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An Ecopath evaluation of system structure and function for the Laoshan Bay
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Abstract: Based on an investigation in the Laoshan Bay artificial reef zone from 2014—2016, a trophic model of the
Laoshan Bay artificial reef ecosystem was constructed using Ecopath with Ecosim software to analyze the energy flow pattern
and attributes of the ecosystem, estimating the carrying capacity of Chlamys farreri. The model included 17 functional
groups, covering nearly all the main processes of the energy flow in Laoshan Bay artificial reef ecosystem. Network analysis
showed that the trophic level of the functional groups varied from 1.0—4.255, and Conger myriaster occupied the highest
trophic level. Five discrete trophic levels were found, and the mean trophic transfer efficiency was 10.8% , with a mean
transfer efficiency of 10.9% from detritus and 9.8% from the primary producers within the ecosystem. The total system
throughput was estimated to be 14256.510 t km™ y™', with 68% originated from detritus. The ratio of total primary

productivity to total respiration of the system, the connectivity index, and the omnivory index were 1.127, 0.293, and
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0.333, respectively, showing an ecosystem with a high maturity, a complex food web, and a high internal stability. The key
species index analysis showed that Sebastes schlegelit had a high keystone index and relative overall effect, indicating that it
may play an important ecological role in the current ecosystem. The ecological capacity of the ecosystem for Chlamys farreri

culture is 189.679 t/km’; the current stock may increase by 18.55% of the current level.

Key Words: Laoshan Bay; artificial reef; Ecopath model; ecological capacity; food web
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( Fenneropenaeus chinesis )™ | H 7 %t 6F2" = JE ¥ 7 % ( Portuns trituberculatus ) '™ | # & %} ( Paralichthys
olivaceus) HFH; ( Phopilema esculentum ) 55 Z2 il A= Wy SEFHTBCHL , IRl EEXH5 LS A T Al AR YRR 45 2
TFRRZ TS 22 (RIS T Al X AR S R GRS AR | B TR A 1 A A A i A5 R A
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g LV N T A DX T L R 48 7 5 T 087 LU VS R 3o 3ok, AL B L 1, R b5 1 sk, fr oL 1 = R A AN
B 3 FEIX AU, 2006 AEFFHR N TAOTEROI TAE, 2014 4E & @R 56 A 3.2 14307, R S
b, BT 39.7 hm? T B 50 m—150 m {6 [ N LLPAT R ANE 2 B 2 5 sCHEA T4, T2 b e il DX v
FL650 hm® , ASHIFET LA L1178 N T A 7 v XA AR X 3 (& 1), AL X3 N - 29 KR4 10 m, 35 50 m
£ 150 m JEEIN N A TAESRIX, BERIEF e, B A R, RS TR B 150 m
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1.2 Ecopath #iAHE 7
1.2.1  RBERITRRLL R 43

AWF5EME T Ecopath with Ecosim (EwE) 6.4 BN AT & | B 2 Ecopath B PEAL T & 7 1L
VN T AR X A S AR G5 D RE AL IR 33 28 AR VR RE S W s %) JELr Hh 2 SR BB S e Hh AR S R 4 1Y
SEA ThRERE Y= it #2 %Y, Ecopath B8 i — R8I D BEALAL A, Ir A DI RE A LA S5/ E B R 56
AN TR, ARSI R G AR W A A SRR DA S LS N T A X Fh o A i O, Rl 225 AR 38
FRGAFHEAUK IR Ecopath BRI RELL I 431120 K5 VS N T A i X AR S RGN 50 h 17 D IRed, SR
HIREBRGEE N EFRB MRS & e, ¥ F [CF-filh ( Sebastes schlegelii ) , KU 75 2k a1 ( Hexagrammos
otakii) BEkA (H. agrammus) F1 H 2848 ( Charybdis japonica ) 55 16§ DX AR AP B3 R 70— D IHREH . M=
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Fig.1 Sketch map of study area of Laoshan Bay artificial reef zone ecosystem

