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Abstract: Marine biogenic reefs are three-dimensional reef structures formed by the aggregation of reef-building organisms
and bonding organisms, which change the seabed topography, increase the complexity of the terrain at different scales, and
provide habitats for other marine organisms and maintain biodiversity in the ocean. In recent years, due to the influence of
natural and human factors, marine biogenic reefs have been seriously threatened and become important research objects in
the field of marine ecological protection and restoration. In this paper, recent researches on types, ecological functions and
ecological restoration of marine biogenic reefs were reviewed. According to the dominant reef-building organisms, marine
biogenic reefs were divided into seaweed reefs (mainly coralline algae reefs and Halimeda reefs), sponge reefs ( mainly
calcareous sponge-reefs and siliceous sponge-reefs) , cnidaria reefs ( mainly coral reefs), shellfish reefs ( mainly oyster
reefs ) , and polychaete reefs ( mainly Serpulid reefs). Correspondingly, the dominant reef-building organisms were coralline

algae and Halimeda, calcareous sponges and siliceous sponges, reef-building corals, oysters and calcareous tube worms. At
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present, there is relatively little comprehensive understanding of marine biogenic reefs in China, mainly focusing on coral
reefs and oyster reefs. The ecological functions of marine biogenic reefs mainly included coastal protection (e.g., wave-
energy dissipation, wave elimination and shoreline protection from erosion ), habitat provision (e.g., providing foraging
habitat , spawning grounds, nursery grounds and shelter) , water purification (e.g., reducing the concentration of suspended
particulate matter, phytoplankton, organic debris and heavy metals), carbon sequestration and energy coupling (e.g.,
calcification and biodeposition) . Global climate change such as global warming and ocean acidification, as well as natural
and anthropogenic factors such as marine pollution, destructive fishing, coastal engineering, aquaculture and predators,
posed serious threats to marine biogenic reefs. Once damaged, structures and functions of marine biogenic reefs are
destroyed to some extent. If they are not repaired in time, they will degrade or even diminish. Currently, there are two types
of ecological restoration methods for marine biogenic reefs: one is to put reef-building organisms in the degraded biogenic
reef areas, and artificially create good living conditions for them to gradually gather into reefs; the other is to put artificial
reefs made of concrete and environmental- friendly materials to induce gregarious larvae of reef-building organisms to settle
and gather, that is, recruit reef-building organisms to form reefs gradually. In short, there are two ways to restore marine
biogenic reefs: to put reef-building organisms in degraded biogenic reef areas to form reefs gradually or to put artificial reefs
to recruit reef-building organisms to form reefs gradually. In view of the needs of the protection and restoration of marine
reefs, we assume that it is significant to strengthen research on the ecological characteristics of marine reef-building
organisms, the factors of population loss of marine reef-building organisms and the basic theory of marine reef protection and

restoration in the future.
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T A WU HE ( Biogenic reefs ) f& HH FLA 1 il B8 ) 1V A= W) R A2 TE MUY — Fh B 88 S MW 28 SCRY AR 235
A 35K SRR AR 235 A0 38 Sy — PR 32 i A 40 A = SRR T I B E S W R A ) A BRI TC LAY B ] SRR,
TE BAY = 2 254 SRy FLA R PR A R A T WS T AR R R R TR A I B IR B R S R T iR
( Reef-building organisms ) G 45 KA 04 AEYFNGLAE YD, T ATRENS (o B iR £h ol fE i & 8% 0 (L 175 S PR R U1
Ve, IR R A ) R U R A TR e AR P R AR TR AR W], 40 U A ( Coral reefs ) J2 L s i
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], Ay [ T A R AR ST 4RI 2%
1 EFEYRERR

HRYEIE v 1 A R A A A e A R0 288 | AT 50 R T 9 ( Seaweed reefs) | TEEZRATE ( Sponge reefs)
M IR ( Cnidaria reefs) | D1 28Hf ( Shellfish reefs) F122 24t ( Polychaete reefs) 25 (3 1)
L1 I

