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Often, reproductive behavior is poorly under-
stood for rare, cryptic, or endangered species of
conservation concern (Cote 2003). Understand-
ing reproductive behavior is critical to managing
habitat, developing captive-breeding protocols
for recovering endangered species, and reestab-
lishing locally extirpated populations (Rakes et
al. 1999, Maier 2001, Festa-Bianchet and Apollo -
nio 2003, Mattingly et al. 2003, Reichard and
Boesch 2003).

Recently, conservation efforts in the region of
the Isthmus of Tehuantepec, Oaxaca, México,
have focused on 4 populations of the Tehuante -
pec jackrabbit (Lepus flavigularis). The Tehuan-
tepec jackrabbit is an endemic lagomorph that is

critically endangered because of habitat loss and
fragmentation (e.g., hunting and genetic isola-
tion) (Flux and Angermann 1990, Baillie and
Groombridge 1996, SEMARNAT 2001, Farías et
al. 2008, Carrillo-Reyes et al. 2010). Tehuante -
pec jackrabbits survive along savannas and grassy
dunes on the shores of the Superior and Inferior
lagoons, which are bodies of saltwater connected
to the Gulf of Tehuantepec (Lorenzo et al. 2008).

Little is known about the reproductive biol-
ogy of the Tehuantepec jackrabbit. The limited
data have come from 2 studies that provide some
details about the breeding season and mating
system of this lagomorph (Farías et al. 2006,
Rioja et al. 2008). We describe, for the first time
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BREEDING AND PARENTAL CARE IN THE ENDANGERED
TEHUANTEPEC JACKRABBIT (LEPUS FLAVIGULARIS)

Tamara Rioja1,4, Consuelo Lorenzo2, Eduardo Naranjo2, Laura Scott3, and Arturo Carrillo-Reyes4,5

ABSTRACT.—We documented date and duration of each breeding phase, breeding rate, nursing behavior, parental care,
and leveret survival of the Tehuantepec jackrabbit (Lepus flavigularis), a critically endangered lagomorph. Between June 2006
and May 2008, we observed 60 adult radio-collared jackrabbits in Oaxaca, México. Tehuantepec jackrabbits exhibit breed-
ing behaviors 250 days out of the year, with a high-intensity period during the rainy season (May–October). Females give
birth to 2 leverets 32 days after copulation. Directly after birth, leverets are put into “beds” or “nests,” which are depres-
sions in the ground covered by prairie grass ( Jouvea pilosa). Females return to nurse and groom the leverets once per day
until the leverets are weaned (12 days after birth). The breeding season and parental care behaviors of Tehuantepec jackrab-
bits are similar to those of other jackrabbits. Females produced an average of 2 litters per breeding season. The breeding rate
for the Tehuantepec jackrabbit (4 leverets per breeding female per breeding season) is lower than the average of other
species in the genus Lepus. The survival rate of Tehuantepec jackrabbit leverets (50% at day 19) is higher than that of other
leporids. Predation by domestic dogs (Canis familiaris) is the main cause of mortality. Understanding reproductive behavior
is critical for captive breeding, reintro duction, and conservation efforts for endangered leporids such as the Tehuantepec
jackrabbit.

