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Abstract
Group-level behavior has important fitness consequences for group-living fish, which might be affected by the personalities of
group members. However, the role of group personality on group behavior has seldom been systematically investigated. To test
the effect of the personalities of group members on shoaling behavior and the underlying mechanisms, we investigated the
activity and boldness personality traits in qingbo (Spinibarbus sinensis) and grouped qingbo shoals into high personality score,
low personality score, and randomly selected control groups and measured the shoal-level behavior traits. Compared with the
reactive shoal (low activity and boldness), the proactive (high activity and boldness) shoal showed high activity and increased
synchronization of speed, suggesting that the shoal-level behavior was affected by the personalities of the shoal members.
Interestingly, the variables in the control shoal were midway between those in the high- and low-activity shoals, suggesting that
the average activity score might be the most important factor for group-level behavior (average-determined mechanism).
However, when qingbo were divided into high- and low-boldness shoals, the control shoal variables were similar to those of
the low-boldness shoals, suggesting that a minority of low-boldness individuals might have a dominant effect on shoal-level
behavior (minority-determined mechanism). Cohesion showed a more complicated pattern than the other variables, which might
be because the conformity of personalities among shoal members had a profound effect on cohesion. This finding suggests that
large interindividual differences in personality play a profound effect on group-level behavior, and different mechanisms might
provide the precondition for shoals to exhibit great shoal-level diversity. These findings might have important ecological
relevance for the survival of group-living fish in habitats with food resource and predation intensity fluctuations.

Keywords Personality . Activity . Exploration . Boldness . Consistent interindividual difference

Abbreviations
PTM Percent time moving
TDM Total distance moved
PTMgroup PTM of the four shoal members
IID The interindividual distance
SV The synchronization of speed
ICC The intraclass correlation coefficient

Introduction

Individuals of a species exhibit different behavioral responses
when exposed to the same type of stimulus over time and in
different contexts, even if they are the same age and size (Wolf
and Weissing 2012). This phenomenon has been termed
Bpersonality ,̂ i.e., repeatable individual differences in behav-
iors such as activity, exploration and boldness (Réale et al.
2010; Mazué and Godin 2015). The existence of personality
has been assumed to have large fitness consequences (Smith
and Blumstein 2008) and a wide range of ecological and evo-
lutionary implications (Réale et al. 2010; Sih et al. 2004). For
example, personality variations could provide a level of het-
erogeneity within animal groups that may drive collective
behavior and be beneficial for the survival of a population in
a changing environment (Jolles et al. 2017). For activity mea-
surements, fish biologists usually use the characteristics of
spontaneous activities in an arena, such as the percent time
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moving (PTM) and the total distance moved (TDM) during a
given period (Brown and Irving 2014; Liu and Fu 2017). The
tendency to leave a refuge and explore an open environment is
traditionally referred to as boldness (Jolles et al. 2017), and
studies have used inspection latency and the number of in-
spection behaviors as indicators of boldness (Brown and
Irving 2014; Tang et al. 2018).

Group living is commonly observed among fish species in
nature (Shaw 1978). Fish derive many benefits from group
living, including defense against predators and enhanced for-
aging success (Krause and Ruxton 2002). The behaviors of
individuals and the interactions between them characterize the
group-level behavior and determine how fish move and make
decisions between individuals, shaping the properties of fish
schools (Herbert-Read et al. 2011; Tang et al. 2017). Thus,
individuals with different personality traits might exert vary-
ing degrees of influence on group behavior, whereas studies
have indicated that consistent behavioral differences can in-
fluence leadership (Ward et al. 2004; Harcourt et al. 2009),
collective dynamics (Jolles et al. 2015, 2018), and group-level
behavior (Dyer et al. 2009; Cote et al. 2011; Ioannou and Dall
2016). However, only a few studies have evaluated the under-
lying mechanisms, and the results have been quite controver-
sial or at least species-specific. For example, Cote et al. (2011)
found that the boldness and dispersal tendency of
mosquitofish (Gambusia affinis) was determined by the aver-
age boldness and sociability scores of their population, where-
as another study on guppies (Poecilia reticulata) found that
the group-level boldness tendency was mainly determined by
a minority of the group members (Brown and Irving 2014).
Thus, in the present study, we aimed to investigate (1) whether
the group-level behavior traits of qingbo varied in shoals com-
prised of individuals with different personality levels (high
activity or boldness vs. low activity or boldness) and (2)
whether the group-level behavior was mainly determined by
the personality of a minority of the group members or the
average of all group members.