(Apostichopus japonicus ) FIFIFLES DL ( Chlamys farreri) J2& 24 Mo F5 2L ) S5 FIFRFE XS 42 W B 8K, AR RS
RETL I B2 A K, SR o — DR, BRET 68 ( Conger myriaster) AR AW i AR (R A FR 9
TEABRG AT AT R L) 43— DI RE 4, HABDIREA S w48 Hpth b )2 a2k HALIKZ A
X W5 SKEE 2B AR i) RIS PR A AL S
1.2.2 AT RELH A R I
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TS AV 88 2 e D VR 2 K5 , 2 % AR AR S R G R BIRFE 45 % 4R AT I8 BE (E0EA 70550 A HLEE 8 AR 3 K
TR YNER A A A HLBK ( DOC) FIBRLA HLAK (POC) M B A TAG 5., FeAr A B AR M o 17.5% 1 17 T h
Yy, DOC F POC & B2 B A 45 1Y, M2RIhaedlny P/B Al Q/B il R A XIS
Yt BT IR PE RS kA 2, HABTHREZLAY P/B AT Q/B (HZ7 Il 1T 45 A AR 25 R GE AR R BOH [R] A 26 10
DRERE 2 S m B REA M BN RARN G E S o, KMo aed g A S % H X
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S EwE P N B Pedigree BT T LMKIE AN TIBELL B P/B . Q/B LA B 4L A IR A T,
THRA A DIRERE 1Y P 55, SEMIsK AR AR 1) P 54K,
1.2.5 IRAE IR AR 73T

SR A E IR (Mixed trophic impact, MTI) Z3HT4 DI AELL HHREHIE so6h A= 25 RGTHIEMA o kAR J)
BT AR A EFRRON S AT Ry Sy, FCRBAEHEI AR W i M X IR AR 2L 28 R G v AR LA FH R SR 7
1.2.6 SMAFEES AL

RGN SRRRE S BORE S S 1 3R S8 0 AL R MR U R, A0 4% BT £ ( Total system throughput,
TST) . B IH#E(Total consumption, TC) EL4ii i ( Total export, TEX) . B FEWL ( Total respiratory flows, TR) | Vi 1]
)& & ( Total flow into detritus, TDET) | % 4] 9% 4= j” & ( Net system production, NSP) . & 4 7 & ( Total
production, TP)  E g% 7= ( Calculated total net primary production, TPP)  &i4: 4+ ( Total biomass, TB) .
SR =i/ A W) i (Total primary production/total biomass, TPP/TB) | &l #] 2% A ;= &/ & IFF W 15 ( Total
primary production/total respiration, TPP/TR) ¥4 45 5 #£ 9% ( Mean trophic level of catch, MT) | i% 4% 45 %
( Connectance Index, CI) (R4t 2% B8 %0 ( System Omnivory Index, SOI) 5 37 4415 13 30K ( Mean transfer
efficiency between trophic level, MTE) | Finn's 1ff ¥/ 48 %% ( Finn’s cycling index, FCI) | Finn's -3 %48 K
(Finn’s mean path length, FML) ezt
1.2.7 LB DISRA A i

SN B E R AT AR S R GRS SR A — R R R/ INED Ry 28 9N 1 ( carrying capacity ) ),
Ecopath BRI ECF- 5, HA S EORIFAE Bl AL D A i, 24T — D RBZH Y EE (ERT 1 1,
RUIRGE VAT AT, SIS AFL B DA A4 6 R i IX A S 2

2

2

&R

A CERYRIE

WELLE N T AKX Ecopath BERIFFIELRANK 1 FioR , % D AELL E IR RAT

1 BFRBLEATIEHERK Ecopath {REIIBEHSE

Table 1 Parameters of Ecopath model in artificial reef area in Laoshan Bay, Qingdao

PRSI, 17 N IIRE

4L f%ﬁ B élifcﬁ/i%% P/B i’ﬁﬁwﬁ/dﬁlﬂﬁ EIE’SE%X)’ZK EE o
Functional group 10maszs/ PrO(.luctlon/ Q/B (Afnsumptlon/ E«T’?h')glcal Trophic level
(t/km*) Biomass Biomass efficiency
SEFET 8 Conger myriaster 0.264 0.95 3.2 0.744 " 4.255*
VG-l Sebastes schlegelii 1.620 0.97 4.0 0.215* 3.852*
Kt Hexagrammos otakii 1.210 1.80 4.6 0.936* 3.741°
Bk Al H. agrammus 0.386 1.40 4.2 0.475* 3.824"
H 7R3 Charybdis japonica 1.341 4.60 14.0 0.092* 3.257F
FIFLES UL Chlamys farreri 160.000 5.70 20.3 0.184" 2.000 "
K& Apostichopus japonicus 1.730 0.80 3.0 0.707 * 2.186*
HAthrh |2 25 Other pelagic fishes 2.776* 2.50 8.0 0.960 3.178*
HALJE)Z 25 Other demersal fishes 2.980 2.80 9.0 0.684* 3.508*
FH722% Crustaceans 12.800 6.00 23.0 0.982* 3.212*°
3k /£ 2§ Cephalopod 0.260 3.00 9.6 0.161° 3.699
ARSI Molluscs 15.200 8.00 26.2 0.901 " 2.690"
Z2FE5 Ploychaetes 4.500 5.60 25.7 0.933" 2.400 "
TSI Zooplankton 14.600 28.20 122.0 0.729* 2.000
JEWIEE Benthic algae 16.331" 9.88 — 0.500 1.000*
TFUFHIY Phytoplankion 26.200 130.00 — 0.233" 1.000*
HHLEIE Detritus 83.000 — — 0.934" 1.000*

