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Fig. 1 Location of sea areas of survey
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Tab.1 Bray-Curtis similarity index of body length

compisition in different reef areas

A= 1- PEEE - K-
KAEX Ik PigE K& A= 5
sampling area Qiansandao-  Xixiakou-  Changdao-
Xixiakou Changdao  Qiansandao
Bray-Curtisfl L4154
Ty ) 54.94 70.66 59.46

Bray-Curtis similarity index
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T2 CCAHFZER

Tab.2 CCA ordination summary

ZH Ll 2 HiFr A
parameters Axisl Axis2 rank

G FHEME  eigenvalues 0.47 0.14
canonical ordination JTEfRFEE/%  variance explanation 58.8 18.2

ST EfRRER/Y%  total variance explanation 23.64 8
L HHEF LM eigenvalues 0.49 0.39
unconstrained ordination JTEfRFEE/%  variance explanation 19.1 15.3

T EfRRER/%  total variance explanation 76.36 9
FRF R EHRE  summary of Monte Carlo test
&M RDA 2% (0=0.05) significance of all canonical axis 0.001

#3 HEBEEFSCCAHFHEXMEN R

Tab.3 Correlations between environmental factors and

the ordination axis

SR |7
SFSBH Pl LHIAE
. CCAl CCA2 significanc
environment parameters P value
level
KR dpeth 0.79028 0.01722 0.001 okok
EBARE  transparency  0.080 27 0.64199 0.011 *
% temperature —0.056 88 —0.168 61  0.734
WA DO 0.14259 0.041 65 0.466
HEE  salinity —0.289 04 —0.064 59  0.083
pH 0.573 24 -0.15329  0.002 **
COD 0.472 44 -0.601 41  0.001 il
WQI 0.492 02 -0.719 31  0.001 wkk

Notes: ***, P<0.001, **. P<0.01, *. P<0.05, ». P<0.1, -. P>0.1

Iy AR O

CCAK IR 45 S W62, PIH/NT0.1, BEAEIAL
3. CCAHEF IR, /IMEKA~54, 35~200
mm) Y 17 [CF- il AR 534 5K B . CODRIWQIE
A, SEEMRERIEMHG; hERKY
(6~74, 200~299 mm)i% K V- i ¥ 53 A7 5 175 B %
HIEME; mRIERKA O, 1041, 299~365 mm)
WA R 5 COD, WQI, KA &5 K (K5,
EI X 1~X1053 50 R & 4),
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RPECCAR A R, IS AR A 8 iF
[P il 43 A5 AH O PR3 K B IR BE K 7, I SPSS
BAFFEAT 7 2250 M (R 4), AIF = 5 0 X 1Y K IR
HEK G mEX 225 R0, HHAAS TSR
FTHHAMW OGS FEREES, & THE
MK Bk, KIEEER, 8K
(#5),
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H ik X387 AEAR AT H S, H, 4=
H150F8, (5 EE1938.8%, Hf/MEKAI1Z,
KRR, B &R ke, 1F -l
BRIl . KIS LRt (Hexagrammos
otakii). & JNHF(Trachypenaeus curvirostris). WU ¥
WL (Pugettia quadidens). #&+t: H #§ % (Hyastenus
pleione) 5 25F A= 4 o /IVMAL 20 IL4E E22F0 A= ),
FEBLEMIH IR ALEE | 8 TR | A R
VFIGF il (IRI>10%), 358 R IRIA R 2/ HEfF
rml N ERZE . BESE D HAh AR R AL, )
S 45.69%. 33.57%. 13.66%F17.08%; K&K
HILZE10F LY, F LB E M T i
RS LTI RALEE , 58 A IR K Z] /)
HEP RO 26 | MR RN, 73 51 h 65.94%
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Fig.5 CCA ordination of body length groups distribution and environmental factors

