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Vertical Distribution of Seaweeds in the Rocky Shore Ecosystem in
Geomundo, South Coast of Korea: Analyzing Strengths and Weaknesses
Using a Survey Method

Jong I1 Bai, Sung Il hwang*, Sang Jo Han, Bong Jun Seong' and Byeong Hyeon Jeon'

Underwater Ecology Institute, Yeosu 59769, Republic of Korea
Seacam, Jeju 63047, Republic of Korea

This study performed three research methods (destructive, non-destructive, and panoramic image analysis) to deter-
mine the most useful for identifying seaweed habitat characteristics. Panoramic images are suitable for understanding
the overall seaweed distribution. The composition of the main dominant seaweed species showed a significant dif-
ference between the destructive and non-destructive methods using Quadrat. The destructive method showed Rho-
dophyta dominance, whereas the non-destructive was showed Phacophyta as dominant. Destructive methods are
disadvantageous because they destroy natural communities in sea areas where bleaching is severe. Non-destructive
methods are disadvantageous because of the difficulty in analyzing small species. Performing 10 surveys using a
non-destructive method was found to explain up to 80% of the species identified by the destructive method. However,
considering the difficulty of field investigation, repeating the investigation with non-destructive methods at least 6—7
times is necessary to ensure that more than 60% of the destructive methods can be interpreted. To understand the
distribution of oceanic marine algae, performing both destructive and non-destructive surveys are necessary, as each
has its own merits and demerits.
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M E A 1thRuitton et al., 2000). YA}FA 02 3= Ujof| FUTE+=
Sl el Afoliz alo] T |z Re] Ak 2ol

PRI AS -5kt AAES d+-72Hde] T34 2pol 5 7P 2| =3l(Grace, 1983), Uo7} o] & sfj &
7Lt o5 Ao] Wob Qigtelo] BAWEE BRI £RT RS 243 ANEEY TUTRE ol fukgict
A Al et 2 H7ER 9K Wenner, 1987; Lindeman et al., (Ruitton et al., 2000). E3 21 THA & HEs| AASHA = &
2009; Dauvin et al, 2010), $504 24221 Ba A%A glouy, Sdlo] 20| A4S Hak ofzhAy AAERel o

F A7 9] ol 2% S(Bohnsack, 1979) 2.2 ¢l5te] g1-9] Hl B FHARET} At AFATE A v Sk
Tt A= A7 2t AAlEkE AAAAE ATl H (Grace, 1983). 3H=t 91¢F oHil 23] AA S5 27320 of
3 A o2 2 goltt. AlgtA o] il 7ict R At 2119 3 A= 45 AH(Son etal., 2004a; Kwon et al., 2010)= Al
T Bkl ot AR A A EE S =2 A4 sk 4 Qfal= AF7HA] T2 L AAO] gt 7144 A-H(Seo
o] zjolof whaf A& o2 24 EAS U= A 0= e et al., 2009; Yoon et al., 2009; Lim et al., 2018) F= A 4]5}=
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FE9 BE25 glofsl= Sof tigt A4-E(Son et al., 2004b;
Ch01 et al., 2006)0] ThHEES 2}px|5hn, WP 22 0 & ulu|H
of of3t 2A} 28 o] 2 ek,

Eo u|S okA) WA R obA] R 27 SRR Ak
= g 259 sl2FE A o= Scuba 5
H|E zkz]o} Sltb= Zo] 714 & A o] Z]‘:’]'(Foster et al.,
1985), AIZHe AlFAIZE Woll 2ARS 4=86t= A% 19 EX]
Ok Q3 EA|H o7 7HE ch(Parravicini et al., 2009). 3
Apo] FAIH ol tiste] sj2{E LFFsto] theFt At e
Aol WS A2 ol A 28 5= A Eol=
tiete 2 pE7h et e Rl o @7k ek W U o S
Z 2o o) Al &9 stal lti(McDonald et al., 2006;
Alvaro et al., 2008; Celliers et al., 2007; Kutser et al., 2007).
o|gA HYFE AR e S v R AR AolA= AR
H-ed 515 (photo quadrat method) 4= A& - (point quad-
rat method) 2. 2 3|27 m=u HIE=E ZARSEAU(Littler,
1980; Littler and Littler, 1985; Foster etal., 1991), A+FE] ] 3}
ArA ] 2 73S 0]-8-3F JAHEA] (image analysis)S Al L=3}F

31 ItH(Chung et al., 1997; Choi, 2001; Beuchel et al., 2006).
2ol Aol A BT AMLS HHFE YA 9}
AL Bl AR AARAZA U FHEES A4S
29 93 5 2|vsk 5 YA 0w Z4skid 4850
Qltk(Sutherland, 1990; Whorff and Griffing, 1992; Chung et

al., 1997).

