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Abstract: The ingestion of seagrass by herbivorous fish will affect the transfer process of metal elements in seagrass beds, and
the accumulation of heavy metals will cause human ingestion risks. Taking two typical fish species (Siganus guttatus and S. fus-
cessens) eating seagrasses in two tropical seagrass beds as main research objects, we determined the enrichment of heavy metals
and their contamination, and assessed the dietary exposure risk in seagrass bed environment and fishes. Then we further ex-
plored the transfer characteristics of heavy metals in seagrass bed ecosystems. The results show that the contents of Cu, Cd, Zn
and Pb in fish muscles were at a low level. There are significant positive correlations between Cu and Pb, and between Zn and
CD. The enrichment effects of Zn and Cu were greater than those of Cd and Pb, but only Zn showed an potential enrichment ef-
fect in these two fish muscles. The Zn contents in these two fishes showed a serious pollution risk, while Pb contents showed

slight pollution, but the contents of Cu and Cd were at a normal risk level. Eating these two fishes has little health risk. Due to
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the different growth rates and food sources, the content, pollution and enrichment of heavy metals in S. fuscessens are slightly

higher than those in S. guttatus. The contents and enrichment of heavy metals in seagrass beds are generally higher than those in

fishes. The accumulation of heavy metals mainly occurs in seagrass, and the heavy metal content in fish decreases with higher

trophic levels.

Keywords: Tropical seagrass bed; Fish; Transfer of heavy metals; Heavy metal enrichment; Risk assessment
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Fig. 1 Sampling stations of Xincun Bay and Li'an Port
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RURIRAE o AT RE S R R 2 R T
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Table 1 Sampling information of fish
FHES REEHL R SIS ENpiy= H i
Species Sampling site Sample size/ & Body length/cm Body mass/g Days of age/d

LY 33 7.7~23.0 8.50~343.25 101~2 095
WU S. fuscessens

BRE 33 11.6~21.9 39.99~255.85 110~1 730

B 31 10.9~21.0 53.69~333.45 122~1 365
SBEE T S. guttatus

R 30 8.9~22.5 21.58~398.01 120~1 730
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son J3 Tk A S T 4 i 0 2 (8] B S SR TRl Y
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Table 2 Heavy metals concentrations in seagrass bed

X35 Area i Cu ¥ Zn i cd 5 Pb
RIZKE (pg L™ 0.92+0.16 34.07424.09 0.100.07 1.2340.55
BRI Xincun Bay \
PR/ (mgkg™) 3.24+0.36 24.8242.78 0.0540.01 6.4142.30
RIZAKME (pgL™) 0.72+0.17 5.91+1.71 0.09+0.10 0.67+0.77
229k Li'an Port
Ui/ (mg-kg ™) 4.60+1.47 27.82+8.73 0.06+0.02 8.87+4.03
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Table 3 Heavy metals concentrations in seagrass and fish in seagrass bed mg kg™
X3 Area YIFh Species i Cu B Zn i Cd 7t Pb
WG 0.56%0.085 20.8+£8.47 0.02940.035 0.049+0.017
PS4 0.31+0.17 17.88+4.91 0.034+0.039 0.036+0.008 5
BiHITE Xincun Bay A 0.41+0.21 19+6.94 0.031+0.04 0.039+0.01
R 10.14+18.403 41.16+12.605 0.33+0.178 1.78+1.640
W10 0.31£0.090 19.83+3.58 0.019+0.023 0.043+0.015
P Fn 0.185+0.055 16.33+0.94 0.005740.001 1 0.042+0.019
FRAIE Lian Port I 0.25%0.11 17.77+3.35 0.01340.02 0.04210.02
G RAE 6.49+4.027 32.81+10.405 0.34+0.209 1.95+0.908
22 BEMBEREXPHESERE 10 ¢
FFTEMEE Zn . Cu. Cd ¥y B 5us e 35 | .
TERCLWs, (U Pb IR TRLW (55 3); (HP g5 =~ 5l
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B B g R R 2R LA 4 PG & 0 002 004 006 008 010
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Fig.2 Correlation analysis of heavy metals