#4 TRBEHEFERFHESEEN
Tab. 4 Significance levels of environmental factors in

different sea areas

HEIZH

. FREX ZR i E
environment Lo
reef area significance level
parameters
TREE = 5 ViR 0.000
depth
Kby 0.335
EWIE =5 P H 0.011
transparency )
K 0.001
COD =5 VORI 0.000
K5 0.016
WQIl B =15 PEEE 0.001
K5 0.002
pH B =15 PEEE 0.000
K5 0.000

e SPMEZE R R KT 90,05

Notes: significance level of average difference is 0.05

2 A H 2 A AR ) AR
EER, XH5CCAHETFSS FAH—3,

3 TR
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A o DX A AR A R G il A A Y (AR
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ek R i A PR DR O T Dk g R S 1
FRUTH R 22, 7K VR 2 5% i) £ S A % 45 44 728 b 1) )
N ZE, 5 H AR EE A 7 L[R5 — & 5K
PRAEME I, K0T 5 AE AR S U A AR K
AR e i S R R R B 0 TR e R TR
T i TEE il 4K 3% T R 25 400 19 o A REERL A 0 1 43
i, M M L B 0435 0 2% 1 Al AR I 1Y
Ve SR o AT = 8 3 A pHIE . CODAIWQI
¥yim A2 IR, WK RS K A X T B
EXER, XATREEH TR . 55 R M
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Sl F 43 A, S B0 A £ KRR AR A R K 4K
AR TR S HAM AN T A

http://www.scxuebao.cn


http://www.scxuebao.cn

930 KorE ¥R

44 %

%5 FTEEHEHERTELHME

Tab.S Annual average of environmental factors in different sea areas

fHfEX SEHK G /m JKIRIG ] /m

BEWE/m 2 E

reef area average depth depth range transparency pH COD war
PEEE O Xixiakou 7.5 4.4~16.7 1.79 7.97 0.867 -0.58
K& Changdao 19.6 12.7~30.6 1.58 7.81 1.369 -0.95
A= Qiansandao 21.7 15.0~32.8 2.16 8.17 1.724 1.83
B KK large body length group PR B 4y £ 38 3 2 7 I R R o A A5 e 1Y) X Jk
60 r _ O/MAKZ4L  small body length group YRR T e IR K A S PR .
GD)D ’ 28 N HL 1 I% }EH \ Y 7‘:_" :T:t
SE 4l R, BEE KRR, K IR P W
& 5 e, FIZKEEAE . MBS, BMEK i
HE a0l BT o 3 4P T oK . R BBk, A
=} TR N .
w g H T R K KV ER P Bl
ol MR 53 AN RERE RN SR
0 /4 VIRt E st Btk s, MEmiE i,
age

Bl 6 AR FIEERR

Fig. 6 Age composition of different body length groups
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Fig. 7 Average body length at different ages

