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Preface to “"Dog Behaviour, Physiology and Welfare”

Dogs were the first animal species to be domesticated. Large amounts of evidence and
science-based knowledge support the unique role that domestic dogs play in human life. Dogs can
play many roles, ranging from companionship to very specialized roles. Dogs, though descended
from the wolf, show noticeable differences when compared to their ancestor, leading to the need
for studies focused on the species, as demonstrated by several comparative studies highlighting
differences between wolves and domestic dogs. One main difference concerns inter-specific
relationships. The kinds of relationship domestic dogs can establish with humans greatly vary
and this is a relatively new field of research whose results can provide relevant inputs for both
humans and dog welfare. In the last years, research on dog behaviour and welfare is also increasing,
with studies ranging from those having an ethological approach to those more focused on applied
ethology, physiology, endocrinology, anthrozoology and behavioural medicine. The objective of this
Special Issue and book is to publish research papers dealing with dog behaviour, physiology and
welfare and their interrelations with the dog-human relationship, to strengthen the knowledge of
our “best friend”. Thanks to the open access policy, we hope to ensure these data are available to all
stakeholders, ranging from people working in the field of dog training, canine behavioural medicine,

shelters, etc. to researchers and, possibly, even dog owners.

Angelo Gazzano, Chiara Mariti
Editors
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Article
A Retrospective Analysis of Complaints to RSPCA
Queensland, Australia, about Dog Welfare
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Simple Summary: Animal neglect and cruelty are important welfare and social issues, and dogs
are one of the most commonly reported species to have experienced both. Most previous studies
related to canine cruelty and welfare focused on animal abuse and dog fighting. However, literature
dealing with the milder but more common forms of animal welfare concerns is limited. Therefore,
this retrospective study aimed to understand the epidemiology of different types of canine welfare
complaints in Queensland in the past decade and also to identify risk factors and their roles in
different types of welfare complaints. The number of complaints received each year increased by 6.2%
annually. The majority of complaints were neglect-related rather than related to deliberate cruelty,
with the most common complaints being that dogs had poor body conformation, insufficient food
and/or water, and receiving inadequate exercise. Poor living conditions and leaving dogs in a hot
vehicle unattended were more commonly reported in recent years, potentially due to higher public
awareness. Adult dogs that were reported were more likely to be alleged to have been poisoned, left
unattended in a hot car, abandoned, and to have had inadequate exercise and shelter, compared with
puppies. Puppies that were reported were more likely to be alleged to have experienced cruelty, lack
of veterinary support, overcrowding, poor living and health conditions, and inappropriate surgery.
Recognising which dogs are at most risk of cruelty will inform strategies to address this serious
welfare problem.

Abstract: Animal neglect and cruelty are important welfare and social issues. We conducted an
epidemiological study of dog welfare complaints and identified risk factors. The retrospective study
included 107,597 dog welfare complaints received by RSPCA Queensland from July 2008 to June
2018. The risk factors considered were the age of dogs and the year of being reported. The number
of complaints received each year increased by 6.2% per year. The most common complaints were
poor dog body conformation, insufficient food and/or water, dogs receiving inadequate exercise, and
dogs being confined or tethered. Increasing numbers were most evident for poor living conditions
and leaving dogs in a hot vehicle unattended, both of which may have resulted from increasing
public awareness. The majority of complaints were neglect-related rather than related to deliberate
cruelty. Compared with puppies, adult dogs were more likely to be reported to have been poisoned,
left unattended in a hot car or abandoned, as well as to have had inadequate exercise and shelter.
Reported puppies were more likely to be alleged to have experienced cruelty, lack of veterinary
support, overcrowding, poor living and health conditions, and inappropriate surgery. In conclusion,
animal neglect was the most commonly reported welfare concern in dogs. Due to an assumed
increasing public awareness of some types of cruelty, the trends of reported concerns differed. Adult
dogs and puppies were reported to be involved in different types of welfare concerns. Strategies
to address cruelty to dogs can be informed by an understanding of risk factors and trends in types
of cruelty.

Animals 2019, 9, 282; d0i:10.3390/ani9050282 1 www.mdpi.com/journal/animals
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1. Introduction

Animal cruelty involves all human behaviours towards animals that are morally and/or
legally unacceptable, causing them to be inflicted with unnecessary and unjustifiable physiological,
psychological, and behavioural discomfort or pain [1,2]. It is a complex issue implicating animal
welfare, moral concerns, criminal activity, and violence [2—4]. It is regulated by state and territory law
in Australia; for example, in Queensland by the Animal Care and Protection Act 2001 (ACPA [1]). This
state-based legislation empowers the State to appoint inspectors, some of whom are employed by
the Royal Society for the Prevention of Cruelty to Animals, Queensland (RSPCA Qld), to investigate
potential breaches of the Act and enforce compliance with the Act [1]. There are two main offences
under the ACPA, one is failure to fulfil duty of care responsibilities and the other is cruelty. There are a
number of other specified offences. The Act recognises that a person who has charge of an animal owes
that animal a duty of care. Failure to provide such care potentially constitutes a ‘breach of duty of care’
offence. This offence covers such actions as not providing sufficient food, water, exercise, veterinary
care, and suitable living conditions. It is not only the owner that has a duty of care towards an animal.
Anyone who even temporarily is in charge of an animal has a duty of care. The second major offence
is ‘animal cruelty” and the Act describes what it sees as cruelty in Section 18. A cruel act towards an
animal can be committed by anyone, whether it is their own animal, another domestic animal, or even
a wild animal [1]. It is important to note, that under the ACPA, the intention of a person to be cruel is
not a prerequisite for committing the offence of cruelty. If an action carried out by a person causes pain
and suffering and the action was intentional (that is not accidental), the person may be charged with
cruelty. The intention to carry out the action must be proved but not the intention to be cruel. If a
lack of action deprives an animal of its fundamental needs then they may be charged with a breach of
their duty of care or even cruelty, depending on the circumstances. Motivation may be considered
during sentencing [1]. Other offences under the Act include unreasonable abandonment or release, the
carrying out of prohibited surgical procedures (e.g., tail docking, ear cropping, debarking, etc.), being
involved in, or having items used for, a prohibited event such as dog or cock fighting, and allowing an
animal to injure or kill another animal [1].

Potential cases are reported to RSPCA through various means. RSPCA Qld has a ‘Cruelty
Complaints’ telephone number manned 24 h a day, seven days a week; complaints also come in
through emails. Complaints can be made by members of the public but also by veterinarians and
veterinary nurses, council officers, and other government and non-government employees visiting
a location as part of their duties. Animals surrendered to the RSPCA or that come in as strays may
be investigated if cruelty is suspected. They are considered by RSPCA QIld inspectors and further
investigated if necessary.

According to the annual statistics of RSPCA Qld, there were 15,102 animal welfare complaints
reported by the general public in 2011 [5], which had increased to 17,929 by 2017 [6]. Of all species
falling victim to animal welfare concerns, dogs (Canis familiaris) are one of the most commonly reported
species [7].

Various risk factors have been identified as contributing to an unsuccessful dog—owner relationship,
which potentially results in neglect or abuse. These include the age of the dog [8,9], dog behaviour [8,10-12],
physical attributes of the dog [9,13], the owner’s motivation to care for the dog [14,15], the owner’s
attachment to the dog [12,16], costs of keeping the dog [16,17], and the owner’s socioeconomic
status [18,19]. In relation to actions carried out by third parties, most studies have focused on organised
industries such as dog coursing [20] and fighting [21]. There has also been research into the origin
of ‘noxious abuses’, e.g., cruelty involving intentional abuse, such as beating, shooting, and burning,
that lead to severe physical injuries to the animals [7,15]. Literature dealing with the milder but more
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common forms of animal welfare concerns is limited. One report considers neglect, such as exposing
dogs to poor nutrition, keeping dogs in a backyard for hours without a shelter, and failing to meet
exercise needs [2]. Most studies [20,22,23] stress the moral, legal, and social aspects of animal cruelty,
and few explore the epidemiological dimension of this topic. This study addresses the epidemiology of
diverse animal welfare concerns reported by the general public, instead of actual neglect or cruelty cases
in a typical Western society. It also aims to identify the age of dogs as a risk factor for different forms of
canine welfare complaints. Other risk factors, breed and socioeconomic status of the complainant, will
be the subject of future papers.

2. Materials and Methods

2.1. Materials

From July 2008 to June 2018, RSPCA Qld received 129,036 canine welfare complaints. Some
involving more than one dog were recorded as multiple complaints sharing the same case number,
while others were recorded as one complaint with multiple animals. To avoid sample bias due to
multiple entries, we only retained the first complaint of case numbers with multiple entries, discarding
21,439 entries as a result. There remained 107,597 canine welfare complaints for this retrospective study.
Complaints that fell within the zone of responsibility of RSPCA Qld (determined by a Memorandum of
Understanding between RSPCA Qld and Biosecurity Queensland, the Government Department tasked
with the administration of ACPA) were investigated by RSPCA Qld inspectors. All other complaints
were referred to Biosecurity Queensland to be investigated by their inspectors.

Complaints were recorded in Shelter Buddy®, the RSPCA Qld database. The following information
was requested from the reporter of each incident by the inspector at the time of taking the complaint:
the number of dogs involved (n = 106,104), their age (n = 107,597), their breed(s) (n = 92,021), the
coded complaint type(s) (n = 106,983), the suburb (n = 107,413), and the postcode (n = 107,270);
in addition, the date was recorded (n = 107,597). Dogs’ ages were dichotomised into adult dog and
puppy, based on reporters’ interpretation. It is important to recognise that the information recorded
from the complainant may have been inaccurate or inaccurately interpreted, e.g., a small dog is
commonly referred to as a puppy. Records regarding breed and the number of dogs involved were
based on either complainants’ initial reports or comments from trained inspectors, again recognising
inaccuracies with identification of the breed and the number of dogs involved. The ‘complaint code’
was selected by the staff member receiving the call or email from a drop-down menu of 18 possible
complaints (Appendix A, Table A1). Multiple ‘complaint codes” were able to be selected for each case,
according to the description of what was alleged to have happened to the dog(s), and each was treated
as a separate code for analysis.

2.2. Statistical Analysis

Data were analysed using the statistical package Minitab® 17.3.1. Descriptive analysis was used
to investigate the distribution of complaint codes. Polynomial regression analysis and simple linear
regression analyses were used to model the prevalence of different complaint codes from 2008 to 2018.
The model chosen was that with the highest R-sq value, after ensuring that all components in the model
were significant (p < 0.05). In 2008 and 2018, only data from July to December, and January to June were
available, respectively. Therefore, data in 2009 and 2017 were used to test for within year variation in
code citation rates for 2008 and 2018, respectively. Specifically, chi-squared analyses were conducted to
compare whether the reported prevalence of each complaint code from January to June were different
from those in July to December in 2009 and 2017. If there was no significant (p < 0.05) difference
between the two six-month periods in that complaint code in 2009 and/or 2017, then the prevalence of
the particular complaint code in the six-month period in 2008 and/or 2018 was/were assumed to be
partially representative of the entire year(s). However, if there was a significant difference between the
two six-month periods in that complaint code in 2009 and/or 2017, the data of the specific complaint
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code in 2008 and/or 2018 were excluded from the polynomial regression analyses of year effects.
After that, a Grubbs’ test was used to identify outliers of each complaint code, which were excluded
from polynomial and simple linear regression analyses. In polynomial regression analyses and simple
linear regression analyses, years were entered as input variables and the prevalence of the complaint
code as the output. The models were chosen on the basis of significant p values and the greatest R-sq
values yielded. Three complaint codes, Causing captive animal to be injured/killed by a dog (N = 29),
Keeping or using animal for blooding/coursing a dog (N = 18), and Emergency relief (N = 8) were not
included in polynomial and simple linear regression analyses because the number of reported cases
in the past decade was too few. Eighteen stepwise forward binary logistic regression models were
constructed to understand how dogs’ ages correlated with each complaint code. To determine the effect
of age on complaint codes, age was entered (in dichotomous data form) into a binary logistic regression
model as a fixed factor, using a logit function, with an alpha value to enter of 0.15. Complaint codes
were entered into the model as outcomes. Separate models were constructed for each complaint code
with the same input variable.

3. Results

3.1. Complaint Codes and Dogs” Ages

There were 18 complaint codes in total (Appendix A Table Al). On average, each case involved
1.76 (SEM = 0.003) codes. The distribution of complaint codes is presented in Figure 1. The most
common codes, listed in declining order, were Poor dog condition (n = 29,982, 27.9%), Insufficient food
and/or water (n = 28,265, 26.3%), No exercise/confined/tethered (n = 27,913, 25.9%), and Abandonment
(n =21,626,20.1%). Overall, 93.67% (N = 100,791) of reported cases involved reported adult dogs and
6.33% (N = 6806) of reported cases involved reported puppies.

PD
30000 i
25000
20000

Z 15000
10000

5000
0
PD IF

Figure 1. Distribution of dogs by complaint code. PD-Poor dog condition (27.9%, N = 29,982);
IF-Insufficient food and/or water (26.3%, N = 28,265); NE-No exercise/confined/tethered (25.9%,
N = 27,913); AB-Abandonment (20.1%, N = 21,626); PL-Poor living condition (18.7%, N = 20,162);
NT-No treatment (17.6%, N = 18,963); CR-Cruelty (15.5%, N = 16,661); NS-No shelter (12.7%, N =13,682);

Distribution of dogs by complaint codes
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HA-Hot animal in car (7.8%, N = 8384); OV-Overcrowding (0.9%, N = 978); BP-Baiting/poisoning (0.9%,
N = 974); KK-Knowingly allowing an animal to kill/injure another (0.6%, N = 600); DF-Dog fighting or
other prohibited offence (0.3%, N = 277); TD-Tail docking or other surgical procedure (0.2%, N = 214);
PO-Prohibition order breached (0.1%, N = 133); CC-Causing captive animal to be injured/killed by
a dog (0.03%, N = 29); BC-Keeping or using animal for blooding/coursing a dog (0.02%, N = 18);
ER [2l-Emergency relief (0.01%, N = 8); UN-Unknown (0.6%, N = 614). [?] Emergency relief, as opposed
to emergency rescuing which occurred when an animal encountered an urgent situation not related to
domestic violence, was provided based on the ACPA, Section 123 [1].

3.2. Trends of Complaint Types

The number of complaints received annually increased by 6.2% per year, and the incidence of
most complaint codes changed over the ten years. Results of the Chi-squared analyses showed that the
prevalence from January to June and from July to December was significantly (p < 0.05) different for
Poor living condition and Baiting/poisoning in 2009, No treatment and Poor dog condition in 2017, and
No exercise/confined/tethered and Hot animal in car in both 2009 and 2017 (Appendix A, Table A2).
Therefore, the data for Poor living condition and Baiting/poisoning in 2008, No treatment and Poor dog
condition in 2018, and No exercise/confined/tethered and Hot animal in car in both 2008 and 2018 were
excluded from the analyses of year effects. The prevalence of Poor dog condition in 2008 was an outlier
(p = 0.029), and therefore was excluded as well. Figure 2 demonstrates the trends and the equations
used for polynomial regression or simple linear analysis of each complaint code. These trends can
be classified into five patterns: negative linear, positive linear, concave, monotonic, and irregular.
Negative linear models included No exercise/confined/tethered, overcrowding, and Tail docking or
other surgical procedure. Positive linear models included Poor living conditions, Hot animal in car,
and Prohibition order breached. A concave pattern, indicating that the prevalence increased to a peak
and then slowly decreased, was observed for No treatment, Abandonment, No shelter, and Knowingly
allowing an animal to kill/injure another, for which codes the prevalence reached a peak in 2015,
2014, 2015, and 2011, respectively. In monotonic patterns, the trend was to generally increase, but
not consistently, e.g., the prevalence of Poor dog condition generally increased, except for 2011-2016.
Finally, some complaint codes had irregular changes over time. Cruelty, Insufficient food and/or water,
Baiting/poisoning, and Dog fighting or other prohibited offence could not be modelled as they were
reported sporadically over the ten years.

Complaint Code Figure Pattern p Value/R-Sq
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Figure 2. Polynomial regression of each complaint code. The X axis represents the year, and the Y axis
represents the prevalence of the complaint code.

3.3. Risk Factors for Different Complaint Codes

We considered age as a risk factor. The relationships between dogs” age and complaint codes are
displayed in Table 1 and Figure 3. Compared to adult dogs, puppies were more likely to be reported
for alleged Tail docking or other surgical procedure (OR = 9.87, p < 0.001), Overcrowding (OR = 4.44,
p <0.001), Poor living condition (OR = 1.45, p < 0.001), No treatment (OR = 1.33, p < 0.001), Cruelty
(OR =1.27, p = 0.001), and Poor dog condition (OR = 1.23, p < 0.001). Adult dogs were significantly
more likely to be reported as an alleged case of a Hot dog in car (OR = 0.41, p < 0.001), Baiting/poisoning
(OR =0.42, p < 0.001), Abandonment (OR = 0.53, p < 0.001), No exercise/confined/tethered (OR = 0.64,
p < 0.001) and No shelter (OR = 0.91, p = 0.037).

Table 1. Odds ratio of each variable in the logistic regression model of complaint codes. The outputs of
these models were different complaint codes. The input variable was dog age (puppy or dog).

Complaint Code Puppy/Dog OR (CI) @ p Value
Tail docking or other surgical procedure 9.87(7.30, 13.34) <0.001
Overcrowding 4.44 (3.70,5.32) <0.001
Poor living condition 1.45 (1.35,1.55) <0.001
No treatment 1.33(1.24,1.42) <0.001
Cruelty 1.27 (1.18,1.37) 0.001
Poor dog condition 1.23 (1.16, 1.30) <0.001
No shelter 0.91 (0.84, 1.00) 0.037
No exercise/confined/tethered 0.64 (0.60, 0.69) <0.001
Abandonment 0.53 (0.49, 0.58) <0.001
Baiting/poisoning 0.42 (0.27, 0.66) <0.001
Hot animal in car 0.41 (0.35,0.47) <0.001
Causing captive animal to be injured/killed by dog —[b] —[b]
Dog fighting or other prohibited offence — [b] —[b]
Emergency relief —[b] —b]
Insufficient food and/or water —[b] —[b]
Keeping or using animal for blooding/coursing a dog —[b] —[b]
Knowingly allowing an animal to kill/injure another —[b] —[b]
Prohibition order breached —[b] —[b]

@ Dog age was only classified as dog or puppy. Odds ratio refers to puppy relative to dog. (®) Age factor was not
selected in the logistic regression model.
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Adult dog Puppy
*{ No exercise/confined/tethered
Poor living condition
Poor dog condition
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!
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1

Figure 3. Positive relationships between dog age (adult dog and puppy) and complaint codes.
Complaint codes listed under ‘Adult dog” and "Puppy’ are complaints commonly involving adult dogs
and puppies, respectively.

4. Discussion

4.1. Complaint Codes

This study reports the prevalence and progression of canine welfare complaints over the past
decade. The complaints came from members of the public and may not represent all animal welfare
issues or breaches of the ACPA. It must also be recognized that not all calls were found, on investigation,
to represent a breach of the ACPA or even a dog suffering poor welfare. The number of complaints may
be a representation of the degree of awareness in the community of animal welfare and the vigilance of
many. A small number may be vexatious.

The descriptive analyses of different complaints show that the majority of alleged complaints
related to neglect rather than deliberate maleficence. In this study, poor body and living conditions,
insufficient food and water, and lack of the provision of exercise were the most commonly reported.
This is in line with previous research that animal neglect or cruelty was most likely a result of ignorance
due to lack of knowledge or forgetfulness [2,4].

In most cases, but particularly where it was decided not to continue to a prosecution, education of
the dog owner was undertaken. To address neglect-related issues, people in charge of the animal were
informed about food and water requirements, as well as the need for exercise, human companionship,
and what represents good living conditions for a dog. For example, diets were recommended that
are complete and balanced to replace homemade and all raw meat diets [24], and dog owners were
likely to be informed that there were specialized products designed for specific ages of dogs [25] or
dogs with specific health concerns [26]. Regular exercise is essential to promote health and quality of
life [13,27,28]. Unfortunately, there are sometimes mismatches between an owner’s exercise capability
and the needs of their dog which inspectors recognise and advise accordingly [13,28]. The amount
and frequency of exercise recommended varies according to the age, breed, size, fitness, and health of
the dog. According to the ACPA, owners should ensure their dogs exercise for two hours after being
continuously confined (e.g., caged or tethered) for 24 h, or for 1 h after 24 h confinement and another
1 hin the next 24 h [1]. This is the minimal time for most dogs to exercise and the majority benefit from
receiving more [29]. The United Kingdom kennel club has published guidelines detailing suitable
exercise amounts for each breed [29]. These are general in nature and not prescriptive.

Poor living conditions are negatively associated with a dog’s quality of life, and increase the risk
of diseases caused by ringworm, Giardia, Cryptosporidium, Toxocara, and Ancylostoma, as well as
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infestation with ectoparasites such as fleas [30-33]. Some of these agents are zoonotic and can cause
health problems in humans.

4.2. Trends Over Time

Overall, the number of complaints received each year increased by 6.2% per year in the past
decade, which may be contributed by the increasing population in Queensland in parallel with growing
dog ownership in Queensland, and people’s rising awareness of animal welfare. The population
growth rate in Queensland was around 2% per year from 2008 to 2017 [34,35], and the pet population
breakdown across the states and territories mirrored the country’s population distribution [36]; it is
reasonable that dog ownership in Queensland has also been increasing at a similar rate. Given the
mismatch between the growth rate of canine welfare complaints (around 6% annually) and Queensland
population (around 2% annually) for the same period of time, we believe that increasing public
awareness and propensity to report animal cruelty may be another contributing factor [37]. The issue of
animal welfare is becoming popular with the Australian public, in terms of their knowledge, concerns,
willingness to participate, and legislation [38,39]. This is reflected by the reported increased concern
for animal welfare among the general public [40-42], animal protection movements from advocacy
groups [43], and public media [44], as well as the development of a closer relationship between humans
and animals [45] and people’s inclination to report cases involving animal harm to the police and
RSPCA [37]. Such an increase in public awareness may be associated with the connections between
animal abuse and human violence [23,46], and animal and human health [30,47], as well as more
general dog ethical issues, such as dog consumption in Asia [48]. Moreover, people increasingly
acknowledge the importance of good nutrition [49], canine behaviour [50,51] and emotions [52], and
the goal of achieving a no-kill policy and improving the live release rate for roaming or sheltering
dogs [39,53]. At RSPCA QId, the number of volunteers has also grown from 2000 in 2011 to over 5000
in 2018 [6], suggesting that more people are actively concerned about the welfare of dogs.

The trends seen with the different complaints are also important to consider. Dogs were commonly
reported as being in poor condition, living in poor environments, or being left in a heated vehicle.
The increasing frequency of these three complaints may also be the result of a growing awareness
of animal welfare among the public. However, the importance of animal welfare law enforcement
and public education should not be underestimated. Humans’ changing lifestyle may also influence
the prevalence of certain kinds of animal welfare concerns. For instance, more people nowadays
own a car and travel with their dogs frequently [54]. Consequently, dogs are at greater risk of being
left unattended in a vehicle. This is particularly hazardous in Queensland, where median summer
maximum temperatures of around 30 °C can lead to dangerously high temperatures inside cars [55].
Apart from the increasing trends for the types of complaints mentioned above, some complaint
categories, particularly those involving food or water insufficiency, cruelty, dog poisoning, and dog
fighting demonstrated irregular patterns, suggesting that they have occurred, or have been reported,
inconsistently over the ten years [56]. These complaints also have the potential to jeopardize the
dogs’ life, and may also be related to violence and crimes [4,21,57]; therefore, these should be closely
monitored. Finally, in Queensland, tail docking and other inappropriate surgical procedures (e.g., ear
cropping and declawing) have been banned under the ACPA since 2001, unless they are undertaken by
and under the recommendation of a veterinary surgeon [1]. Our results demonstrate a steady decline
in the number of such cases, which indicates that the law is being adhered to.

4.3. Adult Dogs and Puppies

Apart from gaining an overall understanding of the prevalence and trends of different complaints,
we also identified dog age as a risk factor in our dataset. Figure 3 summarizes the positively significant
correlations between dog age and complaint codes. Adult dogs were more likely to be alleged to
be subjected to activity-related welfare issues—for example being confined. They were also more
likely to be reported as abandoned or left in a heated vehicle. The higher abandonment potential is
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supported by an anthropomorphic theory that states that as adult dogs possess fewer infant-like traits,
and thus are regarded as less attractive, they are less likely to evoke our nurturing instinct, creating a
weaker bond with humans [12,58,59]. Adult dogs may have a greater chance of being left in a hot car
because they are more difficult to carry and are usually not allowed to enter public places. On the other
hand, puppies need more care and are easier to carry with a portable confinement box, therefore, it is
less likely that they will be transported in a car and left when the driver is absent. Drivers may also
imagine adult dogs to be more robust than puppies and more able to cope with high temperatures. This
problem may be solved by promoting more pet-friendly environments (e.g., shops and restaurants)
where dogs can stay with their owners and not be left in a vehicle alone. Increased information and
signage in car parks reminding drivers of the danger to their dog of hot cars should also be encouraged.
As for puppies, tail docking is generally conducted on three to five-day old puppies [60,61]; therefore,
it is not surprising that this complaint category was more commonly reported with puppies than with
adults. As the ban on tail docking was introduced in Queensland in 2001 [1], it is likely that some
adult dogs were not reported because they were docked before the ban was introduced.

Additionally, in this study, puppies were alleged to be more likely to suffer from cruelty, which
may result from the fact that puppies are submissive, and therefore tend to satisfy the controlling
motivation for animal cruelty [15]. This finding is partially supported by a previous study that focused
on non-accidental injuries of dogs and cats, and which revealed that dogs less than two years of age
were more susceptible to intentional abuse [62]. In addition to the submissive nature of puppies, the
authors suggest that young dogs are less manageable and thus may provoke owners with aggressive
potential [62]. Another inconclusive result was found in a research trial investigating animal cruelty
and domestic violence; in that study, authors did not find dogs” age to be a predisposing factor of being
targeted for abuse [46]. Finally, access to appropriate medical support and suitable living conditions
such as a good environment and enough space is another concern for puppies. These welfare concerns
are probably indicators for animal hoarding or puppy farms [63,64].

4.4. Strengths and Limitations

One strength of this study is that it describes the trends in dog welfare complaints in Queensland
over the last ten years and represents a large database, which allowed trends to be determined. It also
correlates dog age with specific complaints. However, the current study also has its limitations. First,
dogs were only classified as puppy or dog by complaints, which may hide important details related
to age [9]. Second, this dataset covers only coastal, highly populated parts of Queensland, and thus
generalization should be made with caution. Finally, the complaint code choices made by Call Centre
staff were made on the basis of information obtained from the public, which indicates the potential of
inaccurate reports. However, the study presents an analysis of what was reported and reflects changes
in public awareness and motivation to act. Future studies could assess the accuracy of what people
report and include more risk factors; for instance, breeds, behavioural issues of dogs, socioeconomic
levels, and the history of an unsuccessful ownership have been reported to negatively influence dog
ownership [8]. Dealing with behavioural problems and preventing people with a history of poor
dog ownership from acquiring a new dog could reduce the risk of similar incidents being repeated.
These factors are useful for addressing canine welfare issues and associated crimes and thus should be
considered in future studies.

5. Conclusions

This study identified prevalence, trends, and the age of dogs as a risks factor for different types
of complaints. Breed of the dog and socioeconomic status of the complainant will be the subject of
future papers. Some neglect-related complaints, such as offering insufficient food and water, providing
poor living conditions, and leaving a dog unattended in a heated vehicle apparently became more
prevalent in recent years, probably indicating greater public awareness rather than an increase in
neglectful behaviour. However, some serious complaints have been consistently reported over the past
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decade, including those involving animal abuse or severe injuries, and consequently should be closely
monitored. The age of dogs was correlated with complaints about abandonment, neglect-related
mistreatment, cruelty, and inappropriate surgery. Adult dogs were more likely to be reported as
receiving inadequate exercising and shelter, having been abandoned, and having been left unattended
in a hot vehicle; puppies were more likely to be reported as having poor living and health conditions,
having undergone inappropriate surgery, and having suffered abuse. Recognising which dogs are
at most risk of cruelty will inform strategies to address this serious welfare problem. Furthermore,
the local or state government can direct specific attention to the most common and growing types of
neglect and cruelty.
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Appendix A
Table A1l. Description of each complaint code alleging a welfare issue.
Complaint Code Description
An animal was abandoned/left by the owner either at their abode or
Abandonment X
somewhere else such as in the bush.
Baiting/Poisoning An animal was poisoned or planned to be poisoned.
Causing captive animal to be injured/killed by dog A person let a captive animal be injured/killed by a dog.
Cruelty A person was reported to have abused an animal.

Dog fighting or other prohibited offence

Emergency relief

Hot animal in car
Insufficient food and/or water
Keeping or using animal for blooding/coursing a dog

Knowingly allowing an animal to kill/injure another

No exercise/confined/tethered
No shelter
No treatment
Overcrowding
Poor dog condition

Poor living condition
Prohibition order breached

Tail docking or other surgical procedure

Unknown

A person was reported for allowing dogs to fight or conducting
other specifically prohibited acts.

Emergency relief is required for an animal left unattended because its
owner experienced an emergency (e.g., flood or being hit by a car).
An animal was left unattended in a car during hot weather.

An animal has insufficient food and/or water.

A person used a live bait for blooding/coursing a dog.

A person allowed one animal to kill/injuring another one, and did
nothing to stop them.

An animal is confined or tethered and not given a suitable amount
of exercise.

An animal is not provided with suitable shelter provisions.

An animal did not receive appropriate medical treatment when
needed.

The number of animals is too high for the living space provided.
The general condition of an animal is poor. (e.g., messy/matted coat,
pussy eyes, etc.)

The living environment of the animal is poor.

An owner violated a prohibition order ).

Tail docking or other surgical procedure (e.g., declaw removal, etc.)
was conducted on an animal.

Unknown

@ Prohibition order—A prohibition order is given by the court when a person convicted of an animal welfare
offense must not possess any or a specific animal for a prescribed period of time [1].

13



Animals 2019, 9, 282

*£10Z Pue 00z ut payrodar a1om sased ou asnedaq 3s9) parenbs-iy0) onpuod 03 ajqeun —

0420 (2€99/01) %20 (69€9/ST) %T0 - (FETH/0) %0 (£82£/0) %0 PaYdeaIq I9PIO UOHIGIYOI]
8110 (2€99/61) %E°0 (69€9/01) %C0 G060 (PETF/L) %T0 (£8£€/9) %t 0 aduagzo payqryoxd rego 10 Sunydy Soq
1240 (2€99/11) %0 (69€9/6) %1°0 690 (FETH/CT) %E0 (£8L€/€T) %E0 2mpado1d [ed13ms 1130 10 Juppop [re],
0520 (€e99/71) %T0 (69£9/02) %€'0 7980 (FET¥/€2) %9°0 (£8£8£/0T) %S0 amfur/oy 03 %EEM mwowm_ao:m ABumouy
LLE0 (2£99/02) %£°0 (69€9/52) %0 €650 (PETH/EL) %81 (£8£€/19) %9°1 SurpmonIAQ
2000 (2€99/8%61) %¥6T  (69£9/€€0T) %6'1€ 1620 (FETH/9G6) %T€C (£8££/716) %T¥C uonIpu0d 0p 100
L6070 (2€99/€L) %T'1 (69€9/2S) %80 810°0 (FETH/T1S) %C'1 (£82€/L0) %L 0 Buruostod/3unreg
£0S°0 (2€99/06¥1) %ScT  (69€9/29%1) %0°€C 900 (FETH/079) %S ST (£8£/€T8) %8 €T SUORIPUOD UTAI 100]
8100 (2£99/0€9) %56 (69€9/0€9) %¢'8 €000 (FE1H/952) %9 (L8LEILLY) %LF 16D Ul [eWIUY J0H
£00°0 (2€99/SST) %¥eT  (69£9/99€1) %¥ 1T Ge0'0 (FETH/92TT) %l'6C  (L8LE/90TT) %81 P3I9U19}/PAULU0I/3SIDIDXd ON|
080°0 (2€99/8%6) %EF1 (69€9/€%8) %T €T 8C1°0 (FETH/ETS) %P TT (£8££/8TF) %E 1T I93[ays ON
8¥L0 (2€99/66ST) %THC  (69€9/1SST) % ¥ $9€°0 (PETH/ELOT) %6'ST  (£8LE/LTOT) %6'9C I9jeM I0/pue pooj JUSIdIFNSUL
0£6°0 (2€99/026) %971 (69€9/€€6) %971 6500 (FETH/69) %L 9T (£8£€/5£8) %T ST Lnid
LT0 (2€99/88¢1) %¥61  (69£9/86CT) %¥ 0T $9€°0 (FETH/T09) %S FT (£8££/€T8) %8 €T JuBIIIOpURqy
800°0 (2€99/G€1D) %1 LT (69€9/€0CT) %681 €70 (FETH/9L8) %6'€T (£8££/00%) %T €T judwedI], ON
L10T L10T 600C 600C
anpep-d ‘raqudadd—An | ‘dun[-Arenue( anyep-d ‘raquiddd—An [ ‘Qun[—Axenue( apo) yurejdwo)

(N) % ddud[eAdrg

(N) % @dud[esdig

(N) % @dud[eAdig

(N) % 2dUd[eAdi]

'£10C pue
6002 Ul “roquuada(] 03 A[n{ wogy pue aun( 0} Arenue( woij ‘Sporrad YUOW-XIs 0Mm} Ul s9pod jure[dwod JuaIdfjIp jo aduoeadrd Surredurod sysay parenbs-ny) *zv a[qer

14



Animals 2019, 9, 282

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

Queensland Government-Department of Agriculture and Fisheries. Animal Care and Protection Act 2001.
Available online: https://www.legislation.qld.gov.au/view/pdf/inforce/current/act-2001-064 (accessed on
22 April 2019).

Mogbo, T.C.; Oduah, EN.; Okeke, ].J.; Ufele, A.N.; Nwankwo, O.D. Animal cruelty: A review. ]. Nat. Sci. Res.
2013, 3, 94-98.

Ascione, ER. Children who are cruel to animals: A review of research and implications for developmental
psychopathology. Anthrozods 1993, 6, 226-247. [CrossRef]

Lockwood, R.; Arkow, P. Animal abuse and interpersonal violence: The cruelty connection and its implications
for veterinary pathology. Vet. Pathol. 2016, 53, 910-918. [CrossRef]

The Royal Society for the Prevention of Cruelty to Animals Queensland (RSPCA Qld). Annual
Report 2011/2012. Available online: https://www.rspcaqld.org.au/who-we-are/annual-report (accessed
on 15 November 2018).

The Royal Society for the Prevention of Cruelty to Animals Queensland (RSPCA Qld). Annual
Report 2017-2018. Available online: https://www.rspcaqld.org.au/who-we-are/annual-report (accessed on
15 November 2018).

Tallichet, S.E.; Hensley, C. Rural and urban differences in the commission of animal cruelty. Int. |. Offender
Ther. 2005, 49, 711-726. [CrossRef] [PubMed]

Weng, H.Y.; Kass, PH.; Hart, L.A.; Chomel, B.B. Risk factors for unsuccessful dog ownership:
An epidemiologic study in Taiwan. Prev. Vet. Med. 2006, 77, 82-95. [CrossRef] [PubMed]

New, J.CJ.; Salman, M.D.; King, M.; Scarlett, ].M.; Kass, PH.; Hutchison, ].M. Characteristics of
shelter-relinquished animals and their owners compared with animals and their owners in U.S. pet-owning
households. J. Appl. Ani. Welf. Sci. 2000, 3, 179-201. [CrossRef]

Westgarth, C.; Christian, H.E.; Christley, R.M. Factors associated with daily walking of dogs. BMC Vet. Res.
2015, 11, 116-128. [CrossRef]

Kim, Y.M.; Kim, S.A.; Lee, S.M.; Choi, Y.J.; Kim, B.J.; Shin, N.S. Canine behavioral problems and their effect
on relinquishment of the Jindo dog. J. Vet. Sci. 2010, 11, 345-350. [CrossRef]

Kwan, J.Y.; Bain, M.]. Owner attachment and problem behaviors related to relinquishment and training
techniques of dogs. |. Appl. Ani. Welf. Sci. 2013, 16, 168-183. [CrossRef]

Pickup, E.; German, A.].; Blackwell, E.; Evans, M.; Westgarth, C. Variation in activity levels amongst dogs
of different breeds: Results of a large online survey of dog owners from the UK. J. Nutr. Sci. 2017, 6, 10.
[CrossRef] [PubMed]

Lim, C.; Rhodes, R.E. Sizing up physical activity: The relationships between dog characteristics, dog owners
motivations, and dog walking. Psychol. Sp. Exerc. 2016, 24, 65-71. [CrossRef]

Newberry, M. Associations between different motivations for animal cruelty, methods of animal cruelty and
facets of impulsivity. Psychol. Crime Law 2018, 24, 500-526. [CrossRef]

Hart, L.A.; Weng, H.Y. Impact of the economic recession on companion animal relinquishment, adoption,
and euthanasia: A Chicago animal shelter’s experience. . Appl. Ani. Welf. Sci. 2012, 15, 80-90. [CrossRef]
Dolan, E.D.; Scotto, J.; Slater, M.; Weiss, E. Risk factors for dog relinquishment to a Los Angeles municipal
animal shelter. Animals 2015, 5, 1311-1328. [CrossRef] [PubMed]

Kasperbauer, T.J. Animals and the expanding moral circle. In Subhuman: The Moral Psychology of Human
Attitudes to Animals; Oxford University Press: New York, NY, USA, 2018; pp. 152-158. ISBN 978-019-069-581-1.
Haidt, J.; Koller, S.H.; Dias, M.G. Affect, culture, and morality, or is it wrong to eat your dog? ]. Personal. Soc.
Psychol. 1993, 65, 613-628. [CrossRef]

McEwan, A.; Skandakumar, K. The welfare of greyhounds in Australian racing: Has the industry run its
course? Aust. Anim. Prot. Law |. 2011, 6, 52-74.