RESUMEN.—Documentamos la fecha y la duración de cada fase de la reproducción, la tasa reproductiva, el amaman-
tamiento, el cuidado parental y los instintos de supervivencia de los lebratos de la liebre de Tehuantepec (Lepus flavigularis),
un lagomorfo en peligro crítico de extinción. Entre junio de 2006 y mayo de 2008 observamos 60 liebres adultas con collares
radiotransmisores en Oaxaca, Mexico. Las liebres de Tehuantepec se reproducen 250 días del año, con un período de alta
intensidad durante la estación lluviosa (de mayo a octubre). Las hembras paren 2 lebratos 32 días después de la cópula; colo-
can a los lebratos en “camas”, o huecos en el suelo cubiertos del pasto Jouvea pilosa, justo después de nacer. Las hembras
regresan para amamantar y limpiar a los lebratos una vez cada tarde hasta destetarlos 12 días después de nacer. La temporada
de reproducción y el cuidado parental de la liebre de Tehuantepec son parecidos a los de otras liebres. En promedio, las hem-
bras producen 2 crías cada temporada de reproducción. La tasa de reproducción de la liebre de Tehuantepec (4 lebratos por
hembra reproductora por temporada de reproducción) está por debajo del promedio de otras especies del género Lepus. La
tasa de supervivencia de los lebratos de la liebre de Tehuantepec (50% al día 19) es superior a la que se ha documentado para
otros lepóridos, siendo la principal causa de mortalidad la depredación por los perros domésticos (Canis familiaris). Es crucial
entender el comportamiento reproductor para la crianza en cautiverio, la reintroducción y para los esfuerzos de conservación
de lepóridos que están en peligro de extinción tal como occure con la liebre de Tehuantepec.
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and on the basis of field observations, breed-
ing and parental care of the Tehuantepec jackrab -
bit. We also provide an update for the recently
published information on duration of the breed-
ing season (Rioja et al. 2008).

METHODS

Study Site

The study site was located in the southern
region of the Isthmus of Tehuantepec, Oaxaca,
México. We studied the Tehuantepec jackrab-
bit population that occupies 14.33 km2 on a
5-km-long sandy peninsula (Vargas 2000) lo -
cated between Laguna Superior and the Gulf of
Tehuantepec in the vicinity of Santa María del
Mar (16°14!12.53"N, 94°57!58.72"W and 16°12!

15.83" N, 94°45!39.82"W), municipality of Juchi -
tán de Zaragoza (Fig. 1).

The climate of this region is tropical and sea-
sonally variable, with a mean annual temperature
of 25 °C and a mean annual rainfall of 800 mm
(García 1964). The rainy season is from May
through October, and the dry season extends from
November through April (Zizumbo and Colunga
1982). The vegetation consists mainly of open
grasslands located on plains, valleys, and hills
characterized by the presence of Jouvea pilosa

and zones of xerophitic shrublands, pre domin -
antly Opuntia tehuantepecana and Opuntia decum -
bens (Vargas 2000, Pérez-García et al. 2001).

Santa María del Mar has a population of 739,
mostly Huave indigenous people (INEGI 2000,
Vargas 2000). Fishing, cattle husbandry, and agri-
culture constitute the main anthropogenic activi -
ties. The cattle graze on ap proximately 34 pasture
fields distributed among the grasslands, which
are the areas of greater jackrabbit activity (Car -
rillo-Reyes et al. 2010). Both agriculture and
cattle husbandry have limited the distribution
of Tehuantepec jackrabbit in the study area be-
cause the sites for feeding and refuge of the
species are eliminated when the natural vegeta-
tion is removed (Vargas 2000).

Historically, poaching is an activity carried
out in Santa María del Mar by locals from the
community of San Mateo del Mar and the cities
of Salina Cruz and Juchitán. They hunt, for per-
sonal and commercial purposes (Vargas 2000,
Carrillo-Reyes et al. 2010; Municipal agent of
Santa María del Mar, personal communication),
several species such as armadillo (Dasypus no -
vemcinctus), deer (Odocoileus virginianus), rac-
coon (Procyon lotor), and, mainly, Tehuantepec
jackrabbit. Currently, community authorities
protect Tehuantepec jackrabbit with surveillance

Fig. 1. Study area at Santa María del Mar, southeastern Oaxaca, México.



and poaching fines (Municipal Agent of Santa
María del Mar, personal communication).

However, in the isthmus region, poaching and
consumption of terrestrial vertebrates continue
to be common activities rooted deeply in tradi-
tion and sustained by the impoverished social and
economic conditions prevailing in Santa María
del Mar (Vargas-Espíndola 2001).

