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Season of birth modifies puberty in female and male goats
raised under subtropical conditions

J. A. Delgadillo1-, M. A. De Santiago-Miramontes1 and E. Carrillo2

1Centro de Investigación en Reproducción Caprina, Universidad Autónoma Agraria Antonio Narro, Periférico Raúl López Sánchez y Carretera a Santa Fe,
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In seasonal goats and sheep breeds, onset of puberty is modified by the season of birth. As adult does and bucks from
subtropical Mexico display seasonal variation in their reproductive behaviour, this study was carried out to determine the effect
of season of birth on puberty. Three groups of each sex born in January, May and October were used. During the seasons, does
and bucks were weaned at an age of 30 days and offered ad libitum alfalfa hay and 100 g of commercial concentrate. In the
female kids, the onset of ovulatory activity was determined by progesterone plasma concentrations once in a week from
3 months of age until the onset of puberty. In the male kids, the onset of puberty was individually recorded by observing the
ability to mount and intromit an induced oestrous female goat aged 3 months and the presence of spermatozoa in the
ejaculate obtained in an artificial vagina 1 week after the first mount. In female kids, there was an effect of the season on the
date of first ovulation (P , 0.001). In the May group, ovulatory activity commenced at an earlier age (201 6 3 days) compared
with January (264 6 5 days) and October (344 6 5 days) groups (P , 0.001). In the January group also, the ovulatory activity
commenced earlier than the October group (P , 0.001). In males, an effect of the season of birth on the first mounting was
observed (P , 0.001). The male kids that were born in May (111 6 3) and October (112 6 5 days) attained puberty earlier than
those born in January (131 6 4 days; P , 0.001). The time of onset of puberty did not differ between groups of May and
October. All males showed the presence of spermatozoa in the first ejaculate obtained 1 week after the first mount. The
spermatozoa in all ejaculates were immobile. It was concluded that the season of birth modified the onset of puberty in both
genders, but these modifications were more pronounced in the female than in the male kid goats.
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Introduction

Puberty can be defined as the first ovulation and/or first
oestrous behaviour in females and the first mount and/or
ejaculation with the release of sperm in males. Puberty is
influenced by several environmental factors (Foster, 1994).
There is an interbreed difference in the onset of sexual
activity in does and bucks that are well fed. In does of the
Shiba breed and in local female goats from the Caribbean
Guadeloupe Island, puberty starts from 5.6 to 6.7 months of
age, whereas the Saanen does attain puberty at 7.8 months
of age (Amoah and Bryant, 1984; Chemineau, 1993;
Sakurai et al., 2004). Tokara and Damascus bucks attain
puberty at approximately 4 and 17 months of age,
respectively (Elwishy and Elsawaf, 1971; Nishimura et al.,
2000). In goats and sheep breeds displaying seasonal

reproduction, the onset of puberty in does occur only during
the breeding season (Ricordeau et al., 1984; Papachristo-
forou et al., 2000). The onset of puberty is influenced by the
month of birth and also by photoperiodic changes (Greyling
and Van Niekerk, 1990; Foster, 1994). Spring-born Suffolk
ewes and Alpine does attain puberty at approximately 30
weeks of age, but autumn-born females attain puberty at
approximately 1 year of age (Ricordeau et al., 1984; Foster,
1994). In contrast, in lambs of seasonal breeds, the season
of birth does not appear significantly to affect the onset of
puberty (Wood et al., 1991; Herbosa et al., 1995). Testicular
growth, an index of spermatogenesis, was not modified in
Suffolk rams subjected to an increasing or decreasing
photoperiod from birth (Delgadillo et al., 1995; Herbosa
et al., 1995). In spring-born gonadectomised oestradiol-
treated rams raised in natural-simulated photoperiod or
reversed-simulated photoperiod, the rise in the level of
pubertal LH was similar in both groups (Herbosa et al.,- E-mail: joaldesa@yahoo.com
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1995) or delayed only for approximately 3 weeks in reverse
natural-simulated photoperiod (Wood et al., 1991). These
results strongly suggest that female sheep and goats of
seasonal breeds appear to be more affected by the season of
birth compared with males. The local female and male goats
from subtropical Mexico display marked seasonal variations
in their sexual activity. The breeding season of females lasts
from September to March, whereas the sexual activity of
males lasts from May to December (Delgadillo et al., 1999;
Delgadillo-Sánchez et al., 2003). Therefore, this study was
carried out to determine the effect of the season on puberty
in female and male goats from subtropical Mexico.

