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Abstract

The diet of the endangered Tehuantepec jackrabbit, Lepus flavigularis, was studied
during the dry and rainy seasons in 2007, in a lowland area in the southeastern Oaxaca,
Mexico. Faecal pellets of L. flavigularis were collected at regular intervals from four
selected sites. Microhistological techniques were employed to analyze the pellets.
The epidermal fragments were identified by comparison with a reference collection of
plant species. Grass species occurred in high percentage in all samples of faecal pellets
(66.7%). The diet of the Tehuantepec jackrabbit is rich in species (18 species in total) and
is similar in number and proportion of species consumed during dry and rainy season.
This study provides the first results on the Tehuantepec jackrabbit diet. The strategies
of conservation of the Tehuantepec jackrabbit and their habitat must consider activities
such as the control of fires and a suitable grassland management that does not reduce
plant diversity.
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Resumen

Se estudio la dieta de la liebre de Tehuantepec, especie en peligro de extincién, durante
las temporadas himeda y seca en 2007 en una planicie costera al sureste de Oaxaca,
México. Se colectaron excretas de L. flavigularis a intervalos regulares en cuatro sitios de
colecta. Para analizar el contenido de las excretas se utiliz6 la técnica microhistolégica.
Los fragmentos epidérmicos fueron identificados comparandolos con una coleccién de
referencia de las especies vegetales del area. Los mas altos porcentajes de especies
vegetales estuvieron representados por pastos (66.7%). La dieta de la liebre de
Tehuantepec es rica en especies (18) y es similar entre las dos temporadas monitoreadas.
Esta investigacion provee los primeros resultados existentes sobre la dieta de la liebre
de Tehuantepec. Las estrategias de conservacion de la liebre y su habitat deben incluir
actividades como el control de incendios y el manejo sustentable de los pastizales.

Palabras clave: habitos alimenticios, andlisis fecal, técnica microhistolégica, Lepus
flavigularis.
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DIET OF Lepus Flavigularis

Introduction

Jackrabbits are an important ecological group whose dietary activity affects plant
populations and which are the main prey of many predators in its habitat. Its presence
helps maintain the stability of the structure and function of the communities in which it
lives (Cervantes 1993).

In spite of the ecological importance of jackrabbits, the dietary requirements of
many species in Mexico are unknown, including the Tehuantepec jackrabbit (Lepus
flavigularis), an endemic species whose distribution is limited to four small populations
around of the Laguna Inferior and Laguna Superior in the Isthmus of Tehuantepec, in the
southeastern part of Oaxaca (Cervantes and Yépez 1995; Cervantes et al. 1999; Lorenzo
et al. 2000, 2001). This species is catalogued as endangered according to Mexican
Official Norm “NOM-059-ECOL-2010" (SEMARNAT 2010) and the International Union
for Conservation Nature (IUCN 2009). It is considered the species of jackrabbit with the
greatest risk of extinction on the American continent (Flux and Angermann 1990), due to
the habitat fragmentation and excessive hunting.

Feeding ecology studies are useful to understand topics such as niche dimensions,
potential competition, the effects the species exerts on natural and cultivated ecosystems,
population dynamics, and how nutritional aspects may affect population size and
abundance (Korschgen 1980; De Blase and Martin 1982; Arnaud 1993). We need to
understand feeding behavior to understand how species will respond to current habitat
changes (Paupério and Alves 2008). However, at present information is lacking about
diet variation of the Tehuantepec jackrabbit. Most of the studies on this species have
focused mainly on their variability and genetic differentiation, habitat characterization
and population density (Vargas 2000; Santiz 2005; Cruz 2005; Gémez 2005; Farias et
al. 2006; Rico et al. 2008).

In this work, we aim to measure the diet composition of one population of the
Tehuantepec jackrabbit, and to investigate how its diet changes throughout a year in
a lowland area of pasturelands in southeastern Oaxaca by microhistological pellets
analysis. The results of this investigation can be useful in the development of future
management plans and the conservation of this species.

