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Reproductive seasonality in female goats adapted to a subtropical
environment persists independently of food availability
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Abstract

The aim of this study was to determine whether the seasonal change in food availability provides a predictive cue that synchronizes
the breeding season in goats adapted to the subtropical conditions of Northern Mexico. Groups of multiparous intact (n = 7) and
ovariectomized does bearing a subcutaneous implant constantly releasing estradiol-l7� (OVX+E; n = 12) were allocated in two pens
and received a constant amount of feed. Another group of OVX+E does (n = 10) was incorporated into a flock raised under natural
grazing conditions with seasonal fluctuations in food availability. Blood samples were taken twice weekly. Ovulation of intact goats
was inferred from plasma progesterone levels. In OVX+E does plasma levels of LH were measured. Intact does displayed seasonal
variations in ovulation and the breeding season lasted from September to February. OVX+E goats displayed large seasonal variations
in LH secretion regardless of whether they were fed constantly indoors or kept under natural grazing conditions (P < 0.0001). The
mean date of increase in LH secretion varied between years (P < 0.0001) but did not differ between groups (naturally grazed: August
13 ± 10 days; constantly fed: August 26 ± 10 days). In contrast, the seasonal decline in LH secretion differed between groups: it
was consistently delayed in constantly fed animals compared to those feeding naturally (naturally grazed: January 28 ± 4 days;
constantly fed: February 24 ± 6 days, group effect, P < 0.01). These results show that local female goats from subtropical Mexico
display large reproductive seasonality independently of food availability.
© 2008 Published by Elsevier Inc.
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1. Introduction

Reproductive seasonality is a common feature in most
habitats of the world, but little is known about the reg-
ulation of these seasonal cycles. The ultimate cause of
seasonal reproduction is a seasonal change in climate and
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food availability that exerts selective pressure restricting
breeding activity to a particular time of the year when
it is most likely to be successful. In some mammals,
reproduction is opportunistic, depending upon immedi-
ate climatic and nutritional conditions [1]. This strategy
is often observed in small-sized mammals that can com-
plete gestation and lactation rapidly once a favorable
period occurs. Alternatively, seasonal species with a long
gestation use a predictive strategy to produce offspring
at the optimal time of year on a regular basis [1]. In
temperate areas, the annual photoperiod cycle is the
major source of environmental information in the control
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of seasonal functions. In subtropical and tropical areas
where the amplitude of the annual change in day length
decreases as a function of latitude, the role of photope-
riod may be reduced and other environmental factors
may act as time-of-year predictors.

Goats and sheep are found from high latitudes
to the equator. In temperate areas, they are seasonal
breeders and photoperiod is the main environmental
factor responsible for these seasonal changes in repro-
ductive activity [1–4]. Estradiol negative feedback on
gonadotrophin secretion varies dramatically between
the breeding and anestrous seasons, and this consti-
tutes the main neuroendocrine mechanism by which
season regulates gonadotrophin secretion and conse-
quently ovulatory activity [2]. These seasonal changes
in estradiol negative feedback are well illustrated in
ovariectomized ewes treated with subcutaneous implants
constantly releasing estradiol-l7� (OVX+E). In these
animals, high and low-plasma luteinizing hormone (LH)
concentrations coincide with ovulatory and anovulatory
periods, respectively [5,6]. In subtropical and some trop-
ical latitudes, seasonal variations in reproductive activity
are also observed in most breeds of sheep and goats
adapted to these environmental conditions [7–9]. For
instance, Australian female cashmere goats are sexu-
ally active during autumn and winter, and high-plasma
LH concentrations in OVX+E females are observed
at the same time [6,8]. In these areas, most animals
are maintained in natural conditions with marked sea-
sonal variations in food availability, and it is often
hypothesized that food availability is the main factor
controlling the annual sexual activity [10,11]. In sup-
port of this possibility, the seasonal cycle of Merino
rams can be modified by changing the annual cycle of
food availability [12]. When these rams are subjected
to a Mediterranean photoperiodic cycle and received
a maintenance constant diet, testicular growth is influ-
enced by photoperiodic changes. However, when they
received a simulated Mediterranean diet, with a reduc-
tion of food availability during the decreasing days,
nutrition dramatically modified the testicular response
to photoperiod, and the seasonal changes of testes were
associated mainly with changes in body mass. In addi-
tion, in does, the breeding season is shortened by about
1 month when they received a maintenance diet com-
pared with those that received 1.5 times maintenance
requirements [13].

In subtropical Northern Mexico, female goats are
usually kept with males in natural grazing conditions,
eating only spontaneously available natural vegetation.
In these conditions, most births occur from November
to February, suggesting a seasonal pattern of reproduc-

tive activity with an anestrous period lasting until June
[14].

Interestingly, this onset of breeding activity is 3
months in advance of temperate areas where photoperiod
is the main environmental factor controlling seasonal
reproduction, suggesting a different regulation of when
breeding occurs [15]. More importantly, this period
(June) coincides with the end of the dry season and
an increase in plant growth on grazing land [14]. This
coincidence between increase in food availability and
onset of breeding activity led us to hypothesize that, in
this environment characterized by contrasting food avail-
ability throughout the year, the seasonal change in food
availability provides a predictive cue which synchronizes
the onset of the breeding season in goats adapted to sub-
tropical conditions of Northern Mexico. To confirm this
hypothesis, we first determined whether in the absence
of this cue, i.e. with constant feeding throughout the
year, animals expressed seasonal changes in ovulatory
activity over a 2-year period. Secondly, we compared
the seasonal changes in LH secretion in ovariectomized
and estradiol-treated goats in natural grazing or fed con-
stantly over the same period. This experimental model
was used to avoid pregnancy in females kept outdoors.
A preliminary study was performed to test sensitivity
to estradiol changes between anestrous and breeding
season in these animals as it has been demonstrated in
ewes and goats from temperate and subtropical areas
[5,6].

2. Materials and methods

2.1. General

The study was performed in Torreón (latitude 26◦
23′N, longitude 104◦ 47′W), State of Coahuila, Mex-
ico for 27 months from 1 January. The photoperiod in
this region varies from 13 h 41 min of light at the sum-
mer solstice to 10 h 19 min of light at the winter solstice.
The area is characterized by a dry climate with an aver-
age annual rainfall of 266 mm (range: 163–504 mm)
generally occurring between June and September with
a wide inter-year variability. Mean annual maximum
and minimum temperatures was 36.6 ◦C between May
and August, and 5.7 ◦C between December and January,
respectively. The maximum and minimum temperatures
and rainfall recorded during the experiment are shown
in Fig. 1.

Three-year-old multiparous female goats were used.
The local population of animals, called Criollo, orig-
inating from the Spanish Granadina, Murciana and
Malagueña breeds, were imported into Mexico during
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