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Abstract
This paper presents the results of genetic variability analyses using genealogical data on the main genetic bloodline of the 
Australian Cattle Dog in Italy, a line that has had a significant impact on the development of the breed. All the genealogical 
data on the progeny and ancestors of one of the first stallions introduced in Italy were considered, i.e. Cattlefarm’s Comeback 
Jack born on 1/2/1997 in Finland. Animals from the bloodline born between 1962 and 2019 were considered. A total number 
of 1722 animals were found to be from the line which represents the entire population (WP), including the basic popula-
tion (BP) and the reference population (RP) defined as the animals currently living. A total of 982 animals were in the RP, 
with the oldest living dogs born in 2004. A total of 854 dogs were inbred. The average inbreeding coefficient (F) in the RP 
was 5.1%, while the average inbreeding of the inbred animals was 5.8%. The F was < 0.10 in 711 dogs (77.3% of inbred), 
and > 0.20 in only 36 dogs (3.91% of inbred). Fifteen traced generations were highlighted. A maximum average inbreeding 
value (6.45%) was observed in the dogs with 11 traced generations. This research highlighted the good genetic variability 
of this Australian Cattle Dog bloodline thanks to the efficient management of the breeders who in the past introduced some 
stallions from abroad. Currently, the lines in Italy are not sufficiently high to prevent inbreeding in the new matings, which 
is becoming frequent. It is, therefore, important to continue to import new stallions for reproduction to expand the genetic 
variability. However, at the same time, the old lines need to be preserved genetically, aptitudinally and morphologically, as 
they are an important heritage of the breed in Italy.
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1  Introduction

The Australian Cattle Dog originated in Australia, descended 
from Halls Heelers, and is a dog produced from crossing 
the Northumberland Blue Merle Drovers dogs with dingos 
(Clark 2003a). It is possible that this dog may carry some 
dingo alleles and falls closer to the dingo reference group 
than other dog breeds, such as Labrador Retrievers or Dober-
man Pinschers (Elledge et al. 2006). Some dog breeders also 
believe that Dalmatian and Australian Kelpies were included 

in the breeding of the Australian Cattle Dog (Clark 2003b). 
Bull Terrier infusions may also have occurred (Sanderson 
1981). The Australian Cattle Dog breed belongs to Group 
1 (sheepdogs and cattle dogs—except Swiss Cattle Dogs), 
Sect. 2 (cattle dogs—except Swiss cattle dogs) of the Fédé-
ration Cynologique Internationale (FCI) and of the Ente 
Nazionale Cinofilia Italiana (ENCI). In Italy, the official 
breed Club (the Australian Cattle Dog Club Italia 2021) 
was founded and recognized by the ENCI in 2015. The 
Australian Cattle Dog was bred to help spread cattle farm-
ing in old Australia. It is a strong, compact, harmoniously 
built working dog that has the ability and desire to fulfill 
the task it has been given. Its substance, power, balance of 
its structure and the quality of its muscles contribute to the 
impression of great agility, strength and endurance (Libro 
Genealogico ENCI 2021). The Australian Cattle Dog is born 
to lead cattle; however, in recent years, it has participated in 
a range of activities beyond herding, including competing 
in sporting events and working as assistance dogs. It has 
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been used in utility and defense tests with excellent results. 
Its temper, agility and "easy” bite made it an excellent dog 
in IPO tests (formerly known as Schutzhund; IPO stands for 
Internationale Prüfungs-Ordnung). IPO is a part sport which 
includes tracking, obedience and protection, and is common 
in northern Europe and Australia. Dogs of any breed, even 
mixes, compete in IPOs, however the most common breeds 
are German Shepherds, Belgian Malinois, Boxers, Rottweil-
ers, Dobermans, Cane Corso, Giant Schnauzers, Bouvier 
des Flandres, Dutch Shepherd Dogs, Beaucerons, Ameri-
can Bulldogs, Black Russian Terriers, and Airedale Terriers 
(DVG 2021).