To that end, we used a common cyprinid fish species,
qingbo (Spinibarbus sinensis), to first measure the activity
and boldness levels of 300 individuals; thus, individuals were
grouped as high-activity and low-activity shoals (or high-
boldness and low-boldness shoals). Then, we measured the
group-level behavior, such as the average swimming speed
and PTM of the four shoal members (PTMgroup), to determine
the activity of the shoal, while we measured the synchroniza-
tion of the swimming speed and the interindividual distance to
determine the shoal cohesion. We first tested whether the per-
sonalities of the group members affected the group-level be-
havior in qingbo by comparing the abovementioned variables
between 20 high-activity and 20 low-activity (or boldness)
shoals. Then, we grouped 40 control shoals with randomly
selected members from all 300 individuals and compared their
shoal-level behavior with either the high- or low-activity (or

boldness) shoals. Thus, we predicted that the average shoal-
level behavior of the control shoals would bemidway between
that of the high- and low-activity (or boldness) shoals and
similar to the average of all 40 high- and low-activity (or
boldness) shoals if the average personality score was the de-
termining factor (average-determined mechanism).
Otherwise, the shoal might be inclined toward either a high-
or low-activity (or boldness) shoal if the group-level behavior
was mainly determined by a minority of the group members
(minority-determined mechanism).

Materials and methods

Source of the fish and their care

Qingbo (Spinibarbus sinensis) were selected for the experi-
ment because they are one of the most frequent and even
dominant species in the Yangtze River water system.
Previous studies have found that this species prefers group
living and shows large and consistent individual behavioral
traits such as sociability and inspection behavior (Killen et al.
2016; Tang et al. 2018).

A total of 300 juvenile qingbo (body mass: 5.82 ± 0.00 g)
were purchased from a local hatchery (Chongqing, China). All
fish were maintained in four tanks, which were 250 L
recirculating systems filled with dechlorinated, well-aerated
tap water. One-tenth of the water in each tank was replaced
daily with freshwater to maintain good water quality. The
recirculating systemwas fitted with mechanical and biological
filters and ultraviolet sterilizers. The water temperature was
regulated consistently at 25 ± 1 °C. The fish were fed to sati-
ation once daily (at 8:00 am) for 2 weeks with a commercial
floating diet (Tongwei Company, Chengdu, China; composi-
tion: 41.2 ± 0.9% protein; 8.5 ± 0.5% lipid; 25.7 ± 1.2% car-
bohydrate; and 12.3 ± 0.4% ash). The uneaten food and feces
were collected with a siphon 1 h after feeding. Throughout the
experimental period, the water was constantly aerated to en-
sure that the dissolved oxygen level was maintained at a min-
imum of 90% saturation. The photoperiod was 12 h light and
12 h dark. After 2 weeks of acclimation, all fish were tagged
intraperitoneally with passive integrated transponder (PIT;
Guang - Zhou Hongteng Barcode Technology Company) tags
under anesthesia with neutralized tricaine methanesulfonate
(MS222, 50 mg L−1). Then, all fish were allowed to recover
for an additional 2 weeks; the maintenance and feeding pro-
cedures were in accordance with the former acclimation peri-
od. At the end of the recovery period, all individuals were used
to measure behavior.

This study was approved by the Animal Care and Use
Committee of the Key Laboratory of Animal Biology of
Chongqing (Permit Number: Zhao-20,161,024-03) and per-
formed in strict accordance with the recommendations in the
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Guide for the Care and Use of Animals at the Key Laboratory
of Animal Biology of Chongqing, China.