Kalof, L.; Taylor, C. The discourse of dog fighting. Humanit. Soc. 2007, 31, 319-333. [CrossRef]

Burley, S. My dog’s the champ: An analysis of young people in urban settings and fighting dog breeds.
Anthropol. Matter. . 2008, 10, 1-18.

Becker, F.; French, L. Making the links: Child abuse, animal cruelty and domestic violence. Child Abuse Rev.
2004, 13, 399-414. [CrossRef]

’

15



Animals 2019, 9, 282

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Laflamme, D.P.; Abood, S.K.; Fascetti, A.].; Fleeman, L.M.; Freeman, L.M.; Michel, K.E.; Bauer, C.; Kemp, B.L.E,;
Doren, J.R.V.; Willoughby, K.N. Pet feeding practices of dog and cat owners in the United States and Australia.
J. Am. Vet. Med. Assoc. 2008, 232, 687-694. [CrossRef] [PubMed]

Frantz, N.Z.; Yamka, R.M.; Friesen, K.G. The effect of dietary protein on body composition and renal function
in geriatric dogs. Intern. J. Appl. Res. Vet. Med. 2007, 5, 57-64.

Elliott, D.A. Nutritional management of chronic renal disease in dogs and cats. Vet. Clin. Small Anim. Pract.
2006, 36, 1377-1384. [CrossRef] [PubMed]

Cutt, H.; Corti, B.G.; Knuiman, M.; Burke, V. Dog ownership, health and physical activity: A critical review
of the literature. Health Place 2007, 13, 261-272. [CrossRef]

Degeling, C.; Burton, L.; McCormack, G.R. An investigation of the association between socio-demographic
factors, dog-exercise requirements, and the amount of walking dogs receive. Can. |. Vet. Res. 2012, 76,
235-240.

The Kennel Club. Breed Information Centre. Available online: https://www.thekennelclub.org.uk/services/
public/breed/Default.aspx (accessed on 15 November 2018).

Robertson, 1.D.; Irwin, PJ.; Lymbery, A.J.; Thompson, R.C.A. The role of companion animals in the emergence
of parasitic zoonoses. Int. ]. Parasitiol. 2000, 30, 1369-1377. [CrossRef]

Palmer, C.S.; Traub, R.J.; Robertson, I.D.; Devlin, G.; Rees, R.; Thompson, R.C.A. Determining the zoonotic
significance of Giardia and cryptosporidium in Australian dogs and cats. Vet. Parasitol. 2008, 154, 142-147.
[CrossRef] [PubMed]

Drouot, S.; Mignon, B.; Fratti, M.; Roosje, P.; Monod, M. Pets as the main source of two zoonotic species of the
Trichophyton mentagrophytes complex in Switzerland, Arthroderma vanbreuseghemii and Arthroderma
benhamiae. Vet. Dermatol. 2009, 20, 13-18. [CrossRef]

Henn, J.B.; Gabriel, M.W.; Kasten, R.W.; Brown, R.N.; Theis, ].H.; Foley, ].E.; Chomel, B.B. Gray foxes (Urocyon
cinereoargenteus) as a potential reservoir of a Bartonella clarridgeiae-like bacterium and domestic dogs as part
of a sentinel system for surveillance of zoonotic arthropod-borne pathogens in Northern California. J. Clin.
Microbiol. 2007, 45, 2411-2418. [CrossRef]

Queensland Government Statistician’s Office. Population Growth Highlights and Trends, Queensland, 2018
Edition. Available online: http://www.qgso.qld.gov.au/products/reports/pop-growth-highlights-trends-qld/
pop-growth-highlights-trends-qld-2018-edn.pdf (accessed on 15 November 2018).

Australian Bureau of Statistics. Regional Population Growth, Australia, 2008-2009. Available online: http:
//www.abs.gov.au/ausstats/abs@.nsf/Products/3218.0~{}2008-09~{}Main+Features~{}Queensland (accessed
on 26 March 2018).

Animal Medicines Australia. Pet Ownership in Australia|2016. Available online: http://animalmedicinesaustralia.
org.au/wp-content/uploads/2016/11/AMA _Pet-Ownership-in-Australia-2016-Report_sml.pdf (accessed on
26 March 2018).

Taylor, N.; Signal, T.D. Community demographics and the propensity to report animal cruelty. J. Appl. Ani.
Welf. Sci. 2006, 9, 201-210. [CrossRef] [PubMed]

Taylor, N.; Signal, T.D. Willingness to pay: Australian consumers and “on the farm” welfare. J. Appl. Ani.
Welf. Sci. 2009, 12, 345-359. [CrossRef]

Srinivasan, K. The biopolitics of animal being and welfare: Dog control and care in the UK and India. Trans.
Inst. Brit. Geogr. 2013, 38, 106-119. [CrossRef]

Neumann, S.L. Animal welfare volunteers: Who are they and why do they do what they do? Anthrozods
2010, 23, 351-364. [CrossRef]

Ferrari, ].R.; Loftus, M.M.; Pasek, J. Young and older caregivers at homeless animal and human shelters:
Selfish and selfless motives in helping others. J. Soc. Distress Homel. 1999, 8, 37-49. [CrossRef]

Main, D.C.J. Evolution of animal-welfare education for veterinary students. ]. Vet. Med. Educ. 2010, 37,
30-35. [CrossRef] [PubMed]

Greenebaum, J. “I'm not an activist!”: Animal rights vs. animal welfare in the purebred dog rescue movement.
Soc. Anim. 2009, 17, 289-304. [CrossRef]

Tiplady, C.M.; Walsh, D.-A.B.; Phillips, C.].C. Public response to media coverage of animal cruelty. |. Agri.
Environ. Ethic 2013, 26, 869-885. [CrossRef]

McGreevy, P.D.; Starling, M.; Branson, N.J.; Cobbc, M.L.; Calnon, D. An overview of the dog-human dyad
and ethograms within it. J. Vet. Behav. 2012, 7, 103-117. [CrossRef]

16



Animals 2019, 9, 282

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Tiplady, C.M.; Walsh, D.B.; Phillips, C.J.C. Intimate partner violence and companion animal welfare.
Aust. Vet. . 2012, 90, 48-53. [CrossRef]

Degeling, C.; Kerridge, I.; Rock, M. What to think of canine obesity? Emerging challenges to our understanding
of human-animal health relationships. Soc. Epistemol. 2013, 27, 90-104. [CrossRef]

Serpell, ].A. Having our dogs and eating them too: Why animals are a social issue. J. Soc. Issues 2009, 65,
633-644. [CrossRef]

Carter, R.A.; Bauer, ].E.; Kersey, ].H.; Buff, PR. Awareness and evaluation of natural pet food products in the
United States. J. Am. Vet. Med. Assoc. 2014, 245, 1241-1248. [CrossRef]

Cooper, ].J.; Cracknell, N.; Hardiman, J.; Wright, H.; Mills, D. The welfare consequences and efficacy of
training pet dogs with remote electronic training collars in comparison to reward based training. PLoS ONE
2014, 9, €102722. [CrossRef] [PubMed]

Notari, L.; Gallicchio, B. Owners’ perceptions of behavior problems and behavior therapists in Italy:
A preliminary study. J. Vet. Behav. 2008, 3, 52-58. [CrossRef]

Zupan, M.; Buskas, J.; Altimiras, J.; Keeling, L.]. Assessing positive emotional states in dogs using heart rate
and heart rate variability. Physiol. Behav. 2016, 155, 102-111. [CrossRef]

Weiss, E.; Patronek, G.; Slater, M.; Garrison, L.; Medicus, K. Community partnering as a tool for improving
live release rate in animal shelters in the United States. |. Appl. Ani. Welf. Sci. 2013, 16, 221-238. [CrossRef]
[PubMed]

Dotson, M.J.; Hyatt, EM.; Clark, J.D. Traveling with the family dog: Targeting an emerging segment. . Hosp.
Mark. Manag. 2011, 20, 1-23. [CrossRef]

Australian Government Bureau of Meteorology. Climate Outlooks—Monthly and Seasonal. Available
online: http://www.bom.gov.au/climate/outlooks/#/temperature/maximum/median/seasonal/0 (accessed on
7 March 2019).

Yilmaz, O. Dog fighting in some European countries. Int. ]. Livest. Res. 2016, 6, 20-25. [CrossRef]

Tarver, E.C. The dangerous individual('s) dog: Race, criminality and the ‘Pit bull’. Cult. Theory Crit. 2014, 55,
273-285. [CrossRef]

Archer, J.; Monton, S. Preferences for infant facial features in pet dogs and cats. Ethology 2010, 117, 217-226.
[CrossRef]

Golle, J.; Lisibach, S.; Mast, EW.; Lobmaier, ].S. Sweet puppies and cute babies: Perceptual adaptation to
babyfacedness transfers across species. PLoS ONE 2013, 8, e58248. [CrossRef]

Bennett, P.C.; Perini, E. Tail docking in dogs: A review of the issues. Aust. Vet. . 2003, 81, 208-218. [CrossRef]
[PubMed]

Noonan, G.J.; Rand, ].S.; Blackshaw, J.K.; Priest, J. Behavioural observations of puppies undergoing tail
docking. Appl. Ani. Behav. Sci. 1996, 49, 335-342. [CrossRef]

Murno, HM.C,; Thrusfield, M.V. “Battered pets”: Non-accidental physical injuries found in dogs and cats.
J. Small Ani. Pract. 2001, 42, 279-290. [CrossRef]

Lockwood, R. Cruelty toward cats: Changing perspectives. In The State of the Animals III: 2005,
1st ed.; Salem, D.J., Rowan, A.N., Eds.; Humane Society Press: Washington, DC, USA, 2005; pp. 15-26.
ISBN 978-097-484-005-5.

The Kennel Club. Puppy Farming. Available online: https://www.thekennelclub.org.uk/our-resources/
kennel-club-campaigns/puppy-farming/ (accessed on 27 February 2019).

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution
[

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

17






f animals MbPy

Atrticle

Feeding Enrichment in a Captive Pack of European
Wolves (Canis Lupus Lupus): Assessing the Effects on
Welfare and on a Zoo’s Recreational, Educational and
Conservational Role

Giacomo Riggio 1 Chiara Mariti 2, Chiara Boncompagni 1 Simone Corosaniti !,

Massimiliano Di Giovanni 3, Asahi Ogi 2, Angelo Gazzano >* and Robert Thomas
1

4

Vethos, Via E. Besta 46, 00167 Rome, Italy; giacomoriggio@gmail.com (G.R.);
boncompagnichiara@gmail.com (C.B.); scorosaniti@hotmail.it (S.C.)

Department of Veterinary Sciences, University of Pisa, Viale delle Piagge 2, 56124 Pisa, Italy;
chiara.mariti@unipi.it (C.M.); asahi.ogi@vet.unipi.it (A.O.)

Research Department, Fondazione Bioparco di Roma, Viale del Giardino Zoologico 20, 00197 Rome, Italy;
massimiliano.digiovanni@bioparco.it

Deanery of Biomedical Sciences, University of Edinburgh, Teviot Place, Edinburgh EH8 9AG, UK;
rob.thomas@ed.ac.uk

*  Correspondence: angelo.gazzano@unipi.it

Received: 11 April 2019; Accepted: 4 June 2019; Published: 8 June 2019

Simple Summary: Feeding enrichment is widely used to improve the welfare of zoo animals, but it
may also affect zoo visitors’ experience and perception of the animals. The objective of this study
was to assess the effects of a naturalistic and a non-naturalistic feeding enrichment program, on both
wolf behaviour and visitors” interest in the exhibit. A questionnaire was administered to visitors
with the aim of assessing whether our feeding enrichment programs might affect their perception of
captive wolf welfare as well as their attitude towards wolf conservation issues. Our findings suggest
that, although wolves seemed to benefit from enrichment, their behavioural responses were highly
variable among individuals. Visitors” interest in the exhibit and perception of captive wolf welfare
improved by observing the wolves interacting with food, especially when novel feeding objects
were provided. Finally, their attitude towards wolf conservation issues did not change in relation to
enrichment, but improved when they observed the wolves performing feeding-related behaviours.
These findings may help zoos implement enrichment programs that are effective for enhancing their
wolves’ welfare as well as their recreational and educational role.

Abstract: This study investigated the effects of two feeding enrichment programs on the behaviour
of a captive pack of European wolves (Canis lupus lupus) and their correlation with both zoo visitors’
interest towards the exhibit and their overall perception of the species. Behavioural data (exploration,
stereotypies, social interactions, activity/inactivity rates) were collected on four male wolves during
four two-week long phases: initial control, hidden food, novel object, final control. Three observation
sessions were performed daily: before, during and after feeding. Number of visitors and their
permanence in front of the exhibit were recorded. After watching the wolves, visitors were asked to
fill out a brief questionnaire in order to investigate their perception of captive wolf welfare, as well as
their attitude towards wolf conservation issues. Despite the high inter-individual variability in their
behavioural response, all wolves seemed to benefit from feeding enrichment. With regard to visitors,
interest in the exhibit increased when enrichment was provided. Visitors’ perception of the level of
welfare of wolves improved if they attended a feeding session, especially during the novel object
phase. Visitors’ attitude towards wolf conservation issues also improved during feeding sessions,
regardless of enrichment provision.

Keywords: zoo; wolf behaviour; animal welfare; visitor; conservation; education
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1. Introduction

Wolf conservation has always been a very controversial topic because of the impact of wolf
predatory activity on livestock [1]. If on one hand, wolves held in zoos may help raise public awareness
on the need to preserve the species, on the other they may have their welfare compromised by the
impossibility to perform natural behaviours, including predation itself [2,3].

In the Carnivora, predatory motivation influences the individual’s behaviour from the early stages
of its psycho-physical development, even in apparently extraneous contexts than those related to food
consumption (i.e., play) [4]. Furthermore, in social species like the wolf, group hunting may also have
a cohesive function among members of the pack [5,6].

For management and ethical reasons, captive carnivores are rarely given the opportunity to
perform predatory behaviour, as food is often served ready to be consumed [7-9]. Constantly preventing
animals from appeasing their predatory motivation may lead to chronic frustration and stress [10].
Abnormal behaviours may develop as coping strategies in response to the stressful environment [11].

Feeding enrichment programs aim to promote the expression of natural behaviours and
the interactions with a more adequately stimulating environment [12,13]. In captive carnivores,
such programs are often aimed to stimulate atleast some phases of predatory behaviour [14]. The ultimate
goal is, of course, that of enhancing the animals’ level of welfare [15,16]. Several behavioural indicators
of welfare have been used to assess the effects of feeding enrichment programs. In carnivores, feeding
enrichment has been shown to decrease stereotypies [14,17], improve behavioural diversity [18,19],
increase exploration [20] and activity levels [21].

Improving animal welfare may be beneficial not just for the animals, but for zoo visitors [22,23].
For instance, animals that interact with their environment have been shown to increase visitor interest
in the exhibit [22,24-26]. Furthermore, sleeping or pacing animals objectively provide less information
about the behavioural repertoire of the species and may fail to meet visitors” expectations of the animals’
behaviours [27]. Visitors who have a negative experience may leave the zoo with wrong or little, if at
all, new knowledge on the species and a sense of frustration for not having their expectations met [8,28].
On the opposite, more active and naturally behaving animals have been shown to improve visitors’
perception of animal welfare and, as a consequence, their perception of the educational importance of
z00s [8,29,30].

This study aimed to implement two distinct feeding enrichment procedures in a captive pack
of European wolves (Canis lupus lupus) in order to (1) simultaneously assess their effects on both
captive wolves’ behaviour and visitors’ interest towards the exhibit, (2) assess the possible correlation
between enrichment and visitors” perception of captive wolf welfare, as well as their attitude towards
wolf conservation.

2. Materials and Methods

2.1. Time and Setting

The study was carried out at the Bioparco of Rome (Italy) for two consecutive months, between
March and May 2017. The wolf enclosure is one of the largest exhibits of the park. It is a 200 m?
area, surrounded by a 3 m high wooden palisade on one long side (the visitor side). A central 10 m?
trapezoidal recess virtually divides the enclosure in a right and a left area. Windows in the two diagonal
sides of the recess allow visitors to observe the animals in both areas. When necessary, metal sliding
doors are used to physically divide the enclosure in three smaller areas (Figure 1).
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Figure 1. Simplified map of the wolf exhibit. LW = left wing, RW = right wing, IA = isolation area,
TR = trapezoidal recess. Red lines = sliding doors, blue lines = windows, yellow lines = wooden palisade.

2.2. Animals

Experimental subjects were four European wolves (Canis lupus lupus). All of them were un-neutered
male siblings: wolf 1, 2 and 3 were 8 years old at the time of the study and belonged to the same litter,
while wolf 4 was 1 year younger. All of them had always lived together and they were moved together
from another zoo where they were born and raised. They were fed once a day for 6 days a week and
their diet comprised either chunks of buffalo or cow meat, or entire rabbits or quails.

2.3. Experimental Design

The experimental protocol was scheduled into four different phases: initial control (ICp), hidden
food (HFp), novel object (NOp), final control (FCp). Each phase lasted 2 weeks. ICp, in which no
enrichment was administered, served as a baseline control. Food was administered as usual, in the
small area at the edge of the right wing of the enclosure. During HFp, food was divided into 12 pieces,
regardless of its nature. Four of them were singly buried 10 to 15 cm deep in holes purposely dug by the
keepers. Four were suspended 2-3 m-high on tree branches. The remaining pieces were singly inserted
deep in the middle of four woodpiles previously built in each wing of the enclosure. These piles had
been introduced into the enclosure 2 months before the beginning of the study in order to allow the
wolves to habituate to the new elements. During NOp food had to be wrapped in eight canvas bags
in order to make it more difficult for the wolves to reach for it. In addition, a hard-plastic feeding
ball (Aussiedog®) filled with smaller chunks of meat had to be randomly left around the area. Again,
during FCp, no enrichment was provided. During this phase, which served as final double control,
food was administered using the same procedure as in ICp. Feeding procedures were standardized
across the four phases. Keepers would alternately lock the wolves in the left or right area, by using the
central metal sliding door. Hence, they would enter the other area in order to clean it and place food.
At the end of these procedures they would step out, lock the cage, and free the wolves. Once the sliding
door was opened, keepers had 2 min to walk out of sight to the wolves. The study was observational
in nature. The animals involved in this study were housed at the zoo and were part of a program
of enrichment promoted by the zoo itself, i.e., the procedures were thus not carried out for research
purposes. No animal care license nor approval of ethical committees were therefore needed.

2.4. Wolf Data Collection

Behavioural observations were carried out daily, 5 days a week, from Tuesday to Saturday.
Every day, three observation sessions were performed before, during and after feeding. Each session
lasted 1 h, plus a 1-h interval between consecutive sessions, for a total of 3 h per day. In order to
meet keepers’ working and break hours and zoo opening hours, but still avoid predictability by
wolves on feeding times, observations could start at three different times of the day: 9.30, 11.00, or
12.15. Daily observation starting times were randomly set. Behavioural data were collected through
instantaneous scan sampling technique [31]. During each hour of observation, the behaviour of each
wolf was recorded every 1 min. The ethogram comprised 16 behavioural categories (Table 1) and was
obtained by integrating behaviours described in scientific literature [5,18,32-34] with direct behavioural

21



Animals 2019, 9, 331

observations over a 7-day period, prior to the study. Since behavioural data from the first observation
session on 29 March 2017 had not been recorded, data from the entire day were eliminated.

Table 1. Description of wolf behavioural categories grouped in macrocategories used for statistical
purposes. Social interactions were categorized as either positive or negative. All behaviours, except

stereotypies, were categorized as either active or inactive.

Behavioural Category

Description

An apparently functionless fixed behavioural pattern that is repeatedly performed for at least three

t t . :
Stereotypy consecutive times
Inactive
Sleeping To lie down with closed eyes
Inactive To sit or lie down with open eyes
Active

Solo active

To stand motionless or move without interacting with other wolves
To tug, chase, pull to pieces, jump on objects. To run alone, chase own tail, lie supine and roll or

Solo play Lo
squirm in a playful manner
Exploratory To sniff ground, objects, trees and plants, when not aimed at the acquisition of food
Foraging To move food around, cache, dig and sniff, when aimed at the acquisition of food
Feeding To take food into the mouth and swallow it
Drinking
Marking To urinate with raised leg
Self-directed To nip, lick or scratch its own fur or skin, rub against a tree, stretch

Negative social interactions

To stand tall with rigid posture and tail, stand over another wolf with tail high, grab the muzzle of

Dominant another wolf while maintaining a rigid posture
Submissive To lie on the back with tail between legs, crouch
Aggressive To show bare teeth, growl, snap, bite, attack, fight

Positive social interactions

To sniff another wolf, lick another wolf, rub the muzzle against a wolf, rub the muzzle or body one

Affiliative another, greet, stand or lie close while wagging tails, put a paw or the head on another wolf while
keeping tail down or wagging, stand over another wolf with tail down, chorus howl
Play Two or more subjects that engage in motor patterns such as chase, run around one another, kick, jump

and even jaw spar, snap or bite with not enough pressure to cause injury, play invitation

2.5. Visitor Data Collection

Data from visitors were collected by an additional observer using the same observation schedule
used for the wolves. Both the number of visitors and the duration of their permanence in front of
the exhibit were recorded [35]. The number of visitors in front of the enclosure was recorded by
instantaneous scan sampling with 1-min intervals for the entire hour of observation for each session.
Children up to 16 years were excluded from the count. The amount of time (seconds) spent in front
of the exhibit by every third visitor (excluding children) was also recorded [28,29,36,37]. Visitor
permanence recording began when the selected subject walked across the virtual line that delimited the
wolf exhibit observation zone (trapezoidal recess) and ended when they crossed it the opposite way.

2.6. Questionnaire

When visitors exited the observation zone, a researcher asked them (not children) to fill in a brief
questionnaire on wolves. Visitors selected for filling the questionnaire and those selected for recording
their permanence in front of the exhibit were not necessarily the same. All visitors were asked to fill the
questionnaire although not all of them would accept (respondents 1 = 630). The questionnaire consisted
of two sections. The first section investigated on demographic information, which are summarized in
Table 2. The second section consisted of 11, 1-5 Likert-scale items partially based on surveys used in
previous studies [28,38] (Table 3). Visitors could respond by marking with an X a number from 1 to 5
depending respectively on the degree of disagreement/agreement with the corresponding statement,
with 1 meaning “strongly disagree” and 5 meaning “strongly agree.” Items’ positivity and negativity
was intended in relation to the quality of visitors’ perception towards wolves.
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Table 2. Demographic information for questionnaire respondents.

Item/Response Frequency Percentage (%)
Gender
Female 344 54.6
Male 280 44.4
Age
<20 59 9.4
20-29 184 29.2
30-39 176 27.9
40-49 133 21.1
50-59 43 6.8
>60 32 5.1

Ever been in a zoo before

No 47 7.5
Yes, more than once 476 75.6
Yes, once 106 16.8
Nationality
Italian 440 69.8
British 30 4.8
American 20 3.2
French 13 2.1
Dutch 11 1.7
Romanian 11 1.7
Bulgarian 9 14
German 9 14
Russian 9 14
Irish 6 1.0

Nationalities below 1% were not reported.

Table 3. Likert-scale items and scoring system.

Score (Level of

Ttems Disagreement/Agreement)

(1) Twould love to spot a wolf in the wild Sb. 1 2 3 4 5 SA
(2) Wolves are mean animals * sb. 1 2 3 4 5 SA
(3) Wolves are very dangerous to humans * sSb. 1 2 3 4 5 SA
(4) Wolves in zoos behave like they do in documentaries sb. 1 2 3 4 5 SA
(5) Wolves in the wild are a serious threat to livestock * ssb. 1 2 3 4 5 SA
(6) It is important to have wolves in zoos for education purposes ssb. 1 2 3 4 5 SA
(7) Wolf remtroductmn' programs should be implemented in those areas SD. 1 2 3 4 5 SA
from where the wolf disappeared

(8) Wild wolves that prey on cattle should be systematically eliminated* S.D. 1 2 3 4 5 S A
(9) Illegal killing of wild wolves should be severely punished SSb. 1 2 3 4 5 SA
(10) Wolves in zoos make me feel sad * SSb. 1 2 3 4 5 SA
(11) The level of welfare of wolves in zoos is worrisome * sSb. 1 2 3 4 5 SA

S.D. = strongly disagree, S.A. = strongly agree. Negative items are marked with an *.

2.7. Statistical Analysis

All the statistical analyses were run with the software SPSS Statistic 17.0 (Chicago, IL, USA).

Due to the small sample size and the possible individual differences in behavioural responses to
enrichment, data were analysed separately for each wolf, which acted as its own control. For analysis
purposes, all behaviours except stereotypies were grouped into broader macro-categories (Table 1).
Exploratory behaviour was also analysed singularly. In order to assess potential differences in each
wolf behaviour among phases and among observation sessions, the Kruskal Wallis test and then
Wilcoxon signed rank test were applied (p < 0.05 multiple comparison corrections were performed
using the Benjamini-Hochberg procedure). The Wilcoxon signed rank test was also used to compare
data obtained from feeding sessions in the first and second week for both hidden food and novel
objects phases, with the aim of assessing a possible effect of the decreased novelty of the enrichment.
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Potential correlations between number of visitors in front of the exhibit and respectively phase, session
and number of active wolves, were analysed using the Spearman test (p < 0.05). The Kruskal Wallis
test was used to investigate potential differences in visitor stay time in front of the exhibit across
observation sessions and experimental phases. When appropriate, pair-wise comparisons were carried
out using the Mann-Whitney U test (p < 0.05) for independent variables.

As for the questionnaire, descriptive statistics was used for demographic information. Furthermore,
all the negative items on the Likert-scale questionnaire were reverse-scaled to match with the score
of positive items. Principal Component Analysis (PCA) was used to identify a possible underlying
structure across the items; promax rotation with a correlation matrix was used.

Items were included in a component if their loading in that component was >0.50 and their
loading in the other components was <0.25. The three principal components found were further
analysed by using a Kruskal Wallis Test and then a Mann-Whitney U test (p < 0.05) in order to assess
differences among phases and sessions.

3. Results

3.1. Wolf Behavioural Results

Within each enrichment phase, none of the comparisons between the first and second week of
observation during feeding session revealed a statistically significant difference. Activity and inactivity
rates did not significantly differ across phases, for any of the wolves. Significant results were obtained
for stereotypies, social behaviour and exploration, as reported below.

A significant difference was found in the rate of stereotypic behaviours for wolf 2 and wolf 4
across phases. For wolf 2, stereotypy rates were significantly lower in the NOp when compared with
the HFp (p = 0.012) and the FCp (p = 0.001). Similarly, wolf 4 stereotypy rates were significantly lower
during the NOp when compared with the HFp (p = 0.003) and the FCp (p = 0.001). In addition, wolf 4
stereotypy rates tended to be higher in FCp compared to ICp (p = 0.054) (Figure 2).
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Figure 2. Number of times stereotypic behaviour was observed for each wolf across the four
experimental phases.

Social behaviour rates significantly differed for wolf 1, wolf 2 and wolf 4 across phases, whilst
no difference was observed for wolf 3. More specifically, for wolf 1, negative social behaviour rates
were significantly lower during NOp compared to ICp (p = 0.013). However, they were also lower
during FCp compared to ICp (p = 0.025). Similarly, for wolf 2, negative social behaviour rates were
significantly lower during NOp, if compared with ICp (p = 0.012). However, they were also different
between control phases, being significantly lower during the FCp (p = 0.042) (Figure 3). As for wolf
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4, statistical differences were instead found for positive social behaviour rates, that resulted higher
during HFp than ICp (p = 0.011) and NOp (p = 0.024) (Figure 4).
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Figure 3. Number of times negative social interactions were observed for each wolf across the four
experimental phases.

30
POSITIVE SOCIAL INTERACTIONS

. Owelf 1

Nwolf2

7 Bwoif 3

Mwolf4
20
g
8
&
215
2
=4
104
5

- “ .
. o e . o e

. . * . -

«  x * P * .

o -t bbdbo dr: bz

T T T T
Initial control Hidden food Novel objects Final control

Phases

Figure 4. Number of times positive social interactions were observed for each wolf across the four
experimental phases.

For all wolves there were no statistically significant differences in exploratory behaviour rates
between initial and final control phases. Wolf 1 exploratory behaviour rates were significantly higher
during the NOp when compared with both ICp (p = 0.008) and FCp (p = 0.029). For wolf 2, they were
significantly higher in NOp when compared with any other phases (NOp versus ICp: p = 0.001; NOp
versus HFp: p = 0.001; NOp versus FCp: p = 0.001), as well as in HFp when compared with ICp
(p = 0.043). Additionally, for wolf 3 exploration was significantly higher in NOp when compared with
any other phases (NOp versus ICp: p = 0.001; NOp versus HFp: p = 0.002; NOp versus FCp: p = 0.001).
Finally, for wolf 4, exploratory behaviour rates were significantly higher in both the enrichment phases
when compared with the control phases (HFp versus ICp: p = 0.001; HFp versus FCp: p = 0.001; NOp
versus ICp: p = 0.005; NOp versus FCp: p = 0.003) (Figure 5).
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Figure 5. Number of times exploratory behaviour was observed for each wolf across the four
experimental phases.

3.2. Visitors” Interest Results

A positive correlation was found between mean number of visitors in front of the exhibit and
experimental phase (Rho value > 0.001), as well as mean number of visitors and observation session
(Rho value > 0.001). The mean number of visitors was the highest during NOp (p < 0.001). Unexpectedly,
it was also higher during FCp phase than HFp (p < 0.001) (Figure 6). As for the sessions, the highest
mean number of visitors was found during feeding sessions (p < 0.001), regardless of the use of
enrichment (Figure 7). Moreover, a positive correlation between the number of active wolves and the
number of visitors in front of the exhibit was found (p < 0.001).

Mean n. visitors

Inital control Hidden food Novel objects Final control
PHASES

Figure 6. Mean number of visitors in front of the exhibit across the four experimental phases.

Mean n wisitors

Before feeding During feeding After feeding
OBSERVATION SESSIONS

Figure 7. Mean number of visitors in front of the exhibit across the three daily observation sessions.
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Time spent by visitors in front of the exhibit differed significantly across phases. It was longer
during NOp than during any other phase (p < 0.001). It was also longer during HFp when compared
with both control phases (p < 0.001). No significant difference was found between control phases.
Furthermore, visitors” permanence in front of the exhibit also differed across observation sessions,
being the longest during feeding sessions (p < 0.001) and longer before feeding than after feeding
(r =0.016).

3.3. Questionnaire Results

The 11, 1-5 Likert-scale items from the questionnaire were analysed using a Principal Component
Analysis (PCA) with promax rotation (p < 0.05). The component correlation matrix (Table 4) did not
show a correlation between the three components. The PCA model was adequate as verified by the
Keiser Meyer Olkin (KMO) test (KMO = 0.694; p < 0.001). Three principal components (PC1, PC2
and PC3) were identified that explained 49.895% of the variation (Table 5). PC1 was characterized by
those items relating to the respondent’s perception of wolf welfare in zoos. PC2 was characterized
by those items relating to the respondent’s perception of wolves as a threat to humans and human
activities. Finally, PC3 comprised those items relating to respondent’s attitude towards wild wolf
population management measures. No significant differences in questionnaire responses were found
when data from the three daily sessions were compared across phases. On the contrary, differences
were found for PC1 and PC3 across sessions. In particular, respondents scored significantly higher for
PC1 and PC3 when questionnaires were administered during feeding when compared with sessions
before feeding (PC1: p = 0.016; PC3: p = 0.010), suggesting that their perception of captive wolves’
welfare and their attitude towards wild population management measures improved by watching
the animals interacting with food, regardless of the use of enrichment. However, by comparing
questionnaire responses during the sole feeding sessions across the four experimental phases, we found
that respondents scored higher for PC1 when they observed the wolves get fed during NOp and HFp
rather than during ICp.

Table 4. Component correlation matrix obtained for principal component analysis with promax rotation
on questionnaire items.

Component 1 2 3
1 1.000 -0.158 -0.138
2 -0.158 1.000 0.257
3 -0.138 0.257 1.000

Table 5. Results of the principal component analysis and promax rotation carried out on items of the
questionnaire. For each item, the load on each component has been reported.

Item Component
Zoo Wolf Welfare Wolf as a Threat Wolf In-Situ Conservation

Wolves in zoos make me feel sad 0.743 -0.196 -0.114
Ttis important to have wolves in zoos for 0.724 _0.156 0,037
education purposes
The level of welfare of wolves in zoos is worrisome 0.693 0.012 0.042
Wolves in zoos behave like they do in documentaries 0.578 0.000 -0.239
Wolves are very dangerous to humans -0.085 0.814 0.144
Wolves are mean animals -0.120 0.772 0.163
Wolves in the wild are a serious threat to livestock -0.065 0.598 0.242
Wolves reintroduction programs should be
implemented in those areas where the wolf disappeared 0.044 0.063 0737
Tllegal kllhr\g of wild wolves should be ~0.088 0175 0.732
severely punished
Wild wolyes that‘ prey on cattle should be 0209 0307 0557
systematically eliminated
Twould love to spot a wolf in the wild -0.195 0.459 0.512

Loadings with an absolute value greater than 0.5 (and lower than 0.25 for another component) are in bold.
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4. Discussion

4.1. Wolves

In this study, none of our significant results regarding wolf behaviour were consistent across
all four experimental subjects. This suggests individual factors played a major role in determining
the wolves’ responses to feeding enrichment. Three behavioural categories were used to assess wolf
responses to enrichment: stereotypies, quality of social interactions and exploration.

Stereotypic behaviours are probably the most used behavioural indicator of welfare in captive
animal studies [39,40]. They have been defined as “repetitive, invariant behavioural patterns with no
apparent goal” [41]. In this study, two distinct behaviours fit such definition: pacing and jumping
against the fence. The latter was performed by only one individual, namely wolf 2. Both of them
fall in the category of “locomotor stereotypies,” which are the most common type of stereotypy in
captive carnivores [42,43]. In order to meet the criteria of “repetitive, invariant behavioural pattern” we
reported such behaviours only when they were performed for at least three consecutive times [27,42].
In this study, two out of four wolves showed a significantly lower rate of stereotypic behaviours
when novel artificial feeding objects were provided. Although the underlying processes of stereotypic
behaviour in zoo animals are not yet clearly understood, one of the most widely accepted theories is that
it represents a copying strategy performed by an individual in response to a chronic stress condition
generated by a sub-optimal and restrictive environment [2,39,42,44,45]. Therefore, a reduction in
the rate of stereotypic behaviours may be suggestive of increased welfare, especially when other
behavioural indicators of welfare improve concurrently [39].

Quality of social interactions was assessed classifying social behaviour in either “positive” or
“negative” [32]. Social play and affiliative interactions were considered to be positive, whereas agonistic
and aggressive interactions were considered to be negative [32]. Again, in the context of our study,
a quite high degree of individual variability in wolves’ behavioural responses to enrichment was
observed. While wolf 4 increased positive social interactions when food was hidden around the
enclosure, wolf 1 and wolf 2 showed a decrease in negative interactions when artificial feeding objects
were provided, whereas wolf 3 showed no significant change in any enrichment programs. As by
nature, social interactions occur among more individuals, the interpretation of results needs to take into
consideration the possible reciprocal influence of the behaviour of the various parties involved. In this
case, the decrease of negative social interactions observed in wolf 1 and 2 are likely to be the result of
the decrease of negative social behaviours in one wolf; the parallel trend in the second wolf probably
mirrors the first decrease, as a consequence of receiving fewer negative interactions. However, looking
at the whole unit, both the direct and indirect impact of enrichment can be regarded as beneficial.

An increase in exploration when novel feeding objects were provided was the only behavioural
response common to the four wolves. Nevertheless, for wolf 2 and wolf 4 exploration also increased
when food was hidden around the enclosure. In accordance with previous studies [18-20,46,47],
this finding suggests that the relationship between feeding enrichment and exploratory behaviour is
more linear and less affected by individual variables than the other behavioural indicators we assessed.

Overall, both feeding enrichment programs seemed to be effective at positively modifying our
wolves’ behaviour. However, inconsistency of behavioural responses among wolves indicates that
individual variables might have qualitatively and quantitatively affected the beneficial effects of
enrichment. Previous studies also found a high inter-individual variability in behavioural responses
to feeding enrichment [18,48]. Since all of our experimental subjects were males with equal rearing
conditions, this finding cannot be attributed to gender or rearing differences, as suggested by Cummings
et al. [18] in their study on maned wolves. In our case, it is most likely explained by individual
temperament differences and pack social dynamics [16,48-50].

A major limitation of this study is the small size of the sample, which prevents us from drawing
any conclusion at the species level. Studies that investigate enrichment programs in zoo animals
are often performed on small samples [18,34,51-53] and in specific environments that are likely not
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representative of the entire zoo population. Being opportunistic, our study presents these limitations.
Our findings should be regarded as preliminary and further studies should be performed on larger
samples and different captive environments.

In addition, each enrichment program was provided for 2 weeks only. The lack of differences
between behaviours displayed in the first and second week of both enrichment phases suggest that,
although the novelty of the enrichment decreased, it maintained beneficial effects in the analysed
period. This is relevant for zoo animal caretakers, as their investment seems to have persistent benefits.
However, 2 weeks may be a sufficient amount of time to determine short-term effects, but not enough
to assess a possible long-term impact. This should be investigated in future studies by extending
periods of enrichment.