AU A A S A TS oL
@44@ﬂms%%§o‘ Ape} vkl ) T A
B, YIS B8 sheetol i A2 53 2ol
WAL MR O i A Al] AR o) Y B

Q) S dobn 1, AU +20) FFARE Bush
A A SR ARE B vish Q) e B85

QU AR AS TR SRR AN S Shefsh §8

R S hetst] f1el el E Sl
Mz W ek
EN PN
2 A= ARE gEY @E s Yol A 2ARIAE A 6}0%
2A1(2, 6, 8,10, 12 m)E RAFRA AL ARSI 424 12 m

4l 2 m7H4] Scuba divingS ©]-8-5}0] JO_Z_].—TL‘—'-'I—'-E Skl
Z2k9.9 13] sl 2AA(2, 6,8, 10, 12 m)2
37 A% A As)o] B H(Quadrat; 50 cm X 50 cm)Y] L&
& % T ERFALZA(ES] A110-14180264

Q2 2
b2
4+

)% ol gl §482 Hasiste] 134 Wz el
o}, T3 Zube 41 (point quadrat method)2- ©]-8-3F A 45

1
W RS 95| 2AF5ATH(2, 6,8, 10, 12m)E 107HM1 e
om x 50 cm) 2] 4:524-S s} AArk(Fig. 1)

N 34° 0'59.04”

Study area

E 127°17'58.56"

EEEBEEEEEEEEEE—-

2m

__+__
6m

12m 10m 8m

1

i

T T

A PSR EEEEEE

' L e
1

Depth

A IR moks Qs F X7 2K Canon
5D mark IV; Canon, Tokyo, Japan)E |83}t 2427
S Manual mode, ISO 400 AAsIY o, JAFS] A7|=
6,720 X 4,480 pixel 2 AG3FATE FAIE AAYEL] Hazu)
oFS flell 592 4 12 mEE 2 m7HA] & 2 m, S
£ 60-70%% d&Bojo BSalgon, BEE ojujxi
AFE| o] AAF = 9 AFH 3 3= 2 7128 (Image Composite Editor,
V2.0; Microsoft, Redmind, WA, USA)S- o|-8-5}0] mli-ahat
o]u] x| (panorama image)& A 2}5} % tH(Fig. 2). AJ2H whi-2}
up olu|X|= £8 FEEY A7E A YA Yol &4
5= A (pixel)o] MAgFo 2 A oJ5}o] ]I (percent cover-
age)r= 2 £ ™A o tj3} panorama image/total pixel area

o] o3t LS image J 1.52a (University of Wisconsin and
National Institutes of Health, Bethesda, ML, USA)E ©]-8-5}

o] Az 3k,

AP E (50 om X 50 om) o] §5te] 374 sty
o2 $FAWAYRAE ol g3tel F3F AW AW

AEE IS daate] Aoz eHlslyom, SHE &
Ho %4%*5?_‘5}04 APA R Rkelic) eRke ZREL
£37] 1 mm?l A(sieve)oll A Bl ES A ASIIL -2 22



280 W5 - B4 -

lZm ep'l'h 10m

Fig. 2. Panoramic image production process using images taken
continuously underwater.

sorting 2] &8l AP E(S 27, AAT=)rS A
A AL ST st A 7hset 74 54
'1‘ S THRE Alesigl o, SHAY A4 E(indiv. - m?)
YA (g Wet Wi-m?) 02 SHALSIITE BAE AJg=
Zy7ye] ) ol A 23t AMAES 24 2 HF
] EHOH H]wsieh WP AMB =S A EAS Hefs
7] 9l A A== thek e 2] 4>(Shannon and Weaber, 1963),
R =4 (Margalef, 1958), w5 = A|<=(Pielou, 1966), -
T A4 (McNaughton, 1968)5 AH&3}Sic). =3t AEL] A1=
2 ol at0] 2k ZAPA T A ThekS 919 3 B A clus-
ter analysis)= 2135 ch GAMES Tfolslr| Qs X2 =
Bray Curtis index& A8-5}3.(Bray and Curtis, 1957), 23
2 Lance and Williams (1967)2] linear combinatorial equa-
tiong o] &3t 715+ AT (weighted pair-group average
method, WPGMA )& AM&-314 Tt

A HThE

n* >{'”

