539 55 12 1
2015 4£ 12 A

Koo

JOURNAL OF FISHERIES OF CHINA

Vol. 39, No. 12
Dec. , 2015

XE4HS 1000 -0615(2015)12 -1807 - 10

DOI:10. 11964 /jfc. 20150409804

BRAXNREEERESRENXR

A%, BAF, &KX, ¥IZA, HERE
(T PRI el 3005 47 29200 TR 300 42 T 9200 TR 401331)

WE: VARRMEMNEHERRTREBTANY N AL R EF RO B NE G ToRNE
R BRI AR LR AR EN LR R, £(251) CTHEREZHRAET
MR R RN E K 11.86 ~65.45 em/s, FFE E X 2 A 5 M E K ) #H##%L h, R
Jil Ethovision XT19 St T MM K B H 6 LB &AL F R E R HFHEFFH A
(P,% ) FHHNTR(F, K/ h)FBRFNEGHE(T,s) FREBEFT TR ERE
T MIRaWRELRBT AR EAL 2 M RERTALS, - XXANEHFEZR(H#
A) (RARRER RS P, >50% ) , B XA T A F—XNMKPHARELNECEATH
BEWNKS, RAPRBEHALL —FFRER, N ZE KT A (2) & MET & % TKEREFAT
ARRERH, | AN R REAUEXNBARAIAZARTEZFATHAAH BN AL L F
A | A MEARBORRERE PAT 92%; RakaEmGhy IANMEHEFRES T
KpEwminmey, TN E s b EBARNLTIARERFATAR, EEAFERERX
BF@ERKR, FAAKRN6HERAXNARBHOTAFEIBFTIANZRA S NWHFELER

HE, LR aNRRBEFTHNERER K,

KPR ERAEL; RBEF; A% TAXRELR

RESES: S 965

HY 7K A B0 5 1) A R, #2888 i Uk RE )
TR O G B SRR, 5 A A AT DR HE
Pt ARSI R I MR R B £ Ak
HH 2% S A S ) 5 L R B M E B B Rk AT R
S A5 S IR A 0 AT S b ) SR PR AE — E R B |
e HE oK i B, RIf 2 AF A D G K T
(preferred water velocity) ™ ~* . % 3 ¥ {1747 by
15— € R F R ML i H 8RR B I AR BT IR AR
HORD 6 R AR ), RA EE A RS R L,
81 28 i 40 7K U IR ) A O A 28 R AR S G P A A B
DL 2D EE AT 4R . — T T, 2R LB A
it A e R T vk R Y LG R B AT Rk 2
F) B FRGL CIIUIER ) B8 B Iy 2R At R 85 %
M2 o WNE SR A BRULER 2578, B8 26 48 28 i iod
$i e a0 90 S A S g R 0 AR 8 BIL A, AT
FARBCE RO L A R R A S R

775 B 89 :2015-04-02 &8 5 #3:2015-08-13

XEtFRAEES A

U AR A T B, L 3K o i A7 Sy 7E 1 e 0
HOWIR S — 0 A E B A K O X
TR S S 5 R I P AR 2 A R R RR
t4 ( Oncorhynchus kisutch) F1 0T &5 ( Oncorhynchus
mykiss) ,7E 4 BLANH AR 2 Y 68 ) 07 WAFTE 3% %
Mgtk eI 5T e WA A 285 A R T 3 A A —
F8) e [ 1o P 22 S, AT R A X A7 S b 3 B 1
PLPERRAE 5 A2 25 ) VA ORIk . SR, H A G
O U 7K It 2 E AR G0 1 LG B BIE 9T o AR DL ARG
BRI By 2R I A A SRR AE
TE—ERREE B Yo T S A8 i 2 4 OF S5 6L
T B BRI 3 DK RE O A BE ) SR AT O A HL A
EA" . T ERTFS 5, AR T
i 8 B 1 2SR B B R TR R, T e LA
BRGSO B 7K DA B 5 T A B R AR R )
A AT K i JEG A 2K R 3 Dk AT O T BE B B

FHBIE : 6K [ AR 2AIE 4 (31172096) 3 8 KT H AR} 2 5 4 5 000 H (este2013jB20003 )

EE1EE {1t #, E-mail. shijianfu9@ hotmail. com

http : // www. scxuebao. c¢n



1808 Koo

39 &

EE

AL, FoA g 7K i 3 B I 5 T R M A S TT B
JET 20, B AR UG, AT 5T DL 50
FRARITHY 6 Fh iR} 28 Ry S Xf g (& 1), 73 5
6 B UE & 4 1 % ( Hypophthalmichthys molitrix) Fl
il ( Aristichthys nobilis ) . ¥ & £ 1y ¥ f
( Ctenopharynsodon idella ) F1 H 42 {8 f| fig
( Spinibarbus sinensis) ( LLEEM R F) Z2EH M
W) ( Carassius auratus) FER " 80 o B 15 M
PRAFE 3 B A A T) K i 38 DX 38 (AR 4 56 i 9% Rt
DA% iy 390 0052 6 K R B 29 1.5 ~ 9.0
R 1 45 B8 I [R] Kt AR, R 1 B M X i
T} £ S T i 4 1) 52 Wi, SRy 7K 7 S B R £ 28 ) A
PR 4 AL 22 9 JE Al 25

fi H. molitrix }—‘ JE B filter feeding l

fif§ A. nobilis JE P filter feeding ‘

B4 C. idella #4rff phytophagy ‘

rh AR AR S, sinensisH FAr 1 phytophagy ‘
W C. auratus }—{ < fr 1 omnivorous feeding ‘

