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Although it is understood that all humans grieve the death of close social
partners, little empirical research has addressed animals’ responses to
death. In this study, we collected quantitative data on the behaviour of
11 bereaved rhesus macaque (Macaca mulatta) mothers at Cayo Santiago to
the natural deaths of their infants and matched, non-bereaved controls. Our
research focused on behavioural signs of grief, including loss of appetite,
lethargy, increased stress and social withdrawal, highlighting that such
responses are documented in the human literature, but could be found
in mammalian taxa. Using mixed models, we found that, contrary to
prediction, bereaved mothers spent less time resting than the non-bereaved
control females in the first two weeks after their infants’ deaths. There were
no other behavioural markers of grief. We conclude that mothers showed a
short-term behavioural response to their bereavement that does not match
human’s prolonged ‘despair’ grief. We propose that mothers’ behavioural
responses might be a form of ‘protest’ grief, as is seen in primate infants
when separated from mothers and in humans, or do not grieve. We hope
to advance the field of comparative thanatology by providing a framework
and novel predictions for future studies in this area.

1. Introduction
Grief is generally accepted as a universal human behaviour, despite diverse
cultural mourning practices [1]. While there is no precise definition of grief,
grief is understood as a negative emotional response to (perceived) loss or
regret [2]. Throughout this article, we consider grief to be distinct from
bereavement. Bereavement describes the state of losing someone to death but
does not imply the negative emotional or behavioural response of grief [3].
Although cultural practices can exacerbate some symptoms of grief [2] by,
for example, proscribing social interaction [4], humans’ behavioural changes
in response to grief commonly include: reduced appetite [5]; lethargy due to
sleep disturbances [6]; increased anxiety [7]; and social isolation [8,9]. Given
that these behavioural responses to grief could be interpreted as maladaptive,
particularly if they are prolonged, the evolution of grief presents an evolution-
ary puzzle. Two hypotheses have been proposed to explain its evolution:
the byproduct and adaptive hypotheses. The byproduct hypothesis suggests
that grief evolved as a negative byproduct of strong selection on enduring
bonds in social animals. Bonds are maintained in life by feelings of panic and
pain if there is physical separation; an individual’s death results in irrepar-
able separation and prolonged panic/pain [10,11]. The adaptive hypothesis
suggests grief was selected, at least in humans, because it is an honest signal
of socially desirable traits—commitment and loyalty—of the bereaved [12].

Studies of animal grief are generally limited to anecdotal reports of limited
numbers of events [13]. However, some studies have used secondary analysis
to explore physiological and behavioural responses to bereavement that could
provide evidence for grief. Wild female chacma baboons (Papio ursinus) who
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lost a close relative to predation had a greater change in their faecal glucocorticoids in the month after the loss compared
to control individuals [14]. Similarly, bereaved humans who are grieving secrete higher levels of cortisol [15,16]. Behavioural
evidence for animal grief could come from observations of mothers’ behaviour after the deaths of their infants. A retrospective
study quantified the behaviours of 18 bonnet macaque (Macaca radiata) mothers before and after the deaths of their infants
and juveniles [17]. Mothers performed more self-directed behaviours, an indicator of acute stress, and vocalized more after
their infants’ deaths. These behaviours are similar to human grief behaviour [17], and could indicate a conserved response in
primates. However, these data were retrospective and compared females when they did and did not have an infant; it is not
possible to determine whether the change in behaviour was due to grief or an external environmental or other social variable
[18]. Similarly, elephants (Loxodonta africana) who visit conspecific carcasses may show self-directed behaviours and temporal
gland streaming, which may indicate an emotional response [19], but we are not aware of data showing that this occurs away
from the carcass, which would indicate a grief response rather than a response to the stimulus of the carcass. Finally, there is
some evidence that companion animals’ behaviour shows grief-like changes after a co-residing conspecific has died, including
less time playing, more time resting, and diminished appetite [20,21], but these survey data are influenced by the owners’
perceptions and do not account for the change in the social environment of the bereaved individual. We know of no studies that
have set out to collected data on animals’ responses to bereavement.

