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ARTICLE INFO ABSTRACT

Keywords: Housing breeding female rabbits in multi-litter instead of single-litter cages allows for more natural behaviour
Rabbit and social contact with conspecifics. Hierarchy fights among does, however, inhibit uptake on farms. Past focus

Animal welfare
Agonistic behaviour
Skin injuries
Sociability

on high reproductive performances in single-litter cages may have yielded rabbit breeds that are less suited to
living in groups. For (part-time) multi-litter systems, it may prove beneficial to identify does with personality
traits that are desirable for group-living and that promote the rapid formation and maintenance of a stable social

hierarchy without grave injuries and prolonged stress. In this trial, we aimed to profile the personality of does by
investigating the consistency of their social behavioural strategy when mixed in different groups. We further
tested if strategy and personality of does were linked with skin injuries in the groups and if skin injuries could
serve as a proxy to identify doe strategies and profiles. During three consecutive reproduction cycles, three or
four does and their 22-day-old kits were housed in multi-litter cages for a period of 13 days (N = 51 does in
total). Doe agonistic behaviour was recorded during the first 24 h (cycle 1 and 2) and the first 8 h (cycle 3) after
grouping. Cluster analysis revealed two social behavioural strategies does adopted when a new group was
formed: ‘offensive’ (36.8%) versus ‘submissive/avoider’ (63.2%). From all does that participated in the study for
all three reproduction cycles (N = 32), 46.9% changed strategy at least once between cycles and were identified
as an ‘all-rounder’ personality profile. Two other profiles were identified for does that did not change between
cycles: ‘consistently submissive’ (40.6%) and ‘consistently offensive’ (12.5%). The presence of both ‘stable’ and
‘unstable’ does suggests that some does adjust their behaviour in response to their social environment. No sig-
nificant correlations were found between injuries at both individual and group level and doe strategy or profile.
Likewise, results could not confirm if skin injuries were a good proxy to identify doe strategy or profile. Future
investigations could explore alternatives to identify ‘sociable’ does without relying on intensive behavioural
studies (e.g. ano-genital distance of female kits at birth). Additionally, it needs to be ascertained whether
removing offensive behaving does would indeed lead to reduced aggression and stress in group housing systems.
Implications: Breeding female rabbits may benefit from group housing but aggressive behaviour compromises
animal welfare and commercial uptake. To gain knowledge on the social dynamics between does, we investi-
gated whether problematic agonistic behaviour could be a stable personality trait. This could facilitate selection
towards ‘sociable’ on-farm doe groups. Results showed that social behaviour strategies (offensive or submissive/
avoider) were stable across three successive production rounds in half of the does. Other does showed more
flexibility, possibly depending on group composition. Links between doe behaviour and skin injuries (including
those of group mates), however, are missing which makes identification and practical uptake challenging.
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L.G.W. Van Damme et al.
1. Introduction

Breeding does nursing their litter from birth until weaning in single-
litter cages is the most common practice on commercial rabbit farms.
Single-litter cages, however, restrict movement and doe social contact is
limited to interactions with neighbouring does through wire walls
separating adjacent cages. Yet, social interaction is important. Wild
European rabbits live in group, usually with 2-3 adult males and 3-5
females (von Holst et al., 2002). Laboratory female rabbits are as
motivated to interact with conspecifics as they are for food (Seaman
et al., 2008). In husbandry conditions, however, aggression among does
housed in multi-litter cages has negative effects on reproductive per-
formance (Machado et al., 2019; Mugnai et al., 2009) and animal wel-
fare (Munari et al., 2020; Rommers et al., 2006). The presence of kits
seems to have an important effect on doe social behaviour. Indeed,
studies have shown that female rabbits seek seclusion when kindling and
nursing their litters (Gerencsér et al., 2021; Rodel et al., 2007). In
part-time group housing, however, does remain housed in single-litter
cages during the first part of the reproductive cycle and are housed in
small groups when protective behaviour towards their kits has
decreased (Maertens and Buijs, 2013). Nevertheless, aggression related
to doe hierarchy formation may cause considerable stress and injuries.

Several studies have been conducted to reduce the negative conse-
quences of aggressive doe behaviour by providing hiding places (Rom-
mers et al., 2014), altering group size (Buijs et al., 2016; Zomeno et al.,
2017), postponing the timing of grouping (Braconnier et al., 2020;
Trocino et al., 2021; Van Damme et al., 2022) or by providing both
communal and individual zones within the housing system (Gerencsér
et al., 2021). An alternative approach, which is the topic of the present
study, is to use breeding does that are more suited for living in group.
The environment of part-time group-housed breeding does changes
multiple times. Within a reproduction cycle, does need to adapt to a
sudden change in their physical and social environment when they
switch from single- to multi-litter housing. Between cycles, group
composition rarely remains stable in commercial management proced-
ures. Non-pregnant does are routinely separated from the main batch of
pregnant does while new pregnant does are introduced. This implies that
many does are unacquainted at the start of a new group-housing period
such that dominance relations need to be formed from scratch. The
entire group would benefit if the social hierarchy is established smoothly
without escalating or prolonged aggression. On-farm selection for less
aggressive ‘amicable’ does may be a promising, but as yet unexplored,
strategy to choose does with personality traits that are desirable for
group-living and promote the rapid formation of a stable hierarchy.

