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W= AR DL 4 TV 43 1 KT i (Sebastes schlegelii) . K ik 7~ % # (Hexagrammos otakii) |
# & tli(Sebasticus marmoratus). 48 #hi(Sebastes hubbsi), & 3<-F #i(Sebastes pachycephalus)% & 7
BRI G, HF 2017—2020 FHE WK e K ESRYE, RATEMTERAE-T REX
BA, AT T s e XAGFENENRBEOATHR AR ELREE), 2RET, 2H2
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11.05%~13.25%, FHMEH 12.30%, 2017 FHZF | 2018 F 4% 2019 SFH F 01 2020 4F 4 F f gk X
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TR IR G B A AR IR AE ) L IR AR R A R
& . 2 (Apositichopus japonicus)=5 1l 7R HY) KK
TR, PN T AT AN R, XA SR A ek
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Fig.1 Sampling sites in the Shique Beach marine ranching
R: fAfEX; C: XX
R: Reef area; C: Contrast area
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B9 1F K S fil (Sebastes schlegelii) . K I 7~ 4k fa
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Tab.l Refer to the accuracy test grade
S I HXTIRZE € JRY 2 C NGRS p
Level Average relative error ¢  Mean variance ratio error C  Small error probability p
I 2 (%) Level 1 (good) £<0.01 C<0.35 p=0.95

Il 2 (&#%) Level I (qualified)
M2 (fhik) Level T (barely qualified)
IV (AEH#) Level IV (unqualified)

0.01<e=<0.05
0.05<¢<0.10
0.10<e=<0.20

0.35<C=0.50
0.50<C=0.65
C>0.65

0.80<p < 0.95
0.70<p<0.80

p<0.70
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Fig.2  Mean carbon content of dry and
fresh samples of reef fish
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Tab.2  Biomass and carbon storage of reef fish in
reef area and contrast area

1 fifE [X. Reef area

XTHE X Contrast area

M e MR W AR
Time Biomass Carbon Biomass Carbon
/g storage/t /g storage/t
2017-04 2 600.40 293.46 161.00 21.64
2018-01 2 358.50 104.49 390.00 59.07
2019-05 2 954.80 119.40 50.10 6.73
2020-12 439.40 48.48 0 0

GM(L, DB AE ¢ 4 0.2, CH 0.12, p K 13 3).
MWEATLIEH, BRI A AR, BIEATE LK 4
M s, BIEGRIE 6. KO—D/REHAAAE
) e N 0.08, CHO0.04, phy 1, IKFRAKGE TR,
HAL R A T, ST AR B (& 3), K-
I IR BE A TN A B it e A5 S i 1 AR Tk R
P, BRI A S I i, Wk, K-
L IR AR} R T R S T Ry v

x3 GMUULDEEBSEEREEELKRMES
Tab.3  Fitted values of GM (1,1) model for carbon
storage of reef fish in reef area

GM(1,DE® GM(1,1) model

18] S e

Time  Actual value/t A E X2
Fitted value/t  Relative error
2017-04 293.46 293.46 0
2018-01 104.49 115.66 —0.11
2019-05 119.40 88.89 0.26
2020-12 48.48 68.32 -0.41
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Tab.4  The state division interval of carbon
storage of reef fish in reef area

>Ut7§ State E] E2 E3
X[ Interval —[0.71,0.92) [0.92,1.13) [1.13,1.34]

®5 BHERXEHESXBREEMORE

Tab.5  The state of carbon storage of reef fish in reef area

Fit (] SR A /GM(L DB S ik fi i IRES
Time Actual value/GM(1,1) model fitted value State

2017-04 1.00 E,
2018-01 0.90 E,
2019-05 1.34 E;
2020-12 0.71 E,

®6 RE-DRMRXEBNSEBEXEEE LXREERN
Tab.6 Fitted values of Grey—Markov model for
carbon storage of reef fish in reef area