LHFW, S, 28 EAHCHIR AR R E, O
HhE T KRBT, TR, PR AT AR i K
R R AREE O, 4553 B/ IMA K41 (1~541)
(VT TG - i % % B 9 728 b B U, HL 5 HAt o
KA 53591 o A7 FE S 25 ) 22 A P, AR A
AN LT il 5 G oK B A K 8, R AR
HIN R E N E AR FEZS, RAAR
ERAMEE EARRIESN . 456 8 SR,
KA B VF [T il 4 B W 2R, SRR R
/MR 2 1A K . Henderson & P 18 ¥ F
i (Paralichthys dentatus)IWFFE R, AFRIPYEDR
Mg TR M nfh, HTFEYiEeE
AN]SRy 1 S e A AR AL 2R Al £, /b
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SEERMGI s W H SESECIE Y IR sh Y A R AR
TR ZE R L, MTPOLREEK, WKXERE
B, WR IR ERTR, eI
AT TR R, T S A KN B 2 A A A
%, XSARMRPEHLMEER -8 B TEK
XA E MR A ES, FEUMEK
VI ECT- il 1) 26 250 0 1) T3 /KK 38, 35 4 A 2
TORBREE, KB X, BRI i
[CF AR S i a2, X a2 e
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%6 VFRPHAWAR
Tab. 6 Food composition of S. schlegelii
Wb IR1/%
species IMEKAH KK
small body length group large body length group
% fish YFIGTily  Sebastes schlegelii 10.15 7.08 40.97 65.94
K7€t Hexagrammos otakii - 12.29
F KRB Enedras fangi - 3.71
Wi Pseudopleuronectes yokohamae 0.19 -
RN Syngnathus acus 0.60 7.97
KU e unidentified fish 6.46 -
¥R shrimp HIRKEAR  Palaemon gravieri 0.51 45.69 0.87 17.07
HAGWE  Alpheus japonicus 1.04 0.63
A SR Alpheus heterocarpus 1.17 -
[&JNER  Trachypenaeus curvirostris 14.25 4.59
BIFE  Acetes 1.45 0.57
FHIGEUF  Crangon affinis 0.81 -
AR Hippolysmata vittata 0.56 -
FRUEEHFZE  unidentified shrimp 1.72 2.63
BEJE crab H3E8  Parthenope validus 0.33 33.57 - 17.00
WHLE  Pugettia quadidens 28.87 19.08
ZBLHAE  Hyastenus pleione 4.78 5.96
HAIR  Charybdis japonica 2.07 -
AR I 7 58 Hemigrapsus sanguineus 0.67 -
KB L Raphidopus ciliatus 0.48 .
SR T Portunus trituberculatus - -
KU E S unidentified crab 4.03 0.72
HAth  others U H  Gammaridea 1.41 13.66 - 0
K ZA  Calanidae 0.16 -
FFFHEL  Caprellidae 10.33 -
2 H/KE  TIsopoda 0.29 -
BRAFAL Mysidae 7.46 -
Gy fish eggs 0.22 -

- RN KA B E N AR KB

Notes: -. indicates that this species is not found in the stomach contents of the body length group
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Effects of environment and feeding factors on the distribution of different body
lengths of Sebastes schlegelii in the reef areas of Shandong Province

TANG Yanli’, XIE Tao, YUHaolin, HUQi, LIUYue, ZHANG Mengmeng, FANG Guangjie
(College of Fisheries, Ocean University of China, Qingdao 266003, China)

Abstract: In order to study the impact of environmental and feeding factors on the distribution of rockfish
(Sebastes schlegelii) in artificial reef areas, this study used environmental and fishery data of three reef areas in
Shandong Province from 2017 to 2018. Fish body length was divided into 10 groups by using the mean of the
coefficient of variation, and the interval was 33 mm. Using Bray-Curtis similarity index to compare the similarity
of the body length composition of rockfish in different regions, detrended correspondence analysis (DCA) and
canonical correspondence analysis (CCA) were used to describe the effects of environmental factors on the S.
schlegelii distribution of different body length groups; the composition of the food of S. schlegelii was detected by
using the stomach contents analyses. The results showed that the body length composition similarity index of
Xixiakou and Changdao artificial reef areas was 70.66%. Compared with Xixiakou and Changdao, the Qiansandao
artificial reef area has a low similarity index with them, which is 54.94% and 59.46% respectively. The distribu-
tion of S. schlegelii with larger body type (299-365 mm) is more correlated with depth, WQI and chemical oxygen
demand (COD), and it prefers to live in a deep, nutrient-rich environment. Small body type (35-200 mm) S. schle-
gelii prefers environment with shallow sea areas and good water quality. The older (2-3 years old) large body
length (200-365 mm) S. schlegelii mainly consumes fish, shrimp and crabs, and the dominant bait is fish (IR,
%=65.94). Younger (0-1 year old) small body length (35-200 mm) individuals mainly feed on shrimp and crab, the
dominant bait is shrimps (IRI, %=45.69). Consequently, the application of juvenile-fish-protection artificial reefs
in shallow water can provide shelter for juvenile S. schlegelii; concentration on fishing in deep water can reduce
the bycatch of juvenile S. schlegelii, and then their resources can be proliferated and protected.
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