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Changes in marine algal community in the intertidal zone of

Yeongil inner and outer Bay, East coast of Korea

Se Jeong Park

Department of Ecological Engineering, The Graduate School,
Pukyong National University

Abstract

Seaweeds in the intertidal zone form various seaweed communities because
environmental factors in the intertidal zone differ depending on the topography.
These communities serve as a habitat, spawning ground, and lair for marine
organisms (e.g., invertebrates, and fish) and play important functions, such as
photosynthesis and material circulation. However, recent coastal development
has decreased the area and function as a habitat for marine organisms.
Moreover, seaweed communities are expected to change because of the rise in
water temperature due to climate change, but the available data are insufficient
to compare past and present seaweed communities. The purpose of this study
is to examine the seasonal and spatial changes in algal community structures
in the outer and inner bays of the intertidal zone of Yeongil Bay. In addition
to determining whether changes in seawater temperature due to global
warming have affected the marine ecosystem through seaweeds, a seasonal
survey was conducted on 13 sites in the intertidal zone of Yeongil Bay from
August 2021 to July 2022. Samples were collected by a destructive method
using a quadrat (50x50 cm), and quantitative data, such as biomass and
importance value (IV), were analyzed using the identified algae. Statistical
analysis (ANOSIM and SIMPER) was performed using algal biomass and IV.
As a result of analyzing the seasonal changes in the algal community
structure of Yeongil Bay according to the biomass, the dissimilarity was

70.0-81.7%, and it was confirmed that the contribution of Sargassum spp. was

- vii -



high. When analyzed according to the IV, the dissimilarity was 69.5-82.3%, and
it was confirmed that the contribution of Ulva spp. was high. As a result of
analyzing the algal community structure in the outer and inner bays according
to the IV, the dissimilarity was 69.1%, and it was confirmed that the
contribution of Ulva spp. was high. In summary, this paper argued that the
algal community structure in the intertidal zone of Yeongil Bay was
determined by the biomass based on Sargassum spp. and by the IV based on
Ulva spp. The seawater temperature of Yeongil Bay has increased by
approximately 0.8°C over the past 50 years, but the current algal community is
similar to the past. This study revealed that seaweed communities in the
intertidal zone of Yeongil Bay differ by season and between the inner and
outer bays. It was found that the intertidal zone of Yeongil Bay is changing
due to coastal development and eutrophication, and factors associated with
climate change. Therefore, it is necessary to monitor the intertidal zone of
Yeongil Bay to respond to changes in the environment and seaweed
community, and the health of the marine ecosystem must be managed by
managing the quality of water. In addition, this study provided basic data with
which to assess the potential of ecological engineering for the restoration of

intertidal zones.
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Pohang

Fig. 1. A map showing ocean currents in Yeongil Bay.
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Fig. 2. A map showing the study sites in the intertidal zone of Yeongil Bay
(O: outer bay; [J: inner bay).



Table 1. List of GPS coordinates of the study sites

Site

Latitude

Longitude

Seokbyeong

36°01'22.56"N

129°34'43.63"E

Gangsa

36°02'54.12"N

129°34'49.44"E

Daebo 1

36°03'49.47"N

129°34'26.76"E

Daebo 2

36°04'45.54"N

129°33'53.25"E

Guman 1

36°05'01.67"N

129°33'33.80"E

Guman 2

36°05"06.82"N

129°32'58.75"E

Guman 3

36°04'44.49"N

129°32"44.41"E

Masan

36°01'06.12"N

129°29'30.02"E

Ibam

36°00'51.86"N

129°28'38.97"E

Imgok

36°00'51.06"N

129°28'38.09"E

Songdo

36°01'55.51"N

129°23'03.22"E

Jukcheon

36°05'24.93"N

129°25"19.88"E

Chilpo

36°08'41.12"N

129°23'53.34"E




Table 2. List of short descriptions of the study sites

Type

Site

Substrate

Remarks

Outer
bay

Seokbyeong

Gangsa

Daebo 1

Daebo 2

Guman 1

Guman 2

Chilpo

rocky

rocky

rocky

rocky

rocky

sandy

rocky

It was the easternmost site of the outer bay and
was effected by the open sea

During the study period, a large amount of
sludge from fish farm wastewater was entangled
with algae

It was a site protected from waves by rocks that
can block the waves

It was a site with Daebo Port on the left and the
Hand of Coexistence (monument in Pohang) on
the right, and the wave-cut platform was formed
widely

It was a site at the tip of Homi Cape, and
effected by the open sea

There is an eagle rock (monument in Pohang) on
the site, and a wave break is formed widely.
Among the study sites, the influence of waves is
the least

It was the northernmost site of the outer bay and
was surrounded by Chilpo Port and Chilpo
Breakwater

Inner

bay

Guman 3

Masan

Ibam

Imgok

Songdo

Jukcheon

rocky

rocky

rocky

rocky

sandy

rocky

There was a village near the site, and
breakwaters are installed along the coastline. This
site had the highest number and biomass of
species during the study period

There was a fishery drying area near the site,
and there was a Haseondae, which is a natural
attraction, so people often approached it

The site was located at the outfall of the village
of Ibam 2-ri, but the river was dry due to the
cover and lost its function

Near the site, there was a lot of garbage from
leisure activities and villages

The site was close to Songdo Beach and POSCO,
and to the east was the outfall of the Hyeongsan
River

On the right side of the site, there was a
breakwater with a length of about 170 m, and
most of the garbage thrown away from the land
and nearby restaurants
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Ecological Research) version 6.0 & PERMANOVA+E ©o]&3I3th
(Anderson et al., 2008).



Table 3. Formula of ecological indices

Indices Meaning Formula

The ratio of the area occupied by a ¢th
Cover (%) pled by C=ua;/A

species to the total surveyed area

The ratio of occurrence of a 7th species .
Frequency P fi=7i/k

in a sample

The ratio of the coverage of a 7th

S
Relative coverage species to the sum of the coverage of RC; = Cl/ Z C

total species i=1

The ratio of the frequency of a 7th

S
Relative frequency species to the sum of the frequency of Rf,=f;/ Z f

total species i=1

The degree of influence or importance of
Importance Value IV, = Rf,+ RC,

a ¢th species in a community

The state of a community calculated
Richness using the total number of community and R = (S—1)/In(N)
the total number of species

The degree to which the species

Evenness composition within a community is J =H’ / In (S )
uniform
¥ S
. . Probability that two randomly sampled
Diversity H' ==Y P xIn(p;)

individuals are different species :

Dominance D=

The degree to which a Zth species 9
o . 1=
dominates in a community

; 1s area of the /th species in quadrat

A is total area of the quadrat

7; 1s the number of samples in the 7th species

k is the total number of species in the sample

S is the total number of species in the sample

N is the total number of individuals recorded in the sample

p; 1is the proportion of the number of individuals in the /th species to the

total number of individuals in the sample
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Table 4. List of references published in Yeongil Bay

References Research period

Site

Chyung and Park (1955) unknown

Rho (1958) unknown
Kang (1966) unknown
Kang (1968) unknown

Lee and Oh (1986) Jul. 1984

Lee and Lee (1988) Feb. 1985-Jan. 1986

Nam et al. (1996) Jul. 1995-Jun. 1996

Lee et al. (1997) May. 1996-Feb. 1997

Lee and Kim (1999) 1993-1995

Park and Choi (2009) Feb. 2003-Jan. 2009

Yeongil Bay, Kuryongpo

Pohang, Yeongil Bay, Kuryongpo

Pohang, Yeongil Bay, Kuryongpo, Daebo

Pohang, Yeongil Bay, Kuryongpo, Daebo

Daebo, Imgok, Songdo

Daebo, Imgok, Songdo

Guman

Kuryongpo, Balsan, Yeonampo, Yongdock

Kuryongpo, Kangsa, Daebo, Daedongbae,

Balsan, Imgok, Songdo, Yonampo,

Yongdok, Iga, Bango, Bugyong

Masan, Ibam, Imgok, Songdo

_12_



Fig. 3. A map showing the same administrative districts of this study and
previous studies ([J: Lee and Kim, 1999; O: Lee and Kim, 1999;
Nam et al., 1996; A: Lee and Kim, 1999; Park and Choi, 2009).
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26l TR 88, EA
2A, BA BA 22}
L dRe a—} Aol HE 342
27} 217}

ATA7IE sFRESAE AR F 99-
30.9-36.6 psu= YEbRTH Ad 2 A
Zy7y 2787C, 21.8C, Al ZH> 1
a1, SHAle] AW 246°C, FAl°] tE1 1661
A} 165C= 7Hd vtttk pHE sl
= 89, =40 w2 872 7P =kar
78, 18, 76, =4 % 83°= 7}5}
psu, Aol A9 36.0 psu, A FA 0 7]
2 7 =ka, dHAIe A, 240 FE7 } 26.7 psu, 34.3 psu, 32.5
psu, Al 4 301 psuz 7 St 78‘94 AAE W 5
<ol F=7F 7HE s oH, pHoE d#S A% 7&°ﬂ frAFsF A TH(Table 5).
oW del Hit 22 98y 180T, H]EHOJ‘ 185C, pHE <319 84,
yaled 85 AEES 9ol 353 psu, el 334 psu®E &3 pHE A
Rom QAL e el A oFzk WEttH(Table 5).
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Table

5. Water temperature, pH, and salinity measured at the study sites
during the survey period

Site

Water temperature (C)

pH

Salinity (psu)

Su.

Au. Wi.

Sp. Mean

Su.

Au. Wi.

Sp. Mean!

Su.

Au. Wi.

Sp. Mean

SB

GS

DB 1

DB 2

GM 1

GM 2

GM 3

CPp

24.6
251
24.9
25.0
25.2
25.2
254

25.7

19.0

18.4

16.6

18.1

179

18.3

18.7

19.5

9.5

10.3

9.7

8.4

10.3

10.8

10.3

11.0

16.6
16.5
176
17.6
20.2
22.8
18.8

18.2

174
176
172
173
18.4
19.3
18.3

18.6

8.1

7.8

8.2

8.1

8.3

8.4

8.3

8.5

8.1

7.3

8.5

8.4

8.6

8.8

8.6

8.5

8.2

7.6

8.5

8.5

8.7

8.8

8.6

8.5

8.7
8.3
8.6
8.7
8.3
8.7
8.6

8.3

8.3

79

8.5

8.4

8.5

8.7

8.5

8.4

33.2
32.6
324
30.9
32.5
30.0
28.2

34.2

36.0

35.5

35.3

34.7

35.3

35.1

35.0

35.4

36.4
36.8
36.8
36.9
36.8
37.3
36.9

36.9

36.5
36.5
36.6
36.6
36.8
37.5
36.7

36.7

35.5

354

35.3

34.8

35.3

35.0

34.2

35.8

Outer

25.1

18.3

10.0

185

18.0

8.2

8.4

8.4

8.5

8.4

32.3

35.3

36.8

36.7

35.3

MS
IA
1G
SD

JC

25.5

25.5

26.2

27.8

256

18.8
18.0
19.2
21.8

19.9

10.5

8.7

3.8

9.6

10.5

20.0

195

19.7

17.2

184

187
17.9
185
19.1

18.6

8.4
8.3
8.3
8.1

8.1

8.7
8.7
8.7
8.3

8.6

8.9
3.8
8.7
8.3

8.9

8.6
8.6
8.6
8.3

8.3

8.6
8.6
8.6
8.2

8.5

29.2

29.8

30.3

26.7

31.8

34.7
30.1
31 )
30.3

33.2

36.9
36.4
36.7
34.3

36.5

36.9
36.8
36.7
32.5

35.0

344

33.3

33.7

30.9

34.1

Inner

26.0

194

9.7

189

185

8.3

8.6

8.7

8.5

8.5

29.3

32.4

36.3

35.8

334

Mean 255 188 99 187 182

8.2

8.5

8.5

8.5

8.4

30.9

34.0 36.6 36.3

34.4

*Su, Summer; Au, Autumn; Wi, Winter; Sp, Spring

SB, Seokbyeong; GS, Gangsa; DB 1, Daebo 1; DB 2, Daebo 2; GM 1, Guman 1; GM 2, Guman 2;

GM 3, Guman 3; MS, Masan; IA, Ibam; IG, Imgok; SD, Songdo; JC, Jukcheon; CP, Chilpo
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m Chlorophyta @ Phaeophyta ORhodophyta
120

100 ] —

60

Number of species

40

20

SB GS DB1 DB2 GM1 GM2 GM3 MS |IA IG SD JC CP

SB, Seokbyeong; GS, Gangsa; DB 1, Daebo 1; DB 2, Daebo 2; GM 1, Guman 1; GM 2, Guman 2;
GM 3, Guman 3; MS, Masan; IA, Ibam; IG, Imgok; SD, Songdo; JC, Jukcheon; CP, Chilpo

Fig. 4. Total number of marine algal species of study sites in Yeongil Bay.
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At dete] Hyr WEFS HZF 17373 g/m, dZF 34803 g/m', &
25 31092 g/mz F 83268 g/moldrt. AHE HAF ANEHFE I
684.33 g/m’, A 55859 g/m’, 7 1,065.75 g/m’, =74 1,030.95 g/m'E &
Alell 7F¢ =skar, FA 7 Btk A3 Jet A EFS 24.62-119.68
g/mE :rLU}BO] HZF 1287 g/m, AEF 7439 g/m’, TEF 3242 g/mE
olxlo] & 11968 g/m= 7MY =g, $57F Z2F 1262 g/m, TZF
12.01 g/mi BolEo] F 2462 g/mE 7}%} vkokeh @ dwt af o] R
W og3d AR HLe H2HF O132-366%, ZEHF 212-51.0%, TFF
34.7-451% % H2F9 2xFo AEF vlEo] =dh(Fig. 5.