Lastly, for practical reasons we could not assess any physiological indicator of acute or chronic
stress, which could have helped us draw a clearer picture of the internal changes that each animal
underwent during the study and their link with the behaviours observed [54-56].

4.2. Visitors

The number of visitors and the duration of permanence in front of the exhibit have often been
used as indicators of their interest in zoo exhibits [22,23,35]. While the latter may be a more reliable
parameter, the former may be more strongly affected by other variables such as season, day of the
week, time of the day and weather [57]. This may explain why visitor number was higher in the
final control phase than during the first enrichment phase. Nonetheless, our overall findings suggest
that visitors were more interested in the exhibit during feeding sessions and during enrichment
phases, especially when novel non-naturalistic objects were involved. In the latter case both number
and time of permanence in front of the exhibit increased significantly. In previous studies, greater
visitor interest in the exhibit has been linked to higher levels of animals activity [24,26,58]. However,
although we found visitor number to be positively correlated with the number of active wolves at a
given time, no significant difference in animal activity levels across experimental phases was detected.
Other variables, such as the type of enrichment used [59] or the type of behaviour elicited [28,38,59]
may also affect visitors” interest in the exhibit.

Interestingly, those experimental conditions that increased visitors” interest also enhanced their
perception of captive wolf welfare. In fact, among daily observation sessions, the highest scores
for animal welfare-related questions were obtained from those visitors who observed the wolves
during feeding times, regardless of the use of enrichment. This result reflects those of previous
studies in which visitors” perception of captive wolf welfare improved by observing the animals
perform active natural behaviours, such as feeding [28,29]. Furthermore, when we compared responses
obtained from visitors who observed the wolves during feeding times, across all four experimental
conditions, we found that higher scores for welfare-related questions were obtained when enrichment
was provided, especially the non-naturalistic type. Previous studies [30,60,61] did not find any
differences in the effects of naturalistic versus non-naturalistic enrichment on visitors” perception
of the animals” well-being. However, some methodological differences, such as type of enrichment
used [30,60,61], species involved [30,60,61], partial or total lack of complementary data on the animals’
behaviour [30,60] may explain the different results.

More importantly, visitors seemed to be aware of the implications that enrichment might have
had on the wolves’ welfare. Price et al. [29] suggest that visitors’ perception of animal welfare may in
turn be influenced by their own perception of zoos’ commitment at caring for their animals. In our
study, artificial enrichment objects may have rendered the zoo’s commitment more evident in the eyes
of the visitors.

Although this assumption should be further investigated with more specific questions in future
studies, it may also explain why visitors who had higher perception of the wolves” welfare also had
a more positive perception of the educational role of zoos [59]. On one hand, negative emotions
elicited by perceiving animals suffering may generate a deep sense of distrust in the zoo as an animal
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preservation institution, thus diminishing the value of its educational role [8]. On the other hand,
animals stimulated to engage in natural behaviours, such as foraging and feeding, may not only be
perceived as happier by visitors [8], but they may objectively provide more information about the
species’ behavioural repertoire, if compared with inactive or stereotyping animals [29].

Findings from previous studies indicate that visitors who observe animals perform active natural
behaviours show greater appreciation for the species’ biological significance and greater conservation
intent [8,38,62]. According to that, our visitors showed a more positive attitude towards wolf
conservation issues when they observed the animals during feeding times, regardless of the use of
enrichment. However, feeding enrichment, whether naturalistic or non-naturalistic, failed to further
improve visitors’ attitude towards wolf conservation. Due to the increasing wild wolf population, Italy
is currently going through a period of intense political debate over wolf conservation measures. Actual
or spurious episodes of attacks to livestock and even citizens reported by the media are likely to affect
people’s attitude on the matter. This may explain why, in our study, visitors did not seem to change
their perception of wolves as a threat to humans and human activities. Finally, it should be taken into
account that the wolf is a historically controversial species. The cross-generational “evil wolf” myth
embedded in the occidental culture may represent a significant obstacle for a mind shift on attitude
towards wolf conservation [63]. Similar studies on other species or conducted in other countries may
lead to different results.

5. Conclusions

Overall, both hiding food within the enclosure and providing animals with novel artificial
feeding objects appeared effective at modifying the behaviour of our wolves in a way that suggests an
increased level of welfare. However, inconsistency in results across experimental subjects indicates
that individual variables play an important role in determining the degree and the type of behavioural
response to feeding enrichment. Among the behavioural indicators assessed, an increase in exploration
activity when novel feeding objects where provided was the only change in behaviour common to all
the wolves.

Feeding enrichment, especially when artificial objects were used seemed to be effective at increasing
visitors’ interest in the exhibit. Visitors’ perception of captive wolf welfare and the educational role
of zoos, as well as their attitude towards wolf conservation issues were more positive when they
observed the wolves during feeding times, regardless of the use of enrichment. Feeding enrichment,
especially the non-naturalistic type, further improved visitors” perception of captive wolf welfare.
On the contrary, it failed to modify visitors” attitude towards wolf conservation issues. In order to
confirm this study’s findings future research on the effects feeding enrichment on wolves and visitors
should be conducted on larger animal samples and in different countries.
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Simple Summary: This retrospective study involves 107,597 dog welfare complaints received by
the Royal Society for the Prevention of Cruelty to Animals (RSPCA) Queensland from 2008 to 2018.
Results show that, compared to pure breed dogs, cross-breed dogs were more likely to be reported
in welfare complaints. Poisoning, lack of veterinary support, abuse, and being left unattended
in a hot vehicle were common complaints in pure breed dogs; while insufficient shelter, exercise
and food/water, as well as overcrowding and abandonment, were more commonly reported in
cross breed dogs. Utility breeds, terriers and working dogs were most likely to be reported, while
toy, non-sporting breeds and gundogs were least likely to be reported. Common complaint types
for utility dogs were: insufficient food/water, shelter and exercise, and poor living conditions; for
terriers: abandonment, intentional abuses and killing or injuring another animal; for working dogs:
insufficient food/water, shelter and exercise; for toy dogs: lack of veterinary care, overcrowding and
staying in a hot vehicle alone; for non-sporting dogs: lack of veterinary care, being left in a hot vehicle
unattended and poor body conditions; and for hounds: killing or injuring another animal, intentional
abuses and poor body conditions.

Abstract: Cruelty- and neglect-related canine welfare concerns are important welfare and social
issues. Dog breed has been identified as a risk factor for bad welfare, and yet its role in different types
of canine welfare concerns has not been fully investigated. We conducted a retrospective study of
107,597 dog welfare complaints received by RSPCA Queensland from July 2008 to June 2018. The
breed of the dog involved in the incident was either recorded as stated by the complainant or by the
inspector attending the case. Dog breed was divided into groups following the Australian National
Kennel Club nomenclature. Dogs of a non-recognised breed were more likely to be reported in
welfare complaints than recognised breed dogs. Recognised breed dogs had a greater risk of being
reported with poisoning, lack of veterinary support, abuse and being left unattended in a hot vehicle;
while non-recognised breed dogs had greater risk of being reported with insufficient shelter, exercise
and food/water, as well as overcrowding and abandonment. Ultility breeds, terriers and working
dogs were most likely to be reported, while toy, non-sporting breeds and gundogs were least likely
to be reported. Common complaint types for utility dogs were: insufficient food/water, shelter and
exercise, and poor living conditions; for terriers: abandonment, intentional abuses and killing or
injuring another animal; for working dogs: insufficient food/water, shelter and exercise; for toy dogs:
lack of veterinary care, overcrowding and staying in a hot vehicle alone; for non-sporting dogs: lack
of veterinary care, being left in a hot vehicle unattended and poor body conditions; and for hounds:
killing or injuring another animal, intentional abuses and poor body conditions. Breed groups rather
than breeds may be the best method of breed identification in a public reporting system as they
group similar breeds together, and as our research shows, they relate to types of animal welfare
complaints. Understanding the relationship between breed group and canine welfare complaints
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Animals 2019, 9, 390

may help authorities improve public education programs and inform decision-making around which
breed a new owner should choose.

Keywords: canine welfare; breed; canine cruelty; neglect; RSPCA

1. Introduction

Animal cruelty can be defined as any socially [1] or legally [2] unacceptable behaviour causing
unnecessary pain, discomfort or distress to animals. It is an important social issue, affecting not only
animals but also the entire society, for example, there appears to be a strong relationship between
animal cruelty and other criminal activities, such as domestic violence [3]. Animal cruelty can happen
to any animal, and the dog (Canis familiaris) is one of the most common species reported for suspected
animal cruelty [4].

For over 15,000 years, dogs have been domesticated to fit into our society with humans intentionally
taming them, which facilitates the development of close bonds between humans and dogs [5,6].
According to the Australian National Kennel Club (ANKC), there are 208 recognised breeds that
are categorised into seven breed groups—toys, terriers, gundogs, hounds, working dogs, utility,
and non-sporting—on the basis of their physical characteristics, temperaments, behaviours, and
functions [7]. For example, greyhounds were originally bred to chase and hunt in the Egyptian deserts
5000 years ago, and are categorised as hounds by the ANKC [7,8]. Border collies were selected for
their sheep herding abilities in western Europe, northern England and Scotland over 100 years ago,
and are classified as working dogs by the ANKC [7,9,10]. However, the original selection traits are
often of little value today and their purpose has broadened to become purely aesthetic or related to
entertainment (including gambling), causing them to experience some breed-specific mistreatments.
For instance, greyhounds [11] and huskies [12] are used in the racing industry, and greyhounds have
been widely reported to experience welfare issues associated with their training, living conditions
and injuries during racing. The greyhound racing industry has been associated with “live baiting”,
where a live animal, such as a chicken or possum, is used as a lure to train greyhounds to race [11-13].
Border collies are popular for companionship, but their herding instincts may not be fulfilled in a home
environment, which predisposes them to behavioural problems, such as bike or runner chasing, and
can finally lead to unsuccessful ownerships [14]. Pit bull type dogs, such as the American pit bull terrier,
American Staffordshire terrier and Staffordshire bull terrier are often thought of as aggressive [15].
These dogs may be made to participate in illegal dog fights or used for pig hunting, and animal
management laws may be biased against them. In Australia, the importation of American pit bull
terriers is banned [16] and the law requires all American pit bull terriers currently in Australia to be
sterilised. In addition, these dogs must be kept strictly confined when at home, and when taken out be
muzzled and wear easily identifiable collars [15,17]. Similarly, in America, some states (e.g., Indiana
and Louisiana) require pit bull owners to obtain a special license and maintain $100,000 to $300,000 in
liability insurance to cover any potential injuries caused by the dogs [18]. Many studies highlight the
negative welfare that may be experienced by racing and fighting dogs [17,19]. The welfare issues they
experience are not only breed specific, but are directly related to specific industries (e.g., dog racing
and fighting) [20]. However, neglect-related issues, such as failing to provide suitable food and water,
veterinary support and suitable living conditions, are more common, yet less discussed [3,21]. To our
knowledge, there has been little consideration of the correlation between canine breed and different
forms of animal welfare concerns, particularly those related to neglect.

Accurate breed identification is useful in many areas including in shelters, veterinary clinics,
research, and even the media [22]. How dogs are identified influences the way they are perceived
and how people interpret their behaviours [23-25]. For instance, dogs identified as terriers, especially
American pit bull terriers and Staffordshire bull terriers are perceived as playful, curious, fearless,
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chase prone and aggressive; however, dogs identified as toy breeds are seen as sociable [25]. Current
breed identification in the majority of facilities is based on observation, but such visual identification
of breed is problematic and often inaccurate [22,26]. In a laboratory-based experiment, 986 people
engaged in dog-related professions were asked to visually identify the breed of 20 dogs using video
clips. The visual identification was later compared with DNA identification. The results showed that
over 50% of participants failed to visually identify dog breeds that matched the DNA identification,
and agreement by over 50% of participants was only found with 35% (1 = 7/20) of dogs [22]. Another
study exploring inter-observer agreement among shelter staff differentiating pit-bull-type dogs versus
non-pit-bull-type dog revealed moderate reliability (76%-83%) [26]. Consequently, a better breed
identification method is needed, and identifying dogs per group or type (e.g., pit-bull type), rather
than by specific breed, may result in higher agreement among individuals and be more useful.

In Queensland, Australia, animals are protected by the Animal Care and Protection Act 2001
(ACPA) [2]. This state-based legislation appoints inspectors, some of whom are employed by the Royal
Society for the Prevention of Cruelty to Animals, Queensland (RSPCA Qld), to investigate potential
breaches of, and enforce compliance with, the Act [2]. There are two main offences under the ACPA:
failure to fulfil duty of care responsibilities and cruelty. There are a number of other specified offences.
The Act recognises that a person who has charge of an animal owes that animal a duty of care. Failure
to provide such care is the basis of the “breach of duty of care” offence. This offence covers such actions
as not providing sufficient food, water, exercise, veterinary care and suitable living conditions. It is
not only the owner that has a duty of care towards an animal. Anyone who is even temporarily in
charge of an animal has a duty of care. The second major offence is “animal cruelty” and according to
Section 18 of the Act, cruelty describes any action that causes unjustifiable and unnecessary physical
and mental discomfort to animals, inappropriate confinement or transport, unreasonable injuries and
inhumane death [2]. A cruel act can be committed by anyone towards an animal, whether it is their
own animal, another domestic animal or even a wild animal [2]. It is important to note, that under
the ACPA, the intention of a person to be cruel is not a necessary element of a cruelty offence to be
proven in Queensland. If an action carried out by a person causes pain and suffering and the action
was intentional, the person may be charged with cruelty. The intention to carry out the action must be
proved but not the intention to be cruel. If a lack of action deprives an animal of its fundamental needs,
then the person who has a duty of care towards the animal may be charged with a breach of their duty
of care or cruelty depending on the circumstances. Intention may be considered during sentencing
however [2]. Other offences under the Act include unreasonable abandonment or release, the carrying
out of prohibited surgical procedures (e.g., tail docking, ear cropping, debarking, etc.), being involved
in, or having items used for, a prohibited event, such as dog or cock fighting, and allowing an animal
to injure or kill another animal [2].

The public can report suspected welfare concerns to the RSPCA via a “Cruelty Complaints”
telephone number, which operates 24 h a day, seven days a week, or by email. In addition, complaints
can be made by veterinarians and veterinary nurses, council officers, and other government and
non-government employees visiting a location as part of their duties. Finally, animals entering a shelter
may trigger an investigation if cruelty or neglect is suspected.

In this study, we aimed to evaluate whether breed was an important factor in relation to canine
welfare concerns. This report is the second in a series relating to the analysis of RSPCA Qld canine
welfare complaint data [21,27]. We hypothesized that certain breeds would have a higher risk of being
reported. We also hypothesized that some breeds would be at higher risk of suffering specific welfare
issues than others. Other risk factors, age of the dog [21] and socioeconomic status of the complainant
are the subject of other papers [21,27].
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2. Materials and Methods

From July 2008 to June 2018, RSPCA Qld received 129,036 canine welfare complaints. Some
involving more than one dog were recorded as multiple complaints sharing the same case number,
while others were recorded as one complaint with multiple animals. To avoid sample bias due to
multiple entries, we only retained the first complaint of case numbers with multiple entries, discarding
21,439 entries as a result. There remained 107,597 canine welfare complaints for this retrospective
study. The data analysis was originally undertaken on the entire dataset and then redone with the
reduced number. Finding the complaint distribution and demographics to be similar, we opted for
the reduced dataset to avoid problems with pseudoreplication. Animal welfare complaints that fell
within the geographical zone of responsibility of RSPCA Qld (determined by a Memorandum of
Understanding between RSPCA QId and Biosecurity Queensland, the Government Department tasked
with the administration of ACPA) were investigated by RSPCA Qld inspectors. All other complaints
were referred to Biosecurity Queensland to be investigated by their inspectors. However, all complaints
coming into RSPCA Qld were included in this analysis.

All complaints were recorded in ShelterBuddy® (RSPCA, Queensland, Australia), the RSPCA Qld
database. The following information was requested from the reporter of each incident at the time of
taking the complaint: the number of dogs involved and their age, breed(s) (if known), the “complaint
code(s)”, the suburb, postcode, and in addition, the date was recorded. All cases were investigated
either by RSPCA Qld inspectors (n = 100,432) or Biosecurity Qld inspectors (n = 7165). It is recognized
that some of the calls did not relate to a breach of the ACPA or to a genuine welfare concern. The
outcome data for these complaints was not analysed in this research. This research is focused on the
complaint calls coming in to RSPCA Qld.

Dogs were classified according to two broad age ranges, being dog and puppy, based on reporters’
interpretation. It is important to recognise that the information recorded from the complainant
may be inaccurate or inaccurately interpreted, e.g., a small dog is commonly referred to as a puppy
in Queensland. Records regarding breed and the number of dogs involved were based on either
complainants’ initial reports or comments from trained inspectors, again recognising inaccuracies
with identification of the breed. The “complaint code” was selected by the staff member receiving the
call or email from a drop-down menu of 18 possible complaints (Appendix Table A1) [21]. Multiple
“complaint codes” were able to be selected for each case according to the description of what was
alleged to have happened to the dog(s), and each was treated as a separate code for analysis.

2.1. Dog Breeds

The distribution of breeds was compared to the breeds of registered dogs obtained from the
councils of two cities situated close to the RSPCA Qld headquarters, namely Ipswich City Council and
Gold Coast City Council for the same period. Any breed in our data that was documented in any of
the following kennel clubs—Australian National Kennel Council (ANKC) [7], New Zealand Kennel
Club (NZKC) [28], American Kennel Club (AMKC) [29] and United Kennel Club (UKC) [30]—was
considered a recognised breed (RB) and was added to our breed list (Appendix Table A2). Any breed
in our data that was not recognised by at least one of the major kennel clubs listed above was classified
as a non-recognised breed (N-RB), including all crossbred dogs without any identified breed. In our
dataset, it was decided that if more than one dominant breed was listed, the first breed mentioned
would be used. For instance, Great Dane x Bull Arab was categorized as Great Dane (Appendix
Table A2).

To achieve a secondary representation of breed recognition, RB breeds were amalgamated into
the following seven breed groups based on the breed inclusion categories of the ANKC: toys, terriers,
gundogs, hounds, working dogs, utility, and non-sporting. Breeds not listed by the ANKC, but
recognised by the NZKC, AMKC, or UKC, were categorized into one of the seven groups based on the
description of each kennel club. Some breeds (e.g., Australian Koolie and Bull Arab), though listed by
the council registrations and thus on the breed list (Appendix Table A2), were not recognized as breeds
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by any major kennel club worldwide. Therefore, these breeds were categorized as N-RB. If the breed
description was left blank, the dogs’” breed was considered unknown (1 = 15,576/107,597), and these
complaints were excluded from any data analysis related to breed factors.

2.2. Statistical Analysis

Data was analysed using the statistical package Minitab® 17.3.1. (Minitab, LLC., State College, PA,
USA) Descriptive analysis was first used to investigate the distribution of RB/N-RB and the seven breed
groups. Complaints reported in July 2017 and June 2018 that contained breed information provided by
RSPCA inspectors (1 = 95) were used to examine the agreement of breed identification between the
complainant and inspectors. Apart from simple percent agreement measurements, Cohen’s kappa
coefficient was calculated. Cohen’s kappa is a statistical method measuring agreement with qualitative
assessments among different raters. It is more robust than a percentage because it considers the
possibility of the agreement occurring by chance [26,31]. To examine whether RB, N-RB or certain
breed groups were more likely to be reported, the study group was compared with the registration
data from Gold Coast and Ipswich City councils where all owned dogs, including working dogs on
farms, are required to be registered [32,33]; this was done using Pearson chi-square tests. Eighteen
stepwise forward binary logistic regression models were constructed to understand how breed factors
correlated with each complaint code. The binary logistic regression model is a nonlinear model using
a logistic function to describe the relationship of independent variables and a dependent variable
with two possible values, such as yes/no, 0/1, or healthy/sick [34]. The stepwise forward selection
refers to a step-by-step method of adding the most significant dependent variable into the model [35].
To determine the effect of breed (RB/N-RB or breed group) on complaint codes, breed (RB/N-RB or
breed group) was entered into the binary logistic regression model as a fixed factor, using logit models
with the alpha value to enter being 0.15. Complaint codes were entered into the model as outcomes.
Separate models were constructed for each complaint code with the same input variable.

3. Results

3.1. Dog Characteristics

Common breeds reported by the complainants were Staffordshire bull terrier (10.5%, n = 10/95),
American Staffordshire terrier (10.5%, n = 10/95), Maltese (6.3%, n = 6/95), and Bullmastiff (5.3%,
n = 5/95). Overall, the agreement between complainants and inspectors of breed identification was
23.2% (Cohen’s Kappa = 0.074, indicating a slight agreement [31]), and the agreement of breed group
identification was 77.8% (Cohen’s Kappa = 0.69, indicating a substantial agreement [31]). Therefore,
breed groups were used for further analyses.

In the study group, 32.7% (n = 35,178) of dogs were N-RB, while only 1.7% (n = 1733) of dogs in
the Gold Coast and Ipswich councils” data were listed as N-RB. Around 53% (1 = 56,843) of dogs in our
data and 98.3% (1 = 99,266) of dogs in the councils” data were of RB (Table 1). The remaining dogs
(14.5%, n = 15,576) in our database were unspecified. Thus, there was an over-representation of N-RB
and an under-representation of RB in our dataset. The most common breed group to be reported for
canine welfare concerns in our dataset were terriers (28.2%, n = 16,030), followed by working dogs
(24.8%, n = 14,085), utility dogs (15.6%, n = 8,857), toy dogs (9.2%, n = 5223), non-sporting dogs (8.9%,
n = 5071), gundogs (7.8%, n=4417), and hounds (5.6%, n = 3160) (Table 2). The most common breed
group registered by the city councils were also terriers (22.2%, n = 22,056), but followed by toy dogs
(21.0%, n = 20,796), working dogs (17.8%, n = 17,637), non-sporting dogs (14.0%, n = 13,915), gundogs
(11.6%, n = 11,504), utility dogs (7.8%, n = 7770), and hounds (5.6%, n = 5581) (Table 2).
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Table 1. Distribution of RB and N-RB in our study group, and in the Ipswich City Council and Gold
Coast City Council registrations, with the overrepresentation coefficient (both RB and N-RB were
significantly different (chi-square p < 0.001).

Breed Study Group Ipswich and Gold Coast  Overrepresentation Coefficient 2
N-RB 35,178 (32.7%) 1733 (1.7%) 19.24
RB 56,843 (52.8%) 99,266 (98.3%) 0.54
Unknown 15,576 (14.5%) 0 (0%) -b
Total 107,597 (100%) 100,999 (100%)

@ Percent of breeds in our study/percent of breeds in the councils’ registrations. 1.00 signifies equal representation in
our database, and Ipswich and Gold Coast City Councils registrations. b Unable to calculate the overrepresentation
coefficient because there was no dog with an unknown breed in the councils’ data.

Table 2. Distribution of each breed group in our study, and in Ipswich City Council and Gold Coast
City Council registrations, with the overrepresentation coefficient.

Breed Groups RSPCA Ipswich and Gold Coast ngzzrf,ésf:ﬂ:tlon ( Chi-g;lYlaalr‘:eTests)
Terriers 16,030 (28.2%) 22,056 (22.2%) 1.27 <0.001
Working Dogs 14,085 (24.8%) 17,637 (17.8%) 1.39 <0.001
Utility 8857 (15.6%) 7770 (7.8%) 1.99 <0.001
Toys 5223 (9.2%) 20,796 (21.0%) 0.44 <0.001
Non-sporting 5071 (8.9%) 13,915 (14.0%) 0.64 <0.001
Gundogs 4417 (7.8%) 11,504 (11.6%) 0.67 <0.001
Hounds 3160 (5.6%) 5581 (5.6%) 0.99 0.602

Total 56,843 (100%) 99,266 (100%)

@ Percent of breeds in our study/percent of breeds in the councils’ registrations. 1.00 signifies equal representation in
our database, and Ipswich and Gold Coast City Councils registrations.

3.2. Predispositions of RB/N-RB to Welfare Complaints

Table 1 summarizes the numbers and percentages of RB and N-RB in our data and the councils’
data, along with the overrepresentation coefficients. This coefficient is a simple method to compare the
two percentages (see explanation below Table 1). Our results indicate that N-RB were at a greater risk
of being reported than RB (p < 0.001).

We further explored the association between RB/N-RB and different complaint codes. A logistic
regression model was generated (Table 3). In the model, there were significant correlations between
RB/N-RB and nine (1 = 9/18) complaint codes. RB had significantly greater risk of being reported
with the following complaint codes, listed in increasing order of odds ratio (OR): baiting/poisoning
(OR =0.36, p < 0.001), no treatment (OR = 0.59, p < 0.001), cruelty (OR = 0.95, p = 0.004), and hot animal
in car (OR = 0.95, p = 0.043). Meanwhile, N-RB had significantly greater risks of experiencing the
following complaint codes, listed in declining order of odds ratio (OR): no exercise/confined/tethered
(OR =1.32, p < 0.001), overcrowding (OR = 1.32, p < 0.001), abandonment (OR = 1.25, p < 0.001), no
shelter (OR = 1.19, p < 0.001), and insufficient food and/or water (OR = 1.08, p < 0.001).
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Table 3. Odds ratio of each variable in the logistic regression model of complaint codes. The outputs of
these models were different complaint codes. The input variables were N-RB/RB and breed groups.

. N-RB/RB
Complaint Code p-Valuefor (CI) 2 Breed Group p-Value
c C

Emergency relief - -
Hot animal in car 0.043/0.95 (0.90, 1.00) <0.001
Keeping or using animal for blooding/coursing a dog -¢ -¢

Prohibition order breached -¢ ¢
Causing captive animal to be injured/killed by dog - -¢
Poor dog condition -¢ <0.001
Overcrowding <0.001/1.32 (1.14, 1.53) <0.001
No exercise/confined/tethered <0.001/1.32 (1.28, 1.36) <0.001
Insufficient food and/or water <0.001/1.08 (1.05, 1.12) <0.001
Baiting/poisoning <0.001/0.36 (0.30, 0.43) <0.001
Tail docking or other surgical procedure -¢ -¢
No treatment <0.001/0.59 (0.57, 0.62) <0.001
Dog fighting or other prohibited offence 0.134/0.79 (0.58, 1.08) -¢
No shelter <0.001/1.19 (1.14, 1.24) <0.001
Poor living condition -¢ 0.046
Cruelty d 0.004/0.95 (0.91, 0.98) <0.001
Abandonment <0.001/1.25 (1.21, 1.29) <0.001
Knowingly allowing an animal to kill/injure another 0.111/0.86 (0.71, 1.04) <0.001

2 Odds ratio refers to N-RB relative to RB; ® Odds ratio and the 95% confidence interval (CI) of each breed group for
every complaint code are l131resented in Table 4; € Breed factor (N-RB/RB or breed group) was not selected in the
logistic regression model; ¢ A person was reported to have abused an animal.

3.3. Predispositions of Breed Groups to Welfare Complaints

When we compared the numbers of different breed groups in our data with the councils’ data
(Table 2), the following breed groups were over-represented in our data, listed in declining order of
overrepresentation coefficient (p < 0.001): utility, working dogs and terriers. The following breeds
in our database listed in increasing order of overrepresentation coefficient were underrepresented
(p < 0.001): toys, non-sporting and gundogs.

In the regression model (Table 3), twelve (n = 12/18) complaint codes were predicted by breed
group. Detailed results related to breed groups are summarized in Table 4. Toy dogs were more likely to
be the subject of: no treatment, hot animal in car and overcrowding; terriers to: abandonment, cruelty,
and knowingly allow an animal to kill/injure another; utility dogs to: insufficient food and/or water, no
shelter, no exercise/confined/tethered and poor living condition; non-sporting dogs to: no treatment,
hot animal in car and poor dog condition; hounds to: knowingly allow an animal to kill/injure another,
cruelty and poor dog condition; and working dogs to: no exercise/confined/tethered, no shelter and
insufficient food and/or water.
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4. Discussion

4.1. Breed Identification

The agreement of breed recognition between the general public and RSPCA inspectors was very
low, which is in line with a previous study demonstrating inconsistent breed identification [22]. In
light of the inconsistency, instead of assigning a breed for each dog, a potential alternative is to group
them by function or more general characteristics into a recognised breed group [36]. Various kennel
clubs have adopted similar concepts in their breed group criteria. For instance, in the ANKC, dogs that
are originally bred to work with livestock are classified as working dogs, and those developed to assist
hunters in retrieving game are classified as gundogs [7]. In this study, breed information provided
by the general public and RSPCA inspectors was used to categorise dogs into ANKC breed groups.
Consequently, the agreement increased from 23.2% to 77.8%, with substantial reliability (Cohen’s
Kappa = 0.69) between the public and trained inspectors. This result suggests that both the general
public and inspectors are able to recognize some important and obvious characteristics of the dogs.
Hence breed groups, rather than breeds, may be a better and more practical way of classifying breed
for shelter research.

4.2. RB versus N-RB

This study examined the relationship between breed and canine welfare complaints. Specifically,
we examined RB/N-RB and different breed groups with respect to their predisposition to be reported
for welfare problems. We found there was a greater proportion of RB in the councils’ data compared
with RSPCA’s, which might reflect a low rate of registration of N-RB, mainly crossbred dogs, in the
two Queensland regions or that RB dogs were less likely to be involved in poor welfare or cruelty.
These findings are supported by a previous study showing that crossbred dogs are at a higher risk of
non-accidental injuries as a result of physical abuses, such as beating, throwing and burning, than pure
bred dogs [37]. A further analysis of different complaint codes revealed that RB were predisposed to
complaints related to “gaming”, where owners allowed these dogs to engage in racing, fighting and
blood sports. The number of dog fight cases was relatively small [21], so we should interpret them
cautiously, although it is likely that dog fighting occurs more frequently than is reported. Credible
and actionable evidence of such events is rarely received. One surprising finding was RB dogs were
reported more often than N-RB for not receiving adequate veterinary care. Previous research into
pet ownership and attitudes to pet care found that owners of shelter-acquired pets, usually mixed
breed [38], took their animals for veterinary care more often and were equally willing to spend over
$1000 on medical treatment for their pets [39] than pets acquired by other means. Finally, our data
suggest that many N-RB dogs are not registered, which may make them more likely to be surrendered
to a shelter or abandoned when medical care is required. Previous studies have reported higher rates
of surrender of N-RB dogs [38]. N-RB dogs were more likely to be involved in complaints related to
husbandry practices and abandonment.

4.3. Breed Groups

RB dogs were divided into breed groups and strong correlations between the groups, characteristics
of the breeds and reasons for being reported were observed. For instance, toy dogs are small and
possibly travel with owners more often, and thus, as found in our study, were more likely to be
left alone in a car in hot weather. Previous research reports that smaller breeds of dogs are popular
in Australia [40], which might help explain the number of complaints about toy dogs being left
unattended in hot vehicles, as reported previously [21]. However, increased awareness of the dangers
for dogs in hot cars through regular campaigning on this issue may also explain the high number
of reports received [41]. Many terriers, especially those with some pit bull type characteristics
(e.g., Staffordshire bull terrier, American Staffordshire terrier, and pit bull terrier), are considered
aggressive and dangerous [15], therefore would be predisposed to being reported for abandonment,
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dog fights and cruelty [17,19,37,42]. Finally, utility and working dogs are mostly bred for guarding,
rescuing or herding functions [7], and are generally energetic and require exercise [43,44]. These breeds
were reported for not receiving adequate exercise. In contrast, toy breeds were the least likely to be
reported for insufficient exercise, which is in agreement with previous research that found that smaller
dogs were likely to have their exercise needs met even though they were walked less frequently [45].

4.4. Practical Application

This study provides fundamental information about the relationship between breed groups
and various types of welfare complaints in dogs. The information can be used to develop education
campaigns to increase awareness of what is involved in adequately and appropriately caring for dogs.
Specific breeds have specific needs with respect to, for example, exercise requirements and cognitive
enrichment to ensure their welfare is good. Information could be made available to prospective new
owners of specific breeds to improve their understanding of the breed and its care requirements. Such
information could also inform decision-making around breed choice as requirements of the breed
could be matched with the ability of the owner to provide these needs.

4.5. Limitations and Need for Future Research

This was the first study providing fundamental information of the relationship between dog breed
and welfare complaints made to a welfare organization with the responsibility of administering the
Animal Welfare Act. Future research could focus on common breeds and explore the welfare issues in
more detail.

There were several limitations of this present study. First, N-RB dogs contributed 32.7% of our
dataset but only 1.7% of the total population in the councils” data. This major difference might indicate
that N-RB dogs were indeed more susceptible to animal welfare concerns, but might also be affected by:
(1) the difficulty of breed recognition [22], (2) the potentially different criteria of breed classification in
our data and the councils” data and (3) the possibly lower registration rate of N-RB. Second, complaint
codes were made based on public reports, which are likely to be inaccurate, at least in some cases.
Third, we compared our data with reference data from the Gold Coast and Ipswich City Councils,
urban areas in South East Queensland. The RSPCA cases were collected from a broad geographical
area including both urban and rural areas, which may cause some regional bias. There were only
0.76% (n = 814/107,597) of cases from the Gold Coast and Ipswich regions. If we only compare the
cases in these two regions, our results may be skewed by some less-common breeds that are either
reported in our data or the councils’ registration. Our data cover the Queensland regions along the East
Australian seashore, which are nearly identical to the previous research [46]. Therefore, we decided to
use similar methods by comparing our entire data with the councils’ data. Given these limitations, the
data reported here included canine welfare complaints only in Queensland, and national or global
generalization should be made with caution.

5. Conclusions

Dog identification classified on the basis of breed groups rather than specific breed had a higher
agreement between the public and shelter staff, and thus may serve as a better method of describing
dogs involved in welfare reports. N-RB dogs, mainly crossbred dogs, were significantly more likely to
be reported for alleged animal welfare concerns, especially poor living conditions and abandonment
than RB. In addition, the characteristics of specific breeds, such as size, physical traits and exercise
demands, were correlated to the reported complaints. Our results can help to improve public education
and awareness raising. Finally, future studies are encouraged to explore in more detail the relationships
between breed and welfare issues in dogs.
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Emergency relief

Hot animal in car
Insufficient food and/or water
Keep or use animal for
blooding/coursing a dog
Knowingly allow an animal to
kill/injure another

No exercise/confined/tethered

No shelter
No treatment
Overcrowding

Poor dog condition

Poor living condition
Prohibition order breached
Tail docking or other surgical
procedure

Appendix A
Table A1l. Description of each complaint code alleging a welfare issue.
Complaint Code Description
An animal was abandoned/left by the owner either at their abode or
Abandonment .
somewhere else such as in the bush.
Baiting/poisoning An animal was poisoned or planned to be poisoned.
Cause captive animal to be . . . .
injured/killed by dog A person let a captive animal be injured/killed by a dog.
Cruelty A person was reported to have abused an animal.
Dog fighting or other prohibited A person was reported as allowing dogs to fight or conducting other
offence

specifically prohibited acts.

Emergency relief is required for an animal left unattended because its
owner experienced an emergency (e.g., flood or being hit by a car).
An animal was left unattended in a car during hot weather.

An animal has insufficient food and/or water.

A person used a live bait for blooding/coursing a dog.

A person allows one animal to kill/injuring another one, and does
nothing to stop them.
An animal is confined or tethered and not given a suitable amount of
exercise.
An animal is not provided with suitable shelter provisions.

An animal did not receive appropriate medical treatment when needed.
The number of animals was too high for the living space provided.
The general condition of an animal is poor. (e.g., messy/matted coat,
pussy eyes, etc.)

The living environment of the animal is poor.

An owner violated a prohibition order. ?

Tail docking or other surgical procedure (e.g., declaw removal, etc.) was
conducted on an animal.

2 Prohibition order: A prohibition order is given by the court when a person convicted of an animal welfare offense
must not possess any or specific animal for a prescribed period of time [2].

Table A2. Breed list.

Comment from the Public Breed List Breed Group
Affenpinscher Affenpinscher Toys
Afghan hound Afghan hound Hounds
Airedale terrier Airedale terrier Terrier

Akita Akita Utility

Alaskan husky Siberian husky Utility

Alaskan malamute Alaskan malamute Utility

American bulldog American bulldog Non-sporting

American foxhound Foxhound Hounds

American pit bull terrier Pit bull terrier Terrier

American Staffordshire terrier Staffordshire terrier Terrier
American water spaniel American water spaniel Gundogs

Anatolian shepherd dog Anatolian shepherd dog Utility
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Table A2. Cont.

