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ABSTRACT

This study investigated the influence of environmental and maternal factors on the sex ratio of Awassi lambs reared at
the Ceylanpinar State Production Farm (CSPF) in Tiirkiye. Lambing data from 2004 to 2011 were analyzed using
factorial ANOVA (FANOVA) and chi-square tests to evaluate the effects of lambing year and ewe age. While the effect
of lambing year on sex ratio was only marginally significant (p<0.10), a statistically significant relationship was found
between lamb sex and lambing year (p<0.01), indicating temporal variation in sex ratio. In particular, a female sex ratio
of 54.41%, 55.58% and 52.21% was observed in the drought years 2006, 2007 and 2008, respectively. These patterns
suggest that environmental stressors such as drought and reduced forage availability may exert directional pressure in
favor of female offspring under suboptimal conditions. The results are consistent with the Trivers-Willard hypothesis and
support the notion that maternal condition may influence sex allocation in a context-dependent manner.
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INTRODUCTION advantage over other dairy sheep breeds due to its strong
herding instinct and environmental resistance, is also the
The sheep, one of the first domesticated animals, origin of the Awassi breed bred in Israel (TAGEM,
holds great value to humanity and was first domesticated 2025). Additionally, the Awassi sheep breed is the most
in Anatolia (Parmaksiz e al., 2018). The Ivesi (also widespread breed of non-European origin, having been
known as Awassi) is a Middle Eastern fat-tailed sheep exported from its area of origin in the Mediterranean
breed found mainly in Syria, Isracl, Lebanon, Jordan, region to more than 30 countries worldwide (Galal et al.,
Iraq, and southeastern Tiirkiye and known for its 2008). On modern farms, female offspring offer
adaptation to arid climates and high milk production advantages in milk production in terms of herd continuity
potential (Porter, 2020). Among the sheep breeds that and milk yield continuity, while male offspring are
have been domesticated in this region, the Anatolian preferred for meat production due to their faster growth
Awassi (Ovis aries) is particularly noteworthy. This and ability to utilize forage (Blanchard ez al., 2005).
breed is mainly bred in the Southeastern Anatolia region According to probability theory, the secondary
of Tiirkiye (T.C. Official Gazette, 2004). sex ratio (SSR), i.e., the ratio of male to female offspring,
However, due to adaptability character of this is expected to be equal (Roche et al., 2006; Kaygisiz and
breed, it is also bred in other regions of Tiirkiye. It is Vanli, 2008). However, the ability to manipulate the sex
resistant to hot and dry climates, produces high yields, ratio  optionally ~maximizes genetic progress by
and, above all, milk. It is medium-sized, robust, and has a intensifying selection in the breeding population (Demiral
thin yet resilient bone structure, making it suitable for et al., 2007). In the long term, breeders aim to increase
milk production. This breed, characterized by its thick the number of female offspring at birth to increase the
tail, is well-suited for a nomadic system due to its strong efficiency and profitability of their operations

maternal instinct and high adaptability. It is suitable for (Soundararajan and Sivakumar, 2011). The heritability of
keeping breeding sheep in the hot desert and exhibits SSR in sheep is low (0.042, 0.051, and 0-1_53,
excellent adaptability to changing environmental respectively) but can be improved through selection
conditions. The Anatolian Awassi, which has an programs (Hossein-Zadeh, 2016). Nevertheless, many
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mammal populations deviate from an equal sex ratio at
birth. It is known that this phenomenon exhibits
considerable variability. More than one mechanism may
influence the sex ratio, and the effects of these
mechanisms may depend on environmental conditions
(Clutton-Brock and lason, 1986). In particular, sex ratio
in sheep has been reported to be influenced by several
factors including location (Tailor et al., 2008), maternal
age (Skjervold, 1979), season of farrowing (Skjervold,
1979; Kent, 1992), year of farrowing (Balasubramanyam
et al., 2011). Despite the numerous factors affecting
fertility in sheep, genetics, nutrition, and management
practices have been identified as key factors in fertility
and successful reproduction (Petrovic¢ et al., 2012).
According to the Trivers-Willard (TW)
hypothesis (Trivers and Willard, 1973), mothers exposed
to complex conditions, such as inadequate living,
nutritional, and health conditions, tend to give birth to
more female offspring in order to ensure the continuation
of their family line. Conversely, when conditions are
favorable, they behave the other way around and give
birth to more male offspring. The Trivers-Willard
hypothesis has already been the subject of numerous
studies (Douhard, 2017; Djedovi¢ et al., 2021). Indeed,
the relationship between the feeding opportunities of red
deer and the sex of offspring has been studied, showing
that red deer with poor feeding conditions give birth to
predominantly female offspring. In contrast, individuals
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with better feeding conditions tend to have more male
offspring (Trivers and Willard, 1973).

