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Fig. 1 Effects of angling stress and measured time on individual behaviour of juvenile Qingbo
lowercase letters (a, b) indicate that there are significant differences between day 0 and day 14 in the control group (P<0.05), and
capital letters (A, B) indicate that there are significant differences between day 0 and day 14 in the angling group (P<0.05), while #
indicates that there are significant differences between the control group and the angling group at the same measured time (P<0.05).
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Fig. 2 Effects of angling stress and measured time on inter-individual distance and nearest neighbor distance of juvenile Qingbo
Small letters (a, b) indicate that there are significant differences between day 0 and day 14 in the control group (P<0.05), and capital
letters (A, B) indicate that there are significant differences between day 0 and day 14 in the angling group (P<0.05), while # indicates

that there are significant differences between the control group and the angling group at the same measured time (P<0.05).
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Fig. 3  Effects of angling stress and measured time on group speed, group percent time on moving, and group polarization of juvenile Qingbo
Small letters (a, b) indicate that there are significant differences between day 0 and day 14 in the control group (P<0.05), and capital
letters (A, B) indicate that there are significant differences between day 0 and day 14 in the angling group (P<0.05), while # indicates

that there are significant differences between the control group and the angling group at the same measured time (P<0.05).
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Fig. 4 The relationships between nearest neighbor distance and group polarization of juvenile Qingbo at different measured times
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Effect of angling stress on the collective behavior of juvenile Qingbo
(Spinibarbus sinensis)

ZENG Lingqing, LIU Xiaoling, HE Yan, CHEN Huan

Laboratory of Evolutionary Physiology and Behavior, Chongqing Key Laboratory of Animal Biology, College of Life
Sciences, Chongqing Normal University, Chongqing 401331, China

Abstract: Group living is a widespread social phenomenon in animals (e.g., insect swarms, fish shoals, bird flocks,
and mammal herds), and their collective behavior is affected by various environmental factors. Intensive human
activities, such as angling, have different effects on the group structure and function of the targeted fish shoals. To
investigate the effects of angling stress on the collective behavior of cyprinid fish, healthy juvenile Qingbo
(Spinibarbus sinensis) with similar body mass were selected as the experimental fish. Our study included two an-
gling treatments (control and angling stress), with each treatment being performed on 18 fish shoals comprising
six observers. The collective behavior of shoals subjected to the two treatments in an open water environment was
initially videotaped for 15 min before the angling stress (day 0) and again after 14 days of angling stress. The fish
in the angling stress group were fished daily for 14 days, whereas those in the control group were not subjected to
angling stress. Our results revealed that angling stress can increase the swimming speed of Qingbo individuals and
their total individual movement distance; however, it reduced the synchronization of speed. Additionally, angling
stress was found to increase both the inter-individual distance and nearest neighbor distance of Qingbo. However,
it had no significant effect on the group speed or percentage of time spent on movement in this fish species.
Therefore, angling stress could lead to a decline in the group polarization of Qingbo. Furthermore, we detected a
negative correlation between the nearest-neighbor distance and group polarization of Qingbo, and the intensity of
this correlation was enhanced by angling stress. Our findings suggest that angling stress can reduce the coordina-
tion and cohesion of Qingbo shoals, which may have negative effects on information exchange and transmission
during group movement. Moreover, in this fish species, the strength of the trade-off between group cohesion and
coordination could be enhanced under angling stress.

Key words: Spinibarbus sinensis; angling; collective behaviour; nearest neighbor distance; group polarization;
synchronization of speed
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