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The distance between individuals is one of the key characteristics of the spatial structure of a group. Here, we
investigated inter-individual distances in Odobenus rosmarus divergens (hereinafter — walrus) aggregations in
waters adjacent to four coastal haulouts in the Chukchi Sea, Russia. The analysis of aerial images showed
that the majority of the individuals in water were in tight groups (binomial z > 11.37, p < 0.001), in which the
distances between walruses were significantly shorter than those outside such groups (LMM coefficient + SE:
0.14 £ 0.03; p < 0.001). The number of individuals within the groups did not influence the inter-individual
distances (LMM coefficient + SE: 0.05 + 0.05; p = 0.376) and the density of them was similar across haulouts
studied (omnibus ¥2(3) = 7.78, p=0.051). The water areas adjacent to haulouts may provide optimal conditions
for social interactions of walruses and potentially play an important role in their social life. The investigation of
walrus aggregations in water may become increasingly important in the context of the reducing Arctic ice cover.
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Introduction

The spatial proximity between individuals of the
same species depends on a variety of factors, such
as the risk of predation, the spatial distribution of re-
sources, intraspecific relationships, and the type of
animal activity (Muroyama, 2017). External threats,
such as predators, contribute to the mutual attraction of
individuals, as this reduces individual risks (Hamilton,
1971). At the same time, a high density of individuals
increases competition for food and other resources, so
their scarcity leads to an increase in the distance be-
tween individuals (Janson & Goldsmith, 1995). The
balance of these effects, depending on the set of ex-
ternal conditions (e.g. predator pressure and the avail-
ability of resources), determines the spatial structure of
the groups; one of their key parameters is the distance
between individuals (Mogilner et al., 2003).

Odobenus rosmarus Linnaeus, 1758 (hereafter —
walrus) tends to maintain a close proximity between
individuals regardless of the group size (Krushins-
kaya & Lisitsyna, 1983), aiming to maintain constant
visual and tactile contact with conspecifics (Miller
& Kochnev, 2021). Walruses are probably the most
social pinnipeds (Pinnipedia), as they form large ag-
gregations and are gregarious throughout the year,
both when in water and on land, regardless of the
activity type (Fay, 1982; Miller & Kochnev, 2021).
Walruses aggregate on sea ice and come ashore at

hauling-out sites, both on islands and on mainland
capes (Fay, 1982). On land, walruses form aggrega-
tions that reach hundreds of thousands of individuals
(Chakilev & Kochnev, 2014). The composition and
number of haulouts change constantly, with some an-
imals coming ashore and others leaving to sea. Some
individuals can stay near the haulout for a long time,
leaving it for feeding and coming back, while oth-
ers only stop for a short rest and move to other areas
(Jay et al., 2002; Kochnev et al., 2008). As a result, a
large number of walruses are constantly in the water
area close to the hauling-out sites. The average num-
ber of walruses in water near the coastal haulouts of
the Chukchi Peninsula can range from 9% to 13% of
the total number of walruses hauling out (Kryukova,
2012). The probability of a walrus being in water and
not hauling out increases with wind speed, decreases
with air temperature, and is related to a diurnal cycle,
the reasons for which are not fully understood. How-
ever, energy conservation has been proposed to play
a major role (Jay et al., 2017).

Walruses display various behavioural types in the
waters adjacent to haulouts, namely resting, groom-
ing, playing, as well as suckling in case of young ani-
mals (Kryukova, 2016). During resting in the water,
individuals of various sexes and age form groups, in
which they maintain close physical contact with each
other. It is assumed that this helps walruses not to lose
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contact with each other and better stabilise their loca-
tion during strong waves (Kryukova, 2016). The need
for thigmotactic thermoregulation (due to the warmth
of neighbours’ bodies) may also play an important role
in cold waters (Miller & Kochnev, 2021). In general,
little is known about the social behaviour of walruses
in the waters near haulouts in addition to certain as-
pects of mother-infant interactions (Miller & Boness,
1983; Giljov et al., 2018; Kryukova, 2018).

