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Abstract — Seasonal changes in ovulatory activity, assessed by the measurement of plasma proges-

terone and plasma prolactin concentrations were monitored in 10 Spanish ibex females captured in

the National Wildlife Reserve of Sierra Nevada (South Spain, 37º N). Five of the 10 female ibex

showed ovulatory activity with a mean (± s.e.m.) duration of the oestrous cycle of 19.4 ± 1 days

(range: 17–23 days). On average, the five cyclic females weighed 28 ± 0.9 kg. Progesterone cycles

occurred only in animals older than 4 years of age. Ovulatory activity extended from December to

January. The duration of the breeding season was 43.2 ± 7.7 days. Ibex females younger than 4 years

of age had a body weight lower (P < 0.01) than that of adults and none of them displayed ovulations.

Plasma concentrations of prolactin levels were significantly affected by season (P < 0.05), following

a trend that was roughly parallel to daylength. The highest values occurred in the spring (119.7 ±

21.4 ng·mL

–1

) and the summer (139.3 ± 19.8 ng·mL

–1

), the lowest values in the autumn (26 ±

7.4 ng·mL

–1

) and in the winter (19.7 ± 3.2 ng·mL

–1

). Our results showed a very restricted breeding

season, despite the fact that the Spanish ibex originates from and lives in a temperate latitude, reveal-

ing a remarkably good adaptation to the harsh climatic and nutritional conditions of their mountain-

ous habitat.

breeding season / ovulation / progesterone

1. INTRODUCTION

The Spanish ibex (Capra pyrenaica) is a

wild caprine originating exclusively in the

mountains of the Iberian Peninsula. Only two

of the four original subspecies (C. p. hispanica,

C. p. victoriae,C. p. lusitanica,C. p. pyrenaica)

[1] still exist. C. p. lusitanica became extinct
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last century, and C. p. pyrenaica has recently

and definitively disappeared. The Spanish

ibex is currently considered as a vulnerable

species [2] because of the loss of hetero-

zygosity by inbreeding in small isolated

populations formed by habitat fragmenta-

tion, and because of low food availability in

high density populations. This fragmenta-

tion of the population leads to a loss of

natural population control mechanisms and

increases the risks associated with inbreed-

ing, such as unmasking of deleterious reces-

sive genes, fertility problems and a decreased

function of the immune system [3]. In this re-

gard, studies on reproduction in the Spanish

ibex are highly relevant to the preservation of

genetic resources in wildlife. A good knowl-

edge of their reproductive physiology is

therefore a prerequisite for a successful use

of methods of assisted reproduction, widely

used in domestic animals (gamete cryopre-

servation, artificial insemination, embryo

transfer and in vitro fertilisation) [4, 5]. They

allow dispersion of the existing gene pools

with minimal transport of animals and the in-

troduction of new genes from wild popula-

tions into captive breeding programmes,

counteracting a possible risk of extinction in

one specific Spanish ibex population.

The second major point of interest is re-

lated to the use of the Spanish ibex as a valu-

able animal model to study environmental

influences on seasonal breeding activity and

endocrine response. Prolactin secretion is

increased or decreased in response to varia-

tion in photoperiod in all photoperiodic

mammals studied so far, with the highest

and lowest concentrations occurring during

the summer and winter, respectively [6].

Among other functions, prolactin has also

been implicated in regulating gonadal activ-

ity and sexual behaviour [7, 8]. The tempo-

ral pattern of reproductive activity in many

mammalian species is affected by the geo-

graphic origin (latitude). In the mountains

of northern Ethiopia (10º N latitude), the

Walia ibex (Capra walie) is distinguished

from other ibex species in its ability to breed

at all times of the year, although most often

the Walia Ibex mates during the rut season,

from February until June [9, 10]. In contrast,

at high latitudes (45º N), the Alpine ibex

(Capra ibex ibex) shows a mating season

restricted to December [11]. Although the

Spanish ibex originates and lives in a mod-

erate latitude (37º N), field observations

have shown that the period of the rut is very

short (December-January) in many wild

populations [12]. A wide range of variation

in the length of the sexual active phase has,

however, been observed between popula-

tions of the Spanish ibex located in neigh-

bouring areas but with very differentiated

climatic characteristics [13]. Considering

that previous reports have described differ-

ences in the extension of the breeding sea-

son in wild species when behavioural

methods and other precise analytical meth-

ods are compared [14], analytical methods

to accurately assess the seasonal ovulatory

cycle of the Spanish ibex are required.

