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Fig. 1 Field site for behavior observation of
Schizothorax wangchiachii
(Branch of Yalong River, Guoshengxiang section)
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Tab.1 Posturecodesfor Schizothorax wangchiachii

®3 EANE IR

Tab.3 Environment codes for Schizothorax wangchiachii

e G b

g AP AREYIRE

postures X definition code environment biotic (E1) abiotic (E2) #ifry code
B\ mounting M\ 5k i 5 FE K IR s AL A L, B RO 1 KRR vV 1
JERVA RN deep pool
R hanging  TEHIKIX, BHRBGRAEKT, WEEMBORS) P v 2
(R R 7 tor‘rent shoal
e swimming L2 2 OB RESE, 76K T 1 MB35 ) AL hole v 3
whorushing  WURSEE R LB ROkl E) 4 Z‘ﬁ %}fﬁe v 4
A4 turning BRI E T IS4 A e e, LR AR RN
P 5 i e
HAHE T slow shoal v 5
i pitching 4K E4%, Hogas R 5 r 6 JER T
I bowing  HAPAEXIRE, KT F Skt b 7 artificial pond v 6
%G rotating 4K T Sk R A ) e 8 HEPE male Vv
BK jumping it REERY IR & T1, (F BHOARER K H 9 Witk female Vi
77 oviposting ZZ IR Fd, REME, BHEZIEE 10 4k young vV
#ER group Vv 10
% 2 %E?ﬁ%ﬂﬁﬂfﬂﬁfﬁﬁﬁ Bah single \/ 11
Tab.2 Act codes for Schizothorax wangchiachii o
AN v 12
F1E act 4 code B1E act %1% code fertilized egg
RikEh1E body RESE tail fin
3k shaking 1 - extending 13 i
il extending 2 i perking 14 3 Wit
B headingup 3 | DOEE g i 102K 1 H ARG B R BRIk, — AR 1
continuous swinging PR ) X . )
heading down * | inemiten swinging  *° B AT R AT, (SR A A
S st —, AU I A AT, A Tk
% turni ight 6 FES - breathi 17 Je NN o N -
[ e L e G SE R AT i . PRI, JRURT il bl 7E 7 41
B rotating 7 M5 biting 18 " S e S 2 i e
- | ST . ABIGE AR B T R 6 BT
. % sucking 20 ) _ . X
pectoral fin 1) H AR IR, RIS E A7 K T A WL 1% B[] 4l
hi 9 i 2 . \ o -,
T sretching 't spiting ' ik 5 A, 0 T AR TR R T A
W retracting 10 T5i goring 22 o ) PN o
15 ooty 11 VT, R T R4 3 A B AT
15 swinging 12 1@5"]0 %'l?.}& 7KT?JQ$EXJQ%§E@FHJ:&Z?T“%

23 ERHEAEMNINERD

YT AR AT R RN 12 FREE, AR
YIIrsE SAEA YA 6 Fh (3R 3).
24 EMHEEMN PAE 1TAE

A oE 0 SR B 43 R0 AT N, HERRAT AR AR
YreEine, $aX A3F TR o 11K, RI4E R
HHEg . SRR, G, LI, SR 4. whR .
izgl . BRE . IRBRIZLZRAT N (E 4),

AR, B AR R . ST AT IR
5T 32 7K DG AT R R R

JE PR L ME | IS L B 4y A AT D R A
FAAEZESE o FRME A A A AT AR fiT o, 2
SRR AT UARAT N B2 L, B
AFAE W VR 22 57, JCHORAE SRR AN G 9472
225t o W ARTE A AR BE i e LS 5 50
(138 2 NS BCAT g, 111 RS 70 Ak i) o2 Ak R R
Ao MiMELD AN SR TR Z A AT,
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R4 FEMHE&WN PAE &3 RS
Tab.4 PAE coding system for Schizothorax wangchiachii

% behavior AR HEME RN Ak =Y R PAE %} PAE code
male female young season number p A E

