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Research progress and prospects on benefit assessment of marine ranching
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Abstract: Marine ranching is a key strategy for the transformation and upgrading of China's marine fisheries, aiming at pro-
moting the proliferation of marine fisheries resources and ecological environment restoration through artificial intervention.
Artificial reefs and stock enhancement are important ways for the construction of marine ranching. Artificial reefs enhance
marine habitats, thereby providing niches conducive to the habitation of fish species, while stock enhancement initiatives serve
to directly supplement populations of specific marine species. This paper reviews the developmental trajectory, current construc-
tion status and benefit evaluation methodologies of marine ranching. It provides an analysis of the underwater physical condi-
tions, hydrodynamic effects, scale effects, and fisheries propagation effects associated with artificial reefs, emphasizing on the
importance of their scientific deployment. The paper also summarizes methods for assessing the efficacy of stock enhancement,

encompassing mark-recapture techniques, statistical analyses and model-based assessments. Although China has made signifi-
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cant progress in these areas, challenges persist, such as the unclear relationship between the scale of artificial reef construction

and ecological benefits, the necessity for enhanced precision in evaluating the outcomes of stock enhancement, and the absence

of sophisticated quantitative assessment models. Thus, the paper proposes future research directions and recommendations,

including the enhancement of evaluative indicator systems, the intensification of technological innovation, the development of

robust quantitative assessment models, and the strengthening of policy and managerial guidance, so as to promote the progres-

sion of marine ranching research and practice, thereby realize the sustainable utilization of marine fishery resources and the

achievement of marine ecological balance.

Keywords: Marine ranching; Artificial reefs; Stock enhancement; Performance evaluation; Ecological dynamic balance;

Sustainable development
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Fig. 1 Evolution of marine ranching
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Fig.2 Schematic diagram of relationship among underwater physical state, scale,

flow field and proliferation effects of artificial reefs
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Fig.3 Schematic diagram of underwater physical

state observation of artificial reefs via underwater
video and acoustic monitoring
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Table 1 Comprehensive benefit evaluation index system for
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— G HEtr=
Primary
indicator

Hirz
Target

ZGHRRZ

Secondary indicator

il BRI A
Fishery stock enhancement
TR e
Marine environmental quality
improvement
ER/EZ 3¢
Biodiversity
FURIKIS A €
Juvenile fish protection benefits
A BT A
Habitat construction area
A= it
Biological carbon sequestration
ol AW A AR
Stability of fishery
community structure

BRGNS
Ecosystem services
SRR (A
Aquaculture production (Revenue)
NG A
Recreational fisheries value
A
Fishing revenue
P ab A
Product sales revenue
NS'CIUN
Cultural revenue
Al b AL AN
Increase in employment opportunities
RIS AT S AC IS AL
Increase in per capita disposable
income of fishermen
FES Ml J A i
Promotion degree of related industry
development
Foskas BHEART £
Social Number of patented technologies
benefits produced
BOR BRI B
Number of technological achievements
transformed
N R oy
Adjustment of fishery industry structure
PR

Enhancement of marine conservation

AR
Ecological
benefits

LA
Compre-
hensive
benefits of
marine
ranching

BV
Economic
Benefits

awareness

W LS, S R P 4O (QNM)
RUSCABERI M, PG T RO ELRRR . SRR 02 A
s 51 55 e S PRI A VG S RIS, D) R
SHEB A RS L I R

LR, 6 0 55 2 2 B 0 2 R LR W 40 2
(AHP) ™7 B AT BT s,



8 [l A R

%20 %

B4 5k (DEA) Y a4, 2540l
VB RSO S R PO A A3 . AR R s
WEATEE B ITAG , it — bW B P A A P A B 4R
HET IR,

5 fEAER)E

50 ANI&mRigNRTHEFEENRIEERE

T i T F 5 T 2 S O IR PR % 2k R Ak
TG0, 4 8 B R S A B A B, X — s R T
PR AR, XN T T Rt B MR A 25
gty RIS VRS RGeS I T, RAEA T
A S AR AL T B A A, (E AT AR A
HuRhE AR, e IR BB RR , TE
X P A S B A R AT A TG s N T A
F) A T BT £ S | 2R A S Y 2 2 B S A A
S AT S T R K RS T R R S R
BRI, XTBUA A A (A s S i 2 ) B
AT A T T R i X A B AR S ]
R A T AT AN T B 35 T il 2o S W i
ASFIERBE I Ve B ARSI Y B A T AR
XPFEROH N T i B AR 1, B PR
S 25 14 ] LT R | e

N T e S8 T O ) 2 P R R N T A B s
Wi, T BT AR . BUSORNA JR AT R B
P A, BRI T Xk AT frL BN 245 2 S ) v B
A

1) PEERR A R AR SE . BUAT IV S bRl A T
BT, Al VR T 2 T A S R G I A
A 2 T R A A 10 70 SR LR ok
Pe R BRSNS i, A
Tl B HE SESE RIS K, (LRI T RE A
FIRE 0/ ok ISR kst O RAE LT fruite i A
B OA KRR, IR ARG —, HikZ 2%
FE 9455 PR 1R

