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Abstract

Group-living animals vary in social behavior across multiple dimensions, including group size,
extent of cooperation, and the specificity vs. gregariousness of social behavior. Use of
standardized assessments of social behavior across different species serves a dual function of
revealing specific behavioral components that may underlie collective behavior in natural habitats,
and providing a basis for comparative methods to understand neural processes supporting social
behaviors. Degus (Octodon degus) are South American caviomorph rodents that nest and forage in
groups with relatively low genetic relatedness. Flexibility in group membership is likely supported
by gregariousness toward strangers, but the relative preference for strangers compared with
familiar individuals has not been systematically tested. We assessed the specificity of social
preferences in female degus using same-sex partner preference tests. Degus huddled extensively
with both familiar and unfamiliar peers, with no average preference for one over the other.
Detailed analysis of social interactions demonstrated an effect of familiarity on social investigation
and aggressive behaviors, indicating that degus recognized familiar conspecifics, even though it
did not impact huddling. This behavioral profile is thus far unique to degus; in similar tests,
meadow and prairie voles exhibit strong partner preferences for known peers, while mice exhibit
low social huddling and spend relatively less time in social chambers. Understanding how group
living species differ in specific aspects of social behavior such as familiarity/novelty preference
and propensity for social contact will offer a foundation to interpret differences in neural systems
supporting sociality.
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INTRODUCTION

All animals engage in some form of social interaction, but species differ widely in the nature
and extent of these interactions. One distinction of particular relevance to group living
species is the propensity to interact with familiar versus unfamiliar conspecifics. It might be
expected that species with stable and/or family-based groups would exhibit intrinsic
preferences for familiar individuals, while a tendency to quickly affiliate with or tolerate
strangers may accommodate more dynamic social groupings, allowing groups to be
relatively preserved even in the case of high turnover of group members. Laboratory tests of
preference for familiar vs. unfamiliar peers (i.e. same-sex conspecifics) in group-living
animals support this in the limited number of examples to date, but testing a greater diversity
of species using a uniform experimental paradigm will aid in establishing the generality of
this finding. By assessing familiarity preferences in degus—a highly social, relatively
gregarious rodent now used in social neuroscience studies—we aim to gain an understanding
of how their natural behavior relates to partner preference test behavior, as well increase our
general understanding of interspecific variation in peer partner preferences.

Degus (Octodon degus) are a highly social species of rodent from Chile. As caviomorph
rodents, degus are part of a distinct suborder of rodents from mice and voles, separated by
over 66 million years of evolution (Fabre et al., 2012). The cohabitation patterns of degus
suggest a high level of female peer affiliation, with individual burrows often including only
0-2 males but 1-8 females (Hayes et al., 2009; Ebensperger et al., 2012; Fulk, 1976;
Ebensperger et al., 2002). Females often care for and nurse one-another’s offspring
(Ebensperger et al., 2002), and stability of female relationships has been found to increase
during lactation (Wey et al., 2013). Notably, degu social groups are characterized by
relatively low levels of genetic relatedness (Davis et al., 2016a; Ebensperger et al., 2004;
Quirici et al., 2011), indicating that Kin selection is not a significant driver of social living in
degus. This is also supported by the fact that degus are far more sensitive to whether or not
they have encountered another individual, or that individual’s scent, than they are to genetic
relatedness (Villavicencio et al., 2009). When group membership changes, this may have
fitness consequences that differ by sex. The direct fitness of females increased with higher
numbers of females in stable groups, while male fitness was high in large but less stable
groups (Ebensperger et al., 2016). As many breeding females do not live long enough to give
birth to more than one litter (Davis et al., 2016a; Ebensperger et al., 2009, but see Meserve et
al. 1995), building and maintaining social groups may depend on rapid acceptance of initial
strangers. This sociality may be promoted by a variety of environmental factors: both
predation risk and burrowing costs have been associated with group size (Ebensperger et al.,
2012), and fitness advantages of larger group sizes appear to be stronger during years of
lower precipitation and low food availability (Ebensperger et al., 2014). The dynamic group
structure and high sociality of degus make this species offers a unique test case for
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investigating peer affiliation, and provides a valuable point of contrast with other social
rodents.

