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Abstract

To document the increasing phenomenon of barren ground along the
coast of Jeju and to artificially enhance marine forests, the following seven
studies were carried out at Beophwan (barren ground) and Biyangdo (a
rocky area dominated by large brown algae). First, the temporal and spatial
distributions of barren ground were investigated using large-scale field
surveys along the coast of Jeju during the period 1998 to 2003. Second, to
clarify the main factors causing the reduction in algae in the sublittoral
zone of Jeju, water temperature and water quality characteristics at
Beophwan were compared with those at Biyangdo. Third, to investigate
differences in community structure between Beophwan and Biyangdo,
surveys of the rocky-bottom communities at the two sites were conducted
seasonally from July 1998 to November 1999. During these surveys,
recruitment patterns of crustose coralline algae were also investigated at
the two sites using artificial plates. In addition, the size distribution and
reproductive patterns of the two most dominant grazers, Batilus cornutus
and Anthocidaris crassispina, were also investigated at the two sites.
Fourth, to restore the barren ground, three types of artificial reef were
deployed at Beophwan and Biyangdo in October 1999, and succession
patterns on the reefs were investigated bimonthly from December 1999 to
October 2002. Fifth, the effectiveness of two transplant methods (the
spore-bag and seed-rope methods), which have been widely used in Korea
for the attachment of large brown algae on artificial reefs, was compared.

The two methods were applied to the artificial reefs at the two sites using



the kelp Ecklonia cava, which is the dominant species in Jeju, and the
recruitment and growth patterns were then observed. Sixth, in situ cage
experiments were conducted, demonstrating that grazing is a key factor in
the destruction of algal beds once they are established on artificial reefs on
barren ground. Finally, the aggregation of animals due to the enhancement
of the marine forests was analyzed.

The total area of barren ground in 1998 was 2931 ha, which was
equivalent to 19.8% of the total village fishing grounds along the rocky
coast of Jeju. In 2003, however, the total area of barren ground had
increased to 4541 ha, an increase of 10.9% over the 5-year period. In 1998,
most of the barren ground was located in the southern part of Jeju
(Seogwipo—si and a small part of Namjeju—gun). By 2003, however, the
barren ground had expanded to cover the whole area except the northeast
coast of Jeju. According to a t-test on the 1998 and 2003 surveys, the total
area of barren ground was significantly larger in 2003 (2.76+0.21) than in
1998 (1.96+0.21). This result corresponded with an expansion in the barren
ground from the southern coast to the whole coast of Jeju.

The water temperatures recorded during short-term observations in
February each year from 1992 to 2004 differed significantly between
Beophwan and Biyangdo (t=-0.68, p=0.001, df=26). The average temperature
was 1.23C higher at Beophwan than at Biyangdo. There was no significant
difference between the two sites in the water temperature recorded in
August during the same period (t=0.43, p=0.672, df=24). However, there was
a significant annual increase in the mean water temperature at both sites

(Beophwan: 0.18C/year, Biyangdo: 0.24C/year). Long—term observations of
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the water temperature (1968-2004) also show a significant annual increase
at both sites (Beophwan: 0.038C/year, Biyangdo: 0.024T/year). Other
physicochemical factors such as salinity, pH, DIN, DIP and chlorophyll-a
were also measured at the two sites by season. These factors did not
differ significantly between the two sites (t-test, p=0.05).

Over the period of this study, invertebrate biomass at Beophwan (366.2
g-wet wt/m?) was significantly higher than that at Biyangdo (184.2 g-wet
wt/m?) (p=0.042). Similarly, invertebrate density at Beophwan (50.6 inds/m?)
was significantly higher than that at Bivangdo (19.3 inds/m®) (p>0.001).
Species diversity also differed significantly between the two sites, being
higher at Biyangdo (a total of 33 species) than at Beophwan (a total of 19
species). The dominant species at both sites were Batilus cornutus and
Astralium haematragum. The yearly mean standing crop of seaweed at
Biyvangdo was 1042.0 g-wet Wt/m2, whereas that at Beophwan was 43.2
g-wet wt/m”. Only Cladophora wrightiana and crustose coralline algae were
observed at Beophwan, whereas a total of 30 species was identified at
Biyvangdo, consisting of Chlorophyta (3 species), Phaeophyta (10 species)
and Rhodophyta (17 species). Among them, Ecklonia cava, Sargassum spp.
and Undaria pinnatifida were the dominant species composing the marine
forest in the area.