Capture and Handling of Jackrabbits

A total of 60 adult jackrabbits (26 males and
34 females) from the Santa María del Mar popu -
lation were sampled using day and night captures.
During the day, we walked through grasslands
and bushy areas in order to direct jackrabbits to
a 1-m-high, 40-m-long fishing net. This method
was used in the bushy areas and in the bush-
grassland transition zones. At night, we drove a
pickup truck through grasslands and dunes, and
along the beach. We located jackrabbits using 2
spotlights, which were attached to the vehicle
and which illuminated a distance of up to 100 m
(Farías et al. 2006). Spotlights were directed at
jackrabbits to dazzle their vision, and they were
then cornered by several people and captured
with a handheld fishing net 3–4 m in diameter.
These capture methods were very successful be -
cause they allowed us to minimize handling time
and eliminate the threat of injury to the animals
(Farías et al. 2006).

Once captured, specimens were immediately
transferred from the net into cotton bags for
handling. To avoid stressing the animals, we cov-
ered the eyes of captured jackrabbits with a hood
and worked as quickly as possible. We recorded
sex by visual inspection of the penis or clitoris,
body mass by using a hanging scale, body mea-
sures (total length, tail length, back-leg length,
and ear length; Adams 1959, Péroux 1995), and
age (juvenile or adult). A jackrabbit was consid-
ered an adult when it had an approximate weight
of ≥1.8 kg and length of ≥55.6 cm (criteria
defined by Vorhies and Taylor 1933). All adult
jackrabbits were fitted with radio-collars (35 g,
24 months of battery life, activity/mortality sen-
sor, model TX-35/24, 148 MHz, TELENAX,
México; Adams 1959, Gray 1989, Kowicz et al.
1990). Juvenile specimens were measured and
then released. When a breeding site was de -
tected, we recorded the precise coordinates of
the site with a handheld GPS unit (Garmin eTrex
Legend®). We recorded basic measures (weight
and total length) of the leverets. This was done
once the female walked away and could no

longer see the bed. Measurements were taken in
less than one minute to reduce the chances of
the mother returning and parental care being af -
fected. The leverets were captured with gloved
hands and placed immediately in a cloth bag
for weighing with a Pesola® 100-g vertical scale
(precision +–0.3%). Subsequently, we measured
total length with a flexible tape. Finally, the lev-
erets were placed in the exact bed in which
they were found. During the pro cess, we took
care that the site was not disturbed in any way.
Our research complied with all current Méxican
laws and was conducted under authorization of
the Méxican government (SEMARNAT 2001).
The capture and handling of jackrabbits also
followed guidelines approved by the American
Society of Mammalogists (OLAW–ARENA 2002).

Monitoring

We radio-tracked the jackrabbits intensively
from June 2006 to May 2008. We completed 12
periods of monitoring during 2 years of study,
each one with a duration of 30–40 days. Jackrab-
bits were radio-located and monitored by direct
observation, using TRX-1000 portable receivers
equipped with a 3-element Yagi antenna (Farías
et al. 2006, Carrillo-Reyes et al. 2010). Also, 29
fixed-observation sites distributed through-
out the study site were selected. These obser-
vation sites were located in key areas where
congregations of radio-collared jackrabbits vis-
ited frequently.

To avoid interfering with the behavior of the
jackrabbits, we observed jackrabbits from pru -
dent distances of 50–100 m. During monitoring,
active jackrabbits continued feeding or interact-
ing socially. We recorded the time (hour and
minutes) when the radio-tracked individual was
sighted, and then we waited until the jackrabbit
walked away before obtaining Universal Trans-
verse Mercator (UTM) coordinates for the sight-
ing locations. UTM coordinates were obtained
using a handheld GPS unit. We recorded jack -
rabbit activity throughout the 24-hour cycle.
Daytime observations were conducted from
06:00 to 19:00, and nighttime observations were
conducted from 19:00 to 06:00. When a jack -
rabbit was detected, we began a monitoring
period of at least 12 hours to identify any re -
productive behaviors. If an individual did not
show any such behavior, we proceeded to find
another jack rabbit and monitor it for reproduc-
tive behaviors. When we encountered a jackrab-
bit that showed reproductive behaviors (including
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nursing or parental care), we monitored it
for periods of 18–24 hours every day until the
behavior ceased. If a breeding site was found,
the position and the number of leverets were
recorded, and we monitored the site continu-
ously until the female appeared. In all cases,
we kept a safe distance of 50–100 m from the
observed individuals, in order to reduce the
chances of affecting their behavior. We were
able to observe the leverets directly after or
within a few hours of birth. Once the leverets
were born, they stayed in a single “bed” that
females scratched under prairie grass ( J. pilosa);
this type of hard grass provides almost com-
plete coverage for leverets. The leverets moved
short distances, allowing the ob server to con-
tinue monitoring them and not lose sight of
them (Gray 1989, Kowicz et al. 1990). We
ceased monitoring reproductive behaviors
after 30 days, just when the leverets reached the
size of young jackrabbits and when they could
disperse to greater distances, often outside the
scope of the observer.