Animals respond to socially challenging situations by displaying a
specific collection of behaviours (Mendl and Deag, 1995) which could be
identified as a social behavioural strategy. The strategy consistency of an
individual over time and in various environments determines if a per-
sonality trait can be identified (Finkemeier et al., 2018). Social behav-
ioural strategies and personality traits have been researched in some
group-housed farm animals (Miilleder et al., 2003). For example,
group-housed goats were classified for adopting aggressive, affiliative,
passive and avoider social behavioural strategies (Miranda-de la Lama
et al., 2011). These strategies assumingly helped the animals adapt to
social environments encountered under intensive husbandry conditions.
Although social behaviour and hierarchy dynamics have been studied
previously (Bill et al., 2020; Vervaecke et al., 2010), in-depth scientific
knowledge on rabbit social behavioural strategies and their relevance in
commercial settings is currently lacking. Additionally, it needs confir-
mation whether or not rabbit social behavioural strategies are stable
between variable environments. If so and if certain personalities can be
identified that consistently cause a lot of unrest and lesions amongst
their group mates, it may prove useful for farmers/breeders to remove
these does from the breeding stock and keep the more sociable rabbits
instead.

In this study, we evaluated social doe behaviour in a part-time multi-
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litter housing system shortly after grouping during three consecutive
reproduction cycles. First, we characterized the social behavioural
strategy of each doe within each cycle. Secondly, we aimed to identify a
personality profile for each doe based on the consistency of their
behaviour strategies between cycles. Thirdly, we tested whether the
likelihood of doe skin injuries were linked to doe behaviour, social
behaviour strategies or personality profiles present in the group. With
these three objectives, we aimed to identify if there are does that
consistently have a negative effect on their group and whether these
does can be identified by their skin injuries instead of time-consuming
behavioural observations.

2. Materials and methods

All protocols and procedures were approved by the Ethics Committee
for the Use of Animals in Research (EC 2020/378) of the Flanders
Research Institute for Agriculture, Fisheries and Food (ILVO).

2.1. Animals and experimental design

A total of 66 nulliparous Hycole (Marcoing, France) female rabbits
(16 weeks old at the start) were housed at ILVO (Melle, Belgium) from
August 2020 until February 2021. Forty-two does were housed in single-
litter cages (50 x102 cm with a plastic slatted floor, open roof and
elevated platform of 50 x30 cm) in one compartment of the barn. The
remaining 24 does were housed in slightly different single-litter cages
(38 x103 x 63 cm, wire slatted floor with a plastic comfort mat of 25
x40 cm and elevated platform of 38 x28 cm) in the same compartment
and served as spare does. At 19 weeks of age, all does received artificial
insemination (AI) for the first time. The birth of their first litter marked
the start of the first reproduction cycle. AI was then repeated 17 days
after parturition each time for a total of five reproduction cycles. In each
cycle at day one post-partum (pp), kits were cross-fostered based on
their body size and litter size. Each doe was assigned 9 kits in the first
cycle and 10 kits in the subsequent cycles. The surplus of kits were
euthanized (N = 335) with a lethal blow to the head.

During the first four reproduction cycles, groups of three or four does
with their kits were housed in multi-litter cages between day 22 and 35
pp (Fig. 1). Twelve multi-litter cages were randomly assigned one of the
following four treatments in each cycle (randomized block design):
group of four does with no additional enrichment, four does with
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Fig. 1. Multi-litter cages created 22 days post-partum from four adjacent
single-litter cages by removing three wire walls. Picture shows top-view of a
cage with three does (one on the right side and two on the left side of the pen).
Three panels underneath the lowest elevated platform, feeders and water nip-
ples at the front were present in all cages. Half of the groups had additional
enrichment (higher elevated platforms in the back corners and PVC pipes un-
derneath the first level platform). See Van Damme et al. (2023) for more in-
formation on the multi-litter cage design.
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additional enrichment (higher elevated platform and plastic pipes),
three does with no additional enrichment and three does with additional
enrichment. Treatment effects of this 2 x 2 factorial study were reported
in Van Damme et al. (2023) but will not be discussed further in the
present paper. Group housing was realised by removing walls between
four adjacent single-litter cages, creating a larger group multi-litter cage.
In groups of three does, the fourth cage remained empty during the
single-litter housing period. As cage size remained constant, a change in
group size also implied a proportional change in stocking density. Does
never received the same treatment nor were housed in the same cage
twice. In each cycle, does were housed in multi-litter cages with unac-
quainted does. Sick, injured, deceased or non-pregnant does were
replaced by pregnant does from the spare group between cycles (N = 9).
As such, a total of 51 does were used for the experiment. On day 35 pp,
does and kits were moved to another compartment and housed in small
groups but this was not part of the experimental group housing phase.
Four days later, 39 days pp, does were returned to the first compartment
to prepare for their next litter. Kits remained in group and were sold to a
slaughterhouse at 10-11 weeks of age.

Fresh hay was provided during the first three weeks of each repro-
duction cycle. All animals were given a commercial pellet rabbit feed
(Country’s Best CUNI TOP pure, Versele-Laga, Deinze, Belgium) and
water ad libitum. Non-pregnant and non-lactating does were restricted
to a daily ration of 150 g of feed. Kits were given the same feed with an
added coccidiostat (Country’s Best CUNI TOP plus, Versele-Laga,
Deinze, Belgium) three days prior to weaning until one week before
slaughter. Artificial light was provided at a cycle of 12 L:12 D, except for
7 days prior to AI when the light cycle was changed to 16 L:8 D to
stimulate doe receptivity. Air temperature was set at 20-21 °C and
relative air humidity was between 60% and 75%. In the second repro-
duction cycle, one week after parturition, all does received a Pasteurella
vaccine. With the cooperation of accredited Belgian animal shelters,
does were rehomed after nursing their last litter in the fifth reproduction
cycle.

