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Abstract: Coastal regions as well as its ecosystem service now are under threaten by the combination effects of
improper human activities and serious natural disasters. Restoring the damaged areas together with its services
is both an opportunity and a challenge for coastal cities. Here, we summarized the representative coastal eco-
realignment and restoration technologies including shorelines planting, sediment amendment and beach
nourishment, hydrological control, marsh transplantation, and oyster reef construction. Moreover, we
prospected the trends of coastal eco-realignment and restoration technologies, and suggested that studies should
focuses on developing technologies that combining both human intervention and natural succession, in order to
adapt to the harsh conditions at the coast. These technologies should also help to improve the function and

structure of coastal ecosystems and to further form the landscape-scale composite ecosystems, which in turn
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improved the coastal environment and provided citizens with a beautiful habitat that could touch and explore

the ocean.

Key words: coastal zone; eco-realignment and restoration; metropolis; coastal ecological space
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Fig. 1 Coastal eco-realignment and restoration technologies

22 MR SRR

IR | 28 U NI J T8 25 5, 1 A ek
o S T R, [ PN A ik A T O 1A it A
R A SE R AN A AR . BT O R AL

R T RS MM IS E, B FIEINN
AJ AR /N RS9 BB A 38 s it 2% 11 9 52 2% 1,
V45 /N A W B A O ey s e T R
T A T B 03 TR 51N T AS [] 5 [ £ 64K
Bl PR AR - TR B 3E B A v B 3R 1T in & KL B
RSO BT RTR BE 1 5 B R B R TR SR B A
(seawall stairs) 757K - J5 [a] A & HBIE N T /K 4
B A Waltham fil Sheaves' ™ 783747 4 /R
FA) T B2 A1 A ] A B W) [ ) A 2 7 > N T
ith; Chapman F1 Blockley!” 75 & J& W 1& £ B2 i}
38 o P AR AN S G O O8N T, A
R IN T 3 vh R 2o R M e T B B R AR
Mo PRI GEA E SE AE E
SRAFAE MG A K I AL B IR A, B8 i R] Y 5
T, IR AR XU Tl B A 2SSO (B
2.3 SRANEIRMEE iR R

PV 2 F A XUIR A= 1ok 25 5 206 3 415
2 TR Y b RV M 114 2L JEC, 52 AR RIS A= 4
0, IR AR RGUGE . SLRB R TSR
Pru w SRAB R AR PRI R I SR IR — . IR
6 [ 288 I TR PR AR W IR Ve E M 1B 2 18
i JFE A BRI 0 R A 3 M A
S BT 22 R TR 4E 19 2.5%10° m”
BB R, 1B T 138 ha FHERM" . P& 5 Wi 2B
MK %% VG VG EEIRT 1) B A Y A A T WCE & L T
1 LD 8 75 AL, B%E T 29 ha AR, H AT
] PN 2N R e FH T8 2 ity S b, T VS Vg
P HBAT b T RS B B BN R A,
TV P A B A DS Y [ 3 22 ) [l ) 200 R 2
R E KRBy -

TSR A ML Y K T B v il i
2 A7 W E R 0L B, AR VO IEA R A
I8 3 TR 3 ANl o N = e A S Bl ==
PR TR I B KRS S TR R
FME S X IR 7K Bl ) 45, 2 R MDY
TP 7.4x10° m’, 1852 T 24 1.5 km ¥EHEE
75 5L 5 AN TS MRS TR R A A D
AN AR A R B E T K 2 3.39 km g
B PHHE A DL JE 22 10k T 98 3 ST A 35 T 4
PRSI 8 B D Vb 3x10° m, AR W,
TRESER 10 4F S5, WAL T8 A 5. g



480 &

* ¥ A F

% 40 &

2% Sand Moto 5 W #7471 TP 76 15 W 75 T 1= 4
2.15x107 m’ Ve, T i Stk v I AE Y, O (i 7
DAL GE TRR Y 5 ARETHE 20 4R L 1P
2.4 SRAKSCIREEHA