Experimental setup

A rectangular tank (length × width × height: 60 × 20 × 20 cm)
was used to measure personality behavior (Fig. 1). To mini-
mize disturbance from the observers during the experiments,
the tank was surrounded with an opaque canvas. The tank was
divided into two compartments by a removable opaque plastic
partition (ensuring an undisturbed acclimatization period) that
was used to separate the open area (length × width × height:
40 × 20 × 20 cm) from a hidden area with shelter (length ×
width × height: 20 × 20 × 20 cm). The water depth was main-
tained at 10 cm during the experiment. The behaviors of the
test fish were recorded using a webcam (Logitech Pro 9000;
Logitech Company, Suzhou, China) connected to a remote
monitor, and the experimental tank was illuminated by prop-
erly placed fluorescent lights.

Measurement of personality behavior

Activity All 300 fish were individually transferred to the mid-
dle of the open area of the aquarium and acclimated for 10min
(the fish could not access the hidden area due to the partition
between the open and hidden area). Then, the movements of
the fish were recorded by the webcam for 10min (at 15 frames
per second) (Heg et al. 2011). The PTM and TDM were used
for the activity measurements of individual members.

For the activity analysis, the videos were converted from
.wmv to .avi format using Format Factory (http://format-
factory.softonic.cn) and imported into an automated tracking
program, i.e., EthoVision XT9 (EthoVision XT 9, Nodus,
Netherlands). The program automatically tracked the
position of the experimental fish in each frame and
converted the x and y coordinates from pixels to cm. The
PTM was calculated as the proportion of time when fish

were swimming at a speed above 1.75 cm s−1 (Tang et al.
2017),

whereas the swimming speed (v, cm s−1) was calculated as
follows:

v tð Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x tð Þ−x t−1ð Þð Þ2 þ y tð Þ−y t−1ð Þð Þ2

q
=d ð1Þ

where x(t) and x(t-1) and y(t) and y(t-1) are the x and y coor-
dinates, respectively, of the measured fish at time t and the
time of the previous frame (t-1), and d is the length of the time
interval. The parameter used to measure the TDM was calcu-
lated by the change in coordinates over 10 min.

Boldness All 300 fish were individually transferred to the
shelter area and acclimated for 30 min; then, the partition
was gently opened (i.e., a small door), and the fish movement
in the tank was recorded for 30 min (Alain et al. 2015; Mazué
and Godin 2015). The first time the fish reached the open area
(i.e., inspection latency) and the total number of times the fish
entered the open area (i.e., inspection numbers) during the
period were used for the boldness measurement. The boldness
was analyzed artificially. Namely, inspection latency and in-
spection numbers were determined by the same person ob-
serving the video.

The measurement of personality was performed from
07:00 to 20:00 each day. The fish were randomly selected
from a total of 300 fish to test the boldness first, and the same
apparatus was then used to measure the activity. After the
boldness and activity measurements were completed for a
fish, the experimental setup was carefully cleaned with fresh
water. Four identical experimental setups were performed to
measure the personality of four fish at one time, and 20 fish
were measured every day. All personality behaviors were
measured twice over 2 days, and the mean values were used
as the boldness and activity behavior values.

Measurement of shoaling behavior

Grouping and video collection

Each shoal consisted of four members (a previous study found
that a four-member shoal showed typical group-level charac-
teristics, Tang et al. 2017). First, the fish were grouped into
high- and low-activity shoals (twenty shoals for each; judged
by PTM) or high- and low-boldness shoals (judged by inspec-
tion latency) according to the results of the personality mea-
surements (we controlled only one of the traits at a time and
ignored the other traits; specifically, for the low-activity shoals
vs. high-activity shoals, the boldness trait was randomly se-
lected). The fish with high activity or boldness were randomly
selected from the 150 individuals with relatively high activity
or boldness from all 300 experimental fish. Similarly, the
shoals with low activity or boldness were randomly selected

Fig. 1 Design of the experimental aquarium used to measure personality
in the study. A) Open area (length × width × height: 40 × 20 × 20 cm); B)
hidden area (length × width × height: 20 × 20 × 20 cm); C) removable
opaque PVC divider; D) small door; and E) opaque PVC partition
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from the remaining 150 individuals with relatively low activ-
ity or boldness. Then, the shoaling behaviors were measured
in a circular arena (diameter × height: 50 × 25 cm, Fig. 2).
After the shoaling behavior was measured, all fish were
moved back to the large housing tanks with a partition, which
isolated those fish from the other fish that were not used to
measure the shoaling behavior. Certain fish may have been
used repeatedly because some of the individuals belonged to
both the high-activity and high-boldness shoals (or low-
activity and low-boldness shoals), but the order of the mea-
surements was random. Then, the control shoals consisted of
four individuals were randomly selected from all of the exper-
imental individuals.

