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a b s t r a c t
We used two sets of videotaped data of playing domestic dog dyads to determine whether rolling over
during play served as a signal of submission or whether it was a combat maneuver adopted as part of
an ongoing play sequence. Our results provide strong support for the latter. In the absence of any overt
indication of agonism, the frequency with which rollovers occurred was determined primarily by play
bout length. The discrepancy in partner size had no effect on the probability that rollovers would occur
and there was no evidence that smaller dogs were more likely to rollover or to sustain a supine posture
for longer, if they did. The supine phase of rollovers was signiﬁcantly skewed to short durations. Most
rollovers were either defensive (evading a nape bite) or offensive (launching an attack). None could be
categorized as submissive. We conclude that asymmetries in the performance of rollovers cannot be
assumed to point to asymmetries in the relationships between play partners.
This article is part of a Special Issue entitled: Canine Behavior.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
The domestic dog (Canis lupus familiaris) is a subspecies of the
gray wolf (C. Lupus) that expresses high phenotypic diversiﬁcation as a consequence of driving artiﬁcial selection by humans
(Wayne and Ostrender, 1999). The relatively recent origin of the
taxon (Freedman et al., 2014) has, in part, given rise to the assumption that the behavioral proﬁle of domestic dogs (dogs, hereafter) is
broadly mappable onto that of wolves (Mech, 1970; Bekoff, 1972;
Abrantes, 2005. But see Coppinger and Coppinger, 2002 for a different perspective).
Associated with aggressive interactions between wolves (Mech,
1970), is a suite of ritualized agonistic displays that serve to
curtail active aggression by signaling dominance and subordination. One famous exemplar of the latter is the ‘rollover’ (Lorenz,
1942), whereby a subordinate animal rolls over onto its back, often
spontaneously, in an act of ‘passive submission’ or appeasement
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(Packard, 2003) that inhibits attack by the dominant one. This
behavior is coupled with other distinct postures and behaviors,
indicative of ritualization, that include ﬂattened ears, curved spine,
tucked tail, reduced mobility and averted gaze (Schenkel, 1967;
Mech, 1970; Abrantes, 2005).
Despite observed differences in social organization (Pal et al.,
1998; Boitani et al., 2007), including the failure to observe the
strong dominance relationships thought to be characteristic of wolf
packs (Bradshaw et al., 2009), the observation that rollovers occur
during play-ﬁghting in dogs has also been assumed to indicate
submission, and has led to their being used to identify play partners as dominant or subordinate (Bauer and Smuts, 2007; Ward
et al., 2008; Fox, 1969). This suggests that, in the context of playﬁghting, rollovers serve to prevent a shift to aggression, either by
terminating the bout before escalation occurs, or by allowing the
engagement to be recalibrated so that play can continue.
There are at least two other possibilities that may account for
the occurrence of rollovers during play. Firstly, self-handicapping
by a larger or more dominant animal has been reported as a means
of soliciting play (Bekoff, 1974; Palagi, 2008), with rolling over onto
the back in front of the potential play partner being one such gesture
(e.g., LeResche, 1976; Pellis et al., 2014). Secondly, in both dogs and
canids more generally, the nape of the neck, the throat and the snout
(Aldis, 1975; Bekoff, 1976; Fox, 1969) are gently bitten during play
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ﬁghting, and rolling over may be used as a combat tactic, either by
the defender to block access to the play target or by the attacker to
gain access to the target. Such combat uses of rollovers have also
been reported in the play ﬁghting of non-canid species of mammals
(e.g., Pellis and Pellis, 1987; Pellis et al., 2014).
If rollovers during play are acts of submission, then we would
expect them to be (i) triggered by behavior that is overtly aggressive or that causes detectable discomfort or pain, (ii) performed
predominantly by one of the play partners, who will be disadvantaged by being smaller or weaker, and (iii) the supine position will
be sustained, thereby (iv) inhibiting the play behavior or aggression
of the other animal. If, on the other hand, they are executed tactically, for combat purposes, then they should (i) be triggered by an
attack and (ii) serve to block it or (iii) lead to an immediate attack or
counter-attack. They are therefore either likely (iv) to be performed
by either partner or (v) by the larger animal in the context of soliciting play. They will therefore (v) not inhibit the continuation of play.
Finally, if used for playful solicitation, rather than inhibiting attack,
rollovers should elicit playful attack by the nearby partner. To test
these predictions, we analyzed two sets of videotaped footage of
the play bouts of adult dogs.

