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ABSTRACT

Adult male tree shrews vigorously defend against
intruding male conspecifics. However, the
characteristics of social behavior have not been
entirely explored in these males. In this study, male
wild-type tree shrews (Tupaia belangeri chinensis)
and C57BL/6J mice were first allowed to familiarize
themselves with an open-field apparatus. The tree
shrews exhibited a short duration of movement
(moving) in the novel environment, whereas the mice
exhibited a long duration of movement. In the 30 min
social preference-avoidance test, target animals
significantly decreased the time spent by the
experimental tree shrews in the social interaction (SI)
zone, whereas experimental male mice exhibited the
opposite. In addition, experimental tree shrews
displayed a significantly longer latency to enter the
Sl zone in the second 15 min session (target-
present) than in the first 15 min session (target-
absent), which was different from that found in mice.
Distinct behavioral patterns in response to a
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conspecific male were also observed in male tree
shrews and mice in the first, second, and third 5 min
periods. Thus, social behaviors in tree shrews and
mice appeared to be time dependent. In summary,
our study provides results of a modified social
preference-avoidance test designed for the
assessment of social behavior in tree shrews. Our
findings demonstrate the existence of social
avoidance behavior in male tree shrews and
prosocial behavior in male mice toward unfamiliar
conspecifics. The tree shrew may be a new animal
model, which differs from mice, for the study of social
avoidance and prosocial behaviors.
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INTRODUCTION

Social behavior has been widely studied in animals such as
fish (Glass et al., 2003), birds (Yoshida et al., 2006), bats
(Moga & Moore, 1997), mice (Deboer et al., 2003), rats (Buijs
et al., 2019), and monkeys (Hery et al., 1981). In the wild,
territorial animals defend their territories against strangers and
neighbors (intruders) (Fuchs et al., 1995; Monclus et al.,
2014). If this occurs in the laboratory, social behavior is
elicited by and directed toward an intruding conspecific (Pryce
& Fuchs, 2017; Wang et al., 2013). The patterns of social
behaviors in laboratory rodents include social avoidance,
approaching, sniffing, genital grooming, following, aggressive
chasing, and attacking (Arakawa et al., 2014; Houwing et al.,
2019; Toth & Neumann, 2013). Social avoidance and
approach behaviors in the laboratory have been widely
measured in rodents (Golden et al., 2011; Lukas et al., 2011;
Raymond et al., 2019; Toth & Neumann, 2013). Disturbances
in social avoidance and approach behaviors can be social
dysfunction symptoms of social phobia, autism, depression,
schizophrenia, and other neuropsychiatric disorders (Brodkin
et al., 2004; Li et al., 2019; Pfaff & Barbas, 2019). Various
behavioral tests are used to assess social avoidance and
approach behaviors of animals in the laboratory (Bauman et
al.,, 2013; Goodson et al., 2004; Green et al., 2012; Toth &
Neumann, 2013). Social behavior is defined here as behaviors
expressed toward an intruding conspecific male enclosed in a
Plexiglas cylinder (Kaidanovich-Beilin et al., 2011; Lopes,
2014).

As the closest living relatives of primates, tree shrews
(Tupaia belangeri chinensis) have been used to establish
social defeat models of depression (Fuchs, 2005; Wang et al.,
2013). In the wild, tree shrews live singly or in pairs in
territories they defend against male intruders (Fuchs et al.,
1995). Under laboratory conditions, defensive behavior may
involve a brief fighting episode to establish social hierarchy
(Wang et al., 2013). The social-defeat stress model in tree-
shrews has been studied since 1976 (Holst, 1977; Raab &
Storz, 1976), with the chronic psychosocial stress paradigm in
male tree shrews also widely used to detect behavioral,
endocrinological, immunological, and neurobiological changes
in response to psychosocial conflicts (Fischer et al., 1985;
Fuchs & Schumacher, 1990; Fuchs et al., 1993; Magarifios et
al., 1996; Taugner et al., 1980; Wang et al., 2013). Several
behavioral tests have been developed to examine social
behavior in male tree shrews (Meng et al., 2016; Parésys et
al., 2016). Social-defeat stress models in adult male mice and
tree-shrews have been widely used in studies of human
stress-related disorders (Berton et al., 2006; Pryce & Fuchs,
2017; Wang et al., 2013). However, characteristics of social
avoidance and approach behaviors in the laboratory have not
been entirely explored in male wild-type tree shrews. In
addition, differences in the patterns of social behavior between
male tree shrews and mice remain unknown.

