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ABSTRACT

High latitude coral Alveopora japonica has a wide distribution range from Hong
Kong, Taiwan, southern Japan to Jeju Island off the south coast of Korea. For the past three
decades, A. japonica has extended its distribution range from the southern to the northern
coast of Jeju Island possibly due to the surface seawater temperature increase and decrease in
macro algae in the shallow water. In this study, we applied underwater photography and
subsequent image analysis technique to monitor depth-dependent distribution of A. japonica
on the northern coast of Jeju. In 2016, distribution of A. japonica population was surveyed
using 20m-long line transect at depth of 5, 10, and 15m from a subtidal hard bottom on the
northern Jeju Island. Underwater images indicated that the calcareous coralline algae were
predominant at depth of 5 m where no corals and no macro algae observed. A. japonica first
appeared at depth of 10m with some macro algae including Sargassum sp., Ecklonia sp. At
depth 15m, A. japonica occurred at a high density, and often the density exceeded more than
50 A. japonica colonies/m?. It was evident that A. japonica distribution at the sampling site
was depth-dependent, as A. japonica prefers depth of 10-15m. Sponges and other filter
feeding animals were commonly observed from A. japonica habitat, suggesting that fine size

of food particles may support their growth in the study area.
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2. A% R BH

21.1. &9 A9 XA

A AYE AT HE dte] fXE 9X=(33° 29.7926°N, 126
25.7679°’E)(Fig.1.)°1™, ZAF A7) 20161 129 216 o] Fojxtl. A %<
#] & (substrate) > Tetst oFA vl9I7F i FtS ARA| st A Aol TRl
BAIQ 7o G ol AT HA £ 13 C, HiL 7 25 T2 &4&HA 3
o} (Park et al. in press). A} X9 Qltol= AuA| 7 H5-EA WEFoz

2 Hof glal, ATt ol A Fol fAIstal



kakao, TeraMetics

Fig. 1. Location of the study site on the northern coast of Jeju Island. (33° 29.7926°N, 126° 25.7679’E)



212. &% #9

NFEAS(A japonica) R AM =] T4 E ETEHAFS AFH ol
of 9% FTEF Yo Fsen, uddre] ojnA #FL 9l Nikon

D800 (3= 13209+ &}4)S o] 8311t} Nikon D800 7h|ete] g es ARE
~FE(A. japonica) Ao A 7ol 2 em ool HW, Ftow FE3] AE Ve
A ol tk(Fig.2.).

AFEAE(A. japonica) w9 FAE A H3S olsstr] flste] 5 m,
10 m, 15 m =41, Line-Transect & %3}l th(Fig. 3.). Line Transect™ 4 ©]7} 20
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Fig.2. Resolution of the Image J software used in this study. Smallest A. japonica colony
identifiable from the underwater image is estimated to be 2.0 cm in diameter.




Underwater Line-Transect

o [T SRS STERRER. H
im

Fig. 3. lllustration of underwater line-transect method applied in this study. A 20m long line-
transect was installed at each sampling depth and underwater image was taken at
every 1 m.



2.2. Image Analysis

A4 AEAE Araerl oA omA B /We tud Fuz
S&ol Hi gk WA, "Ad FHgE AbEste] 2" olnAuy A
ouAZ AFF vhE, Avel BHel Rgshe A4, F ol wEm 1
HolEl & HAlshe Zolth olulx ¥4 71ge A4 AN e F HAste

AAMEY A Age] 545 Wal He= A7 vt ez 8o Ha

B shysh Fo SJAFdTAY, F 6 FdE PSR Pixel & 7INES

stol & Qs omAEA el H FF2 RAQIACl Sl AFE=E

ki

o]7] 913l 7| 7] Wk(Object-based) ©]W] =] EA o] Eo] A& a1 9l T}(Stokes and

Deane 2009; Phinn et al. 2012; Wahidin et al. 2015).

