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ABSTRACT: The aim of this study was to determine the basic reproductive parameters, i.e., litter size, gestation
length, neonatal mortality rate and the type of delivery in Yorkshire terrier dogs, one of the most popular breeds in
Poland. We have verified a hypothesis put forward by breeders that larger females have fewer whelping difficulties and
produce larger litters and that pregnancies of females having one or two pups last longer. The focus of investigation
was reproductive data from 66 Yorkshire terrier females registered in the Lublin Branch of the Polish Kennel Club,
an FCI (Federation Cynologique Internationale) member, which whelped 124 litters comprising in total 508 pups
from 37 fathers. The data were collected between August 2009 and December 2014. The significance of differences
was verified using Mann-Whitney U and Kruskal-Wallis H-tests. The relationships between the recorded dogs’
reproduction traits were estimated by calculation of Spearman’s correlation coefficients with the use of the statistical
programmes Statistica and SPSS 20. The investigations have confirmed the hypothesis concerning the larger litter size
produced by larger females and the lower incidence of postpartum dystocia; however, the hypothesis of the impact
of body weight on the length of pregnancy was rejected. The differences between the body weights of stud females
and males reached 125%. The Yorkshire terrier appears to be a good reproductive breed with normal reproductive
functions and good reproductive parameters.
Keywords: small dog breeds; reproduction; litter size; completion of pregnancy

In dog breeding, the knowledge of the exact
pregnancy due date is extremely important, since
small-breed females require assistance during delivery, particularly at the first one, in a majority
of cases. One of the major clinical problems is
the varying duration of pregnancy (57–72 days),
which makes it impossible to plan obstetric and
neonatal care of pups and their mother (Luvoni
and Grioni 2000; Kutzler et al. 2003; Eilits et al.
2005). Ultrasonographic foetometry is helpful in
predicting the time of parturition. As shown in
investigations on Yorkshire terriers conducted
by Socha and Janowski (2011), this examination
method had a prediction accuracy of 57–93%, depending on the assumed accuracy level and used
measurement, whereas its reliability increased to
80–100% in the Golden retriever breed. However,
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systematic ultrasound monitoring of pregnancy is
not available to some breeders, and its lower range
of accuracy (57%) is not satisfactory. Therefore,
factors that determine the length of the pregnancy
period should be taken into account by breeders.
The Yorkshire terrier is the second most popular
dog breed (after the German shepherd) in Poland.
In 2014, 2667 dogs of this breed, including 1322 stud
dogs (379 males, 943 females), were registered in the
Polish Kennel Club (a member of The Federation
Cynologique Internationale – FCI). In the Lublin
Branch, the number of dogs of the breed registered
during the study period ranged from 124 (35 males,
89 females) in 2009 to 77 (20 males, 57 females) in
2014. The breed standard does not specify the size
of dogs based on the height at the withers; instead,
the body weight, which in optimally fit dogs should
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not exceed 3.2 kg, is taken into account (Standards
and Nomenclature 2012). Most representatives of
the current Yorkshire terrier population have a balanced personality and do not cause trouble with
their behaviour. Therefore, they can be kept as pets
by families with children and by the elderly.
The physical traits of females such as body
weight, physiological traits such as fertility and
psychological attributes such as readiness to take
care of offspring, which is evidenced by the rate of
pup survival, normal development and rearing, are
important for breeders.
Due to the large population size, Yorkshire terriers can be a good model for determining the reproductive parameters in small dogs in general (with
the exception of miniature and brachycephalic dog
breeds). The aim of this study was to determine the
basic reproductive parameters, i.e., the litter size,
gestation length, neonatal mortality rate and type of
delivery, and to assess the relationships between the
body weight in females and males and the reproductive parameters mentioned above. Additionally,
an attempt was made to verify a belief shared by
breeders of Yorkshire terriers that larger females
have fewer whelping difficulties and produce larger
litters and that pregnancies of females whelping
one or two pups last longer.

