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Fig. 1 Spawning grounds in Shandong inshore waters
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Tab. 1 Health assessment system of spawning groundsin Shandong inshore waters

— 2k 585 first-level indicator 24545 second-level indicator

= 2% 45%5 third-level indicator

IR (B))

biotic environment

TR FE Y FI IS %0 (C)) phytoplankton species number
TR UFAT W) % ¥ (C,) phytoplankton density

TR s Y Fh 2540 (C5) zooplankton species number
TR B9 % & (C4) zooplankton density

PRI R (4,)

spawning ground environment
IK SCFR SR (B,)
hydrological environment

JKi(Cs) water temperature

ER ¥ (Cé) salinity

PR B4 2 (C7) pH

#%0(Cs) dissolved oxygen
TEHLA(Cy) inorganic nitrogen

% PEBERR £R (C1o) reactive phosphate

AN TFH(B;) human disturbance

FF & 58 5 80(C1)) exploitation intensity indicator

i1 B ATHE£(By)

fish eggs and larvae and juveniles

Y FPZEL(C)) species number of eggs

0 G % 5 (C)5) fish egg density

{FHEALFPEL(C)4) species number of fish larvae and juveniles
{F-HEA0.% 5 (C)5) density of fish larvae and juveniles

7N S fE(42)
spawning ground function

7= IR BEAAR (Bs) spawning stock

7N ERARIZEEL(C16) species number of spawning stock

7= PR BE R S (Cy7) density of spawning stock

K I B i PP 225 (C 1) number of long-distance migratory species
S I B 9 AP 228 (C o) number of short-distance migratory species
b7 PEFPZE8L(C,0) number of endemic species

77 9137 I FR(Bo)

spawning ground area

07 BRI TR 5 L (Car)

ratio of core spawning ground area to spawning ground area

1.3 HEMAE

131 FIpEERA TN ERNERE 1
CAEHE AR R RGN TS BNz 0 ZE )
BT (analytic hierarchy proces, AHP)?7), 244
FF 7 O A% O DI e B 3 WL S AT 41, e 45
TEM AR TR ™= DN (i R A F R, 4RI 1~9 BRfE
AR AT B I =N ' P B R € 0 A
Foe 4T G L AR T T 7 B 37 £ BREAR 0 DF- 1 4 AR AL
HA

1.3.2 IEtREUBEREN SRR RN BRI
], e Al BEDE O 15 BAT, 75 20 B0 i ok

HEARL/TE PRl 5 48 B BB IR 2E A7 Fn v AL (F — 4 ) ok
TR B NS0 o B /0 -5 8 b E T T s o4
WL 20 FEMEE PSRRI LR B (DA E K bR
e, W25 [ G bR e, 1L CHEK oK B bR #E )
(GB3097-1997)— 2 7K Bt 1fiE G FH T T ¥ ll 7k
SR TR | A ORI MR £ i <
A —ACTEHEME AR ()4 BEA F R bnifE, WL
IR A B WP CR, BIINZR & 25 AR
SCHR[1,12, 14116 % 15 07 A8 0 b 2 M0 SR v fE, 25
BHEIE 5—06 HRARIT)™ B 0 2 il 7 BRI A
PRI OV KR R R 1 B
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Tab.2 Benchmark value and assignment criteria of inshore spawning ground health assessment indicatorsin Shandong Province

S WA 1
F8Fr indicator 567 %{ﬁiﬁ/ﬂ%lﬂ assignment SCHRA R reference source
benchmark value/range during May—June .
criteria
PR IR PR 25 5 =45 A [1.12,14]
species number of phytoplankton
PR )% B/ (ind/m?) 75000-3800000 B [1,31]

phytoplankton density

(f$4E to be continued)
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(8£3k 2 Tab. 2 continued)

