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Abstract
Background: Biostimulation is a management practice that improves the reproductive parameters, potentiates the 
desire, and improves the reproductive efficiency during the short breeding season in camels.
Aim: This study aims to investigate the concurrent changes in hormonal profiles in response to management and 
behavioral situations on camel farms in the Eastern region of Saudi Arabia.
Methods: A total of 10 male and 50 female camels were used in this study. The hormonal profile of male camels was 
evaluated weekly starting from December to August. 
Results: The results show that both serum testosterone and cortisol levels increased (p < 0.01) from December to 
March compared to April to August. A strong negative correlation was observed between testosterone levels and 
temperature (r = −0.81, p < 0.05), and a similarly robust negative correlation was found between cortisol levels and 
temperature (r = −0.83, p < 0.05). The dominant rutting males showed higher levels of testosterone than the submissive 
males. Serum testosterone levels increased (p < 0.01) in males out of rutting after hearing the sounds of other couples 
before and during mating.
Conclusion: Hearing sounds emitted during mating increases the testosterone output, and improves the libido of male 
camels during the nonrutting period. It is important to keep two individually housed males for mating purposes. One 
male joins the herd alone in winter (winter rutter), and the other joins in spring (spring rutter), this could keep the libido 
extended rutting and improve the reproductive performance in camel herds.
Keywords: Camel, Cortisol, Testosterone, Dominant, Submissive. 

Introduction
The male dromedary camel is a seasonal short-day 
breeder. During the breeding season (winter season), 
the hormonal profile showed alteration and the male 
camels became highly aggressive against other males 
and humans (Fatnassi et al., 2014). The short breeding 
season of dromedary camels, aggressiveness, difficulty 
handling, and weak libido are incriminated among 
the factors responsible for impaired reproduction, 
economic losses, and injuries (Fatnassi et al., 2014; 
Farh et al., 2018). Accordingly, improvement of the 
reproductive capacity of male camels is important 
for maximizing reproductive efficiency, which could 

be assisted by the extension of the breeding season. 
During rutting, some Bedouins keep a male for mating 
purposes in a neighbor’s yard or in the same yard of 
female camels. Other breeders keep two males not 
only to increase reproductive effectiveness throughout 
the brief breeding season and to intensify male desire. 
Biostimulation is a management practice that improves 
reproductive parameters (Villamayor et al., 2022). 
For efficient biostimulation, males should be kept in 
the female yard during breeding. The breeding season 
showed variations in its duration that ranged from 
2 to 6 months. These variations were attributed to 
environmental, nutritional, hormonal, psychological, 
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and physical factors (El-wishy, 1988). In UAE, the 
rutting season extended from October to April (Tibary 
and Anouassi, 1997), while it continued from December 
to March in Tunisia (Hammadi et al., 2008). The sexual 
desire of male camels intensifies in the coolest and 
rainy months and declines after that. Some male camels 
showed an intense desire for longer periods, while 
others lost their desire early for unknown causes (Deen 
et al., 2003). 
The testosterone hormone could act as a good indicator 
of sexual desire in several species including humans 
(Podlasek et al., 2016; Abdulla et al., 2020). Low 
testosterone levels in the blood of male camels were 
reported to be the cause of low desire, long reaction 
time, and frequent mounting per ejaculate (Al-Qarawi, 
2005; Deen, 2008).
Furthermore, previous studies have attributed variations 
in hormone concentrations during the breeding season 
to factors such as the geographic locations of the 
animals studied, the diverse populations of sampled 
animals, and exposure to various experimental 
conditions (Abdulla et al., 2020). As far as our current 
knowledge goes, no research has investigated the 
impact of dominance shifts on the hormonal profile of 
male camels. Hence, the primary goal of this study was 
to assess the dynamics of housing two male dromedary 
camels together in the female yard. In addition, we 
aimed to monitor alterations in testosterone and cortisol 
levels during both the breeding and nonbreeding 
phases of male camels. In addition, to assess whether 
the change of dominance could have an impact on 
alterations in hormone concentrations. This study also 
investigates the possibility of prolonging the breeding 
season by sexual Stimulation of males by voices of 
couples heard during previous mating incidents.

