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Tab.1 Common morphologies of tropical fish-produced carbonate precipitates

JEA morphology  Hi[RIJE ellipsoidal

FFAR straw bundle-shaped

WF44 7% dumbbell-shaped ERIE spheroidal

A /um

size

K £<0.25~3.00
length

K 1.00~3.00
length

£ ¥ 1.00~3.00, 10.00~15.00
length

HA4£<10.00~30.00
diameter
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Tab.2 Composition of marine culture of China in 2010

25 FERYT t et /%
classification production percentage
#1125 Fish 80.8 55
F5¢2% Crustacean 106.1 7.2
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w2 Algae 154.1 104
HAb other 33.0 22

T I el 2 45 8 2o Yl A 7= 0 sh g i K A A
PISK H i CO,, HA BRI FE AR RS CO,
W BRI A IS S Y B, AR SRR R,
TR DU 2R IR AT 2h R s R TR
VEPERR, FERRIC MY & = AR 2002 4RI
VR 14 DL BE SRS S MUK AR S H AR 2 120 J7 ¢ P,
FEHO RS R G, KR 3 A 35 5E D125
WA TR R K F 1.02%, 11 EF A= D12 A [ Ak 5 ik
R 0.02%, DR E#§sFe i CaCOs 41k, F
5 AV AR FARHSE T 1 K Bk R 3k 2R 48 i e 1k, Wi
PRk 5 | RS 1 1 2 R BT A Ak 2 5 R 98 2 1) Y A5 [0 e
TL R0 DB AE A DU i T
I RV PR AR 3T i R CO, MR
B ETH S BRIBERIZ pH FFEZY 0.1 N,
WA ZRUEHE CO, %3 1A 2230, 21 28R 4Bk
F 2K pHAS T I 0.3~0.4 ANBA07, i g K A5
PR, Mok bk 2 (i 5T RS, WEERR I

http: //www.scxuebao.cn



1928 Ko

¥R 36 %

1) 2 A D 35 20 S5 B A T VP B 1 A B s 313l
{14 1L A7 1 32 BT T A 1 S8

MR R E S RGN
HEEALE, A IUEOR— Ak
F B RSy, — 50 403 3k P W R HE T L 32 3] K
b, R —E VRN EE AT E . —HLOE,
KR T = A CO, BAEFRFK R
HEC i A2 4 . 3R AR TR R BUK A B 1 15 4,
i AT 5 B S R A R B X A A R G R
M PRt eI S )5 & C=F+R+U+P (Hith C WA

Bk, F oA ZEMEHE S Bt i, R 9P A FER i,

U AHEISREA IR, PO T AR A AR AL O0),
Vg 7K i B AR Hp A B B Ry B8 AR, £ 7
TR P RS, R AR B
IKF L ERE R 2R T AR b AT 52 R A 2 ki ST
000200 R, AR B 2 A
), HLARTH B PP R, fiRREK 1 g
KRR 979.56 mg RS A, A
1t RPGEEEEZA 150~300 kg HIBERTE K 77 Az 250~
300 kg ZE(ECT AT A, EBUCER T,
AR E A TSR, 45 AUKE; B EL
PAFLIrHES (19 F A RSEA 225, MR
M, AR S A KR . AR A 22 E TR 1Y
TR A7 A — 2 1R 2210 FEAR R SRR,
1R N TR L M0 IR A | AR BT A W 1Y)
HUCTRA AT AT BT A (0 3500 | I A vl
() FR 5 2 AR R RIS S MR A AR [R], AT
A [R] T K 2 IR A R GE e R IR Y S i b
FEIEZESE . IUAh, FEFRBGA AR T, Kk
ST IE RRTRER VTR . oAy Z/ D B2 HE S,
BEAUAKWARE . Hk, fEmil b ST ST,
Vg 7K SR S B I S Bl AS AR K FL R e R 3R AT
E— A% .