In addition to ethical concerns and restrictions, monkey
research is costly and time consuming (Yao, 2017). Compared

with monkeys, tree shrews are a good model species because
they are day-active animals that are small in size (26—40 cm
and 110-180 g) and easy to handle and feed, they have a
relatively short gestation period (41-55 days), length of
puberty (2-6 months), and life span (over 7 years), and are
closely related to primates (Zheng et al., 2014). According to
molecular phylogenetic studies, tree shrews are more closely
related to humans than to mice and rats evolutionarily (Fan et
al., 2013, 2019; Xiao et al., 2017). Tree shrews are a good
choice as animal models in medical research (Huang et al.,
2020; Ni et al., 2018, 2020; Yao, 2017; Zheng et al., 2014). In
this present study, we aimed to assess social avoidance and
approach behaviors in wild-type tree shrews and mice. In
addition, we examined differences in the patterns of social
behavior in response to the presence (or absence) of a
conspecific male between male wild-type tree shrews and
mice.

MATERIAL AND METHODS

Animals

All adult male tree shrews were obtained from a breeding
colony at the Animal House Center of the Kunming Institute of
Zoology, China. Wild-type tree shrews and C57BL/6J mice
(obtained from Chengdu Dossy Experimental Animals, China)
were housed in animal facilities (temperature: 24+2 °C;
relative humidity: 55%-70%; light intensity 900 lux; sound:
<50 dB) under a 12 h light/dark cycle (lights on at 0800h) with
ad libitum access to commercial pellet feed and water. All
animals were individually housed before and during the
experiments. All tree shrews were age- and gender-matched
wild-type animals, as were mice. The experiment contexts and
procedures in the behavioral tests in the laboratory were
almost the same. Experimental animals were defined as any
animal bred and reared according to relevant standards and
intended to be used in experiments or for other scientific
purposes (biomedical research, testing, and teaching) (Basu
et al.,, 1993; Guillen, 2017; Ogden et al., 2016). Here,
experimental tree shrews and mice were placed into an open-
field box and tracked using EthoVision™ tracking software
(Noldus, Netherlands) in both open-field and social
preference-avoidance tests. All animal procedures were
performed in accordance with the Institutional Animal Care
and Use Committee of Sichuan University (Approval No.:
2018134A). The guidelines used in this experiment were also
in accordance with EU standards. According to 3Rs, all efforts
were made to minimize animal suffering as well as the number
of animals used. All experimental procedures were in
compliance with ARRIVE guidelines. Throughout the study,
animals were kept and treated according to the guidelines for
the care and use of animals in behavioral research as
described in Animal Behaviour (Guidelines for the Treatment
of Animals in Behavioural Research and Teaching, 2001).

Handling and Habituation
After four weeks of habituation in the laboratory, male tree
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shrews (n=19, 10 months old) and mice (n=23, 3 months old)
were transferred to new cages in a testing room. When
considering the lifespan of tree shrews (>7 years) and mice
(2-3 years), the ages of the animals used were different. To
minimize non-specific stress responses to manipulation, the
tree shrews and mice were handled (5 min daily for 14 d)
before the behavioral tests. All behavioral tests on tree shrews
and mice were performed during the light phase of the cycle
similar to the housing room. Before behavioral tests, the tree
shrews and mice were given 30 min for adaptation to the
testing environment in a new room (light intensity 900 lux;
sound: <50 dB). Because tree shrews are susceptible to
stress (Fang et al., 2016), they were each transported/carried
in their sleeping boxes throughout the behavioral tests to
reduce impact. The sleeping boxes (covered and dark) were
located outside the cages and were closed with a slider
(Supplementary Figure S1). The tree shrews could return to
their sleeping box for nocturnal deep sleep. In addition, this
sleeping box could be removed from the cages, which made it
possible to obtain the tree shrews without any delay for
capture.

Open-field test for tree shrews

The open-field test for tree shrews was modified from previous
research (Golden et al., 2011; Wang et al., 2013). To detect
the spontaneous locomotor behavior of tree shrews, locomotor
activities were recorded in the open-field test. Each tree shrew
was placed at the end of an open-field box constructed of
white Plexiglas (100 cmx40 cmx50 cm) and monitored for 5
min. After each test, the Plexiglas box was cleaned with 75%
alcohol solution. During the 5 min, distance and movement in
the open-field test were analyzed using the EthoVision™
tracking software. Total distance and cumulative duration of
movement (moving) of tree shrews and mice were measured
to detect spontaneous locomotor activity and exploration in the
open-field box (Meng et al., 2015).