AR [07fAR AR gg gl W HE AL
st =EES %_]6:]5] shoitt Zof AFg-H Hl—‘sﬂ?-h 712 50
em, A2 50 cm& & &2 2,500 cm?o] ™, WHE 10 cm 7t
Ao g FLelsto], 22 A (100 cm?) 257) = -2 Hol—fﬂo:rl_‘f; A}
Sk HFZ2FO] B2 Aol 2P FT2F7EEANA A

oEe = sl s W A 2SI AT

:lg

= B9 YY) F8 ANIEE HE wU
o] MAS o] g3to] £ ] = (coverage, C)&} WIS =43}
At o7]A &eto|= 2L E37(projector) 2 Eoof =
sk A9 AR (Littler, 1980; Littler and Lit-
tler, 1985)& chax WA A thaa} 22 o2 2astgict.
WA ZUE AW 1 cm 7H4 9] w71 o] AR} 2oFo 2 100
M7F FAIE Eeol|2E 2 B (polyester film)& F-215191 k.
AR EA8 M A28 giAte 2 WA uhe L 5\_%3—!(100
cm?) 9] WY 9] 7 (Chy & S48k, Z4F o] AA- 0+ wrt
1°] A4(Ca)2 24sto] £ o) w(C)oh Aol o % (relative
coverage, RC)E t}-2-3} 7o) AAFHtHCox, 1996; Brower
etal., 1998).

C=Ca/Ct x 100
RC=Ci/ ZC
NG EEFY 1& A
ole} Z-& WS 257 awHulct Z4sle] o) B S
AAFeFATE MIEARE S AHZS 47] 2 HYslo] & 100712
Frres RSt 7k Fol ehd 7l (Fays st ohs

I} Zro] 9 Hl = (frequency, F)2} £ At ¥l = (relative fre-
quency, RF)E AAFFATHCox, 1996; Brower et al., 1998).

F=Fa/100 x 100
RF=Fi/ % F
DF HE ST RlE A
o]HA ¢ojl W RCY} Al A S vgo g

Z¥ %9 T (importance value, IV)E AAFSFATHCox, 1996;
Brower et al., 1998; Lee et al., 2001).

ZH 59 2] MES(IVi; %) = (RCi+RFi) /2

A4S 8 #9E IA717= FHAE 7 2HCanon
5D mark IV; Canon)E o]-8-3}31t}. 243+ T‘_’_—Manual mode,
ISO 400-6002 ARE3sI o, GAFo]l F7]&= 6,720 % 4,480
pixel= AA3}3ATt.

FHE AAESY] SR ools 8l HFEY o
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|z S GAMIZZ 78-S 0] 83 panorama image® T
gt A3}, Lineol|A 3(HE2E FAot= 8 A==+ A=
(Ecklonia cava), Z¥7}A] AWK Sargassum micracanthum), T
% (Undaria pinnatifida), Z3H Mytilus coruscus), 7}A|<=Z| il
Ee}u|(Dendronephthya spinulosa) % 5522 UERIT]

Line?] & AP0 8.66 mO.&, FAREAS: 95t & pixel
916,41601 4 Z7FA| 2RSS, micracanthum) 97,222 pixel
2 10.609%= 7} W 27ke 8851 glon, o
ZYEN(E. cava)7} 82,079 pixel 8.957%, SFH(M. coruscus)©]
28,027 pixel 3.058%, vu|<J(U. pinnatifida)©] 26,621 pixel .
2 2.905%, 7FAAME2ta|(D. spinulosa) 5,455 pixel &2
0.595%9] 27+S BHaa}i Qe 2102 319l 9JrH(Table 1,
Fig. 3).

RS A 2 mol A BE
Ex]_u]-oiﬂo]_t‘,]:q 3t U]O_:}
6 moll A= 7, ZFA A,
4 8-10 m H{joll A= 27t E}E 5—011 Hlsf 9-Fsto] &2
A=

AR A A HE R ] 9 54 12 m ol el A] &
Ak, So] 2ol WAE F71ek PO R BIEg)
ok B8 H9E Aol uhE Bmpiol thyslRRe ok

of 22k MASHAL k] Atoof] HaksH= o] glo] %
Ao FHEAENE S ERlsk= Aol ofgfFol Stk 4
T HRte]] FARA Sl B0 SRS A5 pan-
orama image?| &-8-2 W FAXFL} o125 H/dot= A
E9159] o] golgt A o & wrkEt.

=]

_I

sl A Aol LAL, B
2 379.12 gWthzOE %

Table 1. Ratio of appeared seaweed to total pixels of Panorama
image

Total pixel area (916,416 pixel)

Specific name

Pixel Ratio (%)
Sargassum micracanthum 97,222 10.609
Ecklonia cava 82,079 8.957
Mytilus coruscus 28,027 3.058
Undaria pinnatifida 26,621 2.905
Dendronephthya spinulosa 5,455 0.595

Table 2. Appearance patterns of seaweed taxa in the study area

| Shooting distance of Line : 8.66 m |

Mytilus coruscus [l Dend, va
W sargassum micracanthum

Undania pinnatifida
Eckionia cava

Fig. 3. Analysis of distribution patterns by water depth by forming
panoramic images.