ST A B R Y8 0 TR R T L £ 2 M 1 R TR
R AR IR TS AR, AT TR B Ve 25 Y
BRRAE L, BRI T4 T — 8 S . R
1858 fi 3 e T 6 ) HIE T 38 24 O B /NS R 1 £
A 50 18~40 pmol R, FF 25 KA a2
KEAFRE S BT RRK, TENLIALS 5 R
Wil ER, KRR MK PR, T R RIR SR
FR I, R LA K £ 2 i B R R TR
TE AR HE T 1) TCALRRAE PR Ff A o gk fa

S TE R TR Ak P HE T S A2 W B L O SR AL AR
SRR R O A K S R 23 32 2 5 R
JZ (lysocline) I 5Z I . A= 16 7E )2 B #28 Fr = A= 1
BRI ER BURIAE I %1 000 m TREE BB, KR4
(50%~71%) Al BE 231 A, 3 J R o #1288 7 A6 1) sk
b A KSR A, BAERE S KR
(R REE R S s i) I IR fa R AR AR TS TE
100 m ZKIELAN, BN A iR IR EL AR R TR
MR, HyA R R RE S h AR g . R, BR
BN UL 1 [ B D RE AN, VL il A N 2 R
Fr 5 40 23 1 WL A PR IS 20 A AL BT [ 2
e o

U DL R L, K B £ 28 A [ i L
A HAFR A U0 B e, Wilson ZEP
FERW, PR S HAT R 0 [RRE ). 55
Ve TR AR AU 43 T /K F S ) LB, % Vg e £
KB E AT RIS W, TR KIRE W
TR CO, e B2 B3 hin2x fin bt S A R R T VE 1Y ™
AP R TR AL I IR v, R R [
fii” VRSG5, DA AE T PR 20 v A 4 R AR
PR INEEE  — I, VKR E TSN
58, AR E B CO M 22, TEMAIK 2318
Jo i i R R A HEIE . 55— i, REER CO, YR
(10 398 T o] 3 5 i R P AR AR e B 7,
MR CO, Y B 3G T 5l 354 1 200 i 43 b 5 22 114
HCO;™, [R I AT 348 it fi 38 Ak 1 6 A HE O IR 0,
Vg 7K 8 25 ) TR LR Y5 BE 0 AT SR B Ok A A v ke
PEIR A A SRR ER Y, Vg 7K S SR 5t e B Y1 i
Al H R EE R R AR

4 Z5iE

g KRS B £ IS o B /] 2 5 | 7 R 22 1) 5
TE, AR ST X R K 0 S IR B PR L 2 B
I A S R AL HA BT, PSR ik
A A DX B I s B BEER S S L e s AR
g K S IR AE RRAL el A B AR, 3 10 35 E A
FELAT JUA J5 T f4 R (1) 25 X0 T 2 AR ik
FREL DTN IR BN B W7, F APt B 5
TR AIE CaCO; S5 SMIEIL, HXFH R
PLHLE AW o ()0 T2 BEIRFE IR /K F0 b b 14 [
RESIE ANHE, TS RROIR R 2R T FE
(A BLB 4 1 5 R R R A G, DL Al
g TE T TR R HE H R TURR 2 T8 Jie LA B8 7 1

http: //www.scxuebao.cn



12 # FONRE, S5 HRIE RBRIRER S5 R K IR A AE R I M P A L R 1929

THOL. (3) H AT A= Py 7 3 e R A B0 7 o ) 1
b T RN, JU R K R B AR I K IR B
A4 O F R A I, R WAL 7 £ 28 57 B A P T
TR R B BARAE A TEAE o (457 20K
TR I M S AR, PRVHILE | POk
SERETAIE 2 3 X 0.8 08 T | WP A 3l
(SN, AR 1T K TR AE B RS TR,
ALK IR A SR [ . B2, Ha 7Rk TR
SR A0 IS I [ BV P BILRL, KA B A Ak Dl T
IR HA TR B X R R BN 1 22 AN MR IR, R 2
o LA A IR AR AFE RO RERE = | RS 245 1)
R, UL K H S TR B AE T TR AT B T A P AR A
I, F 2 Aol 3 I ) 2R SR L A 8] B T 5 2 1Y
Ko

5% 3 ik:

[1] Feely R A, Sabine C L, Lee K, et al. Impact of anthro-
pogenic on the CaCOs system in the oceans [J]. Science,
2004, 305(5682): 362-366.

[2] Wilson R W, Millero F J,Taylor R J, et al. Contribution
of fish to the marine inorganic carbon cycle[J]. Science,
2009, 323(5912): 359-363.

[3] sk4kar, o, ERTE. i E R ISR
BRAGFR R TTRR()]. HERPIAHERE, 2005, 20 (3): 359-
365.