The present work was conducted to char-

acterise the seasonal ovulatory activity in

the Spanish ibex, by measuring progester-

one concentrations in peripheral blood, and

to determine seasonal changes in plasma

prolactin.

2. MATERIALS AND METHODS

2.1. Experimental design

and animals

In July 1999, ten Spanish ibex females

(Capra pyrenaica hispanica), aged 3 months

to 7 years, were captured in a National

Wildlife Park (Sierra Nevada, Southeastern

Spain; 36º 55’–37º 10’ N, 2º 34’–3º 40’ W).

The animals were transferred to the Animal

Reproduction Department, INIA (Madrid;

40
o

25’ N, 3º 68’ W), and housed in two

sand-floor stables (250 m
2

) adapted for main-

tenance of the ibex, with a partial roof cover,

under natural photoperiod. To alleviate stress

during the experimental procedures, an

acclimatisation period to routine restraints
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and handling, of at least 6 months, was al-

lowed before the beginning of the experi-

ment. During this period, animals were

accustomed to going into a small stall to al-

low blood collection. In addition, during

manipulations the eyes of the animals were

covered with a mask. The ibex age was

assessed by their teeth (replacement of

deciduous teeth) and horns (marks of

growth) [15]. At the onset of the experiment

(October 2000) the female ibexes were

1.5–8 years of age and were classified into

three classes [16]: yearling (1.5 years of age,

n = 2); sub-adult (2–4 years of age, n = 3);

adult (> 4 years of age, n = 5). Total replace-

ment of deciduous teeth and full physical

development (body weight and horn

growth) is only reached in the adult class

(mean adult weight: 31 kg) [15, 17]. The

ibexes were fed a balanced diet consisting of

barley grain, barley straw, and dry alfalfa.

The animals had free access to water and

mineral blocks containing minerals and vi-

tamins. All animals maintained a good

health condition throughout the experimen-

tal period.

The animals were weighed once in De-

cember, coinciding with the period of sex-

ual activity in the wild conditions [13].

2.2. Hormone assay

Blood samples were collected twice

weekly for 13 months, by jugular vene-

puncture and centrifuged at 1 500 g for

15 min. The plasma was separated and

stored at –15
o

C until progesterone and

prolactin analyses were performed.

Progesterone determinations were per-

formed in duplicate 200 µL aliquots of

plasma by radioimmunoassay (RIA) ac-

cording to the procedure developed by

Lopez-Sebastian et al. [18]. The inter- and

intra-assay coefficients of variation were

13.6% (n = 6) and 10.4% (n = 8) respec-

tively, and the limit of detection of the assay

was 0.16 ng·mL
–1

. The mean extraction effi-

ciency was 84.3 ± 3.2% (n = 10).

The prolactin analysis was performed

only in two of the samples recovered each

month (two weeks apart). Plasma concen-

trations of prolactin were determined by

RIA in duplicate 100 µL aliquots by a previ-

ously described method [19]. All samples

were analysed in a single assay. The limit of

detection of the assay was 0.2 ng·mL
–1

and

the intra-assay coefficient of variation was

9.3% (n = 8).

2.3. Analysis

The date of onset of ovarian activity was

taken as the date before progesterone rose

above 0.5 ng·mL
–1

in two consecutive

plasma samples [20]. The date of the end of

ovarian activity was the first sample date

with progesterone concentrations lower

than 0.5 ng·mL
–1

followed by basal levels in

successive plasma samples. The effect of

age on the establishment of ovulatory activ-

ity was analysed by ANOVA. In order to

perform this analysis, yearling and sub-

adult animals were pooled, considering only

two groups of age (older and younger than

4 years old). The times of the peak and nadir

(basal level) of the annual cycle in the con-

centration of prolactin was calculated for

each animal using a three-point moving av-

erage [6]. This involved calculating the

mean value for each three consecutive time

points and repeating this throughout the

year to determine the time of the maximum

or minimum value for each animal. The tim-

ing of the increase and attainment of the

basal level in prolactin were determined us-

ing a graph of the accumulated sums of the

plasma concentrations of prolactin for each

animal. Lines were fitted to the main slopes

of the graph. The intercepts related to the

x axis gave the time of the increase and at-

tainment of the basal level in prolactin [21].

