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1.1 MEBEEENERE 20204 11 J] 20 H,
PEPE = V05 S I % A0 LB 5% BT (18°19.025'N,
109°45.858'E ) It 5l itk 12 Ak 7™ . %) Vg Sl 4 Ay 1% 16 3
WP I b5 o SEBSTREISUKIRZY 6 m, BOilCH MR
& W E Ry AR b s RE SRR AR, B4R 04 9E 5y
RSFH 200 emx100 emx100 cm, FE AR 194 B rh &8
FH 20 ecmx20 cm A9 A HFE I 32, BEASHER iR 2
3t HEFF 4 AR REIARAE L 7 HE SR Al 4 Fh
AL RST W22 TR AR 86 B b R I A& A, I
i EAR 5 mm (4 .23 [ D &, AR A i
FOABILIE . AR SC 2 % S RSE R 200 emx
100 cm (4 W 4% #z, 36 4 AN S2EG A, FLAR A R
AZ: 1.0 cmx2.0 cm; B4H: 2.5 cmx2.5 cm; C 24H :
4.5 cmx4.5 cm; D ZH: 6.0 cmx6.0 cm, ZERLFET
VPAN, AR SEI A A A IR B2 DA A L DN

VR R At % % A = %) BE R AR A X 3

1.2 WEIFEE R H /N EE A 8 (Acropora
microphthalma, 53 ROE ) Ry S5 xf 5 o /N JE
PO LA A G | X PR BT AR AL MU RRAE, HL
N R AR IR A R S S T I A B Tz . DA
S 6 VA 3 1) o AU B 7 I LR 120 AR AR 1Y
IR, WA A R ST AE 5 ~ 10 em, #5120 FRI
BIWT A5y h 4 4, B4 30 BRE A . Wik e g
Ji, K DUAE /K TG LA RS A 21 45 e 4
B 4 i RS AR L, S AR AR T £ D2 Xof SR DR A
AIAILBRAR 47, I HLORGIEFS AE A 30 0 DB A A At ] s
KT 30 em, LA BRI A A= K s Rl TR . ot
BARSAE SE U, FH BAMR i TG-6 AHALIC S
VIR TR, 2 )5 e AR A ) (250 B e [ B )
X A SR A T A W L A BRFE bR KRB S bR
W

1.3 MEIRRAKETEEF N WA E
W, X 4 i RS AR A T BURE AT ] S50 %
HE— 25RO A% AR L B 5 2 000 A - R
HLIN L 10 45 F6 6 A0 50 J g e A Al 22 4 B, O3
(ELAS H g ol D 4 Al L )~ 359 0 Bz Vg i S R
BRI AUR 10 om? BEAE P 1 XS A (V=3) 4 T4k
TR, 2 AR B T B .
1 (Aqualogger210) Ji 57 T 55 I 3 I A% Al 1) 7K A< ekt
FEFNRLEE o it 45 28 =0 AR B 1+ (BK-056) | fH 4
= pH /i, %4 (420C-01A Orion Star, S [ ) JFifL
DN 536 7K ER FE RN pH ] 1 L ZKORFE 43 I A% A
75 10 em ZE A5 SR R SR K, 1K 43 0.45
wm VA £ 4 R B RCFLUE R IE, U8R 8 4 2
Je 7 ] S 0 28 AT KR I S 2R R 5 -6l FH 0
3 i T K, Bkt 3 8 R KIS 100 mL F 9 kL
WA, FIHE SRR 4 A 3BT (T8 SEAL,
AA3) K I i K T JE HILEE R £ (Si057) . TTHLA
(NH,". NO, . NO;™) . BRER (PO, ) & 1 .
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4 LI IEATRAT, WK SR BB LR 4 5
LI 2 ~ 3 B, SRAE ST A AT WK 11 %5 A
PRI A v B 5 I 38 N, 8 P 28 R o 2 A
MINI-PAM- IT 0 &5 3 31 2 A e 3598 9 Fv/Fm (B
KA e g, MR EDE PAM SE4F#83k [#
SELEIE B Tom AU B, BEALMEAN G 3 ~ 5 4>
PN GIEA
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P65 T2 5 B A 2 S 0 TR G T, ) ) 4 4 o £ ]
PR B AR RRHE — 2D A 8 Ay S 6 A 1 2 T
FHE2 ol FH 5 6] 37t 28 R4 o 28 2% R0 0.45 pum Y08 B i
U8 5 1)V 7K ) 3 2% 1T 4 2, AR H R PR AR TR
e SRE AR, 10 mL 3, JFH ek
BObCE T WAE T A8 ORI,
PR A em? R,