A webcam placed directly over the arena recorded the
movements of the fish shoals (at 15 frames per second). The
experiment was performed from 09:00 to 20:00. During the
experiment, the experimental fish were transferred to the ex-
perimental arena. The fish were acclimated for 5 min, and the
video was then recorded for 10 min (Tang et al. 2017). After
each experimental run, the experimental tank was carefully
cleaned and refilled with fresh dechlorinated water. Twenty
samples of each high- and low-personality score treatment
and 40 samples of the randomly selected shoals were record-
ed, and the locomotive trajectories were then analyzed.

Measures of collective motion

The videos were converted from .wmv to .avi format using
Format Factory and imported into the automated tracking soft-
ware program idTracker (v 2.1) (Pérez-Escudero et al. 2014).
These programs automatically tracked the centroid of each
fish in each trial and identified the x and y coordinates of each
fish in each video. Ten-minute coordinates were used for the
analysis of the dependent variables because we found that
shoaling can be characterized in session lengths as short as
10min (Tang et al. 2017). The x and y coordinates in the pixels
were converted to centimeters. The trajectories were then
smoothed using a weighted moving average with a window

width of 0.5 s, and the new interval between two successive
frames was 0.5 s (Miller and Gerlai 2012). The formulas for
the tested scales in the frames are described below.

The swimming activity of the experimental group was
evaluated by the speed while moving in the way that was
determined in eq. (1), and the PTM of the group (PTMgroup)
was the same as the individual measurement, i.e., the percent-
age of time when the instantaneous speed of all individuals
was greater than 1.75 cm s−1. The synchronization of speed
(SV) was measured, and this measurement quantifies the cor-
relation between scalar speeds and can be calculated by the
following formula (Delcourt and Poncin 2012):

Sv ¼ 1−j vi−v j
vi þ v j

j ð2Þ

where vi and vj are the instantaneous swimming speeds of each
pair of individuals within a group.

The interindividual distance (IID, cm) measurement quan-
tifies the cohesive tendency of a group using the following
formula:

IIDi tð Þ ¼ 1

N−1
j ∑
i≠ j

Dijj

where

Dij ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
xi−x j
� �2 þ yi−y j

� �2
r

ð3Þ

and xi, yi and xj, yj are the x and y coordinates of any individual
fish and its neighbors, respectively.

Data analysis

The program SPSS 17 was used for data analysis. P values <
0.05 were considered statistically significant, and all the data
are presented as the means ± the SE except the personality
data, which are presented as a line chart. All data were tested
for normality and homogeneity of variance using the

Fig. 2 The arena used to measure
shoaling behavior
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Kolmogorov–Smirnov test. The repeatability between two
measurements was tested by calculating the intraclass corre-
lation coefficient (ICC). The control and high- and low-
activity (or boldness) groups were compared by a general
linear model incorporating one-way multivariate analysis of
covariance (MANOVA) with group personality composition
as fixed factor and group behavior (speed while moving, per-
cent time spent moving and inter-individual distance) as re-
sponse variables. A post hoc test was performed between the
high- and low-activity (or boldness) groups or between the
control groups by Duncan tests. The comparison between
the control groups and all high and low personality score
shoals was tested by independent t test. The fish were repeat-
edly used for measurement of shoal behavior, but we could
not account for the repeated measurements in the statistical
analyses because we did not identify the ID of each individual
in a shoal.

Results

Personalities of individual fish

Qingbo showed large interindividual variations in all four var-
iables (Fig. 3a–d); the TDM varied from 300 to more than
3000 cm, the PTM varied from 15% to nearly 90%, the in-
spection latency varied from 0 (i.e., immediately leaving the
shelter) to 1800 s (i.e., never leaving the shelter), and the
number of inspections varied from 0 to nearly 40. All four
variables showed high consistency (ICC P < 0.001; TDM
R = 0.324; PTM R = 0.393; inspection latency R = 0.558; in-
spection numbers R = 0.658) (Table 1).