The Standard (FCI Standard No. 287/05.09.2013) reports 
a height at the withers of about 46–51 cm for males, and 
43–48 cm for females. The coat colors permitted include 
two typical colors, red or black and tan (‘blue’) with varying 
degrees of mottling and/or speckling (Fig. 1). Blue dogs can 
be blue, blue mottled, or blue speckled always with tan and 
with or without black markings. Red dogs are evenly speckled 
with solid red markings. Both red dogs and blue dogs are born 
white (except for any solid-colored body or face markings) 
and the red or black hairs grow as they mature. The distinc-
tive adult coloration is the result of black or red hairs closely 

interspersed through a predominantly white coat. This is not 
merle coloration (a speckled effect that has associated health 
issues), but rather the result of the ticking gene (Kennel Work-
ing Mates 2021).

The variation in basecoat color is most likely controlled by 
the dominant ay and recessive at alleles at the agouti (A) locus 
or ASIP gene (Berryere et al. 2005). Occasionally cream-
colored dogs are born from red or blue parents. The cream 
color does not correspond to the breed standard, and cream-
colored dogs cannot be registered (Dürig et al. 2018).

Dogs that are the result of dingos mating with dingo-like 
domestic dogs, such as the Australian Cattle Dog and Austral-
ian kelpie, may display dingo-like coloration and body form 
(Corbett 1995, 2001; Fleming et al. 2001). Corbett (1995) 
reported that ticking was often observed in F1 hybrids of din-
goes and Australian Cattle Dogs (Elledge et al. 2006).

The most common health problems, all controlled and 
tested by ENCI for registration of the dogs in the Selected 
Reproduction, are congenital hereditary sensorineural deaf-
ness and progressive retinal atrophy, primary lens luxation, 
hip dysplasia and elbow dysplasia; otherwise, it is a robust 
breed with a lifespan of 12–14 years. Lee (2011) reported 
13.41 ± 2.36 years as the average value with an extreme lon-
gevity of up to 30 years (Mazzatenta et al. 2017).

In Italy, where our research was carried out, approximately 
290 puppies are registered every year, and there are only 20 
official breeders distributed in eight regions in the center-north 
(average value 2.5 ± 1.31 breeders per region) and particularly 
in Lazio and Piemonte (four breeders per region) (ENCI 2021).

Line-breeding and selection in dogs have successfully led 
to desirable phenotypic traits. However, they have also had 
the unintended consequence of increasing inbreeding, which 
in turn can increase genetic monofactorial and multifactorial 
diseases (Cecchi et al. 2020) and lead to inbreeding depres-
sion (Ólafsdóttir and Kristjánsson 2006) on fitness (Brzeski 
et al. 2014; Cecchi et al. 2016a), production (Leroy 2014) and 
morphological traits (Gandini et al. 1992; Gómez et al. 2009; 
Wolc and Baliñska 2010; Cecchi et al. 2018).

Given the limited number of animals born in Italy and the 
subsequent risk of increased inbreeding, the aim of the present 
work was to verify the management of matings by breeders. 
For the first time, we evaluated the genetic variability of the 
oldest Australian Cattle Dog bloodline in Italy, a line that has 
had a significant impact on the development of the breed in 
Italy (the first stallion was Cattlefarm’s Comeback Jack born 
on 1/2/1997 in Finland, blue).

Fig. 1   Photo of the Australian Cattle Dog with the two coat colors: 
on the left "Demetra"(red) and on the right its grandmother "Spader 
Tess" (blue). Photo by dr. Jacopo Ciccarelli (color figure online)
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2 � Materials and methods

2.1 � Sample collection

The pedigree of the dogs born between 1962 and 2019 
was considered. All dogs of the bloodline constitute the 
whole population (WP) containing all founders, ances-
tors, and their offspring. The population is divided into the 
base population (BP) defined as individuals with one or 
both unknown parents, and the reference population (RP) 
defined as the population of interest that includes living 
reproductive animals. Demographic data were collected 
from the Libro Genealogico ENCI (2021).