Cu 5 Pb fF7E . 3 W IEAHCHE (R=0.856, P<0.05),
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PR IE A 6 (R=0.675, P<0.05), 5 Cu.
Cd BYFHEMEA B2 (P>0.05); 1 Pb 5% Cu LAgh
()2 FPE4JRICE, Cd 56 Zn LISMY 2 P4
JEITCE AR AT E (P>0.05), X5 Saher Fll
Siddiqui'™! Az E R A sT e 2L, BAIAR
KR EN RSB R —ENEEXR, K
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Table 4 Assessment of heavy metals levels in seagrass bed

fish using SFI
[X 35, LY/E RIS W B W
Area Species SFI Cu Zn Cd Pb
1 0.056 1.040 0.145 0.490
¥ 10
At 1l 0.022 0.416 0.015 0.025
Xincun
Bay 1 0.031 0.894 0.170 0.360
MBETEF
II 0.012 0.358 0.017 0.018
1 0.031 0.992 0.095 0.430
T
s 11 0.012 0.397 0.010 0.022
B
Li'an Port I 0.019 0.817 0.029 0.420
MBETEFf
11 0.007 0.327 0.003 0.021
1 <10 <20 <0.2 <0.1
GB 18421—2001
II <25 <50 <2.0 <2.0
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Cu. Cd A FIEW T RAL: Wi 5 —brErH L,
Bk Zn RSN, HAR 3 R &R TS Y e
SIS A =Y

R R R N T Iis e B B R
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FRUER—2RAA L, SR Ty 4 KFH )RS
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WA R A S T REM L, Bk Zn HEE
HYesl, HAy 3 R 4R AT YRR B Y AL T IE R Y
HelH

BPORTE, WAL R R A AR5 Y
AR5, SRBENFENFN Zn>Pb>Cd>Cu,
Zn [ Y075 PeAs BAF AR KBS, Ph AR TS
Ye, Cu. Cd b FIEHHE KT, MEFOMNES
T Y R G 1 TS B T
25 BEREENESEEEEEMEALSH

M

MR RSN E 48 W R DL R 50 B
W i 7 R S BEE 1 0 h 45 25 B2 42 JE 1) BSAFs HiE
FF¥1} Zn>Cu>Cd>Pb, H BSAFs R4 1000,
VLB S 2 R R A 23X 4 FREE 4 B {5 Y
AFFEVEAE B 7™ B B AR IR, BB 5 f0UR 5
BEWE T 4K E 48 W BSAFs HEF 8 Zn>
Cu>Cd>Pb, HWFhfar Zn i) BSAFs ¥ i
1000, HA4x 3 M 48 M BSAFs K14 1 000,
UBH Zn 7624 Hs 1 20 B R f P A7 AE B I &
ENg, SERERERTHRIMESE, XMW
AR R AR E S R E BB A, (L
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&R E LR R LTSRS, U
Cu W EERE., BUCKE, WIFEGRIKOAHE
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Table 5 BSAFs of heavy metals in tropical seagrass bed

X5k Yy i B m
Area Species Cu Zn Cd Pb

16157 609 611 290 40

BT 337 524 340 29
BHATE Xincun Bay

(A 446 559 310 32

HRIE 11021 1208 3300 1447

K10 431 3355 211 64

MBEETf 257 2763 63 63
LTk Li'an Port

Sl 347 3006 144 63

HRIE 9013 5552 3778 433
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Table 6 Diet risk assessment of heavy metals levels in

seagrass bed fish ng-(kg-d)™
XI5 Area  HJFf Species i Cu % Zn 4 Cd  HiPb
£ 0.336  12.480 0.0174 0.0294
&y \‘,‘ﬁ N
BRTH HITETf 0186 10.728  0.0204  0.0216
Xincun Bay
¥IH 0.246 11.400 0.0186 0.023 4
T 0.186 11.898 0.0114 0.0258
0 7
R SBEE T 0111 9798 0.0034  0.0252
Li'an Port
¥IH 0.150 10.662 0.0078 0.0252
2;{ **{ ‘A[3I]
A 500 1000 1 1.2