Material and methods

Study site and management of experimental groups
This study was performed in Torreón, State of Coahuila,
Mexico (latitude 268230N; longitude 1048470W). Photoperiod
in this region varies from 13 h 41 min of light at summer
solstice to 11 h 19 min of light at winter solstice. Three
groups of local female and male goats born in different
months of the year were used. In the first groups, mean
(6s.e.) birth dates of females (n 5 9) and males (n 5 12)
were January 3 6 0.5 days and 5 6 0.4 days, respectively. In
the second groups, females (n 5 18) were born in May
25 6 1.9 days and males (n 5 20) in May 29 6 1.7 days. In
the third groups, females (n 5 10) and males (n 5 10) were
born in October 30 6 0.8 days and 28 6 1.3 days, respec-
tively. In each season, animals were weaned at the age of
30 days and fed ad libitum with alfalfa hay and 100 g of a
commercial concentrate containing 14% of crude protein,
10% of fibre, 2.5 Mkcal/kg and 62% of total digestible
nutrients. Animals had free access to mineral blocks and
water. Female and males were separated and allocated in
shaded open pens from weaning to puberty.

Measurements of reproductive activity and body and
testicular weights
Does. In all the three experimental groups, live weight was
determined every 2 weeks from birth until the onset of
puberty. The determination of the onset of ovarian activity
commenced from 3 months of age. This determination was
carried out once in a week by measurement of the
progesterone plasma concentration (Terqui and Thimonier,
1974). Progesterone levels greater than 1 ng/ml in two
consecutive samples were considered as indicative of luteal
activity, which in turn indicates the onset of puberty.

Bucks. In the three experimental groups, live weight was
determined every 2 weeks from birth until the onset of
puberty. The testicular weight, an index of spermatogenetic
activity (Delgadillo et al., 1995), was determined every 2
weeks from birth to the end of the study by comparative
palpation with an orchidometer (Oldham et al., 1978).
Puberty can be defined as the ability of males to mount
and intromit an oestrus doe and the presence of
spermatozoa in the ejaculate. From 3 months of age,

individual sexual behaviour was assessed once in a week.
Males had 5 min following presentation to mount an intact
doe (same body size as that of males) artificially induced
into oestrus by weekly intramuscular injections of 100 mg
oestradiol benzoate. One week after the occurrence of
mounting, males were allowed to ejaculate into an artificial
vagina to determine the presence of spermatozoa.

Statistical analyses
Changes in body weight of females and males and testi-
cular weight in males were analysed by a two-way ANOVA
with repeated measurements (month of birth and time of
experiment). Body weight at birth, average daily gain, body
and testicular weights, and age at puberty were analysed by
a one-way ANOVA (month of birth). When differences
between groups were found, these variables were com-
pared by a Fisher’s protected LSD test.

Results

Females
Body weight. The evolution of body weight of the three
groups from birth to the onset of puberty is shown in
Figure 1. The data for body weight and age at the time
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Figure 1 Increase (mean 6 s.e.) of body weight of female goats from
subtropical Mexico, which were born in January (>), May (’) and
October (J) (*P , 0.05).
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of puberty are shown in Table 1. Season of birth had a
strong effect on live weight at birth (P , 0.05). Females
born in October weighed less than those born in January
and May (P , 0.05). No difference was found between
the females born in January and May (P . 0.05). Effect
of time of experiment (P , 0.001) and an interaction
between time and group (P , 0.001) on live weight were
observed, which indicated that groups showed varying
responses with time. Pair-wise comparisons showed that
the evolution of body weight of females born in May was
different from those born in January and October
(P , 0.001, both comparisons). In contrast, no difference
was found between the January and October groups.
Differences in body weight recorded on a monthly basis
are indicated in Figure 1. Live weight at puberty varied
according to season (P , 0.01). The weights of females of
the October group were higher at puberty than those of
January and May groups (P , 0.01, both comparisons).
The weight of females of the January group did not differ
(P . 0.05) from that of the May group. The average daily
gain from birth to puberty was also different between
groups (P , 0.001). This average daily gain was greater in
animals born in May than in those born in October and
January (P , 0.001). The average daily gain in animals
born in October did not differ from those born in January
(P . 0.05).