AR S B AR R 40 7K S B e i e B
T 3 Al 4 N R R b L LA A R 2
Y CO 2 R A T S AR R T
HR AR K B 77 SRR TR 42 45 S S 3t e B PR 4
iz K SRR A e , % R LA T B B AR 3
e, [RIHE S LG v, Bk SCRGE M, Zeid
SRR 2GR i 5 H bR T X I 18T T
TR JRL 2 0 5 ) T, 5084 M [ A S 7 ikt 1 e
BEK ST R G, Pt . ok i, IR T )
W AW SN b o B ] SRS ARG T 1 R
F 7K AT 2 3 SR 1] 1 S G, (EL R TR T R
FEMN, Wi K TR ACIRZS . A Schelde
T LA T IR T K 57 B AP, A4 G i e [
i HE I 2R B A Y VN 3 3 3 R
3090 3 A6 AT R T3 ([ 2) , AR g 2 %
ERVBRIA IR, AN, SRR K [ AR A
AP IR AP 12 K76 5 M, 388 3 K SR AR S
TR EAE KB i A 25T FRCY A X R 4R
IR V) 2 4 VA T DX 3ol Fr 7K oz, 8 B8 0 81 U R AR
TSI ok FB B2 SR f 2 25 1 5, 1 AE RS A T i
WL S K LA HE— AR T A S TR

Tk B

BRI R
= e
ﬁlk@?%[z { $$ %
IR .*g? v
T
L . LIRS T
_ :ﬁ’/f 2EREITR
WKEEIX

B2 USEENEM A TEYRAIRIE
Fig. 2 Technical principles of artificial tide in Yingwuzhou

wetland

2.5 JEH AR AR S B AR

) ) AL O 3 S P R g 5 — b
BRI B 5 DX N Y A R B R B, 7 3 A R B
55, Wk ARG ARE s 55— Fhge N T
Foft ¥~ FRS A HA BEFAAR (B A28, DAL RIS
2, FEHORR T AR A X (R B, (LI T A
6 A e B A AR T =
HERLER R, L P R B A T RE O
Zhou %5 Y5 AR oy PG IXOfS 88 9% LRI 4
R ] AR R AN, PR RS A B v, A
TR R BN WIR . B B AR R TR K S
AL ek . Silliman 250 i o 75 2 V5 5
T 55 b 1) a0 e B, A o A R 1) T 22
Az B 1 A (] AH B A T O B v R AT R
Duggan-Edwards 5 CUN TR — R,
Hh 259 RS REAE IR S R T % . 8
R E R AAH TR IR . FE
ff Je 25 T A P K R 8 1R £ 1T 25 Bk ol T
i, WO T B R HRPLK 3 TR ) .
Ken 1 Lin"™ 75 0 % B3k 1 FHA7T45 A1 PVC 45 11
BRI IR X 2R B B2 R, o, PVC A R T RCR
B,
2.6 IHIREAT AT OR B HOR

AT TR TV 0 A ) R R R O [ TR A
PR B T A BR T A AR
il B PRI RERAAS, 8t DX AL 2B M B R ) AR e N
R4S, ) LS A REAA o bt i 7 A ) A
2 BRI I, 23K AVEHIRG S TEMEAR I,
S A W AT 5K o FEREAR |, AR5 T LLK
R B2 b i 7 AL ) R OREIR AT AL P TTEAR, B2
B Al K T A F T il 4 3 8 o
[y 1) 2 T S B e, O SR AR R i I 2B 9, ke
E DL A A B 1 £ SIS R DR B AV TG B A Bl
Wi, SR THE RH R S SR ik
JIFAE RV B G- 3 B K SRR A A 0 1 3
BT, P HE T FRLC A sh Ay b | 85 B AR
Py 1K Scyphers 45 7 S Hir 1 TN £ ik
(R AR U S BT L L H SR T YA
WEFE AT A U T AR RES 2, AT LSS
ALY BT, JF REMS P BE P T E AR, S
PR R RS RS A ™Y, Piazza



% 3 # T, %

. KMTERATESELGLBRFRERERZ 481

2 (1 e S22 B M) 2 TR, A /0N TR T 5 S i
AP ER T 42 b R 2

3 BRTESEREERANEERE

3.1 MR NT TS AREEHEGNE
HHARKER

A4 T o A A IR B B2 R R I
SCEAE LR, BL—r N T8k HARIE R FARE A
HAEF e, £ %, btk AN T TS H R
MEE G E S HRARIE R EW ELERN B, N
GEIH bR T 2 J5 B U AR R L AR, i R T
T I EE AR T AN IR TS G i i 1 AR
WAEAERRGE MR . FEXT LR ANR T 4E
[ R, AZB0IE Ak N T T 7 4 BE A PR e 00
A TE) K A2 I e A, M AR 28 R Bk A2 B ot 4518
FEBEIERN I, R AR R EIR B R BOR N 4 H AR
TR o AR TR s ], BT AR R e T B
(nature-based solution ), BMKFEAE S R4 H kit
HAH L, B A Y 2w AR RG4S
5 UIeE R | BE i TURARD | W B E A 1 =
B A A A R RRSE [ S L I A
i ¥ 5 (living shorelines) F) 4T 05T | A IR 551K
fiti R PR SR AR SR A SIS AR
45, AP R sz il IR K A b X AT AN
NFRRE Sy, TR “ BeRE i — e —3h e~ KR
(P 3) ke ¥l X TR %o 1 2 i s i 70 AT M 3
b 2 Bt B IR 1B S 0 H R A T
254 20 A VD AR TR R KR AMIU VK = A
Hi, 38 A8 52 RS IR PR T A b
ERT 382 15 1 58 T b RT AR G 51 B 1 B, IR TR