Reference value

3 B

3 AHEBEREXESREIESREHMEE
XfEb
R AR 2 £0 24 rh i) B 4 s o o A S 1
PR AT R VY LR LR 70 TR AR et

Ky Cu F1 Pb B 738 5 iU B AR, (RTH
i Cd B s B TR, 5 H A A
U5 A Zn BRSO T AR O g
BT, AT E N HA T R AR, B
PR Z U A RN TR Cu, Cd. Pb Bk 4L
B AEA XS AR AR, T Zn Bt /3 80k E . iR
PEATIT, KWECY | RO ek
VESVOL RO B B AL Y K Zn T4
WA 5,19, 14.82. 23.5, 4.57 fll 8.4
ng L™, R BUR T AT i T R R 22 v ) vk
B, AT LR Zn & i K Zn R AR
PRI 2, AU LM AIEXS Zn 14
EKIRA K, fE—EIREIEEN, BEREE T & ik
W Zn (19 RO SRR AR, TR R
BN THMA , HAKEN T 20~28 C,
B IR AR B B X, PRI A 2R AR SRR 1Y)
BT EA S & Zn, LA, CAVRENR
WX Zn ME LR ERTHRILME S
JEW, AR R B AT b
FPRARRE R R T2, A A5 X
g Ry RS, S PP N 1 R
FRIEWANIE, iR e (Uroconger lepturus) X
Pb & AERE J) dRcoi, RBETH 5 (Cynoglossus macro-
lepidotus) ¥t Cu B & 4ERE IR, EAWF5EIE
SEAN R B P A AN [ H 4 JR T R HAT PR
ARRHE) BT 233 ARSI ST T AR Zn B 43
Bl = O

R PEBEREXEEERESHY

Table 7 Mass fractions of heavy metals in tropical seagrass bed fish mg-kg™
X 35k i B i T E = BTN
Area Cu Zn Cd Pb Reference
Bt Xincun Bay 0.41 19 0.031 0.039 AT
FLWE Li'an Port 0.25 17.77 0.013 0.042 BN
K% Daya Bay 0.99 — 0.063 0.28 [30]
IR Qi'ao Island 0.786 9.424 0.022 0.800 [32]
%% W75 Rongcheng BAY 0.792 5.179 0.029 0.188 (33]
JEM 5 Weizhou Island 0.2~1.0 1~6 0.005~0.02 0.03~0.05 [34]
Jb#RYE Beibu Gulf 1.18 12.7 0.05 0.32 35
(35]
#1737 Baohai Bay 0.53 12.65 0.007 0.020 [36]
WTL#T I Near-shore of Zhejiang Province 0.745 10.9 0.024 0.065 [37]