2.2 � Statistical analysis

We used Pedigree Viewer software (Kinghorn 1994) to 
verify whether there were any errors left in the data files 
and also to show the full pedigree structure of the popula-
tion. The other analyses were carried out with ENDOG 
software, developed by Gutiérrez and Goyache (2005), and 
with CFC software (Sargolzaei et al. 2006).

The parameters considered were:

•	 Pedigree completeness  Pedigree completeness 
expresses how much generation equivalent information 
there is on average in any individual’s pedigree. The 
number of maximum generations known and number 
of full generations known was also calculated. Pedigree 
completeness determines how accurately the inbreeding 
coefficient can be estimated, and therefore has a strong 
influence on the validity of the estimated values.

•	 Popular sires and dams Popular sires were defined as 
sires with a number of recorded offspring greater than 
40, while popular dams were defined as dams with a 
number of recorded offspring higher than 30 offspring.

•	 Generation interval (L). The generation interval is 
defined as the average age of the parents, when their 
offspring that were used in breeding were born. This 
parameter was estimated for the whole pedigree, and 
also for the reference population separately. In the cur-
rent study, generation intervals were estimated on two 
different paths separately: sire–son and dam–daughter. 
The average generation interval value was computed 
considering four paths (sire–son, sire-daughter, dam-
son and dam–daughter).

•	 Inbreeding coefficient (F) The inbreeding coefficient 
is the probability that any randomly drawn locus of a 
given individual has two identical by descent alleles 
(Wright 1922). This parameter was calculated by the 
tabular method described by Meuwissen and Luo 

(1992). The number of inbred and the average inbreed-
ing coefficient per sex and in animals divided into 
those alive and dead were performed using CFC soft-
ware (Sargolzaei et al. 2006). The distribution of the 
inbreeding level in the whole population was analyzed, 
and eight different class levels of inbreeding were con-
sidered: 0 < F ≤ 0.05; 0.05 < F ≤ 0.10; 0.10 < F ≤ 0.15; 
0.15 < F ≤ 0.20; 0.20 < F ≤ 0.25; 0.25 < F ≤ 0.30; 
0.30 < F ≤ 0.35; 0.35 < F ≤ 0.40 (Sargolzaei et  al. 
2006). The inbreeding coefficients (F), the number 
of inbred animals and average inbreeding coefficient 
and the mean AR for each traced generation were also 
computed (ENDOG software, Gutiérrez and Goyache 
2005).

•	 Rate of inbreeding (DF) The rate of inbreeding was cal-
culated to follow the change in inbreeding over time and 
was expressed per unit of time (generations, years, etc.). 
In the current study, the rate of inbreeding was calculated 
per generation for the whole population and for the refer-
ence population. Individuals that were present in more 
than one generation were included in all those genera-
tions in which they were present.

•	 Effective population size (Ne) The effective population 
size is the number of animals that would lead to the 
same increase in inbreeding, as observed in the popula-
tion under study, if they contributed equally to the next 
generation.

•	 Average relatedness (AR) The average relatedness gives 
the probability that a randomly drawn allele from the 
population belongs to a given individual, or to a group 
of individuals. The average relatedness expresses how 
an individual or a group of individuals represents the 
population. The average relatedness is an appropriate 
measure of inbreeding in the case of panmixia. Differ-
ences between average inbreeding and average related-
ness are therefore informative of the nonrandom mating 
structure of the population (Goyache et al. 2003). The 
average relatedness was calculated per generation from 
the individual average relatedness values. The genera-
tions were determined based on the pedigree of the refer-
ence population. To prevent bias during the calculation 
of AR in each generation, individuals that were present 
in more than one generation were included in all those 
generations in which they were present.

3 � Results and discussion

3.1 � Demographic data

From 2005 to 2008, only 167 dogs were recorded (aver-
age value 41.7 ± 19.26 per year). Starting from 2009, an 
increase in enrollments was observed with an average value 
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of 258.6 ± 98.74 dogs per year (2009–2019) with the highest 
value in 2016 (390 recorded).