TR FE bR 2R R S8 35 10 1 B R J2 B Z 2R Ge bk b
TEEEM PRI . — BT ik BRI R, 5538 BT T R
W RS W R . FRERLE S AR AR,
HoARME R FRAE S . BRI, PR DS
SR AN A A MR T B KA R G s, %t A
Ji. MR A R R R

2) ERIPMR . HAT, 3T A T i ss i
BTN HINEA . (E T RN I, SN R
T AT T 8 S RS0 1 A B 20 220 i i/ R

LRI TRAL Y IR 1N T A (1 MY 17775y VRS 5 A
B /9 26 R AL AP 2, D f i AR [R] R A T £
MEF= AR BRSO, DRSS . B . REEITH
R o N T A0 I B 255 NV e A 3 A P A DX A AT
HORSZHU, TR — B AR R B BEE . BT T
T X AE YRR S EERMLH], LA A R X AN ]
HIRE XY M MM ALH ANTE R, 52 RGN R
BT,

EEITMA RN EZEFRETEMIRAR . AT
By bR . 2R E AT IR REZ . e
BEURRIBR I LSRN A ST RS IR 5
5.2 HEMRIRENFEN DB EEE

KA IR PE B ORI 3, T RE S B WY
Pl T REFR I AR I8 DT B S A, SR, E R S S 0R
SR 1 A RE AR MK A2 el B R AR AR S I b FERE IR
Ban, S T 100 Z4E RS (O IEFE R AN 50 248 H
AFE RO, HOEESIRE T WA AR 2
HERE R C—AREDG 7 ROR, RV AR RO S A B REE B
G BRI XA RO ROR BV AR LR
2 AT R A

1) THFPBEE S 7 A8 PR 25 o AR BV e
W HIR, HAAMAERZEMEE T BN, K%
. rYRIRSE LA RN AR, BT, TR
PR ER AR, XS4 H O B P e v 3 P 1) sh AR 1k
RS R MR IARG, XEULX R A Y5 B SR Rk
B, BRI, e R W B () SRR ] BRI AN A
SRR RO TEL, WETRERIR T A SRR R A T, oAt
R WM B E B, sl 5 BB RO I B JC G B IR
H#E.

2) AT AR o BT 0 1 256 30 58 AL 46 AR AL
. GRFRGE IR aREE" . A RN T e
MMREAD . &% . HSENZEETEM AR, ML 5E
FORABCR AT 2 A RGN AT . A TR S
B e FECNORS B ABAAFEAR L, e LR ] 58 1 AL 45
o WROR AL B AR VIR R (R %) 38 5 A AR 2SS
BERFRAN L, S T RN R AR, s, K
B A S W AR AR SRR, TeiE BRI R S 1 T
HEAER SR
53 EFHBEANRITHEENEREEERE

PR RO I R RN T AYRET) .
BARGAEFERE GV . TS i R KAl S
FEGEUR AW 7, TN R TIUIN A 40 9 U ) 2R s A A K
G RIERTEN, YW, WEBORSA R IR



555 3]

RARTRAE: WO RGBT S e 5 e 2 9

VAR T VR B | R TR S AR BN R AR AR, L)
PITE T IR bR IR R B Z G —Anifl, Bodindic e 15 40 B85
FEAESRBRYE A Tt SR A0 A 00 0 e 2 3 2 [ RSl AR B
DT VPRSI T H B TF R AR S, R B S
ORGSR AL, HEmRG TSRS
R PG O HER L

6 KRR

EFEWN, VPO AR RS G ORACR B OCHETE T
gt AN 7k, BRI RO RN T AR 1
SRR, AL A A B AL ) A A 58 B A S R R AR 3l
SR IR I RLAR VA RLER G 5 T8 N T BRI ™ H
P, SRS RGBTSR L]
TP HARSE I AT

TEBRIEALE T7 T8, IR AR N T A0 R A BRI X
TR R A 25 R GE U RE R DAL A, AL R A |
RERLIL SN . WIFh ZHREPEFN RS SRR I AR A . [,
BE BRI R A SRR B I RE B, LA iX 28
AR 32 BRI R ARG S i L RAE T, Mg b
R N T A Al A W eV S50 A 25 R GL DI RERY
N o ARV EOR DT, FRTERIECH TIF RS TR, &
PN T A RO 5 MU Z [ OG5 AT i 25 i JH
TEIBRE . BUEREYERS, LR I R R S B e
Sb, BUBHBERROAR, WnBfEhRic, RS IS DNA £
A, T B BRI AL v R A2 Sl A A AR AR G
Lo g T R PP A T PR O AR S R G I B A RRAR
O, MNEMZAENE . ESROEEN . RERL IR S AN AR A S5 45
ZHEEHATIEAG o AN, R PPAN LAY B A e s AN AT
A, ERESRLIIE RO T A AR A2 A R GRS
T LRI AL, AR BREmS , B AR B 5 7
BRI B

gi b, s R RS A R AT A S BEPPAG R, A
T AT SO X PR AR S R G ST AR Z R A
b B HAR TR, DA [ BRI N 1 2R AR R S
BL, A OMREROA A S RGN E B SR S

S5 3k

[11 REHEE, W& HE, 5§ FFFEBOHT 5T BRI AR L %
REXHTFSE ] PRI & 5478, 2022, 39(1): 110-116.