Comment from the Public Breed List Breed Group
Australian bandog Cross breed N-RB
Australian bulldog Australian bulld Non-sportin;

Australian bulldog cross ustratian butdog on-sporng
Australian cattle dog Australian cattle dog Working dogs
Australian koolie Coolie/koolie N-RB
Australian sheepdog Australian sheepdog Working dogs
Australian shepherd Australian shepherd Working dogs
Australian silky terrier Australian silky terrier Toys
Australian stumpy tail cattle dog Australian stumpy tail cattle dog Working dogs
Australian terrier Australian terrier Terrier
Bandogge mastiff Cross breed N-RB
Basenji Basenji Hounds
Basset fauve de Bretagne Basset fauve de Bretagne Hounds
Basset hound Basset hound Hounds
Beagle Beagle Hounds
Bearded collie Bearded collie Working dogs
Bedlington terrier Bedlington terrier Terrier
Belgian shepherd Working dogs
Belgian shepherd—Groenendael Working dogs
Belgian shepherd—Laekenois Belgian shepherd Working dogs
Belgian shepherd—Malinois Working dogs
Belgian shepherd—Tervueren Working dogs
Bernese mountain dog Bernese mountain dog Utility
Bichon frise Bichon frise Toys
Bloodhound Bloodhound Hounds
Bluetick coohound Bluetick coohound Hounds
Border collie
Border collie x Labrador Border collie Working dogs
Border collie, miniature
Border terrier Border terrier Terrier
Borzoi Borzoi Hounds
Boston terrier Boston terrier Non-sporting
Bouvier des flandres Bouvier des Flandres Working dogs
Boxer
Boxer cross Boxer -
Boxer x bullmastif Utlity
Boxer X American Staffordshire terrier
Bracco Italiano Bracco Italiano Gundogs
Briard Briard Working dogs
British bulldog British bulldog Non-sporting
Brittany Brittany Gundogs
Bull Arab Bull Arab
Bull Arab x greyhound N-RB
Bull terrier
Bull terrier cross Bull terrier Terrier

Bull Terrier, miniature
Bulldog
Bulldog cross
Bullmastiff
Bullmastiff cross

Bullmastiff X wolfhound X Great Dane

Cane corso (Italian mastiff)
Canaan dog
Cairn terrier
Cattle dog
Cattle dog cross

British bulldog
Bullmastiff

Cane corso
Canaan dog
Cairn terrier

Australian cattle dog

Non-sporting

Utility
Utility
Non-sporting
Terrier

Working dogs
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Table A2. Cont.

Comment from the Public Breed List Breed Group
Cavalier King Charles spaniel Cavalier King Charles spaniel Toys
Central Asian shepherd dog Central Asian shepherd dog Utility
Cesky terrier Cesky terrier Terrier
Chesapeake Bay retriever Chesapeake Bay retriever Gundogs
Chihuahua
Chihuahua cross Chihuahua Tovs
Chihuahua x Jack Russell y
Long hair chihuahua
Chinese crested dog Chinese crested dog Tovs
Chinese crested dog—powder puff Y
Chow chow Chow chow Non-sporting
Clumber spaniel Clumber spaniel Gundogs
Cocker spaniel Cocker spaniel
Cocker spaniel, American P Gundogs
Cocker spaniel, English
Collie Collie
Collie rough Working dogs
Collie smooth
Corgi
Corgi, Cardigan Welsh Corgi .
Corggi, Pembr%)ke Welsh ® Working dogs
Corgi x fox terrier
Coton de Tulear Coton de Tulear Toys
Cross breed Cross breed N-RB
Curly coated retriever Curly coated retriever Gundogs
Dachshund
Dachshund, long-haired Dachshund Hounds
Dachshund, miniature
Dalmatian Dalmatian

Dalmatian cross
Dandie dinmont terrier
Deerhound
Dingo
Dingo cross
Dobermann
Dogue de Bordeaux
Dunker
Dutch shepherd
English foxhound
English pointer
English mastiff
English setter
English springer spaniel
English toy terrier
Field spaniel
Finnish lapphund
Flat coated retriever
Formosan mountain dog (Taiwan dog)
Fox terrier
Fox terrier, smooth
Foxhound
French bulldog
German coolie
German hunting terrier
German pinscher
German shepherd
German shepherd cross
German shorthaired pointer
German spitz

Dandie dinmont terrier
Deerhound
Cross breed

Dobermann
Dogue de Bordeaux
Dunker
Dutch shepherd
Foxhound
English pointer
English mastiff
English setter
Springer spaniel
English toy terrier
Field spaniel
Finnish lapphund
Flat coated retriever
Formosan mountain dog
Fox terrier

Foxhound
French bulldog
Coolie/koolie
German hunting terrier
German pinscher
German shepherd

German shorthaired/wirehaired pointer
Spitz

Non-sporting

Terrier
Hounds
N-RB
Utility
Utility
Hounds
Working dogs
Hounds
Gundogs
Utility
Gundogs
Gundogs
Toys
Gundogs
Working dogs
Gundogs
Utility
Terrier

Hounds
Non-sporting
N-RB
Terrier
Utility
Working dogs

Gundogs
Non-sporting
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Table A2. Cont.

Comment from the Public

Breed List

Breed Group

German wirehaired pointer
Glen of Imaal terrier
Golden retriever
Gordon setter
Great Dane
Great dane X bull Arab
Great dane X bullmastiff
Great Pyrenees
Greater Swiss mountain dog
Greyhound
Griffon Bruxellois
Harrier
Havanese
Hungarian vizsla
Husky
Husky cross
Ibizan hound
Irish red and white setter
Irish setter
Irish terrier
Irish water spaniel
Irish wolfhound
Italian greyhound
Italian spinone
Jack Russell terrier
Japanese chin
Japanese spitz
Kangal shepherd dog
Keeshond
Kelpie
Kelpie cross
Kelpie x staffordshire terrier
Kelpie x border collie
Kelpie x cattle dog
Kelpie x labrador
Kelpie x dingo
Kerry blue terrier
King Charles spaniel
Kuvasz
Labrador retriever
Labrador retriever cross
Labradoodle
Lagotto Romagnolo
Lakeland terrier
Large Munsterlander
Leonberger
Large terrier cross
Lancashire heeler
Lhasa apso
Louisiana Catahoula leopard dog
Lowchen
Lurcher
Maltese
Maltese cross
Manchester terrier
Maremma sheepdog
Mastiff
Mastiff cross
Mastiff x bull Arab

German shorthaired/wirehaired pointer
Glen of Imaal terrier
Golden retriever
Gordon setter

Great Dane

Great Pyrenees
Greater Swiss mountain dog
Greyhound
Griffon Bruxellois
Harrier
Havanese
Hungarian vizsla

Siberian husky
Ibizan hound
Irish setter

Irish terrier
Irish water spaniel
Irish wolfhound
Italian greyhound
Italian spinone
Jack Russell terrier
Japanese chin
Spitz
Kangal shepherd dog
Keeshond

Kelpie

Kerry blue terrier
King Charles spaniel
Kuvasz

Labrador retriever

Lagotto Romagnolo
Lakeland terrier
Large Munsterlander
Leonberger
Terrier
Lancashire heeler
Lhasa apso
Louisiana Catahoula leopard dog
Lowchen
Cross breed
Maltese

Manchester terrier
Maremma sheepdog

Mastiff

Gundogs
Terrier
Gundogs
Gundogs

Non-sporting

Working dogs
Working dogs
Hounds
Toys
Hounds
Toys
Gundogs
Utility
Hounds
Gundogs
Gundogs
Terrier
Gundogs
Hounds
Toys
Gundogs
Terrier
Toys
Non-sporting
Utility
Non-sporting

Working dogs

Terrier
Toys
Working dogs

Gundogs

Gundogs
Terrier
Gundogs
Utility
Terrier
Working dogs
Non-sporting
Working dogs
Toys
N-RB
Toys
Terrier

Working dogs

Utility
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Table A2. Cont.

Comment from the Public

Breed List

Breed Group

Medium terrier
Medium terrier cross
Miniature fox terrier

Miniature pinscher

Neapolitan mastiff

New Zealand huntaway
Newfoundland
Norfolk terrier
North Queensland bullhound
Norwegian elkhound

Norwich terrier

Nova Scotia duck tolling retriever

Old English sheepdog
Papillon
Parson Russell terrier
Pekingese
Peruvian hairless dog
Petit basset griffon vendeen
Pharaoh hound
Pit bull terrier
Pig dog
Pointer
Polish lowland sheepdog
Pomeranian
Poodle
Poodle toy
Poodle miniature
Poodle standard
Poodle x shih tzu
Portugese podengo
Portuguese water dog
Pug
Puli
Prague ratter
Pyrenean mastiff
Pyrenean mountain dog
Rhodesian ridgeback
Rottweiler
Rottweiler X mastiff
Russian black terrier
Saint bernard
Saluki
Samoyed
Sarplaninac
Schipperke
Schnauzer
Schnauzer, miniature
Schnauzer, standard
Schnauzer, giant
Scottish terrier
Sealyham terrier

Terrier

Fox Terrier
Miniature pinscher
Neapolitan mastiff

New Zealand huntaway
Newfoundland
Norfolk terrier
Cross breed
Norwegian elkhound
Norwich terrier
Nova Scotia duck tolling retriever
Old English sheepdog
Papillon
Parson Russell terrier
Pekingese
Peruvian hairless dog
Petit basset griffon vendeen
Pharaoh hound
Pit bull terrier
Cross breed
Pointer
Polish lowland sheepdog
Pomeranian

Poodle

Portugese podengo
Portuguese water dog
Pug
Puli
Cross breed
Pyrenean mastiff
Pyrenean mountain dog
Rhodesian ridgeback
Rottweiler

Russian black terrier
Saint bernard
Saluki
Samoyed
Sarplaninac
Schipperke

Schnauzer

Scottish terrier
Sealyham terrier

Terrier

Terrier
Toys
Utility
Working dogs
Utility
Terrier
N-RB
Hounds
Terrier
Gundogs
Working dogs
Toys
Terrier
Toys
Hounds
Hounds
Hounds
Terrier
Terrier
Gundogs
Working dogs
Toys

Non-sporting

Hounds
Utility
Toys
Working dogs
N-RB
Utility
Utility
Hounds
Utility
Utility
Utility
Hounds
Utility
Utility
Non-sporting

Utility

Terrier
Terrier

Shar pei Shar pei .

Shar Peipcross P Non-sporting

Shetland sheepdog Shetland sheepdog Working dogs
Shiba inu Shiba inu Utility

Shih tzu Shih tzu Non-sportin

Shih tzu X maltese P 8
Siberian husky Siberian husky Utility
Skye terrier Skye terrier Terrier
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Table A2. Cont.

Comment from the Public Breed List Breed Group
Sloughi Sloughi Hounds
Small terrier cross Terrier Terrier
Smithfield cattle dog Cross breed N-RB
Soft coated wheaten terrier Soft coated wheaten terrier Terrier
Spaniel Spaniel Gundogs
Spanish water dog Spanish water dog Gundogs
Spitz Spitz Non-sporting
Spoodle Cocker spaniel Gundogs
Staffordshire bull terrier American Staffordshire bull terrier Terrier
Staffordshire bull terrier X labrador
Staghound Staghound N-RB
Swedish vallhund Swedish vallhund Working dogs
Tenterfield terrier Tenterfield terrier Terrier
Terrier Terrier Terrier
Thai ridgeback Thai ridgeback Hounds
Tibetan mastiff Tibetan mastiff Utility
Tibetan spaniel Tibetan spaniel Toys
Tibetan terrier Tibetan terrier Non-sporting
Timber shepherd Cross breed N-RB
Weimaraner Weimaraner Gundogs
Welsh springer spaniel Springer spaniel Gundogs
Welsh terrier Welsh terrier Terrier
West highland white terrier West highland white terrier Terrier
Whippet Whippet Hounds
White Swiss shepherd dog White Swiss shepherd dog Working dogs
Wirehaired fox terrier Fox terrier Terrier
Xoloitzcuintle Xoloitzcuintle Non-sporting
Yorkshire terrier Yorkshire terrier Toys

ANKC: Australian National Kennel Council (http://ankc.org.au/); AMKC: American Kennel Club (https://www.akc.
org/dog-breeds/); UKC: United Kennel Club (https://www.ukcdogs.com/breed-standards); NZKC: New Zealand
Kennel Club (https://www.dogsnz.org.nz/home/home).
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Simple Summary: Prolactin is considered a remarkable index of stress response, both acute and
chronic, in several species. Some studies have investigated the possibility of measuring prolactin in
saliva in human beings and Rhesus macaque. The possibility of measuring it in dog saliva would
provide a non-invasive, helpful tool for the assessment of dog welfare. The aims of this research
article are to study (1) the possibility of quantifying canine prolactin in saliva using a prolactin canine
ELISA (enzyme-linked immunosorbent assay) kit validated for measuring prolactin in canine blood
and (2) the potential presence of a correlation between prolactin levels in saliva and plasma.

Abstract: Prolactin has been reported to be a remarkable index of stress response, both acute and
chronic, in several species. The use of biological matrixes other than blood is receiving increasing
interest in the study of hormones, due to the lower invasiveness in collection. This research aimed to
investigate the possibility of using a commercial ELISA (enzyme-linked immunosorbent assay) kit
for measuring canine prolactin in blood for the quantification of canine prolactin in saliva. Study 1
consisted of a validation protocol, using saliva samples collected from lactating and non-lactating
dogs. Study 2 was conducted to investigate a possible correlation between prolactin concentration
in saliva and plasma in sheltered dogs by using the same kit. Prolactin values were reliably read
only when they came from blood samples, not from saliva, but tended to be low in most of the
cases. Study 1 showed that saliva had a matrix effect. In study 2, saliva prolactin levels were low
and in 42.9% of cases, not readable. No correlation between prolactin values in plasma and saliva
was found (p = 0.482; p = 0.274). These findings suggested that the determination of prolactin in dog
saliva through an ELISA kit created for measuring prolactin in dog blood was unreliable.

Keywords: blood; dogs; prolactin; saliva; stress

1. Introduction

The best-known role of prolactin in the dog is the stimulation of the growth of the mammary gland
and the lactation processes. Nevertheless, prolactin has over 300 separate biological activities and it
plays multiple homeostatic roles and physiological functions in the organism, such as the electrolyte
balance, luteal function, regulation of the immune system, osmoregulation, angiogenesis, maintenance
of the inter-oestrous interval, etc. [1].

In addition, prolactin is considered an index of acute stress in some species. For instance, prolactin
concentrations increased after various stressful stimuli in humans [2] and rats [3-6], including male
rats [7]. In lactating rats, hyperprolactinemia seemed to be a significant factor for the decrease of
plasma oxytocin response to acute stress [8]. Furthermore, prolactin seems to reduce anxiety-related
behavior in both female and male rats, maybe because prolactin acts as an endogenous anxiolytic, both
in males and non-pregnant female rats [9]. The decrease in stress-induced secretion of ACTH from the
adenohypophysis and reduced corticosterone secretion from the adrenal gland in lactating rats is also
manifested in mid-gestation, from day 15 until day 21 of pregnancy [10].
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In human beings, prolactin-releasing stimuli include suckling, perception of visual, acoustic, and
olfactory stimuli and stress [11]. For instance, it has been suggested that human serum prolactin
concentrations may be elevated by psychological stressors, as well as by psychosocial stress (Trier
Social Stress Test) [12]. In addition, in human beings, it is known that prolactin is in response to
severe experimental stress induced by hypoglycaemia [2], surgery [2], parachute jumping in military
recruits [13], and compulsory swimming in non-swimmers [14]. A significant correlation was found
between day-to-day changes in anxiety measured by questionnaires as well as by stress hormones,
cortisol, and prolactin [15].

Prolactin also increases in response to psychological stressors like restraint and transport in
rats [16], heat stressin both rats and domestic ruminants [16,17], and stressful situations in donkeys [18],
dromedaries [19], cattle [20], and sheep [21].

In dogs, both cortisol and prolactin decrease immediately after parturition [22]. Moreover,
prolactin increases just after delivery due to the pups’ suckling stimulation [22]. In lactating bitches,
high levels of prolactin and increased expression of prolactin receptors in the paraventricular nucleus
may produce a decrease in the stress response during lactation [23,24]. In addition, anxious dogs
displaying signs such as stereotypes, displacement activities, various autonomic disorders, and fear
aggression, have an increase in prolactin blood levels [25]. Assistance dogs seem to have higher mean
prolactin blood levels than pet dogs, suggesting a possible role of canine blood prolactin as an index of
stress-related responses in dogs [26].

When quantifying certain physiological parameters, blood has often been used as the best body
fluid to evaluate different biomarkers. However, in recent years, the replacement of blood by saliva
samples has achieved growing interest due to its reduced invasiveness, cost, and risk of infection
compared to blood collection [27]. Nevertheless, the concentration of these specific biomarkers may
often differ between blood and saliva [28]. When multiple human biomarkers were compared in plasma
and saliva samples, consistent correlations were found between both types of saliva sampling (passive
drool and filter paper), but little correlation was found between plasma and saliva [28]. Korotko and
Gotovtseva [29] found that human prolactin levels were lower in saliva than serum. In other cases,
some methods were reported to be unable to quantify a certain biomarker in the saliva matrix, such as
it being reported for salivary oxytocin when measured by immunoassay [30].

As prolactin is usually measured in blood to reduce the stress of blood sampling, it would be useful
to find different biological matrixes in which prolactin could be reliably measured. The possibility of
quantifying prolactin in human saliva has been evaluated using four commercially available methods
different from ELISA (enzyme-linked immunosorbent assay), but none of which could detect it [31].
Salivary prolactin has instead been successfully measured in Rhesus macaques (Macaca mulatta) by
radioimmunoassay, but a positive correlation between serum and salivary prolactin was not found,
perhaps because the pulsatile variation of prolactin in the blood may be an impediment to detecting
such a correlation [32]. This pulsatile secretion for prolactin in blood has also been found for dogs [33].

The aim of this study was to evaluate whether a commercially available ELISA kit for measuring
canine prolactin in blood is also suitable for measuring canine prolactin in saliva. To do that, the
research was divided into two parts: Study 1) consisted of a validation protocol using saliva samples
collected from lactating and non-lactating dogs, and study 2 investigated the possible correlation
between prolactin concentration in saliva and plasma in sheltered dogs.

2. Materials and Methods

The procedure was communicated to the Ethics Committee of the University of Pisa, Italy
(OPBA, Organismo Preposto per il Benessere Animale) and received a favorable opinion with Decision
N.09/2018.

54



Animals 2019, 9, 418

2.1. ELISA Kit

The prolactin ELISA kit used in this study is an enzyme immunoassay for the detection of canine
prolactin in serum developed by Demeditec Diagnostic GmbH (Kiel, Germany). For this research,
2 kits were used and the assay was performed according to the manufacturer’s instructions.

The microplate was coated with a monoclonal antibody specific for canine prolactin. Calibrators
and samples were placed in front of the 96-well plate. A total of 25 ul calibrators and samples were added
in triplicate in successive wells and incubated for 2 hours at room temperature. Endogenous canine
prolactin in the sample binds to the antibodies fixed on the inner surface of the wells. Non-reactive
sample components were removed by a washing step.

Afterwards, a second polyclonal horseradish peroxidase-labeled antibody, directed against another
epitope of the prolactin molecule, was added. During an hour of incubation, a sandwich complex
consisting of the 2 antibodies and the canine prolactin was formed. After incubation, the plate was
washed with the provided wash buffer and a substrate solution (3, 3’, 5, 5'-tetramethylbenzidine) was
added, followed by another 30 min of incubation time. Finally, stop solution (hydrochloric acid) was
added and the absorption was measured at 450 nm within 30 min with a Multiskan™ FC Microplate
Photometer (ThermoFisher Scientific, Waltham, MA, USA). Concentrations of prolactin were estimated
from a calibration curve obtained by plotting the optical density versus the concentration for each one
of the calibrators (80.0, 40.0, 20.0, 10.0, 5.0, and 2.5 ng/ml).

2.2. Saliva and Plasma Samples Collection

For study 1, saliva samples from 21 healthy adult dogs (7 males and 14 females in anoestrus,
1-11 years old) were collected and pooled to establish a sample with regular values (non-lactating
saliva, NLS). Saliva samples from 5 bitches in a lactation period (1-7 years old) were collected and
pooled to establish a sample with assumed high levels of prolactin (lactating saliva, LS). Saliva was
always collected in the morning by the same person, except for some lactating females, whose samples
were collected by the person in charge. Saliva was collected using flat cottons (Salivette®Cotton swab,
neutral 51.1534, Sarstedt) and gloves, in order to avoid variability in the results and contamination.
Samples remained in a cold chain (0 to +4 °C) until they reached the laboratory, where they were
centrifuged two consecutive times (7000 rpm, 10-15 min). Saliva was obtained after centrifugation and
stored at —20°C until analysis.

For study 2, saliva and plasma samples were collected from 10 healthy adult mixed breed dogs
(1 female and 9 males, 1-11 years old) single-housed in a municipal shelter, between 11:00 and 12:00 a.m.
and always followed the same order: First blood, and then saliva, with an interval no longer than
2 minutes between them. With the exception of 3 dogs, from which we did not get enough saliva, both
saliva and blood were analyzed for each dog. The extraction of saliva was carried out following the
same protocol described for study 1.

2.3. Validation Parameters

The possible application of an ELISA kit for canine blood prolactin to canine saliva samples
(study 1) was determined by evaluating the linearity, limit of quantification, matrix effect, and
spiking recovery.

The lyophilized master calibrator (80 ng of lyophilized in serum/buffer matrix containing highly
purified canine prolactin) was reconstituted with 1 ml of distilled water. To evaluate linearity, this
prolactin standard solution was diluted with the provided sample diluent to obtain the solutions for
the calibration curves (40.0, 20.0, 10.0, 5.0, and 2.5 ng/ml).

Previous literature shows that in dogs, blood prolactin levels tend to be low. In addition,
unpublished data obtained by the authors of the current study showed that salivary prolactin levels are
commonly low. Consequently, for this validation method, linearity could not be reliably assessed with
serial dilutions of normal samples. In order to reach higher values that could improve the reading of the
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kit, it was decided to dilute standard solutions to obtain different final-added prolactin concentrations
in artificial saliva (ASy, AS1g, ASs, AS, 5; Pickering Laboratories®, Space Park Way, Mountain View,
CA, USA),and in non-lactating saliva (NLS;g, NLS;y, NLS5). Parallelism between the curves obtained
with standard solutions and the ones obtained with the spiked saliva pool was also assessed.

Lactating saliva pool (LS), with assumed high prolactin concentration, was diluted (2:3 and 1:2
for kit 1; 2:3 for kit 2) using artificial saliva as a diluent to evaluate linearity. The goal of analyzing
lactating dog saliva as such (LS) and in two different dilutions (LSq1, LS42) was to find out the minimum
concentration of salivary prolactin that could be read by the kit.

To assess the possible matrix effect and recovery for each kit, 3 repetitions of a lyophilized control
from the same batch (Demeditec Diagnostics GmbH®, Kiel, Germany) were reconstituted (1 ml) with
water (control reconstituted in water = CW; as specified by the manufacturer instructions), AS (control
reconstituted in artificial saliva = CAS),and NLS (control reconstituted in saliva of non-lactating
dogs = CNLS). For the first kit, 3 repetitions for each reconstitution were made using a control
batch corresponding to 15.14 ng/ml, and for the second kit, a control batch of 8.16 ng/ml was used
(Appendix A).

The lower limit of sensitivity was determined as the mean concentration obtained interpolating
the optical density plus 2 SDs for all replicates of the 0 standard.

2.4. Statistical Analysis

The possible presence of correlation between the prolactin values in blood and in saliva for study
2 has been analyzed through the Spearman’s Rho test (p < 0.05).

3. Results

Linearity was acceptable for all the regression curves for prolactin concentrations in sample
diluent, in AS and in NLS, for both kits (R2 values: Sample diluents kit 1 = 0.995, AS kit 1 = 0.99, NLS
kit 1= 0.994; sample diluent kit 2= 0.996, AS kit 2 = 0.992, NLS kit 2 = 0.993). Slopes between these
regression curves were parallel for each kit, respectively (sample diluent kit 1 = 0.033, AS kit 1 = 0.034,
NLS kit 1 = 0.037; sample diluent kit 2 = 0.032, AS kit 2 = 0.035, NLS kit 2 = 0.037) and R? coefficients
for the same curves were acceptable for both kits, meaning that kits ran similarly.

Levels of prolactin measured in non-lactating (NLS) and lactating (LS) saliva pools were similar
and, in both cases, low (mean + standard deviation: NLS = 0.34 + 0.30 ng/ml; LS = 1.03 + 1.22 ng/ml
for kit 1, NLS = 1.07 + 0.20 ng/ml; LS = 1.17 + 0.07 ng/ml for kit 2). Due to these low levels, it was not
possible to conduct a linearity analysis based on physiological sample dilutions.

Values for the non-lactating saliva pool with the addition of the standards to obtain different
final added concentrations (kit 1: NLSyy = 23.4 ng/ml, NLS;y = 11.4 ng/ml, NLS5 = 6.4 ng/ml; kit
2: NLSyp = 24.1 ng/ml, NLS;g = 12.3 ng/ml, NLS5 = 6.4 ng/ml) were higher than the normal added
prolactin concentrations (20, 10, and 5 ng/ml).

Prolactin concentration values obtained in CW, CAS, and CNLS (Table 1) were within the target
ranges, except for CNLS in kit 2 which was higher (12.1 ng/ml). CAS obtained virtually the same value
than CW in both kits. Prolactin concentration values in CNLS were slightly higher than CW, in both
kits (kit 1: CNLS-CW = 18.7-16.5 = 2.2 ng/ml; kit 2: CNLS - CW = 12.1-9.7 = 2.4 ng/ml). Values of
CNLS were slightly higher than CAS (Table 1).
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Table 1. Expected and observed prolactin values when control was dissolved in water (CW), artificial
saliva (CAS), and non-lactating saliva (CNLS). Mean and standard deviation for the observed values
and recovery percentage.

Sample Expe(:lt;;ir; 3’[ean Expecte((l[:l ;::%;et Range C::;;lvle)d cv Recovery
Control dissolved in water Kit 1: 15.14 9.1-21.2 16.5 (s.d. 0.45) 2.8% 109% (s.d. 3)
W) Kit 2: 8.16 49-114 9.7 (s.d. 0.21) 22%  119% (s.d. 3)
Control dissolved in artificial ~ Kit 1: 15.14 9.1-21.2 16.3 (s.d. 0.84) 5.2% 107% (s.d. 6)
saliva (CAS) Kit2: 8.16 49-114 99(s.d. 059)  59%  122%(s.d. 7)
Control dissolved in Kit 1: 15.14 9.1-21.2 18.7 (s.d. 1.09) 5.8% 124% (s.d. 7)
non-lactating saliva (CNLS) 7% 8.16 49-114 12.1 (s.d. 0.61) 50%  148% (s.d. 7)

The lower limit of sensitivity was calculated as the mean concentration obtained interpolating the
optical density plus 2 SDs for all replicates of the 0 standard was 1.10 ng/ml.

A reliable inter-assay repeatability was recorded for values whose concentrations were higher
than 5 ng/ml (e.g., ASy, AS1g, ASs, Fip, Fs), with coefficients of variation lower than 12% (mean %CV
+ standard deviation = 8.13% =+ 0.03), whereas for lower concentrations (e.g., ASy 5, LC, LCpjj1, Fa, F),
high coefficients of variation were recorded (mean %CV + standard deviation = 71.54% =+ 0.32).

Prolactin concentration values in saliva and plasma samples obtained in study 2 are shown in
Table 2. Prolactin values from plasma samples were below the limit of the kit’s detection (0.4 ng/ml)
in 20.0% of cases (mean + standard deviation = 4.69 + 5.37 ng/ml), and were especially high for dog
1 (17.8 ng/ml). Saliva prolactin levels were low too (mean + standard deviation = 1.94 + 1.96 ng/ml)
and, in 42.9%of cases, not detectable. In fact, prolactin concentration in saliva samples without any
additions resulted in very low values in both study 1 and 2.

Table 2. Prolactin concentrations in saliva and plasma samples (ng/ml) using a canine prolactin ELISA
(enzyme-linked immunosorbent assay) kit. (BLD = below the limit of detection).

Plasma Saliva

Concentration (ng/ml)  Coefficient of Variation = Concentration (ng/ml)  Coefficient of Variation

Dog 1 17.8 1.3% BLD -
Dog 2 1.5 1.1% BLD -
Dog 3 3.6 1.9% BLD -
Dog 4 BLD - 4.6 8.1%
Dog 5 2.6 2.6% 0.0 3.0%
Dog 6 2.1 1.6% 2.0 1.6%
Dog 7 45 1.8% 1.1 2.2%
Dog 8 BLD - - -
Dog 9 2.8 1.5% - -
Dog 10 2.5 9.3% - -

Values from Table 2 clearly show that there is no correspondence between prolactin concentrations
in plasma and in saliva: On one hand, dogs 1, 3, and 7 had the highest values of plasma prolactin, but
low saliva concentrations, and on the other hand, dog 4 had a relatively high value of saliva prolactin,
but prolactin in plasma was not even detectable. This was confirmed by a lack of correlation between
plasma and saliva values (p = 0.482; p = 0.274).

4. Discussion

Both kit 1 and 2 were able to read the control within the optimal target ranges. Artificial saliva
(AS) did not seem to interfere with the reading of the kit, as the reading of control joined to artificial
saliva (CAS) was almost the same for the reading for control added to water (CW). In other terms,
artificial saliva did not seem to have a matrix effect. However, saliva is a complex matrix and for this
reason further measurements were done using real saliva, which will be discussed later.
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In both studies, prolactin concentration in saliva samples without any additions resulted in very
low values, often below the limit of detection of the kit, meaning that the kit cannot feasibly read
prolactin concentrations in natural saliva samples.

A difference emerged between the values of CW and the values of control joined to non-lactating
saliva pool (CNLS). It could be hypothesized that this difference was due to the fact that the kit was
reading the prolactin present in the non-lactating saliva pool. However, this does not seem to be a
justifiable explanation, since the concentration of prolactin in the non-lactating saliva pool alone (NLS)
was lower than the difference between CNLS and CW. Since NLS was used as an example of natural
saliva, it can be deduced that such a difference was due to a matrix effect of the natural canine saliva
itself, and consequently the kit could not read saliva samples properly. Sometimes, a matrix effect can
disappear by diluting the sample serially until a linearity of the results is obtained. However, serial
dilutions of the lactating saliva pool (LS) did not exhibit a linear dilution, indicating that a matrix
component was interfering with an accurate detection, causing a loss in reading sensitivity.

The variation between the values for non-lactating saliva pool with addition of the standards
to obtain different final added concentrations (NLSyy, NLS;9, NLSs) and those of the corresponding
standards (20, 10, and 5 ng/ml) are not due to the presence of natural prolactin, since calculated NLS
values were different when using the different additions. For this reason, natural prolactin could not
be reliably determined with the addition of the standards and the observed difference was likely not
reflecting the real value of prolactin, due to the presence of a matrix effect of the saliva. In other terms,
although the addition of the prolactin standard allowed higher values to be obtained and, therefore, a
reading of prolactin results feasible, a large matrix effect was observed, preventing the assertion that
the value obtained was reliable.

Furthermore, we expected prolactin concentrations in non-lactating saliva to be lower than
prolactin concentration of saliva samples in lactating dogs, since prolactin levels in blood have been
reported to have an increase in lactating dogs [33-35]. Indeed, saliva from lactating dogs had values
that were only slightly higher than those of non-lactating dogs and with a high variation. In addition,
the reliability of NLS and LS readings was not adequate because their coefficients of variation were
quite high.

In most of the cases, the kit was not able to detect prolactin in saliva samples as obtained values
were very low and some of them did not reach the limit of the kit’s detection. In study 2, when prolactin
in saliva was detected by the kit, most of these values were higher than the ones from the lactating
saliva pool, as mirrored by mean values. A possible explanation might be that shelter dogs are often
exposed to stressful conditions, leading to higher prolactin circulating levels [2,14,15]. However, the
lack of correlation with plasma concentrations did not allow us to draw reliable conclusions.

In study 2, plasma prolactin concentrations, when readable, agreed with values reported by other
authors for canine prolactin in serum, ranging 1-6.3 ng/ml [36-39]. One exception in the current
study is represented by dog 1, with high plasmatic prolactin values, probably due to its behavioral
problems since it showed a phobia of numerous stimuli, and possibly a state of anxiety (not assessed
as it was out if the scope of this study). The relationship between phobia, anxiety, and prolactin has
been investigated by Pageat, 2007 [25], however further research is needed for a better understanding
of their possible links.

A correlation between plasmatic and salivary prolactin levels from paired single samples was not
found. This fits with the results of Lindell et al. [32], who did not find a positive correlation between
values of prolactin in the serum and saliva of Rhesus macaques, discussing the possibility that the
pulsatile variation of prolactin in serum impedes the detection of a significant relationship with the
pooled saliva source, since single blood samples were used, eventually suggesting that a repeated
blood sampling might lead to a significant correlation [32].

In this study, blood and saliva were only collected from non-lactating stressed dogs at the shelter,
while for the two pools used for validation (lactating dogs and non-lactating dogs), individual samples
were not collected. Although having the results of blood prolactin levels from the same samples of
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saliva used for the validation assay would have been optimal, blood collection was avoided in lactating
bitches for ethical reasons. We also avoided collecting multiple saliva samples from lactating bitches,
in order to minimize interference with their nursing and lactation. Due to the low values obtained in
study 1 for both non-lactating and lactating dogs, for study 2, it was decided to use individual samples
of blood and saliva from sheltered dogs, which possibly had higher prolactin values due to stress.

Moreover, the use of Salivette for collecting saliva samples may have caused a bias in the results.
The different available saliva collection methods were reported to possibly interfere in the biomarker
of interest present in the saliva. For this reason, in certain cases, a correspondence between methods of
collection was found. For example, Salivette was reported to be a reliable and predictable method of
total and quantified free serum cortisol levels [40]. However, in other cases this correspondence was
not found. For instance, nephelometrically determined IgA concentrations were significantly lower in
saliva when collected by the Salivette than by a suction or spitting method [41]. When quantifying
cortisol and dehydroepiandrosterone (DHEA), results using two different saliva collection methods
(‘passive drool’ method and a citric acid-treated salivette) correlated highly with plasmatic levels and
with each other, whereas results using Salivette did not correlate significantly with plasma values [42].
Future research using other methods of saliva collection may be useful for knowing if the method of
collection interferes with the measurement of prolactin in saliva.

Taken together, all these results suggest that prolactin cannot be reliably measured in saliva by the
ELISA kit used in the study, which is validated for measuring prolactin in dog blood, meaning that
canine saliva was not a suitable matrix for the kit. The quantification of prolactin though ELISA kits
out of the intended use needs caution. In fact, a previous study found that prolactin in horses cannot
be reliably measured using a canine prolactin ELISA kit, due to a matrix effect [43].

5. Conclusions

In summary, for saliva the study found: A matrix effect, very low prolactin concentrations (often
under the limit of detection), and a lack of correlation with prolactin plasmatic levels. Validation of
the kit showed that prolactin in saliva could be read under certain conditions (standard addition) but
without reliability (matrix effect). In the absence of standard addition, prolactin values were too low to
be read.

These results suggest that saliva was not a suitable matrix to measure prolactin levels using an
ELISA Kkit created for measuring canine blood prolactin concentrations.
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Appendix A

Table Al. Outline distribution adopted for the validation procedure. Details of the wells for kit 1 and
kit 2. The only difference is that the second dilution for lactating female saliva (LS4jjp) was replaced
in kit 2 by saliva from a different pool of domestic dogs (saliva as such -P-, and two dilutions of
it -Ppp and Pjp-). Caption: A-G (reconstitute lyophilized canine prolactin master calibrators), CW
(control dissolved in water), CAS (control dissolved in artificial saliva), CNLS (control dissolved in
non-lactating dogs saliva), ASy)-AS; 5 (artificial saliva with addition of the standards), LS (lactating
dogs saliva pool), LS41-LSy; (dilutions of lactating dogs saliva pool), NLS (non-lactating dogs saliva
pool), Npg-N19-N5 (non-lactating dogs saliva pool with addition of the standards, respectively 20, 10
and 5 ng/ml), NLS+CNLS (non-lactating dogs saliva pool + control dissolved in saliva, 1:1).

Kit1 1 2 3 4 5 6 7 8 9 10 11 12

A Ag Ey CW CNLS AS, AS;y AS,5 LS LSy N NLS,y NLS;

B Ay E, CW CNLS ASy AS;y AS,5 LS LSez NLS NLSy NLSs

C Bos Fu CAS AS  ASy AS; AS;s LSy LSp NLS  NLS;y NLSs

D B 25 F 40 CAS AS ASZO A52_5 ASZ'5 LSdl LSdz NLS NLSlO NLS5

E Cs Gg CAS AS  ASy, LS LS LSq1 LS NLSy NLS;y NLSs

F Cs Ggo CAS AS ASyy LS LS LSq1  LSq» NLSy NLS;p NLSs

G Djy CW  CNLS ASy ASp LS LS LSq1 NLS NLSy NLS;y NLS+CNLS
H Dy CW CNLS ASy AS, LS LS LS4y NLS NLSy NLS;p NLS+ CNLS
Kit2 1 2 3 4 5 6 7 8 9 10 11 12

A Ay E, CW CNLS ASy AS;y AS,5 LC P NLS NLSy NLSs

B Ay E CW CNLS ASy ASyy ASy5 LC P NLS  NLSpy NLSs

C B,s Fu CAS AS ASyy AS;  AS;s LSy Py  NLS  NLS;yp NLSs

D B,os Fy CAS AS ASyy ASy;5  ASy;s  LSq1 Py NLS  NLSj; NLSs

E Cs Gg CAS AS  AS, 1S LS LSq1 Py  NLS;; NLS;y NLSs

F Cs Ggo CAS AS ASyy LS LS LSq1 Py NLS,; NLSj; NLSs

G Djy CW  CNLS ASy ASy LS LS ISq1 NLS NLSy NLS;y NLS+CNLS
H Do CW CNLS ASy ASyy LS LS LSq1  NLS  NLSp NLSjp NLS+ CNLS
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Simple Summary: Information on Australian livestock herding dogs and their handlers and breeders
is limited. This study aimed to collate baseline information on how handlers and breeders value
various behavioural traits relevant to the work of these dogs. A survey was presented to explore
herding dog behaviour in four contexts including work and competition. The behavioural traits were
divided into three groups: working manoeuvres, working attributes and general attributes. Data from
811 respondents revealed that several behavioural traits were of high and low value to handlers and
breeders across all contexts, while others were unique to only one or two contexts. For example, cast,
force, gather, trainable, confident and friendly were of most value; whereas bite, bark and back were of
less value. Further analysis revealed that respondents can be considered as coming from two main
groups: firstly, handlers with a preference for specialised dogs in the utility context and, secondly,
handlers focussed on the yard context, who need dogs that have a broad range of skills and that are
easy to work with. This information may assist in matching handlers with suitable dogs. Future
research should clarify handlers” understanding of innate and learnt behaviours.