89

researchers and so did not interact with each other. Accordingly,
to overcome this, we spoke to the dogs or petted them until they
either started playing or had ignored each other for 5 min. Data
collection took place between 6pm and 8pm, from June to August
2011.
We used a Samsung SD camcorder to document sessions and
began ﬁlming once the dogs engaged with each other, either by
coming face-to-face and making prolonged eye contact or when
one of the dogs sniffed the other. Filming was ceased if the dogs
had not interacted with each other for more than ﬁve consecutive
minutes.
2.2. Data set 2: YouTube videos of playing dogs
To obtain video footage of unique pairs of playing dogs, we
searched YouTube, using the keywords dogs and playing, and
selected 20 videos in which the beginning and end of play bouts
were clearly discernible. We selected 10 videos in which partners
were of approximately the same size and 10 in which the two dogs
were judged to be different in size relative to one another.
2.3. Data extraction

2. Methods
2.1. Data set 1: staged play with a target dog
2.1.1. Subjects
We paired a single medium-sized female dog with 33 play
partners of differing sizes and breeds. This approach enabled the
selection of test subjects that were bigger, smaller and the same
size as the standardized play partner. Although this raises unavoidable issues of pseudoreplication, we did so for three reasons. First,
we wished to ensure that all play partners were unacquainted
with each other so that recorded rollovers could not be ascribed
to any prior establishment of dominance. Second, and following
this, by using a known dog with a placid temperament, we wanted
to allow for the possibility that being paired with an unknown dog
would elicit behaviors associated with dominance and subordination, while minimizing the risk of agonistic escalation. Third, by
having a standard target dog for each of the subjects, it increased the
chance that any differences among the dogs, due to differences in
relative size to the play partner, was not due to possible individual
differences in the partners used.
We used opportunistic sampling of owners at a pet store in Lethbridge, Alberta to recruit subjects. We asked the owner(s) if their
dog was well-socialized (i.e., did it have experience of daycare centers or playgroups) and whether they could recall any instances in
which the dog had been involved in aggression. Dogs with a history of overt ﬁghting were excluded from the study. We obtained
body weight and height data from the owners. All procedures were
approved by the University of Lethbridge Animal Welfare Committee.
2.1.2. Procedure
Play sessions took place in an indoor laboratory containing
a cordoned-off play arena measuring 5.5 m × 3.5 m. This area
included a door that opened into a small room in which the target
dog was placed before the session began. Each session involved only
the target dog and a single partner. On arrival, owners brought their
dogs into the laboratory, placed them in the arena and remained
with them until they had settled in. Once the dogs were relaxed,
the owners left the laboratory and the target dog was released from
the holding room. Two researchers remained to record the session
and to manage the dogs. A pilot study indicated that dyads that
were left alone in the arena tended to focus their attention on the

