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1.1 HEXEUEE T 2020 4 5-9 A A, 4 A 1E
=T N (18°19713 7N, 109°8747"E) . KA 5
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18.3°N | FE

18.2°N |

(18°1427"N, 109°29'05"E) F1 P4 &% (18°14"28 "N,
109°21'54"E) 3 ME XS THURE . BRI B2 5
KIKAFHC 5 0y 1.5 L RJZMK, [RIBHEK L T2
KT 3m &S, AT A S BORR EAR
P BRI SRR it o MK R AE R 35 ORI N AR
T EECOR AT, B 7 BVE T AR 1A 48904 T ok rh £
FEo MEKCRIEIAE 3 T4 Hig M S = R 5
SRacdsy . WUREOE LA 1.

|
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18.1°N L
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BT U R
EEMITE 18°19'13"N, 109°8'47"E; KU, 18°14'27"N, 109°29'05"E; P4 [ 18°14'28"N, 109°21'54"E,

1.2 K ok 5L 9 vh % W (PBS, 377
mmol-L™" NaCl, 2.7 mmol-L" KCI, 8.09 mmol-L™'
Na,HPO,, 1.47 mmol-L"' KH,PO4, pH7.4) , 100%
PR, 4% H ¥, 10 mmol-L ™ Z5JiE £ I (L-DOPA)
VW, . SOD I i £ (A001-1-1, ma st g i
Y1 TR T BRZA W), CAT P 357 &2 (A007-
1-1, F 5 AR ) TREF 98 i A BN 7)), GST il
BT £ (A004-1-1, i ot A=) TARRIF SR T A
FRATD), & NOS P 155 & (A014-2-2, R HL i A%
AW T ARG A BRA W] ), BCA 88 15 sk
A £ (C503021-0500, A T AW TR A
R o

1.3 BKERYIRERNE K PHRTYE
JEE A0 5 7 e B A WY ) (GB 17378.4 —
2007)" 55 4 FRAFIHAT . SERF 0.45 pm FLARATIEAR
(TIMF60, K it H s 5L 5 1 45 A FRA 7D UCE T
50 °C fHIRTHEAE T 6 ~ 8 h Mt T ZAH T, SR I H,
ForHT RV (BSA224S-CW, FE L F W Bl A ge A7
BRA R FRE, FEOARE I T s PR A7 . U8
B, RGN TG T UB IO, s RS A
B L 25 52 (GM-0.5 A, K HETT RS 50 % 25 5 FR
ANEDBITERSIN . HUE 1 L REWEKIT, HkE s