E Chlorophyta = Phaeophyta ORhodophyta
140

-
N
o
l

-
[=}
o

|

60

Mean biomass (g/m’)
l

20

SB GS DB1 DB2 GM1 GM2 GM3 MS |IA IG  SD JC CP

SB, Seokbyeong; GS, Gangsa; DB 1, Daebo 1; DB 2, Daebo 2; GM 1, Guman 1; GM 2, Guman 2;
GM 3, Guman 3; MS, Masan; IA, Ibam; IG, Imgok; SD, Songdo; JC, Jukcheon; CP, Chilpo

Fig. 5. Mean biomass of study sites in Yeongil Bay.
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7oAk FATAA AEFYN FoE VFoR #4E A
e, ASFEEA X Fo|(Sar.  thunbergi), H2T& 21y
(Corallina piluliferra) 5 2. = ‘l‘l‘/‘]'o]'oﬂ‘:]’ A 7oz BAE dE A
9 5EE AFol, ARFERAN, FHAT, 4LTEMEY, o |
yezoense) <=O. & kil ﬁléitﬂi SHAE Alelsta A SR AN A
Zol7F HSHsAHTable 6). AFE=E A9 dix], dR2 F97H, vpit
o Al A& RAHko] b7y 16693 g/m’ (17.5%), 21561 g/m’ (26.4%),
179.82 g/m' (26.6%), 193.87 g/m’ (34.8%), 161.50 g/m’ (16.1%), “+AFe} <
ol Azt Zhzr 11955 g/m' (10.1%), 101.91 g/m' (13.4%), -%F
29 S A A Fol7F 2+2F 396.95 g/m’ (65.1%), 395.01 g/m' (45.4%), -
Ukl A S EAPEko]l  341.16 g/m’ (21.8%), LFoNA AUl Aol
(Grateloupia asiatica)?} 11841 g/m' (15.6%), s x4 &atzl7} 69.36
g/m' (21.0%), XA F&FEAE ol 11573 g/m' (15.0%)=2 = -3}
A tHAppendix 2-5).
TaE 7]’523 vb_'— A S5 E < TRA, g9, AF
’é A o B Eokw Aldwle e,
A3l A TH(Table 7). FHHZ A9, djr],
A, TR =, HxA ?mﬁ%ﬂ]ﬂ' Zyzy 21.4%, 14.9%, 17.1%,
24.0%, 17.1%, 16.0%, ZdAtolA HFHLS7V92H( G cornea)©] 22.4%, thHH29}b
TRE20I A A Fol7 Zhzb 13.8%, 30.4%, FRHIolA A& B
12.4%, T-9E30 A o mAdko]  12.9%, wRitel A @EZFIA S-S (Hypnea
fexicaulis)7} 11.9%, P FolA F2atef 7} 14.6% = F 94333 ot
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Table 6. Top 5 dominant marine algal species according to biomass in

Yeongil Bay
Rank Species Biomass (g/m’) Ratio (%)
Summer
1 Ulva australis 1,074.76 12.1
2 Ulva compressa 1,022.91 115
3 Sargassum thunbergii 990.33 11.1
4 Hypnea flexicaulis 854.57 9.6
5 Corallina pilulifera 846.38 9.5
Autumn
1 Sargassum thunbergii 888.15 12.2
2 Ulva australis 329.82 114
3 Sargassum muticum 644.01 8.9
4 Hypnea flexicaulis 635.01 8.7
5 Corallina pilulifera 601.34 8.3
Winter
1 Sargassum muticum 1,938.20 14.0
2 Sargassum thunbergii 1,809.00 13.1
3 Sargassum horneri 859.43 6.2
4 Ulva australis 563.82 4.1
5 Pyropia suborbiculata 533.90 3.9
Spring
1 Sargassum muticum 1,970.30 14.7
2 Sargassum thunbergii 1,225.19 9.1
3 Ulva australis 1,190.40 89
4 Grateloupia asiatica 655.43 4.9
5 Sargassum yezoense 551.72 4.1
Total
1 Sargassum thunbergii 4912.67 11.3
2 Sargassum muticum 4,701.86 10.8
3 Ulva australis 3,658.81 8.4
4 Corallina pilulifera 2,413.51 5.6
5 Sargassum yezoense 2,068.20 4.8
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Table 7. Top 5 dominant marine algal species based on important value
(IV) in Yeongil Bay

Rank Species VI (%)
Summer
1 Ulva compressa 20.0
2 Ulva australis 11.2
3 Hypnea flexicaulis 94
4 Sargassum thunbergii 6.5
5 Corallina pilulifera 6.1
Autumn
1 Ulva australis 21.6
2 Ulva compressa 71
3 Corallina pilulifera 6.9
4 Sargassum thunbergii 6.5
5 Hypnea flexicaulis 6.0
Winter
1 Ulva australis 12.7
2 Sargassum muticum 6.2
3 Sargassum thunbergii 6.0
4 Corallina pilulifera 4.0
5 Grateloupia asiatica 40
Spring
1 Ulva australis 15.2
2 Sargassum thunbergii 7.1
3 Ulva intestinalis 7.1
4 Sargassum muticum 6.9
5 Cladophora albida 5.6
Total
1 Ulva australis 15.2
2 Ulva compressa 7.2
3 Sargassum thunbergii 6.5
4 Corallina pilulifera 51
5 Sargassum muticum 47
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dUdnt Aot dfx o AHATE FHE 18650, 5% 0.8, Tt E
7F 194902 M =k, %

4200, A% 0.0200] AT} FHEAA Hx
7 8994 71 wigkth S oA ZAAE 08342 M =
05992 7Hg wokth thfelA FFuble] 37092 7B =kal, RV
257002 7pg okt A=A FR27E 01292 7bE =okan, AR
0.0302.2 7} SrktH(Table 8).

Ad 2D AHHse FHRE=T oAl 4.273-12410, F4 5.808-12.030, &7
6.564-15.680, =4 6.850-15.050 Ato]e] Mo, A= vt FA ol =
T9H, FA EAd= HEAA 7P =i, BE A-A FE7F 7HE
sttt s Ee Al 0.468-0.761, FA1 0.485-0.794, A 0.554-0.812, &4
0.561-0.830 Atelo} oo, stAet FAld= 7913, FAl= 79, &4
= AAE VS =%a, sHAde 5, FA A, £AldE FRR2eA
7H Gtk g Sl 1.297-2.864, FA1 1.789-3.122, FA 2.096-3.390,
A 1.906-3.307 AFole] Mo gon, dHASE FAE a3, BA = FuH,
A= Aol 7H =9kl sHldl = %, FAI9 B, £AlkE et
7H wokth $dEE= sl 0.072-0.330, 54 0.059-0.288, 7 0.042-0.205,
A 0.044-0.205 Atele] Wi om, stAd= F57t, FA w4, A=
TRE27F 71 wokan, sl A, SAZFA 3, EAlE Aue] b
2 TH Appendix 1).

oN

rr

A ¥ K-dominance curvesollA 7R 3, % o2 =z +F <t
QL7 7HE B dth(Fig. 6). o« ZF Ao AA AEZFelA FRk2e A
Fol 65.1%, 32 AFol 454%, TSNS 107%, $E HA
& 21.0%, VM E=UNG. turuturu) 195%, THA Y 114%2 259 =x
F7F AA BEFe 50% olds FHste sx o] EehEE AoR
FAE At Tk Al AHS o2 - vlaste] gFErt ki, -4

H
N
)

= Shh(Fig. 6).
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Table 8. Ecological indices of study sites in Yeongil Bay

Site Richness Evenness Diversity Dominance
Seokbyeong 17.400 0.777 3.593 0.035
Gangsa 13.380 0.834 3.663 0.030
Daebo 1 15.790 0.748 3.356 0.047
Daebo 2 15.160 0.734 3.244 0.054
Guman 1 17.700 0.807 3.709 0.035
Guman 2 14.620 0.599 2.570 0.129
Guman 3 15.790 0.807 3.692 0.033
Masan 18.720 0.781 3.673 0.035
Ibam 14.330 0.803 3.540 0.037
Imgok 16.900 0.803 3.682 0.031
Songdo 8.994 0.722 2.750 0.075
Jukcheon 15.290 0.730 3.242 0.059
Chilpo 19.490 0.765 3.610 0.035
Total 18.650 0.854 4.200 0.020
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Fig. 6. K-dominance curves (x-axis logged) of the biomass of study sites
in Yeongil Bay.
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5 AddE &+ &%

1) A=

dAdvt =HFNA AEFS] AEE 2ol= one-way ANOSIM +4
3 98t tHglobal-= 262, P< .05). SIMPER ¥4 A3} A4dd aF
W FAE = A 26.6%, A 29.2%, A 30.8%, =4 33.9%= Al
AMEZE 7HE sk AEE FALRA A A Vol 50% 7]l B
Ao Fhaduezt SR on, AFo], A EREAN TFA$
FAA AU A Fold], At So] AEER 7o Ert E%th(Table 9).

A 252 HFAMEE 70.0-81.7%% Ekom, HlfAlEolA 7)o =7}

o

ﬂ l‘lﬂ o

e Fe FE AFl, JUTERAN 5 EAWF(Sar spp) Ak A8
2 RAEe A 1&15 50% 71915 A% FANA Aol ¥
shel, GSTEMES 5 123, Ak BA % At FANA AFol, 3
SRS A, WA % A2} 17%, 4%, A% 5 s-; FA% EAe

2 ixESAtesZ 5 242 17F, 165 A9 &4
, YA o] B AH(Sar. hornerz) 1807 3]
A (Table 10).
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Table 9. List of marine algae contributing to 50% seasonal similarity by
season according to biomass

Group Av. Sim. (%) Species Contrib. (%)
Ulva compressa 18.6
Ulva australis 16.4
Summer 26.6
Hypnea flexicaulis 14.3
Sargassum thunbergii 10.1
Ulva australis 20.4
Corallina pilulifera 10.2
Autumn 29.2 Hypnea flexicaulis 9.8
Sargassum thunbergii 7.8
Sargassum muticum 6.8
Ulva australis 125
Sargassum muticum 9.8
Sargassum thunbergii 5.9
Ahnteltiopsis flabelliformis 5.0
Winter 30.8 Grateloupia asiatica 4.3
Ulva linza 4.3
Cladophora albida 41
Grateloupia turuturu 3.8
Chondrus ocellatus 3.8
Ulva australis 18.0
Sargassum muticum 10.4
Ulva linza 6.3
Spring 339
Grateloupia asiatica 6.0
Ulva intestinalis 56
Ahneltiopsis flabelliformis 47
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Table 10. Top 5 marine algae contributing to seasonal dissimilarity
according to biomass

Group Av. Diss. (%) Species Contrib. (%)
Sargassum thunbergii 6.8
Summer Ulva compressa 6.2
VS. 73.9 Corallina pilulifera 5.6
Autumn Hypnea flexicaulis 54
Ulva australis 5.3
Sargassum thunbergii 5.7
Summer Sargassum muticum 5.3
Vs. 81.7 Ulva compressa 4.3
Winter Hypnea flexicaulis 3.8
Corallina pilulifera 3.6
Sargassum muticum 5.8
Summer Sargassum thunbergi 5.7
VS. 78.8 Ulva compressa 46
Spring Hypnea flexicaulis 41
Ulva australis 4.1
Sargassum thunbergii 6.1
Autumn Sargassum muticum 5.8
VS. e Corallina pilulifera 3.7
Winter Sargassum horneri 35
Hypnea flexicaulis 3.1
Sargassum muticum 6.2
Autumn Sargassum thunbergii 6.1
VS. 72.8 Corallina pilulifera 3.9
Spring Grateloupia asiatica 3.7
Ulva australis 3.5
Sargassum thunbergii 5.8
Winter Sargassum muticum 5.7
VS. 70.0 Sargassum horneri 3.6
Spring Grateloupia asiatica 3.1
Corallina pilulifera 2.9

_27_



;m\
o\
o
=

o2
e,
2
e
el

ALNA To=e AEE 2oli= one-way ANOSIM &4 4
(global-R= 315, P< .05). SIMPER #4] ZA3 AdH &
Al 28.6%, A 30.5%, A 31.6%, =4 33.9%= FA-el
=0k AEE FAEAA A 7]k 50% 7S B
THZASY 7 Ao, AeFEASE, AaFEEA
& 7]oJ =7k E 8k tH(Table 11).
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Table 11. List of marine algae contributing to 50% seasonal similarity
according to important value (V)