[21 E5, W, T, & ol T iisrEida 2 e s &
JEREFIRAT). W ETT & 5B, 2021, 38(12): 26-31.

[3] JADE, T3, RET, % BRI EBO Ol SR &5k )
REREMYBEE TR K724, 2021, 45(3): 433-443

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

(25]

[26]

LA F R CR R BRI R R B 5 S RAR []]. 7K
FEERAR, 2019, 43(1): 97-104.

SALVANES A G V. Ocean ranching[M]//Encyclopedia of ocean
sciences. 2nd ed. Singapore: Elsevier Pte Ltd., 2016: 146-155.
SEAMAN W, LINDBERG W J. Artificial reefs[M]//Encyclopedia
of ocean sciences. 2nd ed. Singapore: Elsevier Pte Ltd., 2016: 226-
233.

WRE. i E BRI O 50 5 8 )], IR KA
%, 2020, 35(2): 147-154.

LI, By, TR, 45, i E A O A A
B[], K2, 2019, 43(4): 1255-1262

AT, BRASK. T RAE TR R IRV . RS X5 ().
JIRARMI R, 2022, 49(7): 141-154

PLTEEY, VR, PNEIH, 5. 07 Sl A e BUIR S CHAE B M TR
Yy R (7). lk B4 AL, 2023, 50(3): 1-10.

AP, AR, AR, 55 KA S B A ST e KA
TR BT 7). 7K 722741, 2019, 43(9): 2004-2014.
ZERT, G, ATV o [ A B SO ) R B X SRS (7]
7K, 2021(9): 42-45

WL B U P A7 i ] i 5 R 22 (7). 7K™ 2441, 2016,
40(7): 1133-1140.

MR, B A, BRI, 4. LI RO B 5 LR 3
230 MBI B a=E AR ERR )], T ERRA SRS, 2021, 35(1): 143-
152.

W, sk, XU AL, S5, P RO K AR B A e 7
FIRIER (7). ol A5 8.5 5RE, 2020, 35(1): 12-21.

YU J K, ZHANG L L. Evolution of marine ranching policies in
China: review, performance and prospects[]J]. Sci Total Environ,
2020, 737: 139782.

L/, X8 ULYe, 1, S TN RO B B . K
FEEAR, 2023, 47(11): 97-106.

FEJETE. Ml FRIETE . RO . SR R R R
] H K=, 2019(5): 28-29

LEBER K M, KITADA S, BLANKENSHIP H L, et al. Stock
enhancement and sea ranching: developments, pitfalls and oppor-
tunities[M]. 2nd ed. New York: Wiley Blackwell, 2004: 1-48.
RS IV £ 208 W R AT 9 1 LA IR (7). Y PR A7,
1979(2): 1-6.

BTG, IR A, A Bl Y ERE (7], B AF B, 2010,
25(9): 23-25.

HAMASAKI K, KITADA S. A review of Kuruma prawn Penaeus
japonicus stock enhancement in Japan(J]. Fish Res, 2006, 80(1):
80-90.

A, JETLT, NG, S5, BRIEESMEAT AT ks a9 R 1P
HERHIA AL 7). B AL #4R, 2021, 52(12): 3228-3236

T R P A T R A BOIR E [0]. il B AL, 2003,
30(2): 36-37.

TYHER, BESEFE o v BT IR A RV () S ().
FI7K)™, 2008(3): 9-11.

WRASIK, TR, SRR, 5. N ANEE RO R R DI RE 5 X



10 2R Sl = = 520 %
IR [T]. K 7= 244, 2019, 43(9): 1851-1869. [47] TRRF, TESFT, 22, 45, C3D MR 75 I 2R Ge 16 N\ T ik
[27]  VETA%. O EE BT R T A — A E R TR E PRI, RIERE R, 2013, 22(3): 404-409.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

WAREHLE “ AT af” @Ry e 2 D). maKr®,
1983(4): 20-23.

TR e J N T AT R PR A7 2 R4 TR [ T Pl B9
WMIREF)]. AR, 1989, 4(5/6): 3.

R, PN EDE RO A I S A S ). TR,
2020(3): 26-28.

PRI, 20 Y . 1 2 Ay R A e Tt [ J 5 e 22 (7). o ]
KPR, 2010, 17(3): 610-617.

S, A5, BRI, 4. B RGO R 08 XA A 2
U1 HPEKF, 2022(9): 27-29.

A2, FRE, 48, 5. [E PSR HOR KRS S H
JaR ). R 5 K R, 2020, 42(2): 160-171.

THESC, R T IR A A T AR S R G s R
U1. FPEBEEE BT, 2022, 37(9): 1335-1346.

NAGAMATSU T, SHIMA N, 77 7% 77"/, et al. Experi-
mental study on artificial upwelling device combined V-shaped
structure with flexible underwater curtain[J]. Mem Facult Fish
Kagoshima Univ, 2008(55): 27-35.