2.2. Data collection

Skin injuries of does and kits were checked just before group housing
on day 22 pp. Ten different body parts were checked for injuries: ears,
eyes, nose, head, trunk, front paws, hind paws, tail, abdomen and gen-
itals. For each skin injury observed, the severity and location on the
body were noted and kept as reference for future scoring to prevent
scoring injuries sustained prior to the onset of the group housing phase.
Injury severity was scored using a tagged visual analogue scale (t-VAS)
ranging from 0 to 10 (with higher scores corresponding to more severe
injuries), following Van Damme et al. (2022). Scores of skin injuries on
sensitive body areas (eyes, nose and genitals) were multiplied by two.
New injuries (defined as injuries that were not present before the rabbits
were grouped) were scored again on day 1 and 13 after grouping,
independently from each other. On both observation days, skin injuries
present before grouping (see above) were ignored. Severity scores of
individual injuries were added to acquire a total sum for each rabbit
(total score). As three observers were involved for scoring injuries, an
inter-rater reliability test was conducted prior to the experiment. An
intraclass correlation coefficient (calculated in R 3.6.0 with the ICC
package) of 0.82 (95% confidence interval 0.76-0.87) was obtained and
this is considered good reliability between observers (Koo and Li, 2016).

Prior to grouping does and their kits, infrared cameras were installed
above all multi-litter cages. All does were sprayed with an unique mark
with animal-friendly black paint for individual recognition. Doe
agonistic behaviour was expected to occur directly after grouping
(Munari et al., 2020; Trocino et al., 2016). Recordings from all cages
were scored continuously for doe behaviour during the first 24 h after
grouping in the first and second reproduction cycle and for the first 8 h
in the third cycle using Observer XT14 software (Noldus, The
Netherlands). Eleven mutually exclusive social behaviours were scored
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Table 1

Ethogram used for behavioural observations of does. For all behaviours, the
frequency of behaviours (mutually exclusive) were noted. If less than two sec-
onds elapsed between two continuous displays of the same behaviour, it was
counted as only one occurrence of the corresponding behaviour. The duration of
non-aggressive social contact was tracked.

Behaviour Description

Threat Quick movement towards other doe, ears flattened but no
physical contact is made

Approach Slow movement towards other doe, ears flattened or
standing, can include physical contact

Attack Quick movement towards other doe, neck stretched out,
ears flattened, physical contact is made

Fight Two does grip each other with their teeth and/or rip with
the hind paws

Chase Aggressive pursuing of other doe attempting to escape from
the aggressor

Mount Doe climbs on other doe and makes quick thrusting

movements with the hind back

Counter attack Doe reacts with attack or fight towards attacking doe

Submit/freeze Doe is immobile and/or presses head and shoulders against
floor, ears flattened, might drop nose below nose of other
doe, immobile to approaching doe or being mounted by
other doe

Flee Running away from other doe, may involve jumping over
approaching/attacking doe

Retreat Moving away slowly from approaching/attacking doe

Non-aggressive social Allo-grooming and/or laying or sitting together in physical

contact contact with at least one other doe

(Table 1). For all behaviours, the initiator, the receiver and the fre-
quency of the behaviours was noted. A behaviour was considered to
have ended if more than two seconds elapsed between two consecutive
displays of the respective behaviour or if another behaviour was initi-
ated. Additionally, the duration of non-aggressive social behaviour was
tracked.

2.3. Statistical analysis

All analyses were conducted with the statistical software R 4.1.2
(The R Foundation for Statistical Computing). Data was assumed to be
sufficiently normally distributed based on visual inspection of the re-
siduals of the models (Q-Q plots and histograms). For the skin injury
data (total sum of injury severity scores per doe), a log(x + 1) trans-
formation was necessary to acquire normally distributed residuals.

2.3.1. Links between doe post-grouping behaviour and skin injuries

Spearman’s rank correlation was computed to assess the relationship
between individual doe behaviour (frequency of each behaviour within
the observation time) and total injury score of the same individual ac-
quired on day 1 and day 13 after grouping. The same correlations were
repeated between individual doe behaviour and the averaged total
scores of her group mates and of the whole group.

2.3.2. Social behavioural strategy and personality profiles

Cluster analysis was used to group individual does together based on
similarities of their social behaviour after grouping. Clusters were
identified as social behaviour strategies so that for each doe within each
reproduction cycle a social strategy could be identified. Behaviour data
of 51 does (who participated for at least one cycle) were included in the
analysis. The squared Euclidian distance measure was applied to
compute the dissimilarity matrix and an iterative partitioning method
(K-means cluster analysis) was used to create the clusters. Both the
Hubert and D index proposed two clusters according to the majority
rule. Once each doe was characterised with a social behavioural strategy
(cluster) within each reproduction cycle, we identified personality
profiles for each doe based on the consistency of their behavioural
strategies during three consecutive cycles. Only does who participated
for three reproduction cycles were retained for personality profiling
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(62.7% of all does, N = 32).

2.3.3. Effects of social behavioural strategy and personality profile on skin
injuries

We tested if the social behavioural strategy and personality profile of
a doe were linked with skin injuries newly acquired on day 1 and 13
after grouping. The effect of strategy and profile were tested separately
on the following outcome variables: doe’s own total injury score, aver-
aged total scores of her group mates and of the whole group. Each
variable was analysed with a linear mixed model with doe social
behavioural strategy or personality profile as fixed factor. Treatment
(three or four does with or without enrichment) was added as an addi-
tional fixed factor. Reproduction cycle, multi-litter cage and doe ID were
added as random factors to the models.

For each group, the group composition was expressed as either ‘one
offensive doe present in the group’ (N = 27 groups) or ‘multiple offen-
sive does present in the group’ (N = 9 groups). Averaged total scores of
groups (outcome variable) were analysed with linear mixed models with
group composition (proportion of offensive does) and treatment as fixed
factors. Reproduction cycle was added as a random factor.

