. A general description of the
region has been provided by INTA et al. (1980), and a more detailed description of the vegetation
dynamics by Distel and Bóo (1996). The climate is temperate and semi-arid. Mean monthly
temperatures ranges from a low of 7°C in July to a high of 24 °C in January, with an annual mean of
15 °C. Mean annual rainfall is 344 mm (105 mm in summer, 71 mm in fall, 59 mm in winter, and 109
mm in spring). During the study period the winter of 1995 was dry (40% of the average), the spring
of 1995 was wet (135% of the average, although the beginning of the spring was dry), and the
summer of 1996 was wet (125% of the average). The dominant soils are Calciustolls (Soil Survey
Staff 1996). Soils are sandy in slopes, sandy-loam in uplands, and loamy in lowlands. The potential
vegetation physiognomy is open woodland in lowlands, shrubland in slopes, and grasslands with
isolated shrubs or trees in uplands (INTA et al. 1980). The most abundant woody species are Prosopis
caldenia, P. flexuosa, Larrea divaricata, Condalia microphylla, and Chuquiraga erinacea. The
herbaceous layer is dominated by the soft perennial bunchgrasses Poa ligularis, Stipa clarazii,
Piptochaetium napostaense, and S. tenuis. However, at present the prevailing vegetation physiognomy
is shrubland in all topographic positions, and coarse perennial bunchgrasses and annual forbs are
frequently dominant species in the herbaceous layer. Coarse grasses are mainly represented by S.
tenuissima, S. gynerioides, S. trichotoma, S. speciosa, S. brachychaeta, and S. ambigua; whereas
forbs are mainly represented by the exotic species Medicago minima and Erodium cicutarium. The
phenology of the main woody and herbaceous species has been described by Distel and Peláez (1985).
Prosopis spp. are warm-season caducifolius species; L. divaricata, C. microphylla,. and C. erinacea
are evergreen species; whereas all dominant herbaceous are cool-season species.

Diet selection by goats was determined in a 2-ha pasture of an upland shrubland. Selection of the
pasture was based on amounts and variety of the most common grasses and shrub species in the
study site. Variety and abundance of the available forage allowed animals to express dietary preference.
Moreover, the size of the pasture was minimized to precisely estimate food items availability. Ten
adult, female, crossbred Angora - Spanish goats (experimental units), familiarized with the vegetation
of the study site, were kept on the pasture from July 07 to July 14, 1995 (winter); from November 16
to November 23, 1995 (spring), and from February 9 to February 15, 1996 (summer). These periods
account for all the phenological variations of the herbaceous and woody plants (Distel and Peláez
1985). In between periods of observation goats were kept outside the pasture, on an area with similar
vegetation, in order to prevent overutilization of the pasture.

The average biomass per unit area (kg DM per ha) of each species in the pasture was estimated
immediately before introducing the animals in each observation period. The biomass of shrub per
unit area was estimated by measuring biomass per unit cover and cover per unit area. Biomass per
unit cover was measured by harvesting the leaves and measuring the cover up to 1.65 m high of a
quarter to half plant on 5 individuals of each species, whereas cover per unit area was measured
through the line intercept technique (Bonham 1989) on 15 transects (20-m long) placed randomly on
the pasture. Foliar biomass and cover up to 1.65 m high were considered because preliminary
observations showed that goats consumed leaves only and up to this height. The herbaceous biomass
per unit area was estimated by stratifying the pasture in patches of soft grasses, coarse grasses and
Baccharis ulicina (lignified herb), harvesting the biomass on 20 plots (0.25 by 1 m) placed at random
in each patch type, and pondering the estimated biomass by patch cover. Patch cover was visually
estimated on 98 plots (204 m2 each) that represented 100% of the pasture. Both shrub and herbaceous
biomass were oven dried at 60 °C until constant weight.

During the last day of each period, all animals were observed every 5 min from 8:30 to 10:30
and from 15:00 to 17:00, and the botanical species that each animal was consuming was recorded
(Altmann 1974). The order in which individuals were observed was established at random. A total
of 480 observations (48 times x 10 goats) were taken in each data collection period. At the same
time, 10 individual samples of fresh feces were collected for microhistological analyses (Spark and
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Malechek 1968). Forty microscope fields were observed on each of five slides for each sample. Preliminary
results showed that this sampling intensity allowed 10% (p<0.05) precision in the estimation of the mean
for individual species with more than 3.5% contribution to the total sample composition. Finally, the
botanical composition of the diet was determined by the microhistological technique, complemented with
data from direct observation. For example, the microhistological technique did not allow for the
differentiation between P. caldenia and P. flexuosa. However, goats were never observed to feed on P.
flexuosa. Therefore, it was assumed that the epidermis fragments observed through the microscope referred
to P. caldenia.

The selectivity of goats for each species in the pasture was determined by calculating the Ivlev’s
selectivity index (SI) (Ivlev 1961):

The SI varies from -10 (highly avoided species) to + 10 (highly preferred species).