T 50 C fEIRRAE s TR, BT A HT R
SERRENENE T R KRR R A K
7K B e v B = KR e e e {1/

UG AR
1.4 HEHEENZEEMNE A S0EE
K (28 0.22 pm FLAR PRI UE) 19 Waterpik P&
5 (WP-462EC, 5847 PR/ F]) ik B B i
FMAZ . B 1 mL PEWR, 7 204 rrmin™ 4 C &
> 10 min, B A BB DTE A T 0.2 mL 4%
IV T, RG22 A ) B 6UBE (B 100, JE AL ES
HIRAH) T {# ] Sedgwick-Rafter 1T #4711
B, SR FHAR A 4R A 2L U S b 1 SR
BRI, ek e B A
oA B R =2 RO R
AR R AR
1.5 HAREEWIHRRZENE WA 2mL
YER, 7 204 r-min' 4 °C B0 10 min, 85 PBS
e RO TIE, R B O H R E R BT
WA 20T o AR U EETTE TP A 2 mL
100% N HI W, 4 C T A0 24 he e, 11 617
r'min”' B0 15 min, R AT 6EETHUV-1100,
g BN AT PR D) 43 I AE 630 nm i 663
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nm A0 P 5 AL BUR OGN, 4R ER ate, B
i 2 8 JEFFREY 45U f R, B JA: il
BB SRE S IR R pg-cell T,
1.6 LENEPME R H A4 R EENEIEIERN
E AT PBS(4 °C) HIBE A s gk £ i
R %) 2 TH 2 21, B 6 mL PRI T 7 204 rmin”!
4 °C B0 10 min, B A T 90 B IO 04 K
WM. #RIEH 2 mL PBS H A s e, A
BBV RS T2 S . A 05 g
FALEBEER (0.5 mm RiAE, 11079105z, EE£54A
FEEYRIB A R F) A1 1 mL B4 PBS, A9
£ ih 34 X (Bioprep-24, A BB 2§ AT FRA 7))
IR AR AN, BN IRIE 6 mos ™,
W EE 1 min 7K1 3 min. f%)5, 7 204 rrmin' 4 °C
B0 10 min, BCE I R T A O PR R TR 1A
. fF ] SOD. CAT, NOS 1 GST #1371 & il
A LR B R RN T . I PO B E M
M 7E 2% PALMER™ #§38 i 77 15, 4 S b3 ik
5 L-DOPA #BNIE T 490 nm ANIER AL
FORILEEGE 1. o5, R BCA H & skt
F G E L35 A TR MR o O RF U S
e A o B 1Y) BB T bR AR VR B, 11545
HAR R OB L 15 71 (U mg ! 5% AODyop mg " min™') .
1.7 BIRACIE A B D CEIE + brifE R
TR KRR 2R J5 22 53 BT AS )l s iRV K 2 T )
W22 5 . R PCA J3 Mt sFs o B HA A iy
B I 25 I AR TR PR AR 200, SR Spearman
BRI VRS T i KB 17 v B 5 4 A BRER b 2 [ 1)
M. 55 E YR ) (Integrated Biomarker
Response ) 78 5050 A1 = B SCHk [15] W . ST
3 M I 25 S Ul P < 0.05,

2 SR59R
21 3NEXEGEKEFMRERE 2020 4 5-

9 J1, B M T HfE DX 11 g /KGR I ) T 34 o A ik
K137~ 194 mg-L™!, B W E N 163
mg-L 5 USRS REE X AT AR PR A S 2 o v i
5 1.9~88mg L, BBk EN 53 mgL;
VG 5% AR DX 11 v 7K 2k VR ) Jo e v e IR, P34
RN 0.7 ~ 53 mg L™, BAFEY R E N 2.6
mg L' WHETT 225 Hras A R, B niEEK
BRI T B 2 e T RUELS R S (P < 0.05)
(K 2).
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22 LEEEMEAEA REREAEREMIER
M 1AL, S EFEI B SOD, CAT, NOS. GST
1 PO I S 2{H 43 5120 111,60, 119.83, 9.46,
253.99 U-mg™" il 0.087 AOD 49, mg '*min"!, SOD,
NOS 1 PO i Jy e HPMERR H 6 H 7
PNV, T CAT F1 GST 1% J1 0 85 im H - 24{E 73 501k
H 8 HOyoa A s AN . ek ms i F
8 oA 2.97x10° cells-em 2, MF4¢ 2R atc, AY-F13
TR 5.87 pecell”!, Wi B9 f i A F Y (E #0 7E
7 AUy EEMIE . eAh, HeA: dimesE SOD. CAT. NOS
F GST & J1 /9 °F ¥ {8 43 51 1 205.69. 141.89,
20.50 1 939.58 U'mg ', SOD 5 NOS i Jj it &% &5
AEEEY LT 6 H 4y RUEL, 1 CAT Fl GST i
F1 0 fse v A FEBE B F 8 A4y XU Fn 5 H
ByPa 5.