In addition, a study on Macaque species in
which social status plays a crucial role showed that non-
dominant females have a higher rate of female offspring,
while dominant females produce more male offspring
(Dittus, 1998). Research in mice also supports the idea
that maternal stress has adaptive potential, furthering our
understanding of how exposure to different social
conditions can influence sex allocation in mammals
(Firman, 2020).

This study aims to investigate the changes in the
sex ratio of Awassi sheep reared under the same
conditions in Ceylanpinar State Production Farm in
Tiirkiye. In the context of sex ratio changes, the Trivers—
Willard hypothesis, which posits that natural selection
under certain maternal conditions favors unequal parental
investment between daughters and sons, was examined.

MATERIALS AND METHOD

Information about the Farm: The present study was
conducted at the Ceylanpmar State Production Farm
(CSPF), located in the Ceylanpimar district of Sanlmurfa
Province in the Southeastern Anatolia Region of Tiirkiye.
The CSPF is geographically located at 36°50" north
latitude and 39°55' east longitude at an altitude of 398
meters above sea level. The location of the CSPF on the
geographical map of Tiirkiye is shown in Figure 1.
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Figure 1. Sanhurfa province and Ceylanpinar district, where the CSPF is located

Founded in 1943, Ceylanpimar State Production
Farm (CSPF) is the largest farm in the world, with an
area of 1,635,928 hectares, and is home to the largest
population of Awassi sheep. The farm receives an
average of 262.9 mm of rainfall per year over a 20-year
growing season, with June, July, and August being
almost rain-free, resulting in an adjusted annual average
of 252.7 mm. The relative humidity fluctuates between a
maximum of 82.8% and a minimum of 28%. Initially, the
farm had 109,000 decares of irrigated agricultural land.
However, to increase efficiency and productivity, an

1379

irrigation project was carried out between 2009 and 2011,
which expanded the total irrigated area to 612,415
hectares by 2015. This expansion enabled the cultivation
of various fodder crops, including alfalfa, vetch, and
silage maize as a secondary crop, alongside cereals such
as barley, wheat, and grain maize, as well as other plant
products. By integrating irrigation, two crops can be
harvested per year, improving the sustainability of
livestock feeding and overall agricultural productivity
(Anonymous, 2025).
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Twin births were considered a desirable trait in
flocks of sheep. The occurrence of twin births is
influenced by both genetic factors and environmental
conditions, such as nutrition, pasture quality, and climate,
during pregnancy. However, the heritability of twin births
in sheep was relatively low, suggesting that
environmental factors play an important role in this trait
(Notter, 2008; Vatankhah and Talebi, 2009; Cottle et al.,
2016).

Animal materials: The animal material used in this
study consisted of Awassi sheep bred at the Ceylanpinar
State Production Farm in Sanliurfa, in the Southeastern

o

Environmental conditions: In this study, climatic
conditions were considered based on the studies
conducted by Giimiis et al. (2016) and Akbas (2014) in
Tiirkiye. The results obtained in these studies are listed in
Table 1.