Wl C. auratus Z& M omnivorous feeding ‘

Bl AMENEXNEEZXRAREIANE"
Fig.1 Chart of phylogenetic relationships extracted
from publications with information of feeding habit

for the six fish species'®~'*!

U R A

1.1 ZEaskiFERSYF

Seu f8F 2013 4F 12 AW T E P L i, 4%
ENTE T A 006 36 250 KR (250 L) oy 91 57
15 do GIFRE] H ek 8290 YAoK AR 1) 10% , K
IRPEHITE(25 £1.0) T KAEEFKFER T 90% 1
AR AR e JE 8y 120 12D J]1e] 455X 10:00
SR FH I ORE R4 2 B0 1 U, B T hJR I BR
FEAEFNFM . PIFREE ARG, Pk A o AR O L f A
il B 14 S5 38 0 AT £ SRR AT e R I E
1.2 ZLWHER

ARG LRI FE 5 A U 3 8 Y [l 3 oM L. S ~
9.0 fEHAK (BL) ™', 9250 43 5] Bk 1k a0 1A fit AR 2
RAFH) 6 Moci s 12 B, 4K 9:00 ~20:00 7
USRI A 1F T PEAT IR e FEAT NI RAR . Bl
XA GEREBEAT 20 A AR I 6 Ff #4111 fid 4 W 9k AT M

http: // www. scxuebao. cn

AOAA G E S o A T B T Ak 19 52 el 52 36 £ 7 T
HI25 0 24 h,
1.3 MEFEREESH
Uit A PR A S g = B AT W R A T A
ACCEN 1) vl o A B i i e 48 A — g Sy i 3 W]
R KA, 5ARKEMENZ SRR, L5 5 HRE
SRR A (B A TR AL R 4 DK O A O It B
FRUK B 1R i B A B b 3% 7 22 LA o I i
SO 1 I 2K R, AR L T e PR I
U7 o AT K L B B 12 ~65 em/s,
Tofs B U LA il A B SE R B R 43 o 5 A IR (1
11.86 ~ 15.18 cm/s,2.:15.18 ~ 20.12 cm/s,
3.20.12 ~27.91 cm/s,4:27.91 ~41.30 cm/s,5:
41.30 ~65.45 cm/s) . 7 B S00K B R S5 0 £ 5
N 3 K R I 1 h ' DL R RS T3
o, BE R 1 h iR, S E Sk RO
Ethvision XT9 43 #7143 3] 52 56 1 7% 4 4> 38 B X I
445 B B 1] R EE AN OB (F) | O 1 545 B e A
g3 H (P AR A B B B[R] (T)
P, =1/t x100% (1)
A, P oy SE G 0 7E AN (] 380 RE DX 31 45 BE B ] A
Gy EE (% )t by AE 45 3 BE DX a4 B I TE] (s ) L 20 oh
T 2k LI AR IS ] (5) o
> S 0 1 7 Y 3 K DA e AT A AR B B e
Tt A B AV A DX 3 A e I R DX A IR
oAt LW miss 2.3 4 i O AT 2 1k,
T 0 e AR 7 3 DX 38 o ey 3 R DX 1 A TR By
P 2 J5 ARSI R
T =t/F (2)
Ao, T Bk A F {5 B [E] (s/3K) ,t Sy fa
T TR P XI5 BRI (] (s ), F Oy #7045 732 DX sl i)
HARE (R .
1.4 HiEsit
SEI B LA Excel 2003 17 # AL HAA, B S
K] SPSS 17. 0 i A47 AH & EHE g 11 43 A (Jme ik AN
S5 e It DX S AR B T LA 2 JE AT gE it
R ) o o B IR g AR PR F O
M) SR JH AR 3R Wip 0 2 43 i (A 5 s A A Dy B 722
)5 [RRR AR A X K P A F DL RO [ £
TEfR —HZ XS P F R 2ERRHNRARRESL
D5 5 22 57, 45 2 M) AE A 22 5 0DR ) 2 8 L A
Duncan [K 4381, G il H Y DIF ¥ E + br ofE R
(mean + SE) /R~ , BEKFE R P <0.05,



