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Fig. 1 Location and station distribution map of Xixiakou artificial reef area

FEfRAE G IS0, He I (PR JR A R
) (GB/T12763.6-2007) 3 17 il 2 % 5 Fn A= 4
SR RN, GREERK . 2K KEE ., giE .
PEA . RN, K& A0 A RS0 M4
TR, 5 D BEALEBCRE I 2 S0 . ARG S I H A
(A1 FC V- fib 5000 B AR O K I 1S 1R . ks
176)8 . TR/KIH99E .

1.2 BIESRAE

BREK. 2 RRAREHX AR 02k
R A A A B VR R R N, B A R T B R A AR 2L
WA ELERNRZ —,

K- KR HLERIARELE, Rk
Bt R R — M A R IG, HRA

W=aL" (1)

K wR AR B (g), LD AEEK (mm),
aHERPZRT, PR R

A KFA T 3 37 Ol R DAl A5 A
B, — % A Von Bertalanffy: K 2Dk #1491
R A A K

http://www.scxuebao.cn

Li= Lo |1 = e7H070)] @)

b
W,=W. [1 - e—’f“—fo)} 3)

XL, (mm) . W, (2)53 R M RTE e I ) (R4
AT 5 Lo (mm) ., W o(g)73 Bl 2 7s A1 1 i i
PR R A T 6 5 3R RIS AR (L) FMA 5
(W) TOMAER, & — M EUE iy 3Ie w4
KA M Ze iy - 24t 48, 3R 3 3 v e 1 1 AH
X

R VT I Sy 1) R S A 45 3 AR i I 1) R
S i A FH FAO(HK & EI AR & S gk 240 20 JF & 1Y
FISAT Il # {4+, I A ELEFAN I (electronic
length frequency analysis)"' % 4= K S50 L A KA T
[

PRI ) 05 AF 88 1o 1 A 552 B — T Pauly &£ 40
/NSy

log;o (—t9) =—0.392 2 — 0.275 2 log;(TL o—
1.038 log; ok

HATL (cm) N 21, @l fAk-2 KGR
BT

4)


http://www.scxuebao.cn

9 1) HRETHT, S B PY R TR ROS i DO Pl A L FE T R BRI 1927

B 0y £ 28 B B0 TR I A AR
BEAS EBEHNE, ST RET N BIET:
RR(Z). WP R ARILT R B(M),
SHEZAPKR:

Z=M+F (5)

iz FHFISAT T 514 v iy A8 4 A4 vt 4R it 2
B, BT B b S ) P 0 194 R A 6 0 A B
PGB EIET- R B Z,

In(N/At) =a+ bt (6)

NR &R AL A Sk BB A 4y
Fbs Ar AR AR 21 A0 R BR A= 31 BR Ar i /9
BFIA) 5 R 45 MK 4 v BT 6 L (R AR 1, BB T
FRBCRD g T R 4 11 s A U5 BT AR AR B
HNz=0b,

i 1 Pauly £ 56 A U 3R A5 A SR T- R BUM
InM =—0.0152-0.279 In TL ,,+0.654 3 InK

+0.463 4 InT Q)
Horfr, TLOMEE 4K (em), @it A K-k ER
PLE; KMERKMER MR, ThHETEE
JZAKIR(CC), A sl A5 S K T S S48

LAk, JFEFRERMBI LT REE BIET-R
B, WE=FZ,

FERAR RN BRI RGN
S WOl B AR B R L, R A KA TS 8uE

{UB53Z S7 NI

ARS8 X IR A TR B9 PR 3 T Beverton-

Holt#E B 13 ) ) B (o #b 78 & ¥ 3R & (yield per

recruitment, YPR)™" .

7}1]( t.—to
n€
Y[R = FW e t§3§i%4+nK

(1 _ o (MAFtnK) (61— C)) ()

(n=0,1,2,3;0,=1,-3,3,1)
P Y/ RF B KD T AL AR A 5 W I A T
i, R OC R ORTY; (N IF AR, R
I 78 A v AR i R S0% e B L s TR AR AR Y
LANFEAERY , DAUAR Y rh AR — RO A AR 1 A
RN BEERIORAFE s o W AR I, AR S50 B
8il .

