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Several factors inﬂuence mammalian sex ratio. In this study, the effects of parental age and litter size on
the offspring sex ratio in dogs were evaluated in 602 puppies born from 101 German Shepherd litters
from a breeding facility. The data was obtained from recordings of the kennel and Studbook from 1996 to
2016. A linear mixed-model analysis was performed using dam age, sire age and litter size as predictors
of the percentage of males in litter. Dam age and litter size has direct effect on sex ratio. Dam age * sire
age and dam age * litter size interactions are signiﬁcant. When evaluating dam age by sire age, the
expected male percentage in the litter is higher for old dams mated with young sires and young dams
mated with old sires. Smaller percentage of males is expected for young dams mated with young sires
and old dams mated with old sires. When evaluating dam age by litter size, the expected percentage of
males in the litter is higher for young dams delivering big litters and old dams delivering small litters.
Smaller percentage of males is expected for young dams delivering small litters and old dams delivering
big litters. Dam aging increased proportion of males in litters. We concluded that offspring sex ratio is
determined partially by the dam age, sire age and litter size interactions in German Shepherd dogs.
© 2019 Elsevier Inc. All rights reserved.
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1. Introduction
Sexual determination is an intriguing question [1]. The theoretical 1:1 sex ratio at the time of conception [2] does not correspond to that observed at birth in mammals [3], and there are
several possibilities to explain this difference [4,5]. The bias in the
sex ratio may result from mother and/or father inﬂuence acting
alone or in combination [5], and such combination might be
antagonistic or complementary, increasing the frequency of one or
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the other sex at birth, or even having a neutral effect [6].
Several factors that may bias the sex ratio in mammals have
been previously studied (reviewed by Cameron [7], Rosenfeld and
Roberts [8], Gutierrez-Adan et al. [9], Aurich and Schneider [10] and
Booksmythe et al. [11]), and despite of contradictory reports,
parental age is considered a relevant factor [12e20]. However, for
polytocous species this effect is controversial (reviewed by
Cameron [7] and Rosenfeld and Roberts [8]), and in domestic dogs,
dam age and parity order do not seem to inﬂuence the offspring sex
ratio [21].
Trivers and Willard [22] proposed that older mothers tend to
generate more females than males because of the high mortality of
Ysptz and/or of the XY embryos within the female genital tract, and
that this embryo survival control probably occurs through the
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glucose metabolism of the mother (Trivers-Willard hypothesis TWH). Differences in male and female embryos are observed even
before phenotypic dimorphism [23,24], resulting in metabolic differences during pre-implantational period observed in many
mammalian species (reviewed by Gutierrez-Adan et al. [9]). The
male embryo needs higher glucose levels when compared to female embryo. Therefore, in low glucose concentrations male embryos are more susceptible to mortality than females [7,25].
Including some polytocous species [26], the TWH was supported in
34% of the original studies and not supported in 8.5%, whereas the
data from the remaining 57.5% had non-signiﬁcant results [7].
Polygynous and sexually dimorphic species are good candidates to
be supported by TWH [27] so the litter size should be considered a
relevant variable in the determination of sex ratio of the litter in
polytocous species [28].
Most studies on this topic have been performed on wildlife
(reviewed by Cameron [7] and Aurich and Schneider [10]), but
domestic species may have a different pattern due to the effects of
domestication [29e31]. For instance, Lord et al. [30] described
several changes in reproductive traits due to domestication of dogs
(Canis lupus familiaris), which occurred at least 14,000 years ago
[32]. Gavrilovic et al. [21] did not ﬁnd correlations between sex
ratio and several reproductive traits in domestic dogs, including age
of the bitch. Studying golden hamsters (Mesocricetus auratus), Huck
et al. [13] demonstrated that sex-selective embryo death alters
simultaneously sex ratio and size of the litter, as the reduction of
sex speciﬁc embryos also reduces the size of the offspring. However, the current data on these parameters are still controversial for
wild [27,33] and domestic [34e37] mammalian species.
There are limited studies on factors that affect offspring sex ratio
in dogs. Tedor and Reif [38] observed that several breeds, including
German Shepherd, had higher sex ratio than expected, although
others had smaller sex ratio than expected, suggesting that breed
may affect sex ratio in dogs. Recently, Gharagozlou et al. [39]
observed a higher proportion of males in the litter of Siberian
Husky bitches (62.4%) compared to German Shepherd bitches
(50.0%), which is in agreement to the Tedor and Reif's [38] hypothesis of breed inﬂuence on litter sex ratio. Gharagozlou et al.
[39] also observed a higher proportion of males in the litter of
bitches that received ﬁsh oil (64.0%) compared to those that
received palm oil (46.3%) supplementation for 30 days before
conception. To the best of our knowledge, the inﬂuence of litter size
on the offspring sex ratio has not been investigated in domestic
dogs.
The knowledge of factors inﬂuencing sex ratio in domestic dogs
may help breeders, technicians and scientists to understand more
about consequences of breeding practices on reproductive process
of this species. The aim of this study was to evaluate the inﬂuence
of parental age and litter size on sex ratio at birth in German
Shepherd dogs.
2. Material and methods
2.1. Animals
This study was based on a retrospective analysis of 602 puppies
that belonged to 101 litters derived from mating of 45 dams and 37
sires in a private breeding facility of German Shepherd dogs from
1996 to 2016 (Table 1).
2.2. Breeding management
All dams were housed at the kennel, but sires were either from
the same or from other facilities. Data of litter composition and
birth date were obtained from the recordings of the kennel, and all

