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Fig. 6 Slope statistics of artificial reef area

3.2 BMHBEAE

AR X = A5 DEM $dls , 45 A A SL PR s
FRAE , T X ACPUR 1 Hh 89 A0 Tt R BB (1]
7)), BB Z g AN LT AR, e A 9 DGR St LA

0 7 14 21 28

gt i Rk R B AR 7 537,96 m®,
DT AR Y 14.69% , o, B (A b i AR e K {E
H665.40 m® (%5 73), [ B /ME R 12,48 m’
(%7 71) o

@@ %

{Nge &% ¢

0. 70
e 1 -
P24 o%

KIF/m
m-6.73

" ® °® 6}? ‘@I@gz
gde oe

B7 ANI&EIIRER

Fig.7 Artificial reef patch extraction

JAE 2 DRI A TR e T R AR 22 1), ELLL A
SE IR B TR g B2 25 S5 O F A+ 23 WA, Rl AR
BRrp R ROK IR 5 fie /N K IR 2 22 78 SO B R 5,
19 B AT RS AR AR (8 8) o REMSHEHR Fh R R
IKTRZ I3 AT AERES 1 2, 1 fie /N K TR 22 B AR BB
g f B 2 N T AfERER RN 2.77 m



1 R,

TN AR P BAR S TR 5 Al - 31 -

(%' 14) f/PREN 0.44 m(4 5 71) TR R
159 m, il FE R LB 1L 61 m, bRIEZE
0.39 m,50% FHEAR S EETE 1.48 ~1.82 m Z[q],
3.0
23

2.0

% /m

1.5

-

=)
=]

1.0

0.5

0

B8 wEsELRIT
Fig.8 Artificial reef height statistics

FETIRIX A N AR AR BE D R R K R R 4%
LSRR DEM, 455 AN T Ak DEM, A 14
SN RTRER S HE A HERY 23 T . ) A fiE B
PR RN 1 R, S8R BoR, X ki a 5
LT 5 458.49 m, iy T A AR AR (A B 22 A
R AR 7 B SRR BE R R S IE ARG R AR, AT
flferp e Rz U7 /O 5220 11w, B/ NE T Rl
1.95 m*, 53531 % 1o BRE R T R e KA (G5 73) 5 8
AME (G5 T1) AR HE

®1 MBLBERREITER

Tab.1 Statisctics of some artificial reef patches

e BERmA SRR BAVKIR TR &S
= /m? /m /m /m /m?
1 69.2 -9.50 -7.91 -8.82 46.92
2 52.16 -9.46 -7.85 -8.71 39.33
3 65.16 -9.39 -8.02 -8.77 40.16
4 140.76 -9.92 -7.81 -8.75 164.16
44 50.96 -9.49 -7.98 -8.73 38.17
45 72.92 -9.60 -7.78 -8.95 47.44
46 79.84 -9.39 -7.78 -8.73 52.66
88 40.48 -9.34 -8.28 -8.93 16. 64
89 42.92 -9.58 -8.75 -9.38 8.33
455t _ — — — 5 458.49
4 Wik
4.1 AT EMHXYFHIEKE R

((EVSEA Q0PN N ISR ) R RO RS
R LA R 5 M (o LR 35 M R T R A RO X
AR UL A ARAE . N T AR R B 15 R AP 30
(AT JEE S AT U UK AN F , U6 X BB RTAY 2 -9 m

KA N —9.92 ~ —6.73 m, HiJEAHE A5 sk s
Al ORI B DA S i TR 7S IR 38 2 7 i A 8 i IX g 5t
A