2.3.4. Skin injuries as proxy for typifying doe social behavioural strategy
and personality profile

We tested whether skin injuries acquired on day 1 and 13 after
grouping were predictor variables of the social behaviour strategy
(outcome variable) adopted by individual does. For each doe, a gener-
alized linear mixed model (logit link) was applied with her own total
injury score as fixed factor. Treatment was added as an additional fixed
factor. Reproduction cycle, multi-litter cage and doe ID were added as
random factors to the models. The same models were repeated but with
the averaged total scores of her group mates or of the whole group as
predictor variables.

A linear discriminant analysis (LDA) was applied to predict if does
belonged to a certain personality profile based on her own total injury
score, those of her group mates or those of the whole group. LDA was
applied as the independent variable was continuous (skin injuries) and
the dependant variable categorical with three levels (three personality
profiles). Data was split into a training and testing dataset using a 80:20
ratio, which is a common approach for LDA (Muraina, 2021).

3. Results
3.1. Links between doe post-grouping behaviour and skin injuries

The frequency of fights and counter attacks by a doe were positively

Table 2
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and significantly correlated with her own total injury scores on day 1
after grouping (Table 2). This indicates that does who displayed these
behaviours were marked by higher skin injury scores. In contrast, does
engaging in non-aggressive social contact had low skin injury scores
(significant negative correlation). On day 13, only a positive significant
correlation was found between fleeing behaviour and the own total
injury score.

If does displayed attacking behaviour on day 1 after grouping, this
increased the averaged injury score of her group mates (Table 2). The
same relation was observed for both attacking and fighting behaviour on
the averaged injury score on group level (including the doe herself) on
day 1 after grouping. On the same day the frequency of non-aggressive
social contact showed a negative correlation with the injury score on
group level, whereas attacking and fighting were correlated positively.
On day 13 after grouping, both the frequency and duration of non-
aggressive social contact showed a negative correlation with the aver-
aged skin injury score on group level (Table 2).

3.2. Social behavioural strategies

The cluster analysis revealed that does adopted two types of
behavioural strategies after being mixed with other does (and their lit-
ters): ‘offensive’ or ‘submissive/avoider’ (Fig. 2A). The offensive
behavioural strategy was characterized by a high frequency of approach,
attack, chase, counter attack, fight, mount and threat behaviours to-
wards other does, and a low frequency of flee, retreat and submit/freeze
displays (Supplementary figure 1). The submissive/avoider strategy was
characterized by higher frequencies of flee, retreat and submit/freeze
behaviours (Supplementary figure 1). For all three reproduction cycles
combined, the submissive/avoider behavioural strategy was more
common than the offensive strategy (63.2 vs 36.8%, Fig. 2A). The ma-
jority of groups were composed of one offensive doe with two or three
submissive/avoider does (75.0%). In the other groups (25.0%), more
than one offensive doe was present.

3.3. Personality profiles

Of the 32 does that participated for all three reproduction cycles,
three personality profiles were identified: ‘consistently submissive’
(40.6%), ‘consistently offensive’ (12.5%) and ‘all-rounder’ does (46.9%,
Fig. 2B). Consistently submissive does adopted a submissive behavioural
strategy in all three reproduction cycles (Fig. 2C). Similarly, consistently
offensive does adopted an offensive behavioural strategy in all three
cycles (Fig. 2D). All other does were profiled as ‘all-rounder’ as their
behavioural strategy differed between cycles (Fig. 2E). See

Spearman’s rank correlation between individual doe behaviour (N = 51 does) and her own total skin injury score, the averaged total scores of her group mates
(excluding herself) or on group level (including herself) acquired on the first (d1) and last day (d13) after grouping.

Own injury score

Injury score of group mates Injury score on group level

(excluding doe) (including doe)

d1 di3 dil di3 d1 di3

r P-value r P-value r P-value r P-value r P-value r P-value
Threat (n) -0.03 0.77 0.10 0.27 0.17 0.07 0.19 0.05 0.12 0.21 0.19 0.05
Approach (n) -0.07 0.40 -0.06 0.49 0.16 0.09 -0.08 0.39 0.10 0.27 -0.10 0.30
Attack (n) 0.16 0.07 0.02 0.80 0.19 0.04 0.07 0.47 0.20 0.04 0.08 0.38
Fight (n) 0.20 0.02 0.003 0.97 0.18 0.05 0.05 0.61 0.19 0.04 0.10 0.31
Chase (n) -0.02 0.85 -0.02 0.82 0.06 0.54 0.04 0.69 0.01 0.96 0.003 0.98
Mount (n) -0.06 0.52 -0.01 0.92 0.05 0.57 -0.06 0.51 0.06 0.54 -0.06 0.53
Counter attack (n) 0.26 0.003 0.13 0.16 0.15 0.13 0.002 0.98 0.18 0.05 0.06 0.56
Submit/freeze (n) 0.13 0.14 0.12 0.20 -0.02 0.87 -0.01 0.93 0.08 0.42 0.01 0.91
Flee (n) 0.13 0.14 0.19 0.03 0.05 0.63 0.06 0.50 0.13 0.16 0.10 0.30
Retreat (n) 0.12 0.17 0.11 0.22 0.09 0.35 0.05 0.57 0.14 0.14 0.04 0.67
Non-aggressive social contact (n) -0.19 0.03 -0.14 0.13 -0.13 0.16 -0.19 0.05 -0.20 0.03 -0.25 0.008
Non-aggressive social contact (duration) -0.11 0.24 -0.16 0.08 -0.03 0.72 -0.18 0.06 -0.08 0.41 -0.26 0.007

n = frequency of behaviour; r = Spearman’s rank correlation coefficient (0.0 - 1.9: very weak; 0.20 — 0.39: weak; 0.40 — 0.59: moderate; 0.60 — 0.79: strong; 0.80 —1.0:

very strong correlation)
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Fig. 2. A) Membership of individual does (N = 51) to a social behavioural strategy for each reproductive cycle as identified by cluster analysis: offensive (black) or
submissive/avoider (purple). Lower, middle and upper bars represent the first, second and third reproduction cycle, respectively. White bars represent missing data
(doe not participating in respective reproduction cycle). B) Frequency personality profiles of does (N = 32) based on their social behavioural strategies during three
consecutive reproduction cycles. C) Example of a consistently submissive doe (ID 01). D) Example of a consistently offensive doe (ID 45). E) Example of an all-
rounder doe (ID 07). Circles without a doe ID represent other does in the same group pen. Black and purple colours represent offensive and submissive/avoider
does, respectively. Does who only participated for one or two reproduction cycles were excluded from personality profiling. See Supplementary Figure 1 for a full

overview of all does and their personality profiles.

Supplementary figure 2 for a detailed overview of all does and their
personality profile. Compared to the theoretical chance that a doe was
consistently submissive, the actual occurrence of this personality profile
was higher than expected (40.6 vs. 25.0%). Similarly, the occurrence of
consistently offensive does was also higher than expected (12.5% vs.
5.1%).

3.4. Effects of social behavioural strategy and personality profile on skin
injuries

No significant effects of individual doe behavioural social strategy or
personality profile were found on doe skin injury scores during the first
or last day after grouping. Strategy and profile also did not affect the
averaged skin injury scores acquired by her group mates or skin injury

scores on group level on day 1 and 13 after grouping. Similarly, for the
group composition (one or more than one offensive doe in the group), a
significant effect on the averaged injury score in the group was absent. In
all statistical models, a significant treatment effect (three or four does
with or without enrichment) was absent.

3.5. Skin injuries as proxy for typifying social behavioural strategies

On both day 1 and 13 after grouping, there was no significant effect
of the total injury score of does on their own social behavioural strategy.
Similarly, significant links of averaged total injury scores of group mates
with doe strategy were not present.

Also no significant effects of injury scores on group level with
strategy or profile were found. A link between averaged total scores on
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group level with group composition was also absent. In all statistical
models, a significant treatment effect (three or four does with or without
enrichment) was absent.

Based on the results of the LDA, higher total injury scores of the doe
herself corresponded with consistently offensive or submissive person-
ality profiles whereas lower scores correspond with all-rounder profiles
on day 1 and 13 after grouping (Table 3). Similar trends were observed
for the injury scores of group mates and on group level on both day 1 and
13 after grouping. Absolute differences between group means of skin
injuries, however, were small and the accuracies for the linear
discrimination analysis models were low (< 0.44, Table 3).

4. Discussion

To our knowledge, social behavioural strategies of breeding female
rabbits (relating to agonistic behaviour) have not yet been researched
previously. In this study, two doe social behavioural strategies were
typified with cluster analysis based on agonistic behaviour displayed by
groups of three or four does housed in multi-litter cages. Does either
showed an offensive behavioural strategy (characterised by a high fre-
quency of aggressive displays) or a submissive/avoider strategy (high
frequency of submissive displays and/or evasion attempts from other
does). In the majority of the groups, one offensive and multiple sub-
missive/avoider does were present (75.0%). This finding is similar to
observations on wild rabbit colonies: some rabbits display relatively
more offensive (including aggressive) behaviour whereas their group
mates show more submission or retreats (von Holst et al., 2002).
Assumingly, higher-ranked rabbits require these submissive acts from
lower-ranked animals as confirmation of their social rank in the group
(Mykytowycz, 1968; von Holst et al., 2002).

Nearly half of the does in the current study changed social behav-
ioural strategy between reproduction cycles (46.9%). It is possible that
does altered their strategy depending on those of their pen mates. A
similar observation was discussed in a study on group-housed dairy
cattle (Foris et al., 2018). The authors proposed that individual cow
behaviour is subject to different (social) contexts and thus less fixed as
previously assumed. In the current study, does were always housed with
group companions they had not met beforehand. This may have influ-
enced how they coped with hierarchy formation and which behavioural
strategy they adopted in a specific social environment. Other does,
however, did not change strategy between cycles (53.1%). The majority
of these ‘stable’ does showed consistently submissive behaviour in each
cycle and only a small proportion showed consistently offensive
behaviour. The actual occurrence of consistently submissive or offensive
personality profiles were higher than expected compared to the theo-
retical change, indicating that the occurrence of these profiles was no
coincidence but was an intrinsic trait of the animals. Remarkably,
consistently offensive does were also found in groups with other

Table 3

Output linear discrimination analysis: skin injuries acquired on day (d) 1 or 13
after grouping as predictor for doe personality profile. Skin injuries were divided
in the total skin injury score acquired by the doe herself, the averaged skin injury
score of her group mates (excluding herself) or on group level (including her-
self). Values represent the group means (of skin injuries) for each personality
profile. Skin injury data was log-transformed prior to analysis.

Own injury Injury score of Injury score on

score group mates? group level®

di1 di3 di di3 d1 di3
Consistently offensive 0.20 0.20 0.14 0.37 0.07 0.11
All-rounder -0.07  -0.19 -0.10 -0.17 -0.09 -0.01
Consistently submissive 0.02 0.16 0.07 0.09 0.08 0.19

1 model accuracy: 0.44 and 0.5 for d1 and 13 respectively
2 model accuracy: 0.29 and 0.35 for d1 and 13 respectively
% model accuracy: 0.24 and 0.18 for d1 and 13 respectively
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offensive does (25% of all groups). This did not result in an increase in
the skin injury score of the corresponding group which is contrary to our
expectations. In this study, however, the sample size of groups with
more than one offensive doe was limited which may have influenced the
probability of finding such an effect.