We used the Free Video to JPEG Converter (v. 5.0.6. build 221)
software to reconﬁgure the video as individual frames (25 fps).
When viewing the recorded sessions, we used the ethograms provided by Bekoff (1972, 1974), Horowitz (2009) and Ward et al.
(2008). Playful interactions varied from rough-and-tumble play
to the chasing of one dog by the other. In the latter case, we
used the descriptions of canine body language by Abrantes (2005)
and Handelman (2008) to distinguish between play and avoidance
behavior.
The converted footage allowed quantitative estimates to be
made of the number of rollovers performed by each subject, the
frequency with which rollovers occurred, the duration of the play
bout, as well as the duration of the supine phase of the rollover, in
which the animal was on its back with all four feet off the substrate.
Moreover, the videotaped material also allowed Eshkol-Wachman
Movement Notation (Golani, 1976) to be used for detailed qualitative analysis of the contexts in which rollovers occurred. The
analyses of the videotaped material were in three phases.
2.4. Data analysis
2.4.1. Qualitative analyses
Eschol-Wachman movement notation (EWMN) is a globographic system, designed to express relations and changes of
relation between parts of the body, with the body (i.e., body and
limb segments) treated as a system of articulated axes (Golani,
1976). An important feature of EWMN is that the same movements
can be notated in several polar coordinate systems. The coordinates
of each system are determined with reference to the environment,
to the midline axis of the subject’s body, and to the next proximal or
distal limb or body segment. Its primary value in the study of social
interactions is that the movement by one animal can be described
as relative to the body of the other animal (Moran et al., 1981; and
see Appendix A in Pellis et al., 2013 for a detailed outline of how
the system is used to record the behavior of two interacting animals). By transforming the description of the same behavior from
one coordinate system to the next, invariance in the behavior may
emerge in some coordinates but not others (Golani, 1976).
We used EWMN to describe 20 rollovers occurring in playful
interactions containing rollovers from data set 1 to identify when
and how rollovers occurred. Then, EWMN was used to describe 20
rollovers in play ﬁghts from data set 2 were also notated as an independent evaluation of whether the contexts identiﬁed for the use of
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rollovers were common to a wider range of dogs. The categories of
rollovers identiﬁed in this way were then subjected to quantitative
analyses using the fuller data sets of available rollovers.
As the most subjective phase of the analysis was the EWMN
descriptions, a procedure was implemented to ensure their objectivity. The principal observer (KN) produced all the EWMN scores.
Twelve of the notated scores were randomly selected and read
by another (SMP), who had not previously watched the video
sequences. The reader then provided a verbal and written description of the sequences and these were compared to what the dogs
actually did on the videotape. In each case, the naïve reader recreated the actual movements performed, conﬁrming that the EWMN
scores were an accurate descriptive representation of the behavior.
2.4.2. Quantitative analyses
For the analysis of data set 1 (play with a target dog), we
analyzed only play partner data. As we found a strong positive
correlation between the height and weight of the target dog and
those partner dogs (N = 27) that did play (r = 0.85, N = 27, P < 0.001),
we conﬁne our presented analyses to height. Using weight did
not affect the outcomes. We used logistic regression to determine
the effect of body size and play bout duration on the probability
that rollovers would occur during a bout. In the analysis of the
duration of the supine phase of the rollover (hereafter ‘rollover
duration’), where subjects contributed more than one datum to
analysis, we ran generalized linear mixed models (GLMM) under
restricted maximum likelihood estimation, with rollover duration
as the dependent variable and subject identity as the random
effect. We conducted all statistical tests using Stata 13 (StataCorp,
2013) or JMP 10 (SAS Institute, 2012). Tests were two-tailed, with
alpha = 0.05. Again, data from the two data sets were analyzed separately so as to determine whether both converged on the same
patterns.
3. Results
3.1. Qualitative analyses of rollovers
From the 40 sequences notated using EWMN, four distinct categories of rolling over were discernible. Given that few people are
able to read EWMN scores, the types of rollovers are described
in written form with photographs of sequences illustrating the
main types. While several contexts were identiﬁed in which rolling
over occurred, in none of the 40 interactions subjected to EWMN
analysis, did any dog rollover in a manner that is consistent with
submission. That is, no dog rolled over in response to an approach
or aggressive action by the partner and did not remain passive in its
back. A quantitative evaluation of all instances of rolling over was
conducted to ascertain whether such submissive rollovers were
ever present (see Section 3.3).
3.1.1. Offensive rollovers
During rough and tumble play, dogs compete to make contact
with, and bite the nape and neck region of their partner (Fig. 1). To
gain such access, the attacking dog may lunge forward and roll over
onto its back, raising the head with open mouth, biting at the throat
as the distance is narrowed. The roll occurs around the longitudinal
axis and is coupled with a lateral component if the approach is from
the side.
3.1.2. Defensive rollovers
When one partner attempts to make contact with the nape and
neck region of their partner, the recipient may avoid such contact
by rotating their head and neck, thus moving the nape away. If such
rotation is insufﬁcient to prevent contact, either it is coupled with
the lowering of the forequarters or the rotation of the upper and

Fig. 1. Photographs illustrate a sequence involving a defensive rollover. TD
approaches and makes contact with the right side of the bull terrier’s neck (a). The
bull terrier begins to rollover by rotating his head and directing his mouth toward
TD’s mouth (b and c). Once fully on his back, the bull terrier counters TD’s advances
by opening his mouth and moving it to block TD’s open mouth lunges (d).