*1 3 MHBREFRMEFI A AR IBIRAR AR

. . Y
A e FEM UL il
5H 1.786+0.763 2.428+1.086 1.864:0.502
6H 3.689+1.512 4.821+0.608 2.674+0.341
e B BT EE R /(106 cells-cm™) 7H 3.240+1.434 3.18620.859 3.669+0.810
8H 3.805+1.144 4.175+1.189 2.888+0.756
9H 2.62140.559 1.759+0.561 1.953+0.310




206 A A W) 2 AR 2022 4F
ESE |
A B Aty il
EEN T UL [iif]
5H 4.269+1.810 2.351+1.516 5.134+0.767
6H 7.727£1.612 8.629+1.051 7.453+2.435
M4 ate, it/ (pg-cell ') 7H 4.845+3.01 5.974+1.797 6.869+1.755
8H 3.889+1.343 3.274+0.732 5.403+0.951
9H 8.25+1.875 6.649+2.091 7.3194+2.174
5H 96.557+18.723 91.042424.651 111.76£52.316
6H 174.365+75.431 149.883+88.966 68.109+50.648
WMHISODIE F1/(U'mg ") 7H 62.977+25.87 91.307+40.783 70.2+28.036
8H 122.752+35.68 92.791+37.929 130.209+95.128
9H 142.572+33.835 175.89+95.847 93.649+37.845
5H 42.548+15.742 40.784+21.284 67.636+50.313
6H 185.755+72.074 109.32+41.769 84.729+23.426
WEICATYE J1/(U-mg™) 7H 148.234+44.363 213.818+23.847 137.154+45.086
8H 52.892426.047 134.084+25.884 224.758+66.305
9H 135.837+11.744 150.012+60.795 69.9014+22.223
5H 14.395+6.721 18.818+4.303 23.125+10.762
6H 33.877+25.169 9.495+4.450 10.888+7.496
MHINOSTE J1/(U'mg™) 7H 5.776+1.611 6.408+2.278 5.38142.071
81 2.308+2.261 1.359+0.917 1.78241.742
9H 1.822+0.832 3.457+2.505 3.049+0.949
5H 695.678+:296.248 264.556+121.349 372.585+214.535
6H 186.977+85.356 319.531+365.753 494.294:+499.845
WHAGSTIE 11/(U'mg ™) 7H 130.213+85.169 261.35+120.612 201.435+39.626
8H 90.904+59.698 137.689+60.233 205.653+137.246
9AH 126.226+106.951 184.134+86.244 138.556+75.664
5H 0.0963+0.0467 0.0954+0.021 0.1279+0.043 8
6H 0.1815+0.0418 0.1256+0.06 0.1105+0.036 5
WHIPOTE 71/(AOD 490 mg™ min™") 7H 0.1112+0.0384 0.1031+0.0174 0.1099+0.0357
81 0.0445+0.014 8 0.0389+0.0105 0.0499+0.0183
9H 0.0274+0.006 0.046 5+0.009 3 0.0339+0.0108
5H 150.226+59.635 304.454+206.143 181.206+144.336
6H 112.355+66.322 388.6+146.152 239.389+138.104
HEHESODIE J1/(Urmg™) 7H 291.84+57.683 237.028+61.139 193.867+27.792
8H 56.681433.557 86.351+52.701 131.422+88.059
9H 215.992+91.034 372.934+175.208 122.963+88.74
5H 68.129+68.685 90.707+83.761 64.624+39.025
6H 154.1+74.579 275.716+115.045 184.314+76.283
HEHECATI J1/(Umg™") 7H 90.911+38.769 82.17+40.522 19.407+11.627
81 83.671+33.861 340.214+124.129 114.47+42.137
9H 131.68+77.868 324.237+142.653 103.993+42.481
5H 18.288+5.553 30.984+13.002 8.581+3.987
HEHFNOSIE J1/(U-mg™) 6H 42.994+15.7 84.53+17.596 48.802+26.827
7H 19.762+3.157 16.589+5.501 11.897+2.792
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8A 6.3+1.303 7.187+5.29 5.362+2.124
9H 1.059+1.248 3.215+1.137 2.01£0.725