Open-field test for mice

The open-field test for mice was conducted to evaluate
locomotor exploration as described previously (Hefner et al.,
2007). The apparatus was a square arena (40 cmx40 cmx35
cm) consisting of a white Plexiglas box. Each mouse was
placed in the corner and permitted to explore the apparatus ad
libitum for 5 min. After each test, the arena was cleaned with
75% alcohol solution. During the 5 min, distance and
movement in the open-field test were analyzed using
EthoVision™. After familiarization with the open-field
apparatus, social avoidance and approach behaviors were
measured using the social preference-avoidance test (Toth &
Neumann, 2013; Xu et al., 2019).

Social preference-avoidance test for tree shrews

The social preference-avoidance test used for the tree shrews
was modified from previous research on mice (Golden et al.,
2011). The social preference-avoidance test was assessed
using an enclosed Plexiglas box (100 cmx40 cmx50 cm)
consisting of a test arena (90 cmx40 cmx50 cm) and target
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arena (10 cmx40 cmx50 cm). The two arenas were separated
by a transparent perforated wall. Each experimental tree
shrew was introduced into the test arena and its movement
was tracked for two consecutive 15 min sessions. In the first
session (no target), there was no naive tree shrew (unfamiliar,
species-, age- and gender-matched male tree shrew) in the
target arena. In the second session (target), the experimental
conditions were identical except that a naive tree shrew was
placed in the target arena. Between the two sessions, the
experimental tree shrew was removed from the test arena and
placed in its home cage for approximately 1 min. After each
test, the test box was cleaned with 75% alcohol solution. The
two sessions were videotaped and analyzed using
EthoVision™. The videotaped data recorded under “no target”
and “target” conditions were used to determine the activities of
the experimental tree shrews in the social interaction (Sl) zone
(40-cm-wide corridor surrounding target zone; body size in
tree shrews: 26—40 cm). Total distance and cumulative
duration of movement (moving) of the animals were used to
study locomotor activity and exploration in the social
preference-avoidance test. In the Sl zone, the distance
moved, duration of movement (moving time in Sl zone), and
duration (time spent in Sl zone), frequency (number of
entrances to Sl zone), and latency (time of first entrance into
Sl zone) were used to evaluate social avoidance and
approach behaviors of the animals (Berton et al., 2006; Farrell
et al.,, 2016; Henriques-Alves & Queiroz, 2016). Locomotor
activity (total distance and cumulative duration of movement)
was assessed throughout the open-field box and S| zone,
respectively, to provide an index of general locomotor activity
in social contexts when the conspecific target was absent or
present. Social preference was defined as a significantly
greater investigation time and less latency to enter the Sl zone
during the second 15 min session (target-present) than during
the first 15 min session (target-absent), whereas social
avoidance was the opposite.

Social preference-avoidance test for mice

The test box in the social preference-avoidance test was
similar to that of the open-field test (40 cmx40 cmx35 cm).
The social preference-avoidance test in mice was performed
and modified as described previously (Berton et al., 2006;
Golden et al., 2011). Briefly, each experimental mouse was
placed into the open field and tracked for two consecutive 15
min sessions. During the first session (no target), the open
field contained an empty wire mesh cage centered against
one wall of the arena. During the second session (target), the
experimental conditions were identical except that a social
target mouse (unfamiliar C57BL/6J male mouse) was
introduced to the wire mesh cage. Between the two sessions,
the experimental mouse was removed from the open field and
returned to its home cage for approximately 1 min. After each
test, the box was cleaned with 75% alcohol solution. The two
sessions were videotaped and analyzed using EthoVision™.
The videotaped data recorded under “no target” and “target”
conditions were used to determine the activities of



experimental mice in the Sl zone (8-cm-wide corridor
surrounding target zone; body size in mice: 7-8 cm) (Berton et
al., 2006).