N it (b 7
F8¥5 indicator 5-6 A EYE{E/?@@ a%if:;flt SCHAE R reference source
benchmark value/range during May—June .
criteria
e =35 A [1.12,14]
species number of zooplankton
TF 30 ) % B/ (ind/m) =20000 B [1,31-32]
zooplankton density
JKI/°C water temperature 14.5-20.5 (K bottom temperature 13-20) B [10,15]
EhE salinity 28-30.5 (JIE£h bottom salinity 28—30.5) B [10,15]
RIS pH 7.8-8.5 B [31,33]
%4 /(mg/L) dissolved oxygen =6 A [31.33]
JHL%/(mg/L) inorganic nitrogen  0.0014-0.2000 C [14,31,33]
TG MR 48 /(mg/L) 0.0031-0.0150 C [14,31,33]
reactive phosphate
TF i B 8 5K WLZA30 1 equationl D [22]
exploitation intensity indicator
EUEL S 4 =34 A 19821983 4F £t G AFHE 1 I8 75 K SCiHk[1,14]
species number of fish eggs survey of fish eggs, larvae and juveniles from
1982 to 1983 and references[1,14]
121 5P % FF /(ind/station) =32211 A 19921993 4% £ by A1-HE A 8 £ J SCHR[31-32]
eggs density survey of fish eggs, larvae and juveniles from
1992 to 1993 and references[31-32]
A 1 R AL =44 A 19821983 41 b A1-HE L A S SCAik[1,14]
species number of fish larvae and survey of fish eggs, larvae and juveniles from
juveniles 1982 to 1983 and references[1,14]
- HE £, & /(ind/station) =1500 A 1992-1993 A GHFHEMIHIA survey of fish

eggs, larvae and juveniles from 1992 to 1993
1982-1983 , 19981999 £F it Il % 3 A5 K 3¢

density of fish larvae and juveniles

TR =42 A

species number of spawning stock

iiik [1,14,34] fisheries resources survey in
1982-1983, 1998-1999 and references [1,14,34]

72 B AR A4 2 B /(ind /km?) =34109 A 1982 4Tt % 5 ] 5

density of spawning stock fisheries resources survey in 1982
KB F 2% number of =9 A 2 RO SCHR[1,5,10,14-15,34]
long-distance migratory species the coefficient is the ratio of various classes.
SRR A AL number of > 18 A references!t I

short-distance migratory species

5 MR 2B =15 A

number of endemic species

B i AR T %0 7 IR AR 25T XA Y E [35]

ratio of each core spawning ground area to each survy
water area

ratio of core spawning ground
area to spawning ground area

T AL FEFRER TS TEMEE M EHIRE D 1, WHSMNUSS PR E RS 1-|GE R - B/ B UE ], B, $EhrE7E R F A &
BE S 1, Y RSMNUSESRE TR A 1-|(F8 bR (S () S|, FRAR{E/ N TIEE(E, W SEHE AR I8 SE M TR, SRR (E K T 4E
MR, WEME(E AR S (B BR, G P (8 A (5 () B v e BN 15 C. SR BR (B SV TR O SERTRAE D 1, Ju AU A
FHTE N 1| (R bR SR/ HE (R |, FEARE/N T HE (R, DO JE v AR SRV T B, R AR ER T v, U JE v (e A AR v b
FR, CH |G AR I (R FE M R OR B 1, TR BT B AR/ MEL 0.1; D. 1-JF &5 BEFR 4L

Note: A. If the indicator value is greater than or equal to the benchmark value, it will be reassigned to 1. If the indicator value is outside the
benchmark value range, it will be reassigned to 1-|(indicator value—benchmark value)/benchmark value|; B. If the indicator value is within the
benchmark range, it will be reassigned to 1. If the indicator value is outside the benchmark value range, it will be reassigned to 1-|(indicator
value—benchmark value)/benchmark value|. If the indicator value is less than the benchmark value, the benchmark value refers to the lower
limit of the benchmark range, and if the indicator value is more than the benchmark value, the reference value refers to the upper limit of the
benchmark range, where the maximum value of |(indicator value—benchmark value)/benchmark value| is 1; C. If the indicator value is within
the benchmark range, it will be reassigned to 1. If the indicator value is outside the benchmark value range, it will be reassigned to
1-|(indicator value-benchmark value)/benchmark value|. If the indicator value is less than the benchmark value, the benchmark value refers
to the lower limit of the benchmark range, and if the indicator value is more than the benchmark value, the reference value refers to the upper
limit of the benchmark range, where the maximum value of |(indicator value-benchmark value)/benchmark value| is 1. The minimum value of
indicator value reassignment is 0.1; D. 1-Development intensity index.
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WA AR 48 i U VR AT A5 R ) (http://
data.sd.gov.cn/portal/catalog/6152737cd3164b8c98f
1446 012bbec0)HIGLITHdhs, 2RI+ H N IF &
W, TFARIES A NI AP I LSRR (D)
RS XIEER AKXy