T PR, 5 B 390 S5 R R A1) B gl S Ok N 0 T BT S R Y VR AR ) B AR L T I s
( Corallinales ) I 3 ALk 3 1Bk 3 H ( Caulerpales) FAIl % 3 ( Halimedacean algae) %85 A (£ 1), i

http ; //www.ecologica.cn



7876 xR 43 4

WIS BRIV oA T, AL S B R TROK ) 31 880 m ZK IR I IOG IRAR 1 A R 3R, TR IE
IR 5] B R TR I A 0 A L B B A A 5 A A A R A T2 4 A T A W PG i
B, WnFR E AR VRS | G S S MRS TR A B R 2 L O P B N TR R E R P W S
LR T& B85 Y5 50 0 2 VDR L Rt X A 2 A I TR A B R R DR ) T LA AR A ik A
LA L AR B 2 B [ A 0 B s A o B 5 ) R PG VDS BT S — I R B T
AR A SRR E 5 8 T S bR 1 (4 L 0 ( The Amazon reef) H Bl 22 FE(H 1100 km , ZEEEM 70 m
)220 m NG IR 56000 km? , 32 i I AL 1814 A ) 2548 - 213547 ( Rhodolith ) FIZT# 41 IR ( Rhodolith
beds ) 20 A, 78 5 5 A0 B VR4 |\ SO AN SR B AR

R1 BEEMELRR

Table 1 Types of marine biogenic reefs

[REREE7 T A W25 151 275 3CHk
Marine biogenic reefs Examples for species of reef-building organisms References
S JKAT#E Hydrolithon reinboldii , 55 ffi X Jania adhaerens , 8 JiL#7 i 41 34 Neogoniolithon

fosliet, fill % 3 Halimeda opuntia , JE A5 Al 2 ¥ Halimeda incrassata, K M fill 2 ¥ [8, 11—13]

Seaweed reefs
caweed reets Halimeda macroloba

25 BRI AR Aphrocallistes vastus ,KUZ8 MG Farrea occa , 8 ¥RIE4R Heterochone calyx [14]

Sponge reefs
il 5 e FRRES I Acropora pruinosa , B85 1 e SLINW] Favites abdita , ¥ FL A7 ¥ I Favites [10, 15]
Cnidaria reefs halicora , I MK 3% 4% B Montipora turgescens 18 #; & Ht B Porites lutea ’
D12k pifk IEVT4EWE Crassostrea rivularis s L ani Magallana gigas, REARHWE Crassostrea sikamea N %% (9. 16—20]
Shellfish reefs 0 Mytilus edulis ’
EACEN H3%E W Ficopomatus enigmaticus , 51 3555 WU Hydroides dianthus , Jt 9 M. Serpula vermicularis , (5. 21-23]
Polychaete reefs Jie 8 4y Spirobranchus cariniferus ’

1.2 4

T A0 A 5 J5 4 ik R A SOV R, XTI 014 T oS T 0 R Y A A W S A B TR A A A S 4
(£ 1), POIEHEA (Glass sponge ) F& TR T UL A EOIE B RRRE i A th 54 b 1) B - It , BE A ) TV A
TR K P A R IE B DU 4 B ik i i 48, 78 R RO 7K (<500 m) DA KT PG 22 A b 26 PH R Y
T v B SR RIS 20 RSP P LAY A AL A A 5 Hh 7S OE 48 L ( Hexactinosida ) £ 8 1 () 3 5
TERAEE ( Glass sponge reefs) , % H IR R A IE RLA JC 8 18 28 1R 4R 50 T Je AT PR Fr 52 1, ml (A6 43 4
FEJE o XSS BRI KBS 7Y T IS RK I PR, BUE R T TR . X RS T
HI R Al IO A o T 4 A i) = ZE T - (reef mounds ) 254 14 4 Jié , JT HLYERE % T Z2 85 11
TR B AR L BE A S (IS TR o BEE I R RS 5 R e AN T K | A 235K S0 SR A AU AEE P Vi T i 1 R U i
PR A RAS 3 25 b 78 75 N5 K IR 98 2 )5 7 ( Queen Charlotte Basin, QCB) 700 km?® Z (R4 BRI
ARTEE ARTE AT R R 2R A 1 A2 28 AR 48, DAL R 04 hin 42 DR -3 [0 B v 7 im 321 58 199 38 4 22 32 1] ( Portland
Canal ) 2R #0157 FI) 758 ( Salish Sea) N FCRF i BHE LA AT KB | 3 S0 T8 TR K V40 MEE 78 6 40
A BRI, B BEA R 19 m, HAEARSS I by D28 POHEAR 8 BR T 20 25 S TR TR 24 — Rt 24 RS B Ak
Tk B ) B, X LT BB i AT AR A e — A O A 4 4 TR A S HRHRE , IR IO R
[L 27 M i A O ER AT e s b Y EE P 1 e ) | A R 3 B S N A R OB = 4
S e AT UL P vy 2 Ve 0 R A R SO 2 A 1
1.3 R sh