Onset of ovarian activity. The percentages of females
attaining puberty are shown in Figure 2. The data
concerning the age at puberty are shown in Table 1.
There was a highly significant effect of the season on age
at first ovulation (P , 0.001). In females of the May
group, ovulatory activity commenced earlier compared
with females of the January and October groups
(P , 0.001). In females born in January, ovulatory activity
commenced earlier compared with females of the October
group (P , 0.001). The onset of puberty was observed in
September, December and October for January, May and
October groups, respectively.

Bucks
Body weight. The evolution of body weight of males
of the three groups from birth to puberty is shown in

Figure 3. The data for body weight are shown in Table 2.
Season had a strong effect on live weight at birth
(P , 0.001). The body weights of males born in October
were less than those born in January (P , 0.01) and in
May (P , 0.001). No difference was found between males
of these two groups (P . 0.05). An effect of time of

Table 1 Body weights and age at puberty (mean 6 s.e.) of female
goats from subtropical Mexico, which were born in January, May and
October

Body
weight

at birth (kg)

Average
daily

gain (g)

Body
weight

at puberty (kg)

Age at
puberty
(days)

January 3.1a 6 0.17 94a 6 4 27a 6 1.0 264a 6 5
May 3.1a 6 0.10 122b 6 3 28a 6 0.8 201b 6 3
October 2.7b 6 0.5 83a 6 4 32b 6 1.3 344c 6 5

a,b,c Means with different superscripts in the same column are significantly
different (P , 0.05).
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Figure 2 Cumulative percentage of female goats from subtropical
Mexico attaining puberty, which were born in January (>), May (’) and
October (J).
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Figure 3 Increase (mean 6 s.e.) of body weight of male goats from
subtropical Mexico, which were born in January (>), May (’) and
October (J) (P , 0.05).
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experiment (P , 0.001) and an interaction between time
and group (P , 0.05) on live weight were observed,
which indicated that groups showed varying responses
with time. The evolution of body weight of the males
when compared two by two groups was different
throughout the experiment (P , 0.05). Pair-wise com-
parisons showed that body weight of males of the May
group differed from those of the January and October
groups (P , 0.05). There were no differences between the
January and October groups (P > 0.05). The differences
that were observed on a monthly basis are indicated in
Figure 3. Live weight at puberty varied according to
season (P , 0.001). The live weights of males of the
October group at puberty were less than those of the
January (P , 0.01) and May groups (P , 0.001). The live
weights of males of January did not differ (P . 0.05) from
those of May group. The average daily gain from birth to
puberty was also different between groups (P , 0.05).
This average was greater in animals born in May than in
animals born in October. The average daily gain did not
differ (P . 0.05) between males born in January and May.

Testicular weight. The evolution of testicular weight of
males of the three groups from birth to puberty is shown
in Figure 4. The data for testicular weight are shown in
Table 2. An effect of time of experiment (P , 0.001) and
an interaction between time and group (P , 0.01) on
testicular weight were observed, indicating that groups
showed varying responses with time. Pair-wise
comparisons showed that the evolution of testicular
weight differed only between the January and May
groups (P , 0.01). The differences recorded on a monthly
basis are indicated in Figure 4. Testicular weight at
puberty varied according to season (P , 0.05). Males of
the October group that attained puberty had smaller
testicular weights compared with those born in January
(P , 0.01). No difference was registered between males
born in October v. May, or between males born in May v.
January.

Attainment of puberty. Age at first mounting with
intromission varied significantly with the season of birth

(P , 0.001; Table 2). The onset of puberty occurred earlier
in May- and October-born males than in January-born
males (P , 0.001). Puberty did not differ (P > 0.05)
between May- and October-born males. All males showed
presence of spermatozoa in the first ejaculate obtained
1 week after the first mount. The spermatozoa did not
show mobility in any of the ejaculate.