Statistical analysis

Statistical analysis was performed using SPSS 22 software
(SPSS Inc., USA). All results are expressed as
meansitstandard error of mean (SEM). For normally
distributed data, group differences in behavioral measures
were tested using one-way analysis of variance (ANOVA),
followed by Bonferroni’s post hoc test. Multivariate analysis of
covariance followed by Bonferroni's post hoc test was
performed for the distance moved, cumulative duration, time in
zone, and frequency in the social preference-avoidance test.
Repeated measures ANOVA followed by Bonferroni’'s post
hoc test was performed for the above parameters in the social
preference-avoidance test every 5 min and 1 min. Repeated
measures ANOVA followed by Bonferroni’s post hoc test was
also used to evaluate the significance of distance moved and
cumulative duration in the open-field test every 2.5 min. For
data not normally distributed, latency to enter the Sl zone was
compared with each other using the Wilcoxon signed-rank test
or Friedman's test. The effect size was calculated using
Cohen'’s d. Significance was set at P<0.05.

RESULTS

The locomotor activities of wild-type tree shrews and mice
were tested for 5 min in the open-field box. Our data showed
that the wild-type tree shrews and mice had high locomotor
activity in the novel environment (tree shrew: 1
155.041£154.06; mouse: 1 404.53+85.00) (Figure 1A). The
heatmaps show locomotor activity expressed as total distance
traveled in successive 1 min bins in the open-field test over a
5 min period for each tree shrew and mouse (Figure 1A). The
tree shrews exhibited a short duration of movement (moving)
in the novel environment (86.95+11.66), whereas the mice
exhibited a long duration of movement (160.50+7.34)
(Figure 1B). The tree shrews had a higher maximum speed in
the open-field test than mice (tree shrew: 165.003+24.974;
mouse: 34.023+£1.614). However, the tree shrews and mice
had similar mean moving speeds in the open-field test
(Table 1). After familiarization with the open-field apparatus,
the social interaction behaviors of wild-type tree shrews and
mice in response to a conspecific male were assessed in the
social preference-avoidance test.

A modified apparatus was used to evaluate the social
interaction behaviors of wild-type tree shrews (Figure 2A).
Their activities in the social preference-avoidance test were
examined when the conspecific target was absent or present
during two consecutive sessions (Figure 2B). In the 30 min
social preference-avoidance test for tree shrews and mice
(first 15 min session: no target; second 15 min session: target-
present), there were no significant differences in total distance
moved in the compartment between the two consecutive
sessions (Figure 3A). However, there were significant
differences in total distance moved by the tree shrews in the

compartment among targety.s min (655.64£186.79), targets 1
min (1 151.67+281.08), and targetig.15 min (1 802.58+412.06)
when the target tree shrews were present (Fp 35=7.401,
P<0.01; Figure 3A). Significant differences in total distance
moved were also found in mice when the target was absent
(F(2, 43=36.269, P<0.01; no targetys mi, (806.32+53.46), no
targets.io mn (1 264.22148.80), and no targetig.1s mn (1
210.08+65.25); Figure 3A). In addition, there were significant
differences in total distance moved by the mice between
target-absent and target-present groups in the first, second,
and third 5 min periods (Figure 3A). Lower moving distance in
mice was found in the first 5 min period and higher moving
distance was found in the second and third 5 min periods
when the target was absent. Locomotor activity was
expressed as total distance traveled and cumulative duration
of movement (moving) in successive 1 min bins over the
course of the experimental trial for each tree shrew and
mouse (Figure 3A, D). In the first 3 min of the 15 min session,
tree shrews showed larger moving distance when the target
was absent than when the target was present (Figure 3B).
Significant differences in total traveling distance were found in
mice in the first 6 min of the 15 min session (Figure 3C). Total
cumulative duration of movement (moving) in mice
significantly decreased when the target animals were present
in the compartment during the 30 min sample period (F,
44=4.074, P<0.05; no target (390.58+13.72), target
(351.894£13.38); Figure 3D). In accordance with the total
distance moved by mice, similar findings were found in total
cumulative duration of movement (moving) of mice in the first,
second, and third 5 min periods (Figure 3D). Significant
differences in total cumulative duration of movement by the
tree shrews were found between target-absent and target-
present groups in the first 5 min period (no target
(93.09+13.23), target (46.90+13.22); Figure 3D). Furthermore,
the experimental tree shrews had a lower duration of
movement when the target animals were present during the 6
min period (Figure 3E). In the first 5 min of the second 15 min
session (target-present), the target animals significantly
increased the cumulative duration of movement in mice,
whereas the experimental mice (target-present) showed a
significant reduction at the end of the session (Figure 3F).
There was no significant difference in distance moved in the
Sl zone by the tree shrews and mice between target-absent
and target-present groups during the 30 min test period
(Figure 4A). Heatmaps show the locomotor activity expressed
as distance moved for each tree shrew and mouse in the Sl
zone in successive 1 min bins (target-absent and target-
present sessions). The experimental tree shrews showed a
significant decrease in distance moved in the S| zone in the
first 5 min period when the target animals were present
(F, 35=3.947, P<0.05; no target (485.92+82.62), target
(216.27469.50)), whereas the experimental mice showed a
significant decrease in the distance moved when the target
animals were absent (Fp 43=43.073, P<0.01; no target
(155.934£30.26), target (557.77+43.82); Figure 4A).
Experimental tree shrews showed higher motor activity from 2
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Figure 1 Total distance and movement provide information about general activity of tree shrews and mice