1

VL AR PRI B PR SRR #0028 o 4 s 10 e SRR XU A 55

32 EERAERGESEREEPHEESFE
BARORT, B TR s g B R I 0 X
SEMNEEENIEA—, CuflZn NEERE
W1 KT Cd F1 Pb, ZZHS Zn 1Y) BSAFs £ 21
1000, HMIMBEEFE, XEZHT Cu M Zn Ef
RIS A T MEITE, Cu S5k
PERPHZAE FIIREAC, IS HIMA RGN, ik
I 20 g R S P e AR R e g
Zn WM DNA, ZHMERR . RIS A Uik g5
T e R ™, KA S s H R BT Zn A1
Cu W, i Cd Al Pb M2 dEAFE n & ™,
AMEGE RN, (AR 4 S R TR
T E S E T EAE SR E RN A —E
E5, BERFERETAPESESENEERE
BT T A, XTREH L T IEEER. A
Je, AWFTE AT AR AR R PR S T, 48
WO, SR TRET0, ARE
T A A R R T s R R A AR T 1) T
2%, W TS5 E SRR K,
PR XTI T 4 R R A AR B 2 . AR
WUESE, A B PR AR ot o 4 8 i) A= s R AR
AR FAKBER WA, SRR —
o HIR, Cui %5 XHH RS FARH & fa EH) BUR
HEAT T ARG, R EEA 3 MR, R
PR A=A . VRO E R, Horp R A A
= o N R S e I T N G R
W aRNERATE—E 2R, AREFaEED
WIONE, Wit kR T DB EAr, R
R EEEY; AR AN Cu MR &4
FREE S, TR 4l il e e AR, R
WEF A Cu i E SR B 20 0 5 T S B
T,
33 ESERAESERRYERHEER
AR ER, BERESRERETNESE
B T AR (BRBELW AR Zn S REIRT
RSN . WERRY Zn, Cu. Cd & EXyE TKIk .
DU AR, Pb & NIRRT T i . 18
rh & E 4 8 Y BSAFs HEF 4 Cu>Zn>Pb>
Cd, HBREZZHR P 4, HAYHE 4R BSAFs 1
BT 1000 (55 6), 1iHA 4 Jm 751 R P A2 7E I B
MEERS, HESBAEER P E LD
fmTEAETP R ESE, BERBEmKMHER 25 5,

AWFFE, RS RGN E SR AR
R T ARG, A SR
i, R E SR SRR T, BENSAH
. X5 Barwick Fil Maher®!! pffF 95 45 5 LA —
B, HEJE FEARRRIA 8 R G0E o h
W, MEEFRERNEN, S ESE &R
FEAG. XPTRES Mt 4w A Y & FUEH
Fshat d 4 Jm I HE LR ¢, TBRR T = S
Y, DUBRIRNAK AR b i 4w it 4 s s 2 i
AR GH MO RN Fr df s 2D s
JEAEEY, IR EYE A RS EmEN S E
SIRIE A E N E AW IEE T X 4
JEE AR IVER, ALl R (I H AR & s
(Zostera japonica) 55 | IR TAEWBE , XE4E
JEIEATUR, AR A TR 4R 5 R H
e e AR, KRR E SRS
YeWrml s AR NI S . IR D & iR
EHMKES N, MaEmEH 5L A G
SUEA Cu. Pb, CdEAFREBIR, IR ZHEMA
Ab, BB A RMEERCY . AR R R
RN E KU IO e B, HO £ 2 o XU oA
b, #E—BTEEWEE P 1L KRR, X S5 XIHE
Sl R UK B 1) B 4 I AR A 2
—2.

4 45t

AWETEH, R E SR &R E RO
TR, W T RS A i E SR
T R, X ATRE S sh ) 8w aHE R AL AT
Ko MR EGREELRE L, BEEERIRIM
MO T 0 2RXF Zn AP AR AE R HE B SR ), (AL
BRI AR, SR e R R 0 2 1
H B TS A5 T FE R XU AR AP

ZAE R IR IR ZE S A, 8 T
IR AR TSYIREORN SRR R AR B i T
SBETE T, BT AR s T R R PR T T (0 A
MDA ULPY P AY 4 T R 5 i AR TR OK
o XPHHEAT SFUMTARIE R R R A0 2 A
SR YEBLEEAR —B, Zn W9 V35975 Yot B e
AR, Pb MRRETGHE, Cu. Cd AT IERH 5
Ko TP TR R R A S R G P M
R GRS R E RSO, RIS



56

MOk 7R

H19 %

A SRR, IRADFE S Al RS AR
G AT R o

S Z3Cik:
[1] SCOTT AL, YORK P H, DUNCAN C, et al. The role of herbivory

(2]

B3]

(4]

(3]

(6]

(7

(8]

(]

[10

[

(11

—

[12

—

[13

—

[14

=

in structuring tropical seagrass ecosystem service delivery[J].
Front Plant Sci, 2018, 9: 127.

JIANG Z ], HUANG D L, FANG Y, et al. Home for marine spe-
cies: seagrass leaves as vital spawning grounds and food source[J].
Front Mar Sci, 2020, 7: 1-9.