Tl X =k BE DEM 5040 S, 12 X 3 e ok 114 W
R HIE )2 oA TAHE A . mr ABFIE R W, B
WA B B b A S E T 1 AL, I G RS I % Ry b oK Bl
77 IS SR AR L LR B R R R T R S A 3
Y BRI Y BEL SR P S SRt A JE B
Yy Rt AR A 8 U B 5 0 A 5 ISR VB VU 7E
IKFAE T 8 b Aeiz T e AR, 7 B S e il
TR FZS , AT A LR DG B B ™ 7RI AT
eSO IX B 7K B0 758 SOULIN R v TR %1
BRI Sl MR ) 1 B2, WO 35 1 A NNE — SSW
6], F TN AR KA A IR EE S i, 7Kt
T /N B R B 10 . 2 AT, D)2 g R 2
1520 30% |, [, A et g Ok o RS, 36 Ui )2
BT B KR Ty ) & AR AL, XTE— R
fEHE T HEX HIE AR R T o IR X iR E L
FE 1.5 m fe Ay, Bl K AE A58 Bl AR TR 37 4 BEL
VR FE (S AEE IXC 37 S R X 72 K, 338 B 6 XA 0 9
F 1) J7 1) BNS i ) of il R BE B B OK  EW 7 [
(K2), EBEENE, BXKEHERKFI.5m
P X 38k 22 4 v PR A HE 22 [, AT, A SRR A BB
22 TR TR P < e T 255 1, 3 550 SRy b S 3 A, 3 ¥
TE R T RER ORI “ Al . — i &, AN T bk
ORI G , % 6 ~7 a A REIB T4 .
I, B T A AR T P ERIRASEA TR B I, A
AE BH BN DX AR R M P I T Wl 72 o
4.2 NI&#HMNZFBRENRBRT

A 2022 4FY), 2 E E R HHER R ER E
BF) 153 A4, 5] 2025 44 [ BN T ik i
5000 7 m’, H Rl T fa il i 5 R B LA 1 4, (H
HAFBAR AL A B B2 Wy AR 2 AN JE
R HLIX M B RIS A G
Tl A 55T R S0 (A 1T RRLITC A s e X AR A
PG S5 T AR SRS R, R TR B,
Ja FH WA BT, Joyk % HAE R A T M 1T R
EPEA

N T faffE e — W B R E 2 TR, N
TRRUE N T AR R B TR, , 20 SR
RN T S L Rt T AR L I 5 o9 S g o 1 e =Y
FHRH LA 3, LA O Tt i B 2 A 4Rt
—ES%

1) N fafEseit . o & nl 88w  fe e 1
U EHY L ARSI, 45 5 B X K A A W A T
7= T SRR E M, A X R T RS A |



232 H %

=
Em

2022 4

FR R R M A BREE A o

2) Y37 5 AR AL, T T o X AR R 3 0N R AT
ST RBEBAL, WA F T B ORI L 3 A £
JEE TS v [ I L S5 PR 3% N T A 5 114 5 T AR A
%n%m%

3) WS A R T T . AR TR OB LR AR

T AT N T X IR R 91T A 3l K 32
SEARECWEI T AL A RS B XK SR
GAAF I N T g DX PR B 1, AN T3 e
ARIFEMER A K E TR T KPR RS, SE
N T ARER AT AL FTI0 AT 48 | A i

5 #ib

I FH 22 08 oK P R O IS N A v 7K T 4 HtR

AL ROR BB 5 B R, TR SR
JCHEARALE oA i S 25 7 i MO R R AR 9
VISP . 58 X TRE A BUEL AR T8 IK
H T IRT XA, 3t 4 0E 72 B A 5 (L X 359 A il

AP MR R EEEAAE 1.5 m A4y, Bl
O S EERBE B LR I E A O O R 5 HE DXAR AR Wi

AR MBI B ™ e T S0 ™ FE J * DR A X 5 JRy i 7K 5
JIGLE YIS o AT AT o N T K - 4y A
SE PR AR IS5 PP A B R 5 Bt SCfr, BoAT B
FFES B (e

5% 3k ( References) :

[1] Seaman W. Artificial habitats and the restoration of degraded ma-
rine ecosyslems and fisheries [ J ]. Hydrobiologia,2007,580 (1) :
143 - 155.

(2] e, F b, M‘%F‘J &R EUE R B 5 YR IR SR
PR SRR ] iR S 919H ,2020,51(4) 1809 —820.
Yang H S,Xu S,Lin C G,et al. Research progress and prospects of
restoration and resource conservation in typical sea areas[J].
Oceanologia et Limnologia Sinica,2020,51(4) :809 - 820.

(3] Mk ZE,Zspae. T Al #R T 1 T e A 25 3000 W 7 5% sk
JELT]. el ,2006,28 (3) 257 - 262.
Lin J,Zhang S Y. Research advances on physical stability and eco-
logical effects of artificial reef[ J |. Marine Fisheries,2006,28(3) :
257 -262.

