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Fig.1 Spontaneous swimming speed and frequency distribution of rose bitterlings in groups of different size
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Fig.2 Effect of group size on median speed (A) and synchronization(B) of swimming
speed for rose bitterlings in groups of different size
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Fig.3 Nearest neighbor distance and frequency distribution for rose bitterlings in groups of different size
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Fig.4 Effect of group size on nearest neighbor distance (A) and orientation polarity (B) in rose bitterlings

ARG R B, 2t 90% i 1Ak % fi 4y £ fY) NND
HIAEO0 ~10 em (BP0 ~3 BL) , x 5E& W ( Gam-
busisa affinis) (6 cm, 2 BL) F14x {4 3 Y i ( Notemi-
gnous crysleucas) (1.5 ~2.0 BL) #1{0l ( Herbert-Read
et al,2011;Katz et al,2011) ; WX 45 H A 8,2
REH ) NND I 2 KT 8 Al 16 ALy NND, H.
4 AMERY BERT 8 MARLLN) NND, B Rl % #F (4K
ANHYEE TN, v R B Y NND A7 858 25 1 T e, R W
HIHAREER JTWEAE A/ BT BT X 5
1t ( Tanichthys albonubes) | [ i £ ( Barbus tetrazo-
na) . 1 {lll & ( Pterophyllum scalare ) 1 55 4T 4] £
( Paracheirodon innesi) BWF5T 45 5 — 3 ( Saxby et al,
2010 ; Shelton et al,2015)
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Schooling Behavior of Juvenile Rose Bitterling ( Rhodeus ocellatus )
QIN Ying-lian, BAI Yang, PENG Jiang-lan, LI Xiu-ming, FU Shi-jian

(Laboratory of Evolutionary Physiology and Behavior, Chongqing Key Laboratory of Animal Biology,
Chongqing Normal University, Chongging 401331,P. R. China)

Abstract; Schooling or shoaling is a commonly observed phenomenon in natural fish populations. Schooling behav-
ior derives benefits that include defense against predators, improved swimming efficiency and more successful fora-
ging. Rose bitterlings ( Rhodeus ocellatus) , belong to Cypriniformes, Cyprinidae and Acheilognathinae and primari-
ly inhabit lakes, ponds and the shallow water of rivers. The species is ideal for fish behavior research because of
evident schooling. In this study, we investigated the schooling behavior of juvenile rose bitterlings in groups of dif-
ferent size (1, 2, 4, 8 and 16 individuals per group) , aiming to understand the effects of group size on behavior.
Juvenile rose bitterlings with an average body weight of (0.56 + 0.03) g and body length of (3.02 + 0.04) cm
were collected from local ponds in Chongqing and acclimated for two weeks in the laboratory at (25 +£1)°C and DO
saturation =90% . After acclimation, the behavior of healthy juvenile rose bitterlings in differently sized groups
were tested in containers (60 cm x35 cm X 15 ecm) at (25 £1)°C, with eight repetitions per group. Video was
captured for 15 min during each test and the swimming speed and spatial distribution characteristics of individuals
were calculated and analyzed using trajectory tracking software (id Tracker). The effects of group size on median
swimming speed, synchronization of swimming speed, nearest neighbor distance ( NND) and orientation polarity
were assessed. Results show that; (1) the spontaneous swimming speed of the rose bitterlings varied between 0 and
10 em/s and the median swimming speeds were 4.3, 4.1, 3.6, 3.2 and 4.6 ecm/s for groups of 1, 2, 4, 8 and 16
individuals, respectively. The median swimming speed was significantly lower in groups with 8 individuals com-
pared to groups with 1 or 16 individuals. Swimming was highly synchronized but the degree decreased with increas-
ing group size (P <0.05); (2) the range of NND was 0 —10 c¢cm and the NND of groups of 2, 4, 8 and 16 indi-
viduals were 3.1, 2.7, 1.9 and 2.4 cm, respectively. The NND of groups of 2 and 4 individuals were significantly
higher than groups of 8 and 16 individuals (P <0.05); (3) the polarities in the groups of 2 and 4 individuals
(91.5% and 91. 2% ) were significantly higher than those with 8 and 16 individuals (82.6% and 77.2% ,
P <0.05). Our findings indicate; (1) juvenile rose bitterlings exhibit significant schooling behavior, attributed to
long term natural selection that enhances foraging efficiency and decreases risk of predation; (2) group size has
profound effects on schooling behavior, characterized by an increase in group cohesion and a decrease in group co-
ordination as group size increases.

Key words: Rhodeus ocellatus ; schooling behavior; polarity; synchronization