Materials and Methods
Animals
In this investigation, a total of 10 male and 50 female 
camels were utilized, with ages ranging from 6 to 
8 years and body weights between 700 and 800 
kg. The study took place across five private camel 
farms located in Saudi Arabia’s Eastern region, each 
maintaining a sex ratio of 2 males to 10 females. The 
health and condition of the animals were carefully 
assessed, and only those without systemic issues or 
deformities were considered suitable for participation, 
while those displaying abnormalities or pathological 
conditions were excluded from the study. The 
enclosure provided a minimum of 28 m2 of floor space 
per adult camel, following the guidelines outlined by 
Higgins (1986). This space area (allowed/individual) 
enables the submissive males to avoid fighting and 
the audience effect of the dominant males. The adult 
males persisted in the same yard with females during 
the two consecutive breeding seasons.
On each farm, the dominant male was identified 
as the one who held authority over the herd and 

exhibited a higher frequency of soft palate extrusion. 
The submissive male extruded the soft palate less 
frequently and avoided any conflict with the dominant. 
Furthermore, the dominance matrix, which recorded 
instances of one camel supplanting another in mating 
and feeding situations, was employed to ascertain 
the dominant male on each farm, as described in 
Abdulmohsen et al. (2018). Monthly averages of 
ambient temperature and relative humidity were also 
calculated from December to August.
Blood sampling and hormonal assays
Blood samples were obtained from all animals 
participating in the experiments through jugular 
venipuncture. These samples were collected on a 
weekly basis over the course of 9 months. After 
collection, following the collection of samples, they 
were left at room temperature to allow clot formation, 
after which they were subjected to centrifugation, 
which was subsequently stored in Eppendorf tubes at 
−20℃. Circulating levels of testosterone and cortisol 
were quantified using RIA kits from (Pantex Company, 
Santa Monica, CA). These assays were conducted in 
accordance with the manufacturer’s instructions. For 
testosterone analysis, blood samples from the male 
camels were collected at 9 a.m. before hearing auditory 
stimuli and then 30 minutes. after hearing. Testosterone 
and cortisol levels were measured according to the 
following protocols:

1.	 For both dominant and submissive males on 
farms during rutting and nonbreeding periods.

2.	 For males, before and after changing their social 
ranks, i.e., blood samples were taken from the 
winter rutter (the male who governed the herd in 
winter), and from the spring rutter (the male who 
was submissive in winter and governed the herd 
in spring).

Experimental design
A schematic representation of the experimental design 
is depicted in Figure 1. It is worth noting that rutting, 
which is the mating season for camels, occurs during 
the winter season, which is relatively short and crucial 
for achieving a higher conception rate. Trials were 
made by others to prolong the season by hormonal 
interference. Therefore, this experiment was applied in 
spring to investigate the possibility of prolonging the 
rutting season in natural ways on the three farms.

1.	 Recording the sounds of the couples before and 
during copulation.

2.	 Isolation of a dominant male with female camels 
(at her large follicular stage) in a separate yard 
near the main herd.

3.	 Presenting the sounds to the couple in the 
morning.

This experiment was done twice on the three farms. 

http://www.openveterinaryjournal.com


http://www.openveterinaryjournal.com 
B. A. Alhawas et al.� Open Veterinary Journal, (2024), Vol. 14(1): 108-115

110

Statistical analysis
The data’s normal distribution was assessed through 
the application of the Kolmogorov-Smirnov test, and 
subsequent statistical analysis was performed utilizing 
JMP software, specifically version 11.0.0, developed 
by SAS Institute in Cary, NC 11. Independent sample 
t-tests were employed for comparing means. Figures 

were created using Graphpad Prism v5 software, which 
is developed by (Graphpad Software, Inc., San Diego, 
CA). To analyze correlation coefficients (r) between 
testosterone, relative humidity, temperature, and 
cortisol, a correlation coefficient matrix was employed. 
In addition, a linear regression relationship was used to 
examine the association between testosterone, relative 
humidity, temperature, and cortisol.
The different means were determined to have statistical 
significance at a significance level of p < 0.05.
Ethical approval
The experimental protocols employed in this study 
received approval in accordance with the Animal Ethics 
Committee guidelines at King Faisal University, Saudi 
Arabia (KFU-412).

Results
Hormonal profile in male camels
The average serum testosterone levels (measured in ng/
ml) in male camels exhibited a significant increase (p 
< 0.01) from December to March. However, there was 
no statistically significant change observed from April 
to August, as illustrated in Figure 2A. Simultaneously, 
cortisol concentrations (measured in µg%) were 
significantly higher (p < 0.01) during the months from 
December to March in comparison to the months from 
April to August, as depicted in Figure 2B.
As indicated in Table 1, the most pronounced correlations 
were found between testosterone and temperature  
(r = −0.81, p < 0.011), testosterone and cortisol (r = 0.80, Fig. 1. Flow chart showing the experimental design.