Glimiis et al. (2016) conducted a drought
analysis using 78 years (1937-2014) of precipitation data
from the Sanlurfa meteorological station in southeastern
Tiirkiye. The Standardized Precipitation Index (SPI)
method was used to evaluate drought conditions.
According to the results, a drought period of 60 months
occurred between February 2004 and January 2009.
Additionally, the study identified a period of excessive
rainfall (SPI > 2.0) that lasted for ten months, from
January 2012 to February 2013.

In another study conducted in Tiirkiye,
temperature and  precipitation data from 96
meteorological stations (1929-2009) were analyzed in
conjunction with Available Water Holding Capacity
(AWHC) data from the ORNL DAAC (United States) to
determine the distribution of drought patterns using the
Palmer Drought Severity Index (PDSI). Based on these
calculations, the severity of the drought was categorized
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Anatolia Region of Tiirkiye. This farm manages the
world's largest Awassi sheep population, with around
40,000 animals. Lambing and rearing data from 2004 to
2011 was analyzed, including data from 5,454 ewes and
10,835 lambs. Mating takes place in June, and lambing
begins on November 15, ending in the same year, so that
conception and production years coincide. The dataset
includes information on sex, birth year, birth type, and
maternal age, which were analyzed to assess their impact
on lamb development. Figure 2 shows images of
Anatolian Awassi (Ovis aries) rams and ewes (TAGEM,
2025).

¥

Figure 2. The Anatolian Awassi (Ovis aries) ram and ewe

into seven classes according to NOAA standards (Akbas,
2014).

Statistical analysis: In this study, gender was considered
as a dependent variable, while year of conception and
maternal age were treated as independent variables. The
factors of year of conception and maternal age, which
were hypothesized to influence the mode of delivery,
were archived in the farm from which the research
dataset originated. Although sex could also be influenced
by factors such as the season of conception and the
genetic composition of the herd, these variables were not
archived. They, therefore, could not be included in the
analysis.

Data were analyzed using the chi-square (y?) test
and factorial ANOVA (FANOVA). Since the dependent
(predicted) variable was birth type (Y) and the
independent (predictor) factors were year of birth (Xi)
and mother's age (X:), the functional relationship
between the dependent and independent variables was
expressed in matrix form as follows (Equation 1).

Y=XpB+e 1)
Where;

In this study, Y represented the vector of the

dependent variable, X was the matrix of constant effects,
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B denoted the coefficient matrix for the constant effects,
and e was the error vector influenced by random factors.
The method examined in this study was formulated based
on the general model described above.

In the analysis of variance, the dependent
variable (Y) must be continuous, while the independent
variables (X) (factors) must be discrete. However,
variables that follow a binomial distribution (with two
outcomes) can approach normality if the sample size (n)
is sufficiently large (Yildiz et al., 2020). Under such
conditions, data analysis can be performed using the
ANOVA approach, assuming that the data are normally
distributed.

Accordingly, the biometric model used in this study for
data analysis with the FANOVA method is formulated as
follows in Equation 2, where a linear biometric model is
employed.

Yijk = p + a; + b; + (ab); teijk
Whereby;
Y: observation vector for the sex of the lamb
p: mean value of the sex of the lamb
ai: constant effects of the levels belonging to the variable
of the year of lambing
bj: effects of the levels belonging to the maternal age
variable
(ab)ij: interaction effect of year of production X maternal
age
eijk: random error
Chi-Square can be written with the following example
equations are given (Equation 3):

2)
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Trivers-Willard (TW) hypothesis: In this study, the
Trivers-Willard (TW) hypothesis (Trivers and Willard,
1973) was employed to investigate changes in the sex
ratio over time. A comparison was made between years
with harsh climatic conditions in the Southeastern
Anatolia region of Tirkiye, where the study was
conducted, and years with more favorable conditions.

To distinguish between good and bad climatic
conditions, findings from previous scientific studies on
the climate in the Southeastern Anatolia Region of
Tiirkiye were used, as shown in Table 2 (Gimiis et al.,
2016; Akbas, 2014). The Ceylanpmar district, where the
CSPF is located, was severely affected by droughts,
particularly in 2008, 2009, and 2010. As a result, many
crops were unable to be harvested due to the drought
(Anonymous, 2025).

