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Abstract — From December 2018 to December 2020, remote sensing exploration using drones was conducted to study
the spatial distribution characteristics of eelgrass habitats distributed on the southwest coast of Korea. As a result, a
total of 249 places were identified as eelgrass habitats, and the distribution area was 28.1087 km’, and a total of three
types of eelgrass (Z. marina, Z. japonica, Z. caulescens) were identified. As a result of overlapping analysis of spatial
information and bathymetry data results on the distribution of eelgrass habitats using the GIS technique, it was con-
firmed that most of the eelgrass habitats were distributed in areas where satisfying within 7 m of water depth(M.S.L:
Mean Sea Level) and 0° to 1° of slope from the intertidal zone. As a result of classifying the seabed topography using
the secondary topographic characteristics derived from the processed bathymetry data results, the Digital Elevation
Model (DEM), slope, Broad scale BPI, Broad scale BPI-Std, Fine scale BPI, and Fine scale BPI-Std, seven types of
seabed topography (Tidal flat, Nearshore plain, Steep slope, Depression, Gentle slope, Submarine ridge, and Flat with
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trough) were classified. Most of the eelgrass habitats were distributed in the tidal flat and Nearshore plain located in the
intertidal zone, and most of the eelgrass habitats tended to be dense and distributed when the shape of the terrain direct-
ly connected in the offshore direction was a Steep slope. On the other hand, if the Nearshore plain is a narrowly formed
terrain and is connected to a Steep slope, or even if the Nearshore plain is widely distributed, the eelgrass habitats are
not distributed or rarely appeared when it is connected to a Gentle slope rather than a Steep slope. The economic value
of the study eelgrass habitat calculated through this study is estimated to be about 2,528 billion won per year, and the
carbon fixation amount is estimated to be about 6,464 tons per year.
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Fig. 2. Flow chart of BTM process.
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Fig. 3. Positive and negative BPI value derivation for ridges and valleys (left), Areas where the BPI value is near or equal to zero. The slope of
the terrain at the given point is used to determine the bathymetric position (right).
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: = |nner radius of annulus (1)

1

== Quter radius of annulus (2)

BPl<scalefactor> = int((bathy - focalmean(bathy, annulus, irad, orad)) + .5)
scalefactor = outer radius in map units(input bathymetric data set cell size)
Bathy = input bathymetric data set

Irad = inner radius of annulus-shaped analysis neighborhood in cells

Orad = outer radius of annulus-shaped analysis neighborhood in cells

Fig. 4. An example of a neighborhood analysis function using an an-
nulus shape (NOAA Coastal Services Center).
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Table 1. Specification of Drones attached sensors

Bathymetry Remote sensing(UAV)
Interpolation ( Data Acquisition
(ASCii — TIN) (UAV, Ground truth)
¥ R 2
SORT Pre-pr i [
(%3 Export)
¥ Sensor Calibration

DEM
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Orthogonal images

| Contour || Slope || 3D files |
E 2
Classification
Brod BPI ETF\;I L (U-Net, SAM) W
Brod BPI-Std Ctif) >
>
Fine BPI Py
Fine BPI-Std * tif —*.shy (raster —*.shp)
£ 3
(Coompar ]| [ Quiewt Gutput
BTM.shp (Seagrass.shp)

Fig. 5. Flow chart of bathymetry data (left) and remote sensing data
(right).
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Fledermaus 43 E ¢J|o] &] Dmagic 7| 5< &-83}°] DTM
(Digital Terrain Model)& 7/ 8+ 9~ 32} 0.2 7}A| glsto] A
a1 AA ] A, AL S Bt o dAdstA #Eskelt
(Fig. 10).

3.2 1

SLBRERS
£ 1824320774 9] =R R gho] BA o] AFLE ) o FA

%}u B o= 237~80.11 mo] 1 HHFF A 2747 m, E5H
e 16.57 m=z 2215 9 thFig. 11). Aa] ol o] B=(o]4
Al )2 ehakst Ak Bl w A FHERsE abd ) Sl E
AL, PEF)E 7] Bo] gl Bk | FEA S wolth 7
AP 4] ?Jr% AR, §]/\ 00l 4] 9.89° o]qo]uq Bk

Fig. 9. Work-flow of DEM image processing.




