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Abstract

Dogs were the first animal to become domesticated by humans, and they represent a classic model system for unraveling the processes of
domestication. We compare Australian dingo eye contact and socialization with Basenji and German Shepherd dog (GSD) breeds. Australian
dingoes arrived in Australia 5,000-8,000 BP, and there is debate whether they were domesticated before their arrival. The Basenji represents a
primitive breed that diverged from the remaining breeds early in the domestication process, while GSDs are a breed dog selected from existing
domestic dogs in the late 1800s. We conducted a 4-phase study with unfamiliar and familiar investigators either sitting passively or actively call-
ing each canid. We found 75% of dingoes made eye contact in each phase. In contrast, 86% of Basenjis and 96% of GSDs made eye contact.
Dingoes also exhibited shorter eye-gaze duration than breed dogs and did not respond to their name being called actively. Sociability, quantified
as a canid coming within 1 m of the experimenter, was lowest for dingoes and highest for GSDs. For sociability duration, dingoes spent less time
within 1 m of the experimenter than either breed dog. When compared with previous studies, these data show that the dingo is behaviorally
intermediate between wild wolves and Basenji dogs and suggest that it was not domesticated before it arrived in Australia. However, it remains
possible that the accumulation of mutations since colonization has obscured historical behaviors, and dingoes now exist in a feralized retamed

cycle. Additional morphological and genetic data are required to resolve this conundrum.
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Domestic mammals account for around 60% of mammalian
biomass, double the amount of humans, and 15 times wild
animals (Bar-On et al. 2018). Nevertheless, much still needs
to be understood about the process of domestication. Frantz
et al. (2020) review the process from ancient DNA genomes’
perspective and propose that the simplistic view of reproduc-
tive control and isolation from wild populations is no longer
a valid interpretation of animal domestication. Instead, they
suggest that domestication is a highly dynamic, nonlinear,
and taxon-specific process. One understudied taxon that has
the potential to provide insight into the processes of canid
domestication is the Australian dingo. This study aims to
experimentally compare eye contact and socialization of
sanctuary dingoes with two breed dogs that represent dis-
tinct stages within the domestication process. We then con-
trast these results with those previously collected for tamed
wolves. Here, we consider that eye contact and socialization
are experimental proxies for domestication.

Charles Darwin (1868) proposed that humans can shape
wild animals through the unconscious selection to become
tame and then by artificial selection to be domesticated.
Wild animals typically refer to animals that live or grow

independently of people in natural conditions and with nat-
ural characteristics. Darwin purported that wild animals can
become tamed to make them human-friendly without any
thought to any predetermined purpose. Such tamed animals
may have a relationship with humans for diet supplementa-
tion but avoid humans while breeding. Tamed animals are
not expected to fear humans or respond to active calling but
will initiate eye contact and be curious of humans (Darwin
1868; Belyaev 1979; Belyaev et al. 19835; Price 1999; Trut et
al. 2009; Sanchez-Villagra et al. 2016; Range et al. 2019).
Darwin (1868) suggested that tamed animals may become
domesticated through methodical or what we now call arti-
ficial selection. A long-term selection experiment on foxes
demonstrated that selection on tame behavior alone was
sufficient to drive correlated physiological and morpholog-
ical changes characteristic of the domestication syndrome
(Belyaev 1979; Belyaev et al. 1985; Trut et al. 2009). In
domestic dogs, humans have selected some breeds for hunt-
ing, whereas others have been selected for guarding and pro-
tecting livestock, for example. One genetic prediction is that
the suite of mutations associated with domestication will
leave a statistical signature on the genome, but there is debate
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regarding which genes may have been selected (Wang et al.
2013; Frantz et al. 2020).

Domestication is not an evolutionary dead end as animals
can return to living in the wild through the process of feral-
ization (Clutton-Brock 1981). Feral canids are predicted to
fear humans, avoid eye contact, and respond negatively to
any attempt at active engagement (Smuts 2010; Gaynor et
al. 2019). Gaynor et al. (2019) defined fear as spatial varia-
tion in the perception of risk influenced by, but distinct from,
both the physical landscape and the actual risk of mortality.
In Australia, humans are the “super-predator” (Darimont et
al. 2015), are a driver of wildlife changes, and induce fear in
large- and medium-sized carnivores (Suraci et al. 2019).