[4] R&M. hETEASRERIERR 5 A=Y BRI
[E K =Rl 2011, 18(3): 703-711.

[5] Walsh P J, Blackwelder P, Gill K A, et al. Carbonate
deposits in marine fish intestines: a new source of bio-
mineralization [J]. Limnology Oceanography, 1991,
36(6): 1227-1232.

[6] Wilson R W, Gilmour K M, Henry R P, et al, Intestinal
base excretion in the seawater-adapted rainbow trout a
role in acid-base balance[J].Journal Experiment Biology,
1996, 199(10): 2331-2343.

[7] Smith H W. The absorption and excretion of water and
salts by marine teleosts [J]. American Journal of Physi-
ology, 1930, 93(2): 480-505.

[8] Wood C M, Bucking C.The role of feeding in salt and
water balance[M]//Grosell M, Ed. The multifunctional
gut of fish. Fish Physiology.Burlington:Elsevier Inc,
2010, 30: 165-212.

[9] Marshall WS, Grosell M. Ion transport and osmoregula-
tion in fish[M]//Evans D H ,Ed. The physiology of fish-
es. Boca Raton:CRC Press, 2005: 177-230.

[10] Evans D H, Piermarini P M, Choe K P. The multifunc-
tional fish gill: dominant site of gas exchange, osmore-
gulation, acid-base regulation, and excretion of nitro-
genous waste [J]. Physiology Reviews, 2005, 85 (1):
97-177

[11] Wilson R W, Wilson J M, Grosell M. Intestinal bicar-
bonate secretion by marine teleost fish-why and how?
[J].Biochimica et Biophysica Acta, 2002, 1566(1-2):
182-193.

[12] Wilson R W, Grosell M. Intestinal bicarbonate secretion
in marine teleost fish-source of bicarbonate, pH sensi-
tivity, and consequence for whole animal acid base and
divalent cation homeostasis[J]. Biochimica et Biophysi-
ca Acta, 2003, 1618 (2): 163—-174.

[13] Cooper C A, Bury N R, Grosell M. The effects of pH
and the iron redox state on iron uptake in the intestine of
a marine teleost fish, gulf toadfish (Opsanus beta)[J].
Comparative Biochemistry and Physiology, 2006, 143
(3): 292-298.

[14] Whittamore J M, Cooper C A, Wilson R W. HCO;~
secretion and CaCOs precipitation play major roles in
intestinal water absorption in marine teleost fish in vivo
[J]. American Journal of Physiology Regulatory, Inte-
grative and Comparative Physiology, 2010, 298(4):
R877-R886.

[15] Perry C T, Salter M A, Harborne A R, et al. Fish as
major carbonate mud producers and missing components
of the tropical carbonate factory[J]. Proceedings of the
National Academy of Sciences, 2011, 108(10): 3865—
3869.

[16] Cutler CP, Cramb G. Differential expression of absorp-
tivecation-chloride-cotransporters in the intestinal and
renal tissues of the European eel (Anguilla anguilla).
Comparative Biochemistry and Physiology-Part B: Bio-
chemistry and Molecular Biology, 2008,149(1): 63-73.

[17] Grosell M. Intestinal anion exchange in marine fish
osmoregulation[J]. The Journal of Experimental Biolo-
gy, 2006, 209( Pt 15): 281-2827.

[18] Grosell M, Taylor J R. Intestinal anion exchange in
teleost water balance[J]. Comparative Biochemistry and
Physiology-Part A: Molecular & Integrative Physiology,
2007, 148 (1): 14-22.

[19] Grosell M. Intestinal anion exchange in marine teleosts
is involved in osmoregulation and contributes to the oceanic
inorganic carbon cycle[J].Acta Physiologica, 2011, 202(3):
421-434.

[20] Whitehorse J M. Osmoregulation and epithelial water
transport: lessons from the intestine of marine teleost
fish[J].
B:Biochemical, Systemic, and Environmental Physiology,
2012, 182(1): 1-39.

[21] Schultz S G. A century of (epithelial) transport physiol-
ogy: from vitalism to molecular cloning [J]. American
Journal of Physiology Cell Physiology, 1998, 274 (1 Pt
1): C13-C23.

