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Abstract: Integrating physiological and behavioural arousal with social context is fundamental to
understanding affect in dogs. Cook et al. (2018) have made a worthy start towards illuminating the
neural basis of dog affect underlying resource loss. However, their study depends on retrospective
behaviour reports versus direct testing, and an interpretation of differential neural activation that
is based on too few dogs. Research groups conducting canine brain-imaging work might: (1)
consider collaborative approaches to augment sample sizes and replicability, and (2) take a recent
lesson from dog behavioural research regarding a more cautious approach to applying functional
labels to physiological and/or behavioural arousal.
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Cook et al. (2018) have shown that dogs reported by their owners to exhibit aggression towards
unfamiliar dogs have greater amygdala activation when they see their owner giving a treat to a
fake dog compared to seeing the owner dropping a treat into a bucket. The authors carefully
suggest that this transient amygdala activation (it disappears after 30 trials) may represent
jealousy.
This study’s method is to be lauded as one of the ways in which we might make progress
towards understanding the neurobiological basis of emotion in a socially complex non-human
species such as the dog. This approach is championed in an earlier writing by the first author (Cook
2017):
“… as scientists, we shouldn’t ask whether dogs feel about us as we feel about them. Nor should
we focus solely on the expression of emotion. Instead we should ask how dogs use valenced
representations of peripheral body states to inform decision-making and learning, and in what
situations these processes become engaged.” (p. 2; emphasis is mine)

This excerpt succinctly summarizes the rationale for the target study. Simulating a context in
which a resource (treat) is lost to a social competitor (fake dog) versus a non-social object (bucket)
by a valued social resource/attachment figure (owner) allows Cook et al. to examine the location
of differential brain activation (amygdala) and relate what is known about neuroanatomical
function to the dog’s past behaviour (conspecific aggression).
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Context, behaviour, individual differences, and physiological arousal must be intimately
intertwined with affect and cognition. In my canine research, we have examined the relationships
between hormones, behaviour, and canine personality in social contexts (e.g., Ottenheimer
Carrier et al., 2013; Walsh et al., 2014). As suggested by Cook (2017), there is not always a close
coupling of “peripheral body states” (e.g., HPA activation/cortisol release) and “the expression of
emotion” (e.g., behaviour or musculoskeletal changes). In our work, salivary cortisol increases
when dogs interact in a dog park. Does this indicate arousal with a negative valence, that is, “bad”
stress or fear? or arousal with a positive valence, as may occur during rewarding social
interactions, for example, play? Observing different behaviours (hunched posture vs. play) and
knowing whether the park and/or other dogs present (i.e., the context) is familiar to the dog can
help us differentiate the two possibilities. In fact, the effect of individual differences in personality
traits, specifically, neuroticism, on arousal also emerges when context (familiarity) is evaluated.
Disentangling the impacts of these various factors is necessary to understand the experiences of
individual dogs and even, perhaps, their welfare.
So, while we should not focus solely on “expressions of emotion” to indicate an affective
state, neither should we depend solely on physiology. Examining behaviour in conjunction with
physiological states gives us the best chance of correctly identifying the factors that shape
responses to particular contexts or events. This approach is partially incorporated by Cook and
his collaborators, as they use an owner-based retrospective inventory of each dog’s behaviour,
the C-BARQ (Hsu & Serpell, 2003). As we know, the best predictor of an individual’s future
behaviour is their past behaviour. In this light, the C-BARQ is a measure of a dog’s behavioural
tendencies or temperament. However, a reported history of no unfamiliar dog aggression could
reflect limited opportunity for such behaviours, inhibition of aggression due to incompatible
learned/trained behaviours, and/or predisposition for activation of other neuroendocrine
systems during interactions with unfamiliar dogs. If amygdala activation in the context of the
study’s fake dog scenario could predict future aggression in dogs who have not shown such
behaviours to date, then the authors are on to something. Unfortunately, there was no direct
behavioural testing of the study dogs (e.g., by evaluating their responses to the owner feeding a
[different?] fake dog when they were not in the fMRI). Cook et al.’s case for a relationship
between dog-directed aggression and amygdala activation would be strengthened if dogs with no
history of aggression, along with positive differential amygdala activation, actually showed
aggression in such a test. But what if aggression in the test was shown by dogs without positive
amygdala activation? We do not have these answers, because this test has not yet been reported
(or, perhaps, conducted).
The need for cautious interpretation of these data and further testing is clear; only 7 of 13
dogs had any history of dog-directed aggression to unfamiliar dogs (i.e., a score on the C-BARQ
sub-scale greater than zero, see Figure 2 in the target article). Of these 7 dogs, a mere five showed
a positive differential average amygdala activation, that is, more activation to the feeding of the
fake dog than to the dropping of a treat in the bucket. Notably, the dog with the greatest
amygdala activation (mean value = 1.28) had no reported dog-directed aggression at all (but might
exhibit it, given an appropriate test context).
We can understand why small sample sizes are a problem for canine brain-imaging studies
in general (Andics et al., 2016; Berns & Cook, 2016). It is not easy to train dogs to tolerate fMRI,
and samples for individual studies will likely always be hard-won and smallish. Not only do we
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need more studies and more trained dogs to encompass broader individual differences, but we
need to ensure that a range of important behavioural tests are carried out on the dogs for whom
we have brain-imaging data. No small tasks here! However, recent collaborative approaches to
replicating results and obtaining larger sample sizes (e.g., the Psychological Science Accelerator,
Chartier et al., 2018) might be very useful for this type of research.
As to the current study, the authors readily admit that more work is needed. But even
should their findings be convincingly replicated, would labelling the relationship as the complex
emotion “jealousy” be useful?
The study of emotion is not my expertise, so I leave the nuances of this argument to
others. However, recent work on two overt behaviours in dogs — the “roll-over” (Norman et al.,
2015) and the “play bow” (Byosiere et al., 2016) — may be instructive. In both cases, these
common dog behaviours have been assigned a priori to functional categories (i.e., as signals of
submission and meta-communication, respectively). The recent studies, through painstaking
behavioural observation and hypothesis testing, have caused us to re-evaluate and update these
views. Indeed, such behaviours can have multiple functions, depending on the context in which
they occur (e.g., play vs. fighting, Smuts et al., 2015). Errors in recognizing that canine roll-overs
do not necessarily reflect submission (as in Adolphs, 2017) could lead to flawed interpretations
about the affect underlying this behaviour. A clear empirical understanding of the dog behaviours
being evaluated is critical before discerning their underlying motivations or affect. My colleagues
and I argue that a motivationally neutral approach to the initial assessment and labelling of all
dog behaviour (and, by extension, associated emotion) is required to avoid conflating form and
function, or description and inference (Howse et al., 2018; see also the classic advice of Martin &
Bateson, 2007; Moran & Fentress, 1979). Importantly, this approach does not preclude the
emergence of functional explanations from the relationships among (convincing amounts of)
empirical data. However, in my view, even careful imposition of premature labels on physiological
or behavioural arousal is probably unwise, since they may turn out to be insufficient or simply
incorrect.
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