Glmiis et al. (2016) conducted a drought
analysis using the Standardized Precipitation Index (SPI)
method based on 78 years (1937-2014) of precipitation
data from the Sanlurfa meteorological station in the
Southeastern Anatolia region of Tirkiye. According to
the SPI index, the most prolonged dry period lasted 60
months, occurring between February 2004 and January
20009.

In the study by Akbas (2014), the temperature
and precipitation data from 96 meteorological stations
throughout Tiirkiye (1929-2009) were analyzed. Using
these data, the Palmer Drought Severity Index (PDSI)
values and classifications for Sanlurfa province were
determined based on the Available Water Holding

5 f-f ) Capacity (AWHC) of the U.S. ORNL DAAC, PDSI, and
= 27 National Oceanic and Atmospheric Administration
/i 3) (NOAA) procedures (Table 1). The results of the study
Where; show that in 2007 and 2008, the region where Awassi
f was the observed frequency and fi was the expected sheep are kept experienced moderate, severe, and
frequency. All statistical analyzes were performed with extreme drought (Table 2).
IBM SPSS Statistics for Windows, version 22.0 (SPSS,
2014).
Table 1. Palmer drought severity index (PDSI) and standard precipitation index (SPI) classes
Palmer drought severity index (PDSI) Standard precipitation index (SPI)
(Palmer, 1965) (Mckee, 1993 and Vermes, 1998)
PDSI Values Drought Category SPI Values Drought Category
> 4.00 Extremely wet 2.0 > SPI Extremely wet
3.00 to 3.99 Very wet 1.5 <SPI< 2.0 Very wet
2.00 to 2.99 Moderately wet 1.0 <SPI< 1.5 Moderately wet
1.00 to 1.99 Slightly wet 0 <SPI< 1.0 Slightly wet
0.50 to 0.99 Incipient wet spell -1.0 <SPI< 0 Slightly drought
0.49 to -0.49 Near normal -1.5 <SPI< -1.0 Moderate drought
-0.50 to -0.99 Incipient drought -2.0 <SPI< -1.5 Severely drought
-1.00 to -1.99 Mild drought -2.0 < SPI Extremely drought
-2.00 to -2.99 Moderate drought
-3.00 to -3.99 Severely drought
< -4.00 Extremely drought

PDSI: Palmer drought severity index, SPI: standard precipitation index
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In this study, the results of Akbas (2014) and Giimiis et al. (2016) were utilized to classify the challenging conditions hypothesized to
influence the shaping of the sex ratio in Awassi sheep kept in CSPF (Table 2).

Table 2. PDSI and SPI values determined for Sanhurfa province

PDSI value and classes determined for Sanhurfa Province (Akbas, SPI value and classes determined for
2014) Sanhurfa Province (Giimiis et al., 2016)

Years (ll*jgl)afia\r];/l;ll;le;) Drought Category V:Fules Drought Category

2004 - - -1.0 <SPI< 0  Mild drought

2005 - - -1.0 <SPI< 0  Mild drought

2006 1.9/-2 to -1.9/-2.9  Normal/Moderate drought -1.5 <SPI< -1 Moderate Drought

2007 -2/-3 to -2.9/-3.9 Moderate/Severely drought -2.0 < SPI Extremely Drought

2008 < -4/4 Extremely/Extremely drought -2.0 <SPI< -1.5 Severe drought

2009 - - 0 <SPI< 1.0 Slightly wet

2010 -1.0 < SPI 0  Mild drought

2011

PDSI: Palmer drought severity index, SPI: Standardized Precipitation Index.

As this study was conducted in the context of non- show the differences between years. Maternal age had no

experimental agricultural practices (Anonymous, 2011), direct effect on the sex ratio (Table 4).

it was not necessary to obtain an “ethics committee The significance of the change in sex ratio by

certificate”. year was analyzed using the chi-square independence test

(x2). Table 4 shows the significance of these differences
RESULTS AND DISCUSSION by year, and the results were significant. Another factor
hypothesized to influence the change in the sex ratio is

According to the GLM procedure (Table 3), the mother's age. In thi.s study, rpaternal age was found

there was a marginal difference between the groups by not to affect the sex ratio, as indicated by both the GLM

year (p<0.10). Duncan's comparison test was used to procedure (Table 3) and the results of the chi-square

independence test (Table 4).