12 4 FH A, A MR A S TR R LS BRI C R 1809

B2 aXRBEEENUEETEER
APEHI A B RARAL; Coll s RIKE (L =1 m) ;
DK ; B UM FoAREKAE; G ZSLp7 iR

Fig.2 The structure of fish preferred water
velocity determining device
A :control computer; B: camera; C: velocity selection tunnel; D
pump; E: honeycomb conduct; F: temperature-control tank; G:

honeycomb conduct
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Fig.3 The percent time stayed in different water velocity intervals (P,) of six fish species in the present study

Notes: A H. molitrix,B A. nobilis,C C. idella,D S. sinensis ,E C. auratus ,F C. auratus;a,b and c indicates significant difference between

water velocity intervals in a given fish species (P <0.05); 1,2,3,4 and 5 indicates different water velocity intervals(1:11.86 —15.18

cm/s,2:15.18 =20. 12 ecm/s,3:20. 12 =27.91 cm/s,4:27.91 —41.30 cm/s,5:41. 30 —65.45 cm/s) ,the same below
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Fig.4 The percent time stayed in different water velocity intervals (P,) of six fish species in the present study

Type | and Type Il indicate individual behavior phenotypic variation

Rl AMLBENRERFORESALIEESSH
Tab.1 The morphological parameters and phenotypic differentiation of preferred

water velocity behavior of the six Cyprinids

Yl specics I #i/ R A/ R/ g A& /cm

S 1€8

P Type [ Type Il body mass body length
i H. molitrix 4 8 6.76 +1.46 7.60 +£0.47
fili A. nobilis 8 4 8.71 +1.69 8.03 +0.61
A C. idella 2 10 6.76 +0.21 7.20 0. 34
AR5 ) B8 S, sinensis 4 8 8.05 =1.38 7.43 £0.41
) C. auratus 3 9 12.01 +0.79 7.50 £0. 04
WY C. auratus 4 8 8.76 £1. 66 6.69 +0.12
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Fig.5 The percent time stayed (P,) ,frequency (F) and the average duration of each fish stayed

(T) in each water velocity interval of Type I individuals in six fish species

mean value + standard error,sample number in Table 1; a,b,c,d and w,x,y,z are identifiers of significant difference;a,b,c,d indicate

the significant difference among water velocity intervals in a giver fish species( P <0.05) ;w,x,y,z indicate the significant difference

among different fish species within each water velocity interval,the same below
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Fig.6 The percent time stayed (P,) ,frequency (F) and the average duration of each fish stayed

(T) in each water velocity interval of Type II individuals in six fish species
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The preferred water velocity behavior of six Cyprinids with
different feeding habits

WU Qingyi, ZENG Lingging, CAO Zhendong, PENG Jianglan, FU Shijian"*
(Laboratory of Evolutionary Physiology and Behavior ,Key Laboratory of Animal Biology of Chongqing,
Chongqing Normal University ,Chongqing 401331, China)

Abstract; The aims of present study were to investigate the effects of feeding habits on preferred water
velocity behavior of the cyprinidae fish, six species of cyprinidae fish that have different feed preferences
were used as the research subject. To achieve our goals, six cyprinids include silver carp
( Hypophthalmichthys molitrix) and bighead (Aristichthys nobilis) that are the filter-feeding fish, grass carp
( Ctenopharynodon idella) and qingbo ( Spinibarbus sinensis) that are the vegetarian, and the crucian carp
( Carassius auratus) and goldfish ( C. auratus) that are the omnivorous fish. Firstly ,each of six fish species
were videoed individually (N =12 for each species) in a self-made preferred water velocity determining
device,i.e. ,a 1.5 meters long conical raceway with water speed gradually increasing from 11. 86 to 65. 45
cm/s at (25 £1.0) . The videos were then analyzed by Ethovision XT19 and the percent time stayed
(P,) ,frequency ( F) and the average duration of each fish stayed (7) in each water velocity interval were
all calculated. Our results showed that (1) the preferred water velocity behavior of the six fish species are
presented into two kinds of trends. If an individual of a given species stayed mainly in the lowest water
velocity interval (P, >50% ) , the fish individual is considered Type [ . Otherwise, the fish is considered
Type II. At the same time,the experimental results indicated that feeding habit has a significant effect on the
water velocity preference behavior of the experimental fish. Compared to the Type I of omnivorous habit fish
including the crucian carp and goldfish and herbivorous fishes including grass carp and qingbo,the Type |
of filter-feeding fish including the silver carps and bighead showed more significant preference of the lowest
water velocity interval. The Type Il of filter-feeding fish preferred stay in higher water velocity than the
omnivorous habit fish. However, the Type II of herbivorous fishes including the grass carp and gingbo
showed no preference to the water velocity intervals, but it had higher F values in middle water velocity
intervals. The present study suggested there is a sharp variation in the water velocity preference behavior of
six experimental fish species. This water velocity preference behavior for each species could be divided into
Type | and Type II. In addition, feeding habit has a significant effect on the water velocity preference
behavior of the experimental fish.
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