WAYCOTT M, DUARTE C M, CARRUTHERS T ] B, et al. Acce-
lerating loss of seagrasses across the globe threatens coastal ecosys-
tems[J]. Proc Nail Acad Sci USA, 2009, 106(30): 12377-12381.
XUFRIF, #hBkR, B 57, 45, B TR Eh wl SR A il BE T 036
EL5Z 7). AR A4, 2017, 36(4): 1087-1096.

ASUNCION B, VICTORIA T, DOLA B, et al. Trace element accu-
mulation and trophic relationships in aquatic organisms of the
Sundarbans mangrove ecosystem (Bangladesh)[J]. Sci Total En-
viron, 2016, 545/546: 414-423.

HU C, YANG X, DONG J, et al. Heavy metal concentrations and
chemical fractions in sediment from Swan Lagoon, China: their
relation to the physiochemical properties of sediment[J]. Chemo-
sphere, 2018, 209: 848-856.

CUI B, ZHANG Q, ZHANG K, et al. Analyzing trophic transfer of
heavy metals for food webs in the newly-formed wetlands of the
Yellow River Delta, China[J]. Environ Pollut, 2011, 159: 1297-
1306.

HUANG L, PU X, PAN J F, et al. Heavy metal pollution status in
surface sediments of Swan Lake lagoon and Rongcheng Bay in the
northern Yellow Sea[J]. Chemosphere, 2013, 93: 1957-1964.
YUAN L, LIU G, YUAN Z, et al. Heavy metals (As, Hg and V) and
stable isotope ratios (§"°C and 8"°N) in fish from Yellow River Es-
tuary, ChinalJ]. Sci Total Environ, 2017, 613/614: 462-471.
RAINBOW P S. Trace metal bioaccumulation: models, metabolic
availability and toxicity[J]. Environ Int, 2007, 33(4): 576-582.
MANUEL M C, ALEJANDRA S L, CELIA D F, et al. Distribution
and bioconcentration of heavy metals in a tropical aquatic food
web: a case study of a tropical estuarine lagoon in SE Mexico[J].
Environ Pollut, 2016, 210: 155-165.

GRIBOFF J, HORACEK M, WUNDERLIN D A, et al. Bioaccumu-
lation and trophic transfer of metals, As and Se through a freshwa-
ter food web affected by antrophic pollution in Cordoba, Argen-
tina[J]. Ecotox Environ Safe, 2018, 148: 275-284.

MONFERRAN M V, GARNERO P, de los ANGELES B M, et al.
From water to edible fish. Transfer of metals and metalloids in the
San Roque Reservoir (Cérdoba, Argentina). Implications associ-
ated with fish consumption[J]. Ecol Indic, 2016, 63: 48-60.
TREVIZANI T H, PETTI M A V, RIBEIRO A P, et al. Heavy me-

tal concentrations in the benthic trophic web of Martel Inlet, Ad-

miralty Bay (King George Island, Antarctica)[J]. Mar Pollut Bull,
2018, 130: 198-205.

[15] JHALAS, MRfa 5, 20, 45, i r AR FR I RIZ VIR W |8 s 43
T RAG R 1. B RLAHERE, 2018, 36(3): 478-488.

[16] Fifiin, A, 45005, . IR LR ZVIRY E SR>
AR B AT RN ()], I EERLE, 2018, 42(2): 124-133.

[17] Bifi i, sOGE, RO, & B iERZ0IR B 48 0 i ke
AERAGHAEAN ], AR, 2014(4): 144-152.

(18] PRHRIN, A EHE, BRAGAY, 55, ISR R 4w & SRAE ().
AR, 2011, 31(23): 259-265.

[19] FRA1oR, EXSEE, SR, 4. 1 p AL B R R T AR AIE . {2
FERBLESEMIF R 3T (1), AR, 2020, 44(11): 57-64.