[4] Tynyakov J,Rousseau M,Chen M,et al. Artificial reefs as a means
of spreading diving pressure in a coral reef environment[ J]. Ocean
and Coastal Management,2017,149.159 - 164.

[5] GK‘ﬁjﬂﬁ LU AR B A W OF IR SR e 2 5 BOR T

PR RJERT]. A fnkl,2012,24(9) :1062 - 1069.

Zhang L B, Yang H S. Advances in principles and techniques of
marine habitat restoration and biological resource conservation[ J].
Chinese Bulletin of Life Science,2012,24(9) :1062 - 1069.

(6] JERTII, AT, BRI, 5. i B TN L S i S 8000 1 He

B[] Al I REA#4R ,2017,33(8) :97 - 103.

Tang Y L, Long X Y, Wang X X, et al. Comparative analysis on
flow field effect of general artificial reefs in China[ J]. Transactions
of the Chinese Society of Agricultural Engineering,2017,33(8)
97 - 103.

[7] Schygulla C,Peine F. Nienhagen reef: Abiotic boundary conditions
at a large brackish water artificial reef in the Baltic Sea[ J]. Jour-
nal of Coastal Research,2013,29(2) :478 —486.

(8] XIWSHE, AR, 5Kl A, 4. BT Ecopath ﬁ‘:’*“ COIG IR N

kX A SSRGS M GE T [J]. A &% 4k, 2019, 39
(11) :3926 -3936.
Liu HY,Yang C J,Zhang P D, et al. An Ecopath evaluation of sys-
tem structure and function for the Laoshan Bay artificial reef zone
ecosystem [ J |. Acta Ecologica Sinica, 2019,39 (11):3926 -
3936.

[9] Jiang Z,Liang Z,Zhu L, et al. Numerical simulation of effect of
guide plate on flow field of artificial reef[ J]. Ocean Engineering,
2016,116:236 —241.

[10] b s, 5k T, 22, % C3D MR A R G40 N L fa
B B [T ] BRI R 25441, 2013,22(3) 404 -
409.

Shen W,Zhang S Y,Li Y P, et al. The application of C3D bathym-
etry side scan sonar system in artificial reef construction[ J . Jour-
nal of Shanghai Ocean University,2013,22(3) :404 —409.

[11] Hou Z,Chen Z, Wang J, et al. Acoustic impedance properties of
seafloor sediments off the coast of Southeastern Hainan,South Chi-
na Sea[ J]. Journal of Asian Earth Sciences,2018,154.:1 —7.

[12] Li D,Tang C,Xia C,et al. Acoustic mapping and classification of
benthic habitat using unsupervised learning in artificial reel water
[J]. Estuarine, Coastal and Shelf Science,2017,185:11 -21.

(13 ] XU, X B, B, 5. 75 90 R G0 4R L fa k4
BUGSE AR ] K744, 2017 ,41(7) 1158 - 1167.

Liu Y H,Liu M, Tian T, et al. The application of side scan sonar
system in volume estimation of stone artificial reef[ J ]. Journal of
Fisheries of China,2017,41(7) :1158 - 1167.

[14] PERER, 575,00 2, 55 Mg L /A iR A R
ML), K FE2A,2015,39(9) 11350 - 1358.

Shen T Y,Zhang S Y,Shen W, et al. Cluster analysis on distribu-
tion status of artificial reefs in field sea area[ J]. Journal of Fisher-
ies of China,2015,39(9) ;1350 — 1358.

[15] 38 #5,28 WE AT 78, 46 S USRI 75 WA 19 7R W R RE & A
LA L) ]-‘1@7?%@@?&,2018(2) :41 -48.

Guo D,Dong J,Fu J,et al. Artificial reef and fisheries estimation in
Dalu Island based on dual frequency sonar [ J]. Transactions of
Oceanology and Limnology,2018(2) :41 —48.

[16] Yoon HS,Kim D,Na W B. Estimation of effective usable and buri-
al volumes of artificial reels and the prediction of cost — effective
management [ J ]. Ocean and Coastal Management,2016,120:135 —
147.