Prolactin concentrations had a skewed

distribution and were therefore log-

transformed before analysis. The effect of

the season on the mean circulating levels

of prolactin was assessed by one way
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repeated-measures ANOVA. Differences in

body weight were analysed by a t-test. The

results are presented as mean ± s.e.m. All

statistical procedures were performed with

the BMDP, Statistical Software, Inc.

3. RESULTS

Five of the 10 female ibex showed

ovulatory activity (Fig. 1) with 1 to 3 proges-

terone cycles (peaks of 1.4 ± 0.1 ng·mL
–1

).

The mean duration (± s.e.m) of the oestrous

cycle was 19.4 ± 1 days (range: 17–23

days). Two females showed 1 short cycle of

progesterone (10–14 days and average max-

imum values of 0.8 ± 0.2 ng·mL
–1

) prior or

following a cycle of normal duration. A

sixth female (3.5 years of age) showed only

a short cycle (12 days) with a peak of

1.2 ng·mL
–1

of progesterone. This animal

was not included in the females with ovar-

ian activity because this cycle was not fol-

lowed by any cycle of normal duration. The

other 4 females did not show any ovulatory

cycle. The first cycle of progesterone ap-

peared between 3 and 27 December (mean

± s.e.m: December 16 ± 5 days). The end of

the seasonal ovulatory activity stretched

from 15January to 9 February (January 29 ±

4 days). The duration of the breeding season

was 43.2 ± 7.7 days.
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Figure 1. Cyclical ovarian activity in 5 Spanish

ibex females, determined by progesterone con-

centrations in blood samples collected twice

weekly.

Figure 2. Changes in plasma concentrations of prolactin (mean ± s.e.m.) throughout the year in Span-

ish ibex females (n = 10). (Blood samples collected twice monthly).



ANOVA revealed an influence of age

(P < 0.001) on the establishment of ovulatory

activity. Initial progesterone increases oc-

curred only in animals older than 4 years of

age (adults, n = 5). On average, adult fe-

males weighed 28 ± 0.9 kg. Ibex females

younger than 4 years of age did not display

ovarian activity (n = 4) or showed only a

short ovarian cycle (n = 1). The body

weights (mean ± s.e.m) in both yearling

(17.4 ± 0.03 kg) and sub-adult (22.5 ± 1.6 kg)

animals were lower than that of the adult ones

(P < 0.01).

The profile of prolactin concentrations

followed a trend that was roughly parallel to

daylength (Fig. 2). The timing of the in-

crease in prolactin concentrations and at-

tainment of basal levels were April and

October, respectively. Mean (± s.e.m) circu-

lating levels were significantly affected by

season (P < 0.05). The highest values oc-

curred in the spring (119.7 ± 21.4 ng·mL
–1

)

and summer (139.3 ± 19.8 ng·mL
–1

), and the

lowest ones in the autumn (26 ± 7.4 ng·mL
–1

)

and in the winter (19.7 ± 3.2 ng·mL
–1

).

4. DISCUSSION

The results of this study showed that

adult female ibexes maintained under cap-

tive conditions displayed a period of ovulatory

activity from December to January, fol-

lowed by a long anoestrous period. The pro-

gesterone profiles revealed an oestrous

cycle length similar to the cycle length of

the domestic goat [22]. Our results revealed

a high proportion of females with short cy-

cles, which seems to be a characteristic of

the caprine species and breeds [23–25], as

well as females showing only one cycle of

variable duration. It is unknown if these

findings are usual in the wild. Ovulatory ac-

tivity could be affected by captive condi-

tions and isolation from males. In domestic

goats, the sudden introduction of males af-

fects the duration of the oestrous cycle [26].

In feral goats of Australia, the absence of

males shortens the duration of ovulatory

activity by about two months, by changing

both the onset and the offset of the sexual

activity [27]. The role of different social

cues, such as the presence of a male, in the

regulation of the ovulatory cyclicity and

timing of seasonal anoestrous of the Spanish

ibex is unknown and remains to be tested.

However, this species exhibits a rich behav-

ioural pattern in the wild, with complete

sexual segregation outside the rut [13]. We

thus assume that the buck’s odour, physical

contact and ritual behaviour are important

factors in the control and duration of

ovulatory activity.