Compared to tightly packed haulouts, in water,
walruses can much more freely control the distance
to conspecifics. Therefore, aggregations in the water
near haulouts provide a unique opportunity to inves-
tigate walrus group behaviour. The aim of this study
was to study the spatial relationships between indi-
viduals in water near coastal haulouts in Odobenus
rosmarus divergens. In particular, we investigated
the cohesion of individuals by comparing inter-indi-
vidual distances in groups and outside them.

Material and Methods
For the analysis of the spatial relationships be-
tween individuals in the water aggregations, we used
drone photo-images taken during walrus popula-
tion counts in the coastal haulout areas of the Chuk-

-
&

e
W\k KWFF}R\, P

chi Peninsula (Altukhov et al., 2020; Kozlov et al.,
2020; Pereverzev et al., 2020). The age-sex structure
of walrus aggregations at these haulouts is mixed and
includes males and females of various ages, females
with a dependent calf and juveniles. Aerial photogra-
phy at the haulouts and adjacent waters was carried
out using a small DJI Phantom or Phantom 4 Pro
(Da-Jiang Innovations Science and Technology Co.,
China) unmanned aerial vehicle at an altitude of about
60 m a.s.l., depending on the weather conditions. Dur-
ing the trial flights at these operating altitudes, the ani-
mals showed no visible signs of disturbance.

We used the footage obtained during one flight
per haulout on four study sites (see Fig. 1). Photo-
graphs from Kolyuchin Island (part of the Beringia
National Park, Russia) and natural monuments of
regional level «Vankarem Cape» and «Kozhevnikov
Cape» (Kozhevnikov Cliffs of the Schmidt Cape)
were made in September 2017. Images from a pro-
posed natural monument of regional level «Serdtse—
Kamen Cape» were obtained in September — October
2019. From the footage, we analysed orthomosaics
compiled with AgiSoft Metashape (Agisoft LLC,
Russia) or individual frames (in the case of non-over-
lapping images) of water areas adjacent to haulouts.
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Gulf of Anadyr, Bering Sea

Fig. 1. Study area location at the Chukchi Peninsula, Russia. Designations: A — general view; B — map of the Chukchi
Peninsula with four studied haulout sites indicated, namely Kozhevnikov Cape (1), Vankarem Cape (2), Kolyuchin Island (3),
Serdtse-Kamen Cape (4); C — aggregation of Odobenus rosmarus individuals in waters near the haulout at Kolyuchin Island
with group (red line) and non-group (yellow line) areas outlined along the boundary.
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The images were analysed using photogram-
metric methods in the Imagel program (National
Institutes of Health, USA). Each image was scaled
according to the longitudinal length of an adult
walrus on each photo, which was fully visible on
the surface and stretched out. Given the average
length of a walrus (Kastelein, 2009), this roughly
corresponds to 2.7-3.2 m.

The inter-individual distances were investigated
in groups (Fig. 2) and outside them. A group was de-
fined as an aggregation of three or more walruses,
where each individual had two or more neighbours at
a distance of one length from the adult walrus body.
Pairs of animals, which are usually a female and its
dependent calf (Kryukova, 2018), were excluded
because they represent long-term social units rather
than short-term aggregations of individuals studied in
the present study. On each image, all the groups are
outlined (red line in Fig. 1C). The total number of in-
dividuals in the groups was scored.

The distances between each walrus and all other
individuals in the group were measured. The distance
between the centres of the walrus backs was consid-
ered the inter-individual distance. An additional sim-
ple script specially written for the automatic measure-
ment of the distances between individuals was used
(see Fig S1). The subsample of three groups per study
site was analysed both by the program and by the hu-
man rater. The measurements were further compared
with the Mann-Whitney test and Spearman rank cor-

relation. High program-rater reliability was revealed
(p <0.001) with both approaches.