Abstract: This study investigated the value that handlers and breeders assign to various behavioural
traits in Australian livestock herding dogs. Data were obtained from 811 handlers and breeders
through the ‘Australian Farm Dog Survey’. Respondents were asked to consider dogs within four
contexts: utility (livestock herding in both paddocks and yards), mustering (livestock herding in
paddocks and along livestock routes), yards (in and around sheds, sale-yards and transport vehicles),
and trial (specifically a standard 3-sheep trial), and to rate the value of 16 working manoeuvres
(movement sequences used in herding), 11 working attributes (skills or attributes used in herding)
and five general attributes (personality traits ascribed to an individual dog). The most valued working
manoeuvres were cast, force and gather. Bite, bark and backing were considered of little value in certain
contexts, notably the trial context. Across all four contexts, the general attributes most valued in dogs
were being trainable, motivated, confident and friendly, while control and trainability were the working
attribute traits considered to be of most value. Excitability was revealed to be a ‘Goldilocks trait in
that respondents preferred not too much or too little but a ‘just right” amount in their preferred dog.
Analysis indicated a handler preference for either specialised dogs for the utility context or dogs who
are easy to work with because of a broad range of traits favoured in the yard context. These results
reveal both generalities across and the need for specialisation within these four herding contexts.
Further investigation may help to reveal how well handlers distinguish between innate and learnt
behaviours when selecting and training livestock herding dogs. Identifying which group handlers fit
into optimally may assist in selecting suitable dog—human dyads.

Keywords: herding; livestock; working dog; survey; traits; boldness
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1. Introduction

The national population of working livestock herding dogs in Australia has been estimated at
more than 94,000 individuals [1]. Over an average working career, the estimated economic value of
these dogs” work is over A$40,000 per individual [2]. Successful partnerships between dog and handler
reflect the quality of the match between the personality and behaviour profile of the dog and the
preferences, experience and skills of its handler as well as the perceived financial value of the dog [3].

Livestock herding dogs are routinely used to move livestock in three over-arching contexts that
are also used to label specific working skill-sets: utility (both paddock and yard), mustering (paddock
and livestock routes) and yard (in and around sheds, sale-yards and transport vehicles). They are
selected primarily for performance and health rather than morphological traits [4], an approach that
has resulted in the prevalence of a suite of behaviours thought to be stylised elements of the predatory
sequence exhibited by Canis lupus familiaris [5-7].

Natural instinct, combined with opportunities to regularly practise and be reinforced for herding
behaviours, is fundamental to any dog’s performance in a herding task. The unique triadic interaction
of humans, dogs, livestock and sometimes handlers on horseback has been referred to as a ‘mutually
adjusted system’ [8]. Insufficient or poor quality training may jeopardise dog and livestock welfare and
compromise learning outcomes [9-11]. Investigations into handler-dog interactions during livestock
herding training have focussed on moderating access to livestock through negative punishment
(interrupting access to livestock) or positive reinforcement (allowing continued access to livestock) [5,12].
These operant techniques reveal the reinforcing value of access to livestock in dogs that have been
selected to relish this sort of work [13].

Data on the ease or difficulty with which livestock herding dog handlers can condition dogs to
perform certain working behaviour traits may reveal areas in which trainer education may be especially
beneficial. They may also identify which traits deserve a particular focus in breeding and selection to
ensure livestock herding dogs can perform the task for which they are being bred.

Peer-reviewed studies on the behaviour of livestock herding dogs are rare (see [5,8,12,14-16]) and,
among them, few are easily transferable to the Australian context. Importantly, only two studies [5,8]
defined the dogs used in their studies as working dogs or from working dog lines, rather than
companion dogs of herding breeds. One Australian study, which was not subject to peer-review,
examined the inheritance of the behavioural trait eye (commonly defined as a dog’s ability to hold
sheep together by staring at them) [17]. It reported that, when using a six-point scale to score eye, the 28
dogs tested were most likely to be scored as intermediate to or aligned with one of their parent’s scores.

Popular literature on livestock herding in Australia suggests that certain behavioural traits such
as eye, force, boldness, anticipation and cast are pivotal to successful herding ability [18,19]. However,
the definition, interpretation, perceived value and relevance of these and other traits varies among
authors [17,18,20-25]. For example, a recent study of eight Australian herding manuals identified a
significant discordance in the frequency of the use of such popular terms [26].

The current study used a questionnaire to identify the ideal position for a livestock herding dog
on the shyness-boldness continuum, the value that handlers place in the ideal dog on the expression
of five general attributes; 11 working attributes; 16 working manoeuvres and the ease with which dogs
can be trained to show each of these in four distinct herding contexts. A central hypothesis for the
current survey study was that respondents would, having some knowledge of innate versus learnt
behaviours, report innate behaviours as being more difficult to train.

2. Materials and Methods

The “Australian Farm Dog Survey’ was designed to investigate the distribution of farm dogs
in Australia, their usage, their management and the views of their owners along with demographic
information relating to the breeder/handler (for other publications using this survey see [2,3,27]).
In particular, respondents were asked about five general attributes, 11 working attributes and
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16 working manoeuvres in their dogs. The questions were grouped within four herding contexts:
utility, mustering, yard, and competition (3-sheep trial).

Prior to publication of the survey, popular working-dog training manuals were consulted and
advice was sought from members of the Working Kelpie Council of Australia to ensure that the
terminology in the survey was appropriate for the target audience. A pilot distribution of the survey
to 125 participants led to some minor modifications prior to widespread distribution.

The online version of the survey was available over a three-month period from 10 March to
10 June 2013. All promotional materials relating to the survey indicated that a hard copy of the survey
with a reply-paid envelope would be provided to participants if they requested one by telephone.
Approval for this study was granted from the University of Sydney Human Research Ethics Committee
(Approval number 15474).

The target population for the survey was livestock herding dog users across Australia. Participation
was encouraged with entry into a prize draw to win commercial working-dog food at the end of the
survey period. An introductory message gave participants the option to respond anonymously with
an assurance of confidentiality were they to choose to leave their details to enter the prize draw.

A link to the online survey was posted on the websites of the University of Sydney [28] Meat and
Livestock Australia [29] and the Working Kelpie Council of Australia (WKCA) [30]. It was advertised
through stories in multiple regional newspapers, on three nation-wide television programs and in
two national agricultural magazines. The committee of the 2013 Casterton Kelpie Auction (one of
Australia’s leading livestock herding dog auction events) promoted the survey in a mail-out to past
and current vendors and purchasers. The researchers also recruited survey participants, in person,
at livestock herding dog trials during the study period.

The online version of the survey was constructed using the survey system QSmart (Torque
Management Systems Limited, Auckland, New Zealand). The entire questionnaire had a maximum of
143 items assigned to 10 sections. However, participants needed to answer fewer questions if they
responded in the negative to questions about certain activities, such as breeding or trialling of dogs.
The logic system of the online survey permitted the redirection of participants to questions of relevance.
(To view the complete survey, see [31].

In Early et al. [26], we defined working manoeuvres, working attributes (referred then as working
skills) and general attributes: working manoeuvres represent a sequence of movements used in herding;
working attributes reflect an ability used in herding; general attributes are personality traits ascribed to
an individual. Where a trait might fit into both working and general attributes or might lie on the same
spectrum (e.g., boldness and cautiousness), the authors made a decision into which category it should
be included, based on whether testing and exploring these relationships would identify, statistically,
if they are valued in different ways.

Respondents were asked to indicate the ease with which 16 working manoeuvres in the typical
working dog can be trained: cast, force, gathering, cover, backing, bark, bite, heading, hold, balance, drive,
break, width, pull, lift and draw. They answered using a semantic differential-type 5-point rating scale.
Descriptive phrases ‘extremely easy” and ‘almost impossible” were used at either extreme of the scale.
Respondents were advised to not provide a rating for any working manoeuvre terms that they were
unfamiliar with.

The same 16 working manoeuvres were used again in the next question, which asked the
respondents to indicate how valuable they considered these behaviours in livestock herding dogs.
Respondents were asked to answer this question separately for up to four herding contexts in which
they had experience. These included three types of work, namely, utility (generally known among
trainers as all-round), mustering, and yard, and one competition context referred to as trial (i.e., working
trials, generally known among trainers as arena or 3-sheep trials). Answer options included a semantic
differential-type 5-point rating scale, ranging from no value’ to ‘highly valuable’. Respondents
unfamiliar with any working manoeuvre terms were advised to not provide a rating.
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The handlers were asked to score the value of 11 working attributes—shows eye, control,
initiative (which we described as including working independently, keenness and willingness),
trainable (including tractable), intelligent (including sagacious, brainy and clever), calm, firmness
(including strength and power), style of work (including width), physical suitability (including stamina
and durability), anticipation and boldness. These attributes’ values were recorded for each working and
competition environment within which the respondent had handled livestock herding dogs. Answer
options included a semantic differential-type 5-point rating scale. Descriptive phrases ‘no value’ to
‘extremely valuable” were used at either end of the scale. Respondents unfamiliar with any working
attribute terms were advised to not provide a rating.

Respondents were asked to indicate the degree of expression of five general attributes they would
expect to be present in the ideal dog for the working and competition environments in which they
had experience. These attributes were excitability, trainability, motivation and confidence, friendliness and
cautiousness. They were drawn, and slightly modified from, the “Big Five” personality traits identified
by Ley et al. [32]. Respondents answered using a semantic differential-type 5-point rating scale ranging
from ‘none’ to ‘a very high degree” at each end point with ‘a moderate degree” at the midway point.
Respondents unfamiliar with any general attribute terms were advised to not provide a rating.

The final question asked handlers to indicate, on a 100-point visual analogue scale, the balance
of shyness—boldness expression they would expect the ideal dog to exhibit for each herding context
in which they had experience, where zero was maximum shyness and 100 was maximum boldness.
Specifically, they were asked: Please indicate, by moving the sliding scale/marking on the scale, the balance
of shyness and boldness that the ideal dog would exhibit. As a guide, the descriptive phrases ‘extremely
shy’ and ‘extremely bold” were used at either extreme of the scale. Respondents unfamiliar with the
concept of shyness—boldness expression were advised to not provide a rating.

Genstat Version 16 (VSN International, Hemel Hempstead, UK) was used for statistical analysis
of shyness—-boldness expression results. REML analysis was performed using the variate means of
shyness-boldness expression for each herding context: utility, mustering, yard and trial. This permitted
assessment of whether differences in ideal shyness-boldness expression across the four contexts
were significant.

Individual handler optima on the shyness—boldness expression in the ideal dog for each of the
four herding contexts were gathered and descriptive statistics collated. The same approach was taken
to the amount of five general attributes in the ideal dog; the 11 working attributes in their dogs; the 16
working manoeuvres and the training ease of each working manoeuvre.

To explore the influence of context on handler preferences, a hierarchical cluster analysis based on
Gower distance (as all variables in this study were ordinal; this corresponded to Manhattan distance)
was conducted using the hclust function of the R statistical and computing software [33].

A Pearson’s chi-squared test was performed to assess the significance of the results.

3. Results

3.1. Respondent Demography

Of the 812 livestock herding dog handlers and breeders who completed the survey, 563 were male
and 249 were female. Most respondents were aged 50-59 years (n = 213), followed by 60-70 years
(n =182), 4049 years (n = 165), 30-39 years (n = 120), 20-29 years (n = 120), and over 70 years (1 = 44).
There were more respondents who did not breed dogs (non-breeders, n = 451) than who did (breeders,
n = 361). More than half of respondents had acquired knowledge of dog training beyond ‘on-the-job’
experience (experience only, n = 302; further education, n = 510), but only 19 of these respondents had
completed a certified course. The remainder reported having attended dog-training schools and/or
read dog-training books.
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3.2. Herding Context Experience

Among the 811 livestock herding dog handlers and breeders who selected having experience in one
or more of the four herding contexts, the following contexts (and combinations of contexts) were selected:
mustering/yard/utility (n = 241), mustering/yard (n = 169), utility (n = 125), mustering/yard/trial/utility
(n = 96), mustering (n = 85), mustering/utility (n = 33), mustering/yard/trial (n = 14), yard (n = 13),
mustering/trial (n = 10), mustering/trial/utility (n = 10), trial (n = 5), yard/utility (n = 4), trial/utility
(n = 3), yard/trial (n = 2), and yard/trial/utility (1 = 1). Totals for each herding context were: mustering
(n = 658), yard (n = 540), utility (n = 513) and trial (n = 141).

3.3. Preferred Balance of Shyness—Boldness Expression in the Ideal Dog

The highest boldness expression in the ideal dog selected by respondents was in the yard context,
followed by utility, mustering and trial (means of 79.12, 72.11, 69.77, and 65.43, respectively). Between
contexts, differences in mean value were statistically significant between trial and mustering (p = 0.004),
mustering and utility (p = 0.006), highly significant between utility and trial (p < 0.001) and yard and
all other contexts (mustering/trial/utility, p < 0.001) (see Figure 1).
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Figure 1. Boxplot of shyness-boldness expression in the ideal dog per herding context: the box spans the
interquartile range of the values; middle 50% of the values lie within the box with a diamond indicating
the mean. The whiskers extend beyond the box to represent the range of the data. Respondents marked
shyness—boldness expression on a visual scale that used the descriptive phrases ‘extremely shy’ and
‘extremely bold’ at either end. * p = 0.006 ** p < 0.001 *** p = 0.004.

3.4. Amount in the Ideal Dog

3.4.1. Amount of General Attributes in the Ideal Dog for Utility Work

For the utility context, most respondents selected ‘a very high degree” for the general attributes
of being trainable (n = 351; out of 492) and motivation and confidence (n = 320; out of 491). Meanwhile,
over half the respondents selected ‘a moderate degree” (midway on the five-point scale) for excitability
(n = 258; out of 491) and cautiousness (n = 245; out of 485) (see Figure 2).

67



Animals 2019, 9, 448

A Utility B Muster

550 650
600
550
500
450
400
350
300
250
200
150
100

50
0

wor Trial

Responses
Responses

none

B amoderate degree
|

M - very high degree

100 [~

Responses
Responses

Figure 2. Amount of five (5) general attributes in the ideal dog across the four herding contexts.
Respondents’ ratings: A—utility; B—mustering; C—yard; D—trial.

3.4.2. Amount of General Attributes in the Ideal Dog for Mustering Work

For the mustering context, similar to the utility context, most respondents selected ‘a very high
degree’ for trainable (n = 397; out of 619) and motivation and confidence (n = 406; out of 621). In comparison,
for excitability (n = 317; out of 620) and cautiousness (n = 302; out of 616), no respondent selected more
than ‘a moderate degree’ in the ideal dog (see Figure 2).

3.4.3. Amount of General Attributes in the Ideal Dog for Yard Work

Most respondents who supplied data for the yard context, similar to both utility and mustering
contexts, selected ‘a very high degree’ for trainable (n = 313; out of 485) and motivation and confidence
(n = 348; out of 485). Unlike the utility and mustering context results, respondents selected increased
amounts of excitability and similar cautiousness in the ideal dog (see Figure 2).

3.4.4. Amount of General Attributes in the Ideal Dog for Herding Trials

In the trial context, 107 out of 129 respondents selected ‘a very high degree’ for trainability.
Additionally, more than half of respondents selected ‘a very high degree’ for motivation and confidence
(n = 88; out of 127). Excitability was considered least useful in the trial context with ‘none’ selected
relatively more by respondents (1 = 40; out of 128) than the working contexts: mustering (1 = 70; out of
620), yard (n = 41; out of 484) and utility (n = 32; out of 491) (see Figure 2).
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3.5. Value of Working Attributes

3.5.1. Value of Working Attributes—Utility

Respondents scored five working attributes as ‘extremely valuable’: control (n = 355; out of 490),
intelligent (n = 350; out of 491), initiative (n = 349; out of 491), trainable (n = 347; out of 490), and physical
suitability (n = 343; out of 490). Style of work received the fewest ratings of ‘extremely valuable” overall
(n = 186; out of 461). Most respondents selected one of the two highest ratings for boldness (‘extremely
valuable” n = 208, followed by the next point on the scale (unlabeled) n = 191; out of 485) (see Figure 3).
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Figure 3. The value of eleven (11) working attributes across the four herding contexts. Respondents”
ratings: A—utility; B—mustering; C—yard; D—trial.

3.5.2. Value of Working Attributes—Mustering

Initiative and Intelligence were considered ‘extremely valuable’ by 489 and 476 (both out of 636)
respondents. Of the 611 respondents who assigned scores to this context for boldness, 475 selected the
two highest ratings (see Figure 3).

3.5.3. Value of Working Attributes—Yard

Respondents considered the most valuable working attributes in the yard context trainable
(‘extremely valuable” n = 342; out of 501), control (‘extremely valuable’ n = 339; out of 509), intelligence
(‘extremely valuable’ n = 326; out of 509), firmness (‘extremely valuable’ nn = 323; out of 502) and physical
suitability (‘extremely valuable” nn = 323; out of 506). They considered eye and style of work as being of
least value, with responses more evenly spread across the ordinal scale compared to all other working
attributes (see Figure 3).
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3.5.4. Value of Working Attributes—Trial

Control (n = 118; out of 130), trainable (n = 113; out of 131) and calm (n = 110; out of 131) were
scored as ‘extremely valuable’” by most respondents when describing the ideal trial dog. Boldness was
rated the least valuable of the working attributes assessed (see Figure 3).

3.6. Value of Working Manoeuvres

3.6.1. Value of Working Manoeuvres—Ultility

Respondents describing the ideal utility dog considered cast to be of highest value (‘highly
valuable’ n = 365; out of 485 responses), and bite received the highest score for ‘no value’ ('no value’
n = 177; out of 456). Break, width, pull, lift and draw received fewer than 300 responses, likely indicating
that knowledge of these terms was limited to a sub-set of survey respondents (see Figure 4).
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Figure 4. The value of sixteen (16) working manoeuvres across the four herding contexts: Respondent’s
ratings: A—utility; B—mustering; C—yard; D—trial.

3.6.2. Value of Working Manoeuvres—Mustering

Six working manoeuvres were considered ‘highly valuable’ by most respondents in the mustering
context: Cast (n = 492; out of 616), gathering (n = 415; out of 591), cover (n = 259; out of 463),
heading (n = 344; out of 561), hold (n = 333; out of 575) and balance (n = 255; out of 458). Bite was
considered to be of ‘no value’ (1 = 242) or of limited value (1 = 102) by most respondents (total 1 = 584).
Responses on the value of backing were spread across the five-point scale (‘extremely valuable’ n = 117,
n=77,n=77,n=100, ‘no value’ n = 172; out of 543) (see Figure 4).

3.6.3. Value of Working Manoeuvres—Yard

In the yard context, force and bark were considered ‘highly valuable’ (1 = 404; out of 513, n = 295;
out of 503) by most respondents. No one considered back ‘highly valuable’ (1 = 0; out of 395). Bite was
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scored as having ‘no value’ by nearly half of respondents (1 = 208; out of 474). Similar to the mustering
context results, break, width, pull, lift and draw each received fewer than 262 responses, compared to
more than 361 each for the other traits (see Figure 4).

3.6.4. Value of Working Manoeuvres—Trial

The highest value traits in the trial context were cast (‘highly valuable” n = 126; out of 134),
balance (‘highly valuable’ n = 106; out of 127), cover (‘highly valuable’ n = 106; out of 128), heading
(‘highly valuable’ n = 96; out of 128) and hold (‘highly valuable’ n = 94; out of 127). Most respondents
scored bite (‘no value’ n = 74; out of 129) and bark (‘no value’ n = 68; out of 122) as ‘no value’ (see Figure 4).

3.7. Trainability of Working Manoeuvres

Among the 16 working manoeuvres, all but two traits were scored by respondents at the midway
point between ‘extremely easy” and ‘almost impossible’. These were force (first two points at the end of
the scale including ‘extremely easy’ n = 387; out of 748) and heading (first two points at the end of the scale
including ‘extremely easy’ 1 = 371; out of 684), indicating respondents’ possible awareness of these traits
being innate behaviours. Break (n = 435), width (n = 397), pull (n = 366), lift (n = 361) and draw (n = 363)
received fewer than 435 responses. For all the other traits measured, there were at least 569 responses
each: Cast (n = 741), force (n = 748), gather (n = 730), cover (n = 588), back (n = 679), bark (n = 691),
bite (n = 604), heading (n = 684), hold (n = 708), balance (n = 569), drive (n = 650) (see Figure 5).
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Figure 5. Reported ease of training for sixteen (16) working manoeuvres.
3.8. Cluster Analysis

The hierarchical cluster analysis resulted in three groups: Group Three (most common preference
pattern), Group Two (the smallest preference pattern) and Group One (intermediate to Groups Two
and Three) (see Figure 6).

Group One owners prioritised cast, force, gathering, cover, heading, hold, balance, firmness,
calmness, intelligence, trainability, initiative, control, anticipation, physical suitability and confidence
(see Figure 7).

Group Two owners prioritised cast, gathering, cover, heading, control and intelligence. Back, bark and
excitability were clearly not preferred in this group (see Figure 7).

Group Three owners prioritised a more balanced approach to the value and amount of each trait.
They were less concerned with draw, lift, pull, width and break (see Figure 7).

Across all three groups, bite was consistently less in demand than the other traits analysed.
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Figure 6. Cluster dendogram showing hierarchical, agglomerative clustering of Euclidean Distances of
preference scores for analysed traits. The type of work or competition for which a trait was favoured by
respondents is indicated by: Green = utility, Red = mustering, Blue = yard, Yellow = trial. Dendogram

shows, from left to right, Group Three, Group Two, Group One.
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Cluster group preferences by trait: Boxplot demonstrating the different medians,

interquartile ranges and whisker lengths of preferences for each trait in the three clusters of respondents
shown in Figure 6.

When the three groups were analysed across the four herding contexts (see Figure 8),
using Pearson’s chi-square test (chi-squared = 136.21, df = 6), highly significant (p < 0.01) preferences
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were apparent for particular contexts. Group One’s trait preferences were overrepresented for utility
and underrepresented for mustering. Group Two’s trait preferences were overrepresented for mustering
and trial, while underrepresented for yard and utility. Group Three’s preferences were overrepresented
for yard and underrepresented for mustering and trial.
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Figure 8. Associations of each cluster group with working and competition contexts. Each group
would be expected to have equal representation across each herding context; the chart indicates which
group’s preferences were over or underrepresented for each herding context.

4. Discussion

Although surveys of owners and/or experts have been previously used to develop behavioural
profiles of companion dog breeds [34,35], to our knowledge, this is the first to assess the relative value
of personality and working traits in livestock herding dogs.

By identifying the most valuable working and personality traits across multiple herding contexts,
the current results help to show how these traits influence successful movement of livestock while also
identifying traits that could enhance both context-specific and general breeding programs. Genetic
analysis from the hunting dog sector in Sweden has shown that, for at least six traits, if Best Linear
Unbiased Prediction breeding values were used instead of phenotype, genetic gain would be 89%
higher [36]. With the sequencing of the canine genome [37], molecular genetics provides the opportunity
to identify suitable livestock herding dogs at an earlier age than behavioural assessment currently offers.

Of the four herding contexts surveyed, mustering was selected as the context in which most
respondents had experience with handling livestock herding dogs. This was followed by yard and
utility, with only a small number of respondents involved in the trial (competition) environment. These
distributions reflect prevalent Australian working conditions in that livestock are often collected over
large areas of farmland prior to being managed within yards. Whether this Australian distribution of
potential respondents and the current resultant data are similar in other large-scale livestock-producing
countries requires further investigation.
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4.1. Shy-Bold

The ideal reported balance of shyness-boldness expression significantly differed across the four
herding contexts. Livestock herding dogs working in the yard context were considered by respondents
to require a higher level of boldness than in the utility and mustering contexts, followed by the trial
context. However, the middle 50% of responses overlapped between each context. This finding
reflects the necessary blend of confidence, motivation, composure and resilience that presumably
make up the term boldness, the so-called super trait that yard dogs require to be successful in this
close-up, threatening, high risk environment. The expression of boldness appears to be a simple way
for respondents to differentiate between the type of dog required between each herding context.

4.2. General Attributes

For general attributes, handlers and breeders across all herding contexts reported that the ideal
dog has a high degree of trainability, motivation and confidence and friendliness. The cluster analysis also
identified similarities across the three groups for the amount preferred of these traits. The results for
excitability highlighted one of the more interesting findings for the general attributes group. Across all
contexts and the three cluster analysis groups, respondents identified this as the ‘Goldilocks’ trait—not
too little, not too much, but ‘just right’; the term Goldilocks principle or effect is referred to in other
research fields including economics and education to describe contexts that seek balance [38,39].
Finding a balance for excitability is not unique to livestock herding dogs, for example it is also noted in
guide dogs [40]. However, improvements in selective breeding for this trait may assist future research
about behavioural tendencies being undertaken among service dogs [41,42].

Respondents’ preference for a dog that is easy to work with, through long hours, and often as
the handler’s only companion in conducting their work has implications for the welfare of these
dogs. Specifically, livestock herding dogs that do not meet handlers” expectations of being ‘trainable,
motivated, confident and friendly’ could be at more risk of becoming so-called behavioural wastage
(being discarded from the industry because of poor performance related to behaviour, rather than
physical inadequacy) [43]. ‘A moderate degree” of excitability and cautiousness was preferred, reflecting
respondents’ awareness of the potential for high levels of these traits to compromise the successful
working performance of a dog. This preference for trait-specific expressions of certain qualities is a
complex finding. A common difficulty in breeding or selection of livestock herding dogs is consistency
between what one handler or breeder and another considers to be ‘the right amount’ of a trait expressed
in a dog.

4.3. Working Attributes

As far as working attributes are concerned, the current study revealed both similarities and
differences between the four herding contexts and confirmed, by the cluster analysis, the key working
characteristics preferred and valued by handlers. Across all contexts, the high values assigned to control
and trainable indicate the importance of these traits in allowing handlers and breeders to breed, rear and
train the best dogs for each herding context. While dogs working at a distance from their handler
are not unique to livestock herding, what is specialised to livestock herding dogs is the concurrent
gathering and movement of livestock to the handler. The understanding of respondents that dogs in
this context pose a risk to themselves (e.g., placing themselves in dangerous positions leading to injury)
and the livestock (e.g., injuring livestock due to poor herding technique) should not be underestimated.
For both mustering and utility contexts, respondents reported that dogs with initiative, intelligence and
physical suitability were of most value to them. These traits reflect the complex and demanding nature
of work in these contexts and the requirement for handlers to both direct their dogs, when needed,
and rely on them to perform independently, as required. In the yard context, most respondents also
assigned high value to firmness and physical suitability. Boldness, a personality trait often referred to
in the peer-reviewed canine behaviour literature (e.g., [44,45]), was considered of less value than
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the other working attributes in the utility, mustering and trial contexts, yet was one of the highest
value attributes in the yard context. These results reflected those obtained from the shyness-boldness
expression question. Similarly, shows eye, a core attribute of herding dogs that has clear analogues in
the predatory sequence [8], was considered of high value only in the trial context. These apparent
anomalies suggest that the demands of herding work peak within the broad yard context, which often
requires dogs to move fearful livestock at a close distance, through tight spaces, repeatedly.

4.4. Working Manoeuvres

The value of the 16 working manoeuvres across the four herding contexts revealed some key
similarities between the four herding contexts. In the utility, mustering and trial contexts, cast, force,
gathering, cover, heading, hold, balance and drive were consistently of high value to respondents whereas
force and bark were of extreme value to respondents compared to the other manoeuvres. While these
results are not surprising, they represent a selection of manoeuvres on which breeders or handlers may
focus to ensure their dogs meet expectations when working. Notable exceptions were bite and backing.
Across all four contexts, many respondents assigned ‘no value’ for bite while backing was assigned ‘no
value’ by many respondents in the mustering and trial contexts, reflecting their relative unhelpfulness
in these contexts. Additionally, throughout the cluster analysis, bite, being the trait of least value,
revealed awareness among respondents that the ideal dog should show limited expression of this trait.

The current study clearly identified manoeuvres whose reported value differed from one context
to the next. For example, cast was rated as the most valuable in utility, mustering and trial contexts,
but as only of general value in the yard context. Many respondents consistently rated bite as having
‘no value’ across each context.

The cluster analysis provided further insight into respondents’ thoughts on working manoeuvres.
Among handlers, there appear to be two main groups who require all-rounder type dogs. The first
group (Group One) were those who have a clear preference for a select group of traits they need to
perform the work with a focus on the utility context. This group also appears to have a keen interest in
the skills their dogs need to be successful. The second group (Group Three) were those handlers who
want ‘jack of all trades’ dogs that possess a broad range of working manoeuvres and consider most
manoeuvres to have only moderate value. This group reported primarily on the yard context. Further
studies are required to differentiate between the first group, who may be experienced students of
livestock herding dogs with well-developed ideas of the most valuable traits to have a successful dog,
and the second group, who seem to represent the majority of yard-based Australian livestock herding
dog handlers who are primarily outcomes-focused. These results have provided an additional layer to
this survey’s findings: that, while there appears to be a move towards a need for specialist livestock
working dogs on the whole, generalities remain and there is still a need for those who primarily work
in the yard context to have dogs with a broad, albeit average, skill set.

4.5. Ease of Training Working Manoeuvres

When respondents were asked how easy or difficult it is to train a group of working manoeuvres,
the hypothesis was that respondents of the survey would select innate behaviours as being more
difficult to train. The results indicate that, overall, the manoeuvres were neither easy nor difficult
to train. This may reflect our use of scales that had insufficient granularity to detect real differences
between ease of training. Two manoeuvres that appear to be elements of the predatory sequence,
force and hold, were reported by respondents to be easier to train than the other manoeuvres. It is
possible that some handlers with a good understanding of livestock herding dog behaviour may find
innate behaviours easier to train or shape, while others may credit their own training skills for any
apparent ease of training certain innate behaviours. For accomplished trainers, creating scenarios
for a livestock herding dog to practice and trigger these innate behaviours may make them relatively
easy to train by simply fine-tuning a natural behaviour. In Australia, mean failure rates of herding
dogs in training have been estimated to be at least 20% [2]. Improving understanding of the practical
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application of behavioural science findings as they pertain to livestock herding dogs may boost training
outcomes [46]. This approach has met with considerable success in horse training through the nascent
discipline of equitation science [47]. Additionally, identifying consistently successful trainers with low
failure rates, who can provide assistance to fellow trainers through sharing their knowledge, may also
have merit.

While the current results provide some helpful information on the relative value of working
and personality traits in the four herding contexts, they do contain some limitations. Among all
three non-competition contexts, the manoeuvres break, width, pull, lift and draw were unfamiliar to
many respondents in the working context. This is most probably because these terms are often used
in competition and technical literature but rarely in the practical, working contexts. An additional
limitation is that the current survey did not explore the specific reasons for why individual manoeuvres
were either of high or low value to each respondent or why some respondents did not assign a rating
or score to a given quality. While the terms presented in the current survey were identified as those
most commonly used in relevant manuals [26], there is scope to further investigate why these working
manoeuvres provide value within each herding context.

Furthermore, due to the large number of questions, it was apparent that respondents missed
answering parts of questions, developed survey fatigue or were not familiar with some of the terms
or traits presented. Improved survey design, including attempts to verify whether respondents
deliberately failed to answer part of any given question, may assist in reducing missing data. A further
limitation that we acknowledge as a potential source of lost detail among the data arose in the general
attributes questions where, for consistency with Ley et al. [32], the personality dimensions motivation
and confidence were grouped together. Because of this, it was not possible to determine whether
respondents were selecting just one or both terms in their response. As such, this result should be
interpreted with some caution. The question on training ease of the 16 working manoeuvres attempted
to tease out respondents” understanding of the difference between innate and learnt behaviours
in relation to livestock herding. While the results indicate some variability in understanding by
respondents, a published analysis of a different section of results from the same survey, focusing on
dogmanship, found a general lack of understanding of learning theory and training principles among
the current respondents [27]. Further investigation into survey respondents’ understanding of the
behavioural underpinnings of these working manoeuvres may assist interpretation of this section of
the survey.

There is limited research analysing the effect of sex on behavioural traits in livestock working dogs.
While data on sex in relation to the behavioural traits in this study was not collected, confidence and
boldness are examples where sex differences could be explored in future studies. Additionally,
sex differences in training ease among livestock working dogs may provide interesting comparisons to
other working dog sectors [48].

5. Conclusions

This survey identified preferred levels of boldness and those general attributes, working attributes
and working manoeuvres of greatest value to most Australian handlers and breeders across four
herding contexts. These results highlight similarities in the attributes and manoeuvres valued across
these contexts but also the need for dogs working in an individual context to develop specialised skills.
However, there was, among the respondents, a sub-group of handlers with a focus on the yard context,
who need dogs with a broad range of skills that are easy to work with. The most valued general
attributes were trainable, friendly, motivation and confidence. The most valued working attributes were
control and trainable while the most valued working manoeuvres included cast, force, cover and gathering.
Further investigation is required to explore handlers’ understanding of the distinction between innate
and learnt behaviours in training livestock herding dogs.
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Simple Summary: Impulsivity is believed to play a role in problematic behaviors in dogs. In this
study, we developed a test to assess dogs’ tendency to make impulsive choices, that is their preference
for smaller immediate reward instead of larger, but harder to obtain ones. Dogs were first trained that
a bowl presented on a certain side always contained a large food amount, whereas the one presented
on the opposite side (although at the same distance from the dog) contained less food. Then, the bowl
with less food was progressively placed closer to the dog. As expected, dogs’ choices to feed from
the bowl with less food increased as the distance of the latter decreased. Choices did not depend on
factors that could interfere, such as dogs’ level of motivation for food, training experience, or learning
ability. This indicates that the test is likely to be actually assessing impulsivity, not other traits. Also,
female dogs were more likely to make impulsive choices than males, in accordance with what is
known in humans and rodents, supporting the validity of the test. The test was completed in less
than 1 h, making it a valid option to assess impulsivity in dogs in various contexts.

Abstract: Impulsive choices reflect an individual’s tendency to prefer a smaller immediate reward
over a larger delayed one. Here, we have developed a behavioural test which can be easily applied to
assess impulsive choices in dogs. Dogs were trained to associate one of two equidistant locations with
a larger food amount when a smaller amount was presented in the other location, then the smaller
amount was placed systematically closer to the dog. Choices of the smaller amount, as a function
of distance, were considered a measure of the dog’s tendency to make impulsive choices. All dogs
(N = 48) passed the learning phase and completed the entire assessment in under 1 h. Choice of the
smaller food amount increased as this was placed closer to the dog. Choices were independent from
food motivation, past training, and speed of learning the training phase; supporting the specificity of
the procedure. Females showed a higher probability of making impulsive choices, in agreement with
analogue sex differences found in human and rodent studies, and supporting the external validity
of our assessment. Overall, the findings support the practical applicability and represent a first
indication of the validity of this method, making it suitable for investigations into impulsivity in dogs.

Keywords: dog; behavioral test; impulsivity; sex differences; learning; validation

1. Introduction

Impulsivity is generally referred to as the tendency to act prematurely, without forethought or
consideration of the consequences [1], or as the failure to defer gratification [2]. In humans, impulsivity
has been indicated as a vulnerability factor for a range of maladaptive behaviours, including substance
abuse, gambling, or pathological conditions such as attention deficit and hyperactivity disorders [3,4].
Although impulsivity is sometimes measured as a single dimension of personality, it is best described
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as a multidimensional trait [4]. Many studies converge on the recognition of two broad classes of
impulsive behaviour, namely impulsive actions and impulsive choices [5,6]. The former is regarded as
the result of an inability to inhibit or stop a motor act in response to prepotent stimuli. Behavioural
paradigms such as the go/no-go task, or the stop-signal reaction time task, analogue versions of
which exist for humans and rodents, are designed to pinpoint this behavioural facet of impulsivity [7].
Impulsive choices instead reflect an individual’s preference for smaller immediate gratifications over
delayed ones of greater value or quantity [8]. This dimension of impulsive behaviour is typically
assessed in delay-discounting tasks, which measure the maximum delay tolerated by individuals who
are informed of (for humans) or trained to expect (for animal paradigms) the possibility to obtain
higher value rewards if they can wait for sufficiently long time-intervals [7,9]. These tasks do not
simply represent different measures of a single construct. There is evidence that these two measures are
independent [10,11], and that they are underpinned by different neurobiological mechanisms [12-14].
Also, they are differently related to individual characteristics, such as sex and age. For instance,
while a tendency to perform impulsive actions is blandly, if at all, associated with male sex, robust
associations exist between sex and impulsive choices, where females discount more steeply than males
in both humans and rodents [15]. Sex differences are believed to root in differential activation of the
dopaminergic signalling system between sexes, which mediate subjects’ sensitivity to rewards. Less
clear is the interplay between these mechanisms and circulating gonadal hormones, the role of which
impulsive choice behaviour still has to be clarified [15]. As regards age, evidence indicates a higher
tendency to express impulsive choices during adolescence/young adulthood, than later in life [16].