AR SR, —AAREEAAFAE, T i A Bdis
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I EFRIAEE 1.0—4.255 , Horf BRI 68 1) B 3R 9dme by 4.255, HOR O VF G- (3.852) , 3k 2% N 48 T 0°F
HESIP ) B B R (3.699) o FHAEW I FIVE SR G TARAS Hh e LL s N T Al DX 5 R SR IR B A W e R (1P IR
iy TS KRN Bkt HARE HAl R 2k HARE 2Rk 2 BRI E SR MR 3.45,
2.2 CEFRYNIMREE R o AR

BRI AL SCR (transfer efficiency ) A% Hi AT B & 09 BB & A0 5 BV BB = 11 He ), Ho e s i — 8 5
REIAE RS TR R 7 LS N T X A S RGBSR Z R BRI s R (B 2) « RG]
Gk etk 3567.354 t km ™ a”'  H A 873 t k7 a U BERLIB R E SRR 1, MAKEE B BBER N 4761 t
km™ a™ 12694 « km™ a7 IREEOR A WIS R LIV \V BRI RRR 5] 5 R LA RE R
i) 37.630% .3.022% ,0.412%F1 0.035% , Wi VS4B REKEEA T LIRS R 5 MEFRR(F2) ,RIETH
JB e R AE B R | FE R4 11 Z B Sh AR K 10.1% , Jit s RE R Sh AR R AR AR 8 3 4% 1L A I 22 1), o
B R 9 P B R TR S AR I3k 13.0% 11 13.8% , RS0 A E BRI BCE N 10.8% , Hih Ak 773
ISR 9.8%  WE B FHARACR 7 10.9%

| 86.75 | 0552 | 0.531 o112
25.22 G 02 04 0.0352
873.8 . . .
P I 0.0966 L 0.138 v 0.0943 v
—1 42.53 190.3 — 23.11 — 5357 — 0.795 —
4449 = 2871 — 2573 —35.24 —2.653
2694
L[ 3367
D
—>(83.00
4761 1937 1113 17.53 1.804
i BRI R
24 3
W RGBT/ % e
— > EIER YT
- AR
L _\L
\ —— :
IR I e WS

2 BFLEANTEBRESREEERINE

Fig.2 Flow diagram of artificial reef ecosystem in Laoshan Bay

FR2 BLUEATEBEXESREEERRHFLRUE %
Table 2 Transfer efficiency of discrete trophic levels in Laoshan Bay artificial reef ecosystem
=374 Trophic level

AEERIR Source

I I v \

734 Producer 7.7 13.0 9.5 10.7
)8 Detritus 10.1 13.8 9.4 10.5
SRR Al flows 9.7 13.8 9.4 10.5
REREK H F)E L

Proportion of total flow originating from detritus o8

HE P B A% From primary producers 9.8

1R T 7 4530 From detritus 10.9

SR Total 10.8
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2.3 RGERERE

WL N TARE X AR S RS SRR IESS R R (32 3) YAl R G B HE R 14256.510 t km™ 2", Hirfp
68% I RE LK F B JE 45, T EHAE R | S et | SRR d EAE 7 R LA W 4y S R 5927.582 ¢ km™
a™' 400.767 t km ™2 a™' 3166.588 t km > a™' 5142.832 t km™> a”' 1 262.199 t/km?, 5 HAW[RIZEEUE R RGAH L,
U5 L V5 N T AL B DX AR 28 R GE R s RS A 7 ) R B0 LU (B 1,127 JE A48 50 20.95% , %
W R GAL T R AR s RGTIRES Ha M A B 48 850537 0.293 1 0.333 , 4b TR miAKF , RV R G BEY)
PSSR AR LU A%, RGERRE MRS s R G-I 8 TR ANy 2.026 4 THRAKF-