The complete database (WP) resulted in 1722 records, 
with the oldest animals born in 1964 and the youngest born 
in 2019. Figure 2 shows the pedigree quality in this popula-
tion of Australian Cattle Dogs. The percentage of complete-
ness was computed as about 81% for the parental generation, 
from 70.1 to 71.8% for the grandparent generation, and from 
63.8 to 65.3% for the third-generation of great-grandparents. 
The pedigree completeness level was similar both in the dam 
and sire pathway.

The mean maximum generations and the mean com-
plete generations were 7.61 and 3.12 respectively, while the 
number of equivalent generations traced (the total of all the 
generations of ancestors, the ancestors’ proportion known 
to every generation) was 4.74. The average generation inter-
val for animals of the RP was 3.3 ± 0.40 for stallions and 
5.1 ± 0.98 for dams, with an average value of 3.6 ± 0.29. 
This value is consistent with that reported by Shariflou et al. 
(2011) in the same breed reared in Australia, but reported 
for a larger number of animals (74,290 registered dogs). The 
higher value in females is due to the fact that they are made 
to reproduce later than males because it is a good practice 
for breeders to mate females in the second useful heat (Pag-
nacco 2004), thus extending the generation interval. The 
male value was lower than that observed for Barbet and 
Berger des Pyrénées, Epagneul Breton and Montagne des 
Pyrénées and Beauceron dog breeds (Leroy et al. 2006), for 
Italian Braque (Cecchi et al. 2013), Braque Saint-Germain 
(Leroy et al. 2006), and Braque Français type Pyrénées (Cec-
chi et al. 2016b). On the other hand, the values found for the 
females are in line with or even higher than those reported in 
the literature for other breeds. The oldest dog in the RP was 
born in 2004 (15.8 years old), while the youngest was born 

in 2019 (7 months old) with an average age of the popula-
tion of 8.3 ± 2.74.

3.2 � Genealogical data and popular sires and dams

A total of 828 males and 894 females were recorded, while 
420 sires and 499 dams (Table 1) were recorded, with a 
dams–sires ratio of 1.19. This value was lower than that 
reported for the Braque Francais type Pyrenees reared in 
Italy (1.31; Cecchi et al. 2016b) and in the Italian Braque 

Fig. 2   Pedigree completeness 
level in all the pedigree data 
files (GS and GD, grandparents; 
GGS and GGD, great grand-
parents)

Table 1   The main genealogical parameters computed for the Austral-
ian Cattle Dog pedigree

Whole population (WP) No. 1722
Males No. 828
Females No. 894
Sires No. 420
Popular sires No. 4
Popular sires % 0.95
Dams No. 499
Popular dams No. 2
Popular dams % 0.40
Inbreed in the WP No. 920
Full-sibs groups No. 171
Full-sibs average value No. 5.79
 Max No. 38
 Min No. 2

Reference population (RP) No. 982
Males No. 477
Females No. 505
Inbreed in the RP No. 854
Base population (one or two unknown 

parents) (BP)
No. 306
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(1.63; Cecchi et al. 2013), showing a better ratio between 
sexes according to conservation genetics (Frankham et al. 
2002).

Only four popular sires were recorded (0.95% of the 
sires), and two popular dams (0.40% of the dams). Among 
the four popular sires, a significant impact on the breed 
development was exerted by Blackeyed Jack (LO0934058; 
born on 16/05/2008) with 43 sons. This sire presents a gene-
alogy based on the first Italian stallions and dams such as 
Cattlefam’s Comeback Jack, Princess 2, Rambo 2, Ol’man 
Drover’s Boy, and was paired with only two dams, one of 
which is one of the two popular dams—Aussie Blue Daniels, 
a female of Australian origin used to introduce new blood 
in the first lines in Italy. The offspring of these dogs had a 
large impact on the populations of the Australian Cattle Dog 
reared in Italy.