[22] Genz J, McDonald M D, Grosell M. Concentration of
MgSO, in the intestinal lumen of Opsanus beta limits

Journal of Comparative Physiology-Part

osmoregulation in response to acute hypersalinity stress
[J]. American Journal of Physiology Regulatory, Integra-

http: //www.scxuebao.cn



1930

Y/

36 &

(23]

[24]

[25]

(26]

[27]

(28]

[29]

[30]

[31]

(32]

(33]

tive and Comparative Physiology, 2011, 300(4): R895—
R909.

Taylor J R, Mager E M, Grosell M. Basolateral NBCel
plays a rate-limiting role in transepithelial intestinal
HCOj;™ secretion, contributing to marine fish osmoregu-
lation [J]. The Journal of Experimental Biology, 2010,
213 (3): 459-468.

Kurita Y, Nakada T, Kato A, et al. Identification of
intestinal bicarbonate transporters involved in formation
of carbonate precipitates to stimulate water absorption in
marine teleost fish[J].American Journal of Physiology
Regulatory, Integrative and Comparative Physiology,
2008, 294(4): R1402-R1412.

Ando M, Subramanyam M. Bicarbonate transport sys-
tems in the intestine of the seawater eel[J]. The Journal
of Experimental Biology, 1990, 150: 381-394.

GroselL M, Wood C M, Wilson R W, et al. Bicarbonate
secretion plays a role in chloride and water absorption of
the European flounder intestine[J]. American Journal of
Physiology Regulatory, Integrative and Comparative
Physiology, 2005, 288(4): R936—R946.

Grosell M, Genz J. Ouabain-sensitive bicarbonate secre-
tion and acid adsorption by the marine teleost fish intes-
tine play a role in osmoregulation [J]. American Journal
of Physiology Regulatory, Integrative and Comparative
Physiology, 2006, 291(4): R1145-R1156.

Dixon J M, Loretz C A. Luminal alkalinization in the
intestine of the goby [J]. Journal of Comparative Physi-
ology-Part B: Biochemical, Systemic, and Environmen-
tal Physiology, 1986, 156: 803—811.

Grosell M, Genz J, Taylor J R, et al. The involvement of
H'—ATPase and carbonic anhydrase in intestinal HCOj3
secretion in seawater-acclimated rainbow trout [J]. The
Journal of Experimental Biology, 2009, 212(12):
1940-1948.

Fuentes J, Power D M, Canario A V. Parathyroid hor-
mone-related protein-stanniocalcin antagonism in regu-
lation of bicarbonate secretion and calcium precipitation
in a marine fish intestine [J]. American Journal of Phy-
siology Regulatory, Integrative and Comparative Physi-
ology, 2010, 299(1): R150-R158.

Grosell M, Mager E M, Williams C, et al. High rates of
HCO:s- secretion and Cl-absorption against adverse gra-
dients in the marine teleost intestine: the involvement of
an electrogenic anion exchanger and H'-pump metabo-
lon?[J]. Journal of Experimental Biology, 2009, 212(Pt
11): 1684—-1696.

Tresguerres M, Levin L R, Buck J, et al. Modulation of
NaCl absorption by [HCO; ] in the marine teleost intes-
tine is mediated by soluble adenylyl cyclase [J]. Ameri-
can Journal of Physiology, Regulatory Integrative and
Comparative Physiology, 2010, 299(1): R62-R71.
Cooper C A, Whittamore J M, Wilson R W. Ca**-driven
intestinal HCO;™ secretion and CaCOs precipitation in

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

the European flounder in vivo: influences on acid-base
regulation and blood gas transport[J]. American Journal
of Physiology Regulatory, Integrative and Comparative
Physiology, 2010, 298(4): R870-R876.

Fuentes J, Figueiredo J, Power D M, et al. Parathyroid
hormone-related protein regulates intestinal calcium
transport in sea bream (Sparus auratus)[J]. American
Journal
Comparative Physiology, 2006, 291(5): R1499-R1506.
Al-Jandal N J, Whittamore J M, Santos E M, et al. The

influence of 17B-estradiol on intestinal calcium carbonate

of Physiology Regulatory, Integrative and

precipitation and osmoregulation in seawater-acclimated
rainbow trout (Oncorhynchus mykiss)[J].
Experimental Biology, 2011, 214(16): 2791-2798.