The current knowledge about impulsivity comes mostly from studies in humans and rodents.
However, the same construct has been tentatively applied to dogs, where high impulsivity is thought
to be a correlate of different maladaptive behavioural manifestations or cognitive processes. For
instance, impulsivity may play a role in aggression [17,18], and more generally in the expression
of behavioural problems [19]. Furthermore, some evidence suggests that impulsivity is associated
with lower problem-solving abilities [20,21]. As it occurs in the human literature, methods used to
assess impulsivity in dogs vary in scope and methodology. A plethora of tasks that were proposed as
assessments of dogs’ impulsivity actually represent (tentative) measures of impulsive actions, including
reversal learning tasks, the A-not-B task, the cylinder task the middle-cup task, the wait-for-treat task,
and buzzer tasks [21-26]; although a thorough description of these paradigms fall outside the scope
of this paper, all encompass the necessity to withhold a prepotent response, either spontaneous or
learnt. A much smaller variety of tasks assess impulsive choices. Although with some variations in the
nature or the source (social or non-social) of the reward, these methods are based on the same general
paradigms which measure dogs’ ability to tolerate temporal delays on the expectation of a larger/more
valuable reward [17,25,27-29]. A common disadvantage of these delay-discounting tasks is that they
generally require dogs to undergo a long training (in most cases lasting more than one day), which
also makes it difficult to complete the test as proved by a relatively low success rate (e.g., 58.8% [19];
51.4% [30]). This obviously represents a strong limit to the practical applicability of these tasks, and to
the possibility of administering them routinely to large dog samples.

There is accumulating evidence that measures provided by these methods are in many cases
uncorrelated [23,30]. Moreover, there is variability in terms of how the outcomes of these tasks relate
to the broader, indirect assessment of impulsivity provided by owners” answers to a questionnaire
(Dog Impulsivity Assessment Scale, DIAS [18]), which range from no correlation [29,30], to correlation
with one of the DIAS subscales [19] or with the overall DIAS score [19,30]. Although this lack of
consistency may reflect the complex, multidimensional nature of the construct, it nonetheless prompts
us to question which of these tasks provide a valid and easy measure of impulsive behaviours in dogs.
In only a few cases, attempts have been made to assess impulsivity as a function of external variables
known to influence impulsivity measures in other species, such as sex or age (see for instance [30]).
However, none of the aforementioned studies addressed problems of potential intervening variables,
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including dog’s motivation for food, learning abilities, and previous experience, which may represent
confounds in the outcome of the assessments, as highlighted by some of the very same authors [30].

Upon these premises, in this study we aimed to develop and validate a task to assess dogs’
tendency to express impulsive choices. In view of the possibility to administer the task to large dog
samples, one of the requisites of the task was to be successfully easily completed by most dogs, and
within a reasonably short time (i.e., a single session, no longer than 1.5 h). To circumvent the difficulties
associated with training the dogs to wait in the classical delay-discounting tasks, here the immediacy
of the possibility to obtain the smaller reward was operationalized as a smaller space to travel, rather
than as a shorter time to wait (although space differences inherently imply a time difference [31]). In
the lack of a gold standard that could provide an external validation measure, we aimed at providing a
first assessment of the tasks’ validity, by (a) looking at the psychometric relationship between the task
contingencies and dogs’ performance, (b) excluding effects of other intervening factors, namely the
dogs’ previous training history, level of food motivation, and the learning requirements of the task, (c)
assessing the tasks sensitivity to biological factors that are known to influence impulsive choices in
other species, namely sex, reproductive status and age, and (d) looking at the relationship between the
outcomes of the task and indirect measures of impulsivity provided by the DIAS questionnaire.

During the writing of this paper, results of the development of an analogous paradigm,
independently developed by Brady and collaborators [32], came to our attention. Like the method
described in the present paper, the task was a spatial version of the classical delay-discounting task.
The procedure involved a single test session, preceded a short pre-training phase, and was completed
by dogs in one day. The short time requirement, and a training success rate of 96% (24 out of 25 dogs),
provide excellent indications in terms of feasibility of this kind of procedure. As far as validation was
concerned, the primary means of validation reported in the study were the assessment of test-retest
reliability and correlations with a score of the DIAS. On the other hand, the study did not look at factors
included in our investigation, and highlighted by the very same authors as potential confounds in
their results. In this sense, the results reported in the present study represent fundamental additional
indications about the validity of this spatial-discounting task.

2. Materials and Methods

2.1. Subjects

Forty-eight pet dogs were recruited for this study through advertisement in veterinary clinics and
the University of Padua. Apart from being healthy, no specific criteria for inclusion in the study were
required. The sample included 15 mongrels of small (<30 cm at the withers, N = 2), medium (>30 and
<55 cm; N = 9) and large size (>55 cm; N = 4), and 33 pure breed dogs (N = 7 Border Collies, N = 4
Australian Shepherds, N = 3 Golden Retrievers, N = 2 Beagles, N = 2 Cocker Spaniels, N = 2 Labrador
Retrievers, N = 1 American Staffordshire Terrier, N = 1 Bernese Mountain Dog, N = 1 Breton, N =
1 Czechoslovakian Wolfdog, N = 1 Dachshund, N = 1 German Shepherd, N = 1 Greyhound, N = 1
Hovawart, N = 1 Labradoodle, N = 1 Newfoundland, N = 1 Rhodesian Ridgeback, N = 1 Samoyed,
N = 1 Siberian Husky). Recruitment was aimed at forming four groups of equal size based on the
dogs’ sex and reproductive status, namely: non-orchiectomized males (mean age + SD: 4.4 + 3.2 years,
min = 1, max = 12), non-ovariectomized females in dioestrous or anoestrous phase (mean age + SD:
4.7 + 2.7 years, min = 1.5, max = 11), orchiectomized males (mean age + SD: 4.8 + 2.3 years, min =1,
max = 10) and ovariectomized females (mean age + SD: 4.8 + 1.5 years, min = 2, max = 9). Dogs of
the last two groups had their gonads removed at least 6 months prior to participating in the study.
The owners were asked to indicate if their dogs had any previous experience of training, choosing
between four options (no training, basic training with no professional support, obedience training
with a professional trainer, training to specific activities with a professional trainer). Finally, owners
were asked to evaluate their dog’s food motivation, as high (would always eat if given the chance,
eats most types of food, never leaves food in the bowl, fights for food), medium (sometimes leaves
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food in the bowl, eats many, but not all types of food, does not fight for food), or low (always leaves
some food in the bowl, only eats some specific types of food, never fights for food). The distribution
of training history and food motivation within each of the four experimental groups is reported in
Table 1. Owners were asked to not feed their dogs on the day of the experiment.

Table 1. Distribution of categories of Training history and Food motivation within groups of dogs of
different sex and reproductive status.

Training History Food Motivation
Sex/Reproductive Status
No Home Obedience Work Low Medium  High
Intact males 1 5 3 3 0 7 5
Intact females 0 7 1 4 0 5 7
Orchiectomized males 2 5 4 1 0 5 7
Ovariectomized females 0 6 2 4 0 5 7

2.2. Impulsivity Evaluation Questionnaire

Owners were asked to fill out an Italian translation of the DIAS. This required owners to indicate
their degree of agreement with the proposed statements, according to a score scale from 1 (complete
disagreement) to 5 (complete agreement). For each dog, an Overall Questionnaire Score (OQS) was
calculated as the average score obtained in all items. Moreover, for the sake of comparison with
other studies, average scores were calculated for three sub-scales corresponding, in terms of item
composition, to the three factors described by Wright and collaborators [18]. However, a factor analysis
performed on the data collected in the current study resulted in a very different factorial structure
(data not reported), thus the sub-scales used in this study could not be described using the same names
adopted elsewhere.

2.3. Experimental Setting

Tests were conducted at the Laboratory of Applied Ethology (Department of Comparative
Biomedicine and Food Science, University of Padua) in a room of approximatively 5 X 5 m, equipped
with a chair behind a curtain (140 cm high and 160 cm wide) and two plastic panels (24 x 38 cm),
placed vertically at a maximum distance of 360 cm from the chair (the actual distance depended on the
experimental phase, as detailed below) and 80 cm apart (Figure 1). The panels represented placeholders
for positioning food bowls (circular metal bowls, 20 cm in diameter) during the experiment and
concealed the bowls from the dog’s view, while the curtain served to temporarily conceal the actions of
the experimenter from the dog’s view during the experimental procedures.

2.4. General Procedure

The test was based on a two-alternative forced choice, between two different quantities of food,
in a ratio of 1 to 7. Prior to beginning the test, the dog and owner were taken into the room, and the
dog was left free to explore and familiarize itself with the experimental setting and the experimenter
for approximately 5 min. During this time, an experimenter explained the procedure to the owner.
Then, the owner was invited to attach the leash to the dog and sit on the chair, and the experimental
procedure began.

The experiment comprised a Pre-training phase, a Training phase, and a Test phase. All phases
were composed of a number of consecutive trials following a similar procedure: the owner sat on
the chair behind the curtain, holding the dog next to him/her. In a separate room, the experimenter
baited the bowls with 7 food pieces (each being 1/4 of a ring of Frolic®, a commercial semi-humid dog
food) of in one (S+) and 1 piece in the other (S—). Then, she entered the experimental room, placed the
bowl(s) behind each plastic panel, walked towards the curtain and opened it, allowing the dog to see
the two plastic panels. At that point, the experimenter walked behind the owner and placed a hand on
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the owner’s shoulder, which signalled that the dog could be released. The dog was allowed to reach
only one of the two bowls, so as soon as the dog approached one bowl, the experimenter removed the
other bowl, preventing the dog from eating its content. As soon as the dog ate the food, the selected
bowl was also removed. Finally, the owner took the dog back to the starting position, and the curtain
was again lowered, the experimenter went into the separate room to prepare the bowls for the next
trials. If the dog did not make a choice within one minute, bowls were removed and the trial was
considered null.

Ocm_ PO () b ' (59

1
|
40cmL P1 ()

80cm.L P2 ()
180cm L. P4 ()

360 cm _.

Figure 1. Experimental setting. Representation of the experimental setting, illustrating the owner’s
and dog’s position behind the curtain (large horizontal grey bar) at the start of presentations, and the
position of the bowls containing the larger (S+) and the smaller amount of food (S—) during training
(P0) and test trials (PO for S+, PO to P4 for S—).

2.5. Pre-Training Phase

The aim of the Pre-training phase was to allow the dog to familiarize with the experimental
procedure and experience that bowls in different location contained different amounts of food. This
phase consisted of 6 trials, which followed the procedure described above, with the difference that
only one food bowl was presented in each trial (5S+ was presented on 3 trials, and S— on the other 3). In
this phase, the food bowls were placed at the distance of 350 cm from the dog. For any given dog, S+
was always presented on the same side thorough the test, and S— on the opposite side. The side of
presentation varied between subjects, and was counterbalanced within each of the four experimental
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groups. To be admitted to the training phase, dogs needed to promptly eat the food from the presented
bowl in each of the 6 trials.

2.6. Training Phase

This phase was meant to teach dogs to choose the bowl containing the larger amount of food
when both S+ and S— were presented simultaneously. Both S+ and S— bowls were placed at the same
distance (P0, 350 cm from the dog). For each dog, S+ and S— were placed on the same side as in the
Pre-training phase. A maximum of 30 trials were presented, and the criterion for passing this phase
was to choose S+ in 6 consecutive trials. If a dog did not reach the learning criterion within the 30 trials,
it was excluded from further testing. Before the test phase began, the owner was allowed to walk
outdoors with her/his dog for 10 min.

2.7. Test Phase

The test phase was aimed at verifying the effect of increasing proximity of the smaller amount of
food on dogs’ choice. The rationale for the test was that lower levels of impulsivity would result in
dogs’ higher ability to choose the larger amount of food, despite the progressively higher proximity of
the smaller food amount. The test phase consisted of 14 trials, which followed the general procedure,
with the exception that, while S+ was always placed at the distance of 350 cm, the proximity of S—
from dogs was systematically increased along a geometric progression. Specifically, there were three
levels of increasing proximity: P1 (proximity increased by 40 cm compared to P0; distance of S— from
the dog: 310 cm); P2 (proximity increased by 80 cm; 270 cm from the dog); P4 (proximity increased by
160 cm; 190 cm from the dog). Each of these three levels was presented three times among the fourteen
trials; in the remaining 5 trials the distance of S+ and S— from the dog was the same (P0, 350 cm from
the dog) as in the Training phase. The trials were randomly presented, with the constrain that S— could
not be presented at the same distance in consecutive trials.

2.8. Data Collection and Analysis

All experiments were recorded by two ceiling-mounted cameras and coded with the Observer
XT software (Ver.12.5, Noldus, Groeningen, The Netherlands). In the Training and the test phases the
dog’s choices were codified as S+, S—, or null.

The analysis of dogs’ choices in the Test phase aimed to provide an indication regarding the
validity of the procedure. To this aim, the analysis was meant to verify that dogs’ ability to choose the
larger food amount decreased as a function of the proximity of the smaller food amount. In addition,
to obtain an indication about the specificity of the measure, the analysis was meant to exclude that
the dogs’ performance reflected non-impulsivity related factors, such as different levels of motivation
towards food, the dogs’ learning ability in acquiring the initial discrimination task, or the dogs’ training
level. Finally, the analysis was aimed at highlighting possible differences in performance linked to the
dogs’ age, sex and/or reproductive status, in accordance with associations between these factors and
impulsivity reported in the literature, as an indication of the external validity of the procedure.

Training history was unevenly distributed across groups of different sex and reproductive status,
making it impossible to include the variable in the model described below. To achieve a better
distribution, we recoded the variable using the following two levels: “non professionally trained
dogs”, which included untrained dogs, and dogs trained without support of a professional trainer, and
“professionally trained dogs”, which included all other dogs. Prior to such recoding, we ascertained
that training history had no main effect on dogs’ probability to make impulsive choices. To this aim, a
Generalized Linear Mixed Model (GLMM) was used, which included the dog’s choice of S+ or S— as a
binary dependent variable, the dogs’ ID as a random variable accounting for the repeated measurement
within each dog, and training history as a four-level factor. As the GLMM revealed no significant main
effects of training (p = 0.217), the variable was recoded which was used in the analysis described below.
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To ascertain the specificity and external validity of our task, a GLMM was used, which included
the dog’s choice of S+ or S— as a binary dependent variable, and the dogs” ID as a random variable
accounting for the repeated measurement within each dog. Separate models were run to investigate the
effect of sex and reproductive status: one model was run on data collected from non-gonadectomized
males and females and included the dog’s sex as fixed factor; the other two models were run on data
collected respectively from females and males and included the reproductive status as a fixed factor. In
addition to sex or reproductive status, the model included distance of S—, the dogs’ training history, and
food motivation, as two-level fixed factors, and the dog’s age and number of trials to reach the learning
criterion in the Training phase as covariates. First-order interactions between S— distance and each of
the other fixed factors were also included in the model. A stepwise backwards elimination procedure
was used to eliminate non-significant interactions. Post-hoc comparisons were run between factor
levels when a significant effect was found for a factor, applying a sequential Bonferroni correction.

As the analysis revealed a significant effect of sex on dogs” choices of S+ in the Test phase (see
Results), a one-way ANOVA was performed to ascertain that there were no differences between dogs
of different sex or reproductive status on their ability to acquire the initial Training phase, as measured
by the number of errors made and in the number of trials needed to reach the learning criterion in
such phase.

In order to further exclude that the dogs” performance in the test reflected their learning ability in
initial discrimination training, Pearson’s correlations coefficients were calculated between the number
of trials needed to reach the learning criterion in the Training phase and the percentage of choices of
S+, both across the entire test and at each different distance of S—.

Finally, as a further way to assess the relationship between the measure provided by the proximity
test and other putative measures of impulsivity, Pearson’s correlation coefficients were calculated
between the DIAS OQS, and the DIAS sub-scales scores, and the number of trials to reach criteria in
the Training phase, the percentage of choices of S+ in the Test phase.

All analysis was run with SPSS (ver. 23, IMB, Armonk, NY, USA). A value of 0.05 was adopted as
threshold for statistical significance.

3. Results

3.1. Pre-Training and Training Phases

All dogs involved in the study successfully passed the Pre-training and the Training phase. In
the latter, dogs reached the training criterion with an average (+ SD) of 10.8 + 6.6 trials and made an
average of 7.7 + 3.0 choices of S+ and 3.1 + 4.7 choices of S—. The mean + SD number of errors (choices
of S—) and of trials required to reach the learning criterion by dogs split by sex and reproductive status
is reported in Table 2; the one-way ANOVA indicated that there were no differences between sexes in
the number of errors (F = 1.09; p = 0.36) or trials required to reach the learning criterion in this phase (F
=0.56; p = 0.64). No null trials (i.e., a dog not approaching any of the two bowls) were observed by any
dog. The Training phase was completed in an average of 14.6 + 6.5 min (min: 5.5; max: 28.1).

Table 2. Mean + SD number of errors (choices of S—) and trials required to reach the learning criterion
(TTC) in the Training phase by dogs of different sex and reproductive status.

Parameter Intact Males Intact Females Orchiectomized Ovariectomized

Males Females
Errors 12+1.6 44+69 3.1+40 37+43
TTC 8.7 +3.6 11.7 + 84 113+73 11.6 + 6.6

3.2. Test Phase

Overall, dogs chose S+ in 75.8% of trials (mean N of trials + SD: 3.79 + 1.47 out of 5) when S— was
presented at distance P0, 61.8% of trials (1.85 + 1.15 out of 3) at P1, 35.4% (1.06 + 1.25 out of 3) at P2,
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and 25.7% (0.77 + 1.17 out of 3) at P4. The average of S+ choices for each of the four groups of different
sex and reproductive status, at the different S— distances are summarized in Table 3. No null trials
were observed in this phase. The Test phase was completed in an average of 15.4 + 2.7 min (min:10.6;
max: 24.4).

Table 3. Mean + SD number of S+ choices in the Test phase by dogs of different sex and reproductive
status. In brackets: mean + SD percentage of S+ choices on the total number of trials for each distance
(i.e., 5 for PO, 3 for P1, P2, and P4).

Distance Intact Males Intact Females Orchiectomized Ovariectomized
Males Females
Po 43+1.485+27%) 35+1.6(70+32%) 34+1.6(68+31%) 4.0+1.4(80+27%)
P1 23+09 (78 £30%) 14+13(47+43%) 1.8+1.0(61+34%) 1.8+1.3(61+42%)
P2 1.1+120B6+39%) 1.1+1.236+39%) 1.0+1.4(33+45%) 1.1+1.4(36+48%)
P4 05+1.0(17+33%) 08+1.0(28+34%) 0.8+12(25+41%) 1.0+1.5(33+49%)
Overall 825+3.2(58 +£23%) 68+4.4(48+31%) 7.1+44(50+30%) 7.9 +4.6(56=+33%)

Table 4 summarizes the results of the three GLMM models, investigating the effect of S— distance,
speed of acquisition of the Training phase, and dogs’ age and training history, food motivation and
sex/reproductive status, on dog’s probability of choosing S+.

Table 4. Results of the Generalized Linear Mixed Models investigating the effect of the distance of the
bowl with the smaller amount of food, the dog’s sex or reproductive status (investigated in separate
models, and with different data subsets), age, food motivation, type of training received, and number
of trials needed to reach the learning criterion in the Training phase (TTC). Only significant first-order
interactions between distance and other factors are reported. IF = intact females, IM = intact males, OF
= ovariectomized females, OM = orchiectomized males. Subscript numbers indicate the numerator
and denominator degrees of freedom, respectively.

Experimental Groups Which Data Were Analysed in the Model

Factor
IF and IM OF and IF OM and IM
Distance F3'303 =5.17; p= 0.002 F3[303 =3.26; p= 0.022 F3,303 =293; p= 0.034
Sex F]/303 =0.061; p= 0.805 - -
Reproductive status - Fi1303 =0.77; p = 0.380 F1303 =0.61; p=0.433
Age F1,3()3 =2.67; p= 0.197 F1,303 =2.10; p= 0.149 F1,303 =0.43; p= 0.512
TTC F]'303 = 055, p =0.457 F1,303 = 1.42; p =0.234 F1,303 = 013, p =0.723

Food motivation
Training history
S— distance x Sex

F173()3 =0.88; p= 0.353
F1,303 =1.50; p= 0.222
F3/303 =2.70; p= 0.045

F1/303 =0.92; p= 0.337
F1,303 =0.030; p= 0.863

F1,303 =1.33; p= 0.250
F1,303 =0.71; p= 0.401

All models evidenced an effect of the distance of S— on dog’s probability of choosing S+, which
generally decreased as S— was placed closer to the dog. When data from intact dogs were analysed, an
effect of the interaction between the distance of S— and the dog’s sex was found (Figure 2). Post-hoc
analysis revealed a significant difference between males and females in the probability of choosing S+
at distance P1 and, while in females the probability already decreased when S— was moved from PO to
P1, in males the first significant drop in probability was only observed when S— was moved from P1
to P2.
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Figure 2. Choices of S— as a function of sex and distance. Generalized Linear Mixed Model (GLMM)
mean estimates of the probability of choosing S+ as a function of the distance of S—, by intact male and
female dogs. Shaded areas represent the lower and upper 95% confidence intervals. Different capital
letters indicate significantly different probabilities between sexes and different levels of proximity of S—
(p < 0.05) after sequential Bonferroni corrected post-hoc comparisons.

Models using data from the whole group of male dogs, and from the whole group of female dogs,
revealed no effect of reproductive status on the probability of choosing S+ as a function of the distance
of S—. None of the three models found any effect of the dog’s age, training history, food motivation, or
speed of acquisition of the Training phase.

3.3. Correlations of Test Outcomes with Training Phase Performance and DIAS Scores

The DIAS questionnaire resulted in a mean + SD of 0.51 + 0.10 (range: 0.31-0.77) for the OQS,
0.48 + 0.14 (0.28-0.88) for Factor 1, 0.45 + 0.09 (0.28-0.68) for Factor 2 and 0.57 + 0.09 (0.36-0.80) for
Factor 3. Results of the correlation analysis between choices of S+ in the Test phase and both the speed
of learning of the Training phase and the DIAS scores are reported in Table 5. No correlation was found
between any of these variables. However, the number of trials to reach the criterion in the Training
phase correlated positively with the DIAS OQS (Pearson’s correlation: 0.42, p < 0.01) and its score for
Factor 1 (r = 0.44, p < 0.01) and Factor 2 (r = 0.40, p < 0.01), but not Factor 3 (r = 012, p = 0.44).
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Table 5. Pearson’s correlations coefficients between the percentage of choices of S+ in the test phase,
both at different S— distances (PO = 350 cm, P1 = 310 cm, P2 = 270 cm, P4 = 190 cm) and across the
whole test, and the number of trials needed to reach the learning criterion in the Training phase (TTC),
the DIAS overall score (OQS), the score of the DIAS’ Factor 1, Factor 2 and Factor 3.

PO P1 P2 P4 Overall

TTC 0.026 —-0.063 —-0.160 —-0.255 —-0.108
DIAS OQS 0.243 -0.167 —-0.074 —-0.025 0.010
DIAS Factor 1 0.295 —-0.135 -0.017 0.040 0.075
DIAS Factor 2 -0.216 —-0.140 —-0.142 —-0.203 -0.221
DIAS Factor 3 -0.220 —-0.035 —-0.100 -0.011 0.036

4. Discussion

In this study, we devised a behavioral test for the assessment of dogs’ tendency to make impulsive
choices, which was conceived as a spatial implementation of the conventional delay discounting
paradigm. All dogs who participated in the study successfully achieved the initial training, which
required them to consistently select the larger of two food quantities presented at the same distance.
In the subsequent test phase, as expected, dogs expressed a higher probability to choose the smaller
amount of food, as the latter was positioned increasingly closer to the dog. The entire assessment
procedure was completed in less than approximately 1 h. Overall, the findings represent a good
indication of the feasibility of the paradigm, and its better suitability for the assessment of impulsive
choices in dogs, compared with lengthier and harder-to-complete delay discounting tasks. A spatial
discounting test analogous to the one presented in this study was independently developed and
recently presented by Brady and collaborators [32]. This study also reports a high success rate, and
an outcome which conformed to expectations (i.e., choices of the larger food amount dependent on
the relative distance). Thus, in agreement with this study, we converge on this paradigm’s ease of
application, which makes it a good candidate for the assessment of impulsivity in large dog samples.

Besides evaluating the feasibility of the procedure, we aimed at providing a first validation of the
task as a measure of impulsive choices, by assessing its specificity and its external validity. To the first
aim, we ascertained that dog’s performance in the spatial discounting task could not be explained
by factors different from impulsivity. As our task was based on the acquisition of food, one of our
first concerns was to exclude that the dogs’ performance did not reflect their motivation towards
food rather than their impulsivity. The interplay between impulsive behaviour and motivation to
obtain food is certainly a complex one [33]. In fact, while impulsivity and sensitivity towards food
are independent traits, they interact to determine food-related behavioral outcomes in humans and
rats [33,34]. To the best of our knowledge, the role of food motivation was seldom taken into account
in dogs” impulsivity studies. Brucks and collaborators [30] report that varying the quantity and the
quality of food-rewards affects dogs’ ability to tolerate delays in a delay of gratification task. The same
authors highlight the potential confounds represented by food motivational factors on impulsivity
measures in dogs. Therefore, the finding that food motivation was not a significant predictor of the
dogs’ performance in our task provides a first indication in favour of the tasks’ specificity. One caveat
in the interpretation of these finding is that no dog was present with low levels of food motivation,
restricting the validity of this claim to dogs with medium to high food motivation levels.

Past training was another factor that could potentially interfere with dogs” performance in our
tasks; for instance, dogs with experience of prolonged training may be more accustomed to sustained
work and be less susceptible to mental fatigue, thereby performing better than untrained dogs in the
test phase of our procedure. The finding that training had no effect in explaining dogs’ choices of the
larger food amount was therefore another indication in favour of the tasks’ specificity as a measure of
impulsivity. Importantly, while this result indicates that our assessment is unaffected by differences
in training history, it does not negate that some forms of training may improve dogs’ ability to exert
self-control. Recent findings suggest that specific forms of training can improve some measures of
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impulsive control, such as impulsive actions [26]. Moreover, deliberate training for self-control can
lead to a generalized increased ability in different forms of impulsivity in humans, while extensive and
specific training brings improvement in impulsive choice in animals [35]. However, data about the dogs’
training history is seldom reported in previous studies on dog impulsive choices, thus it is difficult to
make conclusions about the role of such experience on this facet of impulsivity. The availability of
an easily applicable procedure for the assessment of impulsive choices, like the one presented in the
present study, will allow to study the role of specific training history on canine impulsivity.

A related finding was that the number of errors (S— choices) made by dogs before reaching the
learning criterion in the training phase did not explain their choices in the test. Previous research
highlighted how the task’s learning requirement may represent a confound in measures of dog
impulsivity. In fact, the idea that alleged measures of impulsivity may actually reflect the dogs’ learning
ability was presented as a potential explanation for the lack of consistency across tasks [29]. In view of
such concerns, the finding that dogs” performance in our assessment was not affected by the dogs’
ability to learn the initial tasks represents an important indication of specificity. Another concern that
relates to the learning requirements of delay discounting tasks, is that the necessary initial training
is often achieved only by a fraction of dogs, producing an inherent bias in the selection of dogs who
undergo the actual assessment. This does not seem to apply to spatial discounting tasks, as the training
phase was acquired by all dogs who participated in our study, as well as by nearly all those who took
part in the task developed by Brady and collaborators [30].

As an indication of external validity, we investigated how dogs’ performance in our task was
affected by age, sex, and reproductive status. Age had no effect on dogs’ probability to make
impulsive choices. Considering the majority of our dogs were adults, the result is in line with human
studies, where evidence indicates a stabilization of impulsive choice behavior after adolescence/young
adulthood [16]. The performance of the dogs in our task showed a clear dimorphic pattern: females
discounted more steeply, as their probability to choose the larger food amount decreased significantly
as soon as the bowl with the smaller amount was moved closer to the dog. Many sex related behaviors
have been described in dogs [36]. In the present study, analysis of sex differences was undertaken to
provide an indication of the tasks” goodness as a measure of impulsive behavior. In fact, our results
conform to the what is reported in both humans and rodents, where steeper discount curves are
generally found in females than in males [15]. No difference in performance was found between our
intact and gonadectomized females. On the one hand this suggests that the main contribution to the
observed sex difference is due to organizational effects of sex hormones, rather than by these hormone’s
circulating levels. On the other hand, as our intact female dogs were in the ancetrous phase (based on
the report of the owners on the date of their last manifestations of cestrous) it cannot be excluded that
the performance of intact female dogs may have been different, had females been tested in other phases
of the oestrous cycle, as seen in other species [37,38]. Our current data cannot elucidate the mechanisms
underlying the observed differences, Thus, we cannot tell whether dopamine transmission is involved
in these differences, as suggested for other species. To the best of our knowledge there is no data
about sex differences or the role of ovarian hormones in dopaminergic transmission in dogs. However,
it is worth noting that sex differences are consistently found in dogs’ spatial learning tasks [39-41],
where dopamine plays a crucial role [42]. Regardless of the mechanism, our results indicate that the
phenomenon our task is measuring is subject to the same biological influence seen in other species,
providing an indication of the tasks” external validity.

Finally, no correlation was found between our dogs’ performance in the test, and the score obtained
by dogs in a putative assessment of impulsivity made through the DIAS questionnaire, either in terms
of its overall score or the score of its subscales (calculated as described in the validation study by Wright
and collaborators [18]). On the one hand, the finding clashes with the significant correlations between
the DIAS score and the measures of impulsivity obtained in the spatial discounting task presented by
Brady and collaborators [32], or in a delayed reward paradigm [19]. On the other hand, several other
studies on dogs’ impulsive choices report no association with the DIAS score [25,29], or correlations in
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opposite directions than expected [30]. Although the reason of these discrepancies is not immediately
clear, it must be considered that the DIAS was developed to assess impulsivity as a generic personality
trait, rather than to pinpoint a specific facet of the phenomenon. As already highlighted by others [30],
expressions of impulsivity are highly context specific and it is possible that the questionnaire and our
task are assessing different facets of the same phenomenon. Alternatively, it is possible that they assess
completely independent traits. In fact, our finding of a positive correlation between dogs’ speed of
learning of the initial training phase and the questionnaire scores suggests that the latter reflects the
dogs’ learning ability rather than their impulsivity. Moreover, questionnaires are based on indirect
evaluations of the animals’ behavior made by their owners, which incorporates a considerable degree
of subjectivity in the assessment. Such individual variability could be further amplified by cultural
differences, and translation-related nuances. In fact, while significant correlations between the DIAS
and impulsivity measures were reported by studies conducted in the UK, the opposite was generally
true for studies made in non-Anglo-Saxon countries, either using the original English version (e.g., [25])
or a translated version of the questionnaire [29,30], as in the current one.

5. Conclusions

In this study we presented a spatial discount task, aimed at assessing impulsive choices in dogs.
A similar task was independently developed by Brady and collaborators [32] at around the same
time. Both studies converge on the ease of application of the task, which advocates the procedure as
a good candidate for larger-scale studies on impulsivity. We ascertained the lack of effect of several
factors which may have interfered with the dogs’ measure, thereby providing indications of the
procedure’s specificity. In addition, we provided indications about its external validity by showing
a susceptibility of the assessment to sex differences, similar to those already observed in humans
and rodents. Overall, the task seems to be promising as a valid, easily applicable procedure for the
assessment of impulsive choices.

However, although these findings, together with those of Brady and collaborators [32], provide
indications about the goodness of this assessment, other steps would be needed to provide conclusive
evidence of its validity, as well as to fine-tune the procedure. For instance, it would be important to
determine how the present assessment relates to the outcome of other procedures, that are assumed
to measure other facets of impulsivity, such as tasks assessing dogs’ tendency to express impulsive
actions. Moreover, in view of a potential application in large-scale or cross-cultural studies, it would
be important to extend the assessment to larger representation of size and age than those included in
this study, as well as to ascertain the reproducibility of the assessment across different laboratories.
Considering the ease of administration of the procedure, it is foreseeable that the same would be
applied as a screening/selection tool in clinical (e.g., for the identification of pathological impulsivity)
or other professional contexts (e.g., for the selection of dogs to be trained for specific activities); to this
aim, evaluation of the applicability of the procedure in non-experimental settings and of its predictive
validity for expected outcomes, would be required. Finally, considering the known interplay between
training and impulsivity, the procedure could be used to assess the efficacy of specific forms of training,
including its applications as a therapeutic intervention, in reducing impulsive behavior.
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Simple Summary: The purpose of this research was to compare reading motivation and attitude,
as well as reading and cognitive skills, of school-age children diagnosed with Autism Spectrum
Disorders (ASD) who attended a 10 session reading programme with and without the presence of
a dog. Children who read to a dog had 100% attendance at sessions over the course of the programme
versus 75% (range 25-100%) of children attending reading sessions without a dog. In addition, after
the programme, they were significantly more motivated and willing to read at home, as perceived by
their parents. However, there were no significant differences in scores on reading and cognitive tests
either within each group or between groups. Based on these results, we can conclude that reading
to a dog can have positive effects on an ASD child’s motivation and attitude toward reading. More
research is needed to better understand if it can also have positive effects on children with ASD’s
overall reading and cognitive abilities.

Abstract: Poor knowledge is available on the effectiveness of reading to dogs in educational settings,
particularly in children with Autism Spectrum Disorders (ASD). In this study, we test the hypothesis
that reading to a dog improves propensity towards books and motivation to read after the end of the
programme, as well as reading and cognitive skills in children with ASD. The study is a prospective,
randomized controlled trial, consisting of testing and re-testing after a 10 sessions reading programme
with and without the presence of a dog. Nine Children with ASD (6-11 years old) were randomly
assigned to a control (CG, reading without a dog, n. 4) or experimental group (EG, reading to a dog,
n. 5). Children’s attendance at reading sessions was recorded at each session. Parents” perceptions
were evaluated at the end of the programme to detect changes in children’s attitudes and motivation
toward reading. Psychologist-administered validated reading (Cornoldi’s MT2 reading test; test
of reading comprehension, TORC; metaphonological competence test, MCF) and cognitive tests
(Wechsler intelligence scale for children Wisc IV, Vineland) to all children, at baseline and at the end
of the reading programme. Compared with CG children, children in the EG group participated more
frequently in the reading sessions, and they were reported to be more motivated readers at home
after the programme. However, there were no differences on reading and cognitive tests’” scores
either within each group of children or between groups. Further studies are warranted in order to
understand whether and how incorporating dogs into a reading programme is beneficial to Children
with ASD at the socio-emotional and cognitive level.

Keywords: dogs; children; Autism Spectrum Disorders; cognition; reading-to-dog programme
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1. Introduction

Launched in 1999 by Intermountain Therapy Animals, the Reading Education Assistance Dogs
(READ) is the first programme and still one of the most comprehensive involving animals to
strengthen children reading skills [1]. The Reading Education Assistance Dogs® programme improves
children’s reading and communication skills by employing a powerful method: reading to a dog
(R.E.A.D. webpage)

Recent work focused on children has shown that reading-to-dog programmes might reduce blood
pressure and offer a nonjudgmental, safe environment in which to practice reading [2,3]. Dogs seem
able to offer children a unique type of emotional support in the education setting because they are fully
capable of being active, supportive listeners, but are also unable to verbally criticize or comment upon
a child’s reading abilities [4]. In the wider literature [1], measurements of reading skills have included
improved scores on test of reading comprehension (TORC), measures of academic progress (MAP),
reading rate, and reading ability [1]. According to Pillow-Price et al. [5], all reading scores for children
participating in a reading programme improved significantly. Sorin et al. [6] noted improvements
in reading, behavior, confidence, self-esteem, and school attendance with special education students
who worked on literacy skills with dogs. Changes in reading motivation may reflect a better reading
performance [1]. In Guthrie and Cox [7], engaged and motivated children who opened a book more
frequently were also highly achieving in reading abilities because cognitive functioning was powerfully
facilitated through interest and motivation [8].

The presence of a dog has already been suggested to reduce physiological parameters of stress
(decreased blood pressure [9] and cortisol [10]) in children with autism. A child with autism spectrum
disorder improved on the Dynamic Indicators of Early Literacy Skills (DIBELS) and Elementary
Reading Attitudes Scale (ERAS) after completing a reading-to-dog programme [11]. Based on the final
version of DSM-5 [12], autism is currently counted in one general term, Autism Spectrum Disorders
(ASD), with three different levels, level 1 (requiring support), level 2 (requiring substantial support),
and level 3 (requiring very substantial support). ASD is characterized by delays in the development of
multiple basic functioning including socialization and communication and behavioral challenges (such
as rituals and repetitive behaviors) [12]. In the clinical setting, anxiety-related concerns are among the
most common presenting problems for school-age children and adolescents with ASD [13]. Recently,
one study developed an educational setting in which three Children with ASD read social stories
in the presence of therapy dogs [14]. The authors aimed to test the hypothesis that the presence of
a therapy dog improves the effectiveness of Social Story method, which is used to communicate clear
and detailed information to autistic children on a context, skill, achievement, or concept [15]. Although
improvements in these children’s indicators of social skills were reported (e.g., increased frequency of
the initiations of social interactions and decreased level of prompt needed to provide the expected
social response), interpretation of these indicators can be difficult, and the quality of the evidence is
still unclear, also due to the small sample size used [1].

Here, we decided to apply recent and innovative psychological approaches to detect potential
improvements in reading abilities and changes in behavioral and emotional processes in ASD school-age
children’s reading in the presence of a dog compared with children reading without a dog. Moreover,
we compared attendance at sessions of children and parents’ perception of their reading motivation
and willingness to read. The main hypothesis was that a social environment enriched by the presence
of a dog strengthens the effectiveness of a reading programme in enhancing both reading and cognitive
abilities in Children with ASD.
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2. Materials and Methods

2.1. Participants

A total of nine children in the age range of 6 to 11 years (mean 7 + 0.45 SE), seven boys and two
girls, were recruited from the CTR Esperienze ONLUS (Comunicazione Territorio Relazioni) Cagliari,
Sardinia, Italy, where the reading sessions took place.

