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The progeny’s gender ratio in mammals has many 
consequences. The genetic contribution of an ani-
mal to the succeeding generations is affected by 
the gender of its descendants (Clutton-Brock and 
Iason, 1986; West et al., 2000). In addition, the gen-
der of progeny is of great importance in livestock 
production (Gray and Katanbaf, 1985). Dairy pro-
ducers prefer female progeny while meat producers 
prefer male progeny.

Animals form a social hierarchy that keeps aggres-
sive behaviour under check, which minimizes ener-
gy losses (Karaag

_
  aç et al., 2003). The structure of 

hierarchy is affected by several factors, such as the 
presence of horns, live weight and age of the goat 
(Barroso et al., 2000; Cote, 2000; Tölü and Savaş, 
2003). The presence of horns encourages animals 
to fights and animals with horns belong to the top 
ranks of any herd (Cote, 2000; Tölü and Savaş, 2007). 
Animals at the top ranks of a herd tend to be more 
aggressive (Orgeur et al., 1990; Barroso et al., 2000; 
Cote, 2000; Tölü and Savaş, 2007), which causes 
the subordinate animals to be kept under constant 
pressure (Pusey et al., 1997). The social hierarchy 
of the herd may prevent the animals from acces-

sing the food resources equally. Thus, the dominant 
animals benefit more from feed, water, shade and 
resting spaces compared to the subordinate ani-
mals, both in quality and quantity (Andersson et 
al., 1984; Mosley, 1999; Barroso et al., 2000; Phillips 
and Rind, 2002). Because the dominant animals can 
use the resources more efficiently, their condition 
increases and it has been shown that dams in better 
conditions tend to give birth to male descendants 
(Kojola, 1997; Cameron et al., 1999; Hewison et 
al., 1999). Cote and Festa-Bianchet (2001a) studied 
social hierarchy in mountain goats and reported 
that the top animals had higher reproductive per-
formance. Alvarez et al. (2003) reported that goats 
higher in the social hierarchy had easier detection 
of heat and had higher pregnancy rates. Cote and 
Festa-Bianchet (2001b) stated that the probability 
of male progeny increased as the rank in social 
hierarchy increased in mountain goats. Górecki and 
Koscinski (2003) reported that goats with horns 
and high hierarchy rank had a higher probability 
of giving birth to male progeny.

Effects of the sire on gender ratio depend on age 
(Jacobsen et al., 1999), dominance rank and condi-
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tion of the sire (Clutton-Brock et al., 1984; Graves 
et al., 1985), ejaculation interval (Chandler et al.,  
1998) and breed differences (Gorecki, 2003). Other 
factors effective on gender ratio include age of dam  
(Cote and Festa-Bianchet, 2001; Gorecki and Koscin- 
ski, 2003; Weladji et al., 2003), litter size (Gorecki, 
2003), parity, season of mating (Sethi and Rao, 
1981; Tomar and Tripathi, 1988), population size 
and the amount of precipitation (Kruuk et al., 
1999a; Lindström et al., 2002).

The major purpose of this study was to investigate 
the effects of dominance index of the dam, sire, 
age of dam, birth type and year of birth on gender 
ratio in dairy goats. 

MATERIAL AND METHODS

The data was collected from 225 Turkish Saanen 
goat kids, born in the Research Centre of the 
Çanakkale Onsekiz Mart University between the 
years 2002 and 2004. The Turkish Saanen breed was 
developed by crossing the Saanen breed with local 
goats during the last 25 years. These goats have an 
average of 240 days of lactation and they produce 
600 kg milk yield per lactation on average.

In the university herd, the goats are hand mated. 
Hornless bucks were not used in hornless goats so 
that hermaphrodism would not occur. The avera-
ge litter size is 1.4. The births are done in closed 
barns while the adult goats are normally kept in 
semi-open barns. The bucks are kept separately 
from the herd. The herd grazes during the day with 
a shepherd on natural or grain pasture, or around 
bushes. Births take place once a year. The goats 
are machine-milked twice a day and they are fed 
concentrate during milking, including grains and 
concentrate pellets. They are fed lucerne, vetch, 
dry oat and corn silage as roughage.