D=i5,.><1<i (1)
i=l1

Kb, SRS @ R A S B XS AR L, K,
R I 7 20 5 e i B R R, 9 IX T AR
R & 5 #2740 PBSmapping®* 4,

Bl P2 i AT 2% Han 550°), BIKTF
TR T 1% AL A A% O P2 o 37 1w AR ek
7 UP A 1 AR F 5 X8 R HAE
1.3.3 WEKIEBFMGESBERE  RIHE 70
Yl S DY 8 b AR R B A R, T IR
3TV 77 OR3P 19 25 A fi B 48 %X (comprehensive
health indicator, CHI):

CHI= S xR, @

i=l1
X, W AR RR | R LA, R, MEE R i B E
B . AR XA S5 R HR £ A e e Bk e
IR @RS A 5 FIRRES: BOAREHE(0~0.2)
A FE(>0.2~0.4) . W fi# B (>0.4~0.6) . F i
(>0.6~0.8) FIfif 5 (>0.8~1.0),

2 HRESMH

21 FEIRERITFMIERINE

LU ZR 30 16 77 B 3 4% G T 8 s 1) AF 6 B
FRBE S HAL A W35 3~8. — A8 hnh, F=O373F
BEMINRERCEAE SR 0.3 F1 0.7, —Zdkr,
77 51 S A B 200 T A 4R R A {E B R BIRAR IR
HIKSCIREE B, (0.544), HEWIFREE By (0.346). A
HTHRE By (0.110); 77 BR3Z BN REZE N T & 8 hn AL
B FR & BRI . F DR AFHES B4 (0.479). 77 B
#EIA Bs (0.458). BRI THIFL Bs (0.063), & 3~8
THE T 25 A8 An 2500 B X0 = A8 bR AL E
B W —HIEPAEE . DR80T X
FEVRALCEAE (W W) S A A8 bR T —JARRAL
FAHW . Wi Wiz, Way. Was. W)t 3
LLUAR 3 V6 7 DR 37 g B DEA0 5 0 1) S AR W7

&3 A-B FIBTERERINE
Tab. 3 Judgment matrix and weight for A;-B

Al Bl Bz B3 Wl

B, 1 172 4 0.345950

B, 2 1 4 0.543753

B; 1/4 1/4 1 0.110297
1=3.053871; CR=3.053871<0.1 (G&id—3 MK have passed
the consistency test)
T A RT3 5L By AW AREE; By /K SCAEE By RN AT
e W ARGE 1; 2 HFHER; CR A 50 R AL
Note: 4; denotes spawning ground environment; B; denotes biotic
environment; B, denotes hydrological environment; B; denotes

human disturbance; W, denotes weight 1; 1 denotes eigenvalue; CR
denotes test coefficient.

F 4 ABHIMERERINE
Tab. 4 Judgment matrix and weight for A,-B

A4, B, Bs Bg W,

B, 1 1 8 0.479085
Bs 1 1 7 0.458252
B¢ 1/8 1/7 1 0.062663

4=3.001982; CR=0.001905714<0.1 (3@ it — B ¥ # 3 have
passed the consistency test)
TE: 4, R B D e By Ay 0 BN AFRES; Bs 7 BRRELA: Be 7™ B
Gy, wo IR 2; A W RRIEAR; CR A0 R 4L
Note: 4, denotes spawning ground function; B, denotes fish eggs
and larva and juveniles; Bs denotes spawning stock; Bs denotes

spawning ground area; W, denotes weight 2; A denotes eigenvalue;
CR denotes test coefficient.