Feralized animals can revert to being domesticated
through the processes of retaming and redomestication
(Gering et al. 2019). They can be redomesticated within a
generation or retamed and then redomesticated gradually
over time (de Lavigne 2015; Gosling et al. 2013; McTavish
et al. 2013). As epigenetic and genetic changes are expected
to accumulate over time, it is most likely that the effort
required to retame and then redomesticate an animal is
proportional to the number of generations it has been feral.
Gosling et al. (2013) suggested that it is difficult to social-
ize feral cats to humans after 2 months of age. Longhorn
cattle were redomesticated from semiferal ancestors over
multiple generations (McTavish et al. 2013). Canaan dogs
were derived from feral dogs in Israel through a long-term
selective breeding program (de Lavigne 2015).

We assay canid eye contact and sociability with humans
in a four-phase study (Jakovcevic et al. 2012; vonHoldt et
al. 2017). Canid eye contact and duration have been studied
in a variety of scenarios with animals, including the detour
task (Pongracz et al. 2005), object choice paradigm (Viranyi
et al. 2008), and unsolvable task studies (Miklosi et al.
2003). Domestic dogs are expected to initiate and extend
eye contact, be sociable to both unfamiliar and familiar
people, and respond positively to active engagement (Gacsi
et al. 2004; Miklosi et al. 2007; Udell and Wynne 2008;
Udell et al. 2011). In an unresolvable task assay, Maglieri et
al. (2019) compared eye-gaze duration for Czechoslovakian
Wolfdogs, German Shepherd Dogs (GSD), and Labrador
Retrievers with that previously collected from dingoes
(Smith and Litchfield 2013). They reported that the amount
of time spent gazing at humans by dingoes was comparable
to that spent by Czechoslovakian Wolfdogs and less than
for GSDs and Labrador Retrievers. Sociability may also dif-
fer within a breed or variety depending on their life histo-
ries. D’Aniello and Scandurra (2016) studied the behavior
of Labrador Retrievers living in a kennel and those living
in a house as pets when faced with an unsolvable task.
They report that kennel dogs exhibited less gazing toward
humans than pet dogs.

Sociability has been defined as the tendency to approach
and interact with unfamiliar people (Bentosela et al. 2016).
Bentosela et al. coded sociability as a “1” if the canid
entered a 1m semicircle around an investigator at any
point in each phase and “0” if it did not. Sociability dura-
tion was calculated as the proportion of time each canid
spent within the perimeter. Bentosela et al. (2016) exam-
ined the behavioral responses of wolves and mixed breed
pet dogs in a 4-phase study. The wolves used in the study
of Bentosela et al. (2016) were described as genetically wild
and “human socialized (tame)” interacting with humans
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daily. They report that wolves spent a significantly shorter
time in proximity to experimenters than did pet dogs and
less time in the proximity of an unfamiliar experimenter
than a familiar individual.

We compare behaviors of human socialized sanctu-
ary-dwelling dingoes with two domestic dog breeds that
were kenneled. We then compare our data with that previ-
ously published for wolves (Nagasawa et al. 2015; Bentosela
et al. 2016; Lazzaroni et al. 2020). Johnston et al. (2017)
assayed eye contact of dingoes and compared their results
with those published for humanized wolves and pet dogs
(Nagasawa et al. 2015). They reported that dingoes estab-
lished eye contact more than wolves across two different
studies with two different human handlers but held it for
shorter times than dogs. The simplest explanation for this
result is that dingoes were never genuinely domesticated
and now exist in a wild-tamed cycle (Crowther et al. 2014;
Jackson et al. 2017; Ballard and Wilson 2019; Smith et al.
2019). However, dingo ancestors may have been tamed and
domesticated in South East (SE) Asia before they arrived
in Australia (Ballard and Wilson 2019; Zhang et al. 2020).
It is unlikely that dingoes were domesticated in Australia.
Dingoes have played an essential role in the mobility and
protection of Aboriginal women, and pups were frequently
taken from the wild when they were very young (Philip
2017). The pups are a highly valued ritual food source,
whereas some others are adopted into human society. The
selected pups grow up in the company of women and chil-
dren, providing an effective hunting aid, a living blanket,
and guarding against intruders (Philip 2017). Puppies
showing potential hunting ability are not selected as pre-
ferred breeding animals (White 1972), indicating no artifi-
cial selection has taken place (Smith and Litchfield 2009).