54 R AFE - BN - PFTF

o000 13000
MAM . lsek  DOwance  AIGTT BfeeOstance ML Sups 48

Fig. 10. 3D processing of study area with Fledermaus software.
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Fig. 11. Bathymetric chart of study area

320l MA|SH 2= H 5714 A& 523 Fh(%d A, Broad scale BPI, Broad scale BPI-
A H A AL E 9 o]Q1 ArcGIS(Ver.10.6)°] Toolbox®  Std, Fine scale BPI, Fine scale BPI-Std)& A& 313 1 0] & o]
HAlE BTM 22 138 &-8-310] AR difoA] o §35Fo] 7714 314 %] & (Tidal flat, Nearshore plain, Steep slope,
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Fig. 12. Slope chart of study area.
Table 3. Classification of submarine topography in the study area
Types Description Area (km®) Ratio (%)
Tidal flat Occur at a intertidal zones andotldal flats, with a water depth of less than Im from the 148.19 167
land and a slope of less than 1°.
o o N
Nearshore plain Occur at water depth. range is 0~7 m, and the slope is within 4°. More than 98% of the 88335 996
eelgrass habitats are identified.
Occur at water depth range is 7~30 m, and the slope range 1°~8°. Identified in the sea
Steep slope channel topography between the island and the island and the land. 734.64 8.29
Depression Occur at slope of less than 1° and corresponds to a recessed topography compared to the 32739 369
surrounding topography.
Gentle slope  Occur at gentle slope with water depth range is 7~80 m, and the slope of less than 4°. 6024.97 67.95
Submarine ridge Occur at water depth range is 30770 m and the slope of less than 3°. It appears in the 8.49 0.10
form of a ridge over the surrounding flat seafloor.
Flat with trough Occur at the form of a valley between an island and an island, between an island and a 739.24 334

land, or between a land and a land.

Depression, Gentle slope, Submarine ridge, Flat with trough)S & 17, W}t}7} &4 0.2 331 5019} Q= A &o] et v
EA2 S A IS NGSRBIM A W A& Yol U] el okl A 4] o2
=S &3 3} ti(Table 3, Fig. 13). oy 9} Eeel 418 wEl, E(Creek)= o Q= W] w A

Fo FulEmE 257} G4 H0l I WE R Folv) 9l

3.3 Zu| MAX 22 Y = Za &2 wS WEHKHOA2018]).

SR YA A3 29 A4 BE WAL R8T ke, Fig 79 AFEAG0N RN 2 A 20 £L gl
FRIE MNAaFs T 249G T 19, I e 60, ST 121, st A3, w5 - odA A el D(Zostera marina)©] EHF L.
AL 20, A 29) & 1A a1 et A T e A L} A 505, 14, 20)°l 4= ol 71 A ™ 2] 'E(Zostera japonica)
AAZY SR Ao etk o] 2] MRz s 3 A e D(Zostera marina)©] &3] EF 8L, 259 A
QA oA 717k S uFek o 2 53 Eo) 7t Wk () A Aol = =AM 8 H(Zostera caulescens)¥} A 2] W(Zostera
o)A ERH=T] Wh(Bay) & S0l 4] HO 2 Fol A marina)o] EASHo] EHNATKFig 14, £ e B
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Fig. 13. Map showing 7 types of submarine topography in the study area.

127°30"

Zostera marina

Zostera japonica

Zostera caulescens

Fig. 14. Appeared species of eelgrass in the study area.
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A }5 TZbel| el 23] A A2 7F dehs AAF ks T3
T AAtz] uhE Zuu A a FExH S-S FE9 49 0~-1°
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e 0.26°, EFHA A= 0.64°F LFEFFTHFg. 16, Table 4).
4. E 9
A= FA el dost £F 0 FFel &=, A

o] T7kgkell whet Fiiakel EF A=) TbsHA HHA 5
= = w3 543] 748 (Widemann and Bannister[1986];
Gallegos et al.[1990]), +%335k2] 7120l whe} 2o o] A4 =
SF Zha He, FEAd el Fas FRe W) S Feh] 4
3 =49 kS Z71A17]7] & Sk (Lee and Dunton[1997];
Ruiz and Romero[2001]; Bostrom et al.[2004]). A ™ 2] 'Z2] 7
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Fig. 15. Distribution map by contour section.