R3 BUBAI&BRESRESEMERRFEHESHMLLE

Table 3 Comparison of system attributes of Laoshan Bay artificial reef model with other models

FHE S wse e mret e R e o s
Attribute parameter This paper  Lilsland  Zhangzi Island ~ Shengsi L“;:}z‘fu Gougi Tsland  Galdpagos
RO ERE TST/(1km™2a™") 14256.51 10786.68 18393.09 5160.00 3390.13 28019.00 94850.00
MW R TPP/( tkm2a™") 3567.35 4131.97 14546.27 1730.16 1026.94 11604.00 13250.00
BRI R B i TPP/TR 1.127 1.840 2.197 1.385 1.035 1.247 0.480
HEEARE I 0.293 0.200 0.224 — 0.444 0.331 0.160
Z+EE % sol 0.333 0.120 0.172 — 0.360 0.222 0.250
TEFFEHL FCI 20.95 5 9.12 — 12.23 — —

I RETLIAE FCI 3.996 2.620 3.486 — 3.301 2.949 —

TST: RS ETiiE, Total system throughput; TPP . A4 4 =g, Calculated total net primary production; TPP/TR: 24t AL i &t/ B - i
Total system throughput/Total respiratory flows; CI: 484X, Connectance index; SOI. Z4 844, System omnivory index; FCI. fE¥HE%(, Finn's
cycling index; FML; “FHJEAZKEE, Finn's mean path length

2.4 DIREALIN] Y B YIHR 2 AR 5B SR AN
I3 LS N T Ak X AR 2R R W O S 1 s (] 3) AR RGN FRA I RELLI R B # Y], Z2 B ARAA
YA SRR R B RGP OEE A O, BRI R A8 IR & R R R N R, WL A
THREXAES RGN EWEEEZ M U 3 R4 (1) WA ™ & (RIS ANRE S ) — A
v

I

I

3 BLBAIEERESREYRFHE
Fig.3 Material flow diagram of artificial reef ecosystem in Laoshan Bay
A BRFE R, Conger myriaster; B: VFIC Ml Sebastes schlegelii; C: KL/t , Hexagrammos otakii; D BEkAh, H. agrammus; E. HZRES,
Charybdis japonica; F; FifLI U, Chlamys farreri; G §Z, Apostichopus japonicas; H; HoAthH EJZ2M13S, Other pelagic fishe; T; HAJE)Z
2%, Other demersal fishes; J: H582¢, Crustaceans; K; 3k /£2&, Cephalopod; L: 225, Ploychaetes; M; #AKEIH, Molluses; N: FRIFEIY),
Zooplankton; O JEMiMHESE , Benthic algae; P PFU#HHY, Phytoplankton; Q: #%J/H, Detritus
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TCAHESIY) (e SEARAA S YY) —IRIZIE TR M2 (VN R 0.8) —JRJZ B R R IS (P G- fil A2 B
TB8) 5 (2) A7 (IR REY) RS ) —ASALES DU 2 XA B Wk s 5 (3) 2R 73 (TR IF ALY IR B2 A
WEJB) —JCH HESh (B R s R 72 28) —rp LR,

M TR IR AN B A 25 R G A5 DI RE A AL ) A sl Rl T, A 5 D B2 A W i ) 22 A At o)
REALAYSEM 0 5LV T Ak X AR S RGeS DI R4 1] 178 75 G R I o ([ 4) (Al o) L = 2 ikl AR
Wy B A W SN, RS, DR AR B R W e Xl A BRI T AL | EATG VE 35 R T i 2
W23 HoAth 22 B S REZH A2 D TE RSOV, He rP iR T ) 22 B S PR it s 00 140 52 T 505 20 5 il 17408 s 00 BT A
A=Yy RELT AT W SN 5 4% DI RELN HAR B HAT W] R 58000, 31X 32 202 fhy T [R] — D Re 4L N i AR AR 245~
PERAL, 7 B P AT S 25 (6] S5 05 A AR 8 4 o AN, T AR S AR G AT AR 8 SR RSO, i 4541l 157 405 sl o) e
JB TR A D RE A HAT — S B IERL