AR 10 mL #2850 0.45 pm JEBAHIE ),
By AR AL ZERECORAT, F 0B REERIF IS I o T 2 B,
i Trilogy 52 56 %8 2% 64X (Turner Designs, 7200-
000K M M4k 2 a i, AN G EGTEH
pgrem? Kon .
1.6 PRHAEARIELL . EKEMETER  wEad
2 AR T AR Y 5 =X, FE KT WK AN R
BMREL B TG-6 AHAIL, X BRI 2E 4 7 3 ELA 240
M R IR R 88 J5 , AT Imaged -0 £ 331
B R, TR A SR 0 T FRL bb R A K ),
TR

S1—350
S =

x100%,
S0

_ SA— 80
T Am
N1 —No

N=———x100%.,
N X %

o, § R ) AR B H 20 (%)5 S R
PHE TR S B TR (em?); Sy 7R IR 1
045 1 AR (em?) 5 7 27 I3 A6 4 B (em® H )5
Sa FR/RGETT I I 7% 7 2 1 B (em?); Am o
AR B0 A K N R I R (%); Ny R
WU AF- 05 20 (R )5 No 2/ BIRBH) 8 T B (k) .

TAE BT BE T A b o Sy SR 20 2 4 BRI B B T,
SO A AR R, AT A A 4

1.7 BUBEBESSioM @it Excel KPS 3]
W Sz 96 % . i i IBM SPSS Statistic 23 4T
AR 2R 5 24381 (one-way ANOVA) K56 BBy BL
ARV 53] 22 T) 1 2 S, % B3R iR A 7 T 22 55 ek
555 55 A FBOE 45 07 2219 LSD FURAECE 55
J7 7269 Tamhane's T2, LA P < 0.05 I\ 0 I 3 25 57
o A STREAS ¢ G 56 X A S REAS R B 0 1 T 45
BT o SER 45 R SRR N S E +h5 M 1% 2% (mean
SE), AR SLEHHEAEEITE Origin 2021b H15E AL,

2 HZHR5HH

21 RS OWE 1R, 4 ARSI A
BN DU B B 25 5, B LA B0 A B )
A 15 B AR MRS B KA A R LAY 22K KL
T, RV T 22 77 1) 0 B R B R0, T C 2
D 1 2 845 A6 19 2 AR ST, 98 2K 20 A O A
R PR 3 U, B ] B HERS , 22K
JERIE I, 3 AR ZRBER E B E T A 45 A

BT PR B A R

*1 LHRHAANTENESERLEMERR

o 21 (202141 7) 47 (2021483 H) 6 (202145 )

- AZl B4l Cc4l D4l A4l B4l C4l D4l A4l B4l c4l D4l
LN gl 1.81+ 085+ 08I+ 077+ 210+ 130+ 128+ 126+ 6.12+ 4.00+ 299+ 3.05+
K& /mm 0.08°  0.04° 0.05° 0.07° 020° 0.06° 0.07° 0.09 004 004> 0.04° 0.04°
R 0.144+ 0.027+ 0.012+ 0.009+ 0.182+ 0.042+ 0.015+ 0.011= 0.218+ 0.057+ 0.017+ 0.012+
TRii/(grem™®) 0.004° 0.002° 0.001° 0.001° 0.006° 0.001° 0.001° 0.001° 0.003* 0.002° 0.001° 0.002°
TR B B B 0.089+ 0055+ - 0.235+ 0.187+ - 0.299+ 0.192+
F i/ (grem™) 0.006°  0.006° 0.002*  0.008" 0.019°  0.008"

E: A RS BO FIRRHE 22 PR R 22 B R, AR RER R AN R IS R 4 407 P<0.05 /K- 1y 2 < —" Uk
PR i bR A BRI e
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{UAE C 20 D 4 A% L B A7 e R .