Fig. 2. Testosterone (ng/ml) (A) and cortisol (µg %) (B) concentrations monthly from December to August in male 
camels. (a,b): Different letters indicate a significant difference (p < 0.01).
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p < 0.014), and cortisol and temperature (r = −0.83, p 
< 0.008).
Testosterone values exhibited a negative correlation 
with temperature (r = −0.72, p < 0.003), as depicted 
in Figure 3A. In addition, testosterone concentrations 
displayed positive correlations with both cortisol (r = 
0.70, p < 0.004) and relative humidity (r = 0.55, p < 
0.002), as shown in Figures 3B and C, respectively.
Mean values of testosterone in male camels during the 
breeding season were higher (p < 0.05) than during the 

nonbreeding period (Fig. 4A). During the breeding 
season, the mean values of testosterone in dominant 
males were higher (p < 0.05) than those in submissive 
ones (submissive males are socially stressed males in the 
presence of dominant male); however, testosterone values 
did not differ (p > 0.05) between dominant and submissive 
males during the nonbreeding period (Fig. 4B).
Effect of external stimuli on male camels
At the end of rutting and after applying the inductive 
external stimuli (sounds of other couples heard 

Fig. 3. Relationship between testosterone level (ng/ml) and temperature (A), testosterone level (ng/ml) 
and relative humidity (R.H) (B), and testosterone level (ng/ml) and cortisol (µg %) (C) in male camels. 

Table 1. Spearman’s correlation matrix among testosterone (ng/ml), relative humidity, temperature, and 
cortisol (µg %) in male camels (n = 10).

Testosterone Relative humidity Temperature Cortisol
Testosterone 1.00
R.H 0.794* 1.00
Temperature −0.816* −0.794* 1.00
Cortisol 0.800* 0.652 −0.833** 1.00

*Significant at p < 0.05.
**Significant at p < 0.01.
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during mating to arouse the male’s desire), the mean 
testosterone levels in male camels increased (p < 
0.01) than before hearing (Fig. 4C). The increase in 
testosterone levels after hearing these stimuli coincided 
with the appearance of behavioral activities indicating 
libido improvements, such as erection, mounting, and 
extruding soft palate.
Hormonal profile in winter rutter and spring rutter
In the winter season, values of testosterone in 
dominant males (winter rutter) were higher (p < 0.05) 

than in submissive males (Table 2). However, in 
May, the submissive male dominated the herd after 
beating the dominant (e.g., changing the dominance). 
Concurrently, testosterone levels in the submissive 
male in the spring rutter were higher (p < 0.05) than 
those in the winter rutter (Table 2). On the other hand, 
the cortisol concentrations in dominant males (winter 
rutter) were higher (p < 0.05) than those in submissive 
males (Table 3).

Fig. 4. Mean testosterone levels (ng/ml) during the breeding and nonbreeding 
season (A), means of testosterone levels (ng/ml) during breeding season 
(Submissive males are socially stressed males in presence of dominant male) (B), 
and means of testosterone levels (ng/ml) during the nonbreeding period before 
and after applying of an inductive external stimuli for their sexual drives (Hearing 
of couple sounds during copulation) (C). (*): Asterisk indicates a significant 
difference between the experimental groups (p < 0.05).
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Discussion
Monthly testosterone level tracking from December 
to August shows that mean serum testosterone levels 
reached rutting levels and increased significantly from 
December to March compared to the rest of the year. 
At the same time, the mean cortisol levels increased 
significantly from December to March.
Consistently, research has demonstrated that testosterone 
is positively linked to risk-taking, dominance, and 
aggression in males (Mehta et al., 2015; Prasad et al., 
2017; Grotzinger et al., 2018). On the contrary, cortisol, 
which is a glucocorticoid hormone produced by the 
hypothalamic-pituitary-adrenal (HPA) axis, is released 
in response to various physiological and psychological 
stressors. Increased levels of cortisol have been linked 
to anxiety and avoidance behaviors, as highlighted by 
Cooke et al. (2020).
In the case of camels and other animals, cortisol has 
been used as an indicator of stress (El-Khasmi et al., 
2015; Tajik et al., 2016). This may explain the increase 
in serum cortisol levels observed in this study. However, 
it is important to note that cortisol concentrations in 
dromedary camels can be influenced by stressors and 
physical stimuli, particularly during the rutting season 
when they are exposed to various stress-inducing 
factors.
Certainly, there was a noticeable and significant inverse 
correlation observed between testosterone levels 
and temperature. Likewise, a significant negative 
correlation was identified between cortisol levels 