Methods

Study area
The study area is located in the southeastern section of the state of Oaxaca, in the vicinity
of Montecillo Santa Cruz (16°2272.7"" N, 94°35°13.0” W). It is on the north border
of the Laguna Inferior, Oaxaca, and an altitude of 24 m above sea level (Lorenzo et
al. 2000). The climate is tropical, with a mean annual temperature of 27.6 °C, mean
annual rainfall of 932.2 mm (Garcia 1988; Millan 1993), and marked seasons. The rainy
season extends from May to October with an intra-estival dry period in August, and the
dry season extends from November to April, being most severe during late winter and
early spring (Zizumbo and Colunga 1982). The study area is characterized by grassland
with a forb stratum, and is composed of grasses (Aristida sp. and Trisetum sp.), forbs, (no
grasses), some “morro” trees (Crescentia alata) and shrubs (Santiz 2005).

Recently agriculture has become an important activity for the generation of basic
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food products in Montecillo Santa Cruz (Vargas 2001). Extensive cattle grazing is carried
out in the whole zone of grasslands, and prescribed burnings are common in order to
promote grass regeneration (Lorenzo et al. 2008). The area occupied by the Tehuantepec
jackrabbit in Montecillo Santa Cruz is 3,316 ha (33.16 km?), and jackrabbit densities are
low (4.32 + 1.10 individuals/km?) in this population, giving an estimated population size
of 189 individuals (Lorenzo et al. 2008).

Faecal pellet collections

Collections of fresh jackrabbit faecal pellets were made in four sites where the jackrabbits
has been observed in previous studies (Fig. 1). Samples were collected both during the
dry (January) and rainy season (August and November) of 2007. All site was separated
at least by a distance of 200 m from each other. The faecal pellets of the Tehuantepec
jackrabbit are easily distinguishable from faecal pellets of the eastern cottontail rabbit,
Sylvilagus floridanus, because they are larger and spherical. In each site, a minimum of
20 pellets were collected, placed in paper bags using of gloves, and transported at room
temperature for further analysis. A botanical reference collection was created using the
floral catalogue of Montecillo Santa Cruz developed by Santiz (2005).

Figure 1. Study area
and collected sites in
Montecillo Santa Cruz,
Oaxaca.
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Reference slide collection and faecal pellet analysis

A reference collection of microscope slides of plants was prepared using methods
described in Pefa and Habib (1980). All the samples of pellets were dried in an oven
to 60°C, and a sub-sample was processed using methods from Pefia and Habib (1980).
Each slide was prepared with the same amount of plants sample. Micro-photographs
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were taken of all slides.

On each slide 20 fields were examined with an optical microscope (objective 10X
and 40X); five separate slides were examined for each sample, with a total of 800 fields
observed for the entire year of the study. Slides were examined using randomly generated
co-ordinates that did not overlap. Where possible, all fragments were identified to species
using the reference collection. In most cases it was not possible to identify all species.
Unidentified fragments were recorded as unidentified monocotyledon or dicotyledon.
We recorded plant species and the accumulated frequency of plant fragments for each
species.

The botanical composition (as a percentage) was obtained using the conventional
formula of relative abundance (Ramirez 1999), %CB = (density i / + density) x 10, where
density i = density of fragments observed for i species using Fracker and Brischle (1944)
table.

Family Vegetal species Dry season Rainy season
Poaceae Eragrostis pilosa (L.) Beauv. 1.67 (0.92) 0.32 (0.18)
Eragrostis intermedia Hitchc. 0.05 (0.04) 0.05 (0.04)
Bouteloua dactyloides (Nut.) Columbus * 17.61 (3.06) 16.35 (3.05)
Bouteloua repens (Kunth) Scribn. & Merr. 6.70 (1.03) 7.12 (1.55)
Cathestecum brevifolium Swallen * 13.13 (3.26) 9.40 (1.56)
Muhlenbergia microsperma (DC) Kunth * 12.03 (2.78) 11.97 (3.07)
Digitaria ciliaris (Retz.) Koeler * 19.06 (2.15) 31.03 (1.43)
Dactyloctenium aegyptium (L.) Willd. 0.29 (0.25) 0.73 (0.38)
Urochloa meziana (Hitchc.) Morrone & Zuloaga 2.27 (1.28) 6.07 (0.49)
Paspalum notatum Fligge 0.27 (0.10) 5.35 (1.60)
UG 1* 16.51 (3.25) 8.19 (0.20)
uG?2 2.33(1.26) 0.28 (0.07)
Cyperaceae Cyperus semiochraceus Boeck. 3.94 (3.41) 2.14(0.42)
Unidentified UF 1 2.54(0.28) 0.73 (0.38)
Malvaceae Bastardiastrum gracile (Hochr.) D. Bates 1.25(0.52) 0.09 (0.07)
Convulvolaceae  Ipomea wrightii A. Gray 0.08 (0.06) 0.00 (0.00)
Fabaceae Chamaecrista flexuosa (L.) Greene 0.20 (0.07) 0.19 (0.09)
Mimosa tenuiflora (Willd.) Poir. 0.05 (0.04) 0.00 (0.00)

UG = Unidentified grass.
UF = Unidentified forbs.
* Higher consumption values.