[20] FAJia B, XURAMK, sk, 55, i R S0 B0 R R 4 R UM
1 A AR B HO 1 S B e AR AL Y AT B (7], PR 2
%, 2020, 39(5): 62-70.

[21] KUITER R H, TONOZUKA T. Pictorial guide to Indonesian reef
fishes [M]. Melbourne: Zoonetics Press, 2001: 100-893.

[22] LIESKE E, MYERS R. Coral reef fishes: Caribbean, Indian Ocean
and Pacific Ocean including the Red Sea [M]. New Jersey: Prin-
ceton University Press, 1998: 300-359.

[23] FAHR, F IR, Wh AR, 55, 0 FI R 38 FO XU SR o
A 1. @R, 2016, 10(33): 108-110.

[24] RED, R, BETR, 55, 48 15 7 83 A 225 Hus i [ 4
SE BHAREIEE []]. KR, 2021, 28(3): 355-363.

[25] VRSV, RG], AR, & 5. R AR &5 Rt
TR UL B A M R RIR (7). AR ST, 2010,
5(6): 793-802.

[26] HAO Y, CHEN L, ZHANG X L, et al. Trace elements in fish from
Taihu Lake, China: levels, associated risks, and trophic transfer[J].
Ecotox Environ Safe, 2013, 90(1): 89-97.

[27] SSZEFER P, GELDON ]J. Distribution and association of trace
metals in soft tissue and byssus of mollusc Perna perna from the
Gulf of Aden, Yemen([J]. Environ Int, 1997, 23(1): 53-61.

[28] COPAT C, BELLA F, CASTAING M, et al. Heavy metals concen-
trations in fish from Sicily (Mediterranean Sea) and evaluation of
possible health risks to consumers([J]. Bull Environ Contam Tox,
2012, 88(1): 78-83.

[29] SAHER N U, SIDDIQUI A S. Occurrence of heavy metals in sedi-
ment and their bioaccumulation in sentinel crab (Macrophthal-
mus depressus) from highly impacted coastal zone[J]. Chemo-
sphere, 2019, 221: 89-98.

[30] t kU, Jukag, BOOR3E, 45, AR 3 JO PR A B A A Y
TR B TR R I AY (7). A= 2581, 2020, 39(3): 95-
103.

[31] XU, PR, Wi B, 46 P Ui vk ) 43 s & b ARe il S XU Bs:
PR []. BEIREIREE, 2021, 40(3): 401-406,416.

[32] X%, 2, LA, 45, SRR 2L ARR s 22 T f 28
PR 465 75 S BUAR B AR R R 34T (7). RS FE2E, 2017,
36(5): 186-195.

[33] INIEFS, ARAEHI, TR, 45 JRINIY 14 FGFELTHEY AT E



1

VL AR PRI B PR SRR #0028 o 4 s 10 e SRR XU A 57

EIRACT-S SN ). WP SHIE, 2018, 49(1): 52-
61.

[34] BRINSE, B2 A, B aT, 55, YN 5 10T 7 4 ) 75 ek il pF
JE ). T UG BE AR, 2021, 37(1): 37-45.

[35] YANG B, ZHOU J B, LU D L, et al. Phosphorus chemical specia-
tion and seasonal variations in surface sediments of the Maowei
Sea, northern Beibu Gulf[J]. Mar Pollut Bul, 2019, 141: 61-69.

[36] sRbezs, BT, THARNE, 45, i B AR AR W iR N Y T 4 )R
S EENER ] REBFREFR, 2014, 29(3): 267-271.

[37] INAERE, XU/INEE, 6 0, 4. WiV inig & it 2k N E 48 1
SREEACE (1. WL (BHARR), 2012, 39(3): 338-344.

[38] S0k, B A, WRak s, 55, KL 2009—2018 4F 5 43 8
B2 3 A 75 Y AP (7], A6 R I SE I 244 (A SRR R,
2020, 52(5): 65-75.

[39] BHRTE, ko k, TR A, 45, BRYT DKM i 4 7 i S AR
REE TR (7], ZREEFL T2 BE 2R, 2021, 28(1): 54-60.