Artificial reef experiments showed that there were significant differences
in the recruitment patterns of crustose coralline algae between the two
sites. In the experiments conducted on the recruitment and growth rates of
crustose coralline algae at Beophwan in June, the bottom coverage of

crustose coralline algae reached 98% after the artificial reef had been
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deployed for 2 months, whereas at Biyangdo, coverage in the same period
was only 2.7%. This result suggests that the period from June to August
each year should be avoided as a deployment time for artificial reefs for
enhancing marine forests.

The size distribution of Batilus cornutus and Anthocidaris crassispinaat
Biyangdo ranged from small to large. However, only small individuals were
sampled at Beophwan. The ratio of body weight to total weight and the
gonad indices of Batilus cornutus were not significantly different between
Bivangdo and Beophwan (p>0.05).

At Beophwan, seaweed species began to appear on the artificial reefs 6
months after deployment, and the biomass reached its maximum in June
2001. In contrast, at Biyangdo, seaweed species appeared by 4 months and
attained maximum biomass in February 2002. The biomass of canopy
species, Sargassum spp., on artificial reefs at Beophwan was 5.2 g-wet
Wt/rnZ, which was significantly lower than -that at Biyangdo (1184 g-wet
wt/m”)  (t=-5.06, p=0.0001, df=30). The biomasses of stipulate kelp and
turf-forming species were 3038 g-wet wt/m® and 230 g-wet wt/m?  at
Beophwan, and 1611 g-wet wt/m® and 759 g-wet wt/m? at Biyangdo,
respectively. There were no differences in biomass among the three types
of reef at the two sites (p>0.05). A total of 40 species (9 Chlorophyta, 18
Phaeophyta, and 13 Rhodophyta) were observed at the two sites, and
species diversity was significantly higher at Biyangdo than at Beophwan
(t=10.20, p=0.0001, df=4).

In the transplant experiment using the Ecklonia cava spore—-bag method,

E. cava sporophytes began to occur on the artificial reefs at Biyangdo 4
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months after the reef was deployed. At Beophwan, however, they began to
occur after 6 months. At both sites, the biomasses of FEcklonia cava
sporophytes reached their maxima in July 2001, with values of 7815 g-wet
wt/m” (Beophwan) and 4237 g-wet wt/m° (Biyangdo). By the end of the
investigation in October 2002, the mean biomass had decreased significantly
to 501 g-wet wt/m® at Beophwan and 404 g-wet wt/m” at Biyangdo. The
annual average biomass of E. cava was not significantly different between
the two sites (p>0.05). Differences in biomass among all reefs were found
only between the bungalow-type reef and shellfish-type reef at Beophwan.
The cage experiments, which started in September 2001, showed that, once
established on the artificial reefs on barren ground, algal beds could be
preserved for a long period of time (September 2001-April 2002) by
protecting them from grazers. However, by the end of April 2002, during
the course of succession, the algal beds dominated by the perennial species
E. cava had shifted to beds dominated by the annual species Undaria
pinnatifida. Thereafter, the U. pinnatifida beds were also completely
destroyed, presumably due to the grazing pressure exerted by fishes and
invertebrates, which recruited in August 2002. The marine forests destroyed
by grazers were not subsequently restored.

The investigation into the recruitment and immigration patterns of
grazers showed that Batillus cornutus was the prevalent species in the
study area, but that its biomass was highly variable. The biomass of B.
cornutus at Beophwan and Biyangdo was 37.0 g-wet wt/m” and 5.4 g-wet
Wt/l’l’lz, respectively. The biomass ratio of seaweed species (producers) to
grazers (consumers) at Beophwan ranged from 15.62 to 769.7, whereas that

at Biyangdo was 60.85-549.7.
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Fig. 1. Map showing the 37 sites investigated for the barren ground
survey along the coast of Jeju in 1998 (@) and 2003 (O).