221 WIHE A4g

gAE ouX BA e TAd olnx deleE EAss A
webA] Pixel 718H5} Object(AA) 71Wo.= b 4 9tk Pixel 7]uke] WAL

olwl x| HolE & Pixel(MZ)e 7IRtem ojux] HeolHE A sh= 7ol
o=

& &W, ovA] delge]| FFAdS st QFA(chlorophyll)= ZZFA 0
FAE Aotk =, 224 Pixel = ZAZF ® oluA| HolHE & gEAE
LERATE whoF, 2 WAS e HWE 54 WAS 78 5 A Ak

Object 7]1ke] w22 o]u#] dlo|Ee] Pixel (HZ) olelolx: e B2

gjo] el 7} ARg-H ), A7 (texture), K% (shape), Z7](scale) 5 o1& 71X 47} 1
9



EAE dofst=dl AFEEHE Aoth Pixel oln|A| HolEH=Ew AE FS&
getste= dle gAZE Ut dE EW, fJF54AE M AEe 5324 E
i (Division Chlorophyta)ol]l &3l AEWE ofye} 254 S 9 2kE A o]
aido] Frt o] whEha, Object 7]¥Fe] om|A] &4 WS A7z o] 9o of 7
A aAE I g eEd Hu ASE AE TS 9o & F URF
&S T} (Stokes and Deane 2009; Duro et al. 2011; Aggawal et al. 2016). Wahidin
5o Aol wEW Object 71Wke] wWhA] Fo| A= SVM(Support Vector Machine)
duEFS AFES Fo] V&9 vy < 5(Random Tree, Decision Tree,

Bayesian, k-Nearest Neighbor)S AM&3t AHT & U =2 HS%

il
ot

=
=

t}

(Wahidin et al. 2015).

olo] wel E Ao Mi= Fds= Fo F7F A, A3 ZF(coralline

algae)e] HlFo] =2 FE& Fotsle], oA AFs WHHE FoA Pixel 7]Hb

2.2.2.ImageJ =1

Image J 213 (Fig. 4.)& v|= =¥ B 7 (National Institutes of Health)}
B 2 AA AE AG-2A(LOCIH, University of Wisconsin)oll /] 715 1t} Java

7lhke] B osLm g ee o|ux] ]| (Schneider etal. 2012)E 22 o7 Al-&HT},
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File Edit Image Process Analyze Plugins Window Help

B ojc|o| A48 Ala|o|A Qleds|als] | |»

+Fy
++v

Dev

Imaged 1.52a

Wayne Rasband

Imaged is in the public domain
X

¢ Rat_Hippocampal_Ne.. — =]
4/5,81.92x81.92 pm (512x512); 16-hit, 2.5MB

Fig. 4. Image J electronic image analysis program developed by National Institute of Health
of the USA.
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Image J 213 ALgxtE5o A FE(public domain, &7/AZEY )=

Aol EHH, ojujA] Holy Aol #HEF vFd Vles v EFstar vk

olujxlol YJERE A X2 = AA

AE MEE AARE omA R HolFE= Z)FEH WA o|nA] M F vhde
F7F 715s F7kske Ao R st o|nA] AHE|ek #EA]o] 7hs3tth(Eliceiri 2005;

Barboriak et al. 2005).

223. A5 4 34A

o] Aol dojH AF HXF Aok Z3td AZFE4LE(A. japonica) T2

ol

T G2 NIH Image ] Z2I8S AREste] At F3E9 G2l

ol
>
>
ox
il
rlo
N
N
N

2t Fo] WA g9U: (JhA/m?) 5 Image I =

F% gt bt A AES I % (percent coverage): U T 7HA

HA S olgste] Ak WA, om A g G F 1mPel st EH WA=

1o

Aeaeh(Fig. 5. A). 223, olold 1m2e] @l WA Welx FAsALY fA1
Are el RRe] WA MEw Ae: B4e AN (Fig 5 B). Fig
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- 1

Fig. 5. An example of the underwater camera image and its analysis using Image J. A,
setting a 1x1 m virtual quadrat on the line transect; B, measuring the filtered area
of identifiable objects as marked in red.
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¢ DSC_4457-1)pg (G) (25%) = (m) X
1.00x1.00 1m (4722x4692); RGB; 85MB