Behavioural observations were limited in this study to no more than
24 h after grouping as the highest rate of agonistic behaviour was ex-
pected to occur directly after grouping (Munari et al., 2020; Trocino
et al., 2016). Displays of agonistic behaviour to establish a hierarchy is
part of rabbits’ natural behaviour and is therefore hard to avoid when
housing rabbits in group. It is, however, preferable that hierarchy is
established quickly without severe injuries and prolonged unrest in the
group. Possibly, adaptations to multi-litter cages (e.g. hiding and fleeing
options) may help reduce severe aggression and skin injuries without
inhibiting hierarchy formation; e.g. by using plastic floors in the cages
instead of plastic comfort zones (Zomeno et al., 2018), providing digging
opportunities (Krunt et al., 2023) or mixing does of different parities
(Huang et al., 2021). For future research, it may be interesting to explore
doe social strategies and personalities in relation to skin injuries once a
stable hierarchy has been established.

Identification of breeding does that have a consistently negative
impact on the group (based on injuries) could be useful for farmers to
choose for more sociable does. Unfortunately, relying on extensive
behavioural observations to identify such does is time consuming.
Alternative methods, easier and less time intensive, are needed to
identify does more likely to express non-aggressive behaviour or to form
a stable hierarchy quickly and smoothly. Although the present study
attempted to identify doe personalities based on skin injuries on indi-
vidual and group level, strong links were not found. A few correlations
between doe agonistic behaviour and skin injuries were observed but no
links between social strategy or personality profile and skin injuries
were present. Other proxy traits to identify sociable and antisocial does
could be explored further. For example, Buijs et al. (2016) found that a
greater ano-genital distance of female kits at birth was an indicator for a
higher frequency of adult offensive behaviour.

If antisocial does could be identified, removing such does from the
group, however, may not necessarily lead to an improvement as other
does may take up its role. This phenomenon has been observed in wild
rabbit populations (von Holst et al., 2002) and group-housed rabbits in
captivity (Bill et al., 2020). Hierarchies within groups are often char-
acterized by one dominant animal exerting control over its group
members. Dominant rabbits typically display a higher frequency of
offensive behaviours and removing such individuals from the group can
lead to increased unrest compared to removing lower-ranked animals
that primarily engage in submissive behaviours. Also our own results
seem to confirm this: at least one offensive doe was present in all groups.
Further investigation is required to determine if removing offensive does
would result in reduced aggression rates and a decrease in skin injuries
within group housing systems.

5. Conclusion

After housing three or four does in multi-litter cages during three
reproduction cycles, two social behavioural strategies were identified
based on doe post-grouping social behaviour: an offensive behavioural
strategy or a submissive/avoider strategy. Based on social behavioural
strategy between cycles, does were either marked with an ‘all-rounder’,
‘consistently offensive’ or ‘consistently submissive’ personality profile.
Results could not confirm if skin injuries were correlated with doe
strategy or profile or if injuries were a good proxy to identify doe
strategy or profile. Future investigations could explore alternative traits
(e.g. ano-genital distance at birth) that can serve as proxy indicators to
identify ‘sociable’ does. It remains essential, however, to ascertain
whether removing offensive does would indeed lead to reduced rates of
aggression and fewer skin injuries in group housing systems for breeding
does. Considering the importance of social interaction for rabbits and
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the detrimental effects of severe skin injuries and stress on animal
welfare, it is crucial to explore novel approaches that accommodate the
social and behavioural needs of breeding does.

CRediT authorship contribution statement

L.G.W. Van Damme: methodology, investigation, validation, sta-
tistical analysis, visualisation, writing original draft of manuscript. B.
Ampe: methodology, statistical analysis, visualisation, review and
editing manuscript draft. E. Delezie: methodology, review and editing
manuscript draft, supervision, funding acquisition. J. Rommers: review
and editing manuscript draft. F.A.M. Tuyttens: methodology, review
and editing manuscript draft, supervision, funding acquisition.

Declaration of Competing Interest

None of the data were deposited in an official repository. The data/
models that support the study findings are available from the authors
upon request.

Data Availability
No datasets were published in an official repository.
Acknowledgements

The authors thank Marleen van Yperen and Dimitri Van Grembergen
for assistance with on farm data collection, the animal caretakers at the
ILVO animal testing facility, Ms. van Yperen for additional assistance
with behavioural observations and the Government of Flanders
(Department Environment, Section Animal Welfare) for funding (DO/
SID/DWZ/00/18/04).

Appendix A. Supporting information

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.applanim.2023.106064.

References

Bill, J., Rauterberg, S.L., Herbrandt, S., Ligges, U., Kemper, N., Fels, M., 2020. Agonistic
behavior and social hierarchy in female domestic rabbits kept in semi-groups. J. Vet.
Behav. 38, 21-31. https://doi.org/10.1016/].jveb.2020.03.004.

Braconnier, M., Gomez, Y., Gebhardt-Henrich, S.G., 2020. Different regrouping schedules
in semi group-housed rabbit does: Effects on agonistic behaviour, stress and lesions.
Appl. Anim. Behav. Sci. 228 (2), 93-95. https://doi.org/10.1016/j.
applanim.2004.08.018.

Buijs, S., Vangeyte, J., Tuyttens, F.A.M., 2016. Effects of communal rearing and group
size on breeding rabbits’ post-grouping behaviour and its relation to ano-genital
distance. Appl. Anim. Behav. Sci. 182, 53-60. https://doi.org/10.1016/J.
APPLANIM.2016.06.005.