Informed consent was obtained from parents of all children, who were previously advised by the
facility staff members of an experimenter’s presence for the videotaping procedure. In signing the
consent, parents ensured that there was a clear understanding of the information given to them, and also
that they agreed with that and with the disclosure of their personal details. Besides favorable opinion
from a clinical psychologist or neuropsychiatry holding also a certification as Board Certified Behavior
Analyst® (BCBA®), to be eligible for participation in the programme, children were required to: (a) be
diagnosed according to the diagnostic tools described in the DSM-5 and in the guidelines elaborated
by the Italian Ministry of Health guidelines. The diagnosis was determined by a multidisciplinary
equipe composed of a child neuropsychiatrist, a psychologist specialized in child development, and
a pedagogist. The DSM-5 diagnosis also includes new guidelines for categorizing autism by level.
There are three levels, each reflecting a different level of support each child needs (from level 1: little
support, to level 3: higher support); (b) show lack of initiation of appropriate social response in a given
social situation during therapy or free-time activities; (c) have some reading prerequisites, such as
the ability to open and browse through a book; (d) be willing to interact with dogs, as evaluated in
a preintervention screening; (e) possess basic speaking skills, and (f) immunocompetency. Fear of
dogs was considered an exclusion criterion. Diagnosis and severity level have been established by the
neuropsychiatry according to [12].

2.2. Reading Session

Children with ASD were randomly divided into two groups according to demographics
characteristics and severity levels expressed in the diagnosis: (1) the experimental group (EG, n. 5: four
boys and one girl; mean 7.60 + 2.30 SE) read a book with a dog present, and (2) the control group (CG,
n. 4: three boys and one girl; mean 8.25 + 1.73 SE) read a book without a dog. Details on age, gender,
and level of severity indicated in the diagnosis are reported in Table 1. Groups were homogeneous
in terms of mean age and diagnosis. Both EG (experimental group) and CG (control group) were
involved in 10 weekly group sessions, run over a period of 70 days. Each session was approximately
30 min in length, without pauses, during which children read a book one-on-one, upon request by
the psychologist. A book was selected by the psychologist at the beginning of the programme. Both
EG and CG children read the same book. A copy of the book was available for each child. The same
psychologist was present for all the sessions for both EC and CG groups. The psychologist, before
starting the reading session, reminded the children of the rule of the session. The rules were presented,
if necessary, more times during the session, only in oral form (Now we are going to read to the dog.
Her name is Bella/Lilli. The dog is pleased to listen to our reading, but we need to respect some specific
rules: please, do not be loud, do not run, do not touch the dog since this is going to make the dog
fearful. We are not going to pass through the benches during the reading session. We cannot touch the
dog during the session, but we can talk with her).

Sessions were performed in the afternoon in order to exclude parental factors/obligations that
could impact the child’s attendance.

As for the experimental group, two dogs (both neutered females, mixed-breed, 2 and 8 years
old) participated in the sessions, one at a time, on alternate weeks. Two dogs were chosen by a team
composed of two veterinarians expert in behavior and welfare and a psychologist specialized in
animal-assisted intervention. Inclusion criteria considered their kindness and cooperation when
handled by children, their interest in people, and absence of any signs of anxiety, fearfulness, reactivity,
or aggression. The dogs, both neutered females, mixed-breed dogs, were 2 and 8 years old (mean
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5.0 + 3.0 SE) and weighed between 3 and 18 kg (mean 10.5 + 7.5 SE) at the time of the sampling period.
Dogs were recruited from the local nonprofit organization “Effetto Palla ONLUS”, with the aim of
enhancing their socialization and adoption rates [16]. Dogs were subjected to regular health screening
and behavioral monitoring by a veterinarian with expertise in animal behavior and welfare. In order to
be eligible for participation in the reading programme, the dogs were required to be in perfect clinical
health (i.e., free from pain, external and internal parasites, and immunized). These dogs’ characteristics,
behavior, and welfare during the reading sessions have been described also in more detailed in [17].
Child-animal interaction was limited to verbal contact: no child-initiated contacts with dogs were
allowed. Children could only talk to the dog, and they did so by praising her or asking whether she
enjoyed the story or was getting bored.

Table 1. Age, gender, and diagnosis of Children with ASD involved in the project.

Experimental Group Control Group

Age (Years)  Gender Severity Level 1 Age (Years)  Gender Severity Level !

11 M 1 7 M 1
9 M 1 10 M 1
6 M 2 10 F 1
6 F 1 6 M 2
6 M 1 - -

M = Male; F = Female; ASD = Autistic spectrum disorder. ! According to [12].

2.3. Setting Room

The two dogs were handled by a female veterinarian expert in animal welfare and behavior, who
was familiar with them and was always present during the sessions to guarantee their well-being.

Sessions were performed in a 6 X 5 m carpeted room at the facility, where children were also
involved in other activities, in the presence of a psychologist. In more detail, at reading sessions,
one visiting dog, one dog handler/veterinarian, one psychologist, and one experimenter were always
present. The room temperature ranged between 20 °C and 24 °C. Two 30 cm high benches were placed
to separate the room into two identical spaces, one for the dog and one for the children [10].

2.4. Test

At baseline (T0) and at the end of the 10 sessions programme (T1), the psychologist administered
validated reading and cognitive tests to all the children (Table 2). Pre- and posttest in both groups
followed the same order. Reading tests such as Cornoldi reading test (MT2) [18], test of reading
comprehension (TORC) [19], metaphonological competence (MCF) [20] and cognitive tests, Wechsler
intelligence scale for children (Wisc IV) [21], and Vineland [22].

Session attendance was recorded in both groups. A short self-report questionnaire was prepared
by the psychologist by reviewing similar literature [23] in order to collect parents perceptions after the
10 reading sessions. The questionnaire, presented in Table 3, was composed of seven yes/no closed
questions. The questions focused on the perception of the parents about: (1) reading motivation,
(2) motivation to follow the programme, (3) social skills, and (4) attention towards dogs.

2.5. Statistical Analysis

Data was analyzed with SPSS, version 25.0 (SPSS Inc, Chicago, IL, USA) through nonparametric
statistics as they did not follow a normal distribution (Shapiro-Wilk normality tests, all p > 0.05). The
Mann-Whitney U test was used to compare differences between the two groups, while the Wilcoxon
signed-rank test was used for paired data. Due to the multiple comparisons, Benjamini-Hochberg
multiple testing correction [24] was applied. Fisher’s exact test was used to investigate associations
between the presence of the dog and both children’s attendance and parents’ answers in the
questionnaire. Values of p < 0.05 were considered statistically significant.
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Table 2. Different tests administered to children by psychologist at TO and T1.

Area of Test Details Domains Items  Scores
Interest
Speed: syllabus in one
. Cornoldi Reading . . Fluency (speed and second;Accuracy:
Reading Test (MT2) [18] assesses reading literacy accuracy) 2 number of
auto-correction
. Test of Read‘f‘g measures a child’s abilities in . . 0 to 100 (0 low level, 100
Reading Comprehension reading comprehension Reading comprehension 1 higher level)
(TORC) [19]
measures the child ability to . 5
. X . Recognition, Fluidity,
. Metaphonological ta_lk about a topic and explain Phonemic, Segmentation, 0 to 100 (0 low level, 100
Reading Competence (MCF) his or her use or L X X 5 .
. etter deletion, Final higher level)
[20] understanding of the .
. . deletion
phonological awareness skill
measures a child’s abilities in
some cognitive domains. It Intelligence Quotient, Fluid
Wechsler Intelligence  generates a Full-Scale IQ Reasoning Index, Processing
Cognitive  Scale for Children (formerly known as an Speed Index, Verbal 5 ]7 got (;\iIS}? (r710 170‘1’; level,
(Wisc IV) [21] intelligence quotient or IQ Comprehension Index, gherleve
score) that represents a child’s ~ Working Memory Index
general intellectual ability
Adaptiv measures the personal and gomge]s’\silveﬁRreIS\E)lt?i Specific for the age
APIVE  Vineland [22] social skills of individuals ommunication, Datly range: 34 to 144 (34 low
behavior . Living Skills, Socialization, :
from birth through adulthood : level, 144 higher level)
and Motor Skills
Table 3. Parent-completed questionnaire.
Questions EG Parents CG Parents
. 7
Answers Answers p (Fisher’s
- Exact Test)
At the End of the Reading Programme Yes No Yes No
(1) Was the child pleased to read? 4 1 1 3 p>0.05
2) Was the child looking for any book
@ ooxIng Y 4 1 0 4 p =004
autonomously or in presence of an adult?
3) Was the child more motivated and enthusiastic
©) 4 1 0 4 p=0.04
to read a book?
4) Was the child able to pay more attention to dogs
) W : pay 8 4 1 2 2 p>0.05
in daily routine?
5) Was the child able to keep a relationship with
(5) Was t . P P 1 4 1 3 p>005
other children in the group?
6) Was the child more motivated in doin
© 8 4 1 0 4 p =005
homework at home?
(7) Was the child motivated to follow the sessions? 4 1 2 2 p>0.05

3. Results

3.1. Session Attendance

EG = Experimental group; CG = Control group.

EG children achieved 100% attendance in each reading session, which was statistically higher
than the 75% of CG children (range 25-100%, U = 11.0, z = —3.468, p = 0.002, Figure 1). In particular, in
CG children, attendance was significantly different on day 9 (Fisher’s exact test p = 0.04) and day 10
(Fisher’s exact test p = 0.05) compared with the other days.
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Figure 1. Children’s attendance. EG and CG children. EG = Experimental group; CG = Control Group;
*p <0.05.

3.2. Reading Tests

We explored the two domains of MT2, namely speed (S) and accuracy (A), the reading
comprehension (RC) for the TOR test, and the five domains [18] for the MCF test: Recognition
(RE) Fluidity (F), Phonemic (FO), Segmentation (SG), Letter deletion (LD). On all reading tests,
no significant differences were found between T0 and T1 within each group (Mann-Whitney U test,
p > 0.05) or even between the EG and CG groups at each time point (Wilcoxon signed-rank test, p > 0.05)
(Tables 4 and 5).

Table 4. Statistical results of the MT2 and TOR tests at baseline and at the end of the reading sessions (p
> 0.05). Mean + Standard Deviation is reported.

Group Time Points ~ MT2-S MT2-A TOR-RC
Experimental TO 15+£12  73+23  535+12.0
P T1 17+15  73+23  640+268
Control TO 27+04 83429  765+332
ontro T1 30+£03 83+28 723245

MT2-S = Cornoldi reading test speed; MT2-A = Cornoldi reading test accuracy; TOR-RC = TOR test
reading comprehension.

Table 5. Statistical results of the CMF tests at baseline and at the end of the reading sessions (p > 0.05).
Mean =+ Standard Deviation is reported.

Group Time Points RE F FO SG LD
Experimental T0 300+282 333+144 350+259 375+176 212+213
P T1 266+225 283+202 350+259 350£259  350%29
Control TO 300+£288  500+00  275+31.8 275+318 27.5+318
ontro T1 50.0 + 0.0 500+00  30.0+282 30.0+282  50.0+0.0

RE = Recognition; F = Fluidity; FO = Phonemic; SG = Segmentation; LD = Letter deletion.

3.3. Cognitive Test: WISC IV Test and Vineland Tests

The five domains of the WISC IV test have been explored: Intelligence Quotient (IQ), Fluid
Reasoning Index (RF), Processing Speed Index (PS), Verbal Comprehension Index (VC), Working
Memory Index (WM). Vineland test’s domains have been analyzed: Compressive Results (CO),
Communication (CM), Daily Living Skills (DLS), Socialization (S), and Motor Skills (MS).
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On all the cognitive tests, no significant differences were found between T0 and T1 within each
group (Mann-Whitney U test, p > 0.05), as well as between the EG and CG groups at each time point
(Wilcoxon signed-rank test, p > 0.05) (Tables 6 and 7).

Table 6. Statistical results of the WISC tests at baseline and the end of the reading sessions (p > 0.05).
Mean =+ Standard Deviation is reported.

Group Time Points 1Q RF PS vC WM
Experimental T0 752+164  840+187  79.0+1334  847+56 755+ 16.2
P T1 750+166  825+202  805+114 847 £5.6 74.0 £ 174
Control TO 1082+247  860+331  1065+157 102.0+269  133.0+0.0
ontro T1 100.0+252  83.0+355  1037+103  960+217  92.5+445

1Q = Intelligence Quotient; RF = Fluid Reasoning Index; PS = Processing Speed Index; VC = Verbal Comprehension
Index; WM = Working Memory Index.

Table 7. Statistical results of the Vineland tests at baseline and the end of the reading sessions (p > 0.05).
Mean =+ Standard Deviation is reported.

Group Time Points CO CM DLS S MS
Exoerimental T0 537+19.6  692+258  450+83 500171  465+9.1
P T1 763+292  97.0+367  763+29.6  62.6+221  48.00.0
Control TO 634+261 748+298  504+107 55.0+19.0  40.0+0.0
ontro T1 785+£346  99.0+452  78.0+368  655+219  55.00.0

CO = Compressive Results; CM = Communication; DLS = Daily Living Skills; S = Socialization; MS = Motor Skills.

3.4. Parents” Questionnaire

Questions and answers reported by the parents of the EG and CG children are shown in Table 3.

4. Discussion

In the present study, we evaluated a programme that aims to understand the impact of 10 weekly
reading sessions with dogs on children with ASD to read. Attendance and parents’ perceptions were
evaluated. Validated reading and social tests were employed prior to the beginning and after the end
of the programme in order to offer an evidence-based evaluation approach. To our knowledge, this is
the first time that tests measuring reading and social skills have been applied to assess the effectiveness
of a reading-to-dog programme in children with ASD. Being willing to interact with dogs has been
considered as inclusion criteria: this makes it difficult to generalize the results to all children with ASD,
although it might be applicable to other children with ASD who happen to like dogs (or at least not
dislike them). However, this study wants to work as a pilot in the reading-to-dog programme field.

Motivation has been defined as “a psychological process in which personality traits (e.g., motives,
reasons, skills, interests, expectations, and future perspectives) interact with perceived environmental
characteristics” [25]. Thus, student motivation can be affected by changes in their learning environment.
In our study, the reading-to-dog programme significantly increased the propensity of children to read
at home and look autonomously for a book, as showed by EG parents scoring higher on the related
questions of the survey compared with CG parents immediately after the end of the programme.
This is in line with what is reported in reading studies [1], in which motivation is often discussed in
terms of intrinsic motivation (motivated from internal factors; e.g., curiosity to read, enjoyment of the
experience) and extrinsic (motivated by external factors; e.g., to get a good grade). Children in the EG
group were also perceived by their parents as having a significantly higher motivation to follow reading
sessions. EG children actually attended the sessions significantly more frequently (100% attendance)
than those in the control group (25% to 100% attendance). According to Newman-Ford et al. [26]
attendance is a measure of a student’s motivation for learning, which is considered a galvanizing
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energy in the learning process. From this perspective, it is not surprising that EG children were
significantly more motivated to do homework at home than controls, as reported by their parents. The
dog might have acted as motivator for children to attend, which might be due to a dog’s recognized
ability to be an active, nonjudgmental listener [1]. As reported in [27], “The dogs ‘listened” while the
students were reading at their own pace. The dogs did not laugh, judge or criticize them, and therefore
they were not embarrassed by their own mistakes”. Moreover, in [28]), children with autism interacted
most frequently and for the longest periods with a real dog in comparison with objects or a person.
The presence of the dog assumed an important role during the session. The authors concluded that
students reading in the presence of a dog were more likely to participate in reading-to-dog sessions,
because that was an environment in which they could build their self-confidence [27]. Also. children
with pervasive developmental disorders (including autism) were more playful in interaction with
a live dog compared with toys, and also more aware of their social environment in the presence of the
dog [29]. However, in the questionnaire, when parents were asked to answer to a specific question
about “attention to dogs”, no differences between EG and CG were reported. We wanted to ask this
question in order to understand if the children with ASD were more aware of the social environment,
as reported in literature [29].

In our study, children’s engagement in social interactions with peers was not increased at the end
of the programme in both groups, according to parents’ perceptions. Similarly, Socialization Area
results obtained on Vineland tests (for example, the score related to Plays with peer/s for 5 min under
supervision, Plays with peer/s for 20 min under supervision, Asks others to play or spend time together)
showed no improvements in social skills of children from both groups when the programme was over.
This is in contrast with what was reported in the study by Grigore et al., [14], in which the author found
improved social interactions in three preschool autistic children following a combined social story
method and canine-assisted intervention. As far as we know, there are no other published researches
conducted with children with ASD reporting results based on engagement in social interactions with
peers. Paul and Serpell [30] found that normal families who obtained a dog, 1 month later engaged in
more leisure activities together and their children were more often visited by friends. In a classroom of
first-graders, the presence of a dog led to a better social integration among students, as documented
via indirect psychometric indicators [31] as well as via direct behavior observation [32].

The possible role of the Oxytocin (OT) in these child-dog interactions during reading-to-dog
sessions needs to be underlined too. Nagasawa et al. [33] assessed the effect of 30 min of interaction
between dogs and their owners, particularly the duration of friendly gazes from the dogs to the owners.
In a control condition lasting for 30 min, owners were instructed not to look at their dogs directly.
In the normal interaction condition, longer gaze was linked to higher OT levels in the owner, while this
was not the case in the control condition without eye contact. The interaction, even without direct
contact, is related to OT increases that are strictly related to social interaction (see [34] for a detailed
review). The release of OT via contact with animals may contribute to explain many of the effects of
dog-human interactions.

As for both groups, we found no significant gains in children’s reading test (MT2, TOR, MCF)
scores after taking part in our reading-to-dog programme. In contrast, Konarski et al. [11] reported
improved Dynamic Indicators of Early Literacy Skills (DIBELS) and Elementary Reading Attitudes
Scale (ERAS) in a child with autism spectrum disorder after completing a reading-to-dog intervention.
However, this was a case study, which did not use any control measures or include a case series, and
therefore it does not allow to conclude that any change observed is due to the intervention being
studied rather than to other factors. Several other authors described positive effects of reading-to-dog
programmes in children (see [1] for review). For example, Fisher et al. [35] applied the Neale Analysis
of Reading Ability [36] to test reading abilities in one child, before and after participating in a BaRK
programme. BaRK is a free programme that involves reluctant readers in the middle-upper primary
school classes. In this programme, a child was involved in eight weekly reading sessions with a
dog. The results indicated a dramatic improvement between pretest and post-test scores for both
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reading accuracy and comprehension, with greater gains being made in comprehension skills. In [37],
26 children had higher scores after reading to a dog on the Gray Oral Reading Test (GORT-4), in which
the child has to read aloud narrative passages (of medium length) and, for each passage, answer to
multiple-choice comprehension questions read by the examiner. These results were supported by those
collected by The Intermountain Therapy Animal [38] that indicated students’ reading skills improved
by two to four grade levels during a reading programme. However, again, failure to use appropriate
controls makes it impossible to draw meaningful conclusions from these studies. Booten [39] and
Petersen [40] included a control group in their investigation, and they did not report any differences
between children who read to a dog and those who read without a dog. Conversely, Treat et al. [41]
found improved reading fluency, accuracy, and comprehension after reading to a dog, while in the
study by LeRoux et al. [27] children in the dog group scored higher on the Neale reading comprehension
test compared with the control groups, and Kirnan [42] found an improvement in reading skills based
on teachers perception. It should be noted that all these studies involved typical children, making it
difficult to compare results with ours. In fact, a meta-analysis by Fuchs [43] revealed that the reading
achievement of students with a learning disability is significantly different from that of typical students,
even if low-achieving students are considered: students with learning disabilities have more severe
reading problems than others [43]. Overall, children with ASD can be characterized by a triad of
persistent impairments with core deficits in social interaction, language, and communication, as well as
restrictive, repetitive thoughts, routines, and behavior patterns: ASD and learning disability are then
co-associated. ASD is more likely to be present in individuals with a learning disability, impacting on
all aspects of learning, especially among more severely affected individuals [44]. In our study, children
with ASD had to follow important but easy rules related to the setting. The reason for this limitation is
dual. As for dogs, this allowed activities to be predictable and controllable [17,45]. For children, it was
a way to receive a simple but useful rule.

There are some limitations to our study, so the findings should be interpreted with caution. First,
the programme involved a small sample size and did not control for the confounding effect of variables,
including parenting styles but also comorbid outcomes such as anxiety, which makes it difficult to
generalise to a wide population. Second, although parent-completed questionnaires are considered
as accurate as developmental screening instruments (see [46] for example), parents were required
to interpret their children’s motivation and attitudes, inevitably resulting in a degree of subjectivity.
In addition, it is possible that the parents’ answers were influenced by perceptions of which answers
would be deemed acceptable, even if the questionnaire was anonymous. Third, we implemented
a short-term intervention, and future studies should examine interventions over a longer time (e.g., the
entire school year), possibly analyzing academic performances. However, a standard programme for
Children with ASD has not been developed and validated yet [42].

5. Conclusions

In conclusion, reading to a dog has the potential to bring significant improvements to typical
children’s social and reading abilities [1]. The results of the present pilot study suggest that such
a programme can have specific effects on session attendance and literacy motivation at home in children
with ASD, as perceived by their parents. Previous research demonstrated that increased engagement in
reading is linked to improved academic performance [47,48]. Thus, the attendance at (and engagement
in) reading sessions, enriched by the presence of a dog should be further examined, together with the
critical aspects of literacy, including testing accuracy, fluency, and comprehension.

The spatial setting used in this pilot can be applied in following studies in order to create a perfect
welfare area for dogs and to take the chance to teach a rule to the children with ASD. In order to
evaluate the success of a reading-to-a-dog programme, not only validated tests but also percentage
of attendance and parents’ perceptions should be taken into account. The next step should include
large-scale, randomized control trials with longitudinal examinations of effects, to provide more
tangible and reliable findings not only for children with ASD but also for dogs.
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A recent review [1] reported positive results based on implementation of a reading-to-dog
programme. Unfortunately, these are mostly based on ad-hoc reports, without undergoing a peer-review
process [42]. These studies did not randomly allocate children to intervention or control groups, and
only small groups (or case study) were investigated. Although extensive generalization should be
avoided, the results of our study provide some tentative support for the effectiveness of a reading-to-dog
programme based on the use of objective assessments. Specific tests did not confirm any effect on
children’s social and literacy skills due to the presence of a dog. More research is therefore needed
to understand the impact of this type of intervention, considering potential confounding variables,
including individual factors or a different number of sessions.
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Simple Summary: Nutrition is one of the main causes of thyroid response and energetic metabolism.
Presently, there is a lack of information on the physiological effect of moderate activities in canines,
particularly in guide dogs. Aim was to compare the effect of diet on thyroid and lipid status
in guide dogs, during a 12-weeks training, fed two commercial diets, one, HPF, characterized
by low-carbohydrate/high-protein/high-fat (29:39:19% as fed) and the other, LPF, characterized by
high-carbohydrate/low-protein/low-fat (50:24:12% as fed) content. Our hypothesis was that the intake
of a diet rich in fat and protein would have given a better response than the carbohydrate-rich diet
for thyroid and lipid homeostasis to cope with the increased energy demands of dogs subjected to the
training period. Results evidenced that the consumption of a diet rich in fat and protein appears
the nutritional plan most suitable to support moderate exercise for guide dogs during the training
work; this diet supports maintenance of body weight, Body Condition Score (BCS), and serum
baseline thyroid and lipid profiles, offering potential improvements in dogs’ performances. However,
the chronic ingestion of diets that are extreme in their composition of either fat or carbohydrate
should be always approached with caution.

Abstract: Nutrition plays a leading role that most influences thyroid response and energetic
metabolism. Aim was to compare the effect of diet on thyroid and lipid status in guide dogs
during a 12-weeks training period. Eight Labrador Retrievers were divided into two groups
homogeneous for sex, age, body weight, and Body Condition Score (BCS) and fed two commercial
diets one, HPF, characterized by low-carbohydrate/high-protein/high-fat (29%:39%:19% as-fed) and
the other, LPFE, by high-carbohydrate/low-protein/low-fat (50%:24%:12% as-fed) content. The serum
thriiodothyronine (T3), thyroxine (T4), cholesterol (CHOL), triglycerides (TAGs) and non-esterified
fatty acids (NEFA) were determined at Day 0, 28, 56, and 84, before the daily training. Statistical
model included the effects of Diet (HPF vs. LPF) and Time (Day 0 to Day 84), and their interaction.
In the HPF group, Diet significantly (p < 0.01) increased T4, CHOL, and TAGs and decreased NEFA.
In both groups, Time significantly (p < 0.05) increased T4 and TAGs, CHOL at Day 28, and NEFA at
Day 56. The interaction did not influence serum hormones and lipid pattern. The adjustments in
thyroid and lipid responses to moderate exercise in HPF group were driven mainly by the nutrient
composition of the diet in relation to the involvement of metabolic homeostasis.

Keywords: guide dog; dietary protein/fat ratio; training; thyroid hormones; lipid panel

1. Introduction

Thyroid hormones are known to play a pivotal role in growth regulation, cognitive issues, cellular
function and metabolic implication [1,2]. It was shown that the hypothalamic-pituitary-thyroid
(HPT) axis activity decreases in response to food restriction, which is frequently interpreted to be
an energy-saving mechanism [3]. It has also been speculated that energy signaling, like obesity and
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energy restriction, alters thyroid homeostasis in dogs, with significant higher T3 and T4 concentrations
in obese dogs than lean dogs [4]. Moreover, the dietary protein quality and quantity content could
change HPT axis activity; in particular, the long-term low-protein diet affects the thyroid axis activity,
with the effect similar to that caused by starvation [5]. Some studies have shown a correlation between
T3 concentrations and resting metabolic requirements [6,7]; nevertheless, no correlation between body
weight and serum T3 concentrations was observed [4]. Moreover, serum concentrations of adiponectin
were significantly and negatively associated with T4 concentrations, and positively correlated with
cholesterol [8]. It is interesting to note that there is also an evidence that thyroid hormones and
lipoprotein alterations may have a role in susceptibility of dogs to infectious diseases [9]. Thus, thyroid
hormones in dogs may be involved in the regulation of fatty acid delta-6-desaturase activity [10].
The background of the thyroid signal transduction [11] and lipid metabolism in dogs exhibits some
unique characteristics compared to other species, and hyperlipidemia is common in dogs [12].

The primary plasma changes, that are needed to support long-lasting activity, are related to lipid
metabolism and, for this reason, the lipid pattern is frequently assayed during clinical evaluation [13].
Fatty acids are an important source of energy for skeletal contraction, particularly during exercise of
mild-moderate intensity, prolonged duration and in the fasting state [14]. Plasma free fatty acids (FFAs)
transported from remote adipose tissue stores and triglycerides (TAGs) contained within skeletal
muscle fibers are the major sources of these fatty acids. The relative contribution of each source is
dependent on the mode, intensity and duration of exercise and on training status.

Cholesterol arrives in the small intestine from both the diet and bile. The liver -not the diet-is
therefore the primary source of cholesterol available for intestinal absorption, a point that is often
underappreciated [15].

The relative contribution of fat and carbohydrate changes according to intensity and duration
of exercise, the physical training state and the environmental conditions in which the animal is
working [16]. With light prolonged exercise, there is a progressively greater use of fat until it can
contribute up to 80% of the caloric expenditure. Consumption of a diet rich in fat and protein produces
a shift toward a greater use of fat, with a concomitant reduction of both the intensity and duration of
effort that can be sustained. Conversely, ingestion of a carbohydrate-rich diet increases the percentage
of carbohydrate used and increases endurance [17].

To date, canine athlete physiology studies have primarily focused on endurance sled dog racing
and high intensity short duration Greyhound racing. There is a lack of information on the physiological
and biochemical changes of low intensity endurance activities in canines, particularly in the guide
dog [18]; this information is important in the determination of fitness level, detection of exercise-induced
injury and improvement of success, with the development of more specific training programs [19].

Our hypothesis was that the intake of a diet rich in fat and protein would have given a better
response than the carbohydrate-rich diet for thyroid and lipid homeostasis to cope with the increased
energy demands of dogs subjected to the training protocol.

The aim of this study was to compare the dietary effect of two different concentrations of
protein/fat/carbohydrates ratio on total iodothyronines and lipid panel in guide dogs for the blinds
(GDB) during a 12-weeks training period.

2. Materials and Methods

Operative procedures and animal care were carried out in compliance with guidelines of Good
Clinical Practices [20] and European regulation [21]. On the basis of the Italian regulation on animal
experimentation and ethics [22], the research received the institutional approval by the Ethical Animal
Care and Use Committee of the Department of Veterinary Science, of the University of Messina on 19
October 2016, Codex 006/2016 bis.
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2.1. Animals and Diets

The study was carried out on eight neutered adult Labrador Retriever dogs, clinically health,
housed at the Regional Centre Helen Keller (www.centrohelenkeller.it)of the Italian Blind and Guide
Dog School Union, in Messina (Italy), during the training work to guide service for the blind. The Centre
is unique in Italy and it is a member of the International Guide Dog Federation (IGDF), and as such
accredited to the highest international standards.

The trial was carried out on dogs without a history of diabetes or hypo- or hyperthyroidism. Dogs
admitted to the study were divided into two groups homogeneous for sex (2 male, 2 females), age
(HPF: 18.3 months; LPF: 17.5 months), initial BW-body weight (HPF: 26.9 kg; LPF: 26.5 kg) and Body
Condition Score-BCS (HPF: 4.33; LPF: 4.5, score 1-9). The first group, called HPF group, received a
“performance” diet, characterized by low-carbohydrate/high-protein and fat diet (29%:39%:19% as-fed),
whereas, the second group, called LPF group, received a “normal maintenance” diet characterized by
high-carbohydrate/ low-protein and fat diet (50%:24%:12% as-fed).

Dogs were individually housed in pens of six square meters, adjacent to a large outdoor space
where they could access during rest, and food was administered two times a day, in an individual bowl.

The trial was preceded by 7 days of adaptation period to the experimental diets; anonymous
was a normal maintenance diet usually used in the Centre along training work. The adaptation diet
was constituted by the mixture of the feeds; the HPF group received a mixture of anonymous with
“performance diet” and the LPF group a mixture of anonymous and “normal maintenance diet”; during
the 7 days, the anonymous was progressively replaced by the experimental diets. The quantity of
administered diet was the same previously adopted by the breeder.

During the trial, the Company sent three lots of feed. Each lot was separately sampled and
analyzed, as described by Chiofalo et al. [23].

Both the experimental diets of the Farmina Pet Foods line contained lamb meal as main protein
source and, from a qualitative point of view, the same ingredients, analytical compounds, nutritional
additives and antioxidants (tocopherol-rich extracts of natural origin). The information on the chemical
composition of “performance” and “normal maintenance” diets is reported in the Table 1.

The amount of feed daily administered to each dog was calculated on the ratio between the
calculated metabolizable energy requirements, as proposed by Hand et al. [24], for dogs that perform
work, characterized by a moderate duration and frequency and the caloric density of metabolizable
energy (ME) reported in the label [25], of each diet (HPF and LPF).

Table 1. Chemical composition and metabolizable energy of the diets 1,

Diet 2 Anonymous 3 HPF 4 LPF 4
Moisture, g/100g as-fed 9.0 5.42 0.48 6.12 0.57
CP, g/100g as-fed 26 39.24 0.84 24.40 0.32
Fat, g/100g as-fed 15.50 18.69 0.51 11.78 0.29
OM, g/100g as-fed ND 86.83 0.27 86.50 1.20
TDF, g/100g as-fed 2.80 11.59 1.13 13.03 1.46
Ash, g/100g as-fed 4.9 791 0.23 7.51 0.55
ME 3, kcal/kg as-fed 3900 4330 - 3423 -

CP = Crude Protein; OM = Organic Matter; TDF = Total Dietary Fibre; ME = Metabolizable Energy. ND = Not
Determined; ! Values are means + standard deviation; 2 Anonymous was the normal maintenance diet usually used
in the Centre along training work; HPF was the “performance” diet with low-carbohydrate/high-protein/high-fat
diet and LPF was the “normal maintenance” diet with high-carbohydrate/low-protein/low-fat diet administered
during the trial; 3 Values reported on the label; 4 Values determined analytically.
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2.2. Conditioning Protocol

All dogs were conditioned for training program activities one month prior to the dietary study
starts. All dogs were between 1 and 2 years of age and had been conditioned for the training program
to be guide dogs in the area described below (see Section 2.3) and they fed a typical maintenance
ration (see Section 2.1). Conditioning and training protocols remained the same for all dogs during
the dietary trials each of which lasted 12-weeks; thus, each dog served as its own control during the
dietary trial. Moreover, the dogs were accustomed to the blood collection since, before the beginning
of the trial, hematological and biochemical analyses were carried out on each subject to evaluate their
health status. Moreover, before the beginning of the trial, in order to assess the clinical status, all dogs
were also submitted to a physical examination [26].

2.3. Training Program

The method of participant recruitment is described by Lloyd et al. [27].

The training consisted of a various phases program in which the dog gradually learned more
guide work. This included leading a person in a straight line, stopping at any change in ground
elevation as well as overhead obstacles and obstacle avoidance. Feed rewards were used in the guide
dogs for the blind training program as a powerful motivation and reinforcement tool for learning and
maintaining desired behavior. During each training session (at Day 0, day 28; Day 56 and Day 84),
dogs were introduced to specific guide-work behaviors:

e  Stopping at streets, regardless of the type of curb or wheelchair ramp;

e  Clearing the space around the handler on the right and left sides as well as above the dog’s head;

e  Crossing streets on a line that efficiently reaches the up curb on the other side;

e  Maintaining consistent pace and drive with the verbal cue “forward”;

e  Responding to the various uses of the ‘hop-up’ verbal cue e resuming or increasing pace; moving
closer to a stopping point; or re-focusing;

e  Stopping and standing calmly after the verbal cue “halt”;

e  Leading the handler in a 90_turn to the right and picking up the new travel line on “right”;

e  Leading the handler in a 90_turn to the left and picking up the new travel line on “left”.

The guide dogs for the blind were trained 3 times a week. Each training session lasted
approximately 60 min [23].

2.4. Physical Examination

To evaluate the performance of the studied dogs, from the Day 0 (start of the administration of the
new food) to the Day 84, all dogs weekly underwent to physical examination [26] including: level of
consciousness; posture and gait; hydration status; rectal temperature (°C); pulse rate; respiratory rate
and breath character; perfusion indicators.

At the same time, on each animal, the BW and BCS were evaluated.

The determination of BW was measured on fasted animals, in the morning at 8:00 am, by using a
digital scale.

BCS was evaluated by assigning a rating scale that ranged from 1 (too thin) to 9 (too heavy) using
the table proposed by Nestle Purina [28-30].

2.5. Measurements of Hormonal and Lipid Patterns

In order to evaluate hormonal and lipid patterns in the fasting dogs, blood samples were monthly
withdrawn, at Day 0, Day 28, Day 56, and Day 84 before the exercise (8:00 am).

Before the trial, the dogs were accustomed for the blood collection procedure (see paragraph
Conditioning protocol). All samples were collected by the same operator into evacuated tubes (Venoject,
Terumo® Shibuya, Tokyo, Japan) and were immediately refrigerated at 4 °C after collection; the
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samples were subsequently (within 1 h) centrifuged for 15 min at 1500x ¢ and collected and stored at
—20 °C until their analyses. Serum total iodothyronine concentrations were analyzed in duplicate using
commercial immunoenzymatic assays (RADIM, Rome, Italy). The method is based on a competitive
immunoenzymatic assay and the reagents were prepared as described in the manufacturer’s protocol.
Total iodothyronines (T3 and T4) in the sample competed with T3 and Ty conjugated with horseradish
peroxidase (conjugate) for binding to specific antibody sites of anti-T3 and anti-T4 coated on the
wells. At the end of the incubation, all unbound material was removed by aspiration and washing.
The enzyme activity which was bound to the solid phase would be inversely proportional to the
concentration of T3 and T4 in calibrators and samples, and this was evidenced by incubating the
wells with a chromogen solution (tetramethylbenzidine) in substrate buffer. Colorimetric readings
were taken using a spectrophotometer at 450 nm (Sirio S, Radim/Seac Co., Rome, Florence, Italy).
The sensitivities of the assays were as follows: 0 t012.3 nmol/L for T3, and 0 to 512 nmol/L for Tj.
The lower detection limits for T3 and T4 were 0.15 nmol/L and 12.8 nmol/L, respectively. The intraassay
and interassay variance coefficients were 5.5% and 6.1% for T3 and 4.9% and 8.4% for T4, respectively.

Serum was analyzed for triglycerides (TAGs) using the enzymatic colorimetric method (GPO-PAP,
glycerol-3-phosphate oxidase-p-aminophenazone) of McGowan et al. [31], for cholesterol (CHOL)
using a modified Abell-Kendall/Levey-Brodie method [32] and for not esterified fatty acids (NEFA) by a
coupled enzymatic reaction system (ACS-ACOD Method). First, Acyl CoA Synthetase (ACS) catalyzes
fatty acid acylation of coenzyme A. Next, the acyl-CoA product is oxidized by Acyl CoA Oxidase
(ACOD), producing hydrogen peroxide which reacts with the kit’s Colorimetric Probe. The colorimetric
reading was taken using a spectrophotometer at 570 nm.

2.6. Statistical Analyses

To account for the study design, a mixed model analysis of variance [33] with the fixed effects
of Time (Day 0, Day 28; Day 56 and Day 84) and Diet (HPF vs. LPF) was applied. The interaction
(Diet x Time) was forced into every model. Random effects in the model were individual dog. Residuals
were examined for normality; in each case residuals were normally distributed. Least Squares Means
(LSM) and standard error of the mean (SEM) were calculated. The comparison between LSM were
performed using the Tukey test. Differences were considered significant for p < 0.05.