B3 EERFZK
Fig. 3 Living shoreline

Tl HMNRE A A5 D TR AR Ik, FEA 2552 T EB
T R W TR IR RN AMI RS, TR R ¢ RIS
He B BEH (large composite patch) ” ;76 12 HoAH )
AR, AR A, S 4 B Y R K
AR, EHAPOE A R AR B RS, I A
SRV, R PRI KA AR A 0l AR 2 R G 4
MFINGERN LT . BEHARKKLEH 543
BERANZS A, 3 T RRAEE FARE A L
B2 Bhriy 28 B, REdRs T “5T A%
MR DT 2”7 (P, BRAE A 1 Hh P OG5
MAS RGNS Yi6e . HE NG STE T AR
ST AREL, N TERIISX Y ZHE
T — S S
3.2 T RIS NIRRT AR SR

W i A A G S0 HOR N T T i
I Y R SR o T R T Il 5 AL XU T
SRR g R ARG, Jy 3 DX 3 A 57 e VS 7 L v
FVOE T BV VS %) R, H T i RS Ml i
(R, 502 KR A bty o i R AR S EIR B R
RN AE MR 5247 0 XA A BRI T A 7K ST
UL LY/ IRV ANERW 73 S LU =RE g R S i o
XF VR T RE R A5 A DA St v RS, AR L T
1, WAV "X 2 RN = i Rl XS BE T . A
TR, VT T b BB A8 U /D IR ) A A0 o SR
X R R R A IR S S KU i, XL
FE AL R 2 SR G o N B AN AR TH A B
(AR T N TR, A R Te RO 1 R v
Bmi/b 1 R ER IR 1 %, I ELIT B 9 AR X
T E AR PR S B SR KRR TR VR
o R G T R B /A IR B TR
S XTI T 0 TR T DX B R ) W DT R A At
N SR, P 2R E AR AE A AR AR
RGP,
3.3 HMTEE R THE R AE S RGBS

T o R S EBIRB E BOR I 53 A — N EAG
T e e AR T R RS R G )
REFNZSEH o ¥ Rl A2 28 R GEAL TV 5 T Bl
ATV X, FEWIY K SCRAERTT , AR 1
TR ML OCRE T RS A S R g
5] 75 LA B Z2 A et oo S T A W e O o TR
AR RS R N Y IR A R O AR S



482 # K

SR

=
S
S
o

JE M, T R R AR TS R AR S IR
Pk, 65 5 2R R (9 7K SC S 1E RN B IS AR AR,
St SRR T R AN R OGRS AR B
TERE AL 25, I HE— I U TR A P 2
TER S RE RS, SRS ARG R
s A A L, TT R 24 B AT KU TR | il
R KT KRS RS IR, L
8 0 O 2 258 S 3 R4, 3 H R T
FRARNE  FEIRAB S | ALK 52 L) % i 0% 5 AR
TR SR E R A S RS, A
F L T AELA | MR . SR AR A K
i FE B AR L B SR TR AR IEY, R R
IR SCE 4 s AR AR PR X CO, 9 W% i 0 e 2
CH, BOHERG, B4R T “ugme” (R,
34 THREOMREEME A4S R G E
KIIRL ke, LAY PETRI] o T S R R
1652 K 20 B A LIRS R A 0 O T R DX, T A
TRTE RO, W A A TR L ISR LA
45 A 25 R G FE SR LU ARG B zs (], B
U DX IR T AL — 2 e, 16 9 K R SR B
B, 5 22 S6F T 4 2, Vi 1 e U R R A A 5
FEAR ., T HAETR 2 KH T X B, Unfay 445
S ) T 2R R P s v i TR g AR S s e
WA VIR o W R A A RVA B T Y
FUBHIFAE 75 2 G0 0 45 15 28 1RV, BRI 7 4R A
FI4 M 75 3R, AT T [ & 23 Wl L, A 1
G e I 5 2 s 14 B L, e 0L R
T LA e A A € 1 23 L R, AR N
WS RGNS M E A LAk, K, 45
VS A R S AR O W B 4 U i AR
TR S T R 28 8, S M R yA B A T H A A
2, WHE— BT IR | HOIR IR AR 2525 (] 4t
S BN ERTR, WA A SRR B E AR
1A 2306 37 24 7 28 T U VLA B AT AR R N 28
[ HLR AR | B AR, Y RN “ i
TS TEERDY, B AT A AR B AR Y
AT 119K TR A 25 S W0, A R TR A S B
B WA SO | IR AR RS ) B A A Y
WA A2 ], TR - T AR, 1
THR T K U6 16 8 ) A 75 PR T, Ay TiT R it
SR | BTGP T A