The partner preference test (PPT) is an extended test of familiarity vs. novelty preferences
that was originally developed to assess preferences for mates in socially monogamous
prairie voles (Microtus ochrogaster) (e.g. Williams et al., 1992; Winslow et al., 1993). In the
PPT, a focal animal is allowed to move between a neutral empty chamber and chambers
containing a tethered opposite-sex or same-sex familiar partner and stranger for a three-hour
interval. This relatively long test duration allows animals to shift from exploration to resting
social contact, with familiarity preferences manifesting by the second hour and well-
established by the third hour (Williams et al., 1992). The test has been used to assess mate
preferences in prairie voles and other monogamous species (Goodson et al., 2004; Smiley et
al., 2012; Carp et al., 2016), but also offers insight into the selectivity of non-reproductive
relationships between same-sex peers, such as those present in group living species.
Previous studies have shown that prairie voles, which often reside in mate pairs and small
family groups (Getz et al., 1993) exhibit highly selective preferences for huddling with
familiar same-sex conspecifics (DeVries et al., 1997; Beery et al., 2018; Lee et al., 2019).
Meadow voles (Microtus pennsylvanicus) are seasonally social rodents that form social
groups that become exclusive over the course of winter (Madison et al., 1984; Madison and
McShea, 1987); individuals of this species also exhibit strong same-sex partner preferences
for familiar conspecifics (Parker and Lee, 2003; Beery et al., 2008, 2009). In contrast, mice
and rats live in groups of widely ranging size and composition (Berdoy and Drickamer,
2007). These species exhibit a high level of social investigation, but do not prefer to interact
with familiar individuals (Schweinfurth et al., 2017; Beery et al., 2018). The assessment of
degus, for whom field data reveal variable social groups, should provide valuable insight
into species-specific variation in this standardized assessment and how it relates to natural
behavior.

The value of studying degu social behavior using standardized measures like the PPT also
comes from the increasing use of degus for studying the physiological mechanisms of social
behavior (Colonnello et al., 2011). A number of neuroscience tools have already been
applied toward studying the degu brain, including neuroimaging (Bock et al., 2012),
electrophysiology (Perryman, 2011), brain lesions (Uekita and Okanoya, 2011),
morphometry (Sobrero et al., 2016), neuropeptide receptor localization (Beery et al., 2016),
and the construction of a 3D, stereotaxic brain atlas (Kumazawa-Manita et al., 2013).
Laboratory husbandry methods have become well established (Colby et al., 2012), and
specific frequencies of different social behaviors have been described and quantified in
animals of different life stages (e.g., juveniles: Sergio M. Pellis et al., 2010; Wilson, 1982;
adults: Fulk, 1976). By comparing specific social behaviors in degus with other models used
in social neuroscience (most notably mice, prairie voles, and meadow voles), it will be
possible to better frame the similarities and differences of the degu brain with these other
species.

Based on reports cited above indicating that kinship has little impact on the species’ social
organization, it might be expected that females readily establish new relationships with
initially unfamiliar conspecifics. Here we confirm that prediction, finding that, in contrast
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with mice, degus spent nearly all of their time in social chambers, but in contrast with voles,
degus show no systematic preference for familiar conspecifics compared with strangers.

MATERIALS AND METHODS

Animal subjects

Degus from an in-house breeding colony were housed in same-sex groups of 2—4 individuals
in plastic cages (50.8 x 40.6 x 21.6 cm or 61 x 43.2 x 20.3 cm—dependent on group size).
Degus were fed a 1:1 mixture of chinchilla and guinea pig “Teklad” feeds (Envigo;
Indianapolis, IN). The light cycle was 12:12 light:dark; degus are diurnal so all tests were
run during their light cycle. Ten adult female degus (mean+SEM: 353+49 days of age,
range: 157-623 days) were the focal subjects in partner preference tests, with ten cohoused
female degus serving as “partners.” Unfamiliar females, age-matched within approximately
one-month, served as “strangers.” There were no significant correlations between age and
any outcome measure (e.g. age at testing vs. time huddling: R=.25, p=0.49), thus it was not
used as a factor in analyses.