Table 4. Area and ratio of eelgrass by slope section(m)

Slope () Eelgrass area Ratio of eelgrass
g g
min. max. (m?) area (%)

0 1 24,322,000 86.53

1 2 2,664,100 9.48

2 3 882,900 3.14

3 4 207,400 0.74

4 5 21,700 0.08

5 6 8,800 0.03

6° more 1,800 0.01

Total 28,108,700 100
T A2 o wE Apol= Qo 532 ok 20%E 87
&= Ao Ao rk(Lee et al[2007]). Wit 2 FE T} %
S TRl = Z) AR BV S 5T T e
o], olgfst 7] AFES S aE ul, FI) A A=A B EA
& 5 MRS RRAT &S & 5 Gom, ol Lecer
al. 2002090 913 el WET ZPelolA FAR AR 7=
A7 AT el A9 AR T Wk ook EFHol Foh¥
e SATel e AR A R 23] 4247} el

2 o) ATATE Bal FHA ek
® A7) FgAol e AT S Sal) sls) A
T 49 Qe g3 A4 test site A F T F 27
2 0E FAARAPLEIENE A5 I m A4S
B AT A 150 m 22 S A A7 e At
Al mlamA sheleh. 7 A e @w 44

127°30"

2,664,100

Area unit: m?2

m0~1° m1~2° m2~3° W3~4° W4~5° W5~6° ®6° more

Fig. 16. Comparison to the area of the eelgrass according to the slope.

Table 5. Area and ratio of eelgrass by water depth section(m) from test
sitea(MBES)
Water Depth (m) Eelgrass Area Ratio of Eelgrass
min. max. (m’) area (%)
0 -1 373 0.04
1 0 535 0.05
2 1 340,046 32.27
3 2 810,313 67.58
4 3 678 0.06
5 4 - -
6 5 - -
7 6 - -

743 1~3 m W) Aol ol A REFS BT 5 ISl o]
el mEE Aol QA G5 e afelel &
Eahe 29 A9 B4 RE 5 S ATl o) 28
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Fig. 17. Verification in the area where MBES (Multi Beam Echo-Sounder) data.

o] =& A o= k¥ vi(Table 5, Fig. 17, Fig. 18). A& Depression, $+74 A : Gentle slope, 3l 4] '5-41: Submarine
EoAgodE A Y PR AZIEY O ArcGISoll B§Al¥  ridge, 3l 4 2F: Flat with trough) ©. & F-F3}ltl 1 A3}, 2y

BTM toolS o]&35to] el 7709 s ARG (ZHY: A 2R = A3 Q(Tidal flat)2} 9 2F4 %] (Nearshore plain)oi] 4]
=

= [e]
Tidal flat, 919+ X]: Nearshore plain, 573 AFH: Steep slope, & OfF-3E B X351 =U], AME A7} WA X &=, 123l 9l

Comparative graph of the Eelgrass area between the entire study
area and the test site(MBES) and test site(KHOA)

14,000,000 [ 900,000
12,000,000 - 800,000
—0=—Entire study area  =<@=-Test site(MBES) —#— Test site(KHOA)