53 3k

[1] MA Z J, MELVILLE D S, LIU J G, et al. Rethinking China's
new great wall[J]. Science, 2014, 346(6212): 912-914.

[2] BIXL,LIUF Q, PAN X B. Coastal projects in China: from
reclamation to restoration[J]. Environmental Science &
Technology, 2012, 46(9): 4691-4692.

[3] LIUD Y, KEESING J K, HE P M, et al. The world's largest
macroalgal bloom in the Yellow Sea, China: Formation and
implications[J]. Estuarine, Coastal and Shelf Science, 2013,
129: 2-10.

[4] BULLERI F, CHAPMAN M G. The introduction of coastal
infrastructure as a driver of change in marine environments[J].
Journal of Applied Ecology, 2010, 47(1): 26-35.

(5] BRI, @ dnide, BIRER, 45, BRSE R SR AE WA 1Y
BEAL A . HOR T B TR SRR R R [0]. M TR B R,
2016, 35(3): 467-472.

[6] GRENIER J L, DAVIS J A. Water quality in South San
Francisco Bay, California: Current condition and potential
issues for the South Bay Salt Pond Restoration Project[M].
New York: Springer, 2010: 115-147.

[7] LIU Z Z, CUI B S, HE Q. Shifting paradigms in coastal
restoration: six decades' lessons from China[J]. Science of the
Total Environment, 2016, 566/567: 205-214.

(8] SKEHEL, INKR, BB F5, 45, I RRIR BT E N M Tk
5G] AERERAE, 2017, 36(4): 635-640.

[9] FRENCH P W. Managed realignment-the developing story of
a comparatively new approach to soft engineering[J].
Estuarine, Coastal and Shelf Science, 2006, 67(3): 409-423.

[10] TEMMERMAN S, MEIRE P, BOUMA T J, et al. Ecosystem-
based coastal defence in the face of global change[J]. Nature,
2013, 504(7478): 79-83.

[11] BROWNE M A, CHAPMAN M G. Ecologically informed
engineering reduces loss of intertidal biodiversity on artificial
shorelines[J]. Environmental Science & Technology, 2011,
45(19): 8204-8207.

[12] STRAIN E M A, MORRIS R L, COLEMAN R A, et al.
Increasing microhabitat complexity on seawalls can reduce
fish predation on native oysters[J]. Ecological Engineering,
2018, 120: 637-644.

[13] DYSON K, YOCOM K. Ecological design for urban
waterfronts[J]. Urban Ecosystems, 2015, 18(1): 189-208.

[14] WALTHAM N J, SHEAVES M. Eco-engineering rock pools
to a seawall in a tropical estuary: Microhabitat features and
fine sediment accumulation[J]. Ecological Engineering, 2018,
120: 631-636.

[15] CHAPMAN M G, BLOCKLEY D J. Engineering novel
habitats on wurban infrastructure to increase intertidal

biodiversity[J]. Oecologia, 2009, 161(3): 625-635.


https://doi.org/10.1126/science.1257258
https://doi.org/10.1016/j.ecss.2013.05.021
https://doi.org/10.1111/j.1365-2664.2009.01751.x
https://doi.org/10.1016/j.scitotenv.2016.05.049
https://doi.org/10.1016/j.scitotenv.2016.05.049
https://doi.org/10.1016/j.ecss.2005.11.035
https://doi.org/10.1038/nature12859
https://doi.org/10.1016/j.ecoleng.2017.05.030
https://doi.org/10.1007/s11252-014-0385-9
https://doi.org/10.1016/j.ecoleng.2018.05.010
https://doi.org/10.1007/s00442-009-1393-y
https://doi.org/10.1126/science.1257258
https://doi.org/10.1016/j.ecss.2013.05.021
https://doi.org/10.1111/j.1365-2664.2009.01751.x
https://doi.org/10.1016/j.scitotenv.2016.05.049
https://doi.org/10.1016/j.scitotenv.2016.05.049
https://doi.org/10.1016/j.ecss.2005.11.035
https://doi.org/10.1038/nature12859
https://doi.org/10.1016/j.ecoleng.2017.05.030
https://doi.org/10.1007/s11252-014-0385-9
https://doi.org/10.1016/j.ecoleng.2018.05.010
https://doi.org/10.1007/s00442-009-1393-y

%34 REA, %

RKAT HARESEEHERRALLERERE 483

(161 /™ &, FAEN. VLM A VIR 2 bl A A5 R WL R T bR U
I ARKIT, 2012, 43(S1): 7-10.