In this study, we aimed to identify potential behavioural indicators of grief in bereaved rhesus macaque mothers at the
Caribbean Primate Research Center (CPRC) in Cayo Santiago. We worked from the hypothesis that grief is an evolutionarily
conserved emotional response to bereavement [22,23]. We focused our data collection and predictions on behavioural markers
of grief in humans including: lethargy, lack of appetite, increased stress and decreased socialization. Based on this literature, we
predicted that, compared to control females, bereaved mothers would: (i) spend more time resting; (ii) spend less time feeding;
(iii) perform more behavioural indicators of acute stress; and (iv) spend less time grooming and being groomed. Self-directed
displacement behaviours are associated with stress and anxiety [24]. In humans, grief is associated with increased anxiety [7],
and bereavement is defined as a stressful event. Therefore, we expected displacement behaviours to increase in the bereaved
mothers indicative of a grief response.

2. Material and methods
(a) Study site and groups
Fieldwork was conducted on the free-ranging colony of rhesus macaques in Cayo Santiago (18.1564° N, 65.7338° W) between
May and September 2022. The population is maintained by the CPRC through the provision of water and monkey chow, with
the macaques also feeding on natural vegetation on the island. This colony comprised 1497 free-ranging macaques across 13
troops (May 2022). Rhesus macaques are seasonal breeders, with a three month annual birthing season where 72% of births
occur [25]. The study was timed to occur during the peak of births. All corpses on Cayo Santiago are removed by CPRC staff
when they are found.

(b) Focal observations
To quantify mothers’ responses to the deaths of their infants, we conducted focal observations on all mothers who lost an
infant (hereafter referred to as bereaved mothers; n = 11 bereaved mothers) and matched controls for each bereaved mother
(n = 11 control individuals). Because previous behavioural research has been conducted retrospectively on bereaved mothers
in non-human primates (hereafter referred to as ‘primates’), we were uncertain about the best-matched control. We thus chose
two unrelated, similarly aged control females from the same group: a female who (i) currently had an infant under the age
of one and another who (ii) did not have an infant under 1 year. The first control was chosen in case the bereaved mother
carried the corpse of her infant and could thus interact with it. However, most (n = 9, 82%) bereaved females did not carry their
infants’ corpses. In two cases, females did carry the corpse, but this was for <2 days. We decided to remove the control with an
infant because differences between the behaviour of the bereaved and control could arise not because of grief in the bereaved
individual, but because mothers have different energetic requirements to non-mothers [26], and affiliative behaviour directed
to mothers from others differs as a result of primates’ natal attraction [27]. Instead, we included only the second control: an
unrelated, similarly aged female without an infant (n = 11). We avoided heavily pregnant females as controls as a birth during
the data collection period would invalidate them.

We recorded potential behaviours that could be considered analogous to those associated with human grief using focal
observations of 20 min duration. The data were collected daily on weekdays between 07.30 and 14.00 (AST) when weather
permitted travel to the island. Observations were made by E.A.J. or F.T. E.A.J. trained F.T. in data collection and conducted
focal observations together until their data collection matched (>95% agreement) for three observations. Data were collected
opportunistically but we prioritized searching for individuals with the lowest number of observations in the first instance,
and where researcher availability was limited because deaths had occurred in different troops, we prioritized observing
bereaved females as close to the deaths as possible. The median number of days since the infants’ deaths that females were
observed was 16 (IQR = 7–32) (bereaved median and IQR = 13 days, 5−27; control: 14, 7−34). We recorded durations of
behavioural states during the focal observations, which included: feeding, grooming, travelling, travelling while feeding, resting
and displacement behaviours. Displacement behaviours included agitated locomotion, pacing and the following self-directed
behaviours: self-grooming, self-scratching, self-touch and body shake (see electronic supplementary material, table 1, for
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definitions). The behavioural observations were recorded on smartphones using the Cybertracker software (cybertracker.org). If
the focal individual moved out of sight for more than 5 min, data collection was terminated and that observation discarded, and
wherever possible, a new focal observation was started when the focal individual had been re-identified. If more than one focal
observation was made on an individual in 1 day, we waited at least an hour to ensure the observations were independent.