Group Av. Sim. (%) Species Contrib. (%)
Ulva compressa 377
Summer 28.6
Ulva australis 15.1
Ulva australis 437
Autumn 30.5 Corallina pilulifera 7.4
Hypnea flexicaulis 6.4
Ulva australis 26.4
Sargassum muticum 7.4
Ulva linza 51
Winter 31.6
Sargassum thunbergii 4.7
Ahnfeltiopsis flabelliformis 41
Corallina pilulifera 4.0
Ulva australis 314
Sargassum muticum 8.2
Spring 339
Ulva intestinalis 7.2
Grateloupia asiatica 54
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Table 12. Top 5 marine algae contributing to dissimilarity according to
important value (IV)

Group Av. Diss. (%) Species Contrib. (%)
Ulva compressa 12.8
Summer Ulva australis 11.5
VS. 73.3 Hypnea flexicaulis 6.7
Autumn Sargassum thunbergii 6.3
Corallina pilulifera 5.6
Ulva compressa 11.9
Summer Ulva australis 7.0
Vs. 82.3 Hypnea flexicaulis 5.6
Winter Sargassum thunbergii 5.3
Corallina pilulifera 4.0
Ulva compressa 12.2
Summer Ulva australis 7.6
VS. 80.8 Sargassum thunbergii 6.2
Spring Hypnea flexicaulis 5.8
Ulva intestinalis 4.7
Ulva australis 9.8
Autumn Sargassum thunbergii 5.9
VS. 74.6 Corallina pilulifera 4.8
Winter Ulva compressa 45
Sargassum muticum 4.4
Ulva australis 9.2
Autumn Sargassum thunbergii 7.0
VS. 71.6 Cladophora albida 54
Spring Ulva intestinalis 5.0
Sargassum muticum 49
Sargassum thunbergii 6.9
Winter Ulva australis 6.8
vs. 69.5 Sargassum muticum 54
Spring Ulva intestinalis 5.0
Cladophora albida 45
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GM 3; Masan, MS; Ibam, IA; Imgok, IG; Songdo, SD; Jukcheon, JC; Chilpo, CP

Fig. 7. Similarity of study sites in Yeongil Bay.
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Table 13. List of marine algae contributing to 50% similarity by study sites
according to biomass

Group Av. Sim. (%) Species Contrib. (%)
Sargassum thunbergii 40.2
A 51.9
Ulva australis 13.9
Sargassum yezoense 10.7
Corallina pilulifera 10.3
Sargassum horneri 75
Ulva australis 52
B 52.7
Sargassum confiisum 51
Dictyopteris prolifera 4.7
Dictyota dichotoma 4.3
Leathesia marina 4.1
Sargassum muticum 18.0
Hypnea flexicaulis 8.2
Sargassum thunbergii 75
C 54.7 Ulva australis 6.2
Grateloupia asiatica 49
Ulva intestinalis 3.9
Ahnteltiopsis flabelliformis 3.4
Ulva australis 11.2
Grateloupia cornea 6.2
Corallina pilulifera 5.8
Gelidium elegans 5.0
D 524 Sargassum horneri 47
Ahnfeltiopsis flabelliformis 4.6
Grateloupia asiatica 4.3
Ulva linza 4.2
Undaria pinnatifida 4.1
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kil = HxF 5%, AxWF 201F, TxF 114F % 166F 131
o AdE EdFae s 81F, F4 91F, 4 1193, 7%] 96—7"—°i
A 7Hd wekar, sAlel g A ArHFig. 8). ¢ g & =4
=25 115-21.0%, ZxF 99-188%, X7 69.1-70.6% t”%i

d Hgol 7HE =t e ARt EFH3 T S2[ 4T,

2%, TXF 23Fo= 29% o)l o (Table 14), <SIA=
(Aglaothamnion callophyllidicola), o] 7] %7l E Ay & (Antithamnionella
breviramosa), “FSB|@E(Ceramium — nakamurae),  S-5-]WFH| =
(Gayliella — fimbriata), — Z\7VA 3% (Dasya  collabens), AW =
(Herposiphonia caespitosa), WG AV =(H. nuda), 7| =AV = (H. parca),

ol-}lr

W el el (Leverllea jungermannioides) s VA 272 &3 o] Ws)] ol

vl &l ek,

FARE WA (93, mRAE S, A=, %, S3)A Oq? 71 W =
o 2fie 52F 4%, 227 298, $E27 107522 F 1603
AdE 2dFTE st Be, A 4%, A 1065, A 94%‘2& A
7Hg wekar, FA el } @%W(Flg 8). Wl FHaE ¢ H&S
27 11.7-179%, Z4ZxF 137-22.3%, 8x5F 66.0-69.0% HAZ Tx79
=d Hl&o] 7HE 3 3%, &xF 4

Feh e Hol M 2dd T2 H2F
= 23
<

3% °] A THTable 14).
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Fig. 8. Number of marine algal spesies in outer and inner bays of Yeongil Bay.
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Table 14. List of marine algae that appeared in each of the outer and

inner bays
Species Outer bay Inner bay
Chlorophyta
Derbesia tenuissima +
Chaetomorpha crassa +
Chaetomorpha Ilinum +
Cladophora rupestris +
Collinsiella cava +
Umbraulva japonica +
Ulvella viridis +
Phaeophyta
Dictyopteris divaricata +
Ectocarpus sp. +
FElachista sp. i
Sargassum fiisiforme +
Sargassum micracanthum 4
Sargassum miyabei +
Rhodophyta
Bangia fiiscopurpurea +
Amphiroa anceps &p
Lithophyllum okamurae +
Acrochaetium densum +
Rhodochorton purpureum +
Colaconema sp. +
Nemalion vermiculare +
Aglaothamnion callophyllidicola +
Antithamnion nipponicum +
Antithamnionella breviramosa +
Campylaephora hypnaeoides +
Ceramium kondoi +
Ceramium nakamurae +
Gayliella fimbriata +
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Table 14. continued

Species Outer bay Inner bay
Herpochondria dentata +
Dasya collabens +
Martensia elegans +
Phycodrys fimbriata +
Schizoseris bombayensis +
Herposiphonia caespitosa +
Herposiphonia nuda +
Herposiphonia parca +
Laurencia intercalaris +
Laurencia succulenta e
Leveillea jungermannioides +
Neosiphonia decumbens +
Neosiphonia harlandii +
Symphyocladia Ilinearis +
Hypnea charoides +
Hypnea saidana +
Chondracanthus teeder +
Chondrus armatus +
Portieria japonica +
Grateloupia acuminata +
Grateloupia divaricata +
Polyopes afiinis +
Polyopes lancilius +
Peyssonnelia caulifera +
Champia japonica +
Chlorophyta 4 3
Phaeophyta 2 4
Rhodophyta 23 16
Total 29 23
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2) 3T BAEF

Qe Hit MEFS FX7F 61257 g/m’, ZxF 1,352.80 g/m’, Tx
121471 g/m'E F 3,180.08 g/meollt. A Hdt BE=FE s

Aol 7v =3kar, FA00 7Hd @At (Fig. 9). =7 «E A= A&
X5 126-30.6%, AxF 285-534%, SZX7F 332-534%= HAHXF9 ¥
o A= Hl&o] =%

Walele et A== 537 82883 g/m, #xF 143053 g/m, &%
7 1,26640 g/m'= F 352576 g/moldvt. AEY Ht H=FS S
630.85 g/m’, 7 660.12 g/m’, &7 1,245.06 g/m’, =7 989.72 g/m'= &
Al 7 =ka, A b Wk th(Fig. 9). 2R AEF e 5
X5 138-44.6%, AxTF 256-489%, X7 29.8-381%= X7 Ax

o A= vlEo] =tk

B Chlorophyta O Phaeophyta ORhodophyta
4,000

3,500 ]
3,000
2,500
2,000 I
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Al i

Outer Inner

Outer Inner | Outer Inner | Outer Inner | Outer Inner
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Fig. 9. Mean biomass in the outer and inner bays of Yeongil Bay.
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LT g FHFNM A=F Veoem BHE FHFTS e FelA
ZapkFen, Walel sdeFal, ToE VEoer 2Ad $HS2
of- e el A -2 ddfF7E AT = Veew 24d A4
T 49 5% i FelM AeErFEEA A% 1, T, feas
*Ji%h Bl EA o8 iOLﬂr ARER s F=A= ASol7t 2
7t 89.36 g/m* (12.2%), 70.30 g/m’ (14.9%), A<t A= AEdTEEA
o] Z}z} 18152 g/m' (19.9%), 206.42 g/m' (19.4%)= -ttt S
Oﬂfﬂ—t— A Fol, THdv, e S EAN, FRAE A UA]| }El =o
2 =g ARER A= FaveE 9920 g/m' (15.7%), FAF EA=
Tz 7 247 6358 g/m' (11.2%), 105.69 g/m' (125%), A= AZ
o] 35

g/m (151%)% #3349 H(Table 15).

gl FHFAA FLE 7|Fog2 BAE $HE A9 558 98 Yo
A AR, AFo], AGTESEANE ALTEAsd, dAgYy o=
=%, AAEE sHAY FAE FAIEE 17.3%, 21.9%, sA% FA=
Tzt 144%, 128%= H$-Astdrh. el FE 2y, ¢
zZhatef, A x| ok, AFo], LTSS D Fo= =d3, AEER 3§
A= dasbd 231%, FA, EAF $Al= THEdvdE 44 11.2%,
15.1%, 125%= 9" st tH(Table 16).
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Table 15. Top 5 dominant marine algal species according to biomass in the
outer and inner bays

Outer bay Inner bay
Rank Species Ratio (%) Species Ratio (%)
Summer
1 Sargassum thunbergii 12.2 Ulva compressa 15.7
2 Corallina pilulifera 12.2 Ulva australis 154
3 Hypnea flexicaulis 9.8 Sargassum thunbergii 9.6
4 Ulva australis 9.6 Hypnea flexicaulis 9.3
5 Sargassum yezoense 94 Chaetormorpha moniligera 6.3
Autumn
1 Sargassum thunbergii 149 Ulva australis 11.2
2 Corallina pilulifera 13.1 Sargassum thunbergii 10.0
3 Ulva australis 11.7 Hypnea flexicaulis 9.6
4 Sargassum muticum 9.0 Sargassum yezoense 8.8
5 Hypnea flexicaulis 7.7 Sargassum muticum 8.7
Winter
1 Sargassum muticum 19.9 Sargassum thunbergii 15.1
2 Sargassum thunbergii 10.6 Sargassum muticum 8.9
3 Sargassum horneri 79 Pyropra suborbiculata 6.9
4 Undaria pinnatifida 6.0 Capsosiphon fillvescens 6.6
5 Ulva australis 54 Sargassum fiisiforme 5.0
Spring
1 Sargassum muticum 194 Ulva australis 125
2 Sargassum thunbergii 8.7 Sargassum thunbergii 9.6
3 Ulva australis 6.0 Sargassum muticum 8.8
4 Ulva intestinalis 5.6 Sargassum yezoense 8.0
5 Sargassum horneri 46 Grateloupia asiatica 7.2
Total
1 Sargassum muticum 14.0 Sargassum thunbergii 11.6
2 Sargassum thunbergii 11.0 Ulva australis 94
3 Ulva australis 75 Sargassum muticum 75
4 Corallina pilulifera 6.2 Sargassum yezoense 6.5
5 Sargassum horneri 41 Grateloupia asiatica 55
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Table 16. Top 5 dominant marine algal species according to important value
(IV) in the outer and inner bays

Outer bay Inner bay
Rank Species IV (%) Species IV (%)
Summer
1 Ulva compressa 17.3 Ulva compressa 23.1
2 Hypnea flexicaulis 119 Ulva australis 125
3 Ulva australis 10.1 Hypnea flexicaulis 6.4
4 Sargassum thunbergii 8.4 Corallina pilulifera 5.3
5 Corallina pilulifera 6.8 Tsengia lanciolia 52
Autumn
1 Ulva compressa 219 Ulva australis 11.2
2 Hypnea flexicaulis 9.8 Ulva compressa 10.0
3 Ulva australis 74 Hypnea flexicaulis 9.6
4 Sargassum thunbergii 6.0 Grateloupia asiatica 8.8
5 Corallina pilulifera 54 Sargassum thunbergii 8.7
Winter
1 Ulva australis 14.4 Ulva australis 15.1
2 Sargassum muticum 8.3 Grateloupia asiatica 8.9
3 Sargassum thunbergii 7] Ulva Iinza 6.9
4 Cladophora albida 4.8 Pyropra suborbiculata 6.6
5 Corallina pilulifera 3.6 Sargassum thunbergii 5.0
Spring
1 Ulva australis 12.8 Ulva australis 12.5
2 Ulva intestinalis 10.0 Grateloupia asiatica 9.6
3 Cladophora albida 9.8 Sargassum thunbergii 8.8
4 Sargassum muticum 9.1 Grateloupia turuturu 8.0
5 Sargassum thunbergii 7.2 Ulva linza 7.2
Total
1 Ulva australis 14.8 Ulva australis 11.6
2 Sargassum thunbergii 7.6 Ulva compressa 94
3 Sargassum muticum 5.8 Grateloupia asiatica 75
4 Corallina pilulifera 5.6 Sargassum thunbergii 6.5
5 Ulva compressa 53 Corallina pilulifera 55
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4) R A+

oaf o sz FHo AEAFE THE 23790, ¥ 0.807,
SAE 002101t ARER FREe #EE UYE I
19.030, 0.818, 3.909, ¢-A =& =4 00312 7Fd =gtk g e =
AEAFE FRE 22900, 5% 0. .
AdER FHEe gdgrs S 7H 16.800, 3.814, e =7 0.836,
A== A9 =49 00282 7 =kt (Table 17).