To investigate the inter-individual distances be-
tween walruses in water outside the groups, on each
image, the outlined group contours were transferred
to the parts of the water area on the image where
the groups were absent (yellow line in Fig. 1C), and
the distances were measured within these contours
(«non-groups»). Thus, inter-individual distances for
walruses in groups and outside groups were mea-
sured within equal water areas.

In the analysis, each outlined group (or «non-
groupy») was a sampling unit, for which we computed
a median value of inter-individual distances by pool-
ing the data from all individuals. This approach was
successfully applied previously in a study on group
cohesion in Dama dama Linnaeus, 1758 (Focardi &
Pecchioli, 2005). We performed a mixed linear model
(LMM) that generalises an ANOVA with the use of
random-effects parameters, which may impact the
variability of the data (Table S1). To model the data,
the median distances were used as a variable, group/
non-group was used as a factor, the haulout site as
a cluster variable, the number of individuals and the
area occupied by the group/non-group as covariates.
The areas occupied by the groups/non-groups were
measured in «square walrus lengths» with the ROI
(regions of interest) tool in ImageJ (National Insti-
tutes of Health, USA). Log transformation of the data
was applied for normalisation of the residuals.

Fig. 2. A typical group of the Odobenus rosmarus individuals in water off Kolyuchin Island haulout (Chukchi Sea, Russia).
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The density of walruses in water was esti-
mated using the index, calculated as the area oc-
cupied by the group divided by the number of ani-
mals in the group. The same index was calculated
for the «non-groups» (Table S2, Table S3). The
areas occupied by the groups and their correspond-
ing «non-groups» were equal (Fig 1C), and the in-
dex scores represented the density of individuals
within the groups and outside them. For these data,
we used a binomial logistic regression with aggre-
gation type (group/non-group) as a variable. The
walrus/area index was used as a covariate and the
study site (haulout area) was used as a factor. Data
processing and statistical analysis were performed
in Jamovi v. 2.3 software (Jamovi project, 2022).

Ethical statement

All applicable international, national, and insti-
tutional guidelines for the care and use of animals
were followed. All procedures performed in the study
were in accordance with the ethical standards of the
Saint Petersburg State University ethical committee
(Permit Ne131-03-3).

Results

The analysis of aerial photographs revealed that
on all four study sites, the majority of individuals (n
= 2755) in the waters adjacent to the haulouts were
aggregated in groups (77-85% per haulout site; bino-
mial z > 11.37, p < 0.001). In total, inter-individual
distances were obtained for 115 groups and corre-
sponding 115 «non-groups». The largest group scored
consisted of 418 animals. The LMM was used to test
the effects of the median inter-individual distance on
the aggregation metrics (group/non-group, area occu-
pied by it, number of associates) and accounted for
the haulout variation (Table S1, Table S2, Table S3).
The model explained 65% of the variance in the data
(R-squared = 0.65). On all the haulout sites, the inter-
individual distances were related to whether the ani-
mals were in groups or outside them, with significantly
shorter distances in groups (groups: median = 1.63,
IQR = 1.10; non-groups: median = 2.44, IQR = 2.15;
LMM coefficient + SE: 0.14 + 0.03; p <0.001).

Larger inter-individual distances were asso-
ciated with larger areas occupied by the group/
non-group (LMM coefficient + SE: 0.47 £ 0.04;
p < 0.001), whereas there was no effect of the
number of individuals in the group/non-group on
the median inter-individual distance (LMM coeffi-
cient = SE: 0.05 + 0.05; p = 0.376). There was no
relationship between the median inter-individual
distance and the haulout site (p > 0.05).