A: Total distance moved by tree shrews and mice in box during 5 min open-field test and every 2.5 min (left). Heatmaps show locomotor activity
expressed as distance traveled in successive 1 min bins in open-field test over a 5 min period for each tree shrew and mouse (right). B: Total
cumulative duration of movement (moving) of tree shrews and mice in open-field box during a 5 min sample period and every 2.5 min. Values are

means+SEM (tree shrew: n=19; mouse: n=23).

min to 6 min when the target animals were absent (target-
absent vs. target-present; Figure 4B). However, experimental
mice showed higher motor activity from 1 min to 14 min when
the target animals were present (Figure 4C). Similar findings
were found in the cumulative duration of movement (moving)
of tree shrews and mice in the S| zone (Figure 4D, E). The
presence of target tree shrews significantly decreased time
spent by the experimental tree shrews in the Sl zone during
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the second 15 min session, whereas the presence of target
mice significantly increased time spent by the experimental
mice in the S| zone (tree shrew: Fy 35=6.838, P<0.05; no
target (429.17+54.27), target (235.89+50.18); mouse: F
44=34.936, P<0.01; no target (290.85+27.90), target
(503.35+22.67); Figure 5A). Compared with the experimental
tree shrews when the target animals were absent, tree shrews
spent significantly less time in the Sl zone in the first and third



Table 1 Mean, minimum, and maximum speeds of mice and tree
shrews in open-field test (meantSEM)

Minimum (cm/s)
0.014+0.002
Tree shrew 0

Mean (cm/s) Maximum (cm/s)
4.683+0.283 34.023+1.614
3.851+0.514  165.003+24.974

Mouse

5 min periods when the target animals were present (Figure
5A). In contrast, mice spent a significantly longer time in the Sl
zone in the first and second 5 min periods when the target
animals were present (Figure 5A). Heatmaps show the time
spent by each tree shrew and mouse in the S| zone over a 30
min period (target-absent and target-present sessions) in
successive 1 min bins (Figure 5A). The experimental tree
shrews showed a lower cumulative duration spent in the Sl
zone from 2 min to 15 min when the target animals were
present (Figure 5B). However, the experimental mice showed
a higher cumulative duration spent in the S| zone during the
second 15 min session (target-present) than during the first 15
min session (target-absent; Figure 5C). There were significant
differences in latency to enter the Sl zone by tree shrews and
mice during the 30 min sample period between target-absent
and target-present groups (tree shrew: 4 35=10.016, P<0.01;
no target (145.74+40.50), target (425.38+78.52); mouse: F,
44=13.052, P<0.01; no target (72.10+15.71), target
(13.3314.22); Figure 5D). Heatmaps show the latency to enter
the Sl zone by each tree shrew and mouse over the 30 min
period (target-absent and target-present sessions) in
successive 1 min bins (Figure 5D). The experimental tree
shrews demonstrated a significantly longer latency to enter the
Sl zone in the second 15 min session (target-present) than in
the first 15 min session (target-absent; Figure 5E). In contrast,
the experimental mice displayed a significantly shorter latency

A
Non-Sl zone Sl zone
No Vs Target
target zone
Target
Target| @ A J
zone

Figure 2 Social preference-avoidance test in tree shrews

to enter the S| zone when the target mice were present
(Figure 5F). Moreover, our data showed no significant
differences in frequency of entrances in the S| zone by tree
shrews and mice during the 30 min social preference-
avoidance test between target-absent and target-present
groups (Figure 6A, B). In mice, the frequencies of entrance
between the two sessions in the first 5 min period were
different from those in the second 5 min period (Figure 6B).
Mice demonstrated a lower frequency of entrances into the Sl
zone when the target animals were absent in the first 5 min
period (no targety.s min (7.65+0.65), targety.s min (11.43+0.70);
Figure 6B). In tree shrews, the target animals significantly
decreased the cumulative frequency of entrances in the Sl
zone from 2 min to 4 min (Figure 6C). However, the
cumulative frequency of entrances in mice was significantly
increased in the first 6 min of the second session (Figure 6D).