MATERIAL AND METHODS
The focus of investigation was reproductive data
from 66 Yorkshire terrier females registered in the
Lublin Branch of the Polish Kennel Club, which
whelped 124 litters comprising 508 pups from
37 fathers during the study period. The data were
obtained from the database of the branch and from
breeders between August 2009 and December 2014.
The investigations were carried out in small
breeding sites, where a maximum of five stud females were kept and only one female had pups at a
time. This allowed an individual approach to each
expectant mother with particular emphasis on routine monitoring of the calcium and acid-base balance. In all breeding sites, the females were family
dogs, lived at the breeders’ homes (no cage breeding), and were walked at least three times a day.
They received commercial premium quality feed
designed for pregnant bitches at a constant dose
until gestation day 42 twice a day. After day 42 of
pregnancy, the frequency of feeding was increased

initially to three and then four times a day and the
feed dose was increased as well (by 10% in each subsequent week of gestation). No additional diet supplementation was introduced. All the bitches were
naturally mated twice. The mating day was established based on the behavioural method (female’s
behaviour towards the male; behavioural changes
observed in females); the bitches were mated one
day after acceptance of the male, and mating was
repeated after 48 hours. The first mating day was
regarded as the first day of gestation (day 0).
The following parameters were determined: gestation length (based on the dates of mating and
whelping), litter size, pups’ sex in each litter, completion of pregnancy (natural delivery or a caesarean section) and possible dystocia. Data of the
female and male body weights before mating were
also collected. The body weight was measured with
the use of paediatric scales, and the animals’ condition during the weighing period was assumed as
optimal. Adult individuals were divided into small,
medium and large sizes according to the scheme
presented in Table 1. The classification was developed based on the arithmetic means of the body
weights of male and female dogs in the analysed
population of Yorkshire terriers and standard deviation (females: M ± SD, 2800 ± 367.99; males:
M ± SD, 2296 ± 338.99).
The sex ratio in born pups, frequency of pregnancies terminated with a caesarean section, pup
mortality rate, mean litter size and mean pregnancy length were determined. Additionally, we
determined the correlations between the female
body weight and litter size, gestation length, rate of
caesarean sections and neonatal mortality rate; the
correlations between male body weight and litter
size; the correlations between the litter size and
number of stillborn pups and mode of pregnancy
termination; and the correlations between the gestation length and litter size, neonatal mortality rate
and frequency of caesarean sections.
Statistical analysis. The results were summarised
in tables and graphs, and the significance of the difTable 1. Division of dogs according to body weight
Mother’s body
weight (g)
< 2432
2432–3167
> 3167

Size

Category

Father’s body
weight (g)

small

1

< 1957

medium

2

1957–2635

large

3

> 2635
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ferences was verified with the Mann-Whitney U-test
and Kruskal-Wallis H-test. Non-parametric statistics
were used, since the results of the Shapiro-Wilk test
indicated abnormal distribution (female body weight
SW-W = 0.9643, P = 0.004; male body weight SWW= 0.9146, P = 0.000001). We also determined the
relationships between the dogs’ reproductive traits
by calculating Spearman’s correlation coefficients
with the use of the Statistica statistical programme.

RESULTS
A total of 213 males (46.1% of births) and 249 females (53.9% of births) were born in the 124 litters of the Yorkshire terrier dogs. The differences
between the number of males and females born
were verified with the Mann-Whitney U-test and
were found to be statistically non-significant: U =
6633, z = –1.866, P = 0.06 n (M ± SD, 1.72 ± 1.213
for males, M ± SD, 2.01 ± 1.241 for females). The
analysis of perinatal complications in all the litters
revealed 46 stillborn pups (both sexes, without determination of the sex ratio), which accounted for
9.05% of all born pups. Only 16 out of the 124 deliveries were terminated with a caesarean section,
which represented 3.15% of all deliveries.
The gestation length is a very important reproductive parameter in breeding. In the Yorkshire terrier females, it was on average 62.59 (± 2.522) days
with a maximum and minimum of 55 and 71 days,
respectively. Correlations between the gestation
length and body weight, litter size and stillbirth
frequency were analysed in the females.
The results indicated that the body weight of the
female parent had no statistically significant effect
on the length of gestation (Table 2). However, a staTable 2. Spearman’s correlation coefficients for the relationships between gestation length and the parents’ body
weights, litter size and number of stillborn pups
Correlation between:
Gestation length and female
body weight
Gestation length and male
body weight