The significance of the difference in dietary contribution of grasses and shrubs in each season was determined
by Paired t-test.

Results

Table 1 shows for each species the percentage in the pasture, the percentage in goat diet and the
Ivlev’s SI in winter, spring, and summer. Coarse grasses represented most ( > 80 %) of total biomass
on the pasture in all seasons; however, they were always highly avoided (SI=-10) by goats. Baccharis
ulicina, an herbaceous species, was also highly avoided by goats in all seasons. On the contrary, soft
grasses represented a low proportion (0.5% to 4%) of the biomass available, but they were always
selected (SI > 0) by goats and contributed the most to their diet (except in summer). On the other
hand, woody species represented 32%, 40%, and 74% of goat diets in winter, spring, and summer,
respectively. However, there were only two species selected by goats: P. caldenia, which was highly
selected in spring and summer, and C. microphylla, which was highly selected in winter and summer.
The rest of the woody species were highly avoided by goats in all seasons. The difference between
grasses and shrubs in goat diet was highly significant (p<0.01) in all seasons (Table 2).

Discussion

The high quality of the soft grasses (Cairnie and Monesiglio 1967, Abiusso 1974, Magoja 1974,
Lutz and Graff 1980) may explain why they were highly selected by goats throughout the year.
However, their relatively higher quality and (or) quantity in winter and spring than in summer may
explain why they contributed mostly to the diet of goats in the first two seasons. Species in this
group are cool-season grasses (except for Pappophorum spp., a warm-season grass), which maintain
high quality (low fiber, and high protein and digestibility) from the start of the growing season in
fall up to the onset of stem elongation in spring (normally October). But the winter and the
beginning of the spring of 1995 were so dry that grasses did not flower. This may contribute to
explain the high representation of soft grasses in the diet of goats in middle spring (the spring data
collection period was from November 16 to November 23, 1995), when they are in the reproductive
stage and present low quality in years with normal precipitations. Moreover, in years with normal
precipitation M. minima and E. cicutarium (annual forbs) are abundant in spring (Fresnillo
Fedorenko 1991), and they may make an important contribution to goat diets under these



106 J M. Pisani, R. A. Distel and E. E. Bonth

Table 1. Botanical composition of pasture, botanical composition of goat diets, and Ivlev ‘s Selectivity
Index (SI), in winter, spring, and summer. Values are mean ± 1 S.E.

Table 2. Within season comparison of dietary contribution of grasses and shrubs

conditions. Studies on diet selection have shown a significant consumption of forbs by goats when they
are readily available (Bryant et al. 1979, Barroso et al. 1995). On the other hand, coarse grasses are
characterized by low levels of protein and high levels of fiber and lignin (Moretto and Distel 1997). Also,
the reduced grazing pressure on coarse grasses enables them to accumulate senescent biomass, which
decomposes slowly and further reduces the plants’  nutritional value to grazers (A.S. Moretto and R.A.
Distel unpublished data). These factors may account for their high avoidance by goats, which present a
relatively limited capacity for the digestion of cell wall (Hofmann 1988, 1989).

Woody species were always present in the diet of goats, although the highest contribution was
in summer, when soft grasses were less available and low in quality. Like for grasses, goats showed
a high selectivity for certain woody species, which was probably related to the level of antiherbivore
defenses. Numerous evidence pointed out the importance of chemical (reviewed by Bryant et al.
1991) and physical (reviewed by Myers and Bazely 1991) defenses on herbivore preference for
woody plants. Examples of antiherbivore defenses in the four species highly avoided by goats are a
high level of phenolic resins in L. divaricata (Rhoades 1977), high level of total phenols in P.
flexuosa (Pisani and Distel 1998), small and coriaceous leaves with apical spines in C. erinacea, and
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leafless and spinescent stems in Prosopidastrum globosum (M.J. Pisani personal observation). On the
other hand, although P. caldenia and C. microphylla are also spinescent and high in total phenols (Pisani
and Distel 1998), they were highly selected by goats. However, the same class of secondary compound
can differ in biological activity (Zucker 1983), and species may also differ in the class of secondary compound
(e.g., phenols, terpenoids, alkaloids), which may account for the observed pattern of selectivity.

Previous studies (B6o et al. 1993, Bontti et al. 1999) showed that the diet of cattle (predominant
domestic livestock in the region) is mainly composed by grasses and forbs on semi-arid shrublands in
central Argentina. The only consumption of woody species is represented by the pods of Prosopis spp in
late summer and fall. On the other hand, our results showed that woody plants can represent an important
part of the diet of goats in the same ecosystem. Together, these results suggest that a mixed species
grazing (cattle and goat) may result in an increased potential carrying capacity. Moreover, since goats can
destroy small trees and saplings by browsing and debarking them (Wood 1987), they may represent an
opportunity for the biological control of woody plants encroachment in central Argentina rangelands.
Testing of these hypotheses will require diet selection measurements replicated in space and time.
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