Although strangers shared the same vivarium, the animals designated as strangers had never
encountered the focal animal directly. Females were the focus of the present study, as degu
groups in the wild rarely contain more than 2 males, but may contain of up to 8 females.
Animal care and use followed recommendations of the Guide for the Care and Use of
Laboratory Animals published by the Natural Research Council, adhered to federal and
institutional guidelines, and was approved by the Institutional Animal Care and Use
Committee at the University of Montana, Missoula.

Partner Preference Tests

Peer PPTs were conducted in a linear 3-chambered apparatus scaled for degus
(30x30%112cm) according to previously described methods (Beery et al., 2018). Familiar
“partner” and novel “stranger” conspecifics were tethered at opposite ends of the apparatus.
Tethered animals were acclimated to the chamber for 5 min before placement of the focal
female degu in the center, neutral chamber. Tests lasted 180 minutes and were video
recorded for analysis. Location of the partner and the stranger was alternated between
successive tests. Partners were re-used as strangers 01 times, a minimum of one day after
initial testing.

Data Analysis

Video recordings were scored for time in each chamber and duration of resting body-contact
(huddling) using Intervole Timer v1.6 (A. Beery) without knowledge of partner and stranger
positions. The number of aggressive interactions was tallied at the same time. Partner
preference was defined as significantly more time adjacent to the cagemate partner than the
stranger. Preference score was defined as relative preference for the partner (time adjacent to
the partner/(partner+stranger). Secondary analysis of detailed social interactions was
conducted using BORIS v7 (Friard and Gamba, 2016) to quantify time spent in anogenital
investigation, face-to-body investigation, grooming, and agonistic behaviors (wrestling,
boxing, or biting) toward the partner and stranger.
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Statistical tests are listed with the results, and were conducted two-tailed. Analyses were
conducted in R v3.3.0 (the R project for Statistical Computing) and GraphPad Prism 7.0.

RESULTS

Social Preference

Test (focal) degus spent an average of 97+0.9% of the PPT in one of the chambers
containing a stimulus degu (the partner or the stranger), rather than the center, “neutral”
chamber. On average, subjects did not exhibit a preference for the partner versus the stranger
chamber, though degus clearly preferred social chambers over the unoccupied center
chamber (p<0.0001, one-way RM-ANOVA; partner vs. center: p<0.0001, stranger vs.
center: p<0.0001, partner vs. stranger: p=0.69, Tukey’s HSD, Fig 1A). Approximately half
of the testing time (49.4+6.3%) was spent in resting contact with a stimulus degu. Degus
huddled extensively with both familiar and unfamiliar stimulus individuals, showing no
apparent systematic preference for one over the other (t(9)=0.47, p=0.65, paired #test, Fig
1B). All individual degus crossed back and forth between social chambers, exploring both
sides. This was illustrated by the fluctuations and zero crossings of the cumulative time each
animal spent in the partner compared with the stranger chamber (Fig 1C). The same pattern
was seen with huddling, where most degus appeared to split their time between huddling
with partners versus strangers (Fig 1D).

Interaction behavior

Additional social interactions were quantified to assess whether the nature of social
investigation and interaction differed between focals and their familiar cage-mates versus
novel conspecifics beyond huddling and chamber time. Four interactive behaviors were
quantified: sniffing of the head or body, anogenital investigation/sniffing of the rear,
grooming, and agonistic interactions. Duration of interactions was found to differ depending
on social familiarity (stranger vs. partner: F(1,36) = 6.261, p=0.017), behavior type
(sniffing head or body, sniffing rear, grooming, or agonistic interaction: F(3,36) = 4.033, p=
0.014), and the interaction between the two (F(3,36) = 3.18, p=0.036; 2-way RM-ANOVA).