el 3l ¥ 2] K-dominance curvesol A F+ 3199l sz v+ At E=
Abstd ek (Fig. 10). ZF sl e AA AEZolA Aog-EEAgto] s <
14.0%, Wal 9 75%, AFol7t e 11.0%, Wald 75% 02 ZApuki
Ao AR, FHATH MY 75%, U 9.4% o= U3
Aol A HEAAR, o] Aze " FdFT 1o AEYF ¥E&

0.1-7.5% Atol 2= FAFSE 7] Wl o] At

Table 17. Ecological indices of marine algal flora on the outer and inner bays

Indices Group Summer Autumn Winter  Spring Mean

Outer 13.600 15.830 19.030 15.340 23.790

Richness

Inner 16.530 14.190 16.800 15.150 22.900

Outer 0.786 0.786 0.818 0.806 0.807
Evenness

Inner 0.742 0.825 0.818 0.836 0.826

Outer 3.454 3.543 3.909 3.677 4.126
Diversity

Inner 3.380 3.655 3.814 3.798 4.192

Outer 0.040 0.038 0.026 0.031 0.021
Dominance

Inner 0.043 0.033 0.028 0.028 0.020
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Fig. 10. K-dominance curves (x-axis logged) of the biomass in the outer
and inner bays of Yeongil Bay.
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5 d9 € AHdE +J Fx

(1) BEZ

-l EAFTNA A=FY aHE Aol= two-way ANOSIM #4]
A} folatAl &skthglobal-£= 056, P> .05). SIMPER 4] Ay} - s
o] fAtmo A FH A, AaFERAN FeFEAs
ol 7 A9 A V9% 50% oS A8 7] wiEol At Table 18).
o s EdFAA AEF ALY Aol two-way ANOSIM +4
A 9 OPOﬂTﬂr global-R= .222, P> .001). SIMPER &4} Az} A&dW¥ 1
F U fAEE s 25.9%, A 309%, FA 32.8%, A 34.3% % A
o FA=7E 7HE =tk AdE fAEOA FA 7o E 50% 7] FS
= AdeA FHEZAIY 7 0o, BEFEEAN, HETA S,
zol, ATy, FAM AuAFotE] Tol AMERE =Tt Eoktt
(Table 19) AME 259 HFALEE 72.0-81.1%% E=om, HFAE

s FYT9

A]

717 =& T2 EE AZCdA dlF, AFol, dETeLAu, Ao
B AL, XJ%?% A SolAdn AldE F4 Yok 50% 7] FL sHA
b FA 12F, A% A 17F, Ak €A 14F, FA A 17F, F

7:"% ""74] 150, [

_\ui

| o} &7 18F ] Atk (Table 20).
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Table 18. List of marine algae contributing to 50% similarity in the outer
and inner bays according to biomass

Average abundance Contribution (%)

Species

Outer Inner Outer Inner
Ulva australis 6.13 3.54 23.8 11.2
Sargassum muticum 7.29 4.79 3.1 114
Ulva compressa 2.16 3.89 74 3.8
Corallina pilulifera 472 452 41 7.2
Hypnea flexicaulis 3.30 2.69 3.4 6.8
Sargassum thunbergii 5.77 6.21 4.7 6.6
Ahnfeltiopsis fabelliformis 2.91 2.92 ) 3.4
Grateloupia cornea 2.86 2.74 3.7 2.2
Ulva linza 2.30 2.47 8w 3.3

*Average similarity: Outer bay (30.9%), Inner bay (31.0%)
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Table 19. List of marine algae contributing to 50%

according to biomass

seasonal similarity

Group Av. Sim. (%) Species Contrib. (%)
Ulva compressa 18.3
Summer 259 Ulva australis 179
Hypnea flexicaulis 14.1
Ulva australis 18.8
Corallina pilulifera 10.7
Autumn 30.9 Hypnea flexicaulis 9.3
Sargassum muticum 6.9
Sargassum thunbergii 6.4
Ulva australis 11.7
Sargassum muticum 10.1
Sargassum thunbergii 47
Cladophora albida 45
Winter 32.8 Ulva linza 4.4
Ahnteltiopsis fabelliformis 4.3
Grateloupia asiatica 4.0
Lomentaria hakodatensis 3.6
Chondrus ocellatus 3.4
Ulva australis 17.8
Sargassum muticum 11.7
Ulva linza 59
Spring 34.3
Ulva intestinalis 5.8
Grateloupia asiatica 5.8
Ahnfeltiopsis flabelliformis 4.3
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Table 20. Top 5 marine algae contributing to dissimilarity in the outer and
inner bays according to biomass

Group Av. Diss. (%) Species Contrib. (%)
Sargassum thunbergii 6.9
Summer Ulva compressa 6.0
vs. 72.0 Corallina pilulifera 5.7
Autumn Hypnea flexicaulis 5.6
Ulva australis 5.0
Sargassum thunbergii 5.6
Summer Sargassum muticum 54
VS. 81.1 Ulva compressa 4.3
Winter Hypnea flexicaulis 3.8
Corallina pilulifera 3.7
Sargassum muticum 6.0
Summer Sargassum thunbergii 5.7
VS. 78.1 Ulva compressa 46
Spring Hypnea flexicaulis 4.2
Corallina pilulifera 4.0
Sargassum thunbergii 6.2
Autumn Sargassum muticum 6.0
Vs. 735 Corallina pilulifera 3.8
Winter Sargassum horneri 3.7
Hypnea flexicaulis 3.1
Sargassum muticum 6.6
Autumn Sargassum thunbergii 6.2
VS. 71.0 Corallina pilulifera 4.2
Spring Ulva intestinalis 3.6
Hypnea flexicaulis 35
Sargassum thunbergii 59
Winter Sargassum muticum 54
VS. 67.7 Sargassum horneri 3.7
Spring Corallina pilulifera 29
Ulva australis 29
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M TLEY I Aol= two-way ANOSIM #4
Atk (global-R= 296, P< .01). SIMPER 4] A¥ 7} 1% U
TAMEE 98l 31.9%, WY 31.0%= g FAES F+4 7]o=
T BE el T, d&atg st gelEddoen, A
SRR TRA eSS, AU Aot 7h s E R Vo Tt
=9k tH(Table 21). F4 7]9% 50% 7191&S %(genus) T o2 A3}
ol e el 36.7%, EAE 134%2 301 Qa, s <ol A
S 50.2% = FlHo] Wl sz wde elFo JdFE
of Wh=thal sjA | th(Table 21). #-Wis) e WFANES 69.1% % =3ke
, Ul ALR ] 7147 e T2 F2 7R, dad, Fxiag et
FAFAT HGE 25 HFAEAA T4 7= 50% 7]olF S
stef, A Fol, Han, FeFEAsL, AAFEEAN F 12F0
L TH(Table 22).
o 2ATAM TaEY A Aol= two-way ANOSIM 4
17 ek stth(global-R= .105 P> .05). SIMPER £+ 23} 3
stef, d&ste, AdFEEARl, PSS, AU R oty S,
d, ATl Tol 74 g T4 7IE 50% olde AAAEAT] Wi

o] Att(Table 23).

oL rlo
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Table 21. List of marine algae contributing to 50% similarity by the outer
and inner bays according to important value (IV)

Group Av. Sim. (%) Species Contrib. (%)
Ulva australis 23.2
Ulva compressa 9.6
Outer bay 31.9 Sargassum muticum 75
Hypnea flexicaulis 59
Corallina pilulifera 5.8
Ulva australis 36.3
Inner bay 31.0 Ulva compressa 11.1
Grateloupia asiatica 6.8

Table 22. Top 5 contributing marine algae to dissimilarity by the outer and
inner bays according to important value (V)

Group Av. Diss. (%) Species Contrib. (%)
Ulva australis 8.6
Outer bay Sargassum thunbergii 6.8
Vs. 69.1 Ulva compressa 5.8
Inner bay Corallina pilulifera 4.8
Sargassum muticum 4.2
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Table 23. List of marine algae contributing to 50% seasonal similarity

according to important value (IV)

Species

Average abundance Contribution (%)

Su. Au. Wi. Sp. Su. Au Wi. Sp.

Ulva australis

Ulva compressa

Sargassum muticum

Corallina pilulifera

Grateloupia asiatica

Ulva linza

Ahntéeltiopsis flabelliformis

Sargassum thunbergii

1118 2158 1271 153 41.0 258

1996  7.07 3717 66
6.23  6.90 76 84
6.87 8.1
4.64 5.6
3.76 5.0
2.74 3.9
5.95 3.9

Su, Summer; Au, Autumn; Wi, Winter; Sp, Spring
x*Average similarity: Summer (27.5%), Autumn (31.2%), Winter (33.1%), Spring (34.5%)
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4. HA s xF3e] v

V‘_l).

23 2RS4 19719 395E 20219 129747 243 A
2 BAS A g Fee 197080 0204 F7kske 20201

C =7kttt A+ =& 1970 15.1°7C, 1980 1457,
1990t 15.17C, 2000t 154°C, 2010t 158T, 2020 159C= 3+

eEE Hoow B5% voEAw A%HoR $eat 43S gl

tH(Fig. 11).
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Fig. 11. A showing changes in surface water temperature in Yeongil Bay.
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=

2)

(1) Ak

HoAge} A3 (Lee and Kim, 1999)2 ETHE ZAlolA &elw A
SHETS 527 20F, 435 23F, T27F JTFoE F 130T o
TAA AHE ASo]l Ele T2 Wdvit X (Cla dotvana), %52 (Ulothrix
facca), BAIN(U. clathrata), 7FA W o) 25X (Dictyopteris prolifera), 1<
] (Petalonia binghamiae), AL A =1 (Pyropia
suborbiculata), 2}-&7-&4e %, vitbale] & (Asparagopsis taxiformis) ‘s =
Z5F 12%, DF2F 7%, B2F BHEOE F MEIUH.

zH A Bxo w2 2xAL NagAd(Lee and Kim, 1999)0] 4] 3
A 1.3%, oF3ttlA 5.3%, =thA 46.1%, oFA A 36.8%, thA 5.3%, 3
aA 2 olBdA 52%Ath B AFolME o3t 3.8%, >thA 40.0%,
ol i 31.3%, AW 75%, FFH H obFdd 176%=E AAATe
ALSHAl =t dlZ2 /o] 27 7HE =Sk tH(Table 24).

HoAe AgAT(Lee and Kim, 1999) 04 HEd=S =xH{ 6%, &
7 5%, T/ 1202 F 23F°] RIHAUT. & AN AFo] A
FelE HEFS Fointd g, s, daked], 7R S el(U. prolifera), vt
E s, 7MAST(H. asiatica), AU A]Folg], FEASYRF &
FATet st e LTS Fdy, 28 (Dictyota

dichotoma), W2 (Chondria crassicaulis) 5 10%°]1tH Table 25).