Discussion

The results of this study show that in male and female
goats from the local areas of subtropical Mexico, the season
of birth considerably modified the onset of puberty. The
effect of season of birth on puberty was more pronounced
in females than in males. Regardless of the season of birth,
male goats attained puberty at a younger age than did
females.

Females in the January and May groups attained puberty
in September and December (the same year of birth),
respectively. The body weight at puberty was similar in both
groups (about 27 kg) but females in the January group were
about 9 weeks older than those in the May group (approx.
38 v. 29 weeks old). Onset of puberty in both groups

Table 2 Body and testicular weights, and age at puberty (mean 6

s.e.) of the local male goats from subtropical Mexico, which were
born in January, May and October

Body
weight at
birth (kg)

Average
daily

gain (g)

Body
weight at

puberty (kg)

Testicular
weight at

puberty (g)

Age at
puberty
(days)

January 3.4a 6 0.2 132a 6 3 20a 6 0.7 40a 6 1.9 131a 6 4
May 3.6a 6 0.1 141a 6 7 19a 6 0.6 32ab 6 3.7 111b 6 3
October 2.6b 6 0.2 111b 6 9 15b 6 0.8 22b 6 3.9 112b 6 5

a,b Means with different superscripts in the same column are significantly
different (P , 0.05).
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Figure 4 Increase (mean 6 s.e.) of unpaired testicular weight of male
goats from subtropical Mexico, which were born in January (>), May (’)
and October (J) (**P , 0.01).
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occurred probably because they had perceived enough
increasing days, allowing the onset of puberty during the
decreasing days of the autumn, after having reached a
sufficient body weight. The difference of age in attaining
puberty in the January and May groups was probably
because of the difference in body weight at the beginning
of the natural breeding season, which lasts from September
to March (Delgadillo et al., 2004a). Females in the January
group with higher mature body weight attained puberty in
September, whereas those in the May group should have
attained a body size so that puberty commenced in
December, similar to those reported in Suffolk ewes and
Alpine goats (Ricordeau et al., 1984; Foster, 1994). October-
born females also reached puberty in the autumn (October)
of the subsequent year. In fact, they were approximately 20
and 10 weeks older than females in the January and May
groups, respectively, with highest (32 kg) body weight.
Delayed puberty in this group was probably attributed to
the fact that they required to perceive the increasing days
from spring and summer to start puberty during the short
days of the autumn (Foster, 1994). In females, the effect of
season on puberty observed in our study agrees with data
reported in reproductive seasonal breeds of goats and
sheep, in which puberty starts only during the breeding
season of the adult females (Ricordeau et al., 1984; Forcada
et al., 1991; Greyling, 2000). In these seasonal breeds, the
long days of spring and summer followed by short days of
autumn provide the stimulatory signal to initiate puberty,
when the animals have achieved the appropriate body
growth to initiate ovulation (Foster, 1994; Adam et al.,
1998).

In our study, despite the fact that all animals were fed
ad libitum, there was an effect of season on average body
daily gain. This was already reported in ad libitum-fed
young or adult animals when subjected to increasing or
long days, compared with those raised in decreasing or
short days (Greyling and Van Niekerk, 1990; Wood et al.,
1991; Delgadillo et al., 2004b). The differences in growth
rates cannot explain the difference in puberty between the
January and October groups because they had a similar
growth rate, but puberty appeared later in the October
group. In spring-born Soay ewe lambs receiving a diet ad
libitum or at maintenance, puberty was not delayed and
both groups started ovulatory cycles in autumn inspite of a
different body weights (Adam et al., 1998). In our study, the
difference in age and body weight at puberty were probably
because of the season of birth, then the different photo-
periodic conditions in which they were raised: January- and
May-born groups received enough long days during winter
and spring and attained puberty during the short days of
autumn in the same year. In contrast, the October group
must first perceive increasing days to reach puberty during
the decreasing days of autumn of the following year, as
reported in other seasonal breeds (Foster, 1994). In Alpine
does, for example, the onset of puberty occurs at about 45
and 36 weeks for females born in October and January,
respectively (Ricordeau et al., 1984). The age at the onset of

puberty of female goats from subtropical Mexico born in
winter, spring or autumn is similar to that reported in dif-
ferent breeds of small ruminants from temperate and sub-
tropical latitudes (Foster, 1994; Lassoued and Rekik, 2001;
Freitas et al., 2004).