Post-hoc tests of the effect of familiarity on each behavior revealed that only agonistic
interactions differed significantly between partners and strangers (0=0.0017; Sidak’s
multiple comparisons test). Most degus exhibited few to no aggressive interactions, but a
few (3 out of 10 females) were highly aggressive (range: 0-451 aggressive interactions,
median: 4, mean: 106+55), and their aggression was biased towards strangers. Females
directed 105.2+55.3 episodes of aggression toward novel degus, but only 0.8+0.49 episodes
toward familiar partners. Low stranger huddling (<20 min) but not low partner huddling was
associated with higher counts of total aggression (t(8)=—3.22, p=0.01) and stranger directed
aggression (t(8)=-3.21, p=0.01).

DISCUSSION

Degus exhibited extensive social interaction during the partner preference test, spending
nearly the entire test in occupied chambers, and half of the test in resting social contact with
a same-sex peer. Degus exhibited no preference for huddling with the partner over a stranger.
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This finding is consistent with predictions based on the known social organization of degus,
in which groups of typically unrelated females cohabitate, nurse one-another’s young, and
maintain contact in the field (Beery et al., 2016; Davis et al., 2016b; Ebensperger et al.,
2002, 2012, 2009; Fulk, 1976; Hayes et al., 2009) Importantly, as illustrated by Figure 1C
and D, degus explored and huddled with both subjects throughout the test; many focal
animals spent time in one social chamber during the first few minutes or hours, then shifted
to the other over the course of the experiment. Most focal degus huddled for over 10 minutes
with both the partner and stranger, suggesting that the interest in strangers was not only one
of active investigation, but also of relatively inactive, affiliative physical contact. There were
multiple exceptions, with three focal degus engaging in primarily agonistic interactions
toward the stranger rather than huddling.

Degu behavior in the PPT is distinct from that of other rodents described to date. Like degus,
mice (Beery et al., 2018) and rats (Beery and Shambaugh, unpublished data) do not display
partner preferences for familiar same-sex peers in the 3h PPT, nor do they appear to form
specific social bonds under typical conditions (rats: Schweinfurth et al., 2017; mice:
Harrison et al., 2016). However, mice and rats appear less interested in sustained social
interaction, spending little time in social contact in the peer PPT, and much less time in
social chambers compared with degus. Vole species have been extensively tested in the PPT.
Both meadow and prairie voles display high levels of social contact and time in the social
chambers in peer PPTs, as did degus in the present study, but unlike degus, peer huddling in
both species of voles is selectively biased toward the familiar partner (DeVries et al., 1997;
Parker and Lee, 2003; Beery et al., 2008, 2009; Beery and Zucker, 2010; Anacker et al.,
2016a, 2016b; Beery et al., 2018; Goodwin et al., 2019; Lee et al., 2019). Peer partner
preference in voles is not limited to a single partner; seasonally social meadow voles housed
in groups in winter-like photoperiods exhibit equivalently strong preferences for each of
their cagemates relative to strangers (Beery et al., 2009). Thus familiarity preferences in this
species are a characteristic of the social group.

Different patterns of social behavior in the peer PPT may be related to species-specific
differences in group membership, and one pattern is not clearly “more social” than another.
For example, in prairie voles, high selective affiliation for familiar peers is accompanied by
high aggression towards unfamiliar ones (Lee et al., 2019). While meadow voles groups are
selective, changes in group membership do occur subsequent to predation and immigration
(reviewed in (Beery, 2019). Thus, despite preference for familiar voles, new individuals may
be added to the group. This may be facilitated by reduced aggression towards strangers in
winter-like day lengths (Lee et al., 2019). Group composition may thus be shaped by
selective affiliation, selective aggression, and lack of selectivity. Among rodents tested to
date, female degus appear uniquely motivated to spend time in close social contact with
unfamiliar conspecifics. This gregarious social motivation may be functionally related to
degus’ variable group structure in the field.