Table 1. Location of the 37 study sites along the coast of Jeju

Site No. Location Name of the aljl?nnilr?is(t)fa’ti}ifee
village district
S1 337297497 N, 126° 25" 24" E  Woedodong Jeju-si
S2 337307 22" N, 126° 27" 38" E  Thodong
S3 33°31"45”N, 126° 34" 34" E  Samyangdong
S4 33°29°29”N, 126° 23" 27" E  Hagwuiri Bukjeju-gun
S5 33718 "31”N, 126° 09" 45" E  Kosanri
S6 33" 28°"09”N, 126° 19" 15" E  Aewolri
S7 33°20"54”N, 126° 10 “36” E  Sinchangri
S8 33°21°27”N, 126° 10" 46” E  Dumori
S9 33° 24" 12”N, 126° 14" 58" E  Ongpori
S10 337247 24" N, 126° 13’ 55” E  Biyangri
S11 33 26" 11”N, 126° 15" 45" E  Suwonri
S12 3321 "48”N, 126° 11 " 21" E  Keumdeungri
S13 33°20 18”7 N, 126° 09 '51”E  Yongdangri
S14 33728 49”N, 126° 21 " 25” E  Sineomri
S15 33" 26"39”N, 126° 16 "39” E  Gwuideokri
S16 337337087 N, 126° 41 33" E  Bukchonri
S17 33°33°36"N, 126° 48" 24” E  Haengwonri
S18 33" 337217N, 126° 42" 46" E  gimnyeongri
S19 33°32°37”N, 126° 49" 57" E  Handongri
S20 337 32707"N, 126° 50 " 42” E  Pyeongdaeri
S21 33" 31 748" N, 126° 537 00”E  Hadori
S22 33 13758” N, 126° 30 51" E = Beophwandong  Seogwipo—si
S23 337 13737”N, 126° 28" 42" E  Gangjeongdong
S24 33" 14"35”N, 126° 35" 04" E  Bomokdong
S25 33°14°09”N, 126° 21 42" E  Daepyeongdong
S26 33728457 N, 126° 54" 40” E  Siheungri Namjeju-gun
S27 33°19°37”N, 126° 50 "55” E  Pyoseonri
S28 337277 49”N, 126° 55" 22" E  Ojori
S29 33724 08" N, 126° 54" 24" E  Onpyeongri
S30 337 20" 257N, 126° 51 32" E  Sincheonri
S31 33°16 46" N, 126° 44" 10" E  Taeheungri
S32 3316 157N, 126° 39" 35" E  Wimiri
S33 33" 13735”N, 126° 18 " 17" E  Sagyeri
S34 33° 12" 47”N, 126° 15" 06" E  Sangmori
S35 337 12'55”N, 126° 15" 04” E  Hamori
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OType: Bunglow type reef iOType:Hemisphere type reef : OType:Shellfish type reef

OSize: L2.2XB2.2XH1.4 m OSize: @2.0<XH1.3 m OSize: 1L2.0XB2.0xXH1.15 m
OWeight: 5.41 ton OWeight: 2.16 ton OWeight: 4.24 ton

OSurface area: 18.83 m’ OSurface area: 6.87 m' OSurface area: 18.032 m’

Fig. 3. Artificial reefs used for the construction of submarine forests
on the barren ground (Beophwan) and undisturbed areas

(Biyangdo).
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Fig. 4. Various methods of formation of the marine forest.