*5 B-CHIMEMERINE
Tab.5 Judgment matrix and weight for B;-C

B, C C, Cs Cy W w

(o 1 1/2 1 172 0.166667  0.017297518
) 2 1 2 1 0.333333  0.034595027
Cs 1 172 1 172 0.166667  0.017297518
C, 2 1 2 1 0.333333  0.034595027

J=4; CR=0<0.1 (i i —Z( K 58 have passed the consistency test)

I B HAEYIREE, C A RRIFHE TN R C MIRIFHY % G
VWS IR SEEL COR RIS R B W HALE 11 W R
AL ; A HRHIEAR; CR e Ie R AR

Note: B; denotes biotic environment; C; denotes species number of
phytoplankton; C, denotes phytoplankton density; C; denotes spe-
cies number of zooplankton; C, denotes zooplankton density; Wy,
denotes weight 11; ' denotes the final weight; A denotes eigen-
value; CR denotes test coefficient.

22 WHRIEEFMIFERIEMN

221 FEMEFIZEETEN MBI
VAR RIS KR TH T 0.6,
INE A R, VRIS B AR AR AL T
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%x 6 B,-CHIBERINE
Tab. 6 Judgment matrix and weight for B,-C

& 8 Bs-C HIBT4ERE RINE
Tab. 8 Judgment matrix and weight for Bs-C

B, C Co C; Cs Co Cy Wiy w Bs Cs Ci7 Cg Cio Cy Was w

Cs 1 1 4 3 3 3 0.306478 0.04999%4 Cis 1 2 1 1 1 0.231111  0.074135
Cs 1 1 4 3 3 3 0.306478 0.049994 Ci; 12 1 1 1 1 0.175556  0.056314
C; 14 1/4 1 1/2 1 1 0.080567 0.013143 Cis 1 1 1 1 1 0.197778  0.063442
Cg 13 13 2 1 1 1 0.110706 0.018059 Ciy 1 1 1 1 1 0.197778  0.063442
C, 13 1/3 1 1 1 1 0.097886 0.015968 Cyo 1 1 1 1 1 0.197778  0.063442

Cyo 13 173 1 1 1 1 0.097886 0.015968

HMEKE S have passed

7=4.045937; CR=0.0172047<0.1 (ifiif—
the consistency test)

T By /K SCRER; Cs oKl Co HEREE; Cr HIRBBUE; Cs A fift
S Co MTCHLA; Cro MG TEBERRER; Wiy AL 12; W75
2 NFFIEAR; CR WIS R 5.

Note: B, denotes hydrological environment; Cs denotes water tem-
perature; Cs denotes salinity; C; denotes pH; Cs denotes dissolved
oxygen; C, denotes inorganic nitrogen; Co denotes reactive phos-
phate; W), denotes weight 12; W' denotes the final weight; 4 de-
notes eigenvalue; CR denotes test coefficient.

®k7 B,CHIMEMERINE
Tab. 7 Judgment matrix and weight for B4-C

B, Cn, Ci; Cu Cis W4 w

Ci, 1 2 2 3 0.425397  0.142661
Cis 172 1 1 2 0.230556  0.077319
Cis 172 1 1 1 0.194841 0.065342
Cis 1/3 1/2 1 1 0.149206  0.050038

4=4.045937; CR=0.0172047<0.1 (Gl it
the consistency test)

T B4j‘7ﬁgl]’f?$ﬁﬁ, Clzj‘?@gpﬁj\é;&, Ci3 j‘?’@gﬂ’ﬁg, C14j‘71¥
HEMFPEL Cos MATHEM B, Woy ALTE 24; WERARE; AN
FRIEAR; CR A0 R 4K

Note: B, denotes fish eggs and larvae and juveniles; C, denotes
species number of eggs; C;3 denotes fish eggs density; Ci4 denotes
species number of fish larvae and juveniles; C;s denotes density of

fish larvae and juveniles; W, denotes weight 24; W’ denotes the
final weight; A denotes eigenvalue; CR denotes test coefficient.