We include two breed dogs that represent distinct stages in
the domestication process. Basenji dogs are an example of an
ancient breed and are proposed to represent an early domes-
tication stage (Parker et al. 2017; vonHoldt et al. 2010;
Wheat et al. 2019). Basenjis are indigenous to the woodland
savannah and rain forest areas of the Democratic Republic
of Congo, with no other breed dogs in this region. Two of
the 17 Basenjis studied here were born in the Democratic
Republic of Congo and thus represent true African dogs.
GSDs are a modern breed developed from livestock dogs in
the 19th century (Parker et al. 2017; Field et al. 2020). They
are not morphologically specialized and have been selected
for intelligence and independence (Parker et al. 2017; Field
et al. 2020).

We observed that dingoes exhibited shorter eye-gaze dura-
tion than Basenjis and GSDs and did not respond to their
name being called actively. Furthermore, sociability was
lowest for dingoes and highest for GSDs. When compared
with previous studies, the combined evidence indicates that
dingoes are behaviorally intermediate between socialized
wolves and Basenjis (Nagasawa et al., 2015; Johnston et
al., 2017). We suggest that it is most likely that dingoes
were never domesticated, and living animals exist in a wild-
tamed cycle. However, genetic mutations that have accu-
mulated over the last 5,000-8,000 years have the potential
to cloud predictions derived from extant organisms. Thus,
we cannot reject the hypothesis that dingoes were domes-
ticated in SE Asia and now exist in a feral-retamed cycle.
Additional behavioral, genomic, and morphological data
are required.
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Materials and Methods

Animals

Seventeen dingoes were tested in December 2018 (Table 1).
Of these, 14 were from Bargo Dingo Sanctuary (7 males and
7 females) and 3 were from Pure Dingo Sanctuary (1 male
and 2 females). Both sanctuaries are in SE New South Wales
(NSW), Australia. All dingoes were pure as determined by
microsatellite testing (Wilton et al. 1999; Wilton 2001). No
consistent differences were observed between wild-born and
sanctuary-born dingoes, and they were pooled for analyses.
One male was excluded from all analyses as his partner suf-
fered a broken leg before the study, potentially modifying his
behavior. The dingoes were housed in mated pairs and not
kept as pets. Volunteers fed and walked the dingoes daily, but
they rarely traveled from the sanctuary. The mean (SE) age
was 3.8 £0.44 years.

Seventeen Basenjis were assayed in January 2019 (Table
1). Of these, 8 were from Wuliango Kennels (3 males and
5 females), and 9 were from Zanzipow Kennels (4 males
and 5 females). Wuliango Kennels had 2 Basenjis located
in Townsville and 6 in Brisbane, Queensland, Australia,
whereas Zanzipow Kennels is in SE NSW, Australia. The 2
Basenjis from Townsville were imported from Congo, Africa.
Furthermore, 2 additional Basenjis from this kennel were F1’s
of individuals from the Congo. These 4 did not show any
unusual or distinctive behaviors from the remainder, which
were registered with the Australian Kennel Club. One male
from Zanzipow kennel was excluded from the study as he
was neutered. The Basenjis are kept in kennel packs with fre-
quent interactions between all dogs and their owners. They
frequently traveled with their owners and were 4.95+0.74
(SE) years of age.

Fifteen GSDs were tested in December 2018 (Table 1).
Eleven were from Kingvale Kennels (3 males and 8 females)
and 4 were from Allendell Kennels (1 male and 3 females).
Both of these kennels are in SE NSW. Two female GSDs were
subsequently excluded from the study as they came into estrus
within 10 days of the study. All GSDs were registered with the
Australian Kennel Club. GSDs were kept in large runs with
fewer males than females. All of the GSDs were socialized and
used to traveling distances in cars and trailers. The mean age
was 3.66 +0.44 years.

All canids had been around humans from a young age and
were used to being on a lead. Furthermore, every effort was
made to ensure the sanctuaries and kennels were as similar as
possible, but the canids were not kenneled in the same man-
ner. As such, at least some of the variation observed between
canids is likely to be due to their kenneling.

All experiments reported in this article were performed
under the Association for the Study of Animal Behaviour and
the Animal Behavior Society guidelines and were approved
by the Institutional Animal Care and Use Committee of the
University of New South Wales (18/148B for dingoes and
German Shepherds and 19/171B for Basenjis).