The density of walruses in water was examined
with binomial logistic regression. The overall model
was significant (y2(4) = 79.3, p < 0.001; Table S2
in Electronic Supplement 1). Unsurprisingly, the
density of walruses in the groups was greater than
that in the non-groups (groups: median = 0.82, IQR
= 0.43; non-groups: median = 1.59, IQR = 1.92; om-
nibus ¥2(1) = 79.34 p < 0.001). The walrus density
did not differ significantly between the haulout sites
(omnibus ¥2(3) =7.78 p=0.051).

Discussion

The analysis of the spatial relationships between
walruses in the waters adjacent to coastal haulouts
showed that the majority of individuals (up to 85%)
were aggregated in groups. The distance between
individuals was significantly shorter and their den-
sity in the groups was greater than within the water
areas of the same size outside such groups. Our re-
sults are in line with the previous knowledge about
strong tendency for social aggregation in walruses
(Fay, 1982; Miller & Kochnev, 2021). However, it
should be noted that we studied a specific state of
walruses aggregating near the coast, while aggrega-
tions on ice, which are more typical for these mam-
mals, play a more important role in their social be-
haviour (Miller & Kochnev, 2021).

The distance between individuals is one of
the key characteristics of the group spatial struc-
ture (Mogilner et al., 2003). A certain distance be-
tween animals in a group can be species-specific,
but only under stable conditions. In the natural en-
vironment, typical inter-individual distance can be
influenced by a set of intrinsic and external factors
(Muroyama, 2017). For instance, walruses attacked
by Orcinus orca Linnaeus, 1758 are united in more
dense groups (Kryukova et al., 2012). Therefore, it
can be assumed that the distance between individu-
als in walrus groups in water can vary under vari-
ous conditions. However, our results did not show
any significant difference among the four studied
haulout sites. It is important to note though that the
weather conditions on all study sites were similarly
calm and animals were resting. A different result
may be observed during walrus migration off shore,
near ice haulouts, when animals are disturbed, for
example by a predator, or when fast ice is present
near the shore. Thus, multiple factors may influence
the distance between individuals in walrus groups.
Therefore, the results obtained in this study may be
not applicable to different study conditions.

A study of walruses resting in water showed that
the occurrence of various resting poses depended on
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the size of the group (Kryukova, 2016). It might be
that the larger the group, the more relaxed the wal-
ruses are, and therefore the animals adopt a more
comfortable horizontal posture but have less con-
trol over the environment in comparison with ver-
tical one. The distance between individuals, as it is
shown in the present study, was not affected by the
group size. In line with this, it has been previously
suggested that walruses form tight groups regard-
less of the number of individuals (Krushinskaya &
Lisitsyna, 1983). This result also agrees with studies
on birds (Miller & Stephen, 1966) and fish (Breder,
1951), which showed that the distance between indi-
viduals is independent of the flock size.

The formation of tight groups (Fig. 2) suggests
that the aggregations of walruses in the waters near
the haulouts (Kryukova, 2012) are not just the in-
dividuals approaching and leaving the haulout.
Grouping may help walruses stabilise themselves
in waters during strong waves (Kryukova, 2016).
Moreover, within a group, particularly in its cen-
tre, animals face less risk of predation (Morrell &
Romey, 2008). However, it is widely assumed that
the formation of tight groups in walruses is primarily
associated with social attraction (Miller & Kochnev,
2021). The maintenance of close contact with con-
specifics, particularly tactile contact, known as thig-
motaxis, is an inherent feature of this species. It was
indicated that being in such rafting groups close to
the haulout provide walruses the greatest opportu-
nity for repeated and prolonged social interactions
(Miller & Boness, 1983). We hypothesise that the
water areas adjacent to haulouts may play the role of
so-called «social arenasy» described for other mam-
mals (e.g. Fishlock & Lee, 2013; Giljov & Kare-
nina, 2024), where a large number of various social
interactions among walruses occur. However, to test
this hypothesis it is important to study walrus be-
haviour near ice haulouts where these animals spend
a considerable part of their life cycle.