The number of subordinate and dominant goats 
to the animal at hand was counted by direct obser-
vations of individual fights in the herd. For easy 
identification, ID numbers of the goats were dyed 
on their both sides. The herd was observed for two 
months and the interactions between the individual 
goats were recorded. If a goat hits, bites or thre-
atens another goat, and the one being threatened 
backs off or runs away, the one running is labelled 
as the subordinate and the aggressor is labelled as 
the dominant goat (Tölü and Savaş, 2007).

The dominance index of Lamprecht (1986) was 
used to quantify the social hierarchy:

DI = number of animals subdominant/(number 
of animals dominant + number of animals subdo-
minant) × 100

The dominance index (DI) of an animal is the 
ratio of the number of subordinates to the total 
number of animals in the herd. A high index value 
indicates a high rank within the herd.

Fisher’s exact test (Agresti, 1992) was used in  
618 goat-kids’ gender data, collected between 1997 
and 2004, to check whether the gender ratio sig-
nificantly differed from the hypothesized value  
of 50%.

The statistical analysis was performed in SAS 
(1999) package program according to Generalized 
Estimating Equations (GEE) Logistic Regression 
method using the Genmod procedure.

The model used for analyses was:

y = β + A + B + C + D + E + F + ε

where:
y 	 = gender of the kid (♀ = 0, ♂ = 1)
β 	 = intercept
A 	 = dominance index of the dam
B 	 = sire effect (1,.., 6)
C 	 = age of the dam (1,.., 7)
D	 = birth type (single, multi)
E 	 = year of birth (2002, 2003, 2004)
F 	 = repeated effect of goats (1,.., 72)
ε 	 = error term

Table 1 indicates statistics that summarize the 
fit of the model. Deviance divided by the degrees 
of freedom is used to detect over-dispersion or 
under-dispersion. Values higher than one indicate 
overdispersion, i.e. the true variance is higher than 
the mean, values smaller than one indicate under-
dispersion, i.e. the true variance is smaller than the 
mean. Values closer to one indicate a better fit. The 
values in Table 1 indicate that the specified models 
fit the data reasonably well.

RESULTS

Between the years 1997 and 2004, 283 female and 
335 male kids were born. During these eight years 
there were 52 more male kids, and on average 46% 
of the kids were female and 54% were male. Fisher’s 
exact test indicated that there were no significant 
differences between the genders (P = 0.23).

Dominance index (DI) of the dam had a signifi-
cant influence on the gender ratio of kids (P = 0.036;  
Table 2). The probability of having a male kid incre-
ased with the increasing dominance index of the 
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dam (Table 3). The highest-ranking animals with 
a dominance index over 0.80 gave birth to 58% of 
male kids while the animals with a dominance index 
under 0.20 gave birth to only 47% of male kids. 
Different sires had different gender ratios in their 
progeny (P = 0.094). The estimations in Table 3 
indicate that sire “9887” produced mainly female 
progeny. The probability of the remaining animals 
siring more male descendants was 3.3 to 7.4 times 
higher than in sire “9887”. The variables year, birth 
type and age of dam had insignificant effects on the 
gender of kids (P = 0.294 – 0.892, Table 2). 

DISCUSSION

Though there were no significant differences 
between the genders in this study, there were 
more male kids born than females. There are 
many reports with the number of males being hi-
gher than the number of females. In several studies 

(Hohenboken et al., 1987; Singh et al., 1991; Bansod 
and Jagtap, 1992; Kumar et al., 1992; Belsare et al., 
1993; Demirci and Gür, 1993) the male progeny 
ratio ranged from 50.4% to 73.8%. Similar results 
were reported in humans who have a higher ratio 
of male newborns to female newborns (Parazzini 
et al., 1998; Jacobsen et al., 1999; Çelik et al., 2003; 
Grech et al., 2003). This is usually balanced by the 
higher death rate of male children and young men. 
Female humans tend to live longer than males, the 
balance shifts towards the females at old age.