lower torso around the longitudinal axis until the dog is lying on
its side or back. From this position, the defender not only moves
its nape out of reach but it is also in a position to block any further attack with its forepaws and its own open-mouth lunges at its
partner (Fig. 2).
3.1.3. Solicitation rollovers
Solicitation rollovers occur in the absence of any clear offensive or defensive movements toward or away from the neck. The
performer is oriented toward the partner, gazing in that general
direction, then will roll around the longitudinal axis until lying on
its back in close proximity to the other dog. That these types of
rollovers are associated with attempts to solicit play is suggested by
the frequent occurrence of play bows before the roll. If the partner
does not engage in play, following a rollover the performer regains a
standing position and may attempt another play bow or solicitation
roll, or may cease interacting all together (Fig. 3).
3.1.4. Other
The other instances whereby rolling over occurred were during
periods of rest in which the individual ceased playing and moved
away from their partner. These rollovers had no discernible social
context and likely represented non-social behavior.
3.2. Quantitative analyses of rollovers
3.2.1. Date set 1: target dog
3.2.1.1. Aggression and the occurrence of play. We recorded no
aggressive behavior from the target dog and no rollovers prior to
the initiation of play by any partner dog. Ten of the 33 partners did
not engage in play. Three of these growled at the target dog when
introduced to it, whereas only two dogs that subsequently played
did (Fisher Exact Test, P = 0.053). The clearest indicator that play
would ensue was tail wagging by the partner dog. Three of the 10
dogs that did not play wagged its tail while 17 of the 23 active play
partners did so (Fisher Exact Test, P = 0.026). Among the dogs that
did play, the mean play bout length was 843.1 s (+770.7 SD).
3.2.1.2. The occurrence of rollovers during play. Nine of the 27 play
partners rolled over during the play bout. To determine what factors
would predict whether a rollover would occur, we ran a logistic
regression with the height of the play partner relative to that of the
target dog (partner height/target height) and play bout duration (s)
as independent predictors (Table 1). The results indicate that play
bout duration, but not relative height, was positively associated
with the likelihood that a play bout would elicit at least one rollover
(Fig. 4). For those nine animals that did rollover during play, the
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Fig. 2. Photographs illustrate a sequence involving an offensive rollover. The target dog (TD) approaches the anterior head and neck of the German shepherd with her head
lowered and her mouth open (a) then rotates around her longitudinal axis with her mouth oriented toward her partner’s chin (b). Once lying on her side, TD lunges up and
bites her partner’s cheek (c). The partner lifts her head and leans back, moving her face out of TD’s grasp, but then TD lunges again with her mouth open (d).

Fig. 3. Photographs illustrate a sequence involving a rollover that is used to solicit play from a partner. The pug on the left (a) approaches TD and performs a play bow. TD
moves away without responding playfully, and the pug orients laterally in front of her and rolls over onto his side (b and c). Although TD looks down at him, she does not
initiate play. The pug sits and gently, with his left paw, paws toward Penny’s face (d).
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Table 1
The relationship between play bout duration and the height of play partners on the
probability that a play bout will contain at least one rollover.

Play bout duration
Relative height
Constant

ˇ

SE

z

P

95% CI

0.003
−0.515
−2.439

0.001
1.486
2.361

2.480
−0.350
−1.030

0.013
0.729
0.302

0.001
−3.427
−7.066

0.005
2.397
2.188

2

Log likelihood = −10.467; LR CHi2 = 13.44; P = 0.012; Pseudo R2 = 0.39.

Table 3
The relationship between the relative size of play partners and the duration of the
play bout on the frequency with which play bouts were performed.

Play bout duration
Relative size
Constant

ˇ

SE

t

P

95% CI

0.061
1.300
−1.522

0.014
2.586
2.392

4.450
0.500
−0.640

0.000
0.622
0.533

0.032
−4.156
−6.568

0.090
6.757
3.524

F2,17 = 11.54; P = 0.0007; Adj. R2 = 0.57.

Table 4
The effects of the relative size of play partners (similar, dissimilar) on the duration
of the supine phase of the rollover.

Relative size
Constant

ˇ

SE

z

P

95% CI

0.098
12.730

7.784
5.640

0.010
2.260

0.990
0.024

−15.158
1.675

15.354
23.784

2

Log restricted-likelihood = −580.99; Wald Chi1 = 0.00; P = 0.99.

Table 5
The effect of relative partner size on the duration of the supine phase of the rollover
in dyads of dissimilarly sized dogs.