NAKAYAMA A, YAGI H, FUJII Y, et al. Evaluation of effect of
artificial upwelling producing structure on lower-trophic produc-
tion using simulation[J]. J Jap Soc Civil Engin, Ser. B2 (Coastal
Engineering), 2010, 66(1): 1131-1135.

ZEoK A, KR8, IR AR A AR M S VR AT ()], T
5178, 2021, 52(5): 1067-1074.

KIM S K, YOON S C, YOUN § H, et al. Morphometric changes
in the cultured starry flounder, Platichthys stellatus, in open mar-
ine ranching areas[J]. ] Environ Biol, 2013, 34: 197-204.

JKATIEE. HPE Ul B RIS B S S8 B AR 1], K
REEEHR, 2023, 38(5): 737-743.

Tl WRHF IR, FAFS, 55 WL oo 2 IR s ua X
IRBFFE0). HTEIT & ST, 2024, 41(1): 136-144.

VA5, R, Bk 5 A, 45 B TR0 B BUIR 5 2 TS
). h E TR, 2016, 18(3): 79-84.

SEAMAN W. Artificial habitats and the restoration of degraded
marine ecosystems and fisheries[J]. Hydrobiologia, 2007, 580(1):
143-155.

LA, Vi, ORI, 5. DA S E 5 R YRR IR
W 5 (). M 51T, 2020, 51(4): 809-820.

AR, PNELRR, BT, 5. EBR A T AR s Bk 55545
Br)). iRk, 2021, 28(1): 1-10.

TG, RN, W, 2. N Tl s R o e B AR AL
HH)]. PR, 2023, 39(23): 138-144.

SCHYGULLA C, PEINE F. Nienhagen reef: abiotic boundary
conditions at a large brackish water artificial reef in the Baltic
Seal[J]. ] Coastal Res, 2013, 29(2): 478-486.

JIANG Z Y, LIANG Z L, ZHU L X, et al. Numerical simulation of
effect of guide plate on flow field of artificial reef[J]. Ocean
Engin, 2016, 116: 236-241.

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

(o1]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

XA, XV, MV, 4. M AR GAEAT R T A i AR
FEEER BT 1. K244, 2017, 41(7): 1158-1167.

YOON H S, KIM D, NA W B. Estimation of effective usable and
burial volumes of artificial reefs and the prediction of cost-effec-
tive management([J]. Ocean Coastal Manag, 2016, 120: 135-147.
SRR, TEIE, AT, . BT RO A A AR A A
TR BTIE[)). MEITH AR, 2018(2): 41-48.

WRER, TE5Y T, W, 5. LIRS T ki RS IRy
B[], K724, 2015, 39(9): 1350-1358.

B, FEU, AR, A5 JET 2 R E WA T A X R R AR
SERTDL. MRERLE, 2017, 41(5): 127-133.

BROWN C J, COLLIER J S. Mapping benthic habitat in regions
of gradational substrata: an automated approach utilising geo-
physical, geological, and biological relationships[J]. Estuar Coast
Shelf Sci, 2008, 78(1): 203-214.

PR, IR, BIGET, S5 B TS N R ER RN T
HEDIEL]). FEJT KRS, 2018, 14(1): 99-104.

FRE. NTAMENZ T SR L], KK B
#H%, 1987(1): 55-62.

£ 1 IS N e e s R DN 87 N e
LRGREVERTTE[]. HEPEIL, 2006, 28(3): 234-240.

XUTEH, XV, PEse. AN Tk TR R KRG [)]. e
KE2EA (HAARIERR), 2007, 37(2): 317-322.

SHERMAN R L, GILLIAM D S, SPIELER R E. Artificial reef
design: void space, complexity, and attractants[J]. ICES ] Mar
Sci, 2002, 59: 196-200.

KIM J Q, MIZUTANI N, JINNO N, et al. Experimental study on
characteristics of local scour and embedment of fish reef by wave
action[J]. Proc Civil Engin Ocean, 1996, 12: 243-247.

M, B N T AR BIRR e T e HAE AR AT
U1 gk, 2006, 28(3): 257-262.

B PAS, TRLZE, 22, 45 YTRNS ZALIT BN T AL I %00,
SR BRI ], bR 2241, 2023, 32(1): 217-226.
NS, FRIETE, 20, S5, B RIATAR N T A i RO B g
P[] KR, 2019, 26(5): 1021-1028.

KIM D, WOO J, YOON H §, et al. Wake lengths and structural
responses of Korean general artificial reefs[J]. Ocean Engin, 2014,
92: 83-91.

SRR, iR, Rl 5. REERGE DOWBERIBTE 1[R]. AL
W58 AL IEE K 2 FRIF S 45, 1964: 1-19.

FALTFRR. KA KSR L AL IT Bk T L) ol i
B0 7K K, 1980, 17(1): 1-10.

et #2007 B T i, 3 (). fH RS AR (8], 1984, 17:
38-42.

ST RE, R, (h H3e e, A THERGR I KZE K,
1986, 23(2): 1-8.