JRAB— By IR R AR

1 [|] SAE Grey-Markov model
Time Actual value/t WA FNT IR 2
Fitted value/t Relative error
2017-04 293.46 293.46 0
2018-01 104.49 94.27 0.10
2019-05 119.40 109.78 0.08
2020-12 48.48 55.68 —0.15
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Fig.3  Comparison of actual and fitted values of carbon
storage of reef fish in reef area
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MWE6LIAEN, 14, 248, 34, 44
IREFHBHRERE P, BAEAKXG). (HIH5H 2021 4
FZ | 2022 4FXZE | 2023 4EFHFZM 2024 A B A1 ffE
DA f SR A 1 T (R 7)o PR TIUAG 25 SR M,
A1 8 MEVE T AU T DX T 0 IS it i 5 T R R

001 1 00
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Tab.7 Predicted values of carbon storage of
reef fish in reef area

JRA— Ty SR AL 50

Pt [i MRZS
j.Ln FRALR Predicted value by Grey-Markov
Time State
model/t
2017-04 E; 64.84
2018-01 E; 49.84
2019-05 E; 25.28
2020-12 El 19.43
3 itig
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BT 3R T ik 2 A A W I RE ) A ALK
R4 (Hassett et al, 1997), 4H7 b A HE IS5 HAb
AW BB S BERAE , AR TR L A A R A TR R
SRR ARBTTCRI, AT R S
LR 42.95%~50.19%, “FHI{H 1 (46.112.34)%.

FE SO (2016) ) 2 K Y g 3 RE R P 2 43 AR T LA
27.60%~39.80%, “F-¥IE K (35.71x1.90)%, A5
(2014 i1 BfF 25 4 0 DL 58 R AA () Rl 5 - 44
A3 49 (11.60+0.03)%F1(38.70+£0.68)%., JEI i %5:(2014)
LA 38 TP i T v Y S MR I S X 4, i AR
N S S S S e R = el e BN [ K ]
45.07%. 46.73% . 46.30%FH1 47.72%., SAWFFEHLL,
A IS TRl 1 B R A R T R B S R 2 D2
RS TL0RAR . Bk 45(2017) 1 W P A W BERERR &5
HOETEHEN 4.02%~11.36%, ABFIEi ks
BERERR S B AVEFA 11.05%~13.25%, FH4{E K
12.30%, HERAFEQOITIFLE RmE m, X FE KNy
TEWICRE AT EAN E AN FARE
KBRS EERER, SWEQOIG LY
SR REES . LA NAESERRALS S, AR E
AN — AR, IR 5 (2004) R AL 2= 20 #
20 BTG 2 0 2 B R ik 1 o 4 A TE LR 8.10%~
29.55%, FXIE N 13.54%, ARSI, X T
K R 53 I J2 (0 28 D R BBl R ARG, ek, =3
AN T AR 5 B A BT i AR ) T R A AR