In waters away from haulouts, the probability
of meeting conspecifics of various sex and age is
considerably lower. A shallow bay protected from
strong waves and winds where the haulout forms,
with warmer water, also facilitate more comfort
behaviour, including positive social engagement.
On land, walruses have limited mobility, and the
variety and intensity of social contacts are limited.
Thus, the water areas near haulouts provide opti-
mal conditions for social interactions of walruses.
The formation of tight groups in water suggests that
water aggregations may be as important for walrus
social behaviour as terrestrial haulouts. In addition,

a major reduction in Arctic ice cover, along with
prolonged periods of open water in the Chukchi Sea
(Wang & Overland, 2015), may increase the impor-
tance of social aggregations in water for the walrus.

Conclusions

Our study has highlighted the importance of wa-
ter aggregations for walruses in waters adjacent to
coastal haulouts. Walruses display a strong tendency
for social aggregation observed in water, with tight
group formations and absence of agonistic competi-
tion for a piece of land. This may suggest that these
water areas potentially serve as crucial areas for vari-
ous social interactions among individuals. The stabil-
ity of inter-individual distances across various group
sizes and haulout sites emphasises the robustness of
these aggregations in walruses. As the Arctic environ-
ment continues to change, with reduced ice cover and
extended open water periods, the role of water aggre-
gations may become even more important for the spe-
cies survival and adaptation. Future research should
focus on understanding the specific social dynamics
within these groups, as well as the potential impacts
of changing environmental conditions on walrus so-
cial behaviour and overall population health.
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PaccTostHre MexXTy 0coOsSIMH — OfIHA M3 KJIIOUYEBBIX XapaKTEPUCTHUK MPOCTPAHCTBEHHON CTPYKTYPBI TPYTIIIHI.
B nannoi paGore onmcaHbl 0COOCHHOCTH MPOCTPAHCTBEHHBIX OTHOIIEHUH MEXIy OCOOSIMH B CKOIUICHHSIX
Odobenus rosmarus divergens (1anee — MOpK) B aKBaTOPHUSX, IPIIICTAIOIINX K YSTHIPEM IPUOPEIKHBIM JICIKOH-
maMm B Uykorckom mope (Poccnst). AHanu3 aspodoToCHIMKOB OKA3aJl, 4YTO OOJIBITMHCTBO MOP3KEH B BOJIE Ha-
XONIMJIOCH B TUIOTHEIX Tpymmax (binomial z> 11.37, p <0.001), B KOTOPBIX pacCTOSHUSI MEKIY 0COOSIMH OBLITH
3HAYUTETHHO MEHbINE, 4eM BHe Takux rpymi (LMM coefficient £ SE: 0.14 + 0.03; p < 0.001). KonmngecTro
oco0eii B rpynmax He BIUSUI0 Ha pacctosHus Mexay Humu (LMM coefficient + SE: 0.05 + 0.05; p=0.376), u
IJIOTHOCTH TPYII 0co0ei ObLTa CXOIHA Ha BCEX UCCIIEOBAaHHBIX JekOumax (omnibus x2(3) =7.78, p=0.051).
AKBaTOpHH, MPUJIETAIONINE K JISKOUIIAM, MOTYT 00€CTIeYHBATh ONITUMAJIbHBIE YCIIOBHS /ISl COIMAIBHBIX B3a-
MMOJICHCTBUI MOp)Kel W UTpaTh BaXKHYIO POJIb B UX OOIIECTBEHHOW KU3HMU. VccnenoBanne CKOIIICHUI MOp-
XKel B Boie mproOpeTraeT Bce Ooubliee 3HaUCHUE B YCIOBHUSIX COKPAIIEHHS JIEJOBOTO MOKPOBA APKTHKH.

Ki1roueBble cj10Ba: JTaCTOHOTHE, MEXHHIMBHTyaIbHOE PACCTOSHIE, CKOTIIICHNE, COIMAIBHOE TIOBEACHUE, TH-
XOOKEaHCKHH Mopak, HykoTckoe Mope
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