Table 1
Dams (n ¼ 45) and sires (n ¼ 37) and their respective number of litters in a German
Shepherd facility (1996e2016).
Number of dams

Number of litters

Number of sires

Number of litters

21
9
6
5
3
1

1
2
3
4
5
9

26
7
1
2
1
1

1
2
3
10
12
26

animals, including stillbirths, were considered in this study, independently of their registration in the ofﬁcial Studbook. Parental
dates of birth were obtained from the database of the Brazilian Club
of German Shepherd (www.sbcpa.com.br).
Adult animals were housed individually. Dams were mated
naturally according to the interests of the kennel, although artiﬁcial
insemination was performed in some estrous cycles, not included
in our analysis. Whelping occurred in maternity pens, where the
bitches and their litters stayed for at least 40 days until weaning.
The animals received commercial food two times a day and water
ad libitum. Sanitary measures included periodical control of endoand ectoparasites, vaccines against the common diseases of dogs,
and disinfection of the premises. Except for the postpartum dams,
the dogs were exercised at least once a day.
2.3. Statistical analysis
In order to verify the effect of dam age, sire age, and litter size on
the sex ratio (number of males divided by number of females born),
a saturated mixed model was ﬁtted considering all the former effects and their interactions terms as ﬁxed. Dam and sire were
included in the model as random effects due to multiple offspring,
accounting for dependence between observations from litters for
the same individuals. For random effects it was assumed a Gaussian
distribution that were checked using diagnostic plots. We used the
percentage of males in the litter instead of sex ratio of the litter in
analyses because in litters composed of only one gender the sex
ratio could not be calculated (i.e., n males/0 females or 0 males/n
females). A backward selection model methodology was performed
aiming to obtain the most parsimonious model that explained sex
ratio. The criterion used to exclude explanatory variables were the
signiﬁcance of the effects. Models generated in each step of backward selection method were compared by their AIC (Akaike Information Criterion) and the ﬁnal model was chosen by the lowest
AIC value. Likelihood ratio tests after adjust models to be compared
by means of maximum likelihood method was also used to guarantee the best model choice. The ﬁnal model to explain sex ratio
was then ﬁtted by restricted maximum likelihood including the
ﬁxed effects of the dam age, sire age, litter size, dam age * sire age
interaction, dam age * litter size interaction, and random effects of
dam and sire. A pseudo-r2 was obtained following Kagawa and
Schielzeth [40].
Fixed effects were estimated and surface plots were drawn to
better understanding the modulation of dam age effect on sex ratio
by sire age and litter size levels. Predictions of sex ratio for the
combination of dam and sire of 2 and 8 years old and litter sizes of 2
and 10 puppies were obtained in order to highlight interaction
effects. Prediction accuracy of the ﬁnal model was evaluated as the
Pearson correlation between predicted values and realized values.
All analyses were performed using the R statistical software
version 3.5.3 [41]. Mixed models were ﬁtted using lmer function of
the lme4 package [42]. The considered signiﬁcance level for all
analyses was 0.05.
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3. Results