and relative humidity. Furthermore, a noteworthy 
positive correlation was detected between the levels of 
testosterone and cortisol in the serum of male camels.
The coincident increase in both testosterone and cortisol 
levels during the period from December to March 
rather than the rest of the year could indicate that the 
rutting season in camels continued from December to 
the end of March. The breeding season in camels is a 
period of stress for the whole herd members; this could 
explain the rise of cortisol levels in the rutting males. 
This finding aligns partially with the research by Al-
Hazmi (2000), who documented that the mating season 
of dromedary camels typically commenced during 
cooler ambient temperatures and extended from late 
October to early February.
The mean testosterone levels exhibited an increase 
during the breeding season compared to the nonbreeding 
period. This rise in testosterone concentrations 
correlated with significant behavioral changes in male 
camels, such as increased aggression, frequent soft 
palate extrusion, melling the female genital organs, and 
heightened urination frequency, among other behaviors. 
These observations align with findings reported by 
Agarwal and Khanna (1990) and El-Hassanein (2003).
In the present study, the dominant rutting male showed 
a higher level of testosterone than the submissive male. 
The significant decrease in testosterone levels in the 
submissive male may be attributed to the prolonged 
exposure to the social stress imposed by the dominant, 
which depresses not only the testosterone output but also 
the associated behavioral characteristics. On the other 
hand, the increased concentrations of testosterone in the 
dominant male were associated with aggressiveness, 
frequent dulla extrusion, recurrent urination, increased 
poll gland secretion, and so on. These findings are 
similar to those reported by Miller et  al. (1987) and 
Farh et al. (2018). Our findings showed that serum 
testosterone levels increased significantly in males out 
of rutting after applying the inductive auditory stimuli 
(hearing the sounds of other couples before and during 
mating). The increase in testosterone levels may be due 
to the LH in response to the heard auditory stimuli, 
which resulted in higher testosterone secretion. This 
indicates that hearing such sounds could potentiate the 
male’s desire.
In winter, testosterone levels increased in the dominant 
male (winter rutter) than after losing his rank with 
the change in dominance. However, in March, the 
submissive male became the president (spring rutter) 
after defeating the dominant and governing the herd. 
This could justify the significant increase in testosterone 
levels in the submissive (spring rutter) after the change 
of dominance compared to before. The increase in 
testosterone secretion was associated with radical 
changes in the behavior of male camels. Therefore, rut 
signs appeared on the spring rutter after domination 
and diminished in the winter rutter after submission. 
This may be attributed to the effect of psychological 

Table 2. The means testosterone levels (ng/ml) with a change 
of dominance in male camels (n = 10).

Male camels Before change of 
dominance

After change of 
dominance

Winter rutter 10.20 ± 2.00a 1.90 ± 0.50b

Spring rutter 1.30 ± 0.20b 5.10 ± 1.1a

Winter rutter is a dominant male during winter. Spring rutter is a 
dominant male during spring after beating the dominant male. 
a,bMeans with different superscript letters in the same row are 
significantly different (p < 0.05).

Table 3. The mean cortisol levels (ug%) with a change of 
dominance(1) in male camels (n = 10).

Male camels Before change of 
dominance

After change of 
dominance

Winter rutter 1.70 ± 0.70a 1.30 ± 0.04b

Spring rutter 0.9 ± 0.30 1.0 0± 0.10
(1)Change of dominance had been achieved after vigorous fighting 
during the breeding season in March. Winter rutter is a dominant 
male during winter. Spring rutter is a dominant male during spring 
after beating the dominant male. 
a,bMeans with different superscript letters in the same row are 
significantly different (p < 0.01).
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status and disposition on testosterone secretion. This 
agrees with Yagil and Etzion (1980), who reported 
that testosterone secretion in camels was dependent on 
the disposition of males from which specimens were 
obtained. 
The findings show that male camels after hearing 
the couple’s sounds (emitted during mating), could 
stimulate their desire, and such sounds play a role in 
the mediation of their reproductive behavior. Despite 
the desire for stimulation, the presence of two males 
in the herd is hostile to each other because of fighting 
that may lead to serious injuries and fractures. It is 
important to keep two individually housed males for 
a herd of camels during rutting to ensure reproductive 
efficiency. One of them is kept for mating purposes in 
the winter (winter rutter). The libido of the late male 
weakens in the spring after being sexually exhausted 
in the winter. As a result, the other male (spring rutter) 
takes the place of the first (winter rutter), who exhibits 
intense desire in the spring.
In conclusion, hearing sounds emitted during mating 
increases the testosterone output and improves the 
libido of male camels during the nonrutting period. To 
ensure a strong libido and prolong the rutting season, 
it is important to keep two individually housed males 
for mating purposes. One male joins the herd alone 
in winter (winter rutter), and the other joins in spring 
(spring rutter), this could keep the libido and extend 
rutting.
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