Shoaling behavior

The group composition according to activity showed a signif-
icant effect on the speed, PTMgroup, SV, and IID of the activity
shoals (one-wayMANOVA, speed F2, 71 = 20.634, P < 0.001;
PTMgroup F2, 71 = 39.214, P < 0.001; SV F2, 71 = 38.686,
P < 0.001; IID F2, 71 = 6.189, P = 0.002). The means of the
speed, PTMgroup, SV, and IID of the high-activity shoals were
significantly higher or longer than those of the low-activity
shoals (Fig. 4a–d). Namely, groups with a high-activity com-
position moved faster, showed a higher PTM and synchrony
in speed, and were less cohesive than groups with a low-
activity composition. The speed, PTMgroup, and SV of the
control shoals were significantly lower than those of the
high-activity shoals but significantly higher than those of the
low-activity shoals, i.e., the control shoals moved slower,
showed a lower PTM and lower synchrony in speed than the
high-activity shoals, while the control shoals were faster and
showed a higher PTM and higher synchrony than low-activity
shoals. Furthermore, there were no significant differences

between the control shoals and all 40 shoals (20 high- and
20 low-activity shoals). The IID of the control shoals was only

Fig. 3 The personalities of the experimental fish (N = 259, P < 0.05)
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significantly different from (i.e., higher than) that of the low-
activity shoals, i.e., the control shoals were less cohesive than
the low-activity shoals.

Similar to the results of the activity grouping, the group
composition according to boldness showed a significant effect
on the speed, PTMgroup, SV, and IID of the activity shoals
(one-way MANOVA, speed F2, 71 = 4.155, P = 0.019;
PTMgroup F2, 71 = 5.225, P = 0.008; SV F2, 71 = 5.721, P =
0.005; IID F2, 71 = 3.511, P = 0.035). The speed, PTMgroup,
and SVof the high-boldness shoals were significantly higher
than those of the low-boldness shoals (P < 0.05) (Fig. 4e–h).
Namely, groups with a high-boldness composition moved
faster and showed a higher PTM and higher synchrony in
speed than the groups with a low-boldness composition. The
speed, PTMgroup, and SV of the control shoals were signifi-
cantly lower than those of the high-boldness shoals, whereas
those values were not significantly different between the con-
trol shoals and the lower-boldness shoals, i.e., the control
shoals moved slower, showed a lower percent time of moving
and lower synchrony in speed than the high-boldness shoals
but were similar to those of the low-boldness shoals. The IID
of the control shoals was significantly shorter than that of both
the high- and low-boldness shoals, i.e., the control shoals were
less cohesive than both the high- and low-boldness shoals.

Discussion

Qingbo individuals showed large personality
variation, which had a profound effect on group-level
behavior

Similar to most of the behavior studies in fish species, the
qingbo in the present study showed large interindividual var-
iation in the two selected personality traits (Ioannou and Dall
2016; Killen et al. 2016; Tang et al. 2018). It has been sug-
gested that large variation allows a species to do well in a
broad range of conditions and can allow a single species to
function similarly to multiple species regarding its effects on a
community or ecosystem (Sih et al. 2004; Wolf and Weissing
2012). Thus, the existence of such large personality differ-
ences might be important for qingbo due to the large fluctua-
tions in both predation intensity and food resources in its nat-
ural habitat (Réale et al. 2010; Sih et al. 2004; Tang et al.

2018). Furthermore, because qingbo prefer group living with
conspecific companions, reaching a consensus among group
members might also require personality heterogeneity within
a group (Pruitt and Riechert 2011; Spiegel et al. 2017;
Villegas-Ríos et al. 2018).