The average age of the 45 bitches was 4.7 ± 2.1 (mean ± standard
deviation) years, with a minimum of 1.8 and a maximum of 8.7,
whereas the average age of the 37 sires was 5.6 ± 2.1, with a minimum of 1.6 and a maximum of 11.0. The average litter size was
6.0 ± 2.4 (mean ± standard deviation) with a minimum of 1 and a
maximum of 11 puppies and the sex ratio was 1.03 (305 males and
297 females).
Effects of the dam age (P < 0.01), litter size (P < 0.01), dam age *
sire age interaction (P ¼ 0.03) and dam age * litter size interaction
(P ¼ 0.01) were signiﬁcant on sex ratio of offspring. The effect of the
dam age had the greater magnitude comparing other as the percentage of males is expected to increase in 15% with one year
increasing in the age of the dam. Moreover, this effect is modulated
by the sire age and litter size (Table 2).
Regarding dam age * sire age interaction, higher percentage of
males is expected for old dams when mated with young sires, as
well as for young dams mated by old sires; and smaller percentage
of males were predicted for young dams when mated with young
sires, as well as for old dams when mated with old sires. When
evaluating dam age * litter size interaction, higher percentage of
males were predicted for young dams delivering big litters and old
dams delivering small litters; and smaller percentage of males were
predicted for young dams delivering small litters and old dams
delivering big litters (Fig. 1).
The highest predicted percentage of males was 81.6% for litters
of 2 puppies (small litter) born from 8.0 year dam (old) and 2.0 year
sire (young). The smallest estimated percentage of males was 19.7%
for litters of 2 puppies (small litter) born from 2.0 year dam (young)
and 2.0 year sire (young). Only two-way interactions affected the
sex ratio, since the percentage of males is expected to increase for
young dams when the litter size is bigger, regardless the sire age.
On the contrary, the relative frequency of males in litter is expected
to decrease for old dams when give birth to bigger litters independently of sire age. Additionally, the sex ratio increased when
young dam is bred with older sires, regardless litter size. Also,
percentage of born males decreased for old females bred with
young sires independently of the litter size (Table 3).

4. Discussion
Our data demonstrated that the age of the dam inﬂuenced sex
ratio in domestic dogs interacting with litter size and sire age. Sire
age was a non-signiﬁcant predictor of the litter sex ratio, but it had
a relevant interaction with dam age. To the best of our knowledge,
these ﬁndings have not been previously observed in domestic dogs.
The dogs included in this study were representative of German
Shepherds in regard to sex ratio and litter size. The whole offspring
percentage of males in our German Shepherd population was very
similar to that observed for several breeds [38], including German
Shepherds [38,39]. The average litter size of our dog group was

Table 2
Estimates for effects of dam age, sire age, litter size and interactions on the percentage of males in the litter in a German Shepherd facility (1996e2016).
Explanatory variables

Estimate (standard error)

P value

Intercept
Dam age
Sire age
Litter size
Dam age * Sire age
Dam age * Litter size

0.2484 (0.2241)
0.1523 (0.0416)
0.0475 (0.0265)
0.0721 (0.0268)
0.0115 (0.0054)
0.0130 (0.0500)

0.27
<0.01
0.08
<0.01
0.03
0.01

Total pseudo-r2 ¼ 0.1453; AIC ¼ 7.7 (AIC from saturated model ¼ 11.2).