X [l N AR Y S 2800 (7). YLV /K =R, 2003(6): 43-
44.


https://doi.org/10.2208/kaigan.66.1131
https://doi.org/10.2208/kaigan.66.1131
https://doi.org/10.1016/j.oceaneng.2016.03.005
https://doi.org/10.1016/j.oceaneng.2016.03.005
https://doi.org/10.1016/j.ocecoaman.2015.12.007
https://doi.org/10.1016/j.ecss.2007.11.026
https://doi.org/10.1016/j.ecss.2007.11.026
https://doi.org/10.1006/jmsc.2001.1163
https://doi.org/10.1006/jmsc.2001.1163
https://doi.org/10.2208/prooe.12.243
https://doi.org/10.1016/j.oceaneng.2014.09.040

%553 AT WA B B EIN T i e S e 11
[69] KA, Fhif B, BB, ANIR] = RE VR AR 1 TR AR i [90] ZHANG X, XU X F, FANG EJ, et al. The characteristic of phyto-
HHFIE[]]. KIEKFEEBEFR, 2008, 23(5): 353-358. plankton community and its variation at artificial reef area of the
[70] KA, FN S, BREE . AS IR o R TR e AR A T I S A M Y 2 coastal sea of Tianjin[J]. Mar Sci Bull, 2019, 21(1): 40-55.
TSN KIEAKT 2= BE 4, 2008, 23(4): 278-282. [911 RS, XIBUE, XK, 5. 530 e N T ARk X IR shY)
[71] XA, T, Bsp. N T A RER IR BRI ST 7], 7K™ FER LR ARAE )], ZK77 7, 2016, 35(5): 473-479.
2235, 2009, 33(2): 229-236. [92] BV, T, BEE. Sk ATk X 77 Ui sh W Fh 2 4Ll
[72] FUJIHARA M, KAWACHI T, OOHASHI G. Physical-biological TETESSHRAIE [T). TR, 2014, 38(7): 41-46.

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

(86]

[87]

[88]

[89]

coupled modelling for artificially generated upwelling[J]. Trans
Jap Soc Irrig Drain Rural Engin, 2011, 65: 399-409.

BERIE, ATAPAR, R, A TR A R 1 A ).
TEPE ST, 2004, 35(4): 299-305.

TR, WAL, TSP TG N A i e S L R A SR T
R B BB SERR (7). BRI RS 244, 2010, 19(6): 836-
840.

FZIR . ATk 3 2 SE(ERAIBTS D). F &: P E
R, 2009: 1-12.

AR A N T AR 000 (19 PIV X3R5 (D). K K4
TER#,2013: 11-48.

KIM D, WOO J, YOON H S. Efficiency, tranquillity and stability
indices to evaluate performance in the artificial reef wake re-
gion[J]. Ocean Engin, 2016, 122(1): 253-261.

R, TSP, MR, ST L RO 4 S A £ i AR A
FE01. BHKREE, 2020, 16(5): 71-79.

CHARBONNEL E, CARNUS F, RUITTON S, et al. Artificial
reefs in marseille: from complex natural habitats to concepts of
efficient artificial reef design[J]. Braz ] Oceanogr, 2011, 59: 81-82.
TR, BREH]. MBS RO RFD]. BRI, 1985,
2(1): 37-41.

VT e, KR, B I, S5 AEZR BN T kA GS RE 3 )
oM. il UL, 2016, 43(3): 74-79.

KB, AR, IR0, N T A TRERRIE RS ()]. il
Pk, 2016, 43(6): 70-75.

Pl BT S B A T AR AN T (D). Lif:
LR RAE, 2020: 5-7.

LI D, TANG C, XIA C L, et al. Acoustic mapping and classifica-
tion of benthic habitat using unsupervised learn in artificial reef
water[J]. Estuar Coast Shelf Sci, 2017, 185: 11-21.

R, N A N T i B e ] i i 1) 75wl 7).
PEHtll, 1985(6): 248-253.

NUNN A D, TEWSONL H, COWX I G. The foraging ecology of
larval and juvenile fishes[J]. Rev Fish Biol Fish, 2012, 22(2): 377-
408.

LIMA J S, ZALMON I R, LOVE M. Overview and trends of eco-
logical and socioeconomic research on artificial reefs[J]. Mar
Environ Res, 2019, 145: 81-96.

JEA )3, MREEBG, K, S T DTl ) fh06r AT A RN ]
ISF 5175 0 BT S IR I (7). v T R 2 A4l (F SRR R,
2024, 54(1): 26-34.

SRR, BB, RIS, A A T AR S A P IR
ARACHISENA]). MR AR, 2020, 39(5): 617-626.

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100

=

[101]

[102]

[103]

[104

[}

[105]

[106

[}

[107]

[108

[}

B, BRAK, ThEAS, 55, KIS MO i T 5 77 i
LW RE K 45 6 K HE 5 IR R T 9 0GR ). B T K R,
2013, 9(5): 109-119.

CHEN Q, YUAN H R, CHEN P M. Integrated response in taxo-
nomic diversity and eco-exergy of macrobenthic faunal commu-
nity to artificial reef construction in Daya Bay, China.[J]. Ecol
Indic, 2019, 101: 512-521.