We considered the breeding season as the
period between onset of the mating season and
end of the weaning period (Hansen 1992, Rioja
et al. 2008). We considered males to be repro-
ductively active when they had enlarged, black
testes and when they exhibited reproductive
behaviors such as approaching females and
smelling their vulvas. Females were considered
to be in estrus when they permitted reproduc-
tively active males to approach (Boone et al.
2003, Elias et al. 2006). By means of direct ob -
servation (Gray 1989, Angerbojorn and Flux
1995), we registered each radio-tracked jackrab -
bit mating encounter. We recorded gestation
period (date of copulation to date of birth), breed-
ing rate (number of leverets per litter and number
of litters per breeding female), nursing behavior
(number of days spent nursing, number of nurs-
ing sessions per day, and time spent nursing per
day; Elias et al. 2006), parental care (grooming
of the leverets; Gray 1989), and survival of lev-
erets through the first 30 days of life (the time
period during which we could consistently moni-
tor leverets because they remained in their
beds during the day hours; O’Donoghue 1994).

Every observation was carried out using a
terrestrial telescope (Leica Televid™ APO-77
telescope, 20X–60X ocular lens) and binoculars
(Konus VueTM, Giant Zoom 10–30 X 60) during
the daytime, and night-vision oculars (OdisseyTM

NON03, 3X, 15000X sensitivity) and halogen

lights with red filters for nighttime and crepus -
cular observations (Gray 1989, Kowicz et al.
1990, Rioja et al. 2008).

We obtained seasonal information about habi-
tat and atmospheric variables to evaluate the
relationship between seasons and Tehuantepec
jackrabbit breeding. Habitat characteristics were
obtained from 6 fixed plots located randomly in
the grassland (Tehuantepec jackrabbit habitat;
Hays et. al. 1981, Franco-López et. al. 1996). We
recorded plant species, frequency, and aerial
cover (the percentage of ground surface covered
by the aerial canopy of a plant, line-intercept
method) of all shrubs and herbaceous vegetation
present within each fixed plot. We also obtained
monthly information on ambient temperature,
pluvial precipitation, and photoperiod (Rioja
2008); atmospheric variables were re corded by
a meteorological station located in Santa María
del Mar (Del Mar University, Oaxaca, México),
as well as by a rain gauge (Byline Logging Rain
Gauge, RG2 Onset®).

Data Analysis

Results are reported as means with standard
deviations, except where otherwise noted (Ells -
worth and Reynolds 2006). Survival curves for
the leverets were calculated using the Kaplan–
Meier procedure (Pollock et al. 1989, O’Donog -
hue 1994, Gillis and Krebs 2000), a nonparametric
estimator that allows censoring of data (i.e.,
animals living beyond the duration of the study)
and staggered entry of animals (Pollock et al.
1989). The Kaplan–Meier seasonal survival
curves were compared using Mantel–Cox and
generalized Wilcoxon’s tests (Cox 1970, O’Don -
oghue 1994, Gillis and Krebs 2000). We used a
multiple linear regression approach to evaluate
the effect of several predictors (independent
variables): forb and shrub coverage, tempera-
ture, rain, and photoperiod. We also evaluated
the interactions of predictors on the number of
radio-tracked individuals per month undergoing
each of the breeding phases (reproductively ac -
tive males, females in estrus, females in gestation,
and nursing females). Separate analyses were
performed for every breeding phase against all
independent variables. All variables were natu -
ral-log transformed before analyses to satisfy
assumptions of normality and equal variance
among groups of data (Sokal and Rohlf 1995).
The best model was chosen using a stepwise al -
gorithm with standardized variables. Predictor
variables were excluded when low correlation
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and significance (P > 0.05) were obtained (Weis-
berg 1985). We used SPSS® Statistics v16 soft-
ware (Baldwin et al. 2004, Serrouya et al. 2007).