A significant impact on the breed development in Italy 
was also exerted by the stallion Armani Kazari Toyo-Ken 
(LO08392; born on 29/12/2006), first paired in 2007, with 
42 sons resulting from the coupling of eight different dams. 
Despite being imported from the Czech Republic, and there-
fore not a direct descendant of Cattlefam’s Comeback Jack, 
this stallion has been frequently used to increase the genetic 
variability of the breed.

In addition to the number of sires and dams, Table 1 sum-
marizes the other main genealogical parameters computed 
by ENDOG. A total of 982 animals were in the reference 
population (477 males and 505 females), 86.96% of which 
were inbred. The number of animals in the base population 
(one or both unknown parents: absolute founders = ft) was 
306 (17.77%).

A total of 232 ancestors were in the RP, while the effec-
tive number of ancestors (fa) was 24. To explain 50% of 
the genetic variability, a total of 10 ancestors enough were 
highlighted. These results reveal that only a few males were 
used in reproduction.

3.3 � Inbreeding coefficient

The average inbreeding value (F) and average numerator 
relationship (AR) in the whole population were 3.23% and 
4.76%, respectively. The average F and AR values in the 
reference population (RP) were 5.08% and 11.83%, respec-
tively. No differences were observed between males and 
females in the WP and RP.

Many studies, including several from our research group, 
have reported inbreeding results for Italian or foreign breeds. 
These cover the entire genealogical database of the breed, 
such as the study by Cecchi et al. (2013) on the Italian 
Braque, or by Cecchi et al. (2016a, b) on the Braque Fran-
cais type Pyrenees or small populations attributable to indi-
vidual farms, such as the research carried out on the Pitt Bull 
(Ciampolini et al. 2013), on the Cocker Spaniel (Cecchi et al, 

2020) or a few farms of a certain breed such as the study car-
ried out on the Basset Hound (Cecchi et al. 2018).

Obviously, where there are genealogical data on an 
entire breed, the results are expected to be lower in terms 
of inbreeding, whereas with small populations, the coeffi-
cients are expected to be higher. In reality, this is not always 
true, and it all depends on the sensitivity regarding prob-
lems attributable to the inbreeding of individual breeders 
and breed clubs.

The results are, therefore, very variable, for example, 
in a study on breeds raised in France (Leroy et al. 2006), 
the average coefficient of inbreeding ranged from 3.3% in 
Bouledougue Francais to 12.4% in the Barbet. In a genea-
logical survey of Australian registered dog breeds (Shariflou 
et al. 2011), the mean inbreeding coefficients ranged from 
0% (Central Asian shepherd) to 10.1% (Bichon Frise). Cole 
et al. (2004) reported that populations of German Shepherd 
and Labrador Retriever guide dogs exhibited an average 
inbreeding level of 26.2% and 22% respectively, while in an 
Italian colony of guide dogs, Cecchi et al. (2009) reported 
values of 0.45% in German Shepherds, 0.38% in Labradors, 
and 0.49% for Golden Retrievers. In an Italian population 
of Pit Bull Terriers, the average inbreeding was low (3.73%; 
Ciampolini et al. 2013), as was the average inbreeding in 
the Braque Francais type Pyrenees reared in Italy (4.35%; 
Cecchi et al. 2016b).

Our value of 5.08% observed in the RP is good given 
that we analyzed the genetic variability of a single line of 
the Australian Cattle Dog. In addition, this value is in line 
with Shariflou et al. (2011) in the same breed but reared in 
Australia (F = 5.7%).

Considering, therefore, the complete database, 920 
dogs were recorded as inbred (53.43%); 711 dogs of which 
(77.28% of the inbred), showed an inbreeding value lower 
than 10% which is in line with Shariflou et al. (2011) in 
the same breed reared in Australia (78% of inbred). Thirty-
six dogs (3.91% of the inbred) showed an inbreeding value 
higher than 20% (Table 2).