ALE| Gt ERE SRS AT R, TR 6152
AA &4 OHJ—%:'T—-J 83.56%% gkl on, Z4xRF 10%
(13.70%), =527 28(2.74%) 2 UYepR T | 272 a3
257} 285.16 gWWtm2 O & 7522%= 2Haln, 42
91.22 gWWt-m? (24.06%), 525 2.74 gWWt-m? (0.72%)
2 319] 5] 9t Table 2).

AR SRR ERE EAS AT EY, sl F
O] ATV MY =2 A= 6 m=E F 4150] SIS
on, WAL 2 mo|A] 752.19 gWWt-m?2 0 & epste),

ERTHE SRR AT BE A olA EdeRhY,
L2 FE A 8 molAo ATt Edsh= A o2 ThotE it
£ FAHellA Eddhs T2 7 AR 44 6 mol A ZH2t

3%, 6502 7Y B Fo| FAAYO, HRFE 74 8

Taxonomic group Chlorophyta Phaeophyta Rhodophyta Total
Number of species 2 61 73
Biomass (gWWt-m?) 2.74 91.22 285.16 379.12
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mol| A 7 gho] SRSt AT 2= FE2F7F44 2m
oflA 618.12 gWWt-m>2 7H & A g Holw, 2/
= A 6 mo|A] 147.40 gWWt-m? 0.2 713 =2 Ao 2
e 27 44 8 mof| 4] 8.46 gWWt-m?2O 2 7H4F &=
& WA B Ack(Fig. 4).

AP ol A FHT 27 AT 7 el 2 A5k 4
9 552 AHRY, of7|&7FA](Chondracanthus interme-
dius)7} BEAAZE 69.36 gWWe-m? (18.29%)2 Hogoaz
UERgTh 29350 2= AE(Acanthopeltis japonica)©| A3
A 56.74 gWWt-m? (14.97%)2 Upehtom] theo 2 ure
7 A (Gelidium vagum) 48.25 gWWt-m? (12.73%), 17l
36.78 gWWt-m? (9.7%), 2L 2|u}t] Al Amphiroa beauvoisii)
23.81 gWWt-m? (6.28%)<0.5 el

S e SHEL 240 2 m AHOIAE o7 B71A)
27} A 345.91 gWWe-m? (45.99%) 2 2|04 © 2 eyt
ok AR E S B eupr A o] A 106.21 gWWt-m?
(14.12%)8  Uepton, theom 7pamapdl 48.13
gWWtm? (6.4%), |(Ishige okamurae) 44.87 gWWt-m™
(5.97%), Zaeld5&ol(Plocamium uncinatum) 43.05
gWWt-m? (5.72%)= 22 UERIHE 4 6 m A F o A= o
S I 2] 7 A 225,31 gWWim? (42.93%) 2 2040
2 Uehgrh. 49 E 0 2 gk A 85.77 gW W
(1634%)2 Uehfom, theoz A maEl 59.99
gWWem? (11.43%), A2 46.17 gWWt-m? (8.8%), 7 7H4 5
&% (Rhodymenia adnata) 13.45 gWWt-m? (2.56%)4> 0.2 L}
EFTh 4] 8m Aol A= Aol AA | 154.41 gWWt-m™
(38.18%)= oz Yehyth Abgome ez A
A 81.73 gWWtm? (2021%)2 Ljehgon, koo v
5-29(Callophyllis japonica) 54.23 gWWtm? (13.41%),
LA (Sargassum fulvellum) 43.67 gWWt-m? (10.8%), =
Y AUS(Marginisporum  crassissimum) 17.33 gWWt-m?
(4.28%)=2 & UEbgTh 4 10 m Aol A= Aol A
2F 74,79 gWWt-m2 (52.04%) 2 204 0 2 Lpehge). 204
Zoat Zte7F A 16,39 gWWt-m? (11.4%) 2 Lrehgto.
o, theo 2 eIl 1596 gWWtm? (11.11%), S
AE 7.59 gWWt-m? (5.28%), WA (Marginisporum
aberrans) 5.87 gWWt-m? (4.08%)<=2.2 LERGTE 4 12
m Aol A= mapEto] A 28.13 gWWem? (39.79%)
2 9oz yeidth Aoz e a2 do] AT
13.25 gWWe-m? (18.74%) & LjERho.m, o480 2 Afar 8 31
gWWt-m? (11.75%), © 3 ZH Codium arabicum Kiitzing) 5.16
gWWt-m? (7.3%), AFF8FC}3E 31 Peyssonnelia capensis) 3.88
gWWt-m? (5.49%)=2 2 LEFTH Table 3).