RESULTS

Breeding Season

We registered 3 different breeding seasons,
corresponding to the years 2006, 2007, and
2008. The complete duration of the breeding
season was recorded only for 2007, because our
study was initiated in mid-2006 and culminated
in mid-2008 with the end of the useful life of the
radio-collars.

The Tehuantepec jackrabbit population in
Santa María del Mar had an average breeding
season of 250 days per year (n = 45), beginning
in late January and ending in early November.
More intense reproductive activity occurred
during the rainy season (May–October), when
we observed an increase of reproductively active
males (20.17 +– 6.46) and parturient or nursing
females (8.83 +– 3.97; Fig. 2).

We recorded date and duration of each
breeding phase. Males were sexually active from
mid-January to early November, with a peak of
activity from May to October (23 radio-tracked
males). We recorded the female estrus phase
from the beginning of February to the end of
September. The most intense sexually active
period for females was from March through July,
as we observed the greatest number of females

in estrus (30 radio-tracked females) during this
period. We recorded mating activity from the
beginning of February through the end of Sep-
tember. The gestation phase was recorded from
the beginning of February until mid-October,
and the highest number of pregnant females (30
radio-tracked females) was documented from
May through August. During this phase, we ob -
served an increase of corporal volume in the
radio-tracked females, which was a clear sign
of gestation. The length of gestation was 32.06
+– 3.88 days (n = 30), during which females were
accompanied by other females, and males were
observed mounting the females until the day
their leverets were born. The nursing phase was
observed from the beginning of March through
the beginning of November. The most intense
period of nursing was from May through Sep-
tember, as we documented the peak number of
nursing females (30 radio-tracked females) dur-
ing this time. Nursing females were character-
ized by thin bodies, blackish and turgid nipples,
as well as matted hair around the teats; at the
end of this phase, females exhibited gaunt bodies
and mammaries with limp skin.

During the rainy season we also documented
an increase of the ambient temperature, pluvial
precipitation, photoperiod, and cover of forbs.
Regression analysis indicated that photoperiod,
temperature, and pluvial precipitation were the
variables which best predicted breeding phases;
the model excluded both herbaceous and shrub
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Fig. 2. Breeding season of the Tehuantepec jackrabbit in Santa María del Mar, Oaxaca, México.



covers (Table 1). Temperature and photoperiod
were the variables that best predicted timing of
estrus in females, and both showed a positive
effect on estrus phase. Precipitation and photo -
period explained the number of parturient fe -
males in a positive relationship. Nursing females
were best predicted by a positive relationship
with precipitation and photoperiod. Photoperiod
was the variable that best explained the number
of sexually active males, showing a positive ef -
fect of day length on the probability of finding
reproductively active males (Table 1).

Breeding Rate

We recorded production of 240 leverets
throughout the study. Forty-seven leverets were
produced by 17 radio-collared females during
2006; 136 leverets were produced by 30 females
during 2007; and 57 leverets were recorded from
16 females during 2008.

We recorded an average of 4.53 +– 0.81 lev-
erets born per breeding female in a single breed-
ing season. A breeding female produced an
average of 1.97 +– 0.18 litters per breeding sea-
son, each one composed of 2.27 +– 0.60 leverets
(n = 30).