—ZH K5 have passed

MMEFRE (R 9) KIS SR THEFDRE,
ETALE & & I WA, =0 ThaEh
U . AFHEM A TR PRRAS g0 22, 10 O FP 2850 X
. PRINRER S BEAL TS RIRES, IR
(A b 2SO by o 2 ORI T i
Tt 28 50 e B T S T A RS .
O E LS KT 0.900, LA @R Bl
0.505 (& 2), F=BRizAb + W AR FER A

222 WHRFBIABMEWFEEITEN LARFS
6B 51 1 4 A= W) IR A5 46 B R T Ui 2 0 5 B M

REHTE;

/=5.05861; CR=0.0130827<0.1 (i it—
the consistency test)

e Bs ATRBRREIR; Cio AT IR HEIRFINISEL Cor 7= IR BRI SR
Cig A BT FP2RH0 Cro o0 S8 I BT Fh 250, Coo b P
ﬁ*%éﬂt Was HALE 25; W ERZAATE; 2 HFEAR; CR ki

Note: Bs denotes spawning stock; Cjs denotes species number of
spawning stock; C; denotes density of spawning stock; Cs denotes
number of long-distance migratory species; Cio denotes number of
short-distance migratory species; C,o denotes number of endemic
species; W,s denotes weight 25; W’ denotes the final weight; 1
denotes eigenvalue; CR denotes test coefficient.

KT have passed

Wb FHEERARAS, TR Bl % B R bR A A AS
KGR 9)0 KRBT MR THEFBDIRES . 7=
Diferh oy AFHEMATEPRIRAES I 2. SR ONRER
P 200, A B g o S 5O P 2 300 e A 2
Qb F R BREAR A, T O AR A 2 D) A A fEE
ARAS AL B TH B AR AR A T g R
ZEAMERRIE BN 0.596 (] 2), FoERigAb T 1 {8 Bk
R

223 WHRFBEHB=WHBHEEN LARESL
BT 00 37 45 A= W A BE T8 bR R U7 i o0 ) % S 0
KT 0.900, b FHEFIRE, 77 sh¥ % 18 b ik
TR EEARZS (R 9). KA T FRES
gttt g | AFHEM A TR PRIRE 2, 77
SRR 25 B AR, Ab TR, o™= o AE
TRAGARAL TR o AZ0 = BRI 1w AR L A8
AbF RN . 2008 4 5 HZEAEERRIEECH
0.590 (& 2), F=BRizAb F W AR FRER A .

224 BMEILEFEIRGEETEN ML
77 P 45 A W RS A AR IR AR 4 A AL T R
ARZS, TR S B B IE U Sl ) R 2SR by i)
Ab A AS SRR 25 R I A BRI S (3R 9) 0 /K U SR
SVARAD T RS, (E I PERE R £ 1
WSS . O TRe b A B | AFHEM A TR PRIR A
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Tab.9 Comprehensive health indicators of spawning groundsin Shandong inshore waters

JH—4LM{H normalized assignment S FR1%4> index score
fabn e REEIE ARSI ML *@}H ARSI AR SR AL

index Laiﬂzéhdilu‘{%Bay northern Shan— southern Shan— northern Lai?jljé};ay northern Shan— southern Shan— qorthern
dong Peninsula dong Peninsula Haizhou Bay dong Peninsula dong Peninsula Haizhou Bay
C 0.644 1.000 1.000 1.000 0.017 0.011 0.017 0.017 0.017
C, 1.000 1.000 1.000 1.000 0.035 0.035 0.035 0.035 0.035
Cs 0.600 1.000 0.914 0.571 0.017 0.010 0.017 0.016 0.010
Cy 0.108 0.075 0.025 0.005 0.035 0.004 0.003 0.001 0.000
Cs 1.000 0.943 0.959 1.000 0.050 0.050 0.047 0.048 0.050
Cs 1.000 0.956 0.968 0.973 0.050 0.050 0.048 0.048 0.049
C; 1.000 1.000 1.000 1.000 0.013 0.013 0.013 0.013 0.013
Cy 1.000 1.000 1.000 1.000 0.018 0.018 0.018 0.018 0.018
Cy 0.100 1.000 1.000 1.000 0.016 0.002 0.016 0.016 0.016
Cio 1.000 0.938 1.000 0.100 0.016 0.016 0.015 0.016 0.002
Ciy 0.993 0.999 1.000 1.000 0.033 0.033 0.033 0.033 0.033
Cpn 0.439 0.439 0.234 0.146 0.143 0.063 0.063 0.033 0.021
Ci; 0.011 0.021 0.043 0.016 0.077 0.001 0.002 0.003 0.001
Cis 0.204 0.090 0.158 0.181 0.065 0.013 0.006 0.010 0.012
Cis 0.012 0.003 0.011 0.004 0.050 0.001 0.000 0.001 0.000
Cie 0.549 0.956 1.000 1.000 0.074 0.041 0.071 0.074 0.074
Cir 0.057 0.048 0.264 0.599 0.056 0.003 0.003 0.015 0.034
Cis 0.444 1.000 0.889 1.000 0.063 0.028 0.063 0.056 0.063
Cio 0.500 1.000 0.833 0.833 0.063 0.032 0.063 0.053 0.053
Cyo 0.667 0.600 1.000 1.000 0.063 0.042 0.038 0.063 0.063
Cy 0.917 0.571 0.450 0.667 0.044 0.040 0.025 0.020 0.029