Finkemeier, M.-A., Langbein, J., Puppe, D.B., 2018. Personality research in mammalian
farm animals: concepts, measures, and relationship to welfare. Front. Vet. Sci. 5
https://doi.org/10.3389/fvets.2018.00131.

Foris, B., Zebunke, M., Langbein, J., Melzer, N., 2018. Evaluating the temporal and
situational consistency of personality traits in adult dairy cattle. PLoS ONE 13 (10),
€0204619. https://doi.org/10.1371/JOURNAL.PONE.0204619.

Gerencsér, Z., Farkas, T.P., Nagy, 1., Odermatt, M., Radnali, I., Kasza, R., Matics, Zs,
Szendr6, Zs (2021). Location preference of rabbit does in a pen system combining
group and individual housing. In Proc.: 12th World Rabbit Congress, 3-5 November
2021, Nantes, France, 1-4.

von Holst, D., Hutzelmeyer, H., Kaetzke, P., Khaschei, M., Rodel, H.G., Schrutka, H.,
2002. Social rank, fecundity and lifetime reproductive succes in wild European
rabbits (Oryctolagus cuniculus). Behav. Ecol. Sociobiol.245 51 (3), 245-254.

Huang, Y., Breda, J., Savietto, D., Debrusse, A.M., Combes, S., Fortun-Lamothe, L., 2021.
Part-time grouping of rabbit does in enriched housing: effects on performances,

Applied Animal Behaviour Science 267 (2023) 106064

injury occurrence and enrichment use. Animal 15, 100390. https://doi.org/
10.1016/J.ANIMAL.2021.100390.

Koo, T.K., Li, M.Y., 2016. A guideline of selecting and reporting intraclass correlation
coefficients for reliability research. J. Chiropr. Med. 15 (2), 155-163. https://doi.
org/10.1016/J.JCM.2016.02.012.

Krunt, O., Zita, L., Kraus, A., Moravcsikova, A., Frithauf Kolafovd, M., Bartos, L., 2023.
Effects of genotype and housing system on rabbit does’ aggressive behaviors and
injuries in smallholding conditions. Animals 13 (8). https://doi.org/10.3390/
anil3081357.

Machado, L.C., Martinez-Paredes, E., Cervera, C., 2019. Performance of rabbit does in
collective pens and individual cages. World Rabbit Sci. 27, 227-235. https://doi.
org/10.4995/wrs.2019.11540.

Maertens, L., Buijs, S. (2013). Performances de femelles logees temporairement en
groupe dans des parcs polyvalents et en systeme tout plein tout vide. In Proc.:
15émes Journées de La Recherche Cunicole, 19-20 Novembre, 2013. Le Mans,
France. 35., 1-4.

Mendl, M., Deag, J.M., 1995. How useful are the concepts of alternative strategy and
coping strategy in applied studies of social behaviour? Appl. Anim. Behav. Sci. 44
(2-4), 119-137. https://doi.org/10.1016/0168-1591(95)00609-V.

Miranda-de la Lama, G.C., Septlveda, W.S., Montaldo, H.H., Maria, G.A., Galindo, F.,
2011. Social strategies associated with identity profiles in dairy goats. Appl. Anim.
Behav. Sci. 134 (1-2), 48-55. https://doi.org/10.1016/j.applanim.2011.06.004.

Mugnai, C., Dal Bosco, A., Castellini, C., 2009. Effect of different rearing systems and pre-
kindling handling on behaviour and performance of rabbit does. Appl. Anim. Behav.
Sci. 118, 91-100. https://doi.org/10.1016/j.applanim.2009.02.007.

Miilleder, C., Palme, R., Menke, C., Waiblinger, S., 2003. Individual differences in
behaviour and in adrenocortical activity in beef-suckler cows. Appl. Anim. Behav.
Sci. 84 (3), 167-183. https://doi.org/10.1016/j.applanim.2003.08.007.

Munari, C., Mugnai, C., Braconnier, M., Toscano, M.J., Gebhardt-Henrich, S.G., 2020.
Effect of different management protocols for grouping does on aggression and
dominance hierarchies. Appl. Anim. Behav. Sci., 104999 https://doi.org/10.1016/].
applanim.2020.104999.

Muraina, 1.O. (2021). Ideal dataset splitting rations in machine learning algorithms:
general concerns for data scientists and data analysts. In Proc.: 7th International
Mardin Artuklu Scientific Researchers Conference, 10-12 December 2021, Mardin,
Turkey. Retrieved from https://www.researchgate.net/publication/358284895.

Mykytowycz, R., 1968. Territorial marking by rabbits. Sci. Am. 218 (5), 116-126.
https://doi.org/10.1038/scientificamerican0568-116.

Rodel, H.G., Starkloff, A., Bautista, A., Friedrich, A.-C., von Holst, D., 2007. Infanticide
and maternal offspring defence in european rabbits under natural breeding
conditions. Ethology 114 (1), 22-31. https://doi.org/10.1111/j.1439-
0310.2007.01447 .x.

Rommers, J.M., Boiti, C., De Jong, I., Brecchia, G., 2006. Performance and behaviour of
rabbit does in a group-housing system with natural mating or artificial insemination.
Reprod. Nutr. Dev. 46 (6), 677-687. https://doi.org/10.1051/rnd:2006038.

Rommers, J.M., Reuvekamp, B.J.F., Gunnink, H., de Jong, I.C., 2014. Effect of hiding
places, straw and territory on aggression in group-housed rabbit does. Appl. Anim.
Behav. Sci. 157, 117-126. https://doi.org/10.1016/j.applanim.2014.05.011.

Seaman, S.C., Waran, N.K., Mason, G., D’Eath, R.B., 2008. Animal economics: assessing
the motivation of female laboratory rabbits to reach a platform, social contact and
food. Anim. Beh. 75 (1), 31-42. https://doi.org/10.1016/j.anbehav.2006.09.031.