Nursing Behavior and Parental Care

We documented nursing behavior and pa -
rental care for the 240 leverets produced by 30
radio-tracked females throughout the study.
Tehuantepec jackrabbit females were the only
care providers to the leverets; the males did
not intervene. Once the leverets were born, the
females put them in their “beds.” The beds are
similar to those reported for L. europaeus and

L. callotis (Chapman et al. 1982, Nowak 1999).
Tehuantepec jackrabbit leverets were precocial
and fully furred, and their eyes opened within an
hour of birth. Total length was 16 +– 0.5 cm and
weight was 50 +– 1.2 g. When the leverets were
2.10 +– 1.02 days old (n = 240), they were capa-
ble of moving with small jumps; however, they
did not move beyond their beds. Mater nal fe -
males visited the leverets to nurse and groom
them once a day, usually at night. After the fe -
male arrived, the leverets left the nests and situ-
ated themselves under the mother to suckle for
20.18 +– 4.04 minutes (n = 240), while the
mother licked them. After the suckling ended,
the leverets retired to their bed and did not
leave it again until the next nursing bout. In some
cases (n = 30), it was possible to hear the female
call the leverets by means of a shriek, and the
young answered, emitting several shrieks similar
to those of a child. For litters with more than 2
leverets (n = 118), the young were separated by
females into different beds at 5.00 +– 2.68 days
of age. Distance between these beds was 2.03 +–
1.07 m. The leverets were nursed for 12.01 +– 2.15
days (n = 240); thereafter, they were weaned
and abandoned. Once weaned and aban doned,
the leverets only left their beds at night to feed.
During this stage, the leverets fed for most of
the evening and into the dawn, at distances from
their beds averaging 50.7 +– 12.32 m (n = 240);
the leverets spent an average of 5.01 +– 1.13 hours
away from their bed. At 30.03 +– 7.57 days of
age (n = 106), the distances from the beds to
where they fed increased to 200.71 +– 15.34 m;
after that, young no longer returned to their beds,
and we were unable to continue monitoring them.
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TABLE 1. Regression model of the effects of herbaceous and shrub cover, precipitation, temperature, and photoperiod on
the breeding phases of the Tehuantepec jackrabbit. The final model included variables presented in the table (less significant
predictors were excluded, and the main effects with a significant interaction were retained).

Breeding phase R2 β SE t P

Females in estrus
Model 0.554
Photoperiod 1.979 0.254 7.795 <0.001
Temperature 1.413 0.250 5.566 <0.001

Females in gestation
Model 0.677
Photoperiod 1.412 0.155 9.084 <0.001
Precipitation 0.449 0.124 2.890 0.008

Nursing females
Model 0.673
Photoperiod 1.244 0.168 7.388 <0.001

Reproductively active males
Model 0.630
Photoperiod 1.471 0.242 6.077 <0.001



Survival of Leverets

We documented the survival of 240 leverets
produced by 30 radio-tracked females through-
out the study. The Kaplan–Meier test showed
that, on average, the survival to 19 days was
50.7% (n = 240; Fig. 3). Survival of leverets
during the dry season was 42.6% to 17 days,
whereas during the rainy season, survival was
53.2% to 19 days. The Mantel–Cox test (χ2 =
1.806, P > 0.179) and generalized Wilcoxon’s
test (χ2 = 1.712, P > 0.191) both showed that
there was no significant difference in the sur-
vival of leverets between seasons. We did not
witness infanticide, and the main cause of leveret
mortality was the presence of 2 predators:
snakes and domestic dogs (Canis familiaris). We
registered 102 deaths throughout our monitor-
ing. Thirty leverets died because of predation by
snakes (Masticophis mentovarius, Drymobius
margaritiferus, and Trimorphodon biscutatus),
and 13 leverets died because of predation by
groups of 2–5 domestic dogs from the Santa
María del Mar population. Other possible causes
of mortality were unknown.

DISCUSSION

The breeding season for the Tehuantepec
jackrabbit seems to be similar to that of hares

and other jackrabbits (i.e., Lepus californicus,
Lepus europaeus, and Lepus insularis; Banfield
1974, Hewson and Taylor 1975, Godin 1977,
Nowak 1999). Our results present an update to
the breeding-season duration previously reported
by Rioja et al. (2008) who reported jackrabbits
breeding 200–250 days per year, based on in -
creased availability of field information.