The average increase in inbreeding was estimated to be 
0.43% per generation for the WP (Ne = 116.30), and 0.86% 

Table 2   Distribution of 
inbreeding coefficients in the 
WP

Range WP
no.

0.00 < F < 0.05 No. 510
0.05 < F < 0.10 “ 201
0.10 < F < 0.15 “ 82
0.15 < F < 0.20 “ 91
0.20 < F < 0.25 “ 13
0.25 < F < 0.30 “ 14
0.30 < F < 0.35 “ 3
0.35 < F < 0.40 “ 6
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(Ne = 67.86) for the RP, similarly to the data reported by 
Shariflou et al. (2011) in the same breed. The inbreeding 
trend increased with rather low values in comparison to 
those reported in other breeds with higher numbers in Italy 
such as the Bolognese (Sabbioni et al. 2008) and Italian 
Braque (Cecchi et al. 2013). The effective population size, 
a key parameter that strongly influences the nature and rate 
of genetic information transmission across generations, 
population variability and conservation strategies, was 

more than 50 and thus confirms the good genetic variabil-
ity of the population (Harmon and Braude 2010).

Figure 3 shows the whole genealogy of the population. 
The population is stratified into 16 traced generations, 
where the first line represents the base population (genera-
tion 0), and the last line reports the animals of the sixteenth 
generation.

Population statistics on average inbreeding are reported 
in Table 3. The percentage of inbred increased with the 
increase in the number of traced generations from 2 to 6. 

Fig. 3   The whole genealogy: sires are indicated with blue lines and dams with red lines (color figure online)

Table 3   Population statistic on 
average inbreeding

Traced genera-
tions

Animals, no. Average F, % Inbred, % Average F for 
inbred, %

Mean AR, %

0 306 0.00 – – 0.32
1 142 0.00 – – 0.55
2 80 0.16 1.25 12.50 1.03
3 59 1.11 8.47 13.13 1.43
4 46 3.26 30.43 10.71 1.6
5 30 4.01 36.67 10.94 2.24
6 25 3.59 28.00 12.83 2.02
7 21 2.53 33.33 7.59 3.01
8 40 2.08 35.00 5.95 5.47
9 69 2.12 76.81 2.76 7.21
10 104 3.98 86.54 4.60 8.14
11 170 6.45 67.65 9.53 8.22
12 239 5.68 95.40 5.95 8.05
13 207 4.20 95.17 4.41 7.32
14 161 6.18 95.65 6.46 7.09
15 22 5.17 100.00 5.17 6.97
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There were few inbred animals (max 36%) but with a very 
high average inbreeding (up to about 13%). Beginning with 
the subjects with 12 traced generations, more than 95% of 
the animals were inbred with an average inbreeding value 
ranging from 4.2 to 6.2%. With the exception of animals 
with 11 traced generations, all the average inbreeding coef-
ficients in the other tracked generations were below 6.25%, 
i.e. the value resulting from the mating of two animals 
sharing two grandparents (cousin mating). The animals 
with 15 traced generations were all inbred.

4 � Conclusions

The level of genetic variability in our Australian Cattle 
population was good because only some breeders used 
closed inbreeding matings, between dogs that basically 
derived from the first imported dogs to fix the character-
istics of the breed. Over the generations matings with the 
inbreeding method have increased, however, paying close 
attention to the kinship between the animals. A few years 
after the arrival of the Australian Cattle Dog in Italy, some 
breeders decided to introduce animals from abroad into the 
line, thus limiting inbreeding.

Nevertheless, the lines and the total number of animals 
bred in Italy are sufficiently high to be able to prevent 
inbreeding in the latest matings, as highlighted by the fact 
that all the dogs in the last generation were inbred. It is 
thus important to import new subjects for reproduction to 
continue to maintain and/or expand the current genetic 
variability in breeds. At the same time, it is necessary to 
pay attention to the matings to genetically, attitudinally 
and morphologically preserve the old lines, which are an 
important heritage of the breed in Italy.
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