3. Results

The effect of environmental temperature is unlikely to play a significant role in this population’s
energy requirement. It is known that the temperatures outside of the thermoneutral zone of 20 to 30 °C
will increase the energy requirements by 1 to 5 kcal e BW73 per °C per day when above or below
this zone [25]. During the 3 months of the study (1 March to 24 May), the dogs spent their time in
thermoneutral zone (23 + 2 °C); considering the kennel’s geographic location, it was unlikely that the
temperatures at night dropped below the thermoneutral zone.

3.1. Physical Examination and Body Weight

During the trial, the dogs presented adequate hydration status and rectal temperature within the
physiological ranges (38.4 °C + 0.32). The evaluation of pulse at femoral artery showed physiological
characteristics about strength and quality, and the pulse rate within reference ranges for dogs (92 bpm
+ 14) [26]. The mean of respiratory rate, determined visually or by auscultation as count either
inspirations or expirations, was within the physiological ranges (18-29 + 3) [26]. Mucous membrane
color was pink, capillary refill time was less than 2 s.

The results of the present study regarding dog’s performance were published by Chiofalo et al. [23].
Briefly, the diet influenced the animal performances (Table 2) in relation to their different protein, fat
and carbohydrate contents, showing a significantly higher BW in the HPF group than those of the LPF
group, as well as a significantly higher BCS in the HPF group than those of the LPF group.
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Table 2. Effect of the diets on BW and BCS of the trial !.

Groups 2
Items p-Value 3
HPF SEM LPF SEM
BW, kg 25402 0.21 23.44° 0.26 <0.001
BCS, score 1-9 4642 0.12 4.01° 0.15 0.003

BW = Body weight; BCS = Body Condition Score; ! Values are means (LSM) + standard error of the mean (SEM);
2 HPF = low-carbohydrate/ high-protein and fat diet; LPF = high-carbohydrate/low-protein and fat diet; 3 Probability
values for the effects of Diet; > ® Within a row, means with different superscript letter were significantly different
(p < 0.05).

The BW and the BCS of dogs were monitored weekly during the whole time of the 12-week
feeding period. As observed by Chiofalo et al. [23], no significant differences of BW in the dogs of the
HPF group from Day 0 (26.9 kg) to Day 84 (25.40 kg) were observed, whereas, the BW in the dogs of the
LPF group was affected by the time showing a significant (p < 0.05) decrease from the beginning to the
end of the trial (Day 0: 26.5 kg; Day 84: 23.44 kg). The interaction Diet X Time showed no significant
differences (p = 0.270). This could be due to the high variability of the BW in each group during the
trial. The trend of the BCS showed no significant differences in relation to the Time (p = 0.997) and to
the interaction Diet X Time (p = 0.991) for the whole trial period.

3.2. Hormonal Response

As regards the trend of iodothyronine concentrations in relation to the diet (Table 3), after the
12-weeks diet intervention, T3 concentration was significantly not influenced whereas, T4 concentration
showed significant higher mean level in HPF group than that observed in LPF group.

Table 3. Effect of the diet on serum hormonal and lipid panel concentrations for the whole trial period !.

Groups 2
Items p-Value 3
HPF SEM LPF SEM

T, (nmol/L) 2.64 0.83 248 0.83 0.617

T, (nmol/L) 33.192 112 29.10® 117 0.003
CHOL (mg/dL) 175.822 3.34 141.43° 498 0.001
TAGs (mg/dL) 53.98 2 2.33 42.06° 2.44 0.006
NEFA (mg/dL)  0.50® 0.04 0.642 0.04 <0.001

T3 = Thriiodothyronine; T4 = Thyroxine; CHOL= Cholesterol; TAGs= Tryglicerides; NEFA= Non Esterificated Fatty
Acids; ! Values are means (LSM) + standard error of the mean (SEM); 2 HPF = low-carbohydrate/high-protein and
fat diet; LPF = high-carbohydrate/low-protein and fat diet; 3 Probability values for the effects of Diet; b Within a
row, means with different superscript letter were significantly different (p < 0.05).

In relation to the variable Time (Table 4), the T3 response was not significantly influenced during
the trial, whereas T4 concentration was significantly influenced, showing significant lower values at
the Day 28 than those observed at Day 0, 56, and 84.

The interaction Diet x Time showed no significant differences for T3 as well as for T4 concentrations.

110



Animals 2019, 9, 597

Table 4. Profile of serum hormonal and lipid panel concentrations during the trial 1.

Time 3 p-Value *
Groups 2 SEM : -

0 28 56 84 Diet Time DxT

T; (nmol/L) HPF 2.58 2.69 2.65 2.65 039 0617 0963 0.872
LPF 242 2.54 2.50 2.50 0.38

T, (nmol/L) HPF 32.062 28.69 P 36.44 2% 34.30 2% 119 0.003  0.023 0.274
LPF 33912 27.77b 29.23 by 29.47 by 1.16

CHOL HPF 172.60° 182402  168.00b%  180.60%  3.82  0.001  0.031 0.449
(mg/dL) LPF 161500 176502 13150  154.00bY 454

TAGs HPF 64302  60.30 X 42.33b 48.00 P 212 0.006  0.002 0.373
(mg/dL) LPF 54002  46.002by  4200P 32.00° 2.34

NEFA HPF 0.26° 0.54 by 0.70® 0.53 by 0.03 <0001 <0.001 0.126
(mg/dL) LPF 0.36° 0.62 bx 0.82° 0.74 4% 0.03

T3 = Thriiodothyronine; T4 = Thyroxine; CHOL= Cholesterol; TAGs= Tryglicerides; NEFA= non-esterified fatty
acids. ! Values are means (LSM) + standard error of the mean (SEM); 2 HPF = low-carbohydrate/ high-protein and
fat diet; LPF = high-carbohydrate/low-protein and fat diet; > Blood sampling at Day 0, Day 28, Day 56, and Day
84, before the exercise; * Probability values for the effects of Diet, Time, and Diet X Time; ab Within row, means
with different superscripts letter were significantly different (p < 0.05) due to time; *¥ Within column, means with
different superscript letter were significantly different (p < 0.05) due to diet.

3.3. Lipid Pattern

As regards the trend of lipid pattern in relation to the Diet (Table 3), after the 12-weeks diet
intervention, CHOL and TAGs concentrations showed significant higher mean levels, whereas NEFA
levels showed significant lower values in HPF group than those observed in LPF group.

CHOL, TAGs, and NEFA levels were significantly influenced by the Time (Table 4), showing in
both groups the highest values at the Day 28 for CHOL and at Day 0 and 28 for TAGs and at Day 56
for NEFA.

The interaction Diet X Time showed no significant differences for CHOL, TAGs, as well as for
NEFA concentrations.

4. Discussion

The primary objective of this study was to examine how normal-weight Labrador dogs respond to
HPF and LPF diets during a 12-week GDB training programs and to examine the relationships with the
potential changes in circulating THs and lipid panel concentrations. It is reasonable to assume that the
single components of diet may induce the metabolic changes, according to workload and performance
quality. On these bases, the shift of energy metabolism in a catabolic or anabolic direction during
training programs and exercise is characterized by a wide range of metabolic hormones changes, such
as total THs, according to lipid parameters. Our hypothesis was that the HPF diet would have given a
better answer than the LPF diet for thyroid homeostasis to cope with the increased energy demands of
dogs subjected to the training protocol.

Guide dogs for the blind have a great social impact because of their invaluable aid in providing
independent mobility to people with visual impairment; their service comes at high cost (approximately
25,000 euros) due to the large amount of resources, housing, husbandry and training, required to train
such animals [34]. Furthermore, success rates ranged between 50% and 56% for dogs in training [35]
contribute to large production costs. Although the most important skills to train in these dogs are
obedience, they also must have an appropriate nutritional plan, in order to support physical fitness.
Moreover, also the stress derived from the changes of life style (work and kennels condition) may
negatively affect food intake and live weight [24], causing metabolic disorders and some significant
modifications in laboratory parameters.

For guide dogs, a normal maintenance diet (crude protein = 20-23%; crude fat = 10%-12%)
does not meet the requirements during their training work and the use of large amounts of feed is
not recommended. The consumption of the “performance” diet, characterized by low-carbohydrate/
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high-protein and fat diet (29%:39%:19% as-fed), seems to be more appropriated for light prolonged
exercise than the ingestion of a normal maintenance diet rich in carbohydrates [17], limiting the weight
loss in the HPF group, as observed for the dogs of the LPF group (—18%). Nevertheless, all the animals
during the trial lost weight; this could be due to the training work for the service guide for the blind.
Weight loss is normal in guide dogs during the training, according to the exercise and the life in
kennel [23]. Moreover, considering then the Labrador retrievers may be genetically predisposed to
obesity and consequently to the osteoarticular diseases [36], and considering the important role of
GDB, they always maintain moderate body weight during the training program.

Major depots of fat accumulation are present under the skin (as subcutaneous fat) and they can be
readily observed and evaluated in dogs by using a BCS scale as indicator of the fat mass. If dietary
energy intake is less than energy need, fat mass and BCS decrease. Conversely, if intake exceeds
requirements, fat mass and BCS increase. This could explain our observation regarding a better BCS
mean value of HPF group that that observed in LPF group. On the whole, all the animals showed a
BCS within the ideal range (score 4 and 5). As reported by Hand et al. [24], a BCS of 2.5-3.5 (on a scale
1-5) is normal for more pets and for many canine athletes; the same authors observed that a much
leaner body composition is desirable for some canine athletes. Even small excesses of body fat may
represent an unnecessary handicap for working dogs.

In the present study, the circulating T3 and T4, CHOL, TAGs, and NEFA concentrations are reported
for the first time in clinically healthy Labrador Retriever guide dogs during training. The comparison
of hormonal data with published ranges for dogs revealed that T3 and T4 concentrations were in
agreement with physiological wide ranges reported in literature [37,38]. The results of the lipid pattern
ranged within the reference values [39] in agility dogs undergo during exercise [19] and in dogs during
low intensity endurance activity [18].

Korhonen [40] monitored the levels of THs, total lipids and urea of adult farmed raccoon dogs,
and compared these parameters with BW and feed consumption during intense, maintenance and
restricted fasting feeding. He observed a marked adjustment of thyroid hormones as the result of
changes in subcutaneous fat reserves. This could explain the significant differences observed in our
trial for T4 and BCS between HPF and LPF groups, according also to Eshratkhah et al. [41] that reported
an influence of THs on lipid metabolism, through increasing lipolysis in adipose tissue and stimulating
lipogenesis, by increasing the activities of some enzymes. In fact, the suitable function of thyroid
gland is essential to metabolic regulations and for maintenance of the energy balance of body [42].
THs appear to contribute in the body energy balance, modulating the basal metabolic rate, primarily
through actions in brain, heart kidney, liver, adipose tissue, and skeletal muscle [43]. The significant
differences observed for T4 between the HPF and LPF groups confirm that thyroid hormones were
influenced by altering feed intake, changes in subcutaneous fat reserves [40], such as by different diets
in relation to the quantity and quality of nutrient contents [44].

The consistent tendency to decrease of the T4 concentrations in LPF diet group could be probably
due to the continued weight loss showed by all dogs during the trial. This result confirmed previous
studies related to a decrease in T3 and T4 concentrations in dogs undergoing a weight loss protocol [4].
It is well established that thyroid hormone status correlates with BW and energy expenditure [41].
This could be an energy-saving mechanism related to a down regulation of HPT axis activity in
condition of caloric deprivation [3]. In human and rats, it’s been previously reported that during
food or caloric restriction, total body energy expenditure can slow down with an adaptive decrease
resulting in a fall in circulating THs [6,7]. Iodothyronines modulate the fat metabolism, and alterations
in T4 may reflect increased lipolysis to offset reduced feed intake [2]. The significant decrease in Ty
and no change in T3, in response to reducing energy intake, were unexpected. However, our data
confirmed other studies that have examined the HPT axis response to starvation with a decrease in
Thyroid Releasing Hormone, Thyroid Stimulating Hormone-f3 gene expression and circulating THs in
rodents and human [3]; the decreased T3 may be primarily due to diminished thyroidal secretion of Ty
or by increased Desiodinase (D3) activity in the liver, kidney, and muscles of starved rats [45].
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A particular note should be done on the thyroid response to variable diet. Only at the last of the
trial (Day 56 to Day 84), data showed a significant higher basal concentration of T4 in HPF group than
the mean value of LPF group. The positive value trend might relate to a reduced catabolism resulting
from decrease lipoprotein lipase activity [46], which determined a positive energetic balance of the
animals fed the “performance” diet rich in fat and protein.

These results could indicate that adjustments in thyroid function and related consistent increase of
circulating T4 concentrations in HPF group, that were driven mainly by the nutrient composition of the
diet in relation to the involvement of THs in the synthesis, mobilization, and degradation of lipids [47].

As TAGs are the most important type of fat in the diet and the body’s primary for stored energy,
during prolonged exercise and when energy intake is insufficient, they are metabolized in FFAs
determining an increase of NEFA in the blood which became a primary energy source for long-lasting
exercise [48]. Plasma FFA oxidation is directly related to the rate of lipolysis in adipose tissue [14].
Their oxidation can contribute 50 to 60 per cent of the energy expenditure during a bout of low intensity
exercise of long duration [49]. This could confirm the better BCS and the lower NEFA levels recorded
in the HPF than LPF groups related to the more adequate energy content of the “performances” diet
than that of the “normal maintenance” carbohydrate-rich diet. Moreover, the results of this study
indicate that the diet induces significant changes in TAGs concentrations. Circulating TAGs could
be a potential source of fatty acids for -oxidation in working muscle, especially in animals in the
fed state [50]. The rise in TAGs concentration after exercise depends on the intensity of exercise and
the activity of lipolysis, although FFA concentrations are considered to be a better indicator of lipid
metabolism [51]. The “normal maintenance” diet, characterized by high-carbohydrate/low-protein and
fat diet (50%:24%:12% as-fed), increased blood TAGs, as effect of lipolysis stimulation inducted from
the high request of energy during the metabolic adaptations that occur in skeletal muscle and adipose
tissue, and that facilitate a greater delivery and oxidation of fatty acids during exercise. Our results are
in accordance with Askew [49] and Kaciuba-Uscilko et al. [52] that observed a markedly enhancement
of FFA mobilization modulated by the thyroid hormones, in relation to a decreased feed intake.

Total CHOL concentration is routinely measured during health checks in small animal clinics [13].
The total serum concentration of CHOL has been recognized as a potential biomarker for various
processes related to lipoproteins metabolism [15]. Fialkovic¢ova et al. [53] reported that THs have
catabolic effects on muscle and adipose tissue and regulate CHOL synthesis and degradation; they are
essential for an appropriate degree of metabolic activity, including generation and release of energy.
It is possible presume that the higher CHOL levels of the HPF than LPF groups, would be probably
correlated to a greater intestinal absorption of medium and long chain fatty acids, which would be
esterified in situ and introduced again as lipoproteins and chylomicrons into the blood, testifying to an
improvement in the intestinal absorption of the nutrients of HPF group.

Our data are not in accordance with Bruss” observations [54] where serum CHOL level generally
varies inversely with thyroid activity. However, there are some contradictory findings regarding the
relation between serum THs, CHOL, and TAGs; the concentrations of THs were not correlated with
CHOL levels in some other animals [41,55,56]. Although the role of thyroid hormones is well known
in many species, there is little evidence describing the relationship between thyroid hormones status
and serum profiles of CHOL, TAGs, and NEFA in dogs [57].

This could probably due to the daily rhythmicity of total lipids, total CHOL, phospholipids, and
TAGs that occurs in some animals and that vanished when dogs were food-deprived, indicating that
these rhythms are driven by the digestive process [58].

Finally, literature data [54,57] report that changes in concentrations of THs in some animal species
are due to the effect of temperature and season. Our trial was carried out in spring and the dogs spent
their time in thermoneutral zone therefore, we think the environmental temperature could not have
influenced the energy requirements, the functional activity of the thyroid gland and the concentration
of THs [57].
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On the whole, the significant higher values of BW, BCS, TAGs, and CHOL, together with Ty
concentrations, and the significant lower NEFA concentrations in the HPF group, testified a better
physical fitness of the animals fed the “performance” diet [59].

5. Conclusions

Clinical biochemistry parameters are of major interest in canine sport medicine to assess health
status and fitness level, as well to monitor the mental and physical stress imposed by exercise. Presently,
there is a lack of information on the physiological effect of moderate activities in canines, particularly
in the guide dog.

Furthermore, for working dogs, the lifetime cost of feed, even if specially formulated, represents
a trivial fraction of the monetary investment in training. It is worth noting that guide dogs for the
blind are expensive to train, as well as being expensive in personal terms for all concerning if the
post-qualification period is unsuccessful; thus, this research is intrinsically leading for the guide dog
trade in several ways. The knowledge of metabolic changes is essential in order to design specific and
individual training protocols, for an early diagnosis of poor performances, to assess the impact of
different feeding or supplementation strategies and to minimize the risk of exercise-linked disease.
Results evidenced that the consumption of a diet rich in fat and protein appears the nutritional plan
most suitable to support moderate exercise for guide dogs during their training work, supports
maintenance of BW, BCS, and serum baseline thyroid and lipid profiles, contrasting the mobilization of
subcutaneous fat reserves, and offers potential improvements in challenging work situations. However,
the chronic ingestion of diets that are extreme in their composition of either fat or carbohydrate should
be always approached with caution.
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Simple Summary: Animal motion is characterised by predictable kinematics according to their
body morphology and the laws of gravity. This pattern of movement, called biological motion,
is traditionally studied using animated displays created by placing a small number of light dots on
the major joints of living beings. Previous studies have shown that several animal species can reliably
discriminate dot displays depicting an animal walking, and their performance is impeded when the
display is turned upside-down and is variably affected when each dot is displaced to disrupt the
global biological arrangement. In this study, we investigated this phenomenon in dogs during the
presentation of dot displays depicting humans or dogs walking. Our findings showed that dogs
preferred to view the display which depicted an upright dog, regardless of its global arrangement,
and had no significant preferences when displays depicting humans were presented. This suggests
that dogs’ sensitivity to biological motion depends mainly on the presence of dot motion that moves
in accordance with gravity. Also, our findings suggest that, despite dogs’ extensive exposure to
human motion, they are not sensitive to the bipedal motion presented in the human dot displays.

Abstract: Visual perception remains an understudied area of dog cognition, particularly the perception
of biological motion where the small amount of previous research has created an unclear impression
regarding dogs’ visual preference towards different types of point-light displays. To date, no thorough
investigation has been conducted regarding which aspects of the motion contained in point-light
displays attract dogs. To test this, pet dogs (N = 48) were presented with pairs of point-light displays
with systematic manipulation of motion features (i.e., upright or inverted orientation, coherent or
scrambled configuration, human or dog species). Results revealed a significant effect of inversion,
with dogs directing significantly longer looking time towards upright than inverted dog point-light
displays; no effect was found for scrambling or the scrambling-inversion interaction. No looking
time bias was found when dogs were presented with human point-light displays, regardless of their
orientation or configuration. The results of the current study imply that dogs’ visual preference
is driven by the motion of individual dots in accordance with gravity, rather than the point-light
display’s global arrangement, regardless their long exposure to human motion.

Keywords: dog; biological motion; point-light display; visual perception; experience

1. Introduction

Animal motion is characterised by predictable kinematics according to their body morphology and
the laws of gravity. Johansson [1] captured this movement by placing a small number of point-lights
on the major joints of a human body and found that when viewed in isolation they still created the
impression of a moving person—despite the lack of other visual information. Biological motion
perception has been extensively researched in humans, the results of which demonstrate that people
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are able to extract a wealth of information from point-light displays, including gender [2,3], emotional
state [4], familiarity [5,6] and action performed [7,8]. The perception of biological motion is also
relevant to non-human animals, although instead of assessing their ability to infer specific information
from point-light displays, research has tended to focus on demonstrating the relevance of biological
motion cues to the species under investigation via conditioned discrimination (Baboons [9]; Bottlenose
dolphins [10]; Cats [11]; Chimpanzees [12]; Pigeons [13,14]; Rats [15]) or spontaneous preference tasks
(e.g., Dogs [16,17]; Chicks [18-21]; Medaka fish [22]; Marmosets [23]; Mice [24]).

In order to assess an individual’s preference towards biological or non-biological motion,
point-light displays are often presented in conjunction with manipulated ones. A common stimulus
manipulation is to flip the point-light display along the horizontal axis. Inverting a point-light
display preserves the spatial relationship between dots, but alters the movement of individual dots,
which no longer conform to the laws of gravity. Studies conducted in human infants [25] and visually
naive chicks [20] have revealed that this disruption of local dot motion reduces the attractiveness of
point-light displays, so they are viewed for less time. It has also been shown that inverting a point-light
display impaired cats’ [11], marmosets’ [23] and pigeons’ [14] ability to discriminate biological motion.
This influence is particularly apparent in dots representing wrists or ankles, which are therefore
believed to represent crucial cues for detecting biological motion [26].

A different common manipulation is to scramble point-light displays, by moving individual
dots to a different starting position. Scrambling a point-light display disrupts the spatial relationship
between dots but maintains the trajectory and accordance with gravity of local dot motions. The impact
of disrupting the display’s global structure whilst preserving the local dots motion is less clear and
may be dependent on the species under investigation. For instance, research in human infants [25]
and chicks [19] revealed no visual preference towards coherent or scrambled point-light displays.
On the other hand, mice [24], female marmosets [23] and female chicks [18] looked significantly less
towards scrambled point-light displays than coherent displays. Blake [11] also found that scrambling
a point-light display impaired cats” ability to discriminate biological motion. However, Parron and
co-authors [9] found a higher rate of discrimination transfer between upright coherent point-light
displays to scrambled point-light displays than from upright coherent point-light displays to inverted
coherent point-light displays. Also, the finding that the inversion effect can still be detected when
displays are scrambled [26] suggests that the global structure of a point-light display may be less
important for biological motion perception than the motion of individual dots in accordance with gravity.

To date, limited investigation into biological motion perception in dogs has been conducted.
The first to present animated point-light displays to dogs were Kovacs and co-authors [16],
who investigated the role of oxytocin on dogs’ sensitivity to human motion. In their study, pairs
of stimuli were presented comprising an upright coherent human and an inverted and scrambled
human, with or without a background of random dots. The experiment revealed a significant effect of
oxytocin in modulating dogs’ looking preference, when the point-light displays were not masked by
random dots, implying that reducing dogs’ responsivity influenced their preference for different types
of point-light displays. However, no direct comparison of dogs’ visual preference to either stimulus
was presented, thus leaving unanswered the question of whether dogs do show a visual preference
bias towards human biological motion.

Ishikawa and co-authors [17] investigated the role of sociability on dogs’ preference for viewing
conspecific and human point-light displays. Several combinations of stimuli pairs were presented,
varying in terms of manipulation (upright or inverted orientation), direction of movement (frontal
or lateral) and species (dog or human). Dogs’ level of sociability towards humans and dogs was
measured via a questionnaire completed by the owner, which allowed researchers to categorise dogs
into high or low sociability groups. A complex pattern of results revealed that overall dogs looked
significantly more at human upright frontal point-light displays compared to their inverted control.
However, they also found that high-sociability dogs preferentially viewed human inverted point-light
displays when presented in the lateral orientation compared to its upright counterpart. And finally,
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that although low sociability dogs preferentially orientated towards upright dog displays presented
laterally compared with its frontally orientated control, high-sociability dogs exhibited the diametrically
opposite pattern of results.

In summary, the two previous studies into biological motion perception in dogs [16,17] were
not able to clearly answer to what types of point-light displays dogs are preferentially attracted.
A possible reason for this is because different types of point-light displays contain one or more different
motion features (e.g., upright, inverted, coherent, scrambled). Consequently, the aim of the current
experiment was to better understand what features of point-light displays dogs preferentially view,
by systematically manipulating physical aspects of point-light displays representing both dogs” and
humans’ motion.

2. Materials and Methods

2.1. Subjects

Forty-eight dog-owner dyads were recruited through the database of volunteers at the Laboratory
of Applied Ethology in the University of Padua. Twenty-eight dogs were pure-breeds (4 Australian
Shepherds, 4 Border Collies, 3 Cocker Spaniels, 3 German Shepherds, 3 Golden Retrievers, 2 Weimaraners,
1 Basenji, 1 Czechoslovakian Wolfdog, 1 Dogue de Bordeaux, 1 English Setter, 1 Greyhound,
1 Staffordshire Bull Terrier, 1 Standard Poodle, 1 Vizsla, 1 Whippet) and 20 were mixed-breed dogs
(4 small, <35 cm at the withers; 10 medium, >35 and <55 cm; 6 large, >55 cm). The sample consisted of
29 females and 19 males (mean age + SD: 5.3 + 2.6 years). The criteria for recruitment were that dogs
had lived with their current owner for the last six months and that they were in good health condition.
The study was conducted in accordance with relevant legislation about research involving animals, and,
for the type of procedures involved, no formal ethical approval was required.

2.2. Stimuli

The stimuli consisted of white point-light displays representing walking humans or dogs on
a black background (Figure 1). The point-light displays were created by video recording one male
and one female from each species walking with lateral orientation from left-to-right or right-to-left at
a constant speed for one complete cycle of their legs. Markers were placed on the following joints:
atlas-occipital, shoulder, elbow, wrist, hip, knee, ankle and, for dogs only, the metatarsophalangeal
and metacarpophalangeal joints. Videos were recorded at 120 frames per second. The videos were
stabilised using Adobe After Effects CC 2017 (Version 14.2.1, Adobe Inc., San Jose, CA, USA), so they
looked as if the person/dog was walking on a treadmill. The resultant movie clip was imported
into Tracker [27], where the coordinates for each joint marker were recorded frame-by-frame. Using
these coordinates, point-light animations were created using the BioMotion Toolbox [28] for Matlab
(Mathworks Inc., Natick, MA, USA). The resulting animation was looped to create 15 s presentations
with continuous motion. The BioMotion Toolbox was also used to create inverted and scrambled
versions of the original point-light displays. In inverted versions the overall point-light displays were
flipped upside-down, so that the spatial relationships between individual points were maintained,
but the characteristics of their local motion were opposed to that of a biological entity with respect to
gravity. In scrambled versions each individual dot composing the point-light display was randomly
displaced to a different starting position compared to its original location, thereby disrupting the
global coherence of the point-light display, whilst maintaining the characteristics of the local motion
with respect to gravity. Inversion and scrambling could be combined to obtain inverted-scrambled
point-light displays, so four different types of stimuli were created for both human and dog stimuli:
upright coherent (UC), inverted coherent (IC), upright scrambled (US) and inverted scrambled (IS)
(see Figure 1). Moreover, two versions of each stimulus were created, one where the animated figure
appeared to be facing right and one facing left.
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Figure 1. Screenshots exemplifying different types of stimuli used in the experiment: (a) human
upright coherent, (b) human inverted coherent, (¢) human upright scrambled, (d) human inverted
scrambled, (e) dog upright coherent, (f) dog inverted coherent, (g) dog upright scrambled and (h) dog
inverted scrambled.

2.3. Experimental Setting

The experiment was conducted in a quiet, dimly lit (approximately 4 cd/m?) room (4.7 X 5.8 m) with
a large plastic screen (2.4 x 3.4 m) at one end and a Toshiba TDP T100 projector (Toshiba corporation,
Tokyo, Japan) mounted 2.15 m high on the wall opposite. Pairs of stimuli were projected onto the
screen simultaneously. Human stimuli were sized approximately 130 X 80 cm and dog stimuli were
sized approximately 65 x 100 cm. The distance between the centre of each point-light display was
1.80 m. During testing, dogs faced the screen at a distance of 1.65 m, either standing or sitting in
between their owner’s legs who was seated on a small stool behind them (Figure 2). Owners were
instructed to gently hold the dog in place but look straight ahead so as not to influence the dog’s
behaviour. Trial presentation was controlled by an experimenter seated at the back of the room, using
a MacBook Pro. A Canon XA20 (Canon, Tokyo, Japan) camcorder was mounted at floor level, 10 cm
in front of the screen and facing the dog’s head, to record dog’s eye movements. Finally, two CCTV
cameras were mounted on the ceiling, facing down towards the dog to record its head orientation.
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Figure 2. A video-still of the experimental setting, during a presentation.

2.4. Experimental Design

For each species, all possible combinations of manipulations were paired, therefore obtaining
six different trial types per species, that displayed two different stimuli simultaneously (see Table 1).
The two stimuli within each trial type were facing the same direction. To contain experimental subject
habituation, each dog was only presented with three trial types per species (three dog point-light
displays and three human point-light displays), totalling six trials per dog; in addition, the direction of
movement of the figures was randomised and counterbalanced among the six trials. Overall, each trial
type, for both dog and human point-light displays, was seen by 24 subjects. The presentation order of
the six trials was pseudo-randomised, to ensure that each trial type was presented equally as often
first, second, third, fourth, fifth or sixth, and that human and dog trials were presented in alternate
fashion. Also, the side of presentation of the two stimuli, and the direction of movement of the figures,
were counterbalanced across the dogs’ sample.

Table 1. Combinations of stimuli presented in the six different trial types. Trials featuring these stimuli
were created for both dog and human point-light displays. UC = upright coherent, IC = inverted
coherent, US = upright scrambled, IS = inverted coherent.

Trial Type Stimulus 1 Stimulus 2
1 ucC IC
2 ucC Us
3 Us IC
4 Us IS
5 IS ucC
6 Is 1C

2.5. Test Procedure

Dogs were initially given ten minutes to become familiar with environment, including the
experimenter. Before each trial, dogs were led into the testing room and positioned in front of the
screen with their two left and two right paws either side of a central line marked on the floor. Each trial
was started when dog was looking straight forward towards the presentation screen; and if the dog did
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not express the behaviour spontaneously, then their attention was captured by moving the projected
computer mouse. At the start of the trial, the two point-light displays composing the trial-type were
projected, and held on for 15 s, after which the stimuli disappeared, and a black screen appeared. Dogs
were led out of the testing room at the end of each trial, and after a rest period of five minutes they
were reintroduced for the start of a new trial.

2.6. Data Collection and Analysis

Using Observer XT software (version 12.5, Noldus, Groeningen, The Netherlands) a continuous
sampling technique was used to collect data about dogs’ visual orientation from the videos recorded
during testing. Dogs’ visual orientation was coded as “left” if the dog was looking at the point-light
display to the dog’s left, “right” if they were looking at the point-light display to the dog’s right,
and “elsewhere” if the dog was looking anywhere else in the room. If at any time it was not possible to
tell where a dog was looking by the frontal video, then head orientation (videos from above) could
be used but this was rarely needed. Inter-observer reliability was assessed using data collected by a
second observer for dogs’ visual orientation on 20% of videos and was revealed to be good (Pearson’s
r = 0.85). Data collected about the dogs’ orientation were used to compute the total amount of time in
which dogs looked at the stimuli as well the total amount of time the dogs looked at either stimulus.
For the analysis, only data for dogs who looked at the display for a minimum of 5 s were included.

A generalised estimating equation (GEE) model was used to assess the influence of various
physical characteristics of point-light displays on the amount of looking time dogs directed towards
motion displays. In building the model, being scrambled (yes/no) and/or inverted (yes/no) were
included as fixed factors, as were their first-order interactions. The dog’s ID was included as a random
factor, to account for the repeated sampling from each dog. Bonferroni-corrected post-hoc comparisons
were performed when a significant effect was found for any of the factors included in the model.

As humans and dogs were never presented in the same display, the “species” factor was not
included in the GEE model described above, and separate models were run on data collected from
trials where dogs and where humans were presented. However, an additional analysis was performed
on the total amount of attention paid by dogs to either stimulus to determine whether the presentation
of dogs or humans had an overall effect in attracting dogs’ attention. To this aim, a GEE model was
run on total attention as dependent variable, the species displayed as a two-level factor, including the
dog’s ID as random factor.

All statistical analyses were conducted using SPSS (version 24, IBM, Armonk, NY, USA), with
statistical significance level set at 0.05.

3. Results

An average of 15 dogs in each trial across all trial types (min: 10; max: 19) looked at the stimuli
for more than 5.0 s. These dogs directed a minimum of 5.0 s towards both point-light displays, and a
maximum of 15.0 s, with a mean + SD of 9.6 + 2.9 s, with no significant difference between displays
showing dogs or humans (Wald x? = 0.277, p = 0.599). Of this looking time, dogs directed a minimum
of 0.0 s towards each stimulus, and a maximum of 15.0 s (mean + SD: 4.8 + 4.2 s).

Effect of Stimulus Properties on Looking Time

Results of the GEE indicating the effect of factors influencing dogs’ looking time towards human
point-light displays are summarised in Table 2. With regards to human trials, there was no effect
of inversion, scrambling or an interaction between the two at either time point. Results of the GEE
indicating the effect of factors influencing dogs’ looking time towards dog point-light displays are
summarised in Table 3. No effect was found on dogs’ looking time for scrambling and the interaction
between scrambling and inversion at either time point. Conversely, a significant effect of inversion
was found, with dogs preferentially looking at upright dog point-light displays (mean + SE: 5.5 +
0.45;95% CI: (4.7, 6.2)) compared to inverted dog point-light displays (4.2 + 0.3 s; 95% CI: (3.5, 4.8);
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mean difference + SE: 1.2 + 0.6 s; 95% CI: (0.1, 2.4)). Mean + SD looking time towards dog and human
point-light displays with different manipulations are presented in Figure 3.

Table 2. Results of the Generalized Estimation Equation model on looking time to each stimulus during
human trials. df = degrees of freedom.

Factor Wald x2 df p-Value
Inverted human 0.058 1 0.810
Scrambled human 0.400 1 0.841
Inverted X Scrambled human 0.023 1 0.880

Table 3. Results of the Generalized Estimation Equation model on looking time to each stimulus during
dog trials. df = degrees of freedom.

Factor Wald x? df p-Value
Inverted dog 4.198 1 0.040
Scrambled dog 0.347 1 0.556
Inverted x Scrambled dog 0.856 1 0.355

BICEISTUC US

14-

12-

10-

seconds

Dég Human

Figure 3. Mean + SD amount of attention paid by dogs to upright-coherent (UC), upright-scrambled
(US), inverted-coherent (IC) and inverted-scrambled (IS) light-point figures representing a walking dog
or a walking human.

4. Discussion

The current study investigated which features of biological motion the dogs’ directed more
looking time towards, by presenting them with pairs of point-light displays of walking dogs or humans
that contained aspects methodically manipulated (coherent/scrambled, upright/inverted). The results
revealed that dogs directed significantly longer viewing times towards upright dog point-light displays,
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regardless of their global configuration. No bias in visual preference was observed when dogs were
presented with any of the human point-light displays.

The finding that dogs significantly biased their looking time towards dog upright point-light
displays corroborates with previous research which found that inverting point-light displays reduced
the amount of looking time they attracted (e.g., chicks [20]; marmosets [23]) and impaired visual task
performance (cats [11]; pigeons [14]). Traditionally, inversion was believed to impact an individual’s
ability to process stimuli holistically, a renowned effect observed in face processing [29,30]. However,
in the case of biological motion stimuli, the effect of inversion is still present, even when viewing
scrambled point-light displays [26], when holistic perception would not be possible. More relevant to
the perception of biological motion is that inversion alters the kinematic properties of the moving dots,
which no longer move in accordance with the laws of gravity. Thus, a detrimental effect of inversion
on viewing times indicates that accordance with gravity is crucial to the detection of biological motion,
as observed in chicks and humans [20,31]. This seems also to be the case for dogs in our experiment.

Nevertheless, accordance with gravity as such is not sufficient to explain why our dogs showed
a bias in looking time for upright dog point-light displays, but not for upright human ones. A first
explanation could be focused on the movement of specific dots. Particularly, human and dog stimuli
differed in the amount of limb motion they contained. Not only was this due to the fact that humans
are bipeds, but even more feet motion was present in dogs’ point-light displays since two joint-dots
were marked on every dog limb (ankle and metatarsophalangeal or metacarpophalangeal joints),
whilst only one joint was marked on every human leg (ankle). Previous evidence showed that some
point-lights provided more movement information than others, implying that there was something
“special” about the motion of these dots. For example, Mather and co-authors [32] found that people
selected the direction with an accuracy rate of 90% if the shoulder and hip dots, or elbow and knee
dots were removed, but performed at near-chance levels if the wrist and ankle dots were removed.
It could be argued that the arm movement of the human point-light display contains all the same
biological movement that is contained in the legs, rising and falling under the influence of gravity.
However, the kinematics of arms and limbs/legs movements are quite different. In accordance with this,
Troje and Westhoff [26] also found that local feet motion was crucial for human participants to extract
directional information from point-light displays, and based on this they suggested that the local
motion contained in animals’ feet was used as part of an evolutionary system for detecting animals
within their visual environment. This idea is supported by Chang and Troje [33] who claim that it is
the vertical acceleration pattern which feet motion contains that is essential to allow the visual system
to identity an animal. Also, an electroencephalographic (EEG) study by Wang and co-authors [34]
found that humans automatically responded to the characteristics of the local biological motion, but
not of the global configuration.

A further aspect that needs to be considered when discussing the lack of effects of scrambling,
is ambient luminance. An earlier study showed that humans have difficulty in discriminating scrambled
from unscrambled biological motion figures at very low light levels [35]. The authors argued that such
conditions only affect the perception of local motion to a limited extent but make it more difficult to
assemble local signals into a global percept. Whether this is true, and at what light intensities this
occurs, is a matter of debate. For instance, Burton and collaborators [36] report an impairment in the
perception of (global) biological mot