Fig. 1. Graphical representation of the percentage of males in the offspring born in a
German Shepherd facility (1996e2016). A) Representation of Dam Age * Sire Age
interaction; B) Representation of Dam Age * Litter Size interaction.

lower than those observed for large breeds [43]; but considering
German Shepherds, it was either similar [44] or lower [38,45] than
those previously reported.
For golden hamsters under laboratory condition, another polytocous mammalian species, Huck et al. [13] hypothesized that a
sex-selective embryo death, which depends on the dam age,
resulted in reduction of litter size concomitantly to the sex ratio
bias. Our results are compatible to the Huck et al. [13] hypothesis,
supporting the notion of a similar trend in dogs.
Although controversial [7], most of the studies that evaluated
the effects of maternal age on offspring sex ratio showed that old
mothers tend to have more females than males in their offspring
[12e17,19]. The effect of litter size on sex ratio is also controversial.
In wild dogs (Lycaon pictus) [33] and domestic cats (Felis catus) [34],
litter size did not inﬂuenced sex ratio. However, high proportion of
females have been observed in small litters of wild pigs (Sus scrofa
scrofa) [27], the opposite observed in domestic pigs (Sus scrofa
domesticus), with high proportion of females in large litters in a
study [36]. Although, in domestic pigs litter size was considered
irrelevant in other studies [35,37].
Although the effects of maternal age and litter size remains
controversial, our study demonstrated that bitch age and litter size
interacts to determine offspring sex ratio, and cannot be analyzed
independently. However, the studies of this interactive effect are
scarce in literature. It was considered irrelevant in wild pigs [27];
but older golden hamster mothers had high proportion of females
in small litters, but not in large litters [13]. Our analyses showed
that old bitches with small litters had high proportion of males in
their litter, contrary to that observed in golden hamsters [13]; but
young bitches with small litters had high proportion of females,
which have not been observed in golden hamsters [13]. A sexselective mortality of embryos has been proposed for hamsters
[13], which may also be the case for dogs.
We have also observed that despite the fact that the effect of sire
age on offspring sex ratio was not signiﬁcant (P ¼ 0.08), sire age
Table 3
Percentage of males predictions for 8 simulated litters considering only the ﬁxed
effects as predictors derived from data from a German Shepherd facility
(1996e2016).
Simulated litter

Dam age (y)

Sire age (y)