Spearman’s correlation
0.1002
–0.209a

Gestation length and litter size

–0.157

Gestation length and number
of stillborn pups

–0.024

a

P < 0.05
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tistically significant negative correlation was found
between the gestation length and the male body
weight, i.e., the smaller the male parent, the longer
the gestation period; yet this seemed to be a random result that was not confirmed in the breeding.
Statistical analyses did not reveal significant
correlations between the length of pregnancy and
the litter size. It can be assumed that the length of
pregnancy is a specific trait of each female, but this
requires further investigations.
The analysis of the impact of the gestation length on
the frequency of stillborn pups per litter did not show
statistically significant correlations. Similarly, pregnancies terminated with a caesarean section (M ±
SD, 63.73 ± 3.217) were not statistically significantly
longer than those terminated with a natural delivery
(M ± SD, 62.42 ± 2.381), (U = 628.50, z = –1.257, P =
0.208). All caesarean sections were performed with
medical indications. The litter sizes were determined
based on the mean and standard deviations: small
litter (M = 2.552) one to two pups, medium litter
three to five pups, and large litter six (M = 5.648) and
more pups. No correlation was found between the
litter size (in the litter size categories) and stillborn
pups (H (2, n = 121) = 2.0366; P = 0.3612).
Since the compared groups were characterised by
different values of pregnancy termination frequencies, the non-parametric Mann-Whitney U-test
was employed. A comparison of the litter size and
mode of pregnancy completion (natural birth or
a caesarean section) in the groups differing in the
mode of delivery revealed a statistically significant
difference in the number of pups per litter in the
caesarean section group (U = 605.0, z = –1926, P =
0.049). This implies that is probably necessary to
carry out a caesarean section when the number of
pups in the litter is increased. There was also a correlation between the type of pregnancy completion
and the presence of stillborn pups in the litter. In
comparison to vaginal deliveries, a greater number
of stillborn pups were born by caesarean section
and the differences were statistically significant. The
rate of stillbirth was 0.33 per litter (SD, ± 0.611) in
vaginal deliveries and 0.69 (SD, ± 0.602) in the case
of caesarean section. These differences were statistically significant (U = 561, z = –2.738, P = 0.006).
The mean body weight of the examined stud females was 2800 g (SD, ± 367.9 g; min. 2000 g, max.
3600 g) with differences in the body weight reaching 80%. In turn, breeders usually choose small
stud males to match the size of the female parent.
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The mean body weight of males in the analysed
litters was 2295.79 g (SD, ± 338.99 g; min. 1600 g,
max. 3000 g) and the difference in the weight between the smallest and largest individuals reached
87.5%. The difference between the maximum female weight and the minimum male weight was
as high as 125%. The Yorkshire terrier is one of
the few breeds in which differences in body weight
between individuals may exceed 100%.
Yorkshire terrier females representing the large
and medium size groups are preferred by breeders
as prospective mothers. Small females are chosen
as stud dogs less frequently, which is related to the
breeders’ belief that larger females have larger litters. The mean number of Yorkshire terrier pups
per litter was 4.1.
Comparison of the litter size from females from
each weight category performed using the KruskalWallis test (H (2, n = 113) = 13.624, P = 0.001) and
the multiple comparisons revealed a statistically
significant difference in the litter sizes between
the large and small females (category 1–3) (P =
0.019) and between the medium and small females
(category 1–2) (P = 0.00098). There was no statistically significant difference in the litter size between
the medium and large females (category 2–3). This
analysis confirmed the hypothesis of the effect of
the female size (determined by the mother’s body
weight) on the litter size, i.e., the larger the female,
the larger the litter size (Figure 1).
Comparison of the correlation between the male
body weight and the litter size (in the weight cat6
5.5
5

Litter size

4.5
4
3.5
3

egories) did not show statistically significant differences (H (2, n = 110) = 1.8803, P = 0.390). This
indicates that the father’s size (determined by body
weight) had no effect on the litter size.
According to another popular belief, smaller females develop perinatal complications requiring
a caesarean section or have stillborn pups. In the
analysed data, the female body weight had no statistically significant effect on the mode of pregnancy
completion (natural birth or a caesarean section
(U = 598.50, z = 1.150, P = 0.249). However, the
lowest incidence of caesarean deliveries was reported in the large female group (Table 3). There
were no statistically significant differences between
the female body weight and the number of stillborn
pups per litter (H (3, n = 110) = 0.5101, P = 0.9167)
and between the male body weight and the neonatal
mortality rate (H (3, n = 110) = 3.0383, P = 0.3857).

DISCUSSION
Gestation length ranges from 62 to 64 days (63 ±
2 days) between ovulation and delivery, and ovulation typically occurs 48–60 h after the LH peak
(Concannon 2000; Concannon 2011). In the present study, when the day of the first mating was
regarded as the first day of pregnancy, the Yorkshire
terrier females whelped between 55 and 71 days
after mating and the mean gestation length was
62.57 ± 2.524 days. In the investigations carried
out by Okkens et al. (1993) on 77 large breed dogs
(e.g., German shepherd, Bouvier des Flandres,
Old English sheepdog, Bernese mountain dog,
Boxer), the mean gestation length was estimated
at 62.1 days (with a variation of 11 days). In investigations conducted by Son et al. (2001), the mean
length of pregnancy in Yorkshire terrier females
was estimated at 63.4 (± 0.5) days, i.e., it was less
than one day longer than that determined in the
present study. In turn, the mean gestation length