f- 700,000
10,000,000

t 600,000
8,000,000

t 500,000
6,000,000

400,000

4,000,000
- 300,000

2,000,000
{200,000

100,000

-2,000,000

Fig. 18. Comparison of study data and verification data in the water depth range where the habitat of eelgrass is identified (Left axis’s values
means eelgrass area based on entire study area, right axis‘s values means from test site).
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Fig. 19. Map showing eelgrass habitat distribution within wide Nearshore plain connected with Steep slope in Haenam county.
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Fig. 20. Map showing no eelgrass habitat zone with undeveloped Nearshore plain in spite of connection with Steep slope in Wando.
okl AAH = AP o] AP (Steep slope)o] 1L FRAIY A} AHste] FEFFO 2 o] =gho] Y3t Stof] 1A
52 e BANAA B FYL RATHFig. 19, Fig 21). 3 Q) WEOE Bk o) AN wolu 259 SFo|
Hh, A ATE FA A AGolwA FAAAH ololx] AR Folol s 29 gAle] Baige] £& kSRR
29, T2l5 AR A WA RESHE FAe] of AP AjHow fre] wet 0B o] oIk AR
o Ak ool Aol @9 AAA RERA ¢ A o Av)e] Aol WL FIUF B& BAHOD £
Ak =2 hebtthFig. 20). 01213t o)1= H7AREO] 2 8] % % 9tk AbAT} 2131 @CHLee and Dunton[2000]; Kim ef
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Fig. 21. Map showing eelgrass habitat distribution difference between wide Nearshore plain and narrow Nearshore plain at the middle site of
Wando Soando.

al[2008)) A B4 A3, 2] A AL 24 A(Tidal fla 7 42134
whebd, AR Fugde] AUIH 0% ZSiekE  (Nearshore plain)el 4 Tl BESGE, ATHA L WA
QU PP ket FAIE WA REBTE A0 4 REUSE, 225 A etel AAEE A Fo] FHAA(Steep
o et sferagel P4 Ao e Btk AT el o) slope)o] W FRAY AFF £ A AA BE FHE 0
8 AZAYAL Ak Avleld, 2, o7 Arjeimo] ¥tk wkd, g 7L E7 FHE AFel WAl A o]
Zahis 0% gesigon Avieme dAsielel thsl P o)X A9, Teln AAFAE §A RSt ekE 3P
A BESE AR FAITE S 20159 FEEAF o] obel A Ak} o]o] Xt Aol W) A4} HEh
(MOFR01S)NM] #Q1RIE -3 (Phyllospadix iwatensis)¥ 7] eh7ILk =87 Lhekskek. o] el ol fri= F7Abdo] 527
30l 55 (Halophila nipponica) & S1% 4 QIGIEH, ol SRS W3} Asto] REFO A S50 SFho] A o] 1%
o188 AATAL Wo] ehilah Ae] BRE JbsE W, o 8 oY) Eo.s peE
U e AL RARA PR SARE 499 FHE  Covmm a7 1107 AP £ A 957 ha yr'
BHaHE RN AL W) RO Ben 2 FASAT ) A ) 7HE $19.004 ha' yr' = F
00k £, 251 949 AN AAS B 9 A
5.4 =2 A Ay 5 selste] AEee S W 1oAY Ak

$9x10°e] AAA &7} A= A 22 H7}E ) Th(Texas Parks

2y AR 7F gelg A thE 2ol A 5E 20 m7-A] and Wildlife Department[1999]). whebA], 2 72 Ea] Al=d
TEIFUET FZ0~7 m P A th o] Ayt BEshs AT 8o @) 427 9) WAl 28.1087 km’= oF 6,945.89] 0]
Aoz FREUN, FA o whE 2u] Aq2A 9 Ex 545 Ad dldst dolH, ol digt AAH 7k E 1$ F 1,300
glst A7}, 0~1° Afolof] T |7} Faxskglon &3 9 87|50z AMS v A7k oF 813~2,5289 ¢ o] A A
A2 A] o] o] Bl E] = H U P ANEE 6.76° % LFEFRLTE 7EA 7} Qs Ao ® A H ek g Kim[2009]¢] )8 AlakE

GIS7I'Hell o3 AFA & 709 S AAF(FAHY: Tidal G AF )G 23] 9] g el 230 g2 2 A Ay &
flat, 1<+ #]: Nearshore plain, 3373 A}: Steep slope, 3H&* Q1w & A AlH A el 28.1087 km?e] U3+ by Ao 2 3
] Depression, $+73AFH: Gentle slope, 3l #°5-41: Submarine  AFsbH Ad ol ok 6,464 ton®] B4 T A8 5= 9l & Zow >
ridge, 3| A= Flat with trough) ©. & #-F3Fa1 23] A 21%]9 & AHF o)
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