PR, AT, FMIT, 55, SRR R LA RSN KA
Rl R T 2R A0 D RE PR B 52 0 )], 1 AR 2541, 2023,
34(3): 796-804.

TRBL, #AETE, D W7, S, RN I S8R B N T Ak DXORBE AT 3h
I E SRR ). 2K ™ 2440, 2023, 47(9): 099305.

AEMAME, 22415, INIROR, S5, 3INE G il fh iR HR0 S KRR
WP, A 2R, 2015, 26(6): 1863-1870.
XV HE, B, sKili AR, 45, FE T Ecopath AR A5 1LLIVE A T.
Pl DA A R GEAE I REDE ST 7). L2441, 2019, 39(11):
3926-3936.

YUAN H R, CHEN P M, LI X G. Taxonomic diversity and eco-
exergy changes in fishery resources associated with artificial reefs

over 14 years in Daya Bay, China[J]. Front Mar Sci, 2022, 9:

1054933.
LT, BERT T, PNGERE, S5, BN I N T A R )

TR T 45 10 SRR AU B G 5 PR TR - A S (). ¥ PR RS2, 2016,
40(11): 34-43.

HRI, WN—, FET), 5. JET = 8 T A il 3R
SRR AT )], o DR R A2 4l (B ARBRA AR, 2015,
45(8): 38-45.

B, IR, BT, 45, AT A X 3 S N R e
M GEARBCRBITE ], DK BE, 2019, 26(4): 783-795.
COWX I G. Stocking strategies|J]. Fish Manag Ecol, 1994, 1(1):
15-30.

Mt R, W, A BET R IR 2 (Myxocypri-
nus asiaticus) H-A HARCE AR )], RO BT SFRIE, 2024,
14(2): 22-27.

B, T, AR 0 R RSO A SR A D b AR B
S8 Lt T A 1 0. 7K™ 243, 2019, 43(3): 584-592.

B, BREHE, F I, 55 BB AR O S ORUBOR T
fhrr BRI ). B HOPHE, 2024(2): 112-114.

KITADA S. Economic, ecological and genetic impacts of marine
stock enhancement and sea ranching: a systematic review([J]. Fish
Fish, 2018, 19(3): 511-532.

LLIGR, JEKAR, IRTTIK, 5. WTLHT R R fpm i i A Il 4
FPJEWIL ). WL EBER (A RBIERR), 2016, 35(1):


https://doi.org/10.1016/j.ecss.2016.12.001
https://doi.org/10.1007/s11160-011-9240-8
https://doi.org/10.1016/j.marenvres.2019.01.010
https://doi.org/10.1016/j.marenvres.2019.01.010
https://doi.org/10.1016/j.ecolind.2019.01.049
https://doi.org/10.1016/j.ecolind.2019.01.049
https://doi.org/10.3389/fmars.2022.1054933
https://doi.org/10.1111/j.1365-2400.1970.tb00003.x
https://doi.org/10.1111/faf.12271
https://doi.org/10.1111/faf.12271

12 [ = =

%20 %

24-29.

[109] WA, Tk, DEMUE, 55 VTIRL R IR 2 bric O Bk
AT (7). /K77 IR0, 2023, 44(6): 1-9.

[110] 3KBKE, 5 H ik, XN, 45, 3 Fhbric 5 ikt D854 o A K 5g
WAFRDER )] WAVLHEE 22240 (FARBE2AAR), 2022, 41(5): 423-
428.

[111] 225, TOKIL, #EZA, 45, 4 Jm b bn s X/ DG F- Sl O i i
HBRICRCR [T]. Wil 7 HE J, 2023, 44(2): 40-49.

[112] XIS, P, X, 45, T 2R TIPA AL AR IS X
RSB AR )], o DR PR R A2l (F R4 ), 2019,
49(S02): 37-45.

[113] GONZALEZ E B, NAGASAWA K, UMINO T. Stock enhance-
ment program for black sea bream (Acanthopagrus schlegelii) in
Hiroshima Bay: monitoring the genetic effects[J]. Aquaculture,
2008, 276(1/2/3/4): 36-43.

[114] HERVAS S, LORENZEN K, SHANE M A, et al. Quantitative
assessment of a white seabass (Atractoscion nobilis) stock enhance-
ment program in California: post-release dispersal, growth and
survival[J]. Fish Res, 2010, 105(3): 237-243.

[115] BRASSE. il B8 PR SR BRIV 7 12 9B E 0], B 7 K
77,2006, 2(1): 1-4.

[116] CHEN P M, QIN C X, YU J, et al. Evaluation of the effect of
stock enhancement in the coastal waters of Guangdong, China[J].
Fish Manag Ecol, 2015, 22(2): 172-180.

[117] KATSUKAWA T. Evaluation of current and alternative fisheries
management scenarios based on spawning-perrecruit (SPR), re-
venue-per-recruit (RPR), and yield-perrecruit (YPR) diagrams[J].
ICES ] Mar Sci, 2005, 62(5): 841-846.

[118] MUNRO J L, BELL J D. Enhancement of marine fisheries re-
sources|J]. Rev Fish Sci, 1997, 5(2): 185-222.