BES5H
ingestion and elimination

€T nibbling ++ 4 + \% 1 2,7 2,5,6,7,9 12,16, 20, 21 3,56

& hunting + + + Y 2 3,6 3,5,6,7,9, 12,16, 20, 22 1,2,4,6

Ffr feeding F— ++ \'% 3 3,5 1,56,7,9,12,16,20,21 1,2,3,4,5,6

HEi# defecating + + + Y 4 1,23 2,5,6,15 El, E2
#HER exploring

kK jumping e+ 5 4,9 1,2,8,15 2,4

AL patrolling 4+ + + 6 3,5 1,2,8, 10,16 1,2,4,56

453 burrowing + ++ 7 1,7 1,2,8,10,17 1,3, 10
iy, territorial behavior

5 ¥% occupying +++ W, Sp 8 13,5 1,2,5,6,9, 12,15, 16 2,5

iy alerting +++ W, Sp 9 3,5 1,2,5,6,9, 12,15, 16 2,5,7,10

425 grabbing ++ W,Sp 10 3,5 1,2,5,6,9, 12, 15, 16 2,5,7,10

B threatening + W,Sp 11 3,6 1,2,5,6,9, 12,15, 16 2,5,7,10

JB %1 withdrawing . W,Sp 12 3,7 1,2,5,6,9, 12,15, 16 2,5,7,10

#til avoiding ++ W, Sp 13 3,8 1,2,5,6,9, 12, 15, 16 2,5,7,10

B leaving FE W,Sp 14 3,4,9 1,2,5,6,9, 12,15, 16 2,5,7,10

filHl waiting ++ W,Sp 15 3,4 1,2,5,6,9, 12, 15, 16 2,5,7,10
&' estrous behavior

W pressing tail - + W,Sp 16 4,5,7,8 1,2,7,9,12,15,16, 22 2,5,8

7 accompanying swimming ++ ++ W, Sp 17 3,5 1,5,6,9, 13 2,5,8

5145 guiding o+ W,Sp 18 1,35 1,5,6,9 14 2,57
B mating behavior

HEBP ovulating ++ W,Sp 19 10 4,8, 14 2,57

HEXS ejaculating +++ W, Sp 20 10 4,8, 14 2,5,8

g covering ++ W, Sp 21 3,5 5,6,9, 15,20, 21 2,5,12

17822 Hc sneak mating ++ W,Sp 22 4,10 4,8,14 2,5,8
141 epimeletic behavior

G burying eggs 4+ W,Sp 23 3,5 3,4,5,6,7,9,12,13, 15 2,5,12

/K sweeping water ++ W, Sp 24 3,6 3,4,5,6,7,9, 12,13, 16 2,512

¥ 1. guarding 4 W, Sp 25 3,4,7 5,6, 13, 20, 21 2,512
%€ confliction

13} fighting e + W,Sp 26 3,458 1,3,4,56,7,912,1522 1,256, 10,

ffi%& sneak attacking ++ W,Sp 27 3,459 1,34,56,7,912,1522 1,25,6,10,

ekt eluding ++ W,Sp 28 3,456 1,34,56,7912,1522 1,25,6,10,

HEE fleeing ++ W,Sp 29 3,4,5 9,13 1,2,5,6,10,
&3l locomotion

Tii/K goring ++ ++ Y 30 3,4,58 1,5,6,9,13 2,4,5,10

(#$4E to be continued)
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(853 4 Tab. 4 continued)

9y behavior WAEHERE UEERE 4hPE W R PAE i PAE code
male female young season number p A E