5H 719.759+403.716 1821.457+2090.806 2368.352+2154.323
61 505.725+6.894 1058.016+262.674 948.036+477.025

HEHEGSTIE J1/(U'mg ™) 74 485.931+256.245 332.666+205.209 143.135+37.214

8H 285.938+224.64 230.056+130.254 284.081+142.298
9A 1222.728+548.522 2078.299+1085.766 1609.518+837.705

23 BKEBZMRESEIEFEMERNXES
M SRS M7 (PCA) B Z S B Y]
T H A A v 108 4530 A BT R S AR 11 R0
Wi 3 Frzs, PCL 5 20.2%, PC2 i 15.3%, M
FR 35.5%, RN A B2 . [FIET, X 45 A XK
I ) o R SR R I A R A B Y
AT BRIE VERR FR AT OCER 3B o AR IR, 1
KGRI ) o Tk 5 AR R R Y %% E T NOS
TR M IEA (R =0.27, P<0.05; R =0.27,
P <0.05), M 534 d s ny GST 1% 1 2 B 7

4.
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(R =-0.26, P<0.05) (|5 4),

24 L ERWEAA IBRIBE O EHEKE
TR BT LR BE A OCHEAEX TS (R = 0.1 (R < —0.1)
149 A= B PE 48 b (G EF U W3 (9 SOD Fi GST 1
J1, Uk R He g B i % . SOD. NOS i1 GST
16 77), AT 3 ANHEDC G M | RURLE FTPg
By ) B B £ A b 2 e 1 5 AR 2
TR AR MR I 2R A
A= Wb 25 W o 15 BB B =, O 0.060 5, JRUEL B,
90.021 3, PHERAL R 0.017 4(181 5)

o FEINTE - RUELE) - PH

2.5 5.0

PC1(20.2%)
B3 3 ANEX KR TRk 5 3 R I B LA o A PR TE A AR (8] 9 2 o343 #r
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UTAER, B A NN I AW T & 5 R,
AT VAR DX K S5 A T A, L ) I it A
B RGN R Z ate7 F R R, WK
TR MR BE (0 T i 2 S R A TR A ) SR =2
— U801 A BT e B, TE B TR VR A R T IX
— SRR O] DA B R AR AER R T s [ AR IX
HHIEE 7K A2k VR 0 X 1 AR A SRR 1 2 B ), A Y
TE = WV 3 BORE K B V7 ) TR P A7 A B 3 25 511 3 4
HEEDX CEE MY | RUBLS FTPG 1), T4 TR K &7 Y
W B H BRAR AR, AN T e 3 Nk X Y 4 A
F4) 3 RV SR %) A= G , LASDY fee) B o i A R
X e VR R T B R )3 I AL o

SEH ARV R R I, R N VR DX U K R T
Wy B I T 10 mg L, Mt 728K
FRRH AR IER 2 MV B ST 43 A 25 R K ™ SR
fe g, A A AR A B AR L HE | BT
Py 0 it A T s K S B U B ST A SR A X
VS R LB A Sk R =TT A R B Sk, kA
KINGEIE M 20 % Bl I DR Y, B3 1T g Sk (R
ST R M Y A DX K R TR T R A B R K
S JRUEL K A8 I T AU T, A TS K R
Wirfin A2, 3R] BB BT XU R XV K Rk VR T
RN TV . B, KRR TS Y E
SR A = S e SR ) U R R 2 —

X 96 B A B R A 25 SRR W, R I IE
TR =3 AR b AR, TR K R
T e A 1 1) P VS A DX 2 P — = 7 1) B )
Pl R T IR AR IR K8 T 0T e A SRR 11 2
FREL M, ASHF IR T 3 AN X H B S
LA R B SR R ate, i, DA T
F2 RN A H R g v PR B B aE AH DG (SOD., CAT.,
GST. NOS 1 PO) 1% J1 . PCA 43 #r &I, & &F
Ve SRR S L A g v 22 A B TR AR A Y
BN I . A S A BT R B, Mg KB TR )
VR B 2R A R Y B B I NOS i T 3 IE
A2, T 5 AR B R ) GST 36 1 I8 3 fR 56 .
5K B TR ) TR A OC AR AR s e A A
M E Y A S bR, 3R D3 R 3 o e 4 A
A= H R R I A B P A 3 I 1R TR K R U VR 1)
MEDXERSE . — A X I K B IR VR (0.7 ~ 19.4