The species richness of each season was measured by the number of species found.
The diversity of the diet was calculated using the index of diversity of Simpson (1949),
which ranges from 1-D = 0 (no diversity) to 1-D = 1 (high diversity); and the Shannon-
Wiener Index (S; Krebs 1989). Both indexes consider in their calculation the number
of species found on the slides and their density. The significant differences (P < 0.05) in
the diet of the jackrabbit between dry and rainy season were determined by qualitative
analyses using the Sorensen’s coefficient, and a quantitative analyses by the Morisita-
Horn coefficient (Marquez et al. 2005).
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Table 1. Botanical com-
position (%) of the diet
of the Tehuantepec jack-
rabbit by season during
2007, using microhis-
tological techniques to
analyze the pellets, and
comparing the epider-
mal fragments with a
reference collection of
plant species. Standard
errors are given in paren-
theses.
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Discussion

We recorded 52 plant species in the study area, 36 species were dicotyledons (69.2%)
and 16 monocotyledons (30.8%). These species were used to create a reference plant
collection.

We identified 18 plant species in the faecal pellets of the Tehuantepec jackrabbit
in the dry season, and 16 in the rainy season, 12 of which were in the Poaceae family
(Table 1). Higher percentages of consumption were found in the grasses: Cathestecum
brevifolium, an unidentified grass (UG1), Bouteloua dactyloides, Muhlenbergia
microsperma and Digitaria ciliaris during two seasons of the year.

The Shannon-Wiener index of diet diversity was 2.19 in the dry and 2.07 in the
rainy season. Likewise the Simpson Diversity index was 0.86 in the dry and 0.83 in the
rainy season. The two seasons were similar (Sorensen’s coefficient = 0.94; Morisita Horn
index = 0.91, P < 0.05).

Our results show that the species richness (18) found in the faecal pellets of the
Tehuantepec jackrabbit is similar to that of other species of jackrabbits. Tangney et al.
(1995) recorded in grasslands of western Ireland an average of 11 species consumed by
L. timidus scoticus. Dingerkus and Montgomery (2001) reported in grasslands with little
agriculture in Northern Ireland that L. t. hibernicus consumed 26 species in spring and
between 22 and 20 species in summer. However, Paupério and Alves (2008) reported
in a mountain ecosystem that L. granatensis consumed 32 species. This information
suggests that jackrabbits consume a wide variety of species of plants independently of
the type of habitat in which they are distributed.

The Tehuantepec jackrabbit consumes mainly grasses, since 66.7% of the plants
found in faecal pellets corresponded to plant species in the Poaceae family. This agrees
with others studies. Both L. europaeus and L. californicus include in their diets mainly
grass species, principally in the rainy season, when the growth of grasses is fast and
competition for this resource by cattle does not exist (Fogden 1979). The diet of the
Iberian hare, L. granatensis is mainly composed of grasses, varying between a minimum
of 49.7% (June) and a maximum of 88.5% (December). The diet of L. europaeus indicates
as well that grasses are the main component (Wray 1992), with a fluctuation of relative
frequencies between 59.3 and 89.0%. In the Irish hare, L. timidus hibernicus, grasses
are a very important group in the diet, with values generally higher than 50% (Tangney
et al. 1995; Dingerkus and Montgomery 2001).

The percentage in the consumption of non-grass plants was low for L. flavigularis,
representing 33.3% of the total of consumed species. Lépez—Cortés et al. (2007) reported
that L. europaeus includes in its diet eight exclusively herbaceous species, whereas 75%
of their diet is composed of grass species. Rao et al. (2003) report that the diet of the
mountain hare (Lepus timidus) during summer was dominated by grasses, seeds and in
smaller proportion by Pinus sylvestris and Betula pubsescens. during winter, its diet it
was dominated by Calluna vulgaris.