LRI AE4H Impacted group

A B C D E F G H 1 J K L M N (0] P Q i
= e | g
I p— - - C =
— E— S D 2
L[| BN . E &
— Q
G &
M — = H E
S — | I E‘f&
L ] == K &
| L =
— M iR
— — —_ N
N BN e SN - o %
_ P
= —— —— —= Q
— — —— i

4 BUBEANTEBRRESREEFXRE
Fig.4 Mix trophic impacts analysis for artificial reef ecosystem in Laoshan Bay

S b7 RPN , SR T AR | R/ MR e i 55

2.5 SCHERP ST

T 3 OB A3 BT B 2 X A S R G DGR | L ELAT B R A SR ESORAR X S e, DGR A BT 45 SR R
(K 4) 17 DIBRA A OCHAE A 1 FOCHHEEL 2 FEE R E S VP Pl ) SCBEFE 8 1 29 -0.129 7 17 13
RBZH P HESE 2 A7, HOCHEFEH 2 O 2,083, {R T B 7 8 (2.763 ) Fl 3k 2 (2.367) , ¥ Q1 fill AH X G52 1Ry
0.759, 7% 17 N IIREH P HESS 2 f, 17 QP Y DGR BORUAR X A3 52 M (B X 0K, 3R W HE AT BB AE S AR AU Y
AERRGETHEEEASAC, RN ESTEEINAS R PR B A BENASDIEE, 20riAk, Hi
FLE DL ESRAE Y R R, 52 M JE SR AE 7 X BR ], L BR PR e A ) S 5 HA D BB 20 TC B E R G &R X A g
FOL R AR
2.6 FUIFLER DA E AL

LB DU 5 L8 N T A DX R SR 42 ARG 2 b 3R 58 P Ui R A A AR AE P i 160 tvkm?
HAYE 5 R S (RS Y E) 1 61.02% , it T 2% HABThREALn AR Wi . AR SRR R AR 2
IR I, UL 1% 0 H A1z s AL ks DL ey A= i, oA Dl BE4H %) A= ) AH At iy A S8R R AL
Bifi 5 AL DL AR 0 o 1 340 0T 1GN, 2R B0 4% D) R A 9 AR AR RO R A R N e AR, YR AL R DL AR S
18.55% , Bl A= ¥4 th 160 v/km* 341 & 189.679 v/km’ I i JE I fiEZH ) EE=1.0001>1, R4 FMwkFTaE, 1
Bf, RGEEARSHOR R A KA (R 5) , P 5 117 N T A0 ik DX A 28 R Ge i FL e DL A 5 B 45 4k
189.679 t/km’,
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R4 BLEANTEHEXEINEEHEXBEFHE S ZMIELK

Table 4 Keystonesness and relative total impact of every functional group in artificial reef zone, Laoshan Bay

ifed Pt gl CHEE R 2 AR B
Functional group Keystone index#1 Keystone index#2 Relative total impact
B8 Conger myriaster -0.235 2.763 0.592
VFECOF-Aih Sebastes schlegelii -0.129 2.083 0.759
KYEASL AL Hexagrammos otakii -0.800 1.537 0.161
Bk H. agrammus -1.107 1.726 0.079
HAUs Charybdis japonica -1.096 1.197 0.082
$1Z: Apostichopus japonicus -0.415 0.208 1.000
MifLER DU Chlamys farreri -2.061 0.123 0.009
HAbrh F)Z2 1135 Other pelagic fishes -0.393 1.587 0.415
HAE)Z 2 Other demersal fishes -0.393 1.557 0.415

F 5224 Crustaceans -0.269 1.064 0.574

3k /22 Cephalopod -0.637 2.367 0.234

% F2 Ploychaetes -0.482 1.291 0.340
ARZY Molluscs -0.171 1.092 0.726
P23 Zooplankton -0.236 1.043 0.623
JIEHGHE . Benthic algae -0.737 0.497 0.198
TFURAEY) Phytoplankton -0.563 0.483 0.308