H R, 0 20 4 e 5 TP E | Xof 7 4 2 o) e 0y 4l T A ) 3 02 RE B DU AR IR IR 15 HL 25K
FUR A A R A R IR (3 1) 110 St R R AT SRR A B AT AR BRI S s R O LA
HEDIREN . ABRI R P A IR LT3k A5 A AP VR (9 R 4, F2 240 A 1 30°S—30°N FAUHE W vy v 1
KR, B TP A3 AT R B - RV DRI R P - o 4y L i 08 X0 K R A ( Great Barrier Reef ) 1 I K I IE
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VGBI 2 S99 ) 2 0 () U 0 g = [T K TSR | e I R S N S B R I A R U
FEAELS
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PR VAR JES R AT M R A A 055 56570 K A 05 A AR T T B R 1 B O < Tty V6 T SR B A L e 4
WHREE )2 500 T2 N R M H R 00 FAGHE | T 1 R A DX R A R A vk X0 ik % A g e
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HoABLFE D2, g DR} (Mytilidae ) Y B 5 7 508
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SElE ) L K B TR 5 TR RR A B %) 5 i DL DL [R] A
ARERAIME, S, G DRSBTS 22
B TE RN & ) BB B A T | BB TR [E] 21 T 1l 25 2 1Y
G D1 PR (Mussel bed, [ 1) , 5% S5 XG5t 9 R o 1 A
W5t ( Reef-forming bivalves ) VO RO PR W AE 5
TESMG D5 b 7 J S 2ne) Y B i DL AR 1) 56 i D1 A1
IOV PR TR B B ) O AR 20
1.5 ZEKik

Z BISHE B2 e A1 (Serpulid reef ) , XTI i B
I 22 B2 R A4 T8 T A ) D T A U ( Serpulidae ) B 4L Fig.1 Mussel bed in the intertidal zone of Qinhuangdao,
(R 1), ENE RS OB Y E R EETT  Hebei province
bR R R AR A B L R i — A A A
B I PN D V540 2 DR v B A Th i i g 5e 00 IS A R 2 ISR E I E
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(14 /INFR S A ERREAS 7 — SR VR B i sl AR 40y s R A T SRR T R RS i e S
TR AN IR AR L, T A R S BRI A 25 R 8 PP AR KA B DL A A A R 2 R

2 EEFEYMEESINEE

B 1 dedRE BT EHRRK

{36 245071 1:H<9D A W5 G 3R L 7 | WA N [ DAND - S B -2/ e - 1 723 N B 3 e S L R R S
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HEEA B THIR AP R ZIRE , 29 70%—90% (1R ik 7y e 188 38 B AR A 40l 2 oS mlamti 553 , PRLIE KT T 080 i 1
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/DY R AR T N R A i R 7 3 B P40 3 91 A e A gy e b X by A R Bt ) XU XU A i
JEREIN OB A 25 R G 0 PR B D Rl A E G E T HR VAN 3 [ A A DR RNtk A A R G 08 B ik
VEHTER BRI DB HAZ 3T e 1) ey M X R i DURUA 5 1 %) A B T AR VR JES DR ) i 55 0
TRREANE AR ) 50— 7 i, AR RESE 0 PR 55 Ak, AT LA MR K XU = TG R B2 L A AR XU
X RRAL X fe 5 I HLRERS LAAE T8k 0 -1 L TRl T R s R 0 Bt 56 [ AR g 2 AR T
AT AR50 R P AL WG R T ¥ e 2R, RIA ] €18 52 n AR il 28 558 (A7 IR 45 & R 1) A 2540 ) TR RE
FERT AR AT 11 B T 4 s 24 ) 22 R R B L Y R A= el
2.2 4RI R M