Faggio C, Torre A, Lando G, et al. Carbonate precipi-

Journal of

tates and bicarbonate secretion in the intestine of sea
bass, Dicentrarchus labrax[J].Journal of Comparative
Physiology-Part B: Biochemical, Systemic, and Envi-
ronmental Physiology, 2011, 181(4): 517-525.
Shehadeh Z H, Gordon M S. The role of the intestine in
salinity adaptation of the rainbow trout, Salmo gairdne-
ri[J]. Comparative Biochemistry and Physiology, 1969,
30(3): 397-418.

Mekuchi M, Hatta T, Kaneko T. Mg-calcite, a carbonate
mineral, constitutes Ca precipitates produced as a by-
product of osmoregulation in the intestine of seawater-
acclimated Japanese eel Anguilla japonica[J]. Fish
Sciences, 2010, 76(2): 199-205.

Debenay J P, André J P, Lesourd M. Production of lime
mud by breakdown of foraminiferal tests[J]. Marine Ge-
ology, 1999, 157(3): 159-170.

Reid R P, Macintyre I G. Carbonate recrystallization in
shallow marine environments: a widespread diagenetic
process forming micritized grains[J]. Journal Sedimentary
Research, 1998, 68(5): 928—-946.

Gonzalez-Munoz M T, Linares C D, Martinez-ruiz F, et
al. Ca-Mg kutnahorite and struvite production by ldio-
marina strains at modern seawater salinities[J]. Chemos-
phere, 2008, 72(3): 465-472.

Rivadeneya MA, Martin-Algarra A, Sanchez-Navas A,
et al. Carbonate and phosphate precipitation by Chromohal-
obacter marismortui[J]. Geomicrobiology Journal, 2006,
23 (7): 89-101

Clarke A, Johnston N M. Scaling of metabolic rate with
body mass and temperature in teleost fish[J]. Journal of
Animal Ecology, 1999, 68(5): 893-905.

Jennings S, Mélin F, Blanchard J L, et al. Global-scale
predictions of community and ecosystem properties
from simple ecological theory[J]. Proceedings of the
Royal Society B, 2008, 275 (1641): 1375-1383.
Matthews R K. Genesis of recent lime mud in southern
British Honduras[J]. Journal of Sedimentary Research,
1966, 36(2): 428-454.

http: //www.scxuebao.cn



12 3

FONRE, S5 HRIE RBRIRER S5 R K IR A AE R I M P A L R

1931

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Andrews J E, Christidis S, Dennis P F. Assessing mine-
ralogical and geochemical heterogeneity in the sub 63
micron size fraction of Holocene lime muds[J]. Journal
of Sedimentary Research, 1997, 67(3): 531-535.

Reid R P, Macintyre I G, Post J E. Micritized skeletal
grains in northern Belize lagoon: a major source of
Mg-calcite mud[J]. Journal of Sedimentary Research,
1992, 62(1): 145-156.

lb Al . 2011 T EMDE S M. JE:
[l AR, 2011.

HOOUR. REGIRERLAA T 7K 7 FRFE M T 28 & R (7).
DK =R, 2009, 16(5): 798-805.

gl AR R, 2010 HE#NEGEHTAESEM]. dEbat:
A4l i hir:, 2010.

FAO. The state of world fisheries and aquaculture[R].
Rome: FAO. 2002.

OB, R R B - v [ ™ SRR M RS B ol 22
[J1. 7K77244R, 2011, 35(10): 1595-1600.

AL, WAL, WER, F. K RIRARRK S RO
FHEARI]. AKF=24H, 2011, 35(2): 315-320.

JEIR T, il ol 5 S SR A AR [C//AE
i P E TREEESE 109 3 TAERHE ISR “RiCHlL 5
el ARBRE A1 3CEE, 2010 :1-2.

XV, BBTE. EEREEE Y R gt R ]
JKPERE, 2011, 18(3): 695—702.

L HEVERR AR SORON S A A B A 7 [T].
JEIT R AARBIARR, 2011, 50(2): 411-417.
SRS, ApfE, JrEt, . WEERRAL R RTTL R DU
A IR LA e s A 2 [J]. ol B4 gE R, 2011,
32(4): 48-54.