[119] HEASMAN M P. In pursuit of cost-effective fisheries enhance-
ment of new south wales blacklip abalone, Haliotis rubra (Leach)
fishery[J]. ] Shellfish Res, 2006, 25(1): 211-224.

[120] ZRWEEE, KA AE, REBE, 25, Wi NI [F B IR (Acetes chinensis)
TR ALY 2R AR RN R URIT AR AT SE ). 185 W, 2023,
54(2): 573-582.

[121] LORENZEN K, AGNALT A L, LEE BLANKENSHIP H, et al.
Evolving context and maturing science: aquaculture-based
enhancement and restoration enter the marine fisheries manage-
ment toolbox[J]. Rev Fish Sci, 2013, 21(3/4): 213-221.

[122] ROGERS M W, ALLEN M S, BROWN P, et al. A simulation
model to explore the relative value of stock enhancement versus
harvest regulations for fishery sustainability[J]. Ecol Model,
2010, 221(6): 919-926.

[123] SHARMA R, COOPER A B, HILBORN R. A quantitative frame-
work for the analysis of habitat and hatchery practices on Pacific
salmon([J]. Ecol Model, 2005, 183(2/3): 231-250.

[124] CAMP E V, LORENZEN K, AHRENS R N M, et al. Potentials
and limitations of stock enhancement in marine recreational

fisheries systems: an integrative review of florida's red drum

enhancement|J]. Rev Fish Sci, 2013, 21(1/2/3/4): 388-402.

[125] GARLOCK T M, CAMP E V, LORENZEN K. Efficacy of large-

[}

mouth bass stock enhancement in achieving fishery manage-

ment objectives in Florida[J]. Fish Res, 2019, 213: 180-189.
[126] NAMARA R M, CAMP E, SHANE M, et al. Optimizing marine
stock enhancement through modeling: a sex-specific application
with California halibut Paralichthys californicus[]J]. Fish Res, 2022,
252:106341.
%G, 88, 2249, 4%, 2L T EnhanceFish A (1) ff 534 58
TP MRS : LA LTI R B 7K S S8 o 48 e o A 481 )],
il B, 2023, 44(5): 1-10.
RS R, TR R, A, 4. Il PRI AT AT S ke 5 e B
(7. 7K 7=24R, 2022, 46(8): 1509-1524.
AN, PRUHR, Xk, 5. 3ET Ecopath AR (1S T A
BEEATAG]]. T EKREE, 2019, 26(1): 1-13.
XA, R, K, 5. BT Ecopath A FYERYT 1T 6 Fi
SO AN R A AR A RS B ). B 5K B2, 2019, 15(4):
19-28.
PRHE, AR, DI, 55, T Ecopath A AR TS = PEfR +
BB E A IR ] KA 2%, 2022, 43(6): 131-138.
M. 22T Ecopath BB = VDS RE & i 3 43 BT M K B 1
I ERBOA (D). JE T ]: JETTREE, 2017: 17-43.
[133] A5, RIBIE, B k. BT Ecopath BB 4 i 1L 5] & 15 fuf
2 [T BT L A 25 4 BT (], WU A (4%
FE2AR), 2024, 43(1): 51-62.
GAO Y P, FANG J G, LIN F, et al. Simulation of oyster ecologi-

[127

—

[128

[}

[129

—

[130

=

[131

—

[132

—

[134

[

cal carrying capacity in Sanggou Bay in the ecosystem context([J].
Aquac Int, 2020, 28(5): 2059-2079.

PRI, THil, XV HUE, %5, JET Ecopath BRI 11151 & 48 1T
RS A BTG B A AR A DT ). T R A (A 4R
BEFAR), 2024, 54(2): 63-72.

TAYLOR M D, BRENNAN N P, LORENZEN K, et al. Genera-

[135

[k}

[136

[}

lized predatory impact model: a numerical approach for assess-
ing trophic limits to hatchery releases and controlling related
ecological risks[J]. Rev Fish Sci, 2013, 21(3/4): 341-353.

R HEHOA GG R TN bR IR R AL 5 SRR T
[D]. FHli: WITHRF I, 2023: 15-30.

[138] FHLESF. JF L RIS BOALE G BT IS D). 3 &:
[EVRF R R 2, 2015: 29-36.

FFHF, R, AR S EARMIE ROl R
HORIEAL 1. BIJTK =R, 2019, 15(2): 12-19.

[140] 4R, K BUE, 5KF53C, 45, FEIIFE = IR ROl T IG5
HORTEAG 1. bl 2021(1): 25-31.

FBE, SRR, B 5. T R W L AE A R
BEEFATHANIITE ). WL TR B BER A BE 2 4R, 2021, 20(3):
6-12.

ZEJKFE, =8, FFIR], 45, BT Ecopath BRI HE = MG
912 35 R G A R BE A U 3 0 AT )], IO R e 2 4l
2023, 38(2): 311-322.

[143] RHBFE, sk FHHMy, 1k, 55 LT Bcopath HEEIY 5 A A T.