[17] 2 K8 A8 ¥, 4. JE T 2 W mpg N T 40 i X B

FHE AT [T]. MR, 2017 ,41(5) 1127 - 133,
Li D,Tang C,Zou T,et al. Terrain character analysis of artificial
reefs area based on multibeam echo sounder[ J ]. Marine Sciences,
2017,41(5) :127 - 133.

[18] Lurton X. Swath bathymetry using phase difference: Theoretical



514 ZFOR AR I N AR KN P EIDR AR -5 DA - 33 .

analysis of acoustical measurement precision[ J]. IEEE Journal of 454.

Oceanic Engineering,2000,25(3) :351 -363. (22] EfE3E MR, T 2, % BT KR 0 A L M)
[19] R, Mok og , 2 52 0, 45 B T 1045 5 43 BT Y DEM K5 B2 3F TR T]. B Jr KRR ,2020,16(6) 132 - 38.

MR T, R R (E BB E ) ,2017 ,42(8) 11167 - Wang J M, Tang Z Z,Ding L, et al. Study on local scour of artificial

1171. reefl based on flume test[ J]. South China Fisheries Science,2020,

XuZ M,Lin Z Y,Li W J,et al. DEM accuracy evaluation model 16(6) :32 -38.

based on cut fill method[ J]. Geomatics and Information Science of (23] 48 ¥ ,skarnl, 7k 48, 4. LTI 0 s 00 B i St i

Wuhan University, 2017 ,42(8) ;1167 — 1171. T A% X Rk s I EAE T ] 5 7R ,2018,49(2) .
[20] AR, AL 7%, FARESC, 45 I 06 I AN 0000 3 AR A R B 280 -289.

HEERASNALI]. 5 LRE,2017,36(4) :30 - 36. Zou T,Zhang L. B,Zhang H et al. Hydrodynamic characteristics in

Xu G Q,Du J,Tian Z W et al. High precision measurement tech- the artificial reefing construction area in Laizhou Bay: Based on a

nology for the volume of submarine irregular accumulations in continuous long — term observation [ J |. Oceanologia et Limnologia

coastal waters and its application[ J]. Coastal Engineering,2017, Sinica,2018 ,49(2) ;280 —289.

36(4) .30 -36. [24] Ha H K,Maa P Y, Holland C W. Acoustic density measurements of
[21] Yun D H,Kim Y T. Experimental study on settlement and scour consolidating cohesive sediment beds by means of a non — intrusive

characteristics of artificial reef with different reinforcement type and “Micro — Chirp” acoustic system[ J]. Geo — Marine Letters,2010,

soil type[ J]. Geotextiles and Geomembranes,2018,46(4) :448 — 30(6) :585 —593.

Detection and assessment of the physical state of offshore artificial reefs

LI Dong"** | TANG Cheng'**, ZOU Tao’, HOU Xiyong'*"
(1. Key Laboratory of Coastal Zone Environmental Processes and Ecological Remediation, Chinese Academy of Sciences
(Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences) , Yantai 264003, China; 2. Yantai
Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China; 3. Ocean

b

Mega — Science Center, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract: Mastering the subaqueous physical state of artificial reefs (ARs) is critical for assessing the benefits of
ARs. Tradition survey methods suffer shortcomings such as low efficiency and incomplete information and cannot
meet the requirements for the precise monitoring of ARs. This study established a high — precision DEM ( digital
elevation model) of ARs using a multibeam sonar system. Meanwhile, this study conducted a quantitative analysis
of the distribution, height, volume, and complex topographic features of ARs using the GIS ( geographic
information system) spatial analysis method. The high — precision DEM was tested in an offshore AR area in
Shandong Province, obtaining the following results. The AR area has a water depth of —9.92 ~ —6.73 m. The
ARs in the area are stacked in piles with different distances, with a total reef volume of 5 458.49 m’. Meanwhile,
50% of the ARs have a height of 1.48 ~1.82 m. The terrain characteristic variables such as slope, curvature,
rugosity,, and topographic relief intensively show high values in the reef distribution area. Affected by their own
gravity and local hydrodynamic force, the ARs have a subsidence depth of about 0.5 m, leading to the formation of
the special erosion and silting terrain around the ARs. This study can provide technical and data support for the
monitoring and assessing the physical stability of ARs and thus is practically significant.

Keywords:; artificial reef (AR) ; physical stability; multibeam sonar; GIS spatial analysis
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