Litter size

% of males

1
2
3
4
5
6
7
8

2.0
2.0
2.0
2.0
8.0
8.0
8.0
8.0

2.0
2.0
8.0
8.0
2.0
2.0
8.0
8.0

2
10
2
10
2
10
2
10

19.7285
56.5157
34.4351
71.2223
81.6155
55.6859
54.7853
28.8557

Accuracy ¼ 0.36.
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interacted with the dam age affecting offspring sex ratio. Interaction effect of mother and father characteristics has been previously
reported. Most of the hypotheses for offspring sex ratio determination in mammals attributes to the mother the ability of facilitating or inhibiting Xsptz or Ysptz fertilization of the oocytes [5,46].
In addition to sex-selective embryo death, the skew of offspring sex
ratio may also result from different intrinsic ability of Xsptz or Ysptz
to reach and fertilize the oocytes; or it may be due to the female
sex-elective effects on spermatozoa inﬂuencing their arrival to the
fertilization site and/or their ability to fertilize the oocyte [5]. The
female genital environment may inﬂuence the spermatozoa progression differently according to its sex chromosome content
(reviewed by Rosenfeld [47]) and, indeed, it has been demonstrated
that Xsptz or Ysptz evoke different gene expression proﬁles in
porcine oviductal cells [48].
We observed that parents with low age gap resulted in lower sex
ratio in the litter, but higher age gap results in higher sex ratio,
independently of who is the older or the younger parent. The age
gap is considered a factor that affects sex ratio in man [14,20,49],
golden lion tamarins (Leontopithecus rosalia) [17] and horses (Equus
caballus) [19]. Our results are in good agreement with these previous studies, which demonstrated that lower age gap resulted in
more females, and higher age gap resulted in more males in the
offspring. The inﬂuence of mother and father in the offspring sex
ratio can be antagonistic or complementary, resulting in different
possibilities of offspring sex ratio depending on the power and
direction of the mother and father effects [6,50]. Our results
demonstrated an antagonistic inﬂuence of father and mother,
although more powerful for mother than father, as the sire effect
alone was not signiﬁcant.
Conﬂicting parental inﬂuences on sex ratio may cause unﬁtness
to the TWH [50], and it is the case here, as the parental effects were
antagonistic. Our results also did not ﬁt the TWH because the inﬂuence of the old dam was for more sons, and the hypothesis states
that raising females is more advantageous for dams with low resources [22,25,51,52], for example old mothers which affect sex
ratio by a sex-selective mortality of XY-embryos at early stages of
the gestation [22]. We also found that the lower the litter size, the
higher the litter sex ratio, which is in accordance with higher
mortality of XX-embryos, diverging from the TWH.
The Canidae family has several reproductive features that are
expressed in wild species, but not in the domestic dog, including
the typical cooperative breeding behavior of wild polytocous species [30,48]. Females of wild Canidae species usually are assisted by
helpers, which are non-breeding members of the group who protect and feed the puppies [30,53]. In African wild dogs, male siblings are best helpers than females. According to Creel et al. [33],
this is probably the reason for primiparous bitches deliver more
males than females, as they will need helpers more than the
multiparous bitches for the next litter. Our results of more females
in small litters of young bitches did not corroborate those ﬁndings
described by Creel et a [33]. However, the cooperative behavior of
wild Canidae was strongly inﬂuenced by domestication [31], since
in a dog facility feeding the dam and puppies as well as pup-rearing
are provided by man, making helpers unnecessary [30,54,55]. Senior domestic bitches do not need male siblings to help raising their
puppies. Considering that skew of sex ratio may be adaptive in
domestic dogs, why would senior bitches need more males in their
offspring? Conversely, why would young bitches need more females in their offspring? If adaptive, this skew in sex ratio linked to
dam age may be derived from an unknown sex-linked needs of
dogs under domestic conditions that differs from those in the wild.
Male age did not affect litter sex ratio in our study, although
many evidences suggest an active role of males on sex ratio
determination [5,6], which may be associated with selective

production, ejaculation or fertilizing ability of different sex chromosome bearing spermatozoa [56e58]. Edwards and Cameron [6]
revised the literature and showed variations in Ysptz:Xsptz ratio in
semen of several species associated to several conditions, including
age, which was negatively correlated to Ysptz percentage in semen
of men [18,59], but not in a captive population of pigmy hippopotamus (Choeropsis liberiensis) where father age signiﬁcantly
increased offspring sex ratio [60]. The absence of effect of sire age
on litter sex ratio observed in this study not necessarily indicated
that Ysptz:Xsptz ratio was not affected by the age of the sire, since
the female genital tract may differently affect Ysptz or Xsptz. In
horses, the male effect upon sex ratio was only observed after analyses of thousands gestations, but not observed in a small number
of gestations [19], and it can be the case for our population of dogs,
with an insufﬁcient number of observations to detect the sire age
effect, although the sire age affected sex ratio when interacting
with the dam effect.
There is obvious need for additional studies in order to elucidate
mechanisms of sex ratio determination in dogs. Although signiﬁcant, the ﬁtness of ﬁeld data to the statistical model is small enough
to consider the trends here observed biologically relevant in a dog
breeding facility or other small population of dogs, and the combined effect of dam age and litter size, and of dam age and sire age,
maybe will only be observed in a large population of dogs. This is
the ﬁrst report of parental age effect on offspring sex ratio in dogs,
and we strongly encourage other studies to conﬁrm our observation and elucidate mechanisms involved.
In conclusion, dam age, sire age and litter size are important
factors to be considered when litter sex ratio of German Shepherd
dogs is a subject of concern. It is expected that older dams that give
birth to smaller litters or that mated with older sires have higher
percentage of males in offspring. Also, young dams that give birth
to smaller litters or that mated young sires are expected to give
birth of higher percentage of females in offspring. Considering the
lack of studies about sex ratio determination in domestic dogs, our
results expand knowledge of the reproductive biology of dogs
supporting breeding decisions. Nevertheless, the biological mechanisms involved in sex ratio modulation is still not completely
elucidated in dogs.
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