Trocino, A., Zomeno, C., Birolo, M., Zuffellato, A., Xiccato, G. (2016). Characterization
study of aggressive behaviours in group-housed rabbit does. In Proc.: 11th World
Rabbit Congress, 15-18 June 2016, Qingdao, China, 723-726.

Trocino A., Zomeno C., Birolo M., Pirrone F., Xiccato G. (2021). Effect of grouping time
and group stability on behavior and aggression among rabbit does in a part-time
housing system. In Proc.: 12th World Rabbit Congress, 3-5 November 2021, Nantes,
France.

Van Damme, L.G.W., Delezie, E., Ampe, B., Tuyttens, F.A.M., 2022. Timing of part-time
group housing for farm rabbits: Effects on reproductive performance, skin injuries
and behaviour. Appl. Anim. Behav. Sci. 252, 105656 https://doi.org/10.1016/j.
applanim.2022.105656.

Van Damme, L.G.W., Ampe, B., Delezie, E., Tuyttens, F.A.M., 2023. Effects of group size
and cage enrichment on social behaviour and skin injuries of breeding rabbits
housed part-time in group. Animal 17, 100850. https://doi.org/10.1016/J.
ANIMAL.2023.100850.

Vervaecke, H., De Bonte, L., Maertens, L., Tuyttens, F., Stevens, J.M.G., Lips, D., 2010.
Development of hierarchy and rank effects in weaned growing rabbits (Oryctolagus
cuniculus). World Rabbit Sci. 18 (3), 139-149. https://doi.org/10.4995/
wrs.2010.8229.

Zomeno, C., Birolo, M., Zuffellato, A., Xiccato, G., Trocino, A., 2017. Aggressiveness in
group-housed rabbit does: Influence of group size and pen characteristics. Appl.
Anim. Behav. Sci. 194, 79-85. https://doi.org/10.1016/J. APPLANIM.2017.05.016.

Zomeno, C., Birolo, M., Gratta, F., Zuffellato, A., Xiccato, G., Trocino, A., 2018. Effects of
group housing system, pen floor type, and lactation management on performance
and behaviour in rabbit does. Appl. Anim. Behav. Sci. 203, 55-63. https://doi.org/
10.1016/j.applanim.2018.03.002.


https://doi.org/10.1016/j.applanim.2023.106064
https://doi.org/10.1016/j.jveb.2020.03.004
https://doi.org/10.1016/j.applanim.2004.08.018
https://doi.org/10.1016/j.applanim.2004.08.018
https://doi.org/10.1016/J.APPLANIM.2016.06.005
https://doi.org/10.1016/J.APPLANIM.2016.06.005
https://doi.org/10.3389/fvets.2018.00131
https://doi.org/10.1371/JOURNAL.PONE.0204619
http://refhub.elsevier.com/S0168-1591(23)00236-8/sbref6
http://refhub.elsevier.com/S0168-1591(23)00236-8/sbref6
http://refhub.elsevier.com/S0168-1591(23)00236-8/sbref6
https://doi.org/10.1016/J.ANIMAL.2021.100390
https://doi.org/10.1016/J.ANIMAL.2021.100390
https://doi.org/10.1016/J.JCM.2016.02.012
https://doi.org/10.1016/J.JCM.2016.02.012
https://doi.org/10.3390/ani13081357
https://doi.org/10.3390/ani13081357
https://doi.org/10.4995/wrs.2019.11540
https://doi.org/10.4995/wrs.2019.11540
https://doi.org/10.1016/0168-1591(95)00609-V
https://doi.org/10.1016/j.applanim.2011.06.004
https://doi.org/10.1016/j.applanim.2009.02.007
https://doi.org/10.1016/j.applanim.2003.08.007
https://doi.org/10.1016/j.applanim.2020.104999
https://doi.org/10.1016/j.applanim.2020.104999
https://doi.org/10.1038/scientificamerican0568-116
https://doi.org/10.1111/j.1439-0310.2007.01447.x
https://doi.org/10.1111/j.1439-0310.2007.01447.x
https://doi.org/10.1051/rnd:2006038
https://doi.org/10.1016/j.applanim.2014.05.011
https://doi.org/10.1016/j.anbehav.2006.09.031
https://doi.org/10.1016/j.applanim.2022.105656
https://doi.org/10.1016/j.applanim.2022.105656
https://doi.org/10.1016/J.ANIMAL.2023.100850
https://doi.org/10.1016/J.ANIMAL.2023.100850
https://doi.org/10.4995/wrs.2010.8229
https://doi.org/10.4995/wrs.2010.8229
https://doi.org/10.1016/J.APPLANIM.2017.05.016
https://doi.org/10.1016/j.applanim.2018.03.002
https://doi.org/10.1016/j.applanim.2018.03.002

	Social behaviour and personality profiles of breeding does housed part-time in group.
	1 Introduction
	2 Materials and methods
	2.1 Animals and experimental design
	2.2 Data collection
	2.3 Statistical analysis
	2.3.1 Links between doe post-grouping behaviour and skin injuries
	2.3.2 Social behavioural strategy and personality profiles
	2.3.3 Effects of social behavioural strategy and personality profile on skin injuries
	2.3.4 Skin injuries as proxy for typifying doe social behavioural strategy and personality profile


	3 Results
	3.1 Links between doe post-grouping behaviour and skin injuries
	3.2 Social behavioural strategies
	3.3 Personality profiles
	3.4 Effects of social behavioural strategy and personality profile on skin injuries
	3.5 Skin injuries as proxy for typifying social behavioural strategies

	4 Discussion
	5 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data Availability
	Acknowledgements
	Appendix A Supporting information
	References