Relative size
Constant

ˇ

SE

z

P

95% CI

13.768
6.137

9.681
6.646

1.420
0.920

0.155
0.356

−5.206
−6.889

32.742
19.163

2

Fig. 4. The relationship between the duration of the play bout and the likelihood
that it will contain a rollover is shown. Circles identify actual play bouts, while the
line indicates the transitional probability.

correlation of relative height against rollover frequency, with play
bout duration controlled for, was r = 0.56 (N = 9, P = 0.11).
3.2.1.3. Duration of the supine phase of the rollover. We assessed the
effect of relative height on the duration of the supine phase of the
rollover by the nine play partners that did roll over during play
(N = 87 instances). To control for repeated measures, we entered
partner identity as a random effect in a GLMM. The results indicate that the effect of relative height was signiﬁcant (Table 2), with
larger partners sustaining the supine posture for longer.
3.2.2. Data set 2: YouTube dogs
3.2.2.1. The occurrence of rollovers during play. Rollovers were
recorded from all dyads during the play bouts, with 27 of the
40 dogs doing so. Fifteen of the dogs that did rollover were in
similar-sized pairs, while 12 were in pairs that differed in size.
The mean play bout length was 114.79 s (+96.9 SD). There was no
signiﬁcant difference between play bout lengths for similarly- and
dissimilarly-sized pairs (t = 1.23, 15.3df, P > 0.05). We ran a multiple
regression to assess the effect of the relative size of partners (similar, dissimilar) and the duration of the play bout on the frequency
with which rollovers occurred during a bout (Table 3). While relative size did not enter the model, there was a positive relationship
between bout length and the number of rollovers.

Log restricted-likelihood = −205.17; Wald Chi1 = 2.02; P = 0.155.

with dog identity as a random effect (Table 4). We found no effect.
We then repeated the analysis for dyads of different size, in order
to determine whether the smaller of the two partners was more
likely to sustain the supine position for longer (Table 5). We found
no signiﬁcant difference.

3.2.3. Duration of the supine phase
To assess the prediction that the supine phase of the rollover
will be prolonged if used for submission, we, used all the available data to compare the distribution of durations against the
normal distribution (Fig. 5). Both data sets differed signiﬁcantly
from the normal distribution (Shapiro–Wilk test: WTarget dog = 0.81,
N = 87, P < 0.0001; WYouTube dogs = 0.56, N = 161, P < 0.0001), exhibiting marked positive skew. This suggests that durations are short,
not prolonged.

3.2.2.2. Duration of the supine phase of the rollover. We ﬁrst
assessed whether the duration of the supine phase of the rollover
was longer in play partners of differing heights by running a GLMM
Table 2
The relationship between the height of play partners relative to the target dog and
the duration of the supine phase of the rollover is shown.

Relative height
Constant

ˇ

SE

z

P

95% CI

73.716
−18.957

9.107
9.317

8.090
−2.030

0.000
0.042

55.867
−37.218

Log restricted likelihood = 2249.953; Wald

2
Chi1

= 65.52; P < 0.0001.

91.564
−0.697

Fig. 5. The frequency distributions of the duration of the supine phase of the rollover
for (A) Data set 1 and (B) Data set 2. The expected normal distributions for each data
set are presented as black lines.
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Fig. 6. The percentages of the ﬁve possible forms of rollovers are shown for the two data sets. The distribution from data set 1 (target dog: N = 87) is shown as the ﬁrst column
(shaded) and that from data set 2 (YouTube dogs: N = 161) is shown in the second column (white).