Given the short observation time that observers had in the field (three months), the large sizes of the study troops, and the
limited number of observers for this project, we were not able to learn all troop members’ identities or collect sufficient data
to determine macaques’ absolute ranks. Instead, we estimated focal individuals’ relative positioning (low, middle and high) in
each troop’s dominance hierarchy based on individuals’ access to provisioned food, and dominance and submissive behaviour
during provisioning.

(c) Statistical analyses
All analyses were conducted in R v. 3.3.3. Our response variables were the durations (seconds) spent in each of the four
behaviours of interest: time spent resting, feeding, displacement behaviours and grooming. We are aware that, because these
are mutually exclusive categories, these response variables are not independent of one another and are cautious in our
interpretation of our findings because of this (see below). Additionally, while the durations are discrete counts, the means were
large and approached a normal distribution in most cases. Because of this, we analysed these data using a normal distribution
with the duration of the behaviour as the response and the total duration of each observation as an offset. We checked that
the residuals were normally distributed and quantile–quantile plots were linear. We also included in all models the following
control variables as covariates: (i) the females’ age (years) to control for age differences in behaviour [28]; (ii) the females’
rank category (low, middle and high) to control for rank differences in, e.g., access to grooming; and (iii) the hour of the day,
to control for temporal differences in behaviour across the day. All control variables were retained; no model simplification
was done. Because our data contained repeated measures, we conducted linear mixed models (LMM) with individual identity
nested in the pair (a value indicating the bereaved female and the control) as a random effect. In addition to the model residual
checks, we also checked for multicollinearity using the function vif in the car R package [29]. All variance inflation factors were
<4, except those involved in the interaction in those models that had them, which is expected. Because lme4 does not report
p-values for LMMs, we considered variables as significant if the t-value was >|1.94|. We also made null model comparisons
using ANOVA, comparing the full model to a ‘null’ model that did not include the variable of interest.

In all models, the predictor of interest was the females’ status (i.e. bereaved or control). It is likely that bereaved mothers’
behaviour returns to baseline levels after time [14]. We thus investigated the role of time since the infants’ deaths in two ways.
First, we included the interaction between mothers’ status and the time since the infants’ death (days) after each infant’s death.
If this interaction was not significant, we removed the interaction to simplify the model and kept the number of days since the
infant’s death as a covariate. Second, because the change in behaviour over time could be nonlinear, we also tested whether the
behaviour of the bereaved mother differed from that of the control mother without an infant at differing time intervals: within
two weeks, within three weeks and within one month of the infants’ deaths. As a result, for each response variable, we ran
five ANOVA comparisons: one to determine whether the interaction between days since death and female status had predictive

Figure 1. Box-plot of time spent resting in the two weeks following an infant’s death in bereaved and control females.
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power, and four models to determine the predictive power of the females’ status (bereaved or control) across the four subsets of
the sample: full, one month, three weeks and two weeks.

3. Results
Data were collected on 22 individuals over 93 days representing 11 deaths across seven troops. Infants were on average
(median) 9 days old at their death (range = 0–17 days). One infant was recorded as a stillbirth, one infant was found dead,
three infants went missing and the remaining six infants were seen dead with their mother on the day of death. Depending
on the timescale of the analysis, 95−184 focal observations were collected (Nfull = 184, Nmonth = 136, Nthree weeks = 119, Ntwo
weeks = 95) for a total of 2528 min of observation (bereaved total = 1437 min, control = 1091 min) with, on average (median),
nine observations per individual (range = 6–12 observations) for a duration of 158.7 min (median) per individual (range =
114.24–222.2 min).