The lack of partner preference in degus seen in the present study does not reflect lack of
social recognition. Detailed examination of investigation behavior revealed that degus
interacted more with strangers, and that this was disproportionately higher for some types of
behaviors (i.e., there was an interaction between social familiarity and behavior type). These
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results are also consistent with previous observations showing increased interaction between
degus that have not been previously exposed to one-another, independent of kinship
(Villavicencio et al., 2009). While these data cannot offer insight into the causes of
motivation toward strangers, a seeming inevitable consequence would be that degus learn
about and establish a relationship with the new conspecific. This is true both in the case of
aggressive interactions, where a dominance relationship may be forming, and of the non-
aggressive huddling, where the relationship is more affiliative. Both agonistic and affiliative
social interactions have been shown to be rewarding in some contexts in other rodents (e.g.
Panksepp and Lahvis, 2007; Délen et al., 2013; Golden et al., 2017; Borland et al., 2017,
Goodwin et al., 2019). Future work would be necessary to determine whether extended
exposures to the stranger result in specific patterns of behavior, or neural changes related to
learning and memory.

The present demonstration that female degus are highly social with both familiar and
unfamiliar, same-sex conspecifics can be placed into an ecological context. Research in wild
degus has revealed that groups experience relatively high turn-over both within and across
seasons, reflecting the introduction and inclusion of new group members (Ebensperger et al.
2009). Field studies also demonstrate a number of benefits to group-living in females, and
suggest that environmental factors that put strains on survival may also increase selective
pressures for sociality (Ebensperger et al., 2016, 2014; Ebensperger and Wallem, 2002).
While females may benefit from increasing number of females in the group, there appear to
be fitness costs associated with increased numbers of males (Hayes et al., 2019). Males may
still benefit from larger groups due to their apparently opportunistic mating patterns, and the
increased likelihood of finding reproductive partners (Ebensperger et al., 2019). Thus, both
males and females seem predisposed to establish affiliative interactions with novel (sex-
specific) individuals.

Affiliative social behavior is often described as a unified construct, despite the occurrence of
markedly variable combinations of constituent behaviors across species (Goodson, 2013).
Such variability in individual behaviors applies even to species that share common
descriptions of types of social behavior, such as “group living.” The present study reveals a
pattern of behavior characterized by a high degree of social interaction and physical contact
in the absence of preference for long-term social partners, or novel individuals. Species-
specific variation in social preferences highlights the advantages of studying multiple and
diverse social organisms. Characterization of the nature of behavioral differences between
“social” species should therefore improve our understanding of the mechanisms that support
sociality in its many forms.
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Highlights
. Group-living animals exhibit diverse social structures
. Comparative study of familiarity/novelty preference should aid understanding

of different mechanisms underlying sociality

. Degus are group-living South American rodents, studied in both the lab and
field
. We assessed the selectivity of social preferences in female degus using same-

sex partner preference tests

. Degus were highly social, choosing both familiar and unfamiliar companions
over an empty chamber

. Degus recognized but did not prefer contact with familiar group members
over novel strangers

. These patterns are related to those found in mice, rats, prairie voles and
meadow voles
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Figure 1.

Partner preference test behavior. A. Degus spent significantly more time in the social
chambers than in the center, unoccupied chamber (each p<0.0001). Time in the social
chambers did not differ from each other. B. Degus huddled extensively with both partners
and strangers. C. Cumulative distribution of chamber preference (partner chamber-stranger
chamber) over the 3h test. D. Cumulative distribution of social preference (partner huddling-
stranger huddling) over 3h. Individual preferences were heterogenous: some degus huddled
principally with the partner or stranger, while others huddled with both individuals. Different
letters denote groups that are significantly different (Tukey’s test).
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2-way ANOVA: Target familiarity (P/S): p =0.014
4- Behavior type: p = 0.012; Interaction: p = 0.026
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Figure 2.
Time spent in additional social interaction behaviors. Across behaviors there was a

significant main effect of tethered stimulus degu familiarity (partner vs. stranger) as well as
behavior type, and an interaction of familiarity and behavior (2-way RM-ANOVA).
Comparison of partner and stranger directed behavior within categories revealed significant
variation in agonistic behavior with familiarity (Sidak’s multiple comparisons). *** p<
0.001.
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