2.5
2

Table 3. Mean size of litters from bitches in the different
weight categories

1.5
1

3

1
Mother weight category

2

Figure 1. Correlation between the litter size and mother’s
weight (in the different weight categories)
-□- =

mean,

□ = mean + SEM, ¯_| = mean ± SD

Weight categorya

n

M

SD

3

20

4.250

± 1.446

2

77

4.376

± 1.556

1

16

2.750

± 1.238

a

For details on weight categories see Table 1
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was similar to that in West highland white terriers,
i.e., 62.8 (± 1.5) days, and greater than the value
estimated in German shepherds (60.4 ± 1.7; P ≤
0.001), Labrador retrievers (60.9 ± 1.5; P ≤ 0.001)
and Dobermans (61.4 ± 1.0; P ≤ 0.025) reported
by Okkens et al. (2001). In the study of Zonturlu
and Kacar (2012), the gestation length ranged from
58 to 64 days with an average of 62.6 (± 1.5) days
in German shepherd dogs and 61.6 (± 2.0) days
in Labrador retrievers. Pregnancy length in the
Drever breed was 61.48 (± 2.24) with a minimum
of 56 and a maximum of 72 days (Bobic Gavrilovic
et al. 2008).
Okkens et al. (1993) reported that gestation
length in a dog population was negatively correlated (r = –0.96, P < 0.001, n = 44) with the litter size in the case of litters comprising seven or
fewer pups. Subsequent investigations conducted
by Okkens et al. (2001) on German shepherd,
Labrador retriever, Doberman pinscher, Bernese
mountain dog, Golden retriever, and West highland white terrier dogs confirmed the results of
Okkens et al., who reported that the length of gestation was negatively correlated with the litter size
(r = –0.73), i.e., the larger the litter, the shorter the
pregnancy period. Similar results were obtained
in the present study, although without statistically
significant correlations. Similarly, Eilts et al. (2005)
found that the litter size was an important factor
determining gestation length. They showed that
pregnancies with four or fewer pups per litter were
significantly longer than pregnancies with five or
more pups. Additionally, a considerable effect of
the breed on gestation length was found. The study
conducted by Bobic Gavrilovic (2008) on Drever
dogs confirmed the negative correlation between
the gestation length and litter size (r = –0.18; P <
0.001). With each additional pup above the average,
the pregnancy period was shortened by 0.25 days.
In the investigations carried out by Zonturlu and
Kacar (2012), the litter size did not have an effect
on gestation duration (P ≥ 0.05). In the study presented by Seki et al. (2010), no impact of the litter
size on the gestation length was found in Beagle
females. Similarly, Kutzler et al. (2003) showed no
effect of litter size on gestation length in their research. However, they divided the dogs from different breeds into body weight groups and showed
that the body weight had a significant effect on the
gestation length in dogs at the extreme values of this
trait (the smallest and the largest). It was found that
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pregnancy was prolonged by 1.44 days in the lightest
(< 9 kg) females and shortened by 2.44 days in the
heaviest (> 40 kg) dogs, compared to the expected
gestation length determined by USG examination.
No effect of the female body weight on the gestation length was shown in the present investigations.
Holst and Phemister (1974) reported that a singleton pregnancy in Beagle females lasted significantly longer than multiple pregnancies in this
breed. In fact, a one-foetus pregnancy can occur in
any breed. The observations made by Domoslawska
et al. (2011) demonstrate that the most frequent
indication for ultrasound monitoring is singleton
pregnancies, which are burdened with high risk.
Singleton litters are rare in large and giant breeds,
whereas miniature and brachycephalic breeds such
as the Chihuahua or the Russian toy are particularly predisposed to the phenomenon. Some authors, e.g., Domoslawska et al. (2011), also classify
Yorkshire terriers into this group. However, in the
present investigations, there were only four singleton litters out of the total of 124, which accounted
for 3.2% of all completed pregnancies. Another
problem associated with singleton pregnancies is
the difficulty in predicting the time of parturition.
In the case of multiple pregnancies, the placenta
is unable to meet the growing foetuses’ needs at
the end of the pregnancy. Therefore, as a result of
stress stimuli caused by insufficient supply of nutrients and oxygen through the placenta, cortisol is
released (activated hypothalamic-pituitary-adrenal
axis) and reaches the mother’s organism through
the placenta, leading to PGF2α release, which initiates luteolysis (Ochota et al. 2014). Frequently,
a single large foetus necessitates a caesarean section (Domoslawska et al. 2011). In our investigations, only one of the four singleton pregnancies
was terminated with a caesarean section. In turn,
a statistically significant correlation was found in
the case of litters with multiple pups (five or more),
which implies that the larger the litter, the higher
the probability of a caesarean section.
The incidence of caesarean sections required in
the present study was relatively low and reached
3.15%. This is probably associated with the streamlined and compact body structure of Yorkshire
terriers with a rather small neither round nor flat
skull and not too long muzzle (fci.be), which makes
delivery easier than in other small breeds. As reported by McGreevy and Nicholas (1999), the ability to service birth without assistance should be one
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of the selection criteria considered by breeders.
The incidence of caesarean sections was 5.36% in
Drever dogs (Bobic Gavrilovic 2008) and 2.68% in
Dogo Argentino females (Caffaratti et al. 2013).
The analysis of the sex ratios carried out in the
present study did not reveal an effect of the pup’s
sex on the gestation length. Although greater numbers of female (53.9%) compared to male (46.1%)
pups were born, the difference was not statistically
significant. As for the sex ratio in other breeds,
the percentage of male pups was 50.8% in Dogo
Argentino (Caffaratti et al. 2013) and 50.5% in
Drever breeds (Bobic Gavrilovic 2008). This corresponds with the results presented by Tedor and
Reif (1978) in their study of different dog breeds,
where 50.6% of male pups were born, and with the
report of investigations conducted by Goleman et
al. (2015) on eight small dog breeds, where the frequency of born males was 50.04%.
In female dogs, the litter size varies according
to the breed, with smaller breeds tending to have
smaller litters than larger breeds (Johnson 2008).
In investigations of the reproductive parameters of
the Dogo Argentino breed (Caffaratti et al. 2013),
the mean litter size was 8.12 (± 3.44), which was in
agreement with the study of Feldman and Nelson
(2007), who reported an average of eight to ten pups
per litter of large breeds. In the investigations conducted by Borge et al. (2011), the number of pups
in miniature breed (below 5 kg) litters reached 3.5
(± 0.04). In the same study, the mean litter size observed in 35 deliveries in Yorkshire terriers was 3.5
(± 0.3) with a minimum of one and maximum of six
pups. The mean number for the breed reported by
Borge et al. (2011) was lower than that obtained in
the present study, where the mean litter size was 4.1,
but the number of observed deliveries was 3.5-fold
higher. There was one litter with eight pups (terminated with a caesarean section) and as many as
ten litters with seven pups in each. In our previous
analysis of 318 Yorkshire terrier litters (1137 pups)
(Goleman et al. 2015), the results were similar to
those reported by Borge et al. (2011): the mean litter
size was 3.58 (± 0.1), but stillborn pups were not
included in the analysis. Kelley (2002) reported that
the litter size in Yorkshire terrier and Chichuahua
breeds ranged from two to five pups, with 80% of
the litters having four pups. It was also found in the
present study that larger females whelped larger litters and the correlation was statistically significant,
although the study involved only one breed.