[17] MARCUS L. Restoring tidal wetlands at Sonoma Baylands,
San Francisco Bay, California[J]. Ecological Engineering,
2000, 15(3/4): 373-383.

[18] WOOD S E, WHITE J R, ARMBRUSTER C K. Microbial
processes linked to soil organic matter in a restored and natural
coastal wetland in Barataria Bay, Louisiana[J]. Ecological
Engineering, 2017, 106: 507-514.

[19] HAEM, & g, TARE, 5. SR TR S TR
PR B A 3 1N T 0 0], AR 2SR, 2012, 32(8): 2571-
2580.

[20] NP, B, XA, 5. ANTRIBEIR T 58 T S HE9A
BEREEVIAR[T]. BRI 2244, 2015, 34(2): 241-246.

(211 BOARD M. Beach
Washington DC: National Academies Press, 1995.

(22] )7k, 28 4, WRE, & HTNF I E K B HHE I 5L
B XHS BRI VR TR, 2009, 27(3): 66-75.

(23] YT, XIRAYE, XUTLM, 55, 28 B 5 SAEHE LS B R
BETHI]. TR TR, 2013, 29(2): 79-86.

[24] GONZALEZ M, MEDINA R, LOSADA M. On the design of

nourishment and protection[M].

o

beach nourishment projects using static equilibrium concepts:
application to the Spanish coast[J]. Coastal Engineering, 2010,
57(2): 227-240.

(25] I, B0, Emefd, 45, i =2 A T % W 172 Sand Motor
HIZ5 S5 IR R[], R R 5% 8, 2017, 34(6): 61-65.

[26] VAN PROOSDIJ D, LUNDHOLM J, NEATT N, et al.
Ecological re-engineering of a freshwater impoundment for
salt marsh restoration in a hypertidal system[J]. Ecological
Engineering, 2010, 36(10): 1314-1332.

[27] WEISHAR L L, TEAL J M, HINKLE R. Designing large-
scale wetland restoration for Delaware Bay[J]. Ecological
Engineering, 2005, 25(3): 231-239.

[28] MASSELINK G, HANLEY M E, HALWYN A C, et al.
Evaluation of salt marsh restoration by means of self-
regulating tidal gate — Avon estuary, South Devon, UK[J].
Ecological Engineering, 2017, 106: 174-190.

[29] JACOBS S, BEAUCHARD O, STRUYF E, et al. Restoration
of tidal freshwater vegetation using controlled reduced tide
(CRT) along the Schelde Estuary (Belgium)[J]. Estuarine,
Coastal and Shelf Science, 2009, 85(3): 368-376.

(30] Br=w), BORERT, SN, 46, BIRESRO UK BT A AR 35
BWAL RG], HES/KHEK, 2017, 33(20): 66-69.

(31] W EIAR. LS AR M B OK R A 4 5 5 2607 B st R
A TAR[I]. MR- 5, 2016, 12(3): 4-8.

[32] WARREN R S, FELL P E, ROZSA R, et al. Salt marsh

in Connecticut: of science and

restoration 20 years

management[J]. Restoration Ecology, 2002, 10(3): 497-513.

[33] W@, B 3, B UK, 5 RUL D R R A i =R
FERPREIR AL 1SRRI AE (D). 2SR, 2016, 35(5): 1-7.

[34] ZHOU C F, QIN P, XIE M. Vegetating coastal areas of east
China: species selection, seedling cloning and transplan-
tation[J]. Ecological Engineering, 2003, 20(4): 275-286.

[35] SILLIMAN B R, SCHRACK E, HE Q, et al. Facilitation shifts
paradigms and can amplify coastal restoration efforts[J].
Proceedings of the National Academy of Sciences of the
United States of America, 2015, 112(46): 14295-14300.

[36] DUGGAN-EDWARDS M F, PAGES J F, JENKINS S R, et
al. External conditions drive optimal planting configurations
for salt marsh restoration[J]. Journal of Applied Ecology,
2020, 57(3): 619-629.