[40] kA, XIE, AR T, A5, SR WU T4 Bl o 5 A 19 731 R AIE
FAEZSEPEAT (1], SRS, 2014, 32(2): 85-90.

[41] ARELHE, FA 7, AR, S5, N T S LRl T 4 I e 25
AR ARAFAE AR W R 2 (7). TR 2 22 40, 2020, 39(4): 490-
500.

[42] FEAEES, WEAK, IRT AR, 55, G . G0 0 4w AR VE ST (7).
Rkl 1990(3): 29-30.

[43] B, EIR, That, 45, F ORI IR 1 0 R 4 e Ak
FBHERAHT ] BHEREERIE, 2018, 37(3): 362-368.

[44] SZINE, PRI, X448, 5. LU ™ RN B 48 KT X
AR #FE R TEAL (7). 258127, 2014, 33(5): 825-831.

[45] AHMED A, RAHMAN M, SULTANA S, et al. Bioaccumulation

and heavy metal concentration in tissues of some commercial

fishes from the Meghna River Estuary in Bangladesh and human
health implications[J]. Mar Pollut Bull, 2019, 145: 436-447.

[46] HEO0H, IXSOH. H4x a8 7 3t 3 L BRI 0] M
F7K5*, 2009, 5(5): 75-79.

[47] WEAS L 5 e TCR BV IGRTE S AL 7 T B ). 7 0
BERHERE B, 2021(2): 196-197.

[48] VALLEE B L, FALCHUK K H. The biochemical basis of zinc
physiology[J]. Physiol Rev, 1993, 73(1): 79-118.

[49] (EBIJE, JEIARL, 2 SEHE. 2948 A BRI RS A £ B e e 41
FAE S B & R VETEANY ()], £ 0 % 42 BT G I 24 4%, 2019,
10(22): 7798-7805.

[50] CUIL Y, JIANG Z J, HUANG X P, et al. Carbon transfer pro-
cesses of food web and trophic pathways in a tropical eutrophic
seagrass meadow|J]. Front Mar Sci, 2021, 29(8): 725282.

[51] BARWICK M, MAHER W. Biotransference and biomagnification
of selenium copper, cadmium, zinc, arsenic and lead in a tempe-
rate seagrassecosystem from lake Macquarie Estuary, NSW, Aus-
tralia[J]. Mar Environ Res, 2003, 56(4): 471-502.

[52] hHE, JA R B 5 AR T < T - R AR SRR L)1
HLBRWFSE (7). FEAE 252747, 2005, 29(3): 497-504.

[53] 2545 HPEFT b JoR4E, o, A4 &8 iR 1 & B 45 5 S
BRI (7). A H)F2R0E, 2021, 38(6): 104-110.

[54] WRIE, Thiml. 6 Fil s S AE P 7 A S W B AE IR 1) USRS ()], ) R
Aol B, 2013, 40(9): 146-149,154.

[55] I, $BEE, M40, 5. HEhEA R A KB B A A i
XfsFESE B B W BT ) AR D). R
BRI, 2021, 40(6): 895-902.

[56] HBRRRK, VFIGEN, B 1, 45 4R B e b 0 6 e AN [/ 20 4 4
JEFEBUZMRIBTIE 7], £ TALRHE, 2013, 34(3): 120-123.



	1 材料与方法
	1.1 研究区域及对象
	1.2 样品采集
	1.3 样品分析
	1.4 评价方法
	1.5 数据分析

	2 结果
	2.1 海草床环境中的重金属含量及差异分析
	2.2 海草和海草床鱼类中的重金属含量
	2.3 海草床鱼类重金属含量间的相关性
	2.4 海草床鱼类重金属污染程度评价
	2.5 海草床鱼类的重金属富集程度和食用安全性评价

	3 讨论
	3.1 热带海草床鱼类重金属含量与我国其他海域对比
	3.2 重金属在热带海草床鱼类中的富集特征
	3.3 重金属在海草床食物链中的传递

	4 结论
	参考文献