Experimental design

A black iron mesh transportable run measuring 4m long x
2m wide x 2m high was transported and built within each
sanctuary and kennel (Figure 1). The same folding chair was
placed at the back end of the run, and a 1m semicircle was
drawn around it. Cameras were positioned on the chest and
head of the person entering the run. Tripods were also placed
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Table 1. Canids included in the study
Canid Location Sex Age LocalID  Weight (kg)
Dingo Bargo M 8 X3170 22
M 4 w0235 22
M 4 W03802 20
M 3 w0303 22
M 3 X1039 22
M 3 X3172 22
M 1 W0363 17
F 8 X3171 18
F 4 WO0381 18
F 4 w0234 18
F 3 w0379 18
F 3 WO0378 18
F 3 WO0383 18
F 1.5 W0382 18
Pure dingo M 4 w0329 20
F 4 W0330 16
F 4 W0296 18
GSD Kingsvale M 5 GSD16 43
M S GSD14 40
M 2 GSD11 34
F 5.4 GSD10 33
F 5.1 GSD09 32
F 3.8 GSD1S 35
F 3.1 GSDO08 32
F 1.8 GSD12? 30
F 1.3 GSDO07 33
F 1.3 GSDO6 32
F 1.1 GSD13 28
Allendale M S GSDO03 38
F 6 GSD02 34
F S GSD04 34
F 4 GSDO5® 34
Basenji Wuliango M 9 BAS31¢ 10
M 6.8 BASO7 10
M 1.6 BAS32 10
F 2 BASO3 9
F 2 BAS02 9
F 8.9 BASOS 9
F 3.4 BAS04 9
F 2.5 BASO6 9
Zanzipow M 5.7 BAS26 9
M 6.7 BAS22 10
M 4 BAS24 10
M 1 BAS28 8
F 10 BAS27 10
F 10 BAS2S 10
F 4 BASO1 9
F 4 BAS30 9
F 2.6 BAS29 9

“Partner injured so excluded.
"In estrus.
‘Neutered male.
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Figure 1. Experimental design showing camera positions at Pure Dingo Sanctuary. (A) Back camera without canid. (B) Front camera without canid (door
open). (C) Back camera with dingo outside semicircle. (D) Front camera with dingo outside semicircle. (E) Head camera showing dingo eye gaze. (F)
Chest camera with dingo eye gaze. Pictures have not been altered. Slight variances in color reflect lighting/camera-specific differences.

at the front (behind the gate), back, and on either side of the
run (Figure 1). Video cameras then recorded each canid during
the 4 phases of the study, each lasting for 2 min (Jakovcevic et
al. 2012; Bentosela et al. 2016; vonHoldt et al. 2017).

The 2-phase experimental design followed vonHoldt et al.
(2017). Recordings from cameras’ recordings were analyzed
for canid—human eye contact and time within a 1m semicir-
cle around the experimenter. Inclusion of multiple cameras
enabled precise determination of eye contact, eye-contact
duration, and time within the semicircle. Briefly, all canids
were walked on a lead by their handler/owner to a transport-
able run and then released. The order of canids at each dingo
sanctuary and each kennel was random. For each canid, the
procedure was as follows:

Phase 1 (duration 2 min): An unfamiliar person entered the
enclosure, sat on the chair, and looked at the floor.

Phase 2 (duration 2min): The unfamiliar person repeatedly
called the canid by name in an attempt to encourage it to
approach, trying to keep it the circle without restraint. The
unfamiliar person then left the run.

Phase 3 (duration 2min): The animal’s usual (familiar)
handler/owner entered and sat on the chair, looking at the
floor.

Phase 4 (duration 2min): The usual handler/repeatedly
called the canid by name in an attempt to encourage it to
approach, trying to keep it the circle without restraint. The
familiar person then left the run.

J.W.O.B. was the unfamiliar person in all Phases 1 and 2
studies. He wore a blue dust-overall (Figure 1) and changed
clothes between locations so canids would not be distracted
by smells from another location, which may affect behavior.
The most familiar person, their handler or owner, entered
the run for Phases 3 and 4, so the level of familiarity was
as constant as possible. The same instructions were given
to all human participants; however, differences in behavior
between humans remained. These included the frequency of
calling the canids’ names and the amplitude of vocalizations.
Collaborators and timers were out of sight of the canid being
tested and instructed to keep quiet, not to cause a distraction.