[137

—

[139

—

[141

—

[142

—


https://doi.org/10.1016/j.fishres.2010.06.001
https://doi.org/10.1111/fme.12113
https://doi.org/10.1016/j.icesjms.2005.04.002
https://doi.org/10.1080/10641269709388597
https://doi.org/10.2983/0730-8000(2006)25[211:IPOCFE]2.0.CO;2
https://doi.org/10.1016/j.ecolmodel.2009.12.016
https://doi.org/10.1016/j.fishres.2019.01.010

5551 RARTRAE: WO RGBT S e 5 e 2 13

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

R XA A R G A R RETEAN ], T4 A4, 2012,
23(10): 2878-2886.

XM, # B, kil 4R, 45, J&TF Ecopath A&7 A 11745 A T
M XS R G FIDIRERT ST ). A= 352740, 2019, 39(11):
3926-3936.

KSR N T AR A RO A S R ROR M R A S AT
fili: ABRINIE L8 55 N ARG X (D). bifg: bR Ces,
2021: 27-43.

IMER, sk e, TEILUE, 55, TR Pk M 4R AN AR 24
TSRO L S RGN LR T B TR A 1 ]
HEASEAR, 2024, 44(13): 5761-5772.

ORI A=, M ST, AR, S N SR O A S A TR
U1 WOtA 4R, 2014, 23(6): 626-632.

XM, XU, FSERE, 55, B TROMER ST ML P HO 2
ARSI ). AL, 2020(6): 14-54, 60.

L. MRS RO A S R B AR TT AN (D). i 136
R, 2018: 29-50.

RAZF, B FPEHOR SR S LR TRITNERA R A 552
TERTSED]. AT R S8 R, 2022, 39(12): 93-97.

ar, SRR, FEATIE, 55, TR 077 BN RS 255 RO
WHRD). IR IE R, 2020(6): 142-149.

BRERE, TR, FRAE. KB A A 25 B R DA ).
285, 2021, 39(1): 68-73.

WAHL M. Marine hard bottom communities: patterns, dynamics,
diversity, and change[M]. New York: Springer, 2009: 269-280.
KING R S, DELUCA W V, WHIGHAM D F, et al. Threshold
effects of coastal urbanization on Phragmites australis (common
reed) abundance and foliar nitrogen in Chesapeake Bay([J]. Estuar

Coasts, 2007, 30(3): 469-481.

[155] WOOTTON J T. Effects of disturbance on species diversity: a
multitrophic perspective[J]. Am Nat, 1998, 152(6): 803-825.

[156] CHESSON P. Mechanisms of maintenance of species diversity[J].
Annu Rev Ecol System, 2000, 31: 343-366.

[157] RUIZ G M, CARLTON J T, GROSHOLZ E D, et al. Global inva-
sions of marine and estuarine habitats by nonindigenous species:
mechanisms, extent, and consequences[J]. Integr Comp Biol,
1997, 37(6): 621-632.

[158] WAHL M. Marine hard bottom communities: patterns, dynamics,

diversity, and change[M]. New York: Springer, 2009: 257-268.

ZEAR, BEVE R, FE, . N T AREDF IR AR R ()], 1§

TERLEE, 2019, 43(4): 81-87.

RS, v P T S [ R RN T it DX A AR SOR P

WFFE: LU /N B N AT X 9 ) [D]. 5519 : L AR KA,

2023: 12-59.

SRHE, SB, T2, 45, JETHE RO R EOR B K H A

BT AR XY ST, kR, 2019, 40(6):

25-35.

KT, LA, WO, 55 IEEEOA R S R SR E T BRI

THEryma B WESE AR L R R L)), UK ™ A AR, 2023,

47(11): 107-121.

[159

[}

[160

=

[161

—

[162

—

[163

—

HILLERISLAMBERS J, ADLER P B, HARPOLE W S, et al. Re-
thinking community assembly through the lens of coexistence
theory[J]. Annual Rev Ecol Evol S, 2012, 43: 227-248.

VL2 e, 36, ARENE, &5, SEm il BT T i o iy 42
FEFRRT ). ol A, 2015, 42(4): 62-67.

[165] K, Z87, Rifs. IBPEROA A W ISP B S HOR ], Bl
ik % )2, 2020, 16(2): 206-212.

[164

=


https://doi.org/10.1007/BF02819393
https://doi.org/10.1007/BF02819393
https://doi.org/10.1086/286210
https://doi.org/10.1146/annurev.ecolsys.31.1.343
https://doi.org/10.1146/annurev-ecolsys-110411-160411

	1 海洋牧场发展历程
	1.1 海洋牧场起源
	1.2 海洋牧场建设
	1.3 海洋牧场发展

	2 人工鱼礁效应评价
	2.1 人工鱼礁水下物理状态评价
	2.2 人工鱼礁流场效应评价
	2.3 人工鱼礁规模效应评价
	2.4 人工鱼礁渔业增殖效应评价

	3 增殖放流效应评估
	3.1 标记回捕评估法
	3.2 效果统计量评估法
	3.3 模型评估法

	4 海洋牧场综合效益评估
	5 存在问题
	5.1 人工鱼礁建设效果评估存在的问题及其原因
	5.2 增殖放流效果评价存在的问题及其原因
	5.3 海洋牧场综合效益评估存在的问题及其原因

	6 发展展望
	参考文献