ST blThIE 2

S YT SRR YT BYA AYST Y

o7 FHsje] 25}

2 BASIL, S-S 2RFES AASL G FEF0
R0 it R4S A Ak, 2As ool ZHT 2R
L5 4050% B2 1F, 225 9%, TEF 3050] 28
3 Ao.w Uepgth 2A o) A Ueht & ) 250] 7w
1474002 2577} 5874, Q% 62.16%= 7 45}
e, 2259 u]%=7140.56, 2% 37.04%2 XA 5}H
o] Jehgt} =220 Aol w% 070, 20 0.81%% 74
e 4] 2 HESHS A0 2 8l | Q{rh(Table 4).

S ZWES 9 T 20| WSS AW R, 524 2 moj4

Table 3. Dominant species by depth of seaweed collected by de-

struction method

Depth Scientific name (ngrcﬁ rsns_z) DO"ELZ a;nce
Chondracanthus intermedius ~ 345.91 45.99
Amphiroa beauvoisii 106.21 14.12

2m  Sargassum micracanthum 48.13 6.4
Ishige okamurae 44.87 5.97
Plocamium uncinatum 43.05 5.72
Gelidium vagum 225.31 42.93
Ecklonia cava 85.77 16.34

6 m  Sargassum micracanthum 59.99 11.43
Acanthopeltis japonica 46.17 8.8
Rhodymenia adnata 13.45 2.56
Acanthopeltis japonica 154.41 38.18
Ecklonia cava 81.73 20.21

8 m  Callophyllis japonica 54.23 13.41
Sargassum fulvellum 43.67 10.8
Marginisporum crassissimum 17.33 4.28
Acanthopeltis japonica 74.79 52.04
Ecklonia cava 16.39 1.4

10 m Gelidium vagum 15.96 11.11
Marginisporum crassissimum 7.59 5.28
Marginisporum aberrans 5.87 4.08
Sargassum fulvellum 28.13 39.79
Callophyllis japonica 13.25 18.74

12 m Acanthopeltis japonica 8.31 11.75
Codium arabicum Kiitzing 5.16 7.3
Peyssonnelia capensis 3.88 5.49
Chondracanthus intermedius 69.36 18.29
Acanthopeltis japonica 56.74 14.97

Total Gelidium vagum 48.25 12.73
Ecklonia cava 36.78 9.7
Amphiroa beauvoisii 23.81 6.28
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Fig. 4. Panoramic image analysis synthesized by depth in the study line and photos by depth.
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Fig. 5. The number of species and the coverage(%) according to the water depth of taxon of seaweed.

£ % 18F0] FAsHL U257 2%, T2 15%0] Fdsle
o, I el 7}7k 3522, 55,188 & | 2H0 & W 9042
UERtth 4 6 mo M e & 2050 E@5tL 527 15, 2
ZEAF TRE (5208 95 717} 0.34, 29.69, 41.68%
2T F 971712 Yebgon, 4] 8 moll A= 2
ZBTE TRE2 10207 1wl 7171 31.52,29.942 L}E}w
o} A 10 oA s 525 12 425 5% T35 163
% 20%o0] 285}, v|E 71710.17, 22. 18 25.028 & on
FY F 9= 47372 2AE GO, 4] 12 mof A= 2

= 3%—, TEF IITCE F 1450] SdskaL 242 8.68, 19.19
B 2§25 & url 27.87% Sl E g th(Fig. ).
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Bt} ol S xFE 4502 FIEE UG olgato] Fi
&3l B BxFE HoRe i o8, FRRE
Faylo kg o gsto] P S WYk, ZxFE 3
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32 Mol A0 shotugieh. AAHoIA SxRe 2
FE 4 1077 A4S eldt do] FakElw girka
4% 49

2N BT HERY RS /FOR SHE
A9l 55 ARFY A o|mARe] = 22106, S-H&
15.00%= 293 o2 yepgth Ao 2 2270 4
g7} 9= 13.11 (8.89%)2 UEloH, theo g =71
(Chondracanthus tenellus)7} 3% 12.792 (8.68%), S-S XA}
YH(Sargassum coreanum)©| T = 10.588 (7.18%), Z->-&A
S (Corallina pilulifera)©] )= 8.85 (6.00%)=0 &2 e}
k.