The experimental run was isolated from all other canids,
but differences occurred within and between sites. If a canid
urinated or defecated in the cage during the study, it was
cleaned and allowed to air dry before the next one entered the
cage. The ambient temperature for studies was in the range
of 20-30°C at all sites except at Zanzipow Kennels, where it
was above 35°C during 4 assays. There was, however, a cool
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breeze, and the behaviors of these Basenjis did not appear
compromised.

Coding

Videos from all 6 cameras were downloaded to a computer for
analysis. The starting and finishing times of each phase were
recorded onto an Excel spreadsheet. The videos from around
the run were edited into a single channel to code eye-contact
and eye-gaze duration. The editing was conducted to show
the best angle of view, thereby enabling accurate assessment
of eye gaze and body position. Eye contact was characterized
to have occurred if an animal’s nose angled up toward the
handler’s face (Johnston et al. 2017). It was coded as “0” if
it did not make eye contact in each phase or “1” if it was
observed. Eye-contact duration in each phase was then inde-
pendently scored in seconds.

Raw videos were used to determine the time within the 1m
semicircle. Most generally, we used the single video behind
the experimenter; however, we used a second angle to cor-
roborate time in the semicircle if there was any obstruction.
Sociability contact was coded as “0” if it did not occur or a
“1” if the canid entered the semicircle. Sociability duration,
determined as the proportion of the duration of the phase
each canid spent within the perimeter, was then independently
calculated.

Interobserver reliability was performed between three
observers, each coding at least 20% of the data. For the cate-
gorical data of eye contact and sociability Cohen’s Kappa was
equal to or greater than 0.94. For the continuous variables
of eye-gaze duration and time in the 1m semicircle, the intr-
aclass correlation coefficients were equal to or greater than
0.98. As a consequence, for each phase, results are an average
of all coders.

Statistical analyses

Statistical analyses were completed in JMP 15 (SAS Institute,
Cary, NC, USA). Logistic regression assessed eye contact and
sociability contact as the dependent variable was binary. We
followed the logistic regression with an odds ratio test on
the significant parameters. The test provided pairwise odds
ratios and probabilities >x2. These probabilities were used to
construct a compact letter display to indicate significance. A
mixed-model Analysis of variance (ANOVA) assessed eye-
gaze duration and sociability duration analyses. We consid-
ered the mixed-model ANOVA appropriate. It is relatively
robust to the normality assumption (Kirk 1995) and enabled
post hoc testing without repeated analyses of the same data.
In both analyses, factors were canid variety (dingo, Basenji,
and GSD), the experimenter (unfamiliar and familiar), and
activity (passive and active). All interactions were included,
and an alpha level of 0.05 was adopted. Preliminary analyses
showed that age and sex did not affect any parameter tested.
For visual clarity, nonsignificant effects were collapsed, and
graphs were plotted in Prism 8 (GraphPad, San Diego, CA,
USA).

Results

Eye-contact and eye-gaze duration

Eye contact was characterized to have occurred if an animal’s
nose was observed to have angled up toward the handler’s
face at any point in each phase. Dingoes made less eye contact
than the domestic dog breeds (Figure 2). For dingoes, 15/16
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Figure 2. Proportion of dingoes, Basenji dogs, and GSDs making eye
contact. Logistic regression shows canid had a significant effect on
sociability (see text for details). Nonsignificant effects were collapsed
(see text for details). Mean = SE with all data points shown (either 0 or
1). Bars not connected by the same letter differ significantly according to
odds ratio testing.

made eye contact in phase 1, 13/16 in phase 2, 11/16 in phase
3,and 13/16 in phase 4. For Basenjis, 16/16 made eye contact
in phase 1, 16/16 in phase 2, 14/16 in phase 3, and 14/16 in
phase 4. For GSDs, 11/13 made eye contact in phase 1, 13/13
in phase 2, 12/13 in phase 3, and 13/13 in phase 4.