In males, puberty was slightly modified by the season of
birth. May- and October-born males attained puberty at the
same age with a different body weight and similar testicular
weight despite being born during increasing or decreasing
day length, respectively. These two groups attained puberty
earlier than January-born males, which were born during
increasing days. This weight of January group at puberty
was higher than that of May and October groups. The lower
body weight at birth and the lower average body daily gain
of October-born males does not appear to have influenced
the onset of puberty because the males of this group
attained puberty at the same age as the May group, which
showed a higher growth rate. This conclusion is reinforced
by their similar average daily gain: the January group was
older at puberty than the May group having similar body
and testicular weights. These data suggest that in sub-
tropical Mexican male goats, puberty was not strongly
dependent on photoperiodic changes, although adult males
display a reproductive seasonality controlled mainly by
photoperiodic changes (Delgadillo et al., 1999 and 2004b).
In contrast to females, puberty of Mexican male goats does
not appear to be controlled by photoperiodic changes, as
reported previously in other breeds. In gonad-intact Ile-de-
France and Suffolk rams, changes in testicular weight, an
index of spermatogenesis, or the rise in LH secretion are not
modified when subjected after birth to increasing or
decreasing photoperiod, or to constant long days (Colas
et al., 1987; Herbosa and Foster, 1996). In spring-born
gonadectomised oestradiol-treated lambs raised in natural
or artificially reversed photoperiod, rise of pubertal LH is
observed to be similar or slightly delayed for approximately
3 weeks in reverse natural simulated-photoperiod (Wood et
al., 1991; Herbosa et al., 1995). Considered together, these
results suggest that at least in the above-mentioned breeds
and in young males from subtropical Mexico, puberty
started indifferently during increasing or decreasing days,
which indicates that the influence of photoperiod on the
onset of puberty was less. More generally, the age at
puberty in local male goats from subtropical Mexico born in
winter, spring or autumn is lower than that reported in
various breeds of small ruminants from temperate and
subtropical latitudes (Elwishy and Elsawaf, 1971; Chakra-
borty et al., 1989; Özsar et al., 1990; Ahmad and Noakes,
1996).

The difference in puberty between males and females
may be because of a different sensibility of the hypotha-
lamo-pituitary axis to steroid negative feedback. In both the
sexes, the onset of puberty originates in a decrease in the
sensitivity to the negative feedback of oestradiol in females
and testosterone in males (Claypool and Foster, 1990;
Foster, 1994). It was shown that this decreased sensitivity
to steroids occurred later in females than in males,
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provoking an earlier onset of puberty in males (Claypool
and Foster, 1990; Foster, 1994; Herbosa et al., 1995).
This difference is probably because of a different response
of males and females to photoperiodic information. In
females, decreasing day length is necessary to attain pub-
erty, whereas in males, it appears that decreasing day
length is not necessary to attain the puberty (Wood et al.,
1991).

Results of this study show that in these subtropical
conditions, the season of birth affects the onset of puberty.
This fact must be taken into account because it is usually
hypothesised that in subtropical conditions, level of nutri-
tion is the main environmental factor controlling the time of
the breeding season rather than that of puberty (Walkden-
Brown and Bocquier, 2000). Our data challenged this con-
clusion by showing that the onset of puberty is dependent
on season of birth and that this effect of season is not
obtained through seasonal changes in availability of food
(birth is reached at different weights depending on the
season). Our data, therefore, clearly indicate that, in addi-
tion to the availability of food, other environmental factors
such as photoperiod must be considered.

In conclusion, these data show that in local goats from
subtropical Mexico, season of birth influences the onset of
puberty. In does, puberty depends on photoperiodic chan-
ges, and the onset of puberty occurs only during the short
days of autumn during the natural breeding season. In
contrast, puberty in male goats does not appear to depend
on photoperiodic changes. Bucks attain puberty either
during the long or during the short days.
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