T4 2 moAe AR Ao EAo] wE 3392
(37.52%)= 2Sdoz Yelyttt A eHFo 2= T2 79
E71A4e)7} 1) 31.98 (35.38%) 2 L}E}ﬁguﬂ, oo 17
ult] Ago] 1% 6.69 (7.40%), 7 PZ] 7V Grateloupia chian-
gi°] 1= 5.69 (6.29%), Z-2T-EAS T U & 4.1 (4.54%)%
O 2 YERTE 4 6 moll A= %E‘Tgr% AReArsAta o] o
= 19.48 (27.16%)% - H O 2 UEIGT AR --dEo 2 =7
z20] ZolmAplo] 1% 15.1 (21.06%)2 LFEFtom, the

gl

o2 JYAyo|mapito] u]= 9.34 (13.02%), +Z 232 (Rho-
dymenia intricata)’} 3% 6.81 (9.5%), %7 FAF2](Gelidium
amansii)7} T % 5.49 (7.66%)%= 0.2 LFERT],

424 8 mojl A= 227l 7|7} 9= 26.54 (43.18%) = 2
o¥oE Yehgth AeHFo R T2FQ FAHESH
7} 9% 1324 (21.54%)2 JEPFon, t}go g Boor|E
(Binghamia californica)©] %= 8.34 (13.57%), AEZTZ]|
(Hildenbrandita rubra)7} 3= 5.78 (9.4%), A o] A}H19]
&= 1.36 221%)=2 2 Uesth 44 10 moA= ZxF
ol ZHef7} T 17.43 (36.8%)F oMo vpehytr) 2%
AToRe F2RY A27SAE Tl W= 69 (14.57%)
2 UEpgo, oo 2 AEFHA7E 9] 4.85 (10.24%),
BT of|7]Z0] HE 4.62 (9.75%), FLAHEET A7} 9] 4.51
(9.52%)%= 0.2 YeRdTh =4 12 mo A= 2272 47t
= 8.18 (29.35%)2 Zedo@ yehyttt Afeyzoa
T 250 BZo7]Zo] 9% 8.15 (29.24%) & et on, o}
L o8 TZAYET A7} 1% 3.06 (10.98%), AEZw2]7} 3]
= 2.87 (10.3%), AL S0] 1] 2,05 (7.36%)5=2 2 LHE
wIth(Table 5).

Table 4. Comparison of the number of species, coverage, frequency, and importance of seaweeds by water depth in the surveyed area

Depth Taxon No. of species C F RC RF 1\
Chlorophyta 0 0.00 0.00 0.00 0.00 0.00
2m Phaeophyta 3 35.22 73.60 38.96 31.72 35.34
Rhodophyta 15 55.18 158.40 61.04 68.28 64.66
Total 18 90.40 232.00 100.00 100.00 100.00
Chlorophyta 1 0.34 1.60 047 0.90 0.69
6m Phaeophyta 4 29.69 58.80 41.40 32.96 37.18
Rhodophyta 15 41.68 118.00 58.12 66.14 62.13
Total 20 71.71 178.40 100.00 100.00 100.00
Chlorophyta 0 0.00 0.00 0.00 0.00 0.00
8m Phaeophyta 7 31.52 59.20 51.29 39.78 45.54
Rhodophyta 10 29.94 89.60 48.71 60.22 54.47
Total 17 61.46 148.80 100.00 100.00 100.00
Chlorophyta 1 0.17 0.40 0.36 0.28 0.32
10m Phaeophyta 5 2218 55.60 46.82 38.72 42.77
Rhodophyta 16 25.02 87.60 52.82 61.00 56.91
Total 22 47.37 143.60 100.00 100.00 100.00
Chlorophyta 0 0.00 0.00 0.00 0.00 0.00
12m Phaeophyta 3 8.68 20.00 31.14 22.03 26.59
Rhodophyta 1 19.19 70.80 68.86 77.97 73.42
Total 14 27.87 90.80 100.00 100.00 100.00
Chlorophyta 1 1.03 3.73 0.70 0.92 0.81
Total Phaeophyta 9 59.79 136.46 40.56 33.51 37.04
Rhodophyta 30 86.59 267.02 58.74 65.57 62.16
Total 40 147.40 407.22 100.00 100.00 100.00

C, Coverage; F, Frequency; RC, Relative Coverage; RF, Relative frequency; IV, Importance value.
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1
PR 5) B3 w41 o= W REE AP sk AR
v o] AREE T Q1 9K (Drew 1971; Menge and Farrell,
1989), &|Foll= Ao A ZFTHARIE HFE AZEQOlE
Eofl =] SRt A7 et 52 AR A 02 S48
11 Q)tk(Sutherland 1990; Whorff and Griffing 1992; Chung et
al, 1997), 3 Q15 kg o] ol w29l A2k v]ata)
ARl AR} Tl Eo] Al S| 2Adol it SxHEEE Tt
oFel7] 9Jt shiczntoln|A] H4E Wastol sslHow, 3
7HA] AP oA 3 gt F-2 1] 1L 5HH Table 61 At
FHLES BRIS1E shefulo]u x| 42T, 44 2 mo
H2%E,6m3E,8m2%, 10m 1, 12m 1202 ggzzs
gE 2R1E vhdof WS o-§-2t wha| i} vluka|H Al