Logistic regression shows that canid variety had a signifi-
cant effect on whether an animal made eye contact with the
experimenter (y*,=8.86, P=0.01). There were no significant
effects of the experimenter (x* =3.le-6, P=1.0), activity
(x*,=9.67, P=1.0), canid x experimenter (y*,=2.26, P=0.32),
canid xactivity ~ (x*,=3.90P=0.14), experimenter x activ-
ity (x*,=5.83e-8, P=0.99), or the three-way interaction
(x,=1.07e-6, P=1.00).

The eye-gaze duration was determined as the proportion
of time that each canid spent in direct visual contact with the
experimenter. Dingoes exhibited the shortest eye-gaze dura-
tion and did not respond strongly to their name being called
actively. Basenjis held eye gaze for a shorter duration than
GSDs, but both increased in duration when their names were
called. Duration increased by about 8% for Basenjis and 11%
for GSDs (Figure 3A). Eye-gaze duration toward the unfa-
miliar and familiar investigator was similar for dingoes and
Basenjis (2% and 7%, respectively). However, for GSDs, it
increased from 8% for the unfamiliar person to 12.5% for
the familiar person (Figure 3B). In phase 1, mean eye-gaze
duration of dingoes was 2.25+0.58s; in phase 2, it was
3.11+0.78s; in phase 3, it was 0.89+0.35s; and in phase 4,
it was 1.96 £ 0.58s. For Basenjis, mean eye-gaze duration was
4.2+1.25s in phase 1, 11.32+2.17s in phase 2, 2.67+0.63s
in phase 3, and 11.17+2.63s in phase 4, For GSDs, mean
eye-gaze duration was 2.5 +=1.08s in phase 1,13.33+3.18s in
phase 2,7.62+2.03s in phase 3,and 17.31=2.54s in phase 4.

ANOVA shows canid variety (F, .=23.97, P<0.0001),

activity  (F, ,=42.71,  P<0.0001),  canidxactiv-
ity (F, =825, P=0.0004), and canid x experimenter
(F, 43=3.47, P=0.03) had significant effects on eye-gaze
duration. Experimenter (F, .=0.74, P=0.39), experi-

menter x activity (F .= 0.008, P=0.93), and the three-way
interaction (F,, =0.15, P=0.86) did not significantly influ-
ence duration of eye gaze.
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Figure 3. Eye-gaze duration of dingoes, Basenji dogs, and GSDs in seconds. ANOVA shows canid, activity, canid x activity, and canid x experimenter had
significant effects on eye-gaze duration. Nonsignificant effects were collapsed (see text for details). (A) When the experimenter was passive and when
they actively called the animal. (B) When the experimenter was unfamiliar and when they were familiar. Mean + SE with all data points shown. Bars not
connected by the same letter differ significantly according to post hoc Student'’s t-tests.

Sociability

Sociability was initially determined by calculating the propor-
tion of canids coming within 1 m of the experimenter. Overall,
dingoes spent less time close to the unfamiliar investigators
than Basenjis or GSD’s and all canids spent a higher propor-
tion of time close to the familiar person (Figure 4). For din-
goes, 8/16 came within 1m of the experimenter in phase 1,
9/16 in phase 2, 15/16 in phase 3, and 15/16 in phase 4. For
Basenjis, 12/16 entered the semicircle in phase 1, 11/16 in
phase 2, 14/16 in phase 3, and 14/16 in phase 4. For GSDs,
12/13 were sociable in phase 1, 12/13 in phase 2, 13/13 in
phase 3, and 13/13 in phase 4.

Logistic regression shows canid variety and experimenter
had significant effects on whether an animal came within
1m of the experimenter (x2,=8.72, P=0.01 and »* =18.97,
P<0.0001, respectively). There were no significant effects
of activity (y?,=1.5e-10, P=1.0), canidxexperimenter
(x*,=1.62, P=0.44), canidxactivity (y*,=3.6e-8 P=1.0),
experimenter x activity (x>, =1.54e-10, P=1.0), or the three-
way interaction (x*,=3.67e-8, P=1.00).