T EE S HAN 2 2 TR, A8 520 W v
TR 7K ek FE B 18] A2 A e, 3 R W iy H [ v
KR BEMR YR N 22,5, 26.7. 30.7°C., £5 J3 YU [l 4 4
TE 33.2 ~ 34.0 Z[a], pH JE[FI7E 8.20 ~ 8.32 Z[H], i
JEE . EREEF pH 545 1 [F]3H WEI F, 2H [a] X R
T xR ARG 2 e, 4402 ([

B TG 3 25 5, ARG A 4 AR A 4L b
LT CAM DA, Bt 6 A W& A 3k
T A 3 41, ARTRIALI] B K B AR AN
K, BEFRERACE AR BEE N . AR E X0
JKAK JFARE(GB 3097—1997) %1143, SE 6 48 i 75
fif TCHLA (DIN) FIBE IR EL (DIP) F- 3k BE 3 i T4
— ARG

*2 ZRHARERASERESH
- $2A 4 %61
N

A B4 CH DA A  BH CH DA A  BH CH DA
W FTU 0.88+ 0.82+ 0.84t 0.82+ 0.35+ 0.22+= 0.20+ 0.19+ 0.79+ 040+ 0.51= 0.34+
- 0.05* 0.02* 0.06° 0.03* 0.01* 0.01° 0.02> 0.01° 0.01° 0.03* 0.06"° 0.01°
FERAER/(umol- L) 245+ 241+ 2.08+ 1.70+ 1.06+ 0.82+ 0.68t 0.84+ 1.29+ 1.19+ 1.24+ 1.25+

o 0.01*  0.02* 0.01° 0.01° 0.07* 0.03° 0.01" 0.03° 0.03* 0.0 0.0°  0.0®
M (umol L) 4.82+ 546+ 4.67+ 584+ 6.65+ 647+ 4.68+ 628+ 6.88+ 527+ 726+ 6.07+
B 0.01°  0.04 0.04° 0.03° 0.24*  0.41* 026" 036® 007" 0.08° 0.08 0.02°

B LR /( L) 0.04+ 0.04+ 0.08+ 0.02+ 0.08+ 0.04+= 0.02+ 0.02+ 0.0+ 0.0+ 0.0+ 0.0+

PR NMO 0.01°  0.01° 0.01* 0.01° 0.0* 0.0° 0.0° 0.0° 0.0° 0.0° 0.0° 0.0°

E: T RSO FIRR e 25 PR R 22 R R, ANTR) 7 BER R AN TR YT R 25 A P<0.05 7K - 1 .25

mm D4 mmB4
mmC4H CJAYH
a
L a a b

2 abab b

+

2 . 4 . 6
A1
B2 42RO b BT LA

FERIE 107 7B a, b #5422 B e it 2% 8 X
(P<0.05),
2.2 HIBIEHR
221 RAARMFEETAE (FW/Fm) WK 2
fis, MG 2 A, A A3 Fv/Fm 352
7 0.615, B, C. D 41435 Lk A 34/ 8%. 10%.
10%, H B.C. D5 AHPHFHEREER. B
% 4 H, B, C. D AWM B EET A4, 4
BIBEIN 7%, 8% 1 12%. FEAH 6 ~H G, D4
FEET AHP<0.05),t A 45 12%.
222 RFERFEATEEaLE WK 3l
7R, TERHEIGEE 2 N A, BL C. D 4 k) Hy B b 3
WEEST AL, SR INT 37%. 40% 1 35%