The diet of the Tehuantepec jackrabbit is highly diverse, and it does not depend
on a single plant species. Nevertheless, it is important to consider that if the jackrabbit
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subsists on a diet rich in species (Dingerkus and Montgomery 2001), it can be affected by
the predominant practices of cattle ranching in which introduced grasses of a single or a
few species are dominant. The transformation of diverse grasslands (with many species
of grasses) to monospecific grasslands for cattle ranching (grass of a single species or a
few species) could reduce the survival of the Tehuantepec jackrabbit. This is confirmed
by results such as those of Tapper and Barnes (1986) and Dingerkus (1997) which report
that L. t. hibernicus prefers a varied diet, and this is the reason it avoids zones of intensive
cattle ranching or industrial agriculture. This permits us to speculate that the ongoing
habitat modifications which diminish the plant diversity particularly of potential food
plants will negatively affect the jackrabbit.

The diet of the Tehuantepec jackrabbit is highly diverse in both seasons (the diversity
is higher when 1-D = 1). This high diversity can be interpreted as a high homogeneity
in the relative abundance of the dietary components. The number of species utilized, as
well as the uniformity in the proportion of the diet of each one of the species indicates a
constant diet in both seasons (Carrillo-Reyes 2001).

The analysis of diversity of both seasons showed that the diet during the dry season
was slightly diverse (S = 2.19, 1-D = 0.86) with respect to the rainy season (S = 2.06,
1-D = 0.83). Nevertheless, the analysis of similarity by the indices of Morisita modified
by Horn and Sorensen (qualitative and quantitative methods, respectively), showed that
the diet of L. flavigularis was highly similar between the two seasons of the year (Morisita
index 0.91, Sorensen coefficient 0.94). This demonstrates that the diet of the Tehuantepec
jackrabbit during both seasons is similar in number of species and proportion consumed
of each one of these species. This is also independent of the season of the year or the
effect of fires in the habitat (Lorenzo et al. 2008). During the dry season the Tehuantepec
jackrabbit uses the same species in spite of the shortage of grasses caused by the grassland
fires and the reduced rainfall at that time. In a similar way, Dingerkus and Montgomery
(2001) found that L. t. hibernicus preferred certain grass species independently of the
habitat or the season.

On the other hand, results of previous studies on other Lepus species differ from
what we found for the Tehuantepec jackrabbit. Wolff (1978) reported for L. americanus,
indices of similarity and diversity of seasonal diet with significant differences, since the
snowshoe hare in Alaska consumed a greater variety of plant species during the spring
than in the winter, because during the spring more species were available. Hoogland
(1992) reported for L. californicus that its diet varies seasonally; during the dry season its
feeding was based on forbs whereas during the rainy season its diet consisted of grasses,
barks and shrubs. Flux and Angermann (1990) reported for L. alleni a consumption of
forbs during the rainy season, and mezquite (Prosopis) and cactaceous species during the
dry season. The diet of the mountain hare (L. europaeus) also varies throughout the year.
Rao et al. (2003) mention that L. timidus was very selective during the winter, when few
grasses, rushes, and sedges are available, due to the plant death of winter, and a different
food selection when the grasses, sedges, and rushes were widely available in summer.
In all these cases, like in the work of Rao et al. (2003), it is probable that food selection
varies as a function of the death of vegetation during the winter, while the jackrabbits
selected grasses, sedges, and rushes when they were widely available in summer (Flux
1970; Lason and Waterman 1988; Hulbert et al. 2001). Moreover, plant groups that are
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more easily digestible and have few secondary compounds are also preferred (Bernays
et al. 1989; Lason and Van Wieren 1999).

This it is the first investigation to determine the composition of the diet of the
Tehuantepec jackrabbit. The information provided will assist in knowing the plant
species that must be protected in the habitat to assure that the Tehuantepec jackrabbit
obtains the food that it requires. Although apparently the wet season rains and the dry
season fires do not affect the selection of the species that the jackrabbit consumes, it is
important to be sure that the grass species that the jackrabbit prefers continue to exist in
its small range in spite of those disturbances.

Our results show that Tehuantepec jackrabbit depends on a diversity of food
species, and therefore it is necessary to conserve these grassland communities in order
to conserve the jackrabbit. Strategies of conservation for the Tehuantepec jackrabbit
and their habitat must include the control of dry season fires and sustainable grassland
management that does not reduce plant diversity. We also suggest that additional studies
are needed to measure the relative availability of plant resources in protected habitats,
and to analyze food preferences in more detail.
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