DISCUSSION

In the present study, we evaluated the social behaviors of tree
shrews and mice toward unfamiliar conspecifics using the
social preference-avoidance test. Compared with the
experimental animals in the first 15 min session, the
conspecific target animals significantly altered the social
behaviors of experimental tree shrews and mice in the second
15 min session. In addition, distinct social interaction patterns
in response to a conspecific male were also observed in tree
shrews and mice.

The open-field test is commonly used to evaluate
locomotion, anxiety, and various alterations in emotional
behavior (Seibenhener & Wooten, 2015). Locomotor activity
(total distance and cumulative duration of movement) was
assessed in the open-field test to provide an index of general

B
Non-Sl zone Sl zone
No Target
target zone
Target
Target A J
zone
Min Max
|

A: Schematic of social preference-avoidance test in tree shrews. Social interaction (SI) behaviors were assessed in the compartment. Test arena

(Sl zone and non-Sl zone) and target (novel tree shrew) zone were blocked by perforated Plexiglas partition. Shadow indicates S| zone. B:
Heatmaps show cumulative duration spent by wild-type tree shrews throughout compartment during social preference-avoidance test.
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locomotor activity in a novel open environment. Tree shrews
are susceptible to the surrounding environment (Zheng et al.,
2014). As such, the purpose of the open-field test was to allow
animals to become familiar with and reduce anxiety to the
novel testing environment. According to the measured values
of total distance moved in the open-field test every 2.5 min,
experimental tree shrews and mice adapted to the novel
environment and open-field box. Although mice are nocturnal,
high levels of activity were found in the open-field test.

Tree shrews and mice have different living habits. Wild tree
shrews often appear in the jungle alone, with scent marking by
adult males observed in their territories (Hubrecht & Kirkwood,
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2010; Zheng et al., 2014). In addition, tree shrews are mostly
monogamous in the wild, which is in agreement with
observations made in the laboratory where tree shrews can be
effectively maintained in pairs (Hubrecht & Kirkwood, 2010).
Although the tree shrews used in the present study were bred
in the laboratory, they did not exceed second generation
offspring and still retained the habits of wild tree shrews. Male
tree shrews in the laboratory defend vigorously against
intruding conspecifics when a naturally occurring challenging
situation is established under experimental control (Fuchs,
2005; Wang et al., 2011). This may be related to aggressive
behavior towards the potential intruder. Males defend their

Mouse
E 5000 [ No target
< M Target
T 4000
>
°
£ 3000
3
1=
S 2000
I
k]
S 000
3
= [)
Time bins (min)
Animal identity code (cm)
1
N2 E |
“N3;
N3 - 400
"N5;
N u 300
N8
% % _ h
No - _ 200
target | 3 H N
| ; 100
e e, 1
| (13 o
| ||
M_T
2
1 ]
mE "
T8 | | ||
19
T m |
Target q } m
T13; u
I T14 || |
112
T17; | |
1o ™ =
_T20; || ]
121
|_T22; | |
_T23; |
1234567 89101112131415
Mouse Time (min)
Cc
Mouse
4000 © No target
4 Target

Total distance moved (cm)
S
S

012345678 9101112131415
Time (min)



D Tree shrew Mouse
L 500 0 No target £ 500 0 No target
c < *
K] H Target k] —/ M Target
w400 w400
5 H
o ° $%
© 300 o 300
2 2
s # &
S 200 — S 200
*
E - E
Qo 100 o 100
K =
o (<]
R 5 O o T 5 0 ®
o N N @ s N N
&O Q o \Q' «O Q < \Q‘
Time bins (min) Time bins (min)
Animal identity code (s) Animal identity code (s)
TS N1 1
Y i il sl et conly A
I8N o _ | N =
TN !I — 40 NG -
TSTN7: |l | _N7; || 30
No TS”N8; | 30 ~N8; |
T8I0 N1 e—
target BN No N1 m 20
TSN » target| v ] B w
- . i S |
TSN17; “N17 u
TSTN18; ] i TN18# T | .
TeNIZ 0 N1 |
13T ‘ mi e "m |
TS T4 "N23 L -
M1
e = m
T T4 I-*
Target| 1. T8 =
T 17
T T8
T 19
T T10:
T Target| M_T11
T 112 m
T 113
T I T14
T 118 =
1234 5.6 78 91.01112131415 ;1% B
Time (min) e
Tree sh 30
ree shrew 121
T23
1234567 89101112131415
Mouse Time (min)
E F
Tree shrew Mouse
500,
400 © No target © No target