(P<0.05). BHIEHE 4 MH, CHREREE L
AWIEMT 21%, b B 43T 23%, P<0.05. #
MEH 6 MH,C.DAMBREREREEYRERT
AN BA, 5 AZLAH L H 3T 34% A
30%, 5 B ALAH LA B3I T 37% Fl 41% . M
& 3-b W40, BAEJG A 2 ., C. D 4Ry I -4
RaBREST A4, 558N T 28% Al
25%(P<0.05); CHIRYN 4t a AL B 413
T 21%. BHEH 4 H, CHRMNSE a &7
PR ERT A4S B4, 4 il 8 n 43% M
39%(P<0.05). BHJE4 6 H, DMK a &
T, C.DAMMSERSEIL AASHE T
63% H1 73%, P<0,05; D ZHM44 % a S B 401
fin 61%(P<0.05)

2.3 PREATRIEER A BN LI E M A R
SEARE, H LI T R DX R R R K i A A SR R
FECELY), HEBR T MM MECE R SET
B, g5 4 FrR, fEREAS SE N B A Y
4 3L 120 BRI, C ZHH1 D 4 TCRAE A
FET, FEIE 2R 100%; BoAd 2 1~ H B, 4 2031 0
FET-REAR; B4 4 S H Bk, A 4181 B 4l s st
4 Bk (N=30), f£15 29 87%; % HE 6 1~ H B,
A YFERAE 6 A H I FETAMARKG N, F735 R F
H 80%, B 4115°K 87%.
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I 14 I £ 723 2. (100% ) 2425 T Putchim 2509 78
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T7 5 3R (94.8%), 1M A 20 F1 B 20 B9 77 1% R (A 4]
80%, B 41 87%) YL T Lk A 5T A7 16 3 [H] B,
C. D 2 ZHH R R K T Mbije 55 P fEr 2K
T (PR 208 DR RS AT JEE AR SRR AR R AR S B
SR FIRBESE I HL#E, C 410 D 41 B B Y
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(=4.5 cm=4.5 cm) A FI T A AL, 7F
Sk YRR v 91 ) RS A LI T R LA B

32 NEREFRMEREXGHBMAEIE Mg
IRBE WD 347 % B, A TR1FLAR RUH 1% T A Al L B
BB B2 5 BERTEHERS, A 4L 01
KT i SR v T A 3 2, 5 3 T, A ZH
FOUEE b D 41524y 2.32 f%, BLRZE A Wil s ek i
SRR T 1 FTU(0.13 mg-L™), B BAR T ihf
A 0 O A R (RS, (E(E AT T B2, DR B
i ) A £ 7= A 118 SRR, o A 1 5 i T BE A5 AR
S F0 . BRI U SR A1 S TE A, S
55 FE R S 2 o P A EL AR P = 2 A )
HE/NF BRI, P, HEW CL D 2 B E
Z SR B S I = [ e SE R, SR
B P AR K o EAMEE R RIS EHR AR
WL EE I 55 e 7 R IR 8 2 ) A B L R
FEAR VI8 10 5 R A 1 BB 2EL 48 A 52 B B IR
B R 7, 48 7% 52 R S 98 AN £ i g8k ke 2 5
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AR C 40 D 41 BIIIITE B™ 405, BT
2B U TR 50 4 o R i el L, LIS A1
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PR FE AN, X AL B 2 430 Al 70, {H X
e 2ot —20 WBCAE W 2 T A TSR R . SRR
LB/ BT B TR EE TR, A A/
IR (AU ok B T R AT R FR T R B A 1 R R Vg
SF AR I RS VR 2 BRI K R B AR, T I
B BEDURRY, IF H/ANFLAR T | R AR i o 25 4
INGCRR A HE R R, fEiKas SPE T 23K
VIR B R AW R R . FHELZ T, A 41
DURYIHER L B AL, RO A 29 3 EC
T AR, Ak 3 B PR e T B 4, I HLB B Vi g
FEMKEERT B4, VIRYN BN &S
A R ARG T i 1B SRR, AR KB
B TR I ERE, T R TR S ) 22 B 2 I e, i
JEE A R ) R T AN R A 0 B A T R A
TN R vl e A S - s A E  h R SE S 00, — T
38 2 g BRI ZH 2RO SR 10 % 4H 27 A e A
OS5 SR, D A 0 A SRR T o i
BT B, i — 20 5 T I 20 21 55 4 B 2 W o
BHCT . H— 5T, A LA B 4L A 0 X B
T A K SE R R T H TAZUERK
1) RE Tt B B HRAN B e ), 3O A K g
I E T IEH KR, A RREEML T C.D24.
33 HERBERNEGEIE FvFm iete Rk
A W] 3 A g W TR G A AR T AR R
BB FEETRY 3 s R, C 411 D g 1R
Fr i) Fv/Fm K, T A 4089 Fv/Fm 8T H
i3 2. A NIRRT AR, HEE R Tt
JEE A K PR TR R VS T X R ) JRE A A S 1
WG B RORBEAR, Y6 B i, B
AR, G5 R, C, D 2 41 R P
BT AL B24130%. XK C. D24k A. B
2 HAT R EA S DG E ), (e AR e i ik
Ko WA R RN, RO ROL A B = A
NS R IR R/ B I E =R W TRt R e SR LN
P, il H AT SR RN R B 0 A R A,
A I 510 A K B AR i R 20k F IR OGS
FEAIE, AL B 2 4 H e % B 1 BRI T BEJ2 A
YR 15 7 R U R R T, I AR PR HE
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AR, RS B R ST RGN
VD, R H T R 2y Sl AL A VR S I SR
SUEATIRAN, (ARSI 78 25 SR W, B S5 77 %0 A
BB B A A RO S M AR 55, HE DA 1 SRR A 5 1k
AREO R a BN FEMLE AR, 2K
PR A SRR — . EAMEE VIR
S5 S A UE B 55 4 2200k B R i A 1L 1 BT A L
Bl R IR 56 1 %) SO S s /N e,
HFRAE I R, XA C. D 2 4 B B 4
Fafl, M A B2 HWHILER a F TR
oA S RDG A e ) B HE T LA, 45
RRW, C. D 2 4] Y A e R il BRSO
HHPRERT AL B2 4, B4 I 9 A 1K R
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Evaluation of the transplantation effect of artificial substrates with
different apertures on Acropora microphthalma