It is not clear whether or not stress

caused by captive conditions and blood re-

covery procedures could have affected our

findings. In this regard, mouflons main-

tained at similar environmental conditions

have a higher number of ovarian cycles

(mean 10 cycles) of normal duration [14]

than that detected in the ibex of the current

study. Most investigators who have exam-

ined the role of stress in ovulatory activity

have considered that stress appears to delay

or abolish ovulation in some females [28,

29]. Specifically, stress reduces the normal

pulsatile patterns of GnRH and, conse-

quently, suppresses or delays the surge of

LH [30, 31]. The absence of ovulation in

about half of the females might be ex-

plained, at least in part, by the wide be-

tween-individual range of variability in

response to stressful conditions of captivity.

However, cycles were not detected in fe-

males younger than 4 years old, suggesting

that other factors might also account for the

absence of cycles. The results suggest that

ovulatory activity could be related to body

weight. In our experimental conditions, the

mean weight reached by the cycling ibex

was about 28 ± 0.9 kg, which is close to the

body weight previously established in adult

females living in Sierra Nevada [17]. In

contrast, field observations suggest that fe-

male Spanish ibexes do not mate until

2.5 years of age, when they reach a body

weight higher than 24 kg [32, 33]. The lack

of ovulation could therefore be associated

Ovulatory activity in the Spanish ibex 221



with stress and liveweight, which may be re-

lated to the social status of the females in

captive conditions. Previous studies in red

deer (Cervus elaphus) suggest that corpus

luteum function is affected by social status

[34]. In rodents and monkeys, it has been

demonstrated that only dominant females

ovulate and inhibit the ovulation in subordi-

nated females through aggression, visual

cues and pheromones [35, 36]. In ibexes

raised in captivity, the social interactions are

reinforced and aggression directed towards

dominated females (usually with lower

bodyweight) has been frequently observed

in our study. Specifically, the adult ibex

with the highest aggressive behaviour to-

wards other females showed a larger num-

ber of cycles (see ibex 570 in Fig. 1).

Although reproductive suppression in the

ibex raised in captivity could be under the

control of the dominant breeder, we have

not tested the individual level of dominance

and subordination in all the females and fur-

thermore studies are therefore needed to test

this hypothesis.

Our results reveal a marked seasonality

of reproduction, despite the fact that the

ibexes originate and live in a temperate lati-

tude. Ovulatory activity extends from De-

cember to January, which is in agreement

with the timing of the rut period reported in

field for ibexes living in the Sierra Nevada

National Park [12]. In addition, the breeding

season is similar to other ibex species origi-

nating from and living in higher latitudes,

such as the Alpine ibex maintained both in

wild [37] and captive conditions [38]. How-

ever, the ovulatory activity period was

shorter than the mating season reported in

wild or captive populations of the Spanish

ibex living in other geographical areas of the

Iberian Peninsula [15, 39]. This period was

also shorter than that of other wild ruminant

species living in the Iberian Peninsula at a

similar or higher latitude [14]. Whether

these differences are determined by a vari-

able sensitivity to the photoperiod is not

known. However, variations in photoperiodic

response are seen not only between species

but also between breeding populations within

a species [40]. A higher sensitivity to the

short photoperiod in the Spanish ibex from

Sierra Nevada in relation with other popula-

tions may explain this variability in the

length of the sexual active phase.

To our knowledge, no study has charac-

terised the annual profile of prolactin secre-

tion in the different species of the ibex.

Photoperiod has been identified as the main

environmental factor regulating the sea-

sonal secretion of prolactin in many domes-

tic and wild species adapted to cold and

temperate climates [6, 41]. Furthermore

heat stress may increase prolactin secretion

[42]. The present study also revealed that

plasma prolactin concentrations in the

Spanish ibex were high during long days

and low during short days. Basal levels were

observed in October, similarly to domestic

goats [43] and other wild species under the

same environmental conditions, such as the

mouflon [44]. However the timing of the in-

crease in prolactin concentrations, in April,

occurred three months later than in wild

sheep and one month later than in domestic

goats [43]. Genetic differences in response

to photoperiodic changes may also explain

this difference.

In conclusion, this study showed a very

restricted breeding season, despite the fact

that the Spanish Ibex originates and lives

under a temperate latitude, revealing a re-

markably good adaptation to the harsh cli-

matic and nutritional conditions of their

mountainous habitat. The data support the

existence of a substantial influence of the

age and body weight on the establishment of

the ovulatory activity under captivity condi-

tions, which should be taken into account in

captive breeding programmes.
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