R Pauly 2 40 A A S8, WAL
(8)fH T SR AR AN [ FAIT e X o 1) LA b 78 o5 30 3R
it Yw/R, i VBA%FE5E iz, H Surfer10.0
B2 ) A A D T A R

Wl 4 B AR W) 2 2 R, I F o B R

2 25 B0 F JE R TR 2 AT 4 A
T, B RR ST U AR R A B B KB I 4 5 5T
T-RE ., Fo b e a7 i 2 i A o0 I
K VR AR R A 0% X R I B5 8 T R 8. Fo
FF o AT 23 AR R T 2SR A
ARy A/R)

F |pp  OF |ng ©)
d(Y/R) _

T | (10)

TS T 84 2 SRR TR 69 %R VN

Wtk Z i 2 W E M, WARER A RA L
M BEREWEZ | SIS TR A
M50k P BRI IR 2255, S Y BT R5AE T
RHBF . A5 S BRPIAG T, A5 F,, H
Fepp & A KEW AT EME, A G818 H AR
TEAR &5 18 A HLH it

IR BB, IR A FERE, B3 K
S [N PR BB B D T R R AR AR R
m%%%%&&%mﬁm%MWMEﬁﬁm¥
T HIRERATAG , I F e Fo FF, fOAE 24 4
A, @ﬁ&&%ﬂmxmm@m&m

FEAHA RE PG AFoax FIF T (1) $ 4
KW T-Z 5048 A Beverton-Holtf & |, 2 H A -
A 3T 2 E5 i 0 < FROIAE 5 (2) 7E BOINAE H A
] 7K - F B AL IR 22 K 51 AANHA 2 P, 7= Az i)
H”; (3) RH—Ink S5 15 AR v 5/
TP RAN B A K S HORR K R T S U <
WE s (@) KA . FET-SH0% <UL = 3R
A F|Beverton-Holti B, Bl 5 F | FF 01
i (5) BE R IE-00, ARG F, A
Foax WEE , SEMZHF) |\ Fraxs FouAE R
R, Wi = Z AT B R,
17 5 HH A DX 9% R %) R ERAR 7

ARG B E 3N KA E T, AR R
AA0.1. 0.2F10.3, FHAm 2= e iR A IE S 404 1Y
BEMLAE 5 (10 7 = AR BEALIR 2207 IR AR S B ds
R, JEAEI800VK 5 AR 1A B o H50 4 A% 41
W, R A BEIS0YR, HE i1 000K .

B & F A R e BAER
6 VA T 1 TR R B d KA B B AR Y, AR R
/\T(ll)ﬁ?%;.

=Inb/K + tg (11)

Il 4 1 TE AT AR R A 1 5 1 17

BRI A S B KRR AR, THREA R

http://www.scxuebao.cn


http://www.scxuebao.cn

1928 KopE o R 43 45

T.=[Kto—InM +In (bK + M)] /K (12)  GEitorbr, VOKBR BRI S 2 A 5 A

B A e 351 (F12)
2 R 5 K 5k N A EG - iy ) A K AR S5 43 AR R
2l K. EEEER TES BT 30, TRAKIB IR K | S R
: v EERES PIRF ok, WK/,
Xof 45 7K 38 A A/ P il ) A K R AR R i R AT
14 | 20 ¢
I _ _ 18 |
12 m e |
10 =TT _ 14t
W2 | wEt
= = u KEI0F
®EOT wE 8t
4| =6t
2 { 4 :
2 -
0 0 (bdldh....0]
45 65 85 105125 145 165 185 205 225 245 5 35 65 95 125155185215245275305335365395
R /mm A E/g
standard length body weight
(a=1) (a-2)
25 ¢ 20
18 F
20 | — 16H A
_ — 14} -
¥ 515t w12t
2 gE0f
o L ki —
— 6 L
S5t 4L
ol i
0 o.Jdlno....o
25 45 65 85 105125145165 185205 225 5 35 65 95125155185215245275305335365395425455
K /mm /g
standard length body weight
(b-1) (b-2)
12 18 -
16
10°r T 14 h
= 8 s127
g@ 6 Dg%é Pl
- 4 L o= 6 -
2 i
2 L
0 [T] 0 o R s O
35 35 75 95 115 135 155 175 195 215 5 35 65 95 125 155 185 215 245 275 305
K /mm R /g
standard length body weight
(c-1) (c=2)

2 FRFHAESKETNAEK, FRENESHE
B a-1. a-2 8 KR P ik K . R B RIARE A B b-1. b2 oKk K. BRI B el c-2NFEKIBEK.
R 5 1R 3 A
Fig. 2 Standard length and body weight frequency distributions of S. schlegelii in shallow, medium, deep waters

a-1 and a-2 are the frequency distribution of body length and weight of S. schlegelii in shallow waters; b-1 and b-2 are the frequency distribution of body

length and weight in middle waters; c-1 and c-2 are the frequency distribution of body length and weight in deep waters.
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Tab. 1 Statistical table of standard length and body weight composition of S. schlegelii in shallow, medium, deep waters

/K3, shallow waters Fi7kIk  middle waters  ¥R7KIH  deep waters

KA K JuHl/mm  range 46~252 27~240 35~215
standard length composition g, yy e mean 142.36 136.49 122.12