For sociability duration, the canid, experimenter, and call-
ing activity influenced the time animals spent within 1m of
the investigator (Figure 5). Overall dingoes spent less time
within 1m of the experimenter than Basenjis or GSDs (27,
59, and 46 %, respectively). Canids spent less time within 1 m
of the unfamiliar than the familiar investigator (28 and 60%,
respectively) and less time close to the experimenter during the
passive phases than active phases (31 and 52 %, respectively).
Dingoes spent 0.11+0.04 proportion of phase 1 within the
semicircle, 0.1+0.07 proportion of phase 2, 0.39+0.07 pro-
portion of phase 3, and 0.49+0.07 proportion of phase 4.
Basenjis spent 0.29 =0.09 proportion of phase 1 within 1m of
the investigator, 0.1+ 0.11 proportion of phase 2,0.70+0.07s
proportion of phase 3, and 0.88 £0.047's proportion of phase
4. GSDs spent 0.26 +0.05 proportion of phase 1 within the
semicircle, 0.47 +0.09 proportion of phase 2,0.45+0.1s pro-
portion of phase 3, and 0.69+0.07 proportion of phase 4.

The main effects of canid (F, 145=22.24, P<0.001), experi-
menter (F,, ,=56.97, P<0.0001), and activity (F , =14.29,
P <0.0002) influenced the amount of time spent within the 1 m
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Figure 4. The sociability of dingoes, Basenji dogs, and GSDs determined
by venturing within 1 m of the experimenter. Logistic regression

shows canid and experimenter had significant effects on sociability.
Nonsignificant effects were collapsed (see text for details). Mean + SE
with all data points shown (either O or 1). Bars not connected by the
same letter differ significantly according to odds ratio testing.

semicircle. There were no significant effects of canid xactiv-
ity (Fz,ms =1.88, P=0.16), canid xexperimenter (Fz,ms =1.74,
P=0.18), experimenter x activity (F2‘168=0.18, P=0.67), and
the three-way interaction (F, =0.36, P=0.70). Consistent
with the eye-gaze duration assay, a post hoc #-test comparing
dingoes in the passive and active phases shows that actively
calling them did not increase the time spent in the circle
(t,=0.63,P=0.53).

Discussion

Domestication of the Grey wolf to yield the domestic dog is
arguably one of the best characterized evolutionary processes
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Figure 5. The sociability of dingoes, Basenji dogs, and GSDs determined
as the proportion of time canids spent within 1 m of an investigator.
ANOVA shows main effects of canid, experimenter, and activity with

no significant interactions (see text for details). Mean + SE with all data
points shown. Bars not connected by the same letter differ significantly
according to post hoc Student’s t-tests.

in evolutionary biology (vonHoldt et al. 2010). Nevertheless,
there are multiple gaps in our understanding. One under-
studied taxon that has the potential to provide insight into
the process is the Australian dingo. Here, we experimentally
compare eye contact and socialization of sanctuary din-
goes with kennel Basenji dogs and kennel GSDs that repre-
sent different stages of the domestication process. Basenjis
are a primitive breed that represents an early stage in the
domestication process. In contrast, GSDs have been strongly
selected by humans over the past 150years. Eye contact
and sociability data show that Australian dingoes do not
exhibit behaviors typical of a feral dog nor are they interme-
diate in behavior between the breed dogs. In combination,
these results suggest that dingoes were never domesticated.
Nevertheless, it remains possible that mutations have accu-
mulated since dingoes colonized Australia and obscure pre-
dicted feralization behaviors.

Eye contact data support the hypothesis that sanctuary
dingoes are intermediate between wolves and domestic dogs.
In the 2min phase, when the familiar investigator actively
called the canid (phase 4), we observed ~81% dingoes,
87.5% of Basenjis, and 100% of GSDs made eye contact
with their usual handler. Phase 4 of our study is similar to
the protocols previously used to study eye contact in var-
ious canids where they employed a 5-min testing window
(Johnston et al. 2017; Nagasawa et al. 2015). Johnston et al.
(2017) recorded 96% of sanctuary dingoes made eye con-
tact when the dingo was on a leash and 91% when it was
off-leash (their experiments 1A and B). Nagasawa (2015)
observed 55% of wolves and 100% of pet dogs made eye
contact. The observation that dingoes initiated eye contact
at a level intermediate between wolves and domestic dogs
prompted Johnston et al. (2017) to suggest that the moti-
vation to initiate eye contact in canids evolved early in the
domestication process.
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Combining our data with previously published results,
we observe that eye-gaze duration is lowest for wolves,
intermediate for dingoes, and increases for kennel dogs and
pet dogs. Here, phase 4 of our study, when a familiar per-
son actively calls to the canid, is similar to previous studies,
thereby provides an informed comparison (Johnston et al.
2017; Nagasawa et al. 20135). There is, however, a difference
in the interaction period, so we standardize studies to dura-
tion/min to enable comparison. In human socialized wolves,
eye-gaze duration was 0.09s/min (Nagasawa et al. 2015).
In dingoes, we observed that eye-median gaze duration is
0.9 s/min, whereas Johnston et al. (2017) reported that it is
0.54 s/min. In kennel dogs, we observed median eye contact
duration of 3.8 s/min in Basenjis, and 8.23s in GSDs. For pet
dogs, median eye contact time was 8s (Nagasawa et al. 2015;
Johnston et al. 2017).