Table 3. GLM analysis results of factors affecting sex ratio

Source Type III Sum of Squares df Mean Square F Sig.
Model 2882.058* 30 96.069 385.100 0.000
Year 3.084 7 0.441 1.766 0.089*
Maternal age 0.470 3 0.157 0.628 0.597"
Year x Maternal age 5.393 19 0.284 1.138 0.304
Error 2702.942 10835 0.249

Total 5585.000 10865

+: p<0.10 (marginal important); ns: non-significant; a: Coefficient of determination (R? = 0.516; Adjusted R? =0.515).

When Table 3 was examined, it was found that The drought category shown in Table 4 was
the significant differences causing the change in sex ratio created according to the SPI to test the TW hypothesis.
(for the increase in female sex) were due to the factor of The TW hypothesis states that "natural selection under
the year of birth of the offspring (p < 0.10: marginally certain maternal conditions favors unequal parental
significant). It could be considered significant that the investment between daughters and sons." In this study,
change in sex ratio by year was found to be marginally the number of newborn female and male offspring, as
significant (p<0.10), as the sex ratio in mammals was well as their sex ratio, was determined by year and under
expected to be the same under normal conditions (Cheryl the environmental conditions in which the sheep lived.
et al., 2004; Rosenfeld and Roberts, 2004; Abecia et al., The changes in sex ratio from year to year were
2017). Additionally, a drought category was created determined to be statistically significant (P < 0.01) using
based on years, according to the standardized the %2 test, and the results of the statistical analysis are

precipitation index (SPI). The results showed that this presented in Table 4.
factor influences the change in the sex ratio in Awassi
sheep (Table 3).
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Table 4. Duncan and y’ test of the effect on sex ratio of maternal age and years

Lamb Number Sex Ratio (% )

Factors Drought category by SPI  Abbreviations Female (Male)] [Female (Male)]
General n=5585(5280) 51.40 (48.60)
Years +(™
2004 Mild drought MID 640(657) 49.38 (50.62)*
2005 Mild drought MID 706(671) 51.27 (48.73)®
2006 Moderate drought MD 734(614) 54.41 (45.59)%
2007 Extremely drought ED 687(548) 55.58 (44.42)°
2008 Severe drought SD 721(660) 52.21 (47.79)b¢
2009 Slightly wet SW 579(574) 50.26 (49.74)*
2010 Mild drought MID 818(841) 49.31 (50.69)*
2011 Mild drought MID 700 (715) 49.47(50.53)?
Maternal Age ns

3 2476(2312) 51.23 (48.77)
4 1782(1740) 50.74 (49.26)
5 994(915) 52.08 (47.92)
6 333(313) 51.38 (48.62)

+: p<0.10 (marginal important); ns: non-significant; a, b, c: The differences between the sex ratios shown with different letters in the

same column are statistically significant (p<0.10).

**: p<0.01 (Pearson Chi-Square (df=7)= 22.089, p= 0.002), NS: (Pearson Chi-Square (df=3)= 1.446; p= 0.695)

The analysis of Table 4 shows that, out of the
total 10,865 lambs born, the sex ratio was 51.40% for
females and 48.60% for males.

Studies on the sex ratio of sheep offspring have
shown that the ratio of female offspring is generally
higher than that of male offspring (Reddy and Naidu,
2008; Balasubramanyam et al., 2011; Tariq et al., 2013).
In this study, it was shown that the lowest ratio of female
lambs (49.38%) occurred under moderate drought
conditions (2004), while the highest ratio of female lambs
(55.58%) occurred under conditions where there was a
transition from severe drought to extreme drought (2007).