mg L )T EiAS 1 BRI 2R i w B
FYHG AN, 3X 55 JONES 529 (58 45 3R — 5, XA
5 VR FH AT U5 DR B T A ) R s SRR 19 28 19 %
N7, T 7R TR o e A By, A AR AR Y
HHRBOR R, Bz T8O AR = b .
I, RV R A 3 Ao B e A g Y % R R
T /2 B BRI T oK, DA I8 IV e v 7K B T )
WIREEASE . IO, WK TR R IR N T
B T A R B AY NOS TE 7, (R T H:
GST i J1. B3R dii ey SOD #l CAT i )
EJUEIK TR L TR B R 2 0 2 A OC M, NOS i
J1H) AT BE IR T BB A A S A KT, TR
25 NO R T AR R AR B M GST W
FY T e T e 2 0 e A o R e ) A 1 KO, T
RS2 5 A1V 9 1 32 A I A ol B 8 1Y) i B AR
fig, MR A & Re R AL Y, PR, 3 afE
R T R T A B A U R 1Y) %% R R NOS T
PE, MFEARIL GST 1 ) 2018 W = M /K B V7 ) i i
W B R MMV REE DX BREE o X R XA [R) g 7K B T )
JO F e 3 M R Y S R I 2R A AR )
P 2 W el o7 48 B8R — B, B M ) B U S R 4
B> KU > V5 25 LT, 3 5 i ek
FEF 388 1 T 7K 52 17 ) IO VA B A5 B ML o %
LR B A A I AR, LA XL B NOS
TI09ES, AT GST 1 1 54l .

EH T = 3 AHE X1 TR K A TR ik
BE, A3 AT 1 KT vk B R v S A 3
A B P A T A BEE AR R I SC R, FF T
3 /A DX RV IR 1 25 B A W 25 i g A5 A
IR MV DX T K B R VR B B e, R I
W] g i 175 T AR A R Y % R NOS 1 )
DL R il e A s BB GST % 7, SR 3 1 e N v
HE X A5 B TR RS . AN, A 58 4 A Y 45
BV BR BB TTAl B 774 05 I B 1 52 i
FRBE, LLUHA b S e A 285 XUBS DA AL S il

B E Rk
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Physiological acclimatization of the scleractinian coral Porites

pukoensis to suspended solids in Sanya coral reefs

CAI Wengi', TANG Jia', WU Chuanliang’, ZHANG Kaidian', ZHOU Zhi'
(1. Hainan University, Haikou 570228, China; 2. Sanya Coral Reef Ecology Institute, Sanya 572000, China)

Abstract: Elevated concentrations of suspended solids in seawater threaten the survival of scleractinian corals,
but little is known about the mechanism of this phenomenon. During May-September 2020, a survey was made
of the concentration of suspended solids in seawater in the coral reef areas of Yazhou Bay, Phoenix Island and
West Island in Sanya, Hainan, China and the physiological indexes of the scleractinian coral Porites pukoensis
and its Symbiodiniaceae symbionts were determined, from which sensitive biomarkers were screened to
evaluate the effect of suspended solids on P. pukoensis. The results showed that the concentration of suspended
solids in the seawater of Yazhou Bay reef area was 13.7 — 19.4 mg-L™', which was significantly higher than that
in Phoenix Island (1.9 — 8.8 mg-L™") and West Island (0.7 — 5.3 mg-L™"). The correlation analysis revealed
significant positive correlations between suspended solids and the symbiotic density (R = 0.27, P < 0.05) or
nitric oxide synthase activities (R = 0.27, P < 0.05), while the glutathione S-transferase activities in the
symbionts were significantly negatively correlated with the concentration of the suspended solids. All these
results suggest that P. pukoensis is adapted to the reef environment with a high concentration of suspended
solids through the induction of symbiotic density and NOS activity and the inhibition of GST activity.
Moreover, the integrated biomarker response (IBR) index established herein is in the descending order of
Yazhou Bay > Phoenix Island > West Island, which is consistent with the order of the contents of the
suspended solids in this coral reef area, indicating that the IBR index can be used for ecological risk assessment

of coral reefs.
Keywords: suspended solid; Porites pukoensis; Symbiodiniaceae; acclimatization
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