Table 5. Dominant species according to seaweed coverage

Depth Taxon Scientific name Coverage Dominance (%)
Phaeophyta Sargassum horneri 33.92 37.52
Rhodophyta Chondracanthus tenellus 31.98 35.38
2m Rhodophyta Amphiroa beauvoisii 6.69 7.40
Rhodophyta Grateloupia chiangii 5.69 6.29
Rhodophyta Corallina pilulifera 4.10 4,54
Rhodophyta Corallina pilulifera 19.48 27.16
Phaeophyta Sargassum coreanum 15.10 21.06
6m Phaeophyta Sargassum horneri 9.34 13.02
Rhodophyta Rhodymenia intricata 6.81 9.50
Rhodophyta Gelidium amansii 5.49 7.66
Phaeophyta Ecklonia cava 26.54 43.18
Rhodophyta Rhodymenia intricata 13.24 21.54
8m Rhodophyta Binghamia californica 8.34 13.57
Rhodophyta Hildenbrandita rubra 5.78 9.40
Phaeophyta Sargassum horneri 1.36 2.21
Phaeophyta Ecklonia cava 17.43 36.80
Rhodophyta Corallina pilulifera 6.90 14.57
10m Rhodophyta Hildenbrandita rubra 4.85 10.24
Rhodophyta Binghamia californica 4.62 9.75
Rhodophyta Rhodymenia intricata 4.51 9.52
Phaeophyta Ecklonia cava 8.18 29.35
Rhodophyta Binghamia californica 8.15 29.24
12m Rhodophyta Rhodymenia intricata 3.06 10.98
Rhodophyta Hildenbrandita rubra 2.87 10.30
Rhodophyta Marginisporum aberrans 2.05 7.36
Phaeophyta Sargassum horneri 22.11 15.00
Phaeophyta Ecklonia cava 13.11 8.89
Total Rhodophyta Chondracanthus tenellus 12.79 8.68
Phaeophyta Sargassum coreanum 10.59 7.18
Rhodophyta Corallina pilulifera 8.85 6.00
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Table 6. Comparison of species composition and dominant species of seaweed according to survey methods

Depth Panoramic Quadrat analysis
image analysis Destructive (No. of species) Non-destructive (No. of species)
2m 2 29 18
6m 3 41 20
8m 2 22 17
10m 1 22 22
12m 1 18 14
Taxonomic group Biomass (gWWt-m?) Dominance (%) Coverage Dominance (%)
Chlorophyta 0.00 0.00 0.00 0.00
2m Phaeophyta 134.07 17.82 35.22 38.96
Rhodophyta 618.12 82.18 55.18 61.04
Chlorophyta 0.00 0.00 0.34 0.47
6m Phaeophyta 147.40 28.09 29.69 41.40
Rhodophyta 377.41 71.91 41.68 58.12
Chlorophyta 8.46 2.09 0.00 0.00
8m Phaeophyta 128.12 31.68 31.52 51.29
Rhodophyta 267.86 66.23 29.94 48.71
Chlorophyta 0.07 0.05 0.17 0.36
10m Phaeophyta 18.35 12.77 22.18 46.82
Rhodophyta 125.29 87.18 25.02 52.82
Chlorophyta 5.16 7.30 0.00 0.00
12m Phaeophyta 28.20 39.89 8.68 31.14
Rhodophyta 37.34 52.81 19.19 68.86
Dominant species Scientific name (gBVi\c/JVn\;?;sz) Dorrz(i)zs;\nce Scientific name Coverage Dorrzi;)r;\nce
Chondracanthus intermedius ~ 345.91 4599  Sargassum horneri 33.92 37.52
fﬁgf’;f::[,:’u - Amphiroa beauvoisii 10621 1412 Chondracanthus tenellus ~ 31.98 35.38
2m S. micracanthum 48.13 6.4 A beauvoisii 6.69 74
IL)%ZZZ ” Ishige okamurae 44.87 597  Grateloupia chiangii 5.69 6.29
P. uncinatum 43.05 5.72  Corallina pilulifera 4.1 4.54
) Gelidium vagum 225.31 42.93  C. pilulifera 19.48 27.16
S micracanthum E. cava 85.77 16.34  Sargassum coreanum 15.1 21.06
6m  Ecklonia cava S. micracanthum 59.99 11.43  S. horneri 9.34 13.02
U, pinnatifida Acanthopeltis japonica 46.17 8.8 Rhodymenia intricata 6.81 9.5
Rhodymenia adnata 13.45 256  Gelidium amansii 5.49 7.66
A. japonica 154.41 38.18 E.cava 26.54 43.18
E. cava E. cava 81.73 20.21  R. intricata 13.24 21.54
8m Callophyllis japonica 54.23 13.41  Binghamia californica 8.34 13.57
S. micracanthum - goassum fulvellum 4367 108  Hildenbrandita rubra 5.78 9.4