1z 2% 9 yg3

Mo
p

= [

(

o

oo O do N

(2) R, vt

Hooggre} M3 (Lee and Kim, 1999; Nam et al, 1996)= E& of
Hep Fuboll A gelel AA FHFTS 527 39, AdxF 53F, X7 167
To® F 250Folnt. # ATelA A5 Aseo] gd¥ T opAzldd
(Bryopsis liosa), =971 (Derbesia marina), Srojvpe] e, o] 2}k
Y (Elachista tenuis), 73S 1< 2 AN M7V A2 D (Sphacelaria fiisca), 1l2]
vl A (Amphiroa beauvoisii), W77 EALE, 8] @E(Cer. aduncum)
T ST 8F, AXT 3F, T HFTOE T 56FolUh

AxHF AN Bxd g F2AHLS APdA+(Lee and Kim, 1999; Nam
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et al, 1996)ell A & 1.6%, orsttd 6.5%, &thA 47.3%, oFEtiAd
30.1%, i 7.0%, FAAE R obFAAd 76%At. & ATolAM = A
0.7%, oF@rl 34%, <4 359%, ohA T4 37.9%, AulA 69%, He14
2 oolF g 1562%% AT vlaste] ofdiiAd sxFe XV Ut
=tk (Table 24).

ool gtel Ml (Lee and Kim, 1999; Nam et al., 1996)o 4 WEF<
25 9%, 4257 10%, T2F 0%z F 39F°] FgelHAgrh 2 A+

A

i)
0

ol A& FdE WEdTLS 259704, audArE, 7S
TERF 5 4Fold, A¥ATe I A" WEFS Foivtd g,
g, viHE 5 23F oAt (Table 25).

of\

M40 2

()
T, >
- -

(3) v, AL, G

B A3 @A (Lee and Kim, 1999; Park and Choi, 2009)& Eth=

A, A, AF, FEoA 8 AA BFRFL m2F 6F, DEF 57

A~
=

H ’

T, TEF 167 R F 26050|AT) & AFoA AS A5o] Ild &+
2 oYY 2E2J A FF=Ad N A (Der. tenuissima), &5 o) EARRNE
W} Q) =5 (Leathesia marina), W3 %2712 (Colpomenia phaeodactyla), %+
o W= (Nemalion vermiculare), =8| Y& (Cer. cimbricum), <)7H] &=
(Cer. inkyuil) 5 HZ% 8%, Z%5F 8%, 3% 7F 45202 & 61Zo|Ar}

AxF AN Exo 2 T2 AadF(Lee and Kim, 1999; Park
and Choi, 2009)ell A gohAd 1.2%, obskthd 4.7%, =3 485%, oA thA
20.2%, At 94%, B F obFAd 7.0%At E Aol A = A
0.7%, oFstthAd 4.7%, A 42.6%, oL tAd 31.1%, A 6.8%, F9A
ook 142%= ATt wAbsA 22U sz2we w2t bR
=3kt (Table 24).

2 oAdqtel A (Lee and Kim, 1999; Park and Choi, 2009)ol 4] <&
T HX2F 9%, AT 8%, TX2F 20ToE F 37E0] AU =
AFeA Kol AS FdE HEdTE 25404, THAHES
rigidula), N7 7YX @ E(Caulacanthus ustulatus), 7}A$%, AT ¢HF
T bEolH, AdaAFe A gdd HETS e, WA AN A
Zo], MAA 5 24F ] H(Table 25).

M

>
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B A9} Park and Choi (2009)0 A4 =& 3 WIdFo AE
st Ay Gz, Aol BARRE X Fo], T e AEF

a ]&o] A3
ATl A Ht 14.8%, 11.1%, 6.8%, 56%= YEEtou E dtolA
10.8%, 2.4%, 57%, 16%= FrAdhe= A4S B, 53 Aol mapylo]

7HE wol #Aastdnh. A Aot vERdte] e vlEo] AFAT
ol A 1t 0.9%, 1.7%= YES oL, 2 AFolX 84%, 34% =2 T 7ok
dE&e BlaL, 53 AdAFore st b ®ol F7heksitk(Table 26).

Table 24. List of reference and this study related to changes in algal

composition
Algal Gangsa Daebo, Guman ngzla{?’slc])ar?gr?i’o
compositipn Reference This study Reference This study Reference This study
Arctic 1(1.3%) 0(0.0%) 3(1.6%) 1(0.7%) 2(1.2%) 1€0.7%)
Subarctic 4(5.3%) 3(3.8%) 12(6.5%) 5(3.4%) 8(4.7%) 7(4.7%)
Temperate 35(46.1%)  32(40.0%) 88(47.3%) 52(35.9%) 83(485%) 63(42.6%)
Subtropical 28(36.8%) 25(31.3%) 56(30.1%) 55(37.9%) 50(29.2%) 46(31.1%)
Tropical 4(5.3%) 6(75%) 13(7.0%) 10(6.9%) 16(9.4%)  10(6.8%)

Subcosmopolitan 1(1.3%) 1(1.3%) 2(1.1%) 1(0.7%) 1(0.6%) 1(0.7%)

Cosmopolitan 3(3.9%) 13(16.3%)  12(65%) 21(14.5%) 11(6.4%) 20(13.5%)

Total 76 80 186 145 171 148
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Table 25. List of warm tolerant species that appeared in Yeongil Bay

Species GS DB, GM MS, IA, IG, SD
Chlorophyta
Derbesia marina ¥ ¥
Cladophora albida +%* + +
Urospora penicilliformis + +
Ulva australis + + 4
Ulva compressa + + ¥
Ulva conglobata + n
Ulva intestinalis +* + ¥
Ulva linza +% + ¥
Ulva prolifera L. + +
Phaeophyta
Dictyota dichotoma + + 4
Ectocarpus acutus +
Colpomenia sinuosa + + +
Sargassum coreanum + n
Sargassum fillvellum & +
Sargassum horneri + + 4
Sargassum micracanthum +
Sargassum miyabei + + i
Sargassum thunbergii + + n
Sphacelaria rigidula + ¥
Rhodophyta
Stylonema alsidii +* + +
Bangia filscopurpurea +
Amphiroa beauvoisii 4+ ¥ +
Amphiroa ephedraea +
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Table 25. continued

Species GS DB, GM MS, IA, IG, SD
Corallina crassissima + +
Corallina officinalis + + +
Corallina pilulifera +%* + +
Pneophyllum zostericola + +
Chondria crassicaulis + + +
Gelidiophycus freshwateri + +
Gelidium amansii + + 4
Gelidium vagum + n
Caulacanthus ustulatus + +*
Hypnea asiatica L ¥ 1%
Chondrus ocellatus + L 4
Ahnféltiopsis flabellitormis + + +
Grateloupia asiatica 4 44 4
Grateloupia cornea + + ¥
Grateloupia ramosissima + 4
Grateloupia turuturu + & 4
Crustose coralline algae n 1+ 4
Chlorophyta 6 9 9
Phaeophyta 5 10 8
Rhodophyta 12 20 20
Total 23 39 37

Gangsa, GS; Daebo, DB; Guman, GM; Masan, MS; Ibam, IA; Imgok, IG; Songdo, SD

+*: The first warm tolerant species to identify in each group
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Table 26. Comparison of biomass ratios (%) of warm tolerant species

Park and Choi (2009) This
Species study

2003 2004 2005 2006 2007 2008 2022

Chlorophyta
Cladophora albida 0.2
Ulva australis 155 169 130 145 164 138 108
Ulva compressa 2.6 1.3 0.8 0.1 2.1 6.9
Ulva intestinalis 1.7 1.1 1.3 16 0.1 0.9
Ulva linza 2.8 6.8 2.2 3.6 4.0 1.7 2.6

Phaeophyta
Dictyota dichotoma 0.2 1.5 0.6 1.3 1.0 24 04
Colpomenia sinuosa 0.1 T, 2.3 0.1 0.2 0.1
Sargassum fillvellum 7.3 0.8 1.6
Sargassum horneri 28.2 59 125 3.1 8.2 51 2.4
Sargassum miyabei 9.8 7.4 47 224 8.1
Sargassum thunbergii 1.7 9.8 7.3 8.6 4.8 89 5.7

Rhodophyta
Amphiroa beauvoisii 0.2 0.1 0.7 15 0.1
Corallina officinalis 0.1
Corallina piluliera 0.1 4.6 2.6 1.8 1.8 2.5 2.3
Chondria crassicaulis 45 54 40 115 3.5 5.0 16
Gelidium amansii 0.7 05 4.6 5.5 1.8 8.5
Caulacanthus ustulatus 0.1
Hypnea asiatica 0.1
Chondrus ocellatus 2.1 55 9.7 54 3.9 3.5 0.6
Ahnfeltiopsis flabelliformis 0.5 0.2 0.5 1.7 1.2 5.1 3.2
Grateloupia asiatica 19 0.2 0.2 1.2 15 0.3 84
Grateloupia cornea 35 1.5 2.1 4.6 1.7 3.2 2.9
Grateloupia turuturu 2.7 0.1 2.3 2.8 0.2 1.2 3.4
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Aoz AGdHAHYE 5, 2002; A2 S, 2004).
FUwt FF A Had | AF+(Chyung and Park, 1955; Kang, 1966;

1968; Lee and Oh, 1986; Lee and Kim, 1999; Lee and Lee, 1988; Lee et
al., 1997; Nam et al, 1996; Park and Choi, 2009; Rho, 1958)o] 4] 2&}el%
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g 20179 1,812 ton, 2018 3,300 ton, 20191 2,405 ton, 20201 3,400
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Appendix 1. Seasonal ecological indices of study sites in Yeongil Bay

Site Season Richness Evenness Diversity Dominance
Summer 8.606 0.706 2.585 0.106
Autumn 11.880 0.664 2.585 0.095
Seokbyeong Winter 15.190 0.724 3.115 0.064
Spring 9.963 0.821 3.275 0.044
Total 17.400 0.777 3.593 0.035
Summer 7.507 0.622 2.192 0.149
Autumn 10.130 0.761 2.947 0.069
Gangsa Winter 12.050 0.804 3.342 0.043
Spring 9.212 0.830 3.229 0.045
Total 13.380 0.834 3.663 0.030
Summer 7.388 0.691 2.437 0.102
Autumn 10.030 0.766 2.966 0.065
Daebo 1 Winter 14.460 0.708 2.998 0.069
Spring 8.750 0.670 2.470 0.121
Total 15.790 0.748 3.356 0.047
Summer 7.874 0.580 2.009 0.186
Autumn 11.000 0.662 2.505 0.119
Daebo 2 Winter 14.310 0.633 2.883 0.082
Spring 7.965 0.722 2.625 0.089
Total 15.160 0.734 3.244 0.054
Summer 11.780 0.668 2.612 0.103
Autumn 12.030 0.754 2.978 0.066
Guman 1 Winter 13.400 0.812 3.390 0.051
Spring 10.360 0.706 2731 0.088
Total 17.700 0.807 3.709 0.035
Summer 8.234 0.492 1.734 0.226
Autumn 10.450 0.485 1.789 0.288
Guman 2 Winter 10.760 0.554 2.096 0.205
Spring 7.200 0.561 1.906 0.205
Total 14.620 0.599 2.570 0.129
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Appendix 1. continued

Site Season Richness Evenness Diversity Dominance
Summer 8.589 0.761 2.864 0.072
Autumn 10.300 0.794 3.122 0.059
Guman 3 Winter 14.680 0.773 3.386 0.042
Spring 10.630 0.785 3.174 0.053
Total 15.790 0.807 3.692 0.033
Summer 12.410 0.650 2.627 0.091
Autumn 11.260 0.698 2771 0.095
Masan Winter 12.510 0.757 3.149 0.057
Spring 11.110 0.787 3.155 0.056
Total 18.720 0.781 3.673 0.035
Summer 8.829 0.740 2.713 0.083
Autumn 6.463 0.713 2.400 0.110
Ibam Winter 9.701 0.792 3.083 0.058
Spring 8.230 0.803 2.961 0.061
Total 14.330 0.803 3.540 0.037
Summer 11.390 0.581 2.236 0.134
Autumn 9.678 0.756 2.878 0.070
Imgok Winter 11.180 0.658 2.612 0.097
Spring 11.890 0.808 3.307 0.046
Total 16.900 0.803 3.682 0.031
Summer 4.273 0.468 1.297 0.330
Autumn 5.808 0.617 1.908 0.169
Songdo Winter 6.564 0.675 2.201 0.137
Spring 6.850 0.668 2.248 0.125
Total 8.994 0.722 2.750 0.075
Summer 10.710 0.627 2.400 0.113
Autumn 9.672 0.710 2.671 0.090
Jukcheon Winter 11.050 0.698 2.799 0.093
Spring 8.455 0.655 2.384 0.130
Total 15.290 0.730 3.242 0.059
Summer 8.146 0.651 2.369 0.118
Autumn 9.348 0.596 2.169 0.138
Chilpo Winter 15.680 0.750 3.259 0.051
Spring 15.050 0.718 3.080 0.059
Total 19.490 0.765 3.610 0.035
Summer 18.170 0.763 3.615 0.035
Autumn 17.220 0.811 3.795 0.029
Mean Winter 19.030 0.835 4.049 0.022
Spring 17.000 0.823 3.892 0.025
Total 18.650 0.854 4.200 0.020
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Appendix 2. List of marine algae and biomass in the study sites during summer

Species SB GS DB 1 DB 2 GM 1 GM 2 GM 3 MS IA 1G SD JC CP Mean
Chlorophyta
Bryopsis liosa + + +
Bryopsis plumosa + 0.01 0.01
Codium fragile 35.28 35.28 8.64 1.18 + 80.38
Derbesia tenuissima + +
Pseudulvella consociata + + +
Chaetomorpha crassa + +
Chaetomorpha linum 0.20 0.20
Chaetomorpha moniligera 110.63 + 97.15 142.62 0.35 350.75
Cladophora albida + P + + 0.49 + il + + + 0.49
Cladophora dotyana + 9.20 3 i + + 9.20
Cladophora hutchinsiae 179.72 1.82 + 80.68 262.22
Collinsiella cava + +
Ulothrix flacca + +
Ulva australis 321.65 24.73 144.12 259.18 89.76 22.95 117.67 59.17 35.52 0.02 1,074.76
Ulva clathrata + * + + + 1.19 + + 1.19
Ulva compressa 275.05 34.35 25.04 i+ 63.30 + 175.14 99.03 + 247.30 73.72 2998  1,022.91
Ulva fasciata 280.50 78.84 359.34
Ulva intestinalis + + + 61.00 + 61.00
Ulva linza 0.08 17.83 1.23 10.44 + + + + 0.35 1.26 31.19
Ulva prolifera + + +
Ulvella viridis + + +
Phaeophyta