H#44/mm  dominant class 60~70. 110~120. 150~160 150~160 90~110

1 E/%  percentage 23.84 11.36 24.44
A S Juil/g range 2.22~419.10 3.47~458.56 1.02~321.93
body weight composition o ok e s mean 111.66 91.70 71.64

i34 4H/g  dominant class 0~10 0~10 20~30

tE6/%  percentage 12.58 10.80 16.16
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Fig. 3 Relationship between standard length and body weight of S. schlegelii in shallow, medium, deep waters

(a)s (b)~ (c) are relationship between standard length and body weight of S. schlegelii in shallow, medium, deep waters
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Tab. 2 Statistical table of growth parameters of S. schlegelii

in shallow, medium, deep artificial reef
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Fig. 5 The estimation of total mortality from length-converterd catch curve of S. schlegelii in

shallow, medium, deep waters

(a)~ (b). (c) are length-converterd catch curves of S. schlegelii in shallow, medium, deep waters
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(a)s (b)~ (c)are the Y,/R curves of S. schlegelii in shallow, medium, deep artificial reefs
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Tab.3 Summary statistics of related parameters at

three levels of uncertainty

i R g e

mean deviation  “PPer limit lower limit

L,  sAEE 269.77  78.53 27522 26432
HRANH E P 269.10  52.35 27273 265.46
AT E P 26842  26.18 27024  266.61

K AN E T 0.171 0.050 0.175 0.168
HRANH E P 0.171 0.033 0.173 0.169
AT E P 0.170 0.017 0.172 0.169

fo AN E T -0.987  0.287 -0.967  -1.007
HRANH E P -0.985  0.192 -0.972  —0.998
AT E P -0.983  0.096 -0.976  —0.989

o wAmet 8O0 jegxg  T12¥10 6:84x10
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R b i.l7X10 19810 i.lsxlo i.15x10

b AN E T 2.368 0.049 2371 2.364
HRANH E P 2.745 0.022 2.747 2.744
AT E P 2.980 0.013 2.981 2.979

M AN E T 0.393 0.114 0.401 0.385
HRANH E P 0.392 0.076 0.397 0.387
AT E P 0.391 0.038 0.394 0.388
Frax  m/AHRENE 0.776 0.226 0.792 0.760
HRANH E P 0.774 0.151 0.784 0.763
AT E P 0.772 0.075 0.777 0.767

Fo,  mA#hEk 0.393 0.114 0.401 0.385
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Growth, mortality and reasonable utilization of Sebastes schlegelii in the
artificial reef area of Weihai, Shandong Province

ZHANG Mengmeng, LIU Yue, XIE Tao, CHEN Wenlei, TANG Yanli !
(College of Fisheries, Ocean University of China, Qingdao 266003, China)

Abstract: The artificial reefs are an important part of the marine ranching. Sebastes schlegelii which occurs in the
coastal waters of China, including Yellow Sea and East China Sea, is a delicious seafood and has great economic
value. We studied the resource status of S. schlegelii in different reef areas, such as growth, mortality and
utilization of resources assessment, based on the cage questionnaire data in Weihai artificial reef area, Shandong
province, from 2016 to 2018, by the means of ELEFAN , length-converted catch curve, Y,,/R curve and the
biologic reference points. And uncertainty was incorporated into the estimation of the biological reference points
Fy, and F,,, by Monte Carlo simulation. The results of the first study on the resources of reef areas at different
depths showed that the average body length, average weight, asymptotic body length and asymptotic weight of the
S. schlegelii in shallow water areas were greater than those in the middle waters, and the deep water areas were the
smallest, indicating that the artificial reefs in shallow water areas were more conducive to the protection of fishery
resources. The fishing mortality coefficient and the natural mortality coefficient in the middle water area were
greater than the deep water area, the shallow water area was the smallest. It is the first time to apply biological
reference points F |, F,,, and uncertainty analysis to the resource assessment of different depths of reef area. The
result showed that the judgment results of Fgrp at the three uncertainty levels were consistent with the none
uncertainty, but the value of F,, was far greater than F |, making it more difficult to judge the amount of reef
resources as overexploitation. Therefore F|) ; is more suitable for the evaluation of S. schlegelii. In combination
with Gulland’s theory, biological reference points and yield per recruitment, reef resources were under the mild
exploitation, and fishing intensity can be appropriately enhanced to increase catch yield. Shallow waters can be
increased to £=0.39, and Y,,/R=25.60, corresponding fishing age is 1.83 a. The middle water area can be incre-
ased to F=0.46,Y,/R=23.89 and fishing age 0.93 a, respectively. Deep water area can be increased to F=0.42, and
Y,/R=16.74 corresponding to a fishing age of 1.12 a.

Key words: Sebastes schlegelii; resource status; Beverton-Holt model; biological reference points; artificial reef
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