We found little support for our hypotheses: there was no effect of the females’ status (control or bereaved) on the time
spent foraging, grooming or doing displacement behaviours at any timescale (see electronic supplementary material, table 2,
for χ2 tests and electronic supplementary material, table 3, for a full list of the models’ estimates). However, we did find some
evidence for a short-term effect of bereavement on resting: contrary to our prediction, bereaved females spent less time resting
in the first two weeks after their infants’ deaths compared to control females (table 1 and figure 1).

Shown are the raw proportions of time spent resting in each observation (n = 95) in the first two weeks after an infant’s
death according to a female’s status (bereaved (n = 11) and control females without an infant (n = 11)). N.B. the proportions of
time spent resting are shown for ease of interpretation; however, the models analysed total time spent in the behaviour, with
observation time as an offset.

4. Discussion
We aimed to conduct what we believe to be the first systematic study that set out to test whether non-human primate mothers
showed similar behavioural responses to the deaths of their infants as is seen in human grief. We tested for evidence of
behavioural markers of grief in 11 bereaved mothers compared to matched control females with no infants over the same
period. Contrary to our predictions based on the human literature, we found that bereaved mothers rested less, not more, in
the first two weeks after their infants’ deaths. We found no other evidence for behavioural differences between the bereaved
and control individuals. Two aspects of this finding are surprising: first, that the time window was relatively short, and second,
that females did not show evidence of lethargy, as has been shown in humans. Regarding the first aspect, it is possible that
social primates use coping mechanisms to return to baseline levels relatively quickly after a bereavement. For example, chacma
baboons who suffered the loss of a close relative also showed a short-term (one month) increase in glucocorticoids compared to
control females [30]. It is not clear whether the physiological response to the bereavement was shorter than one month, but it
is possible that primates can, on average, return to baseline levels more rapidly than humans. Mother–infant separation studies
also support a relatively short (i.e. several days) period of maternal ‘emotional disturbance’ after separation from their infant, at
least when still in visual contact with their infant [31].

The second aspect—lower time spent resting after bereavement—may highlight the simplistic and insufficient nature of our
original predictions. Mother–infant separation studies in primates describe two stages of response to separation: both mothers’
(reviewed in [32]) and infants’ responses (reviewed in [33,34]) to separation include an initial period of ‘agitation’, marked by
higher levels of locomotion and vocalization (termed ‘protest’), followed by, in infants, a period of decreased locomotion and
activity (termed ‘despair’: [28]). Primate mothers in captivity, in contrast to infants, seem not to enter the ‘despair’ stage after the
initial ‘protest’ stage of separation in mother–infant separation studies [35,36]. Similarly, adult female chacma baboons showed
a physiological response to bereavement, but no behavioural markers of despair grief: indeed, females increased their social
networks in the month after a close relative’s death [30], rather than showing less engagement with others. It may be that the

Table 1. Summary of the model for time spent resting in the first two weeks after an infant’s death.

predictor β s.e. t

intercept −780.82 260.44 −3.00

status: controla 144.47 64.52 2.24

days 1.32 5.97 0.22

age 7.19 8.74 0.82

rank: lowb −130.44 108.98 −1.20

rank: middleb −192.2 111.36 −1.73

hour 15.27 19.80 0.77

Shown are the model outputs for the two weeks resting model, showing the fixed effects (predictor), the estimates (β), standard errors (s.e.) and t-value (t). a:
reference cartegory = bereaved, b: reference category = high rank.