& Target 400 & Target

12345678 9101112131415
Time (min) Time (min)

12345678 9101112131415

Total cumulative duration (s)
Total cumulative duration (s)

Figure 3 Behavioral differences in tree shrews and mice between target-absent and target-present trials in social preference-avoidance
test

A: Comparison of total distance moved in compartment when target (novel tree shrew or mouse) is absent or present during 30 min sample period
(first 15 min session: No target; second 15 min session: Target) and every 5 min. Heatmaps show total distance traveled in successive 1 min bins in
social preference-avoidance test over a 30 min period for each tree shrew and mouse. B: In first 3 min of 15 min session, tree shrews demonstrated
greater moving distances when target was absent than when target was present. C: Significant differences in total traveling distance in mice were
found in first 6 min of 15 min session. D: Total cumulative duration of movement (moving) of tree shrews and mice in compartment during 30 min
sample period and every 5 min. Heatmaps show total duration of movement (moving) of tree shrews and mice in successive 1 min bins. E, F:
Cumulative duration of movement over time by tree shrews and mice from starting point through 15 min of each session. Values are means+tSEM
(tree shrew: n=19; mouse: n=23). Significant differences are indicated by ": P<0.05; ™: P<0.01; *: P<0.05; #*: P<0.01; % P<0.05; *: P<0.01 (*: No
target vs. target; #: Significantly different among targety.s min, targets 1o min,» and targetio.1s min; $: Significantly different among no targety.s min, NO
targets 19 min, @nd no targetso.15 min)-

Zoological Research 41(3): 258-272, 2020 265



266

Social interaction zone

>

Tree shrew
2000 [ No target

M Target
1500

1000 #
[}
0 Ll
@ 42 o RS

&O Q’ & \Q'
Time bins (min)

Distance moved (cm)

Animal identity code
TS _Ni1# W | = I
TS~ |
TS~ -
TS
||
[

No TS™
target | 15—

F

9
Target | t5’110%

TS_T19#
1234567 89101112131415

Time (min)

Tree shrew

W

Tree shrew
[ & No target
| & Target

2000

1500

1000f

500f

Distance moved (cm)

(cm)
600
! 500
400

300

012345678 9101112131415
Time (min)

WWWw.zoores.ac.cn

Distance moved (cm)

No
target

Target

Distance moved (cm)

1500

1000

Mouse
2000 [ No target
H Target

500

M

| 250
| 200
.

N 150

100

Mouse

2 -
000 © No target

1500+ 4 Target *

1000f

500F

0T 234567809101112131415
Time (min)




w)

Tree shrew
200 [0 No target
*2’ H Target
2 150
o
>
T
o 100
=
d‘-vl *%
S 50
£
>
O
AN % Q o
& 5 N N
«O Q 6& \Ql

Time bins (min)

Mouse
200 [ No target
(")
g M Target
o
2 150
© $$
=
o $$
o 100 — N
'.g | | ™
S s
£
=
(6]
T » o
@ ) N N
&O Q' “ ,\Q'

Time bins (min)
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territories, indicating competition for food rights and mating
opportunities (Kawamichi & Kawamichi, 1979; van Dongen,
2008). High-quality territories in the wild may have better food
sources, nesting sites, or mates (Lopes, 2014). The typical
lifestyle of mice in the laboratory is different from that of tree
shrews. C57BL mice are non-monogamous social animals,
and do not show clear territorial behavior (Hubrecht &
Kirkwood, 2010).

The social approach-avoidance test was designed for
assessment of approach-avoidance behavior in rats and mice
(Golden et al.,, 2011; Haller & Bakos, 2002; Mikics et al.,
2008). Each social approach-avoidance test is composed of
two sessions (first session: no target; second session: target
present) (Golden et al.,, 2011). Regardless of the social
approach-avoidance test performed under conditions of light
or darkness, male mice exhibit prosocial behavior toward
unfamiliar conspecifics (Berton et al., 2006; Golden et al.,
2011; Kaidanovich-Beilin et al., 2011).