The sex ratio determined in the study was
compared with sex ratios from studies conducted with the
same and different sheep breeds in various regions of the
world. At the end of this comparison, it was found that
the sex ratio (female: male) obtained was quite similar to
the values reported by Nawaz et al. (1985) of
50.74:49.26% and 51.12:48.88% in Awassi and Kachhi
sheep, respectively. The value of sex ratio in the study
was also similar to Tailor et al. (2008), Reddy and Naidu
(2008), Tariq et al. (2013), who studied Sonadi sheep
(50:50%), Nelore sheep (50.74:49.26%), Mengali sheep
(50.63:49.37%) and Mandya sheep (48.7:51.3%)
respectively.

Numerous researchers have also documented
similar results. On the other hand, the sex ratio (female:
male) found in this study was relatively high compared to
that of Nawaz et al. (1985) in Awassi x Kachhi sheep
(49.13:50.87%); Babar et al. (2004) in Lohi sheep
(48.47:51.53%); Thiruvenkadan et al. (2008) in Mecheri
sheep (49.22:50.78%); Soundararajan and Sivakumar
(2011) in Madras Red sheep (49.07:50.93%); Jahan et al.
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(2013) in Balochi sheep (49.67:50.33%); and Javed et al.
(2013) in Lohi sheep (49.51:49.51%). In addition, the sex
ratio values (female: male) were higher in some studies
than in our study, e.g. Balasubramanyam ef al. (2011) in
Madras Red sheep (52.18:47.82 %).

The graph of the change in sex ratio over the
years under the specified conditions of drought category
(MID: Mild Drought, MD: Moderate Drought, ED:
Extreme Drought, SD: Severe Drought, SW: Slightly
Wet), assigned by SPI, is shown in Figure 3.

The TW hypothesis could explain the change in
the gender ratio from 2005 to 2009. According to this
hypothesis, the mother tends to give birth to male
individuals when the environmental conditions (climate,
care, feeding, stress, etc.) in which she lives provide good
opportunities; when the environmental conditions in
which the mother lives do not provide good
opportunities, she tends to give birth to female
individuals (Triver and Willard, 1973).

In this study, when examining the sex ratio of
lambs born to Awassi sheep between 2004 and 2011, in
parallel with environmental factors, it was found that
mothers gave birth to mainly female offspring in extreme
and severe drought years, as well as in years with
extreme rainfall, as shown in Figure 3. Analyzing the
results in light of this information leads to the conclusion
that the sex ratio has changed in line with the TW
hypothesis.

The distribution of the sex ratio by age is shown
in Table 4. It was found that maternal age made no
statistically significant difference in the variation of the
sex ratio (p > 0.05).
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Although maternal age (the age of the ewe) did
not affect the sex ratio in this study, the female sex ratio
(female/male) was consistently higher than the male sex
ratio at all ages (Table 5). The lowest female offspring
ratio of 50.74% was found in the 4-year-old breeding
ewes, and the highest female offspring ratio of 52.08% in
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the 5-year-old breeding ewes (Table 4). The changes in
the sex ratio as a function of the age of the ewes
were not statistically significant. The result that the
age of the ewes has no influence on the sex ratio is
consistent with the reports of Skjervold (1979).

60
=~

L 55

=

0=

= 50

(o)

= a5

e

= 40

ﬁ 2004 2005 2006 2007 2008 2009 2010 2011
v MID | MID MD ED 5D SW MID | MID
=—#=Female| 4938 | 51.27 | 5441 | 5558 | 5221 | 5026 | 4931 | 4947
—f—Mzle 50,62 | 4873 | 4559 | 4442 | 47.79 | 49.74 | 5069 | 50.53

Figure 3. Change of sex ratio by drought category and by years

Conclusion: The study analyzed the sex ratio of 10,835
Awassi lambs and found a significant correlation between
lambing year and sex ratio. An increase in the proportion
of female lambs was observed when environmental stress
factors such as drought and feed shortage were severe
and the proportion of female lambs reached the highest
value of 55.58%. On the other hand, the proportion of
male lambs increased relatively in years with more
favorable nutritional and environmental conditions.
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