[37] FEfs IR, B 0, FIZEHE, 5. EER AR P Fh
T A o R R A AP [T AR BRI, 2019,
34(12): 2601-2614.

[38] KENT C P S. A comparison of Riley encased methodology
and traditional techniques for planting red mangroves
(Rhizophora mangle)[J]. Mangroves and Salt Marshes, 1999,
3(4): 215-225.

[39] MORRIS R L, BILKOVIC D M, BOSWELL M K, et al. The
application of oyster reefs in shoreline protection: are we over-
engineering for an ecosystem engineer?[J]. Journal of Applied
Ecology, 2019, 56(7): 1703-1711.

[40] BORSJE B W, VAN WESENBEECK B K, DEKKER F, et al.
How ecological engineering can serve in coastal protection[J].
Ecological Engineering, 2011, 37(2): 113-122.

[41]LV W W, HUANG Y H, LIU Z Q, et al. Application of
macrobenthic diversity to estimate ecological health of
artificial oyster reef in Yangtze Estuary, China[J]. Marine
Pollution Bulletin, 2016, 103(1/2): 137-143.

[(42] 2R, TR, % BRI, 45, 1) 1 DR 1Y) AR 25 D e B
PR AT, 252424, 2006, 25(10): 1234-1239.

[43] SCYPHERS S B, POWERS S P, HECK K L, et al. Oyster
reefs as natural breakwaters mitigate shoreline loss and
facilitate fisheries[J]. PLoS One, 2011, 6(8): €22396.

[44] CHOWDHURY M S N, WALLES B, SHARIFUZZAMAN S
M, et al. Oyster breakwater reefs promote adjacent mudflat
stability and salt marsh growth in a monsoon dominated
subtropical coast[J]. Scientific Reports, 2019, 9(1): 8549.

[45] PIAZZA B P, BANKS P D, LA PEYRE M K. The potential
for created oyster shell reefs as a sustainable shoreline
protection strategy in Louisiana[J]. Restoration Ecology, 2005,
13(3): 499-506.

[46] SCHOONEES T, GIJON MANCHENO A, SCHERES B, et
al. Hard structures for coastal protection, towards greener
designs[J]. Estuaries and Coasts, 2019, 42(7): 1709-1729.

[47] ODONNELL J E D. Living shorelines: a review of literature


https://doi.org/10.1016/j.ecoleng.2017.06.028
https://doi.org/10.1016/j.ecoleng.2017.06.028
https://doi.org/10.3969/J.ISSN.2095-4972.2015.02.013
https://doi.org/10.3969/j.issn.1005-9865.2009.03.010
https://doi.org/10.1016/j.coastaleng.2009.10.009
https://doi.org/10.3969/j.issn.1005-9857.2017.06.012
https://doi.org/10.1016/j.ecoleng.2010.06.008
https://doi.org/10.1016/j.ecoleng.2010.06.008
https://doi.org/10.1016/j.ecoleng.2005.04.012
https://doi.org/10.1016/j.ecoleng.2005.04.012
https://doi.org/10.1016/j.ecoleng.2017.05.038
https://doi.org/10.1016/j.ecss.2009.09.004
https://doi.org/10.1016/j.ecss.2009.09.004
https://doi.org/10.3969/j.issn.1673-3290.2016.03.01
https://doi.org/10.1046/j.1526-100X.2002.01031.x
https://doi.org/10.1016/S0925-8574(03)00030-2
https://doi.org/10.1073/pnas.1515297112
https://doi.org/10.1073/pnas.1515297112
https://doi.org/10.1111/1365-2664.13550
https://doi.org/10.1023/A:1009994725133
https://doi.org/10.1111/1365-2664.13390
https://doi.org/10.1111/1365-2664.13390
https://doi.org/10.1016/j.ecoleng.2010.11.027
https://doi.org/10.3321/j.issn:1000-4890.2006.10.016
https://doi.org/10.1371/journal.pone.0022396
https://doi.org/10.1038/s41598-019-44925-6
https://doi.org/10.1111/j.1526-100X.2005.00062.x
https://doi.org/10.1007/s12237-019-00551-z
https://doi.org/10.1016/j.ecoleng.2017.06.028
https://doi.org/10.1016/j.ecoleng.2017.06.028
https://doi.org/10.3969/J.ISSN.2095-4972.2015.02.013
https://doi.org/10.3969/j.issn.1005-9865.2009.03.010
https://doi.org/10.1016/j.coastaleng.2009.10.009
https://doi.org/10.3969/j.issn.1005-9857.2017.06.012
https://doi.org/10.1016/j.ecoleng.2010.06.008
https://doi.org/10.1016/j.ecoleng.2010.06.008
https://doi.org/10.1016/j.ecoleng.2005.04.012
https://doi.org/10.1016/j.ecoleng.2005.04.012
https://doi.org/10.1016/j.ecoleng.2017.05.038
https://doi.org/10.1016/j.ecss.2009.09.004
https://doi.org/10.1016/j.ecss.2009.09.004
https://doi.org/10.3969/j.issn.1673-3290.2016.03.01
https://doi.org/10.1046/j.1526-100X.2002.01031.x
https://doi.org/10.1016/S0925-8574(03)00030-2
https://doi.org/10.1073/pnas.1515297112
https://doi.org/10.1073/pnas.1515297112
https://doi.org/10.1111/1365-2664.13550
https://doi.org/10.1023/A:1009994725133
https://doi.org/10.1111/1365-2664.13390
https://doi.org/10.1111/1365-2664.13390
https://doi.org/10.1016/j.ecoleng.2010.11.027
https://doi.org/10.3321/j.issn:1000-4890.2006.10.016
https://doi.org/10.1371/journal.pone.0022396
https://doi.org/10.1038/s41598-019-44925-6
https://doi.org/10.1111/j.1526-100X.2005.00062.x
https://doi.org/10.1007/s12237-019-00551-z