The high-activity shoals exhibited 18% higher speed and
67% higher PTMgroup than the low-activity shoals. This find-
ing suggests that the personalities of the group members affect
the group-level behavior. Similar results have been found in
guppy (Poecilia reticulata) (Brown and Irving 2014) and
stickleback (Gasterosteus aculeatus) (Jolles et al. 2017). In
addition to shoal-level activity, the SV was also 10% higher
in the high-activity shoals than in the low-activity shoals, sug-
gesting a high level of synchrony in the movements among
high-activity shoal members. A high level of swimming syn-
chrony in shoals of cyprinid fish with high movement, includ-
ing this species, has been frequently shown in previous studies
(Fu 2016; Tang et al. 2017). Another reason for this finding
might be that shoals that swim faster on average usually auto-
matically show high SV, as they are likely to show high
speeds. However, the cohesion calculated by the IID was low-
er in the high-activity shoals than in the low-activity shoals, as
the former showed a 15% longer distance than the latter. The
most likely explanation is that due to the high speed, the re-
pulsion radius of individuals increases (i.e., it is a self-
organizing effect arising from the individual speed of the fish).
In addition, decreased cohesion might be due to the high in-
spection and dispersal tendencies of the high-activity shoals
(Brown and Irving 2014; Jolles et al. 2017).

Similar to the activity results, the high-boldness shoals also
showed higher shoal-level activities and synchrony of speed
than the low-boldness shoals. However, the differences in
shoal-level activities between the high- and low-boldness
shoals were much smaller than those between the high- and
low-activity shoals. For example, the difference was 67% vs.

Table 1 Intraclass correlation
coefficients (ICCs) of the two
measurements indicating the
repeatability of the measurements
of the activity and boldness
personality traits

Activity Boldness

Total distance moved Percent time moving Inspection latency Number of inspections

N 259 259 259 259

R 0.324 0.393 0.558 0.658

P value 0.001 < 0.001 < 0.001 < 0.001

Fig. 4 The shoal characteristics of the experimental fish shoals with high
activity (N = 16), low activity (N = 20), high boldness (N = 18), and low
boldness (N = 20), the control shoal (N = 38) and the total shoals (all high
and low shoals). The activity score was judged by the PTM, whereas the
boldness score was judged by the inspection latency. A significant differ-
ence between the high and low personality score shoals (P < 0.05) is
indicated with a “#”. Dashed lines represent the values of the control
shoals, and *indicates a significant difference between the control shoals
and either the high or low personality score shoals or total shoals (all high
and low shoals) (P < 0.05)

b
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14% in the PTMgroup and 18% vs. 7% in the speed between
the two groups (i.e., activity vs. boldness). This might be
partially because most of the measured group-level variables
in the present study are more closely related to activity than
boldness. It was worthy to point out that certain fish have been
used repeatedly whereas the ID of each individual in a shoal
did not identify in the present study. Therefore, general linear
model without accounting for the repeated measures was used
to determine the effect of group personality composition on
group behaviors in this study.

In brief, the present study found that (1) there was large
interindividual variation in personalities, (2) shoal-level be-
havior was affected by the personalities of the shoal members,
and (3) different personality traits (activity vs. boldness in the
present study) may have different effects on shoal-level be-
havior. These results might indicate the preconditions and
possibilities of shoals with great shoal-level diversity charac-
teristics (i.e., spatial dynamics in response to environmental
change), which might be important for the ecological rele-
vance (i.e., population demography and dynamics) of qingbo
living in the field (Cote et al. 2010; Le Galliard et al. 2013;
Budaev et al. 2015).

The effects of the underlying mechanism
of personality on the shoaling behavior, i.e.,
average-determined mechanism vs.
minority-determined mechanism

Although most studies have found that shoal-level be-
havior is determined by the personalities of shoal mem-
bers, only a few studies have investigated the underly-
ing mechanism, and the results are rather confusing. A
previous study in guppies found that group-level move-
ment was related to the activities of the less active
members, i.e., a minority of key individuals with certain
personality types can have a substantial effect on group-
level behavior (Brown and Irving 2014). However, stud-
ies on mosquitofish and other animals, such as cock-
roaches (Periplaneta americana), found that the average
score of individual shoal members might have the most
important effect on group-level behavior (Cote et al.
2011; Planas-SitjàI et al. 2018). In the present study,
we planned to determine the mechanism by comparing
the shoal-level behavior of either the proactive- or
reactive-personality shoals to that of the control shoals.
We assumed that the average shoal-level behavior of the
control shoals would be midway between that of the
proactive- and reactive-personality shoals and similar
to the average of all proactive- and reactive-personality
shoals if the average personality score was the deter-
mining factor. This condition was exactly the case when
divided by the activity score, i.e., the speed, PTMgroup,
and SV of the control shoals were midway between