Fig.6. Estimating area of E. cava appeared on the underwater camera image using Image J
image analysis software.
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Fig. 7. Identification and counting of different types of A. japonica colonies appeared on the
underwater camera images. A, marking and counting the live colonies; B, live A.
japonica colony; C, bleached A. japonica colony; D, dead A. japonica colony.
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T4 5 m (Fig. 8)olA Ede AE F(Fig. 9.2 Corallina sp.(2F7T-E2ke
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Fig. 8. Underwater camera image of 20 m line transect taken at depth of 5 m and the percent coverage of coralline algae and E. cava.
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(A) Corallina sp. (B) Unidentified algae(Geliidium amansii)

Fig. 9. Coralline algae (A) and unidentified red algae (B) appeared on the underwater camera
image taken at depth of 5 m.
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100

50 -+—===Coralline

E. cava

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20

Fig. 10. Underwater camera images of the 20 m line transect taken at depth of 10 m and percent area coverage of the coralline algae and E. cava.
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Fig. 11. Macro-benthic fauna and flora appeared on underwater camera images taken at
depth of 10 m. A, E. cava; B, H. sinapium; C, S. macrocarpum; D, Annissia
japonica.
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33. 4 15m

T4 15 m (Fig. 12)o0l4 AFA &ds AE Fo2e AFENIA
japonica)ol 2lell = flE AoRE HAHUTH ATE o]Fo A oA AFE
2FS (A, japonica)©= & 305 /W AlF7t BE =S o, 7P w2 UiV A g 39
T MAEEE HA 63Im?2 & 7|F3ATE 18 A, AF=E4EE (A japonica)
g A4 10 cm & 238 AAS7E A4 10 cm o]Ekl AAFRY F
B¢ st AW AQEtie BEF ddEA @sked, olE o] A9
ot A Awl w=] kokeS o m gt Table.

atgar, otgl A (@) o 2 AF ES

N = Ns+ NI (1)
Where, N = Number of A. japonica
Ns = Number of A. japonica by small colonies

NI = Number of A. japonica by large colonies
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Fig. 12. Underwater camera images of the 20 m line transect taken at depth of 15 m and percent area coverage of the coralline algae and E. cava .
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Table. 1. Different types of A. japonica colonies and their density (colony/m?) appeared at each depth.

Depth Section 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Total
5m Large colonies of A. japonica o 0 0o 0o o 0O 0O 0O0OO O OOUO OO O0 0 0 o0 0
Small colonies of A. japonica o o 0 o 0o 0O 0O 0OOO O OO0OTOTUO O O0O 0 o0 o 0
partly bleached o o o 0o 0o 0O O OOO O OO OO OO0 O O 0 o 0
Dead o 0o o 0 0O OO 0O0OOTGOTGOOTUOW OO O O0O O0O o0 0
Total numbers o 0o o 0 0O OO 0O0OOT GOTOOTUOTOW OO O O0O O0O o0 0
10m Large colonies of A. japonica o 0 o 0o o 0O 0O 000 O O OO OOUO O 0 o0 0
Small colonies of A. japonica o o 0o o o 0O 0O 0OOO O OOTUOTUO O O0O o0 o0 o 0
partly bleached o 0o o 0 0O OO 0O0OOT GOTOOTUOTOW OO O O0O O0O o0 0
Dead o 0o o 0 0O OO 0O0OOTGOTGOOTUOTW OO O O0O O0O o 0
Total numbers o o0 o 0o 0 OO0 0O0OOTWOT OO OTW OO O O0O O0O o 0
15m Large colonies of A. japonica 6 12 7 11 28 22 17 6 0 0 0O O O O O O O O O O 109
Small colonies of A. japonica 5 26 18 43 3 23 18 6 0 3 0O 8 11 0 O O O O O O 19
partly bleached 1 0 0 0 01 0 O0OOOIOT 1T 0 0 0 0 0 0o 3
Dead o o 1 2 o0 0O 1 0O0OTOWOOT11 1 0 0O 0O O O O0 O 6
Total numbers 11 38 25 54 63 45 35 12 0 3 0 8 11 0 O O O O O O 305
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Table 2. Macro-benthic fauna and flora appeared on the underwater camera images taken at 5,
10, and 15 m depth.