®5 BLEAIEEXESRSBMEHE

Table 5 The total system parameters of artificial reef ecosystem in Laoshan Bay

FHES B i{E il FHIESH flifE i
Attribute parameter Value Value * Attribute parameter Value Value *
MIHAERE TC/(tkm™2a™) 5927.582 6530.046 || RATYA: R BAE YR TPP/TB 13.606 12.222
SR TEX/(tkm™2 a™h) 400.767 87.961 || BRI =/ B A TPP/TR 1.127 1.025
SRR TR/ (t km™2 a™!) 3166.588 3479.394 || FIHiBiEIEH MT 2.026 2.026
Wl E B TDET/ (tkm™2 a™!) 4761.573 4930.738 || &R I 0.293 0.294
ARG EHE TST/(tkm™2 a™!) 14256.510  15028.140 | RGie&Fe% so1 0.333 0.332
BEFEE TP/ (tkm™2 a™!) 5142.832 5311.997 || fE¥F4EEL FCI 20.95% 23.63%
ARG AR NSP/(tkm™2 a™!) 400.767 87.961 || FIREHLHAE FML 3.996 4.213
MPAET R TPP/(tkm™2 a™") 3567.354 3567.354 || P 5%k PI 0.357 0.357
A (ALIEREE) TB/( vkm?) 262.199 291.877

TC. EJH#ER, Total consumption; TEX: &4 &, Total export; TR SFFHZ#E, Total respiratory flows; TDET: ¥ nI#%/H &, Total flow into
detritus; TP &7, Total production; NSP: ¥ 24547 1t , Net system production; TB: B /E#HiE, Total biomass; TPP/TB . B =/ B
AW, Caleulated total net primary production/Total biomass; MT: SEX R E SR , Mean trophic level of catch; PI. P *E"x’%(, Pedigree index; Value
TR AR KT AMIFLER ULAT R GOIRA ; Value * FRm K5 AMIFLE VG RGURE

3 e

3.1 BRI

AHIFFE Al 07 L N T DX ) A B, 5 D s SCHRERL, R EwE PR T 085 10 7 N T g X
[) Ecopath 581 7 57047 T N T ARE XS RGE R ESHAMIIEE, A5 P 3R BORTEM B 4 A S E00)
PR IS 1L N T e X AR SN P S Eh 0.357, I EE A T4 3k 150 4 Ecopath B P 45 %35
(0.16—0.68) [ty iz ', FWAIZ AT A S HOM J5 AT SRS b, vl (5 BE gy (e A0 8 w475 T 1 — 52 194 1)
R, AN R T BORE RS b A SRR BRI, i L2 R oy R — A e, HoA: i T i e A
A RRER WA A S R G LR S MF SR E 4, IeAh, ThfE4l P/B . Q/B R PR 5 S5
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A AABAFAE— B RHf e M, AT RE S XA R = A 5, A5 AN R FH 2 Rl Ay X4 4, ik Thg 4
G328 BE A B A A BT RRR E RIS 2R A H 4t SR AR EBUIAE [X B 22 ()5 A B, , 1 1 50 R B A K B A AR ok o
3.2 BB RGEFYAEASE

WAL E SR BT RS AT B TR R W TE e R AR O X T IR AR S R GRS R R )
REEAT BB X WL T AR X A 25 R G B R AL A Y R B RT 3 AVE R (e
Bk UE TR S T ) B IR T R R & R R Y 25.22% , AW an S AR R 16.23%,
BIRYN PIREE B RER Y 37.63% , ALY B A YR 72.58% , B IR T YRR B R 193.02%
Ay BRI R 8.81% . MHT RGBT E IR HAL N 2.026, 5H & N T A X AR RGN H4
PrEFRIL(2.00) 5" KT EERAMEA R RGN T E IR (2.50) ) HHAN, — 71, 1 X b5 DR 5E
R, HE Wi SRR SRR R A 60% L b 55— T, W X el A ) 3 B LLNEMIG
FRGUFIK S (A0 H A g B 7 R ER) FIRZ 500 | SCHERh R i SRt EZE LU/ 5828 i R £
BIRE X FECT WL T AREX A S RGBS SRR AR

U LT N T AR DX A S RGN RE R AL SR B, B AR 11 B8 SR T AR 0% s, RMITE 37
RINREAAERE R R R IFE B/ . REBMELRCR N 10.8% T RFES M (10%) ', 548k
48 MK ARG R S5 FARIT (10.19%) ), ABIFFE T, 68 % 11 1o 10 5 o 0 3 1% 28 3 B OB 74, 5
1RG0 A DX DA S 38 8 B B — B0, Ak 087 LI A T i DX T i Kk, B 28 R T i
W s A KA TR, B0 8 F I A RE B 5 A A K LU, (H R R T i B RE e R 4 b AR B A e iR A
ik — Ak,
3.3 AEBRGESEEHE