T2 ) R S 3 K 0V B 1) ST AAR G N (B S5 A 3G 1 AR TR RUBE b R 52 2k | Sy s S R B HESh )
FATSREXE R0 56 A S LA A S AR A LA S S B . IR AR R R G I T T AR W) AR M R R Y
ARG, WOE R MR AT IR A B VDI SN T R A RS A W 2 R B R
MRS FA: T (AT B 0 (el Y SRR itk 1/ 2 R R T M B ) EE A S M R Y B i A
WEBOA I AR AR BRI AR 1Y 0.2% (1 IIRE A 34% MR VEA 9 (GudE 025 fa 2t Akshy Ik H5e
2 BB Sy R TR SR AR B s ) S Bt TR, HLARBEREZY 109 A I R IR T S X
SRS R R IR, 320 2R RO I A 7, 46 BB} ( Pomacentridae ) L ( Gobiidae ) | Bk
R} (Labridae ) . RZHHRL ( Apogonidae ) FHIE 21 £} ( Chaetodontidae ) FhZS 38 B A K 4/ (<150 mm) HZ A A
5 BT T 1 A A [R] 5 A5 SL g a5 Bl Fp 2 USRS A &, ANAE TR 81585 5 ( Chaetodon ornatissimus ) 11| S ] 45
i1 (C. trifascialis) 5353 DL IS K v R BB i Ay L5556 A BLl Rl ( Tetraodontidae ) B2 H 5, X & fili ( Arothron
meleagris ) A1 R B0 IRk 1) = AR 25 R R AT 2  REEAVG A 2R SRR R T Rk, S A R
SRR A 25 AR G RRE o AN T /D i) B 2H TR, TR IIRR AR A 2 AR G R W S PR R B i U 3l h 4 A AR
A, aniE sk AR D% SUB 1 ( Cheilinus undulatus ) F2 385 A I3 8L 3 A= 994 Bl 2 ( Acanthaster planci) B E
R DB SRS 9 077, T S VR DS BB 5 5 VE P W 5 D R RO B
By RUDRES PG VDR B AR VDR B R e b A TR AV DU B I S M R AR 20 FhD) B HiES IR R
FHAEG S LIAEYARZ 5 ik S A Y S t T4 537 i | 3 6 2 AR B2 A0 G R [RIRE G i 7 1> Bt e
BRGNS T SRR IRIR Y Sh 4 i B IR TR B AR R S TR B TR, X S AE
B s S 1 AL EE A T | £ 0 R R TR A ) B PR B T SR A ) 2 AR R RTARAE 1 T A S (Mar
Chiquita ) ¥ 7 VR , i i 2 B IR 2B IR R Z 2 BIE , HARE 7 m (5 0.5 m, H3EN S 240Kk 2R
AT, SRR A 2l 1) i (A ki ST AV b, 5 O O R S B I T s SR L 98 AR TR TN L RS
(Baffin Bay) ARE BT EE)IE [ 2REAETE BUAY 16 km® A IR BESS A4 AASTHE 120 0L 6 578 TR A ok v ) KA IS 3 )
iz s S A HAD & B R R S Y R E YRR, 8 A SR B A e ( Cynoscion nebulosus ) B BB H 41X
ST v B I A AR D7 A LU TS5 e A R A R R B A R, A 2 b B Y ERR S AR, SR K
U 8 KB Sh ARG /D e R AR DU KA A s W B R B = i = 3 30, e o O BTlk 1K
TR T St S AR S i I T M TR PR Sl 3 G FE )V A R R A ) 2 FE R | U
FEOGER & 4 FE BRS040 LU BV o8 2 PR RN =E 3 M s RIS L BB SRR N Fh 2R B 2 1 R )
FRAL T RS, QRS ) 5 TR 45 40 ( Demospongiae ) WIFHT Geodia cydonium J&:— 1~ 5 Z (/) B B B0 Flr
RAE TR 40 AMRRAFR N AL B AE Y)Y RD SRR B A 1 5 2 AN BR TR S A TR AR Y
DI, S0 e 3 A &8 P AR AR DX RN ST B S HE 28 L 2 Tl AR B ) 6 B W o B0 5 HAT W 51, DR I A e 3 Ve A
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247 Ttk 1) DB VR 200 R4 AT it KR PP iR IR Bl 1Ay £ 0 D 1) B 707 e R S AR R
KRGS b BB R 2 1 A RO R ) TR K T A0 il | 2 2 1) 403 T 28 0T 7K 1) e 20 255 5 1 s P 0 ol ) e 3 i
FreesR Bty 7 £ JFBUE TR R AN . ToIR il T ke S N B, T AT I AR R A W MURL itk , PR 21
4R34 T DLARAS S A 1 S A AR AL P 3 i A AL ( DOC) Bl 65 1 FH 1 1 sk, il oo T 47 7 g i S 3 A
AR AT Y, WRBCE L E R AT LU DOCT | TR, JG 1 2 4 s 15 4 g S
ik B YUY R M ARSI a B AR 4R | SR8 N B ) Y E e ) IR B DL A Wi B R R S
TIRE . PO VA R B AR IR R i R R R G e i R b 48 T AR SR A AR A W
ERATA BRI Z — 4 5 B E YR O 8 S R i AN B B e il X A BRI RE