3.3. The frequency of different types of rollovers

4. Discussion

As notated from the EWMN analyses, rollovers occurred in several different contexts, with three of the four discerned involving a
clear social context. Nonetheless, it is possible that since only a subset of rollovers were analyzed using EWMN, some of the rollovers
occurring during play ﬁghting may have been submissive. Therefore, all the rollovers that occurred in both data sets were scored as
to whether they occurred in association with launching an attack
(offensive), evading a nape bite (defensive), rolling in front of a
potential partner (solicitation) or rolling over in a non-social context (other). In addition, any rollover that occurred in the close
proximity of a partner, but not involving any of the other contexts
was also used as a possible category of rollover (submissive). As
can be seen from Fig. 6, most rollovers were defensive and none
of the 248 rollovers was submissive. Chi-square analyses revealed
that the distribution was signiﬁcantly non-random, based on treating each category as equally likely (data set 1: X2 = 235.64, df = 4,
P < 0.001; data set 2: X2 = 376.14, df = 4, P < 0.001). Because the overall values used were contributed unevenly by different dogs the
ﬁrst rollover from each dog (excluding the play partner from data
set 1) was used to determine whether the modal category shown
in Fig. 6 was also the case for individual dogs. Individual dogs from
both data sets were combined. From the ﬁrst rollover in the 34
dogs available for this analysis, 79.4% were defensive rollovers, a
signiﬁcant non-random distribution (X2 = 11.76, df = 1, P < 0.01).
It was also possible that once rolling over onto its back to
defend the nape, the performer could remain passive regardless
of the subsequent actions of the partner and, if so, this could signify that supine position could still be being used for submission
after the initial defensive function. This possible submissive role
would be underestimated in Fig. 6. Therefore, given that the defensive rollovers were the modal form of rolling over, the subsequent
action by the performer was scored once it lay on its back. If the act
is submissive, the performer should remain passive once it is on its
back. However, if rotating to a supine position is defensive, then
the performer should track the movements of the partner by keeping its mouth oriented toward the partner’s face, thereby blocking
attacks by the partner. For both data set 1 (78 defensive rollovers)
and data set 2 (128 defensive rollovers), 100% of the rollovers led
to the supine dog blocking the movements of the partner actively.
Indeed, more than half of these blocking actions were followed by
the supine dog biting the partner (52.3% for data set 1; 60% for data
set 2).