Taxa group Species 5m 10m 15m
Corallinealgae ~ Geniculate form (+) +) +)
Non-geniculate form (+) (+) (+)
Macroalgae Gelidium amansii (+)
Ecklonia cava +) (+)
Sargassum macrocarpum (+)
Echinoderms Centonardoa semiregularis (+) (+)
Anneissia japonica (+)
Sponges Haliclona sp. ) (+)
Hymeniacidon sinapium (+) (+)
Callyspongia elegans (+)
Cnidaria Alveopora japonica (+)
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https://en.wikipedia.org/w/index.php?title=Hymeniacidon_sinapium&action=edit&redlink=1

Table. 3. Percent coverage of coralline algae and E. cava at each depth.

Depth Species Mean
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20

5m Coralline 847 857 855 897 910 845 775 885 823 743 8l9 889 926 846 837 855 876 857 823 854 85.1
algae

E. cava 00 00 00 00 00 ©0O o00O0 OO 0O 00O 0O OO OO OO0 OO OO0 OO0 00 ©00 00 0.0

10m  Coralline 847 830 791 657 872 792 836 744 685 639 8l4 545 847 833 848 685 833 721 774 792 76.9
algae

E. cava 46 94 74 102 41 125 00 00 98 157 12 163 32 48 00 00 24 269 26 50 6.8

15m  Coralline 409 447 404 329 209 367 268 367 180 156 177 284 312 357 375 460 447 446 335 512 34.2
algae

E. cava 102 56 194 25 00 12 00 98 157 464 502 312 271 41 179 61 33 12 130 36 134
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Fig. 13. Average percent coverage of coralline algae and E. cava at 3 different depths.
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AL o] Fojzl AFE BE A A FedddAe E4ERFQ
AEE2ES (A japonica)”t 2 &3 Tl (Ronald et al. 2015; Hyeong et al. 2008).
ZAF A G NAHEE gRE A 3] = F(Coralline algae) = Holglon, A3 x7E
Aet= defoll whel, §-224]3) ZF(geniculate coralline algae)¢} -4 2] 3] 2 (non-
geniculate coralline algae)= €t FAA3 27 4 Ao f+A(larvae)9

2 Xy vp JdrHGomez-Lemos et

A 2k (settlement)oll S 41 IS = AL

al. 2018).
BaH AL QIeH(Kim et al. 2018). <> Aol osh, AFASke] e A 52

2] 3] ZF(Coralline algae) 2 HE =4S (A, japonica)e] 7kt €74 ZHEI(E.
cava)®] Aol i= WSty = AR B4 dis) 2] AEEol FHE Ay
A Wrkertked dig Y s VhEeke Vel 2 ¢ deH, ¢

Yo7k 4% FE 7ol 44 BAE vetsl Wks AelE f8% 4ust 9 &
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=

5~ 15 m o =7 ®¥x3}

rr

AWFE AFA B4R A

7] %2 (particulate  organic matter)® o}

Ye}  &E77]& 2 (dissolved  organic
matter)S Ho|2 4= Aoz Z AeA Qlth (Hadas et al. 2009; Goeji et al. 2008).

whebA, o)l gk o A Y Y AAM Aol FHEH LxdF= A o] A

4o QA §71% wolsl Exs PEFS dAFL o, oo fd ur
AE e ATV Bed Aow Ard

4.1.1. Alveopora japonica

ZAF A Foll A BEHE AEZEEZAZ (A japonica)(Fig. 14)= 1 AESHH
- (classification) 7]<=ol w2 E4+E E(Order Scleractinia)oll £3ta Wi

2ts #H(Family  Acroporidae)oll  &3tth. AFEANS(A. japonica)®  AITEE

I
il
ol

tol g, AR W, divr agla T R A9 T oafE A H9
-3 3t} (Sheppard et al. 2008; Dai and Horng 2009; Vieira et al. 2016). 713 =AF3(A.

japonica)i- o] HxF A= U E-o] Tateyama H(34°58'03"N; 139°46'05"E)©| t}.