Marginisporum crassissimum 17.33 4.28 S. horneri 1.36 2.21
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Table 6. Continued
Dominant species Scientific name (gBVi\C/)Vn\;?;SZ) Dorrzti;lz;mce Scientific name Coverage Donzi;)?nce
A. japonica 74.79 52.04 E. cava 17.43 36.8
E. cava 16.39 1.4 C. pilulifera 6.9 14.57
10m E. cava G. vagum 15.96 111  H. rubra 4.85 10.24
M. crassissimum 7.59 5.28 B. californica 4.62 9.75
Marginisporum aberrans 5.87 4.08 R. intricata 4.51 9.52
S. fulvellum 28.13 39.79 E.cava 8.18 29.35
C. japonica 13.25 18.74  B. californica 8.15 29.24
12m E. cava A. japonica 8.31 11.75 R. intricata 3.06 10.98
Codium arabicum 5.16 7.3 H. rubra 2.87 10.3
Peyssonnelia capensis 3.88 549 M. aberrans 2.05 7.36
800 100
700 1 90
g 600 | 1%
2 {1 70
lgn 500 r 1 60 g
.‘%' 400 4 50 gﬂ
-§ 300 | 1% §
s { 30
g 200 | %
100 1 10
0 0
2m 6m 8m 10m 12m

—O—Destructive(Bio

mass)

= Non-destructive

Fig. 6. Vertical distribution of macroalgal biomass and coverage in the different seawater depths using two estimation methods, destructive
(biomass, n=3) and non-destructive (coverage, n=10) methods.
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ok 4 6 molAl = RS mxfe SHHA] e
u, Bl w2 R e SEsgl o, 45 &
T Y B FRRTE sk, sk et A
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416802 S 58.12%= FRIEQITE 424 Smof A& H]
oA m2577F SASHA] ko, s Lt AYA
2 846 gWWt-m20& A g 23k}, Txao SIIEE=]
w2 R W ol M A = Aol skl UebgtoH, 1
Ho|l e 277} 267.86 gWWtm2o.2 S48 66.23%=
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Table 7. Cumulative ratio of the number of species appearing according to repetition of the Quadrat in the non-destructive method based on

the total number of species of seaweed that appeared in the destructive method

Quadrat No. 1 2 3 4 5 6 7 8 9 10
No. of cases 10 45 120 210 252 210 120 45 10 1
Mean species 7 9 1 12 14 15 16 17 17 18
2m Cumulative ratio (%) 2448 3203 3761 4240 4665 5046 53.88 56.93 59.66 62.07
Mean species 7 10 13 14 16 17 18 19 19 20
om Cumulative ratio (%) 1732 2547 31.02 3524 3861 4137 4368 4564 4732 48.78
8m Mean species 6 8 9 1 12 13 14 15 16 17
Cumulative ratio (%) 26.36 3566 4269 4883 5440 5955 64.36 6889 73.18 77.27
10m Mean species 7 10 12 14 15 17 18 20 21 22
Cumulative ratio (%) 3227 4414 5364 6210 69.84 7695 8348 8949 95.00 100.00
12m Mean species 5 8 9 10 11 12 13 13 14 14
Cumulative ratio (%) 2833 4210 50.74 5714 6224 6643 6995 7296 75.56 77.78
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Fig. 7. Cumulative ratio of average number of species according to quadrat repetition.
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3yt Qlo] A7 A A Aol A 2| glo] Malj 7= s 272
Akl HUE P st -85, @729 2ARe] WY
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8 $AES B4t 2P tollE 3 A AR
ot EAHR o] Aol sk AEe AP sk
2 A %sl= Al (Lundalv and Himmelman, 1976; Littler and
Littler, 1985)Q1 Rt /41 9] 412 =5 =o]7] 913 RHE 3]
5 wetsfof gt
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H FETTE 7202 Uy AARESE 2elshr] 9
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of W5 AT Wl whet HHF A Hl 2 Al
=3} tH(Table 7).
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