Rolling over on to the back and adopting a supine position occurs
frequently during the play ﬁghting of juvenile and adult dogs (Bauer
and Smuts, 2007; Fox, 1969). As this posture can be used as a submissive gesture in both dogs and wolves (Lorenz, 1942; Schenkel,
1967), it has been used to identify asymmetries in the relationships
between play partners in dogs (Bekoff, 1974; Ward et al., 2008).
However, as shown by studies of play in juvenile wolves, when
the correlated movements of both partners are considered, actions
leading to the supine position may be, in some cases, better interpreted as combat actions (Havkin and Fentress, 1985). Although not
analyzed in the same way, a study on the play of adult wolves indicates that some of the actions performed during play may similarly
be better interpreted as combat tactics rather than as submissive
signals (Cordoni, 2009). Moreover, this interpretation would be
consistent with studies of play ﬁghting in a wide array of species
from several taxa (e.g., Aldis, 1975; Pellis, 1988; Owens, 1975a,b;
Pellis et al., 2014; Reinhart et al., 2010; Symons, 1978). The results
from the present study show that rolling over to supine in the play
ﬁghting of adult dogs is most consistent with this maneuver being
used as a combat tactic.
To be used as a submissive gesture, we would expect the supine
position to be adopted by the smaller or weaker dog, yet, if anything, some of the present data indicate that the bigger dog is more
likely to do so. Similarly, if used as a submissive gesture, the duration of remaining supine should be long, yet the present data show
that they are skewed to the short end of the distribution. Also, if
submissive, there should be an asymmetry in the duration of the
supine position between pair mates. Our data provide no evidence
for this. Detailed analyses of when and how rollovers occur during
play ﬁghts revealed that 80–90% of them were deployed as a combat tactic, either to lunge and bite at the partner’s throat (offensive)
or to evade a bite to the nape of the neck (defensive). Indeed, the
large majority of the rollovers were defensive.
In some rodents, such as mice and rats, turning to supine is used
during serious ﬁghting to avoid bites to the rump area (Blanchard
et al., 1977, 1979; Pellis et al., 1992). Once on their back, they may lie
motionless (Grant and Mackintosh, 1963), which seems to inhibit
further attack (Thor et al., 1981). However, while both rats and mice
use the maneuver as a defensive tactic, mice are less likely to use
a supine posture during submission, because the attacker in this
species is more likely to switch from directing bites to the rump
to biting at the more vulnerable ventrum (Blanchard et al., 1979).
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Thus, mice will rapidly turn to supine to protect their rump, but
then immediately roll back to a prone position before ﬂeeing (Pellis
et al., 1992). Therefore, even when the initial rotation to supine
is a defensive maneuver, once supine, it can be maintained as a
submissive position. The same could be true for dogs during play
ﬁghting.
Yet, as indicated by the analyses of the identity of which partner
is most likely to rollover and the data on the duration of remaining
supine, the present ﬁndings are not consistent with the sustained
supine position indicating submission. Another possible course
of action, reported in rats, provides some potential insight into
the current ﬁndings on dogs. Although, once they have rotated to
supine, rats will occasionally remain completely motionless (Grant,
1963), they are also likely to move their heads slowly so as to be able
to continue to face the mouth of their opponent; this can lead to a
defensive bite to the side of their face if the opponent attempts to
bite the performer (Blanchard et al., 1977). That is, while remaining
supine, the animal can continue to maneuver in a way that provides
a defense against further attack. Similarly, we have shown that,
once they rotated to supine to defend their napes, the dogs did
not remain passive. Rather, like the rats, they moved their heads
in order to track the position of their partner’s face and, indeed,
in a majority of cases, coupled such tracking with a biting attack
that was directed at the partner’s face or neck. That is, even when
they did end on their backs as a defensive action, their subsequent
behavior was not consistent with the supine position being used as
a submissive gesture. Therefore, in all respects, the rollovers that
we observed and analyzed are consistent with their being used as
combat tactics, not as signals of submission.
There were a small number of rollovers (∼5%) that were consistent with their being signals rather than as tactics, but these
were used in a way that made them likely to be play solicitation gestures. The performer approached and rolled in front of its
partner – an action, in other species, reported to attract a playful
response from the partner (e.g., Palagi, 2008; LeResche, 1976; Pellis
et al., 2014). Moreover, such rollovers could be coupled with play
bows and pawing the partner, both of which have established play
signaling or solicitation functions (Bekoff, 1995; Horowitz, 2009).
Therefore, while a small percentage of rollovers served an apparently communicatory purpose, they did not function as submission
signals.
5. Conclusion
In the present study, none of the ‘rollovers to supine’ were consistent with their being used as gestures of submission by playing
dogs. Rather, a large majority was used tactically during play ﬁghting, while the few that were used as signals were used to solicit
playful contact. Therefore, the present study questions the assumptions that rollovers occurring during play signify submission and
that asymmetries in their use necessarily reﬂects differing social
status (Bauer and Smuts, 2007; Fox, 1969; Ward et al., 2008). It
is possible, however, that in studies where dogs have an established, prior relationship with each other, some rollovers could
function to indicate submission (Ward et al., 2008). Nonetheless, as
the analyses presented here make clear, this must be demonstrated
empirically, not assumed.
This has implications for how dogs negotiate their playful interactions. Two means of ensuring that play ﬁghts do not escalate
into serious ﬁghts have been proposed. First, during play, the animals follow what has been termed the “50–50” rule (Altmann,
1962), whereby both partners have near equal opportunity to get
the upper hand during an encounter, and so ensure reciprocity.
Indeed, a game theory simulation showed that play ﬁghts become
increasingly likely to escalate the further from parity the interactions deviate (Dugatkin and Bekoff, 2003). Second, an animal uses

play signals to telegraph to another animal that the impending contact will be playful (Bekoff, 1995) or to signify that a potentially
ambiguous maneuver during play is actually playful (Aldis, 1975).
The two, of course, can work in concert, with play signals being used
in situations in which there may be some ambiguity as to whether
the rule of reciprocity is being followed (Pellis and Pellis, 1996).
The considerable asymmetry in the rates of adopting the supine
position by playing dogs (Ward et al., 2008) led to the 50–50 rule
being challenged as a necessary component in the maintenance of
play. At the least, such marked asymmetry would suggest that some
species can tolerate considerable deviation from parity and still
remain playful (Bauer and Smuts, 2007). Indeed, while juvenile rats
engage in actions that tend to mitigate any one partner maintaining
the most advantageous position, so ensuring that interactions are
reciprocal (Foroud and Pellis, 2002), adult playful interactions can
be markedly asymmetrical (Pellis et al., 1993). However, as shown
here, an asymmetry in the adoption of a supine posture need not
reﬂect an asymmetry in the relationship structure of playing dogs.
Such asymmetries are more likely to emerge from individual differences in playfulness and play style (Pellis and McKenna, 1992),
set in the context of the particularities presented by the dyad itself.
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