Dominance index of the dams significantly af-
fected the gender ratio of kids in this study. High 
dominance index increases the probability of 
dam having male progeny (Clutton et al., 1986; 
Gomendio et al., 1990; Boesch, 1997; Cameron et 
al., 1999; Cote and Festa-Bianchet, 2001b; Gorecki 
and Koscinski, 2003). The physiological cost for 
the dam is higher for male progeny than for female 
progeny, which sets the higher probability of male 
progeny for the animals higher in the hierarchy. The 

Table 1. Fitness of the full model

Distribution criterion Degrees of freedom (DF) Deviance Deviance/DF

Binomial 196 271.22 1.38
Poisson 196 133.77 0.68
Negative binomial 196 133.77 0.68

Table 2. Number of kids (n), chi-square values (χ2) and P-values

Variable n χ2 P
Dominance index 211 4.27 0.036
Sire 211 9.81 0.094
Age of dam 427 2.28 0.892
Birth type 618 1.10 0.294
Year 618 7.21 0.408

Table 3. Estimation (b), standard error (SE) and confidence intervals (90%) for the sire effects and dominance index 
of the dams

Variable b SE Confidence intervals 90%
Dominance index 2.1 1.05 0.44 3.91

Sire

9887 0.0 a 0.00 0.00 0.00
2042 1.3 b 0.52 0.45 2.15
2101 1.2 b 0.71 0.05 2.38
2216 1.8 b 0.94 0.28 3.38
2251 2.0 b 0.98 0.42 3.66
4188 1.3 ab 1.03 –0.37 3.01

The difference P = 0.10 is indicated by different letters
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males are born heavier than females and raising the 
male progeny is more complex and requires more 
resources (Kruuk et al., 1999b). In addition, the 
probability of male progeny reproduction is smaller 
than in female progeny because of the high com-
petition among males. However, if a dam produces 
several male progeny, then the chances that one 
of these male progeny will reproduce increase and 
thus, the dam will have success because its male 
progeny will have a great contribution, greater 
than any female progeny ever could (Andersson, 
1994). The animals higher in the hierarchy can bet-
ter use resources such as roughage, water, resting 
places etc. compared to the lower rank animals 
(Andersson et al., 1984; Mosley, 1999; Barroso et 
al., 2000; Phillips and Rind, 2002). If these resour-
ces improve the condition of high-ranking parents, 
they could produce more males than the low-ran-
king dams (Trivers and Willard, 1973). 

Effects of sire on kid gender approached signi-
ficance (P = 0.094) (Table 2). Even if a buck has a 
low probability of siring the male progeny, the age 
of the sire may change the progeny gender. The data 
record containing the progeny of sire “9887”, which 
was always older than 3.5 years, in the years was 
used. The sires in the other groups were younger 
than 3.5 years. Jacobsen et al. (1999) reported that 
the effects of father’s age and number of children 
per plural birth were significant in humans and the 
ratio of males decreased as father’s age increased. 
They reported that the male ratio decreased with 

the paternal age from 51.6 in fathers <25 years to 
51.0 in fathers aged ≥40 years. Gorecki (2003) re-
ported that different sires with different testostero-
ne levels could have different gender ratios in their 
progeny. In this study, older sires had more female 
progeny, which could be due to lower testosterone 
levels compared to younger sires (Harman et al., 
1978).

In contrast to studies by Cote and Festa-Bianchet 
(2001b), Gorecki and Koscinski (2003) and Weladji 
et al. (2003), the analysis in this study indicated 
insignificant effects of dam’s age on gender ratio. 
Cote and Festa-Bianchet (2001b) worked with 
mountain goats and reported that age significantly 
affected the rank of the animal. The same authors 
also reported that the female-progeny ratio of dams 
that were six years old or younger was 70%, while 
the female-progeny ratio of dams that were 10 years 
old or older was only 25%. As the animals age, they 
can benefit more from the resources and improve 
their weight and body condition, increasing in the 

ranks of the herd. The presence of horns, however, 
is an important factor in determining dominance 
and it sometimes suppresses the age effect (Tölü 
and Savaş, 2003). 

CONCLUSION

In this study, the top animals of social hierarchy 
had horns; they were heavier and more aggressi-
ve compared to those in the lower ranks. These 
dominant animals tended to give birth to male 
descendants. Physiological and molecular genetic 
investigations may be needed to investigate the 
matter further and to clarify the working mecha-
nisms.
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