Dictyota dichotoma + 1.42 2.85 + 15.08 12.78 0.56 29.61 11354 43.90 219.74
Dictyopteris prolifera 3.23 0.16 + 96.48 99.87
Rugulopteryx okamurae + 97.44 + 0.29 0.28 21.33 + 0.63 + + 119.97
Ectocarpus sp. + +
Sargassum confiisum 0.99 3.54 453
Sargassum fisiforme 158.68 158.68
Sargassum hemiphyllum 7.03 4.44 11.47
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Appendix 2. continued

Species SB GS DB 1 DB 2 GM 1 GM 2 GM 3 MS IA 1G SD JC CP Mean
Sargassum miyabei 5.20 5.20
Sargassum muticum 81.16 16.78 1.00 1.83 0.40 47.82 0.36 149.35
Sargassum thunbergii 44.60 248.88 3.95 328.11 110.60 160.40 93.79 990.33
Sargassum yezoense 185.47 181.28 + + 297.32 664.07
Sphacelaria firsca + + + + + + + + + + + + +
Sphacelaria rigidula + +

Rhodophyta
Stylonema alsidii + + + + + + + + + + + + + +
Stylonema cornu-cervi + + +
Erythrociadia irregularis + + P + + + + il + + + + + +
Erythrotrichia biseriata + i + + +
Erythrotrichia carnea + + + + + + + + + + + +
Erythrotrichia reflexa + + + + + +
Sahlingia subintegra + + + + + 4 4F + + + + + + +
Amphiroa beauvoisii + +
Corallina officinalis 0.38 0.38
Corallina pilulitera 12.16 323.10 + 21.04 0.04 152.95 57.08 9.14 + 3.55 267.32 846.38
Lithophyllum okamurae 473 4.73
Acrochaetium densum + +
Acrochaetium sp. + +
Rhodochorton purpureum + + + +
Colaconema sp. + + + + +
Asparagopsis taxiformis + + + + + + + +
Centroceras gasparrinii + + 0.20 + + 0.60 + 0.80
Ceramium aduncum + + 278 + + 0.02 2.80
Ceramium boydenii + +
Ceramium cimbricum + +
Ceramium kondoi + +
Ceramium paniculatum + + + + +
Gayliella fimbriata + +
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Appendix 2. continued

Species SB GS DB 1 DB 2 GM 1 GM 2 GM 3 MS IA 1G SD JC CP Mean
Reinboldiella schmitziana + +
Dasya collabens + +
Dasysiphonia japonica + +
Heterosiphonia pulchra + + +
Acrosorium ciliolatum 0.14 + 0.38 0.04 + 0.30 + + 0.36 1.22
Acrosorium polyneurum + o 9.58 + 0.86 10.44
Chondria crassicaulis 1.16 bt + 1.13 1.74 20.55 + 55.68 80.26
Herposiphonia insidiosa + + + +
Herposiphonia nuda + +
Herposiphonia parca + + +
Herposiphonia secunda + i + +
Laurencia intercalaris + +
Laurencia intricata 18.66 5.19 7.80 27.68 21.12 0.74 81.19
Laurencia majuscula 2.10 0.05 + 0.41 4 4F + + 2.56
Laurencia obtusa + +
Laurencia pinnata 0.13 + 0.13
Neosiphonia decumbens + +
Neosiphonia harlandii 0.14 0.14
Neosiphonia japonica 0.06 0.06
Neosiphonia savatieri + 0.04 0.38 + 0.10 44.26 44.78
Palisada intermedia 0.17 0.12 + 0.21 0.36 0.86
Symphyociadia latiuscula + + + + 512 5.12
Symphyocladia marchantioides + + + + + + + + +
Symphyociadia pumila + + + + +
Gelidium elegans 23.15 + 2.00 11.87 + 14.06 0.96 + 52.04
Pterocladiella capillacea 0.79 4.88 + 0.49 6.15
Caulacanthus ustulatus + + 0.05 6.58 + + 6.63
Hypnea asiatica + + +
Hypnea charoides + + +
Hypnea flexicaulis 64.52 + 187.31 159.42 84.59 0.21 169.95 107.28 6.40 + 69.39 5.50 854.57




Appendix 2. continued

Species SB GS DB 1 DB 2 GM 1 GM 2 GM 3 MS IA 1G SD JC CP Mean
Hypnea japonica 2.59 + 2.59
Hypnea saidana + +
Chondracanthus intermedius + 2.16 0.57 0.17 + 2.58 412 + 0.70 0.46 10.76
Chondracanthus tenellus 28.34 2.26 26.73 + 57.33
Chondrus nipponicus 89.20 46.25 1.49 1.38 2.74 12.83 3.15 6.65 163.69
Chondrus ocellatus 60.70 + 594 + 66.64
Chondrus pinnulatus 6.30 6.30
Chondrus verrucosus 5.38 1.65 2.08 9.11
Abhnfeltiopsis fabelliformis 3.67 17.90 13.78 0.08 3.37 4.30 0.62 1.54 45.26
Grateloupia asiatica 0.23 2.33 64.84 95.13 7.65 13.99 4.05 188.21
Grateloupia cornea 160.07 5.05 + 1.67 17.65 106.01 + 290.45
Grateloupia crispata 0.42 454 450 9.46
Grateloupia sparsa 11.63 9.96 192.56 214.15
Grateloupia turuturu 7.79 12.93 20.72
Pachymeniopsis elliptica + +
Polyopes lancifolius + +
Tsengia lancitolia + 41.87 56.22 98.09
Plocamium cartilagineum + + +
Plocamium telfairiae 2.04 + + 0.05 6.90 0.59 0.04 + + + 9.62
Plocamium uncinatum + + + 0.01 0.49 + + 0.01 0.51
Champia japonica + +
Champia parvula 0.39 0.02 + 2.43 14.62 1.48 4.65 0.10 0.02 23.71
Lomentaria catenata + +
Lomentaria flaccida 0.28 0.28
Lomentaria hakodatensis 1.08 + + + 0.12 0.16 1.36
Lomentaria lubrica 0.02 0.08 + 0.10
Crustose coralline algae + + + + + + + + + + + + +
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Appendix 2. continued

Species SB GS DB 1 DB 2 GM 1 GM 2 GM 3 MS IA 1G SD JC CP Mean
Chlorophyta 4 10 6 5 6 6 7 9 5 12 6 10 6 21
Number Phaeophyta 2 2 5 6 6 5 9 8 3 5 0 7 5 13
of species Rhodophyta 33 22 23 21 38 23 27 40 31 30 10 29 27 80
Total 39 34 34 32 50 34 43 57 39 47 16 46 38 114

Chlorophyta 321.73 607.30 179.70 3548 35.28 354.14 29446 34556 22777 261.47 369.21 190.28 3126 3,253.64

Biomass Phaeophyta 3.23 0.00 223.20 268.07 193.56 32855  501.00 178.02 4.10 78.06 0.00 207.69 43770 242318

(g/m") Rhodophyta 397.09 372.68 367.91 184.14 194.36 243 480.00 230.45 224.30 89.70 0.00 103.06 57340  3,219.51

Total 72205 979.98 770.81 487.69 423.20 685.12 1,27546  754.03 456.17  429.23 369.21 501.03 1,042.36 83896.32

*SB, Seokbyeong; GS, Gangsa; DB 1, Daebo 1; DB 2, Daebo 2; GM 1, Guman 1; GM 2, Guman 2; GM 3, Guman 3; MS, Masan; IA, Ibam; IG, Imgok; SD, Songdo; JC, Jukcheon; CP, Chilpo
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Appendix 3. List of marine algae and biomass in the study sites during autumn

Species SB GS DB 1 DB 2 GM 1 GM 2 GM 3 MS IA 1G SD JC CP Mean
Chlorophyta
Bryopsis liosa + 0.06 0.52 0.35 0.93
Bryopsis plumosa 0.04 0.11 0.16 3.05 0.27 + 3.63
Codium fragile + 16.67 16.67
Derbesia marina + + +
Chaetomorpha moniligera 0.05 0.01 2.36 0.01 0.87 46.65 + 28.08 + 78.03
Cladophora albida + 0.17 + e + 96.79 + + 2.44 + + + 0.01 99.40
Cladophora dotyana 0.05 0.05
Collinsiella cava 0.03 0.03
Ulva australis 64.44 221.99 52.80 8.05 0.08 3.82 26.37 83.14 130.58 11851 27.54 58.93 33.59 829.82
Ulva clathrata 26.70 + + + 26.70
Ulva compressa 0.01 1.85 0.01 0.21 3.80 1.82 0.45 + 189.95 27.17 30.12 1.56 0.14 257.08
Ulva fasciata 91.30 91.30
Ulva intestinalis i 2.66 + + 19.77 + 22.43
Ulva linza + 0.87 - 5.02 0.76 * + 3.81 + 1.72 0.02 + 12.20
Ulva prolifera + + + T 4 + + +
Umbraulva japonica + +
Ulvella viridis + + +
Phaeophyta

Dictyota dichotoma 0.16 1.60 1.11 0.23 0.58 4.20 + + 59.52 20.63 88.03
Dictyopteris prolifera + 0.44 0.85 + 0.02 83.76 15.80 100.87
Rugulopteryx okamurae 0.04 + 411 + 1.09 0.12 34.26 3.90 28.57 5.86 + 77.95
FElachista sp. + +
Leathesia marina + + +
Colpomenia sinuosa 20.21 1.96 0.20 22.37
Sargassum confiisum 4350 121.28 97.93 262.71
Sargassum fiisitorme 19.33 19.33
Sargassum horneri + 50.36 1.60 14.86 5.39 14.05 86.26
Sargassum muticum 7.27 185.48 28.02 53.58 208.32 137.85 23.49 644.01
Sargassum thunbergii 43.55 57.18 0.39 389.12 53.66 215.25 + 12715 1.85 888.15
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Appendix 3. continued

Species

SB

GS

DB 1

DB 2

GM 1

GM 2

GM 3

MS

IA

1G

SD

JC

Cp

Mean

Sargassum yezoense
Sphacelaria fitsca
Sphacelaria rigidula
Rhodophyta
Stylonema alsidii
Erythrocladia irregularis
Erythrotrichia biseriata
Erythrotrichia carnea
Erythrotrichia reflexa
Sahlingia subintegra
Amphiroa anceps
Amphiroa beauvoisii
Corallina officinalis
Corallina pilulifera
Acrochaetium canariense
Acrochaetium sp.
Asparagopsis taxiformis
Antithamnionella breviramosa
Centroceras gasparrinii
Ceramium aduncum
Ceramium boydenii
Ceramium Inkyuil
Ceramium japonicum
Ceramium nakamurae
Ceramium paniculatum
Ceramium tenerrimum
Gayliella mazoyerae
Dasya collabens
Dasysiphonia japonica
Heterosiphonia pulchra

+

82.55

18.78

9.02
35.70

14.51

150.32

0.05

0.05

0.81

346.63

86.63

4.75

2.59

1.22

5.99

2.99
0.15

0.07
0.38

0.83

2.37

0.08
1211
T4.72

0.39

+

145.78

361.14

0.05
1.30
21.13
601.34
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Appendix 3. continued

Species SB GS DB 1 DB 2 GM 1 GM 2 GM 3 MS IA 1G SD JC CP Mean
Acrosorium ciliolatum + + + + + + + +
Acrosorium polyneurum 0.08 18.34 0.07 0.04 0.05 5.03 + 4.55 0.37 28.53
Acrosorium yendor + + 0.33 0.33
Martensia elegans 0.63 0.63
Schizoseris bombayensis + 0.61 + + 0.61
Chondria crassicaulis 19.87 28.99 2.24 5.45 56.55
Herposiphonia insidiosa + + + e + + + + + +
Herposiphonia nuda + + + + + + +
Herposiphonia secunda + 0.27 b + 0.04 0.31
Laurencia intricata 0.18 0.27 2.95 23.04 10.35 1.73 38.52
Laurencia majuscula 2.03 0.78 + 0.71 0.06 i 3.52 o + + 7.10
Laurencia obtusa 3.75 + 0.07 + 33.85 6.02 + 767 51.36
Laurencia pinnata 0.24 0.24
Laurencia succulenta 0.11 0.11
Laurencia venusta 0.99 0.93 0.42 12.35 3.17 0.52 1.37 19.75
Leveillea jungermannioides + +
Neosiphonia japonica + +
Neosiphonia savatier! 5.28 0.44 0.42 1.74 0.35 8.23
Palisada intermedia 0.12 0.12
Polysiphonia morrowii 0.22 0.22
Symphyocladia latiuscula 0.02 + 0.06 2.02 0.73 0.15 + 2.98
Symphyocladia marchantioides + + +
Symphyociadia pumila + +
Anotrichium tenue 0.05 0.11 5.85 1.20 + + + 7.21
Gelidium crinale 0.66 0.66
Gelidium elegans 13.62 9.60 5.36 15.86 26.67 17.65 0.68 + 89.44
Gelidium galapagense + +
Pterocladiella capillacea + 0.46 9.35 9.81
Hypnea asiatica 531 5.31
Hypnea flexicaulis 23.95 70.66 120.78 + 9.47 517 1.39 335.35 3.45 13.81 27.11 23.87 635.01
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Appendix 3. continued