XoF L[] 25 2 sl AR A 760 A 265 2R 0 SR R 1L Vs A T F il X A 25 R G R iF R B e I SR S 5L A T
R XA S R GRS I i TS ) i T R SN AR Y AN T X AR S R G KT MAT
SRS R G MBI X N A A S R & TPP/TR (FCT A FML 2 A 5 48 VIR I 14 5
B, BB A S R G N IR A A P B/ D TPP /TR BT 1, I 22 495 9 300 B A0 B L 491t A
W, BE R Bh A 2 Y A LA K CT AR H5 50 SOT 2 S W 28 4 N S Ik 28 2 2 A E AR A, B i i) 2R
Gy, HN TR R R | RS0 RA E PR LS A T A X A AR R SE ) TPP/TR FCI . FML  CI Fi1 SOT %545
PRI AT 2800 I 4 B A S B A S R e R A S RGN LA i, 2R 48 NIk R R T
PeRE T4, A3HTIAA L W5 1LV T AR DX 087 Ll XU DX P SRR R, B 2R R VR T, g e 3 A T At
UL A AR A SRR B T R K S R G, — T, AR S R S R G 2R A R T R AT
() JEE 47 3 i AR RO AN, 53 — D T, F0u ik N 1 ek sh 1 R g s D I B AR 9 R G it T 3 & 194
RERTER WAL Ve = A 0 1 Bl o0 it B R A R TR IR 1) B, R TV X R AR PR T At
A7 L[R2 0 2 T PR, 3 10 A A AR, A 25085 1L T N T A DX AR 2 R G AR Iy, e AT
3.4 AifLR DA SRS 5

Jia 2 R A VPR AR5 1L N T R DXL DLSRE Y BAE A ) BN 160 +/km? | BRI X AR S 4F
Y0 (189.679 t/km*) M 18.55% FSEAH2S [H] , 2009 4F Tk Ak4T 45 il ik A K WG 2B 7= I A4 % a %
= ,ﬁ%?ﬁ%%iﬁiﬂ?%ﬁa 1 ( Patinopecten yessoensis ) TR = y 28 BRI R P A AR T Ja 24 M s D) 325 e n]
PR 20 fi5, AHITE B FRFEATFLIS WA S AR 55T B T AKX 2011 F1 2012 4R IR 3 55 U 2590
A (168.5 v/km® F1 217 v/km? )43 HEARIE , 2017 AR5 1 1) JEHB IR 36 B D124 150 v/km? (CBUEAR
P15 53 DR A7 VA A TAR B30 ) (L o) ol Vi 3l ot A R R PR G 3R A, DR 4 T 8 - 5% Y 3 5
DURLEE A SR AP R SR B T 1 A WT BE . AR5 DR B V-4 £ A B 1 085 1L N T AR X A
FL DU AE S A5 90 B Ecopath BEBULEAG T A AN S G it i) oK 25 jE s () A8 Ak, R B BAE R RGN A& B 57
R KA B2 M W B R PR 45 R T RS AT — MRS A R BRI, A
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WFFE T A SR A 25 A A e B RO 75 T A W A 2 A R A A AR T DAy B DL S 4 5 B ) Al s 4 L £
4 ITLEAR B R IR IR RO A BN SR AR B B — 22K B T AR S R B IR dh S s S PG AR S R
GEZE R AN RE AT N T ARk DX AR 25 AR GE I IR AR AR A, AN (0T A 1 5 BN T £ il At BRI T P 7 00 5
FHRP LSRR AL S TS IR R B S5 AT I T AR 28 R KT A Il A PR AL A 3 A |

AHETE AR B 87 1L N T AR AR X A 25 R G , AR G ) U B AR MR oy HIRPLA N TR A E ) 85
5it, (H i TR AR S R GRS AR Al P | 7 BT RIS . B N T Aa i i i s AR T
—E R T DB SR BB S A0 AT TR AR AR PR (H N T A B PR ) B e K T A8 Ak i 087 Ll A
T A2 R DS BT 8] o, 7 B o T DX e B MU R 455 06 2, A 5800 8 N T Al (9 B DR R 4 5 3R 5 18
EAEIRE,
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