those of the high- and low-activity shoals, which
displayed the average-determined mechanism. Similar
to mosquitofish, the average activity score of qingbo
was the most important factor for shoal-level behavior
(Cote et al. 2011). However, unlike the activity group-
ing method, the PTMgorup, the speed, and synchroniza-
tion of the high-boldness shoals were higher than those
of the control shoals, whereas all three variables of the
low-boldness shoals were not different from those of the
control shoals. This result suggests that, similar to gup-
py, less-bold individuals might have a more important
effect on group-level behavior in the control group (be-
cause the members of control shoals were randomly
selected from all experimental animal pools; thus, the
highest score of the control shoals should be similar
to that of the high personality score shoals, the lowest
personality score of control shoals should be similar to
that of low personality score shoals, whereas the aver-
age personality of the control shoals should be lower
than that of the high personality score shoals, higher
than that of the low personality score shoals and similar
to that of the total high and low personality score
shoals), i.e., the least-bold individual determines the
group-level characteristic (minority-determined mecha-
nism, Brown and Irving 2014).

In the field, fish shoals may spontaneously sort themselves
into different subgroups with different personality traits de-
pending on ecological context (e.g., they might be sorted by
activity during the process of searching for food resources or
new territories but shorted by boldness while being chased by
predators), whereas the variation in shoal-level behavior is
different if shoals consisting of different personalities have
important ecological relevance for the survival of group-
living fish in a habitat with fluctuations in food resources
and predation intensity.

The cohesion indicated by the interindividual
distance showed a different grouping pattern than
that indicated by the other variables

Interestingly, cohesion showed a different grouping pat-
tern than the other three variables. First, the IID of the
high-activity shoals was longer than that of the low-
activity shoals, suggesting reduced cohesion. Second,
the speed and PTMgroup of the high-activity shoals were
higher than those of the low-activity shoals, while the
high-activity shoals and control shoals showed no dif-
ference in their IIDs. This result suggests that high-
activity shoals have improved cohesion if the effect of
increased activity is taken into account (as we men-
tioned before, IID increased due to the self-organizing
effect). Improved conformity in activity compared with
that in the control shoals might suggest enhanced
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cohesion, which offsets the negative effect of increased
activity on the self-organizing effect. Another distinct
difference in cohesion was that the high- and low-
boldness shoals showed no difference in their IIDs,
but the IIDS of the low-boldness shoals were signifi-
cantly longer than those of the control shoals. This find-
ing suggests that conformity of personality traits might
also have some effect on shoal-level behavior, as the
conformity of the control shoals should be lower than
that of both the high and low personality score shoals.
As a consequence, cohesion might become loose if
group members are more uniform in their boldness
levels. If so, personality heterogeneity might improve
group cohesion, hence benefiting collective decision-
making (Sin et al., 2012).

Conclusion

(1) The present study found that qingbo exhibit large inter-
individual variation in personalities such as activity and
boldness, and both of these personality traits show sig-
nificant effects on shoal-level behavior.

(2) The present study suggested that when a shoal compro-
mised members with different activities, the average ac-
tivity score might be a factor determining the group-level
behavior, possibly due to the result of self-organization,
i.e., average-determined mechanism. However, a minor-
ity of low-boldness shoal members might have a more
profound effect on group-level behavior when shoals are
grouped by boldness, i.e., minority-determined
mechanism.

(3) Group cohesion also profoundly changed with group
personality possibly due to the effect of personality con-
formity on cohesion.

In summary, large interindividual differences in personality
and their profound effect on group-level behavior might pro-
vide flexibility in ecological relevance and fitness conse-
quences of collective-living fish species; however, when di-
vided by different personality traits, different mechanisms
might have a profound effect on the research results, which
requires the attention of fish behavior researchers.
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