484 # K

oM #F % 40 %

relevant to New England coasts[J]. Journal of Coastal
Research, 2017, 33(2): 435-451.

[48] CHEN X C, HUANG Y Y, YANG H L, et al. Restoring
wetlands outside of the seawalls and to provide clean water
habitat[J]. Science of the Total Environment, 2020, 721:
137788.

[49] REZAIE A M, LOERZEL J, FERREIRA C M. Valuing
natural habitats for enhancing coastal resilience: wetlands
reduce property damage from storm surge and sea level rise[J].
PLoS One, 2020, 15(1): €0226275.

[50] DAS S, VINCENT J R. Mangroves protected villages and
reduced death toll during Indian super cyclone[J]. Proceedings
of the National Academy of Sciences of the United States of
America, 2009, 106(18): 7357-7360.

[51] GITTMAN R K, POPOWICH A M, BRUNO 1J F, et al.
Marshes with and without sills protect estuarine shorelines

from erosion better than bulkheads during a Category 1

hurricane[J]. Ocean & Coastal Management, 2014, 102: 94-
102.

[52] WANG F M, LU X L, SANDERS C J, et al. Author
correction: tidal wetland resilience to sea level rise increases
their carbon sequestration capacity in United States[J]. Nature
Communications, 2019, 10(1): 5733.

[53] YANG HL, TANG J] W, ZHANG C S, et al. Enhanced carbon
uptake and reduced methane emissions in a newly restored
wetland[J]. Journal of Geophysical Research: Biogeosciences,
2020, 125(1): €2019JG005222.

[54] JEEIE, Mg g, BRhwl, 5. @R Rl el ars
Tk VLR AE A S P i R[] P E R R A A,
2018, 48(6): 661-670.

[55] SCHIFE, X5, BT RS 75 A 2l = [ LRI B 90 2 i
R[] BRI, 2019, 35(7): 5-11.

[56] ATFLUE, Bethar, Mm%, 4. FA iRt 28 B IR SOl A4
BB TR WStEIAE, 2010, (3): 80-84.

(4555 461 50)

(8] FAHieh, PLEFHE, HONR, &5 — ARSI RTEN &
VRS 28 R TR AT )], o E i A 2K, 2018, 30(4):
445-448.

(9] I e, TRAERR, TF AR, 45 FREBRSE DU 2 A AR 1Y
WFFCHER (1], ZRUKRK BB AR EBE 24, 2017, 17(2):
42-45.

[10] USLEBER E, DONALD M, STRAKA M, et al. Comparison
of enzyme immunoassay and mouse bioassay for determining
paralytic shellfish poisoning toxins in shellfish[J]. Food
Additives & Contaminants, 1997, 14(2): 193-198.

[11] KAWATSU K, HAMANO Y, SUGIYAMA A, et al

Development and application of an enzyme immunoassay

based on a monoclonal antibody against gonyautoxin
components of paralytic shellfish poisoning toxins[J]. Journal
of Food Protection, 2002, 65(8): 1304-1308.

(2] £ #, B3 7, R . AN THUR A& R 2 7
BEDUARI TR [T]. BEFHE, 2017, 38(4): 45-50.