No case of postpartum tetany, i.e., one of the postpartum complications prevalent in small breeds,
was observed during the course of the conducted
observations. The decreased serum calcium levels
in the females may be a consequence of impaired
gastrointestinal absorption of this element (as well as
calcium and vitamin D deficiency), excessive deposition of calcium in tissues, excessive urinary calcium
loss, impaired action of parathyroid hormone (PTH)
and vitamin D3 as well as magnesium deficiency
(Jakubas-Kwiatkowska et al. 2005; Holowaychuk
2013). The absence of these symptoms in the 124 deliveries observed may imply a high awareness of
breeders, proper nutrition and good preparation
of females for the delivery in the gestation period.
Due to the large population size and body structure of Yorkshire terrier individuals, the breed can
serve as a model of reproduction in small dogs.
The investigations have confirmed the hypothesis that larger female dogs produce larger litters.
The best reproductive performance was exhibited
by females with body weights exceeding 2432 g.
The lowest incidence of postpartum complications,
e.g., caesarean section or stillborn pups, was found
in the large females. The statistical analyses confirmed the relevance of choosing large and medium
size female dogs for breeding.
The hypothesis of the impact of the body weight
on the length of pregnancy was rejected, meanwhile, since no such correlation was found in the
present study. Additionally, the hypothesis of longer gestation periods in the case of smaller litters
has not been supported.
Statistical analysis of the data revealed that the
differences in the stud female body weight reached
80% and as high as 125% when the maximum female
body weight and the minimum male body weight
were compared.
The Polish population of the Yorkshire terrier
appears to be a good reproductive breed with normal reproductive functions and good reproductive
parameters. Rates of caesarean sections as well as
neonatal mortality were negligible. No cases of
postpartum tetany were observed.
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