LIU Xiangbo'?, ZHU Wentao*’, XIA Jingquan'?, ZHU Ming'?, REN Yuxiao'’,
CHEN Rouwen'?, WANG Aimin'?, LI Xiubao"*

(1. College of Marine Science, Hainan University, Haikou, Hainan 570228; 2. College of Ecology and Environment, Hainan University, Haikou, Hainan
570228; 3. State Key Laboratory of Marine Resource Utilization in South China Sea, Hainan University, Haikou, Hainan 570228, China)

Abstract: Coral reef degradation trends are becoming more and more pronounced, and restoration methods
such as coral nurseries and engineered reef bodies that are currently used require laying materials such as grid
plates as artificial substrates to facilitate the immobilization of transplanted corals, but there are few studies on
the effects of the pore size of the skeletonized substrate on corals that are widely used. An attempt was made to
established coral nurseries to explore the growth effects of four metal mesh plates of different pore sizes (A, B,
C, D, aperture sizes of 1 cmx2 c¢m, 2.5 cmx 2.5 cm, 4.5 cm*4.5 cm, 6 cmx6 cm) on the growth of Acropora
microphthalma. The results showed that the corals in groups C and D maintained 100% survival at the end of
the experimental period, while the coral survival rates in groups A and B dropped to 80% and 87%. The main
algae attached to the substrates in groups C and D were crustose coralline algae, and the dry weight of algae
attached to the turf algae was significantly lower in groups C and D than in groups A and B. The average length
of turf algae attached to the substrates was significantly lower in groups C and D than in groups A and B. The
turf algae attached to the substrates of small aperture could obtain nutrients from the suspended matter in the
water and lead to excessive growth, thus inhibiting coral growth and even death. Based on symbiotic algae
density and photosynthetic physiology, corals in groups C and D had higher photosynthetic capacity, which
ensured coral calcification growth. Therefore, the grid plate with large aperture (=4.5 cmx4.5 cm) is more
favorable for the growth of transplanted coral, and more suitable as the transplanted substrate of engineered

reef.
Keywords: coral restoration; artificial substrate; coral growth; turf algae
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