AEEAZ (A japonica)=  odz] 7le]  polyp o] EoA o
Al (colony)E ©] Tt o] wAY FE= ¥ (hemisphere)olth, A& o] F&
Zy7+e] polyp & HAlo|uf ZAAS ww | Zb7Eo] polyp & 12 79] =S (tentacle) &
7t AEEAS(A. japonica)y HE o] I polyp & #-4-A] 7] aL(Sugihara et al.
2014), Well= 2 polyp & FANT AFEAS(A japonica)d] -2 10 W
o] (Vieira 2016)c1™, ol e] ket Al7]= =olEHE 2728 E ~ 9 9)

A 712 Bag vl 9 oh(Park et al. 2019)
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ZAL Aol EH3 AFTEAE(A. japonica) HE-E> L 7]A 7}
7424 3] ZF-(geniculate coralline algae) =2 &7} o}
geniculate coralline algae)= o] Qll&=d], ol= wWwsta FH3 FE<

744 3] Z F(non-geniculate coralline algae)”} Acropora sp.(Gomez-Lemos et al. 2018)

oj¢e] 25 Fl AEFEATE(A japonica)e] 7d-F- Al 27] FHA7A T AR
deS P Aow AAHET AFEAS(A japonica)’t 4 5 m =2 10 m

oM A dEA @= ol 9A, I 7AW YiEE

o

44 3] = F(geniculate coralline algae)”7} 2Fx3tal dojx 28 Ao =R oito]

s, ofel taAE Fbge ATt B et

EN

Lok A X9 AEFEAFE(A. japonica)w Hlo] == 9]

o,

A7 wokt)h ol FFA L sl FAZEF zooxanthellae 7} AEEAFZ(A.
japonica)®] Z71A I} A FAFAQ dES st 7] "oz Kl

(Levy et al. 2003).

4.1.2. Coralline Algae

A 3] 2 (Coralline algae)(Fig. 14.)+ $x2]& < (Division Rhodophyta)ell

>
P,L
I

F(red algae) o] t}. 41 8] ZF(Coralline algae)i= AF& = E-(Order Corallinales)
of &atm, 1 Aeke Fefol wekd T MR ERET 7EA7E e FEE
AEhbE RS F44 3] % F(geniculate coralline algae, =+ -FEAEZH)kaL

= A 3E 544 3 2R/ (hon-geniculate  coralline
algae, =& FETdF)Etar vl M ZF(Coralline algae)= HAAA EE

vitho| Al WAE = 2FE RS 44 = f(rocky substrata)E Yl 9



MR Ads] = 9T i (Caragnano et al, 2009). 2] 3] %5 (Coralline algae)=
ebxF ZHg(calcium  carbonate)S XSt ¢17] wiEo] &Yool AFAd S} ocean

acidification)7} @™ &37} ¥ a1, FHeFsl *|7|%= sHoh(Kuffner et al. 2008).

4.1.3. Ecklonia cava

ZFel(E. cava)(Fig. 14)= ZXx2&E <(Division Phaeophyta)ol] <3t
Z5r(brown algae)©]th. ZHEN(E. cava)v™ THAIWF &(Order Laminariales)oll <3t
HEE. cava)®] EEE FE =y dE Ao Zst(subtidal  zone)ol A

A=, o 3m7kA] Abek= o & Fo] tH(Hayashida 1977).

ZFENE. cava)= T2 AES WHolgowg  o]gEor}  fuciodan,
phlorotannin 9] 75/ &E&o] WA wet 7 FFAd 7HA %= FobA|aL

21 tH(Mabeau and Fleurence 1993;Jimenez-Escring et al 1999;Athukorala et al. 2006).

ol 3t A A<l 7}x o]9lo] ZENE. cava): 3 H(kelp forest)S & Ao
TS 312FE(sessile invertebrates)o] U A sE GolA o7 st AdS
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#|-&-3FtH(Reed and Foster 1984; Dunton and Schell 1987; Levin 1994; Anderson et al. 1997;

Kim et al. 2018).

dlzFol A, 1 oaEA 27 2 wRsk #-oe] gltka oA
AT (Hoek 1982; Eggert 2012). & AG-ollA&= G4l o] ZloJXHA] ZHE(E. cava)”}

ket o HEa B Sl oF AeA oW tE a7t o

Corbeira(2012) 5o A73E A3} vp7HAR 2 dso] ATk 55 A

A AE GA Qe okl FO FA} AWAL Hx2F TPTFE
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Fig. 14. 3 Common macro benthic animal and seaweed appeared on the underwater images.
A, A. japonica; B, Coralline algae; C, E. cava
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Fig. 15. Unidentified nudibranch appeared on underwater camera image and considered as a
potential predator of A. japonica
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