Eye-contact data provide initial evidence to suggest that
dingoes have never been domesticated and exist in a wild-
tamed cycle in Australia. They did not avoid human eye con-
tact, and eye gaze did not change when their name was called.
A significant decrease in eye contact was not observed and
is predicted if dingoes existed in a recently feralized-retamed
cycle (Smuts 2010; Gaynor et al. 2019). In contrast, Basenjis
and GSDs had greater eye contact and eye gaze and responded
when their name was called. Minimally, this indicates that
dingoes are less responsive to social cues than domestic dogs
and this suggests they are more independent than breed dogs
who expect a reward for their attentive behavior (Gacsi et al.
2004).

Sociability and sociability duration assays also show that
sanctuary dingoes are intermediate between human-so-
cialized wolves and domestic dogs. We observe sanctuary
dingoes spent significantly less time in the proximity of
experimenters than breed dogs (all phases, 27% dingo,
60% Basenji, and 47% GSD). Further dingoes spent 10%
of their time close to an unfamiliar experimenter and 44 %
within the proximity of a familiar individual. Bentosela
et al. (2016) conducted a similar experiment with genet-
ically wild and human-socialized wolves and a broad set
of domestic dogs, but their conditions differed slightly.
Wolves were tested in familiar outdoor enclosures, whereas
dogs were tested in the part of their home that they felt
most comfortable as such slight differences are expected.
Bentosela et al. (2016) report wolves spent significantly
less time in the proximity of experimenters than did pet
dogs (25 and 70%, respectively). They also spent less
time close to an unfamiliar experimenter than a familiar
individual (31 and 64 %, respectively). Showing the same
trend, Lazzaroni et al. (2020) found that human-social-
ized wolves seemed to be less attracted to familiar humans
than similarly raised dogs, highlighting the critical role of
domestication in affecting dogs’ social behaviors toward
humans.

There are notable strengths and several limitations of the
ethology study. The same cage was built in each sanctuary,
and animals entered the cage without distress. No canids
were under 18 months and were all within an age range
of 8years, so results are unlikely to be affected by age-re-
lated differences. All canids had been around humans from
a young age, and no individual family pets were included.
However, there were differences in the canids’ kenneling,
and the familiar person differed slightly in their behaviors
increasing variation within sites. A limitation of the study is
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that we did not include wolves. Therefore, it remains possible
that the differences we observed may be accounted by meth-
odological differences.

These data indicate that the behavior of dingoes is function-
ally intermediate between wolves and breed dogs. Ockham’s
razor suggests that dingoes were never domesticated and now
exist in a wild-tamed cycle (Crowther et al. 2014; Jackson et
al. 2017; Ballard and Wilson 2019; Smith et al. 2019). Our
data support this hypothesis as dingoes did not avoid eye
contact when they were actively called, which is predicted
for feralized and retamed canids (Smuts 2010; Gaynor et al.
2019). However, it is not clear that predictions derived from
recently feralized animals’ events will apply to those feralized
centuries ago. Thus, it remains possible that dingo ancestors
were tamed and domesticated in SE Asia before they arrived
in Australia, and they now exist in a feral-retamed cycle
(Ballard and Wilson 2019; Zhang et al. 2020). Additional
studies with brain imaging, the examination of DNA meth-
ylation patterns, expression profiling, and genomic tests of
allele frequencies data are required to test the hypothesis that
dingoes were never domesticated and will facilitate addi-
tional impetrations of behavioral data (Scott and Fuller 1965;
Klinghammer and Goodman 1987; Trut 1999; Persson et al.
2017; Smith et al. 2018; Ballard and Wilson 2019; Zhang et
al. 2020).
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