Reproductive activities increased during the
rainy season, and multiple linear regression analy -
sis suggested that this population experiences
repro ductive synchrony, a common phenome-
non in other jackrabbits such as L. americanus.
During the reproductive synchrony, L. ameri-
canus undergoes various reproductive stages to
coincide with the wet season, in which there is
also greater availability of resources (Ims 1987,
O’Donoghue and Boutin 1995, Maier 2001).
The wet season (defined by photoperiod, ambi -
ent temperature, and pluvial precipitation) deter -
mines the productivity of forbs, which in turn
influences the availability and quality of food
(nutrients and energy) jackrabbits need to sur-
vive and carry out each of their breeding phases,
especially gestation and nursing. This pattern is
similar for L. californicus, L. europaeus, L. ameri-
canus, Lepus timidus, and Lepus arcticus (Lech-
leitner 1959, Parker 1977, Vaughan and Keith
1981, Clarck and Innis 1982, Lochmiller et al.
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Fig. 3. Kaplan–Meier survival curve of Tehuantepec jackrabbit leverets. The mean survival percentage was 50% at day 19.



1982, Boutin 1984, Angerbojorn 1986, O’Donog -
hue and Krebs 1992, Portales et al. 2004). Our
results could be clear evidence of this relation-
ship, since the periods of greatest reproductive
activity coincided with the wet season, in which
we recorded the highest coverage values (90.17%)
when compared to the dry season (22.82%). It
is also probable that the increase of photoperiod
length and ambient temperature during the
rainy season influences the reproductive hor-
mones of females and males, activating a phase
of sexual activity in both sexes, as seen with L.
americanus (Davies and Meyer 1972, Ellsworth
and Reynolds 2006), L. timidus, and L. californi-
cus (Angerbojorn 1986, Portales et al. 2004).
Variables such as photoperiod length and ambi-
ent temperature can be used as predictors of
breeding phases (Bronson 1989). Monitoring
these variables can provide information useful for
conservation and management programs for
Tehuantepec jackrabbits in Santa María del Mar,
Oaxaca.

The breeding rate of Tehuantepec jackrabbits
(4 leverets per female per breeding season) is
lower than the average recorded for Lepus: L.
californicus can produce 4 litters per year with
6 leverets per litter (Hanselka et al. 1971, Godin
1977); L. insularis can produce 3 litters per year
with 4 leverets per litter; L. europaeus and L.
timidus scoticus can produce 4 litters per year
with 2 leverets per litter (Flux 1970, Stott et al.
2008); L. arcticus can produce 5 litters per year
with 2 leverets per litter (Banfield 1974, Parker
1977); and L. americanus can produce 4–10 lit-
ters per year with 4 leverets per litter (Ban-
field 1974, Cary and Keith 1979, Ellsworth and
Reynolds 2006). Although the litter size of L. fla -
vigularis (2 leverets) is similar to that of L.
arcticus, L. californicus, L. t. scoticus, and L.
europaeus (Bronson and Tiemeier 1958, Flux
1970, Banfield 1974, Stott et al. 2008), fewer
litters are produced by the Tehuantepec jackrab-
bit (2 per breeding season) than by most of the
other Lepus species: 4 litters in L. californicus
(Bronson and Tiemeier 1958), 5 litters in L.
arcticus (Banfield 1974), 3 litters in L. insularis
(Flux 1981), and 4 litters in L. americanus (Ells -
worth and Reynolds 2006). Flux (1967) affirms
that it is normal for jackrabbits with long breed-
ing seasons to have fewer litters, unlike other
jackrabbits with breeding seasons lasting an
average of 180 days (i.e., L. americanus and
Lepus towns endii; Chapman et al. 1982, Ells -
worth and Reynolds 2006).