32 GM(L,D)iEE K B-5 REKEEH R A

XBEIE(2002)F 1982 FHH KO RGEHIE, %
Mg —F B AEE . A EEREWHEIL .,
GM(1, B AEIE A K B R G HIS O, XD .
AN AE BAA A R 315 /MY 2 (Deng,
1997), XX o= KW % 208 i il A 5ok UG,
AARKE 5 % A st (BB 42, 2003), A4S
(2012)iz H GM(1, 1)BEA T [ K 7 il B AK 7™ il L TR
KT FRPE A e R T RO, R T
SRR Ry A, HAR M TSR o 192
TEARBEFE T, GM(1, 1) 5 1 2 ki A R AG:
RO N IV, VBRI S0 AN G4, i PR 3
A SRR i i 2 2 IR 22 N R By, HA BRI
e shPEFIRERLYE , T GM(L, )R —Ff DL As o ith
AR TR LR B f B i, BrLL, SR AR B ]y 5]
Bl s R Ak R BUAERR W B AL
GM(1, 1 )52 3 F 0 235 2 P15 0 2 52 30— R AR i 1)
2R (B 3), 3 B i A 50 00 J00OKS B i A1 (T 78 42 55,
2020), LALhRBRIE i e oA BRIE R Al 1) 5 JR B R AR Y
FLA TC 5 35 R Dy, iR TR R AR A 2R G BAE IR
A S AR AR A TN A A ok e — i ) [B) AT B
PREARZS , ARG HFR AN T GM(L, 1) IR AE iz e st i) )
H13% sk 5 T YA JE (Deng, 1997). K 0— 5 /R Bl Fef
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Assessment of Carbon Storage of Reef Fish in Shique Beach
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Abstract At present, the world is still experiencing a climate warming trend, which has severe
implications for Earth’s sustainable development. Increasing carbon sinks mitigates climate change and
improves national and social development through carbon trade. As the largest carbon pool on the planet,
the ocean serves as a major carbon sink. The fishery carbon sink is an important part of the ocean carbon
sink, which can increase the capacity of aquatic fishery ecosystems to absorb atmospheric CO,. Marine
ranching is a typical example of a carbon sink fishery and an effective model for ensuring the
sustainability of the carbon sink effect of aquatic fishery ecosystems. Despite the fact that marine ranching
plays an important role in enhancing the carbon capacity of fishery carbon sinks, there have been few
studies on marine ranching carbon storage. Reef fish species are the target population for marine ranching
conservation and enhancement and are the most typical biological community of an artificial reef
ecosystem, with substantial ecological and economic benefits. Reef fish species have an important
influence on the carbon cycling, deposition, and removal processes in the ocean. It is one of the key
carbon storage components of the marine ranching carbon sink. However, there are currently only a few
studies on the carbon storage capacity of reef fish. Therefore, estimating and predicting the carbon storage
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of reef fish are useful for assessing the carbon sink potential and formulating a stock enhancement
strategy for reef fish based on the carbon sink target. Based on this, we conducted research on five species
of reef fish. On the one hand, we determined the carbon content of reef fish and used the standing biomass
of reef fish harvested by cage nets from Shique Beach marine ranching in April 2017, January 2018, May
2019, and December 2020 to estimate the carbon capacity of reef fish in the artificial reef area and
contrast areas in spring 2017, winter 2018, spring 2019, and winter 2020. On the other hand, we used the
Grey-Markov model, a prediction model that we initially employed in a fishery study, to predict the
carbon potential of reef fish in the artificial reef area in spring 2021, winter 2022, spring 2023, and winter
2024. The results showed that the mean carbon contents of dry reef fish samples were 42.95%~50.19%
and that the mean carbon contents of fresh reef fish samples were 11.05%~13.25%. The standing biomass
carbon storage of reef fish decreased on a regular basis in reef areas, whereas it fluctuated in contrast
areas. The standing biomass carbon storage values of reef fish in the reef area in spring 2017, winter 2018,
spring 2019, and winter 2020 were 293.46 t, 104.49 t, 119.40 t,and 48.48 t, respectively. This equates to
approximately 0.73 x 10*~4.40 x 10* USD carbon sink economic value. The standing biomass carbon
storage values of reef fish in contrast areas in spring 2017, winter 2018, spring 2019, and winter 2020
were 21.64 t, 59.07 t, 6.73 t, and O t, respectively. Reef fish in reef areas had much higher standing
biomass carbon storage values than those in contrast areas. The average relative error of the validation
data of the Grey-Markov model was 8%, which was 12% better than the prediction accuracy of the
GM(1,1) model; therefore, we were able to fully demonstrate the superiority of the Grey-Markov model
for accurate short-term prediction of the carbon storage of reef fish. The standing biomass carbon storage
values of reef fish in reef areas in spring 2021, winter 2022, spring 2023, and winter 2024 were 64.84 t,
49.84 t, 25.28 t,and 19.43 t, showing a decreasing trend. In summary, reef fish species have a strong
carbon storage capacity and a high ecological value, which give them an important role in fishery carbon
sinks. However, the carbon storage capacity of reef fish is expected to decline in the future, which may be
related to their overexploitation. Reef fish species are the primary targets of traditional fisheries.
Therefore, we can take the following measures: First, we should consider the carbon storage effect of reef
fish; Second, marine ranching operators can strengthen their investment in the construction of artificial
reef areas and conduct active stock enhancement of reef fish, which can increase reef fish resources and
subsequently reef fish carbon storage. Third, we can strengthen the environmental protection and
management of marine ranching. The findings of this study not only provide a basis for assessing the
carbon storage potential of reef fish but also serve as a scientific reference for establishing a strategy to
develop reef fish resources in marine ranching based on fishery carbon sinks.

Key words Marine ranching; Reef fish; Carbon storage; GM(1,1) model; Grey-Markov model
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