Species SB GS DB 1 DB 2 GM 1 GM 2 GM 3 MS IA 1G SD JC CP Mean
Hypnea japonica 0.07 + 0.07
Hypnea spinella 3.29 0.26 3.55
Chondracanthus intermedius + 16.24 3.78 0.41 0.28 0.14 0.18 2.98 + 0.08 0.19 24.28
Chondracanthus tenellus 46.30 + 118.14 0.79 52.87 3.23 0.08 221.41
Chondrus canaliculatus 24.73 30.88 36.05 34.71 46.07 172.44
Chondrus crispus 22.01 108.02 130.03
Chondrus ocellatus 26.75 10.00 38.68 36.60 4.71 11.37 128.11
Ahnteltiopsis flabelliformis 0.93 87.10 4.13 0.34 3.93 0.28 34.84 48.78 6.45 5.70 192.48
Grateloupia asiatica 8.39 10.50 87.77 40.03 12354 24.36 + 294.59
Grateloupia cornea 6.10 92.38 2.58 47.09 0.24 3.09 32.06 4591 47.87 277.31
Grateloupia crispata 1.05 1.05
Grateloupia turuturu 34.77 34.77
Tsengia lancitolia 0.13 0.03 32.06 + 32.22
Plocamium cartilagineum 0.16 0.16
Plocamium telairiae 3.82 0.89 6.77 8.61 6.61 0.46 0.40 + 27.56
Plocamium uncinatum + 0.53 6.28 0.29 0.75 i + + + 7.85
Champia parvula 0.31 0.41 0.72 0.46 0.14 17.30 1.70 2.12 0.57 + 23.73
Lomentaria catenata 3.86 1.29 + 0.53 + 0.39 0.11 6.18
Lomentaria flaccida + + +
Lomentaria hakodatensis 80.60 5.45 1.01 2.99 3.37 93.42
Crustose coralline algae + + + it + + + + + + + + + +
Chlorophyta 7 10 4 7 9 6 5 6 9 10 9 9 17
Number Phaeophyta 6 4 7 8 6 3 11 6 0 5 1 6 9 14
of species Rhodophyta 36 34 37 30 39 28 34 42 23 31 11 28 20 77
Total 49 48 48 44 52 40 51 53 29 45 22 43 38 108
Chlorophyta 64.49 225.07 52.81 8.27 11.42 105.92 54.39 86.19 373.42 163.14 178.76 80.62 33.77 143825
Biomass Phaeophyta 747 2.04 305.67 101.90 55.66 389.24 587.14 427.47 0.00 181.28 0.00 319.20 17375 2,550.82
(g/m’) Rhodophyta 235.12 510.34 405.89 185.08 250.33 6.92 31991 460.05 263.38 281.58 54.25 129.94 169.76  3,272.55
Total 307.08 737.45 764.37 295.25 31741 502.08 961.44 973.72 636.80 626.00 233.01 529.76 377.28  7,261.63

x*SB, Seokbyeong; GS, Gangsa; DB 1, Daebo 1; DB 2, Daebo 2; GM 1, Guman 1; GM 2, Guman 2; GM 3, Guman 3; MS, Masan; IA, Ibam; IG, Imgok; SD, Songdo; JC, Jukcheon; CP, Chilpo
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Appendix 4. List of marine algae

and biomass in the study sites during winter

Species SB GS DB 1 DB 2 GM 1 GM 2 GM 3 MS IA 1G SD JC CP Mean
Chlorophyta
Bryopsis liosa 1.18 + + 1.18
Bryopsis plumosa + + + + + +
Chaetomorpha moniligera + 0.21 + 0.01 0.79 + + 0.04 1.05
Cladophora albida 10.81 79.01 31.35 1.40 0.47 22.77 14.62 + 0.36 9.69 + 8.68 19.61 198.77
Cladophora opaca 41.04 30.25 0.97 72.26
Cladophora rupestris + +
Collinsiella cava + +
Capsosiphon fulvescens 14.89 201.18 228.40 59.96 504.43
Ulothrix flacca + + = + + + 0.12 il + + 0.12
Ulothrix implexa + +
Blidingia minima 0.54 0.54
Ulva australis 573 125.09 34.60 55.25 18.55 79.44 45.75 50.08 42.51 25.63 418 52.06 24.95 563.82
Ulva compressa 0.08 16.28 0.79 + 3.80 2.36 0.32 5.03 0.08 26.94 + 55.68
Ulva intestinalis + 70.36 - 23.89 * + + 4861 142.86
Ulva linza 4.62 3.70 0.84 i 5.74 6.78 0.74 24.78 112.58 40.55 71.86 1747 289.66
Ulva prolifera + + + + + + +
Phaeophyta

Dictyota dichotoma + 1.29 3.05 0.64 4.70 + 35.83 0.53 + + 2.38 48.42
Dictyopteris prolifera 1.99 0.81 0.45 0.02 0.04 0.02 0.72 4.81 10.18 19.04
Rugulopteryx okamurae 1.62 391 12.59 1.30 4.84 0.33 75.46 1.18 0.44 3.26 104.93
Feldmannia mitchelliae + + + + + + + +
FElachista okamurae + + + + + +
FElachista tenuis + + + + +
Leathesia marina 457 0.89 41.17 11.26 0.95 21.42 14.34 + 0.42 10.49 0.68 106.19
Colpomenia bullosa 0.28 2.03 + 5.19 12.86 4.01 2.06 26.43
Colpomenia sinuosa + 23.05 33.14 26.05 3.39 85.63
Petalonia binghamiae 2.62 3.75 6.21 0.39 217 0.06 43.01 0.50 2591 92.91 16.03 2.56 196.12
Scytosiphon lomentaria + 8.56 49.16 33.07 60.30 86.01 65.25 302.35
Sargassum confiisum 7.00 + 1.55 95.80 104.35
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Appendix 4. continued

Species SB GS DB 1 DB 2 GM 1 GM 2 GM 3 MS IA 1G SD JC CP Mean
Sargassum filvellum 41.42 + 26.06 11.31 78.79
Sargassum fiisiftorme 320.95 54.61 375.56
Sargassum horneri 158.84 + 286.16 + 120.38 236.09 + 57.96 859.43
Sargassum micracanthum 85.70 85.70
Sargassum muticum 337.14 + 180.29 370.68 354.18 232.84 422.96 2.01 8.97 0.79 2834  1,938.20
Sargassum thunbergii + 78.29 149.41 450.04 72.66 124.38 + 932.38 1.84  1,809.00
Sargassum yezoense 359.56 131.71 491.27
Undaria pinnatifida 93.55 264.62 9.45 8.44 + 53.06 4.36 433.48
Sphacelaria firsca + + + + + + +
Sphacelaria rigidula + + +

Rhodophyta
Stylonema alsidir + + + + + + + + + + + + + +
Stylonema cornu-cervi + i+ + + 4F + + +
Erythrocladia irregularis + + + + + 4 4F + + + + + + +
Erythrotrichia biseriata + + + - 4 4 4 + + + + + + +
Erythrotrichia carnea + + * o+ + + + & + + + + + +
Erythrotrichia reflexa + + - + & e + 4 + + + + + +
Porphyrostromium japonicum + + + + +
Sahlingia subintegra + + + + + + + & + + + + + +
Bangia fiilscopurpurea 257.00 257.00
Pyropia suborbiculata 248 15.44 0.05 + 81.75 40.38 393.80 + + 533.90
Pyropia yezoensis 29.00 19.16 48.16
Amphiroa beauvoisii 0.07 0.07
Corallina officinalis 8.02 + 1.14 + 75.41 + 0.11 46.38 + 131.06
Corallina pilulitera 66.39 1.03 46.96 + 0.23 37.36 1.55 34.34 + 218.88 43.68 450.42
Lithophyllum okamurae 4,02 5.21 9.23
Asparagopsis taxiformis + + + + + + + +
Aglaothamnion callophyllidicola + + + +
Antithamnion nipponicum + +
Campylaephora crassa 0.37 0.66 1.03
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Appendix 4. continued

Species SB GS DB 1 DB 2 GM 1 GM 3 MS IA 1G SD JC CP Mean
Campylaephora hypnaeoides + +
Centroceras gasparrinii + + + + + +
Ceramium aduncum + + + + + 0.61 + 2.37 2.98
Ceramium boydenii + +
Ceramium cimbricum + + + + +
Ceramium Inkyuil 0.94 + + 0.94
Ceramium japonicum 2.41 + 2.41
Ceramium tenerrimum + +
Gayliella fimbriata b + +
Gayliella mazoyerae P + + +
Reinboldiella schmitziana + i + +
Dasysiphonia japonica + + + + + +
Heterosiphonia pulchra + + + +
Acrosorium ciliolatum 0.07 0.06 4 0.13
Acrosorium polyneurum 1.22 21.66 0.02 0.36 25 4853 3.87 + + 0.66 + 77.57
Acrosorium yendor + + 0.37 4.24 17.20 + 21.81
Phycodrys fimbriata + +
Schizoseris bombayensis + + +
Chondria crassicaulis 0.95 4413 + 0.07 91.78 11.30 0.57 4.00 0.18 152.93
Herposiphonia caespitosa + + +
Herposiphonia insidiosa + + + + + + +
Herposiphonia nuda + + +
Herposiphonia secunda + + +
Laurencia intricata 0.03 4.69 + + + 4.72
Laurencia majuscula 1.06 + 0.04 0.10 0.72 1.02 1.30 + + + + 4.24
Laurencia obtusa 0.32 + + + 19.61 22.59 4.26 46.78
Laurencia pinnata 0.25 0.74 0.99
Laurencia venusta + + + + + 0.87 0.87
Neosiphonia japonica 0.25 0.25
Neosiphonia savatieri 0.04 124.17 + + + 16.36 37.98 0.39 + 3.04 16.57 198.55
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Appendix 4. continued

Species SB GS DB 1 DB 2 GM 1 GM 2 GM 3 MS IA 1G SD JC CP Mean
Polysiphonia morrowii + + 0.12 1.68 12.68 + + + 14.48
Symphyocladia latiuscula + 0.04 + 0.74 0.06 0.14 0.22 2.05 1.60 0.35 5.20
Symphyocladia marchantioides + + 1.56 + 0.06 + + + + 1.62
Anotrichium tenue + + + + 0.62 0.62
Griffithsia heteroclada + + + 1.36 1.36
Gelidium crinale & + 16.78 + 16.78
Gelidium elegans + 29.82 11.06 3.43 24.02 0.16 + 42.10 + 4.67 115.26
Gelidium galapagense + +
Pterocladiella capillacea 497 2.37 39.47 3.26 7.48 + 24.72 82.27
Hypnea asiatica + + P 0.22 1.60 + 1.82
Hypnea cornuta 0.06 + 0.06
Hypnea flexicaulis 0.18 21.82 + + 1.76 +* & + + + 521 34.97
Hypnea japonica 6.43 6.43
Hypnea pannosa + + + + 4 4F 3.04 + + 7.42 + 10.46
Gloiopeltis fircata + 104.05 104.05
Chondracanthus intermedius 2.92 17.73 26.88 3.78 26.24 i 12.30 213 + + + + 91.98
Chondracanthus teeder + 76.86 76.86
Chondracanthus tenellus 34.55 5.82 35.81 0.02 44.57 0.05 472 3.03 1.16 + + 8.78 138,51
Chondrus armatus + 0.67 + 0.67
Chondrus canaliculatus + + + 3.27 2.39 3.89 + 9.55
Chondrus crispus 18.62 1.25 19.87
Chondrus ocellatus 15.68 6.03 4.81 4.45 1.26 0.15 2.65 2.52 17.30 11.24 10.86 2.12 79.07
Ahnteltiopsis flabelliformis 32.04 63.87 11.47 2.64 37.15 + 1152 81.34 44.94 1.29 11.96 0.64 298.86
Gracilaria vermiculophylla 0.04 9.48 9.52
Grateloupia asiatica 2.42 0.70 52.79 15.71 1.08 79.58 191.27 0.20 46.16 16.41 2.69 409.01
Grateloupia cornea 11.29 187.82 5.38 2.22 14.69 11.44 6.59 16.18 0.55 + 256.16
Grateloupia crispata 0.21 0.04 4.15 4.40
Grateloupia prolongata 0.89 3.66 4.55
Grateloupia sparsa 75.65 1.86 77.51
Grateloupia turuturu 4.69 24.49 0.15 8.36 59.94 47.51 32.40 5.60 86.45 269.59
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Appendix 4. continued