TE: Cr, BRI REG G, UM L, G, AN ELG Co, BIFSIWRIE; Cs, JKIR; Co, #RIEE; Cr, TRIBJE; Cs, WA Co,
%m/ﬁ Cho, {ﬁ‘fﬂfﬁ?ﬂ C, T &5 BEH Z?& Cha, @gﬂﬁl*\_ﬁl Cis, @gpﬁﬁ Cu, 4?*&1%*’1‘?& Cis, 4¥ﬁﬁﬁg, Cis, nggﬂz{:ﬂ:;’é
B Crg, TRUNEEREE; Crg, KEEBIIEFI L Cro, 50 M BIMIEFISEL Coo, M PEFISEL Cor, BTN RS L.

Note: Cy, species number of phytoplankton; C,, phytoplankton density; Cs, species number of zooplankton; Cy4, zooplankton density; Cs, water
temperature; Cs, salinity; C7, pH; Cs, dissolved oxygen; Co, inorganic nitrogen; C,o, reactive phosphate; C;, exploitation intensity indicator;
C», species number of eggs; Cis, fish eggs density; Ci4, species number of fish larvae and juveniles; Cis, density of fish larvae and juveniles;
Ci4, species number of spawning stock; C;;, density of spawning stock; C;s, number of long-distance migratory species; Cjo, number of
short-distance migratory species; C,g, number of endemic species; C»j, ratio of core spawning ground area to spawning ground area.
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Fig.2 Comprehensive health indicator of spawning
ground in Shandong inshore waters
L: Laizhou Bay; NS: Northern Shandong Peninsula;
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Haizhou Bay; Ave: Average.
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Health assessment system of the spawning ground in Shandong inshore
waters
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Abstract: Spawning grounds play a key role in recruiting fishery resources, and their health status directly con-
tributes to the biomass dynamics and sustainability of fishery resources. In the present study, using spawning
grounds in Shandong inshore waters as an example, based on the comprehensive analysis of various marine eco-
system health assessment studies, a health assessment system of the spawning ground was established by the ana-
lytic hierarchy process, and the evaluation results of the system were verified. Two first-level indicators were con-
sidered in the health assessment system, the environment and function of the spawning ground. Six second-level
indicators were covered, namely, biotic environment, hydrological environment; human disturbance; fish eggs,
larvae, and juveniles; spawning stock size; and spawning ground area. There were 21 third-level indicators. The
health status of the spawning ground was characterized by a comprehensive health indicator (CHI), with the health
status of the spawning grounds in Shandong inshore waters during the 1980s regarded as the baseline. The results
of the health assessment system of the spawning ground conducted in this study were verified using the spawning
ground health status in the Shandong inshore in May 2008 as an example. The average CHI was 0.571 in the
spawning grounds in Shandong inshore waters during May 2008. In general, the spawning ground had a sub-health
status. The CHI of the northern Shandong Peninsula, northern Haizhou Bay, southern Shandong Peninsula, and
Laizhou Bay were 0.596, 0.593, 0.590, and 0.505, respectively. The accuracy of the evaluation system was proven
by a comprehensive analysis of the results of related studies.
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