3 EBEFEYHRESEE

3.1 AR

140 Z455% | th Fad FER B  FPRBET5 Yo R AE BSR4 A 2835 3l LA B0 6 12 YL 45 R 225 ), A R W fE o3 A
A R T 85% , AR . fars i BRI Ry A 28 R G aR AL S5 AL AR BE I B 2 i o820 WiF g &b
R PR VD YA TR T AR A 2 S B 2013—2014 A [T 5506 1105 0F Ly A s il e A T R 45 Dk 24 38.89% (4t
Wik TR AE S RGERALR AR B 5 o T AR REIR , K i 3 W A 43 A TR R 1970 4R4RHE R
KAWL 35 km® Wi % 2007 FAUE T PGACHE  m AR AR 3 /N AH B 3 #) | S AR ZY 3.2 km® (14 43 HICHE
X7 HBRE (R85 K DO i< 2 mg/L) Wl 51 A SREER L SE MG (C. virginica) KEIET, BREH
ARAR AT IS 4055 9 DL F2 S A7 A, 328 i B o G B £ B i s e A Y

TSR T AN ZEHE R 2 A 3k A B, A I A1 Tz (30 e Bl SR e A S A e
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REILT-HBE 2 TR IR AR AT WA AR EE L R 3 5 BE ( Degree heating weeks,
DHW ) /R , 1 2 SR 22 5 1o T SIS0 b 0 AT 52 P 1 TR BB I BT L M IR /KR TH i st S 2 1%
A i e B e T AR AR 0T i, 1985—2020 AR fE], KARTEZ T T 5 WO BUBE IR 1 1k 2R 14,
o 3 A ATE 2016 4F 2 2020 A2 8] 77 R 10 V65w 0 (1 Ak - R, 5 e AT = Hb i) 73
WA AR 53530 79.71% 48.20% F1 45.46% , FAAL N ZRIE Y ( Galaxea fascicularis) Fx KGE 7= bR
AT R RIS R o SRR TR A RN EA 7Y L i TS TR G R LA KR i 4R
FIRPIT AR SO E R A S B0 Z I 0o I3 3 BN L B AR AR R AR Ak an 4 Bk AR
7 R R A 050 A5 A BB IR eI A 5 RO RS e KPR SR I TR RN R SR AN K K
Vg S SR A A R A SR A DR 2R ke R S A T 7 R, B ARV FE P 339%—50% 1) R
AR R WG R BT

505 KRR G, 22 R AR ] A FORE 2 (%) T DR R v [ ) R s e, T S5 L oA e TR ) DR/ N 43
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Fig.2 Fence engineering measures trapping wave dislodged mussels in the Oosterschelde estuary in the Southwest of the Netherlands
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