In the present study, we first applied the modified social
preference-avoidance test to evaluate social interaction
behavior in wild-type tree shrews. Although there were similar
behavioral performances in total distance moved and total
cumulative duration of movement in the 30 min social
preference-avoidance test between tree shrews and mice,
distinct behavioral patterns in response to a conspecific male
were also observed in tree shrews and mice in the first,
second, and third 5 min periods. These findings suggest that
social behaviors in tree shrews and mice are time dependent.
Moreover, tree shrews demonstrated significantly decreased
time spent in the Sl zone and prolonged latency to enter the SI
zone when the target animals were present. In contrast, mice

showed significantly increased time spent in the Sl zone and
shorter latency to enter the S| zone, similar to previous reports
(Berton et al., 2006; Golden et al., 2011). This prosocial
behavior in wild-type mice can be suppressed by social defeat
stress (Berton et al., 2006). To induce fighting, C57BL/6J mice
have been exposed to novel, aggressive CD-1 mice for 10 d;
after 10 d of social defeat, social avoidance behavior is
induced in susceptible mice (Berton et al., 2006; Golden et al.,
2011). Previous study has also demonstrated that rats behave
prosocially in the laboratory when they perceive their
conspecifics trapped in the restrainer and experiencing
nonpainful psychological stress (Bartal et al., 2011). Male tree
shrews are territorial animals in the wild and strongly defend
against intruding conspecifics (Zheng et al., 2014). In the
laboratory, the chronic social defeat stress model is based on
exposure of male tree shrews (resident) to each other
(intruder) (Fuchs, 2005; Wang et al., 2013). Chronic social
defeat stress can induce anhedonia and depression-like
behaviors in male tree shrews (Fuchs, 2005; Wang et al.,
2013). Previous studies have shown that female and male tree
shrews exhibit novel object and location preference in novel
location memory tasks (Khani & Rainer, 2012; Nair et al.,
2014). Male tree shrews are aggressive, although fights are
observed only between individuals of the same sex
(Vandenbergh, 1963; Zheng et al., 2014). Male tree shrews
may be generally prosocial towards an unfamiliar female
conspecific (Schehka et al., 2007). The male-female social
interaction test in C57BL/6J mice has been conducted on
young females, which elicits prosocial behavior from the male
test animal (Bales et al., 2014; Ey et al., 2012). In the present
study, experimental wild-type tree shrews showed a significant
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Figure 5 Behavioral differences in tree shrews and mice between target-absent and target-present trials
A: Comparison of time spent by tree shrews and mice in social interaction (SI) zone during 30 min social preference-avoidance test and every 5

min. Heatmaps show time spent by each tree shrew and mouse in Sl zone in successive 1 min bins. B: Experimental tree shrews showed lower

cumulative duration spent in SI zone from 2 min to 15 min when target animals were present. C: Experimental mice showed higher cumulative

duration spent in Sl zone during second 15 min session (target-present) than during first 15 min session. D: Latency to enter Sl zone of tree shrews

and mice during 30 min sample period. Heatmaps show latency to enter Sl zone of tree shrews and mice over 30 min period (target-absent and

target-present sessions) in successive 1 min bins. E: Experimental tree shrews showed significantly longer latency to enter Sl zone in second 15
min session (target-present) than in first 15 min session (target-absent). F: Experimental mice showed significantly shorter latency to enter Sl zone
when target mice were present. Values are means+SEM (tree shrew: n=19; mouse: n=23). Significant differences are indicated by ": P<0.05; ™
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different among no targetq_s min, NO targets_ 1o min, and no targetyo.15 min)-

decrease in sociable activities in the SI zone when target
animals were present. These findings further confirm male
wild-type tree shrews exhibit social avoidance behavior in the
social approach-avoidance test. This may be why it is
relatively easy to establish tree shrew models of depression
by repeated exposure to episodes of social defeat by an

unfamiliar conspecific.

In summary, the social preference-avoidance test was first
designed for the assessment of approach-avoidance
behaviors in tree shrews. Moreover, male wild-type tree
shrews and mice exhibited different characteristics of social
behaviors in the social preference-avoidance test. Our study
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provides further evidence of social avoidance behavior in male
tree shrews and prosocial behavior in male mice toward
unfamiliar conspecifics. In addition, social behaviors in tree
shrews and mice appeared to be dependent. Our results
indicate that the tree shrew may be a new animal model to
study social avoidance behavior and prosocial behavior.
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