ik swimming +++ + + Y 31 3,4,509 1,5,6,9 13 El

R inverse swimming +++ ++ Y 32  3,4,510 1,5 6,9, 13 1,2,4,56

i swimming downstream ++ +++ Y 33 3,4,5 1,5,6,9, 13 1,2,4,56

K BEER flush jumping + Y 34 3,4,509 1,5,6,9 10, 13 2,4,5,6
E# aggregation

JRA /K mixedgoring ++ +++ ++ Y 35 2,3,5 1,2,3,4,5,6,7,9,15,16 2,4,5,10

iB% casing ++ ++ Y 36 3,4,58 1,2,3,4,56,7,9, 15, 16 1,5,7,8,10

#yE cruising + + + Y 37 3,459 1,2,3,4,56,7,9, 15, 16 1,5,7,8,10

BREE following ++ + Y 38 3,4,510 1,2,3,4,5/6,7,9, 15,16 1,5,7,8,10

% searching +++ + + Y 39 3,4,5,7 1,2,3,4,56,7,9,15,16 2,3,4,5,6,11
KRB resting

UL sitting + +++ ++ 40 1,3 1,2,56 11

Z%if slowly swimming + ++ ++ 41 3 1,2,57 11

[ backing to cave + ++ 42 1 1,2,517 11
Zu2& Miscellaneous

A% breathing +++ +++ +++ Y 43 1-10 1,17 El, E2

W+ BRI RARERAE, + M, RAEMIGHE, Y RRSEEA, WRRETLA:, SpFnEERE.
Note: + indicates the behavior is likely to occur and more + indicate higher frequency of the behavior; Y indicates the behavior occurs all year
around; W indicates the behavior occurs only in winter; Sp indicates the behavior occurs only in spring.
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PAE coding system-based ethogram of Schizothorax wangchiachii

ZHU Tingbing, YAN Wenbin, YANG Deguo

Key Laboratory of Freshwater Biodiversity Conservation, Ministry of Agriculture; Yangtze River Fisheries Research
Intitute, Chinese Academy of Fishery Sciences, Wuhan 430223, China

Abstract: Schizothorax wangchiachii is an endemic fish in the upper Yangtze River. Due to overfishing, hydro-
power development and other human activities, the natural resources of S. wangchiachii have decreased during
recent decades. The significance of behavioral studies for animal protection is widely accepted. The compilation
and analysis of ethograms is the basis of further research on animal behavior. Due to variations in living environ-
ments, accurate ethograms of fish should be based on behaviors obtained from natural or semi-natural conditions.
The present study aims to establish the behavioral ethogram of S. wangchiachii in nature. From November 2015 to
March 2016, field behavioral observations of S. wangchiachii were conducted in the Guosheng River, which is
located in Sichuan Province, China. A short reach of the Guosheng River, with alength of about 100 m and width
of 10 to 13 m, was enclosed as the observation site. A total of 56 pairs of mature S. wangchiachii parents were
released to the enclosure. The river could pass through the enclosure, but experimental fish could not escape. The
behaviors of S. wangchiachii were recorded using underwater cameras and sampled by focal animal and ad libitum
sampling methods. The ethogram of S. wangchiachii was coded under the “posture, act, and environment” (PAE)
coding system. A total of 10 postures, 22 acts, and 43 behaviors were recorded. According to biological functions,
the recorded behaviors of S. wangchiachii were divided into 11 types, including ingestion and elimination, explo-
ration, territoriality, estrus, mating, epimeletic, conflict, locomotion, aggregation, rest and sundry. The relative
frequency and occurrence season of each behavior in relation to gender and juvenile were also given out. The be-
haviors of the juveniles S. wangchiachii were relatively simple and mainly related to ingestion, elimination, ag-
gregation, and resting. The behaviors of matured S. wangchiachii were diversified with obvious gender differences,
especialy in the reproductive behaviors. During the reproductive season, female S. wangchiachii spent most of the
time resting and showed few behaviors such as swimming or mating. While male S. wangchiachii showed various
behaviors, especially endemic behaviors like territorial behavior, sneak mating, and epimeletic behavior. Gender
differences in behaviors may reflect the reproductive strategy of S. wangchiachii, in which more energy is allo-
cated for oocyte development in females and for behavior in males. The behavioral types of aquatic animals are
significantly fewer than that of terrestrial higher animals, which may relate to the lower evolutionary level and
simpler living environment of aquatic animals. The present study may enable further behavioral and protection
research in S. wangchiachii, and give a reference to behavioral ethogram studies in other fish species.

Key words: Schizothorax wangchiachii; ethogram; PAE coding system
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