[13] WU W, XU D Z, YAN Y P, et al. Evaluation of dot
immunogold filtration assay for anti-HAV IgM antibody[J].
World Journal of Gastroenterology, 1999, 5(2): 132-134.

(14] B, m%EAG, B 55, 9. RBIE DI SE8E R GTX2, 3]
L T A B L A Oy VR Y R EE ). TP AR AR
K2435, 2006, 16(6): 663-664.

(15] B2 i, Q-0 P #, 55 PR I e % R
GTX2/3 RIS i) £ B Hii ¥ - [, 102296049A(P].
2011-12-28.


https://doi.org/10.1016/j.scitotenv.2020.137788
https://doi.org/10.1371/journal.pone.0226275
https://doi.org/10.1073/pnas.0810440106
https://doi.org/10.1073/pnas.0810440106
https://doi.org/10.1073/pnas.0810440106
https://doi.org/10.1038/s41467-019-13800-3
https://doi.org/10.1038/s41467-019-13800-3
https://doi.org/10.3969/j.issn.1006-0022.2019.07.001
https://doi.org/10.1016/j.scitotenv.2020.137788
https://doi.org/10.1371/journal.pone.0226275
https://doi.org/10.1073/pnas.0810440106
https://doi.org/10.1073/pnas.0810440106
https://doi.org/10.1073/pnas.0810440106
https://doi.org/10.1038/s41467-019-13800-3
https://doi.org/10.1038/s41467-019-13800-3
https://doi.org/10.3969/j.issn.1006-0022.2019.07.001
https://doi.org/10.1016/j.scitotenv.2020.137788
https://doi.org/10.1371/journal.pone.0226275
https://doi.org/10.1073/pnas.0810440106
https://doi.org/10.1073/pnas.0810440106
https://doi.org/10.1073/pnas.0810440106
https://doi.org/10.1038/s41467-019-13800-3
https://doi.org/10.1038/s41467-019-13800-3
https://doi.org/10.3969/j.issn.1006-0022.2019.07.001
https://doi.org/10.3969/j.issn.1671-6221.2017.02.013
https://doi.org/10.4315/0362-028X-65.8.1304
https://doi.org/10.4315/0362-028X-65.8.1304
https://doi.org/10.7506/spkx1002-6630-201704008
https://doi.org/10.3748/wjg.v5.i2.132
https://doi.org/10.3969/j.issn.1004-8685.2006.06.010
https://doi.org/10.3969/j.issn.1004-8685.2006.06.010
https://doi.org/10.3969/j.issn.1671-6221.2017.02.013
https://doi.org/10.4315/0362-028X-65.8.1304
https://doi.org/10.4315/0362-028X-65.8.1304
https://doi.org/10.7506/spkx1002-6630-201704008
https://doi.org/10.3748/wjg.v5.i2.132
https://doi.org/10.3969/j.issn.1004-8685.2006.06.010
https://doi.org/10.3969/j.issn.1004-8685.2006.06.010
https://doi.org/10.3969/j.issn.1671-6221.2017.02.013
https://doi.org/10.3969/j.issn.1671-6221.2017.02.013
https://doi.org/10.4315/0362-028X-65.8.1304
https://doi.org/10.4315/0362-028X-65.8.1304
https://doi.org/10.7506/spkx1002-6630-201704008
https://doi.org/10.3748/wjg.v5.i2.132
https://doi.org/10.3969/j.issn.1004-8685.2006.06.010
https://doi.org/10.3969/j.issn.1004-8685.2006.06.010
https://doi.org/10.4315/0362-028X-65.8.1304
https://doi.org/10.4315/0362-028X-65.8.1304
https://doi.org/10.7506/spkx1002-6630-201704008
https://doi.org/10.3748/wjg.v5.i2.132
https://doi.org/10.3969/j.issn.1004-8685.2006.06.010
https://doi.org/10.3969/j.issn.1004-8685.2006.06.010

	1 海岸带生态环境问题与整治修复概况
	2 海岸带生态整治修复技术及应用进展
	2.1 对海岸带生态整治修复的认识
	2.2 硬质岸线生态化技术
	2.3 堤外基底修复和海滩养护技术
	2.4 堤内水文调控技术
	2.5 潮间带植被恢复技术
	2.6 低潮滩牡蛎礁保育技术

	3 海岸带生态整治修复技术趋势展望
	3.1 集成研发人工干预与自然演替相结合的复合技术体系
	3.2 注意适应海岸带特殊条件
	3.3 更加注重提升海岸带生态系统功能和结构
	3.4 支持景观尺度的复合生态系统构建