Fabry V J, Seibel B A, Feely R A, et al. Impacts of
ocean acidification on marine fauna and ecosystem
processes[J]. ICES Journal of Marine Science, 2008,
65(3): 414-432.

Caldeira K, Wickett M E. Oceanography: Anthropogenic
carbon and ocean pH[J]. Nature, 2003, 425(6956): 365.
T, SRAUR], skdtfe, S FRENEOLT RS
5EBEREBI]. Kr72:4), 2011, 35(3): 472-480.

Xian W W, Liu R Y, Zhu X H. Carbon budget of bastard
halibut Paralichthys Olivaceus in relation to body weight
and temperature [J]. Chinese Journal of Oceanology and

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

[73]

Limnology, 2003, 21(2): 134-140.

Rk, Lk, Rz € RREEEKT &0 TR
WL HFFE ). P R R 22224k, 2007, 37(2): 247-
250.

PRAAE, 4Rk, B8Rt AR IR K ol Hr A
VIR, K772 4%, 2011, 24(3): 65-68.

Kang B, Xian W W, Liu R Y. Transporting nutrients
from sediments: nitrogen and carbon as indicators to
measure scavenging ability of a detritivorous fish, Liza
haematocheila[J]. Environmental Biology of Fishes,
2005, 74(3—4): 283-290.

Fost, Lk, R € WRVERE AR T IR0 il L
5T 3] R, 2010, 34(3): 11-14.

FE, K, R, 55 IR RIS R
WL RIS ). HEEEERF, 1998(2): 46-48.
Phillios M J, Beveridge M C M, Ross L G. The envi-
ronmental impact of salmonid cage culture on inland fi-
sheries: Present status and future trends[J]. Journal of
Fish Biology, 1985, 27(supp.A):123-137.

Kim J D, Breque J, Kaushik S J. Apparent digestibilities
of feed components from fish meal or plant protein
based diets in common carp as affected by water tem-
perature[J]. Aquatic Living Resources, 1998, 11(4):
269-272.

Taylor J R, Grosell M. Feeding and osmoregulation:
dual function of the marine teleost intestine[J].The
Journal of Experimental Biology, 2006, 209 (Pt 15):
2939-2951.

Dixson D L, Munday P L, Jones G P. Ocean acidifica-
tion disrupts the innate ability of fish to detect predator
olfactory cues [J]. Ecology Letters, 2010, 13(1): 68-75.
Munday P L, Dixson D L, Donelson J M, et al.
Ocean acidification impairs olfactory discrimination and
homing ability of marine fish[J]. Proceedings of the Na-
tional Academy of Sciences, 2009, 106(6): 1848—1852.
Pértner H O, Langenbuch M, Reipschlidger A. Biological
impact of elevated ocean CO, concentrations: lessons
from animal physiology and earth history[J]. Journal of
Oceanography, 2004, 60(4): 705-718.

Seibel B A, Walsh P J. Potential impacts of CO, injec-
tion on deep-sea biota[J]. Science, 2001, 294(5541):
319-320.

http: //www.scxuebao.cn



1932 Ko OE R 36 &

Carbonate deposits in marine fish intestines: contribution of
marine fish cultures to carbon sink fisheries

LV Wei-qun'", CHEN A-qin', LIU Hui’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: A variety of marine ecosystems play an important role in the ocean biological carbon sink. More
and more often, people are paying closer attention to impacts of marine fish on carbon cycle. Recent stu-
dies showed that marine fishes produce and excrete various forms of precipitated calcium carbonate with
high magnesium content from their guts. Precipitation occurs as a by-product of the osmoregulatory re-
quirement of teleosts to continuously drink Ca- and Mg-rich seawater. Using the Bahamian archipelago site
specific fish biomass and carbonate excretion rate data, scientists estimated that marine fishes produce
about 1.1x10° kg CaCOs/year as mud-grade carbonate, and it is potential sediment constituent. Marine
fishes contribute over 14% to total estimated global carbonate mud production. Therefore, marine fishes
represent a hitherto unrecognized but significant source of fine-grained carbonate sediment, and affect
coastal carbon sink capacity. This directly affects connotation of carbon sink fisheries. The carbon budget
of marine fishes culture may influence carbon source and carbon sink. Moreover, establishing the carbon
budget model and their ability to trap carbon by cultured species is needed to produce realistic estimates
for carbon sink value of marine fish culture.
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