Species SB GS DB 1 DB 2 GM 1 GM 2 GM 3 MS IA 1G SD JC CP Mean
Pachymeniopsis elliptica 72.64 1.99 0.61 3.98 79.22
Pachymeniopsis lanceolata 4.33 50.02 156.83 0.64 182.29 34.56 + 428.67
Peyssonnelia caulifera + 0.66 0.70 1.36
Plocamium cartilagineum + +
Plocamium telairiae 0.09 1.89 0.01 7.62 1.49 0.53 1.12 + + 12.75
Plocamium uncinatum 2.16 0.59 0.36 2.62 2.07 1.19 + 0.07 9.06
Champia parvula 0.24 0.25 2.52 B 0.11 0.45 19.27 0.54 2.11 + 0.99 + 26.48
Lomentaria catenata 0.01 35.41 2.64 + " 0.03 2.95 + + 0.02 16.79 57.85
Lomentaria flaccida + + + + +
Lomentaria hakodatensis 26.74 0.08 0.16 + 52.07 31.34 0.62 3.91 90.64 38.09 12.88 256.53
Crustose coralline algae + + + 3 i i + o + + + + + +

Chlorophyta 7 10 9 i/ 7 7 11 8 8 6 3 8 9 16
Number Phaeophyta 18 11 14 12 11 8 16 13 4 11 1 11 14 22
of species Rhodophyta 49 43 46 49 47 29 53 43 37 36 22 36 54 90
Total 74 64 69 68 65 44 80 64 49 53 26 55 7 128
Chlorophyta 21.24 336.66 97.83 56.65 43.66 135.24 62.53 276.04 390.21 135.91 4.18 159.58 110.64 1,830.37
Biomass Phaeophyta 734.73 274.38 602.46 596.75 426.98 451.40 1,431.69 685.33 60.99 402.70 0.00 1,074.26 323.22  7,064.89
(g/m’) Rhodophyta 196.05 866.74 136.65 305.23 252.29 1755 514.37 389.46 689.86 526.53 273.23 393.48 398.01  4,959.45
Total 952.02  1,477.78 836.94 958.63 722.93 604.19 200859 1,350.83 1,141.06 1,065.14 27741 1,627.32 831.87 138471

*SB, Seokbyeong; GS, Gangsa; DB 1, Daebo 1; DB 2, Daebo 2; GM 1, Guman 1; GM 2, Guman 2; GM 3, Guman 3; MS, Masan; IA, Ibam; IG, Imgok; SD, Songdo; JC, Jukcheon; CP, Chilpo
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Appendix 5. List of marine algae and biomass in the study sites during spring

Species SB GS DB 1 DB 2 GM 1 GM 2 GM 3 MS IA 1G SD JC CP Mean
Chlorophyta
Bryopsis liosa 2.79 2.79
Bryopsis plumosa + +
Codium fragile 2.53 0.23 2.76
Pseudulvella consociata + +
Chaetomorpha moniligera 15.66 + 123.15 47.05 18.46 + 204.32
Cladophora albida 22.13 23.92 110.26 419 55.67 0.10 4.87 0.25 + + 0.76 12.16 234.31
Ulothrix flacca + + " + + +
Ulothrix implexa 95.61 95.61
Blidingia minima + + + +
Ulva australis 74.35 106.38 16.50 106.48 0.08 105.63 14313 134.02 126.43 145.84 59.50 130.92 4114 1,190.40
Ulva compressa 461 + 8.87 + +* +* 26.80 2.86 4.59 1.49 + 0.85 + 50.07
Ulva intestinalis 155.35 i+ 30.74 125.90 37.01 + 35.00 7.15 2.30 58.48 72.63 524.56
Ulva linza 35.06 129.03 24.72 + 45.67 + 28.81 0.86 38.70 + 68.70 9.81 52.53 433.89
Ulva prolifera + + +
Phaeophyta

Desmarestia viridis 0.26 43.19 E 0.30 0.64 + + 44.39
Dictyota dichotoma 3.50 21.27 1.38 + + 28.14 0.90 2.60 1.81 0.98 60.58
Dictyopteris divaricata 65.96 65.96
Dictyopteris prolifera 78.89 48.79 8.71 18.58 154.97
Rugulopteryx okamurae 7.78 19.65 10.73 0.59 1.87 3.71 11.75 0.67 + 7.85 + 0.28 64.88
Acinetospora crinita + + + + + +
Leathesia marina 103.38 14.48 454 1.28 111.70 + 0.66 0.79 63.41 300.24
Colpomenia phaeodactyla + + +
Colpomenia sinuosa 0.55 + + 12.42 0.52 23.77 37.26
Petalonia binghamiae + +
Scytosiphon lomentaria 0.07 + + + 9.50 0.62 0.87 11.06
Sargassum confiisum 79.08 0.62 + 0.48 53.38 + 65.45 199.01
Sargassum fusiforme 145.08 16.83 161.91
Sargassum hemiphyllum 99.52 2.98 + 207.89 310.39
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Appendix 5. continued

Species SB GS DB 1 DB 2 GM 1 GM 2 GM 3 MS IA 1G SD JC CP Mean
Sargassum horneri 2.27 120.80 42.94 2451 + 87.84 0.70 24.67 0.31 + 0.54 153.58 458.16
Sargassum muticum 323.32 + 415.50 303.79 366.72 35.58 396.43 14.31 0.09 96.76 + 17.80 +1,970.30
Sargassum thunbergii 211.71 20.53 420.53 145.71 + 426.71 +  1,225.19
Sargassum yezoense 74.56 477.16 + + 551.72
Undaria pinnatifida 108.21 182.61 + + + 36.57 32.80 37.08 + 397.27
Sphacelaria firsca + + + o + + + + + +
Sphacelaria yamadae + + 0.58 0.58

Rhodophyta
Stylonema alsidii + +
Stylonema cornu-cervi + + + + +
Erythrocladia irregularis + + + 3 i i + o + + + + + +
Erythrotrichia biseriata + + + + + + + + + + + + + +
Erythrotrichia reflexa + + + + + + + + + + + + + +
Sahlingia subintegra + + + + + 4 4F + + + + + + +
Pyropia yezoensis 0.11 0.11
Amphiroa beauvoisii 0.67 0.67
Corallina officinalis 96.73 18.92 E 54.49 0.90 + 22.39 5.03 198.46
Corallina pilulifera 108.02 4.17 43.26 + 0.90 123.80 5.09 147.55 76.42 6.16 515.37
Acrochaetium canariense ot + + + +
Nemalion vermiculare + +
Asparagopsis taxiformis + + +
Campylaephora crassa + + + 1.58 1.58
Campylaephora hypnaeoides + 0.05 0.05
Centroceras gasparrinii + + + + +
Ceramium aduncum + + + + + +
Ceramium boydenii 548 + 5.48
Ceramium Inkyuil + +
Ceramium japonicum 0.86 0.29 1.15
Gayliella fimbriata + +
Herpochondria dentata + +
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Appendix 5. continued

Species SB GS DB 1 DB 2 GM 1 GM 2 GM 3 MS IA 1G SD JC CP Mean
Reinboldiella schmitziana 0.07 0.07
Dasysiphonia japonica + + + + + +
Heterosiphonia pulchra + + 1.53 + 1.53
Acrosorium ciliolatum + + +
Acrosorium polyneurum + 6.05 0.04 + 1.08 + 7.55 6.76 16.55 7.14 + 0.48 45.65
Acrosorium yendor + o 0.28 + + 0.28
Phycodrys fimbriata 0.16 0.16
Schizoseris bombayensis + + +
Chondria crassicaulis 14.17 + + 52.36 115.40 7.84 16.46 8.04 214.27
Herposiphonia caespitosa + +
Herposiphonia insidiosa o + +
Herposiphonia secunda + +
Laurencia intricata 6.68 + 5.79 853 12.82 50.36 + 4.00 88.18
Laurencia majuscula 3.77 107.08 + 0.21 16.74 0.40 2.79 26.87 157.86
Laurencia obtusa 0.95 0.29 0.98 1.95 + 4.17
Laurencia pinnata 59.96 0.63 + + 60.59
Neosiphonia japonica + + 1.82 1.82
Neosiphonia savatier! 3.83 10.31 + + 0.72 0.40 19.85 4.32 0.22 52.09 91.74
Neosiphonia sphaerocarpa + + +
Symphyocladia latiuscula + 5.80 + + + + 5.18 12.45 + 23.43
Symphyocladia linearis + +
Symphyocladia marchantioides + + + + +
Symphyociadia pumila 417 + 417
Anotrichium tenue + + +
Griflithsia heteroclada + +
Gelidium crinale + 6.12 + 6.12
Gelidium elegans 128.72 110.22 12.89 25.96 30.31 0.45 + 65.62 17.94 052 0.24 + 392.87
Pterocladiella capillacea + + +
Hypnea flexicaulis + 441 + + + + 441

Hypnea pannosa
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Appendix 5. continued

Species SB GS DB 1 DB 2 GM1 GM2 GM3 MS IA 1G SD JC CP Mean
Chondracanthus intermedius + 8.33 0.05 + 0.35 0.80 + 1.25 1.69 12.47
Chondracanthus teedei + +
Chondracanthus tenellus 126.11 66.75 0.62 0.14 20.53 19.79 5.71 2.18 4.89 13.77 260.49
Chondrus canaliculatus 56.18 65.33 1.67 14.64 137.82
Chondrus crispus 27.99 128.71 + 2.79 0.84 24.43 62.85 + 0.76 248.37
Chondrus ocellatus 2.63 0.38 0.06 521 0.66 8.94
Chondrus pinnulatus + +
Abhnféltiopsis flabelliformis 48.56 108.61 3.05 6.32 55.37 3.96 65.06 30.25 28.81 8.56 + + 358.55
Portieria japonica 0.59 0.59
Grateloupia acuminata 2.43 + 2.43
Grateloupia asiatica 21.63 99.47 0.36 99.17 5.62 2.32 164.66 144.86 66.08 51.08 0.18 + 655.43
Grateloupia cornea 62.68 36.97 + 17.30 0.03 0.04 9.16 16.82 44.96 2.12 13.22 203.30
Grateloupia divaricata 5.90 5.90
Grateloupia prolongata 8.70 39.78 48.48
Grateloupia sparsa 93.02 72.55 0.56 97.67 45.71 1.98 47.65 19.43 37857
Grateloupia turuturu 45.68 16.62 0.11 32.65 8.75 171.90 275.71
Polyopes affinis + 7.09 7.09
Polyopes lancifolius 28.38 + 28.38
Plocamium telfairiae + 5.82 0.02 1.32 1.90 0.06 0.05 0.33 0.37 9.87
Plocamium uncinatum 0.06 + 0.12 0.31 5.20 + + 5.69
Champia parvula 14.67 1.61 + 3.54 1.83 + 10.56 + 21.72 53.93
Lomentaria catenata 27.84 + + 1.10 0.03 + 0.06 0.09 12.37 + + 29.37 70.86
Lomentaria flaccida + 0.68 3.72 + + 4.40
Lomentaria hakodatensis 3.25 779 + 4.53 1.23 16.80
Chrysymenia wrightii 35.55 + 35.55
Crustose coralline algae + + + + + + + + + + + + + +
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Appendix 5. continued

Species SB GS DB 1 DB 2 GM 1 GM 2 GM 3 MS IA 1G SD JC CP Mean
Chlorophyta 6 4 6 6 9 5 6 9 6 9 14
Number Phaeophyta 9 12 9 10 8 14 15 7 12 10 15 21
of species Rhodophyta 40 34 22 25 32 16 34 35 27 39 18 22 49 78
Total 54 49 40 38 48 30 57 55 40 60 29 38 73 113

Chlorophyta 291.50 262.12 191.09 232.38 86.95 176.96 296.98 177.61 300.27 196.91 146.66 200.82 178.46  2,738.71

Biomass Phaeophyta 706.43 40760  687.75  400.02 437.57 460.30  1,348.35 300.41 67.06 215.34 0.00 513.10 469.94 6,013.87

(g/m") Rhodophyta 838.08  851.70 17.71 327.87 240.82 10.18 371.76 458.59 42632 51541 296.88 105.87 188,62 4,649.81

Total 1,836.01 1,521.42 89655  960.27 765.34 647.44  2,017.09 936.61 793.65 92766 44354 819.79 837.02 1340239

*SB, Seokbyeong; GS, Gangsa; DB 1, Daebo 1; DB 2, Daebo 2; GM 1, Guman 1; GM 2, Guman 2; GM 3, Guman 3; MS, Masan; IA, Ibam; IG, Imgok; SD, Songdo; JC, Jukcheon; CP, Chilpo
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