4

royalsocietypublishing.org/journal/rsbl 
Biol. Lett. 21: 20240484



bereaved mothers in this study rested less because they were in the ‘protest’ stage of separation from their infant, and were
more active, though we are clear that we did not specifically test whether the females were more active. We propose more
nuanced predictions for comparative thanatological studies in line with the biphasic protest–despair stages of grief described
in separation studies in mammals. Moving forward, we would predict the following behavioural differences in bereaved
individuals compared to matched controls: (i) an initial period of protest grief characterized by an increase in behavioural
state changes (as an indicator of agitation), activity, and separation vocalizations. (ii) This stage may or may not be followed
by a subsequent period of despair grief, indicated by three of the symptoms of grief with which we started (§1): an increase
in lethargy, lack of appetite, and decreased socialization. The second stage is more complicated to test because it is unlikely
that all individuals will cross from protest into despair grief [11]. It is not yet understood what makes some individuals more
susceptible to crossing over from protest to despair grief, but it is possible that the initial protest stage is relatively short (several
days to one month).

There are at least three alternative explanations to the biphasic grief hypothesis we suggest above for why we found little
support for our predictions in this sample. In the first case, it is possible that macaque mothers do not experience grief after the
death of their infant. Neurological evidence suggests that the emotional system responsible for protest grief is basal in mammals
[23] and that primates can suffer from depression-like symptoms in response to adverse events [37,38]. Indeed, separation from
peers has been used to induce depression in primates [37]. However, few observations of primate mothers suggest that they
suffer from despair grief when separated from their offspring (but see [17]): observations comparing captive rhesus macaque
mothers after their infants’ removal to mothers whose infants were not removed showed no differences in behaviour and
hair cortisol [39]. Additionally, there was no change in zoo-housed chimpanzee (Pan troglodytes) mothers’ behaviour after their
juvenile offspring were removed [35]. Taken together with the findings of this study, it is possible that non-human primate
mothers do not grieve after their infants’ deaths, at least not in a manner homologous to human grief.

A second alternative hypothesis regards the sample. Our small sample size may have limited the power we had to detect
an effect. It is possible that with a larger sample, ‘trends’ in the data that were apparent with the small sample (e.g. lower
grooming in bereaved mothers in the two weeks after an infant’s death; electronic supplementary material, table 1) could be
more apparent. Additionally, our observational sample included mothers who lost very young infants, including a stillbirth,
with the oldest infant being 17 days old. Mothers of very young infants may not show strong responses to their infants’ deaths
because they have not yet formed a strong mother–infant bond. Data from dairy cattle may support this hypothesis: mothers
whose calves were removed within 24 h of birth had lower behavioural responses to the separation than when older calves
were removed (4–14 days) (reviewed in [40]). However, this effect is likely to be restricted to the few days postpartum: maternal
motivation in primates is heightened in the early postpartum period [41] and dairy cattle respond strongly to their calves’
removal after 4 days [40]. Additionally, primate mothers carry their infants’ corpses for longer durations when the infant dies
at a younger age, which may suggest that mothers are more strongly bonded to younger infants [42]. Taken together, these
cross-species findings could suggest that the deaths of infants in the first days postpartum could result in a diminished or no
grief response.

Finally, our third alternative hypothesis regards noise, i.e. between-individual differences in response to bereavement. Part of
the difficulty of studying grief is that it is highly individualized. Some generalizations can be made from the human literature,
but even human grief is understudied in a cross-cultural context [2,43], and the full diversity of responses are unknown. Similar
diversity in responses is apparent in primates; for example, there is high variation in the duration that mothers’ carry their
infants’ corpses [42], and in three bonnet macaque cases, behavioural change remained up to three months after an infant’s
death [17]. Future studies could attempt to predict individuals’ responses to bereavement using a combination of physiological
and behavioural data.

We aimed for this to be the first systematic study that set out to quantify maternal behavioural responses to bereavement
in response to natural deaths. Although our findings did not provide support for our original predictions, our interpretations
provide new, testable predictions. We emphasize the need for clarity around protest and despair grief in mammals and suggest
the field of comparative thanatology could consider these as different processes. We encourage other systematic data collection
on primates’ responses to bereavement.
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