The Tehuantepec jackrabbit does not place its
leverets in open areas without plant cover, like
Gray (1989) and Kowicz et al. (1990) reported for
L. arcticus. Furthermore, the Tehuantepec jack -
rabbit does not put leverets under trees or shrubs
as do L. americanus and Lepus callotis (Adams
1959, Chapman et al. 1982). Tehuantepec jack -
rabbits place their leverets in “beds,” or depres-
sions that the females excavate under prairie
grass ( J. pilosa). These depressions are an excel-
lent refuge for leverets because they are almost
completely hidden (Rioja 2008). This behavior is
similar to that of L. capensis, in which females
also place leverets in depressions under grass
to protect them from possible predators (Nowak
1999). We found that the nursing behavior of
Tehuantepec jackrabbits is also similar to that
documented for other Lepus species; leverets
are nursed once every evening and spend most of
the day alone in their bed within their mother’s
home range (Rioja 2008). Similar nursing behav -
ior has been reported for L. arcticus, L. ameri-
canus, and L. europaeus (Rongstad and Tester
1971, Broekhuizen and Maaskamp 1980, Kowicz
et al. 1990, Hackländer et al. 2002). This behavior
of nursing once a day is apparently well adapted
to minimizing predation risks. Jackrabbits and
hares have highly concentrated milk (Martinet and
Demarne 1984), which allows them to nurse for
short, infrequent periods, thus minimizing the
amount of time that the whole litter is out of the
bed and exposed to predators (Rongstad and
Tester 1971, Martinet and Demarne 1984, O’Don-
oghue and Bergman 1992). The natal beds,
which provide protection for the offspring and
seem necessary for successful reproduction, po -
tentially could be affected by land management
practices such as livestock grazing. An inefficient
livestock management program could reduce
vegetation cover because of grazing (Lorenzo et
al. 2008). Consequently, this issue needs to be
addressed in future field studies.

The survival rate of Tehuantepec jackrabbit
leverets (50% survive to day 19) was higher than
that reported for other Lepus species in similar
periods of monitoring: 42% for L. californicus,
15%–46% for L. americanus (Wagner and Stod-
dart 1972, Boutin and Krebs 1986, O’Donoghue
1994), and 50% for L. europaeus (Pépin 1989).
The principal predator of the Tehuantepec jack -
rabbit leverets in our study area was the domes-
tic dog. In accordance with Sime (1999), the
negative impact that domestic dogs can exercise
on populations of wild animals was evident. The
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dogs are efficient predators of leverets and also
represent potential vectors for diseases (dysen-
tery or parvovirus) and parasites. In order to best
manage leverets, this issue needs to be addressed
in management and conservation programs.

Tehuantepec jackrabbit populations in Santa
María del Mar, Oaxaca, showed reproductive
behaviors similar to those of other leporids, even
to those species at high latitudes like L. arcticus
and L. americanus. This similarity suggests evo-
lution of comparable ethological reproductive
strategies in northern and southern species,
which is especially noteworthy because the dis-
tribution of the Tehuantepec jackrabbit is entirely
tropical. This information provides the opportu-
nity for evolutionary studies that can facilitate
a better comprehension of how the environment
shapes behavior, reproduction, and life history of
the different Lepus species.

Management Implications

Knowledge of reproductive patterns is fun-
damental to captive-breeding programs and to
conservation and management efforts for the
Tehuantepec jackrabbit. Also, we know that
protecting suitable habitat for the Tehuantepec
jack rabbit is essential if the species is to persist
(Farías et al. 2006, Lorenzo et al. 2008). As Farías
et al. (2006) confirmed, Tehuantepec jackrabbits
inhabit savannas and grassy dunes, which are
part of the lands used by local families from
southern Oaxaca, and the jackrabbits are jeopar -
dized by disturbances such as growth of human
settlements, cattle-raising activities, frequent
fires, and poaching. However, leveret survival
was higher than reported for other Lepus species,
and we can suppose that suitable land-manage-
ment practices do not represent a threat for this
population. Nevertheless, land management is a
challenge in an area with some of the highest
poverty indices in Mexico and permanent ethnic
conflicts. Consequently, it is imperative to work
simultaneously for biological conservation and
projects of social development.

Also, we noted that the main predator of the
Tehuantepec jackrabbit leverets was the domestic
dog. The presence of dogs is connected with deep-
rooted practices of fishermen. However, we
believe that a conservation and management pro -
gram that includes local workshops and environ-
mental education can solve this problem; we can
give local people information regarding the im -
portance of maintaining dogs in town and not per-
mitting them into the grassland areas. Currently,

our team is developing a new research and man-
agement program in collaboration with local
people and conservation organizations. Our main
objectives are to study the unknown aspects of
the Tehuantepec jackrabbit, while we seek for im -
plementation of conservation and management
measures to ensure the survival of the species.
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