A~D; Transplant method of Ecklonia cava using spore-bag

E; Attached Ecklonia cava at deep longline establishment

F~G, T, Transplant method of Ecklonia cava using seed-rope

H~1, Transplant of a adult kelp

J, S; Natural seed-collecting guide using net made with rope

K; Experiment on algae attachment using a cage by material type
L~M, R; Seed-collecting using net of envelop type

N~P; A Cage against grazer

Q; Attached kelp around longline type rope
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Fig. 5. Pictures showing the progressive stages of barren ground

along the coast of Jeju.
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Fig. 6. Maps of barren ground along the coast of Jeju. (Upper panel:

survey in 1998, Lower panel: survey in 2003).
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5 Year: 1998

categorical values of barren grounds

0 ‘ ‘ ; ;
Jeju Bukjeju Seogwipo Namjeju
5 -
Year: 2003
4 4
3 A T “'
2 4
1 4
0 ‘ ;
Jeju Bukjeju Seogwipo Namjeju
Locality

Fig. 7. Comparison of barren ground along the coast of Jeju. Data are
categorical values of round (1: undisturbed, 2: early stage, 3:

middle stage, 4: last stage). Data are meantstandard error.
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Table 2. Results of a one-way ANOVA testing for the categorical value

of barren ground (whitening events)

Source of 1998 2003
variation df MS F df MS F
Localities 3 2.805 3.66% 3 1.33 1.01ns
Error 19 0.765 13 1.31
Transformation none none
Levene's test Statistic: 0.772, P = 0.524 Statistic: 1.085, P = 0.400
Turkey multiple Seogwuipo>Jeju=Bukjeju Seogwuipo=Jeju=Bukjeju
comparison =Namjeju =Namjeju
x P<0.05

2. 5% A9 AFE A9 FFEA
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1992978 2005744 &3 Bl ge s geA 283 8o SAHA EFF
& Fig. 8% 2t 29 22 ¥In oM 10.0~150C (HF+ 1391T
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Bath ¥ &9 7 By 28 W gldgo] uUx g uTt 1.23C7F E3e
), 7 3l gl FRg AolE EAnh (P=0.001). ®=3 F
g el 0.18T, HEE il vid 024TCH F&o] A5ata glor
E3] HYE dde s ¥E B 9YasiA debykth a9l 8€ 9
2o W3 o] 219~288T (Wi 25.3C+232) Welgoen, H UYL oL
215~295C (B 255T+256)% YElY F 39 1 89 F22 zol7t 3
o (P=0.67). 9% T2 F5FHF2 W oA -0008C7F sk, Hd=
AL 0.007C7F AEst Aoz e

7ol 253 10 m3olM el A 29) F7] #2838k Fig. 90 e
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T W E A 89 &8 zo|7t glott (P=0.67) 2¥€9] H, W] HE e

Table 3. Summary of two-sample t-test results for water temperatures
recorded during short-term and long-term monitoring at Beophwan

(barren ground) and Biyangdo (undisturbed area)

Site Beophwan Biyangdo
df t-value p-value
Month Mean+SE Mean+SE
Short-terming monitoring (1992-2004)
February 1514 + 0.30 1391 + 0.38 26 -0.68 <0.001
August 2445 £ 071 2527 £ 0.64 24 0.434 0.672"
Long-terming monitoring (1968-2004)
February 1531 + 019 14.12 + 0.14 70 6.74 <0.001
February 1532 + 014 14.15 + 0.13 68 8.29 <0.001

ns; not significant, * P<0.05, **P<0.01, **xP<0.001
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Water temperature (°C)

Fig. 8.
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Annual variations in water temperature of the surface layer at

Beophwan (barren ground) and Biyangdo (undisturbed area).
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Fig. 9. Annual variations in water temperature of the surface layer and

10-m layer at Beophwan (barren ground) and Biyangdo

(undisturbed area).
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= = [e]
D 9%
19973 E 200569744 9 E<k WME ST mIE soeln B2y AR

of Al s Fig. 120 yetdllth ®$ sfqel el 2 F50] 315
3~33.82 (¥ 33.15+1.09), AZFo] 3380~34.46 (Ft 34.12+0.29) W= I,
AZF BT Al wtal, A =2 s Btk HYR oA s £l
31.30~33.96 (F+t 33.01+1.19), A Fo] 3325~3448 (3 33.81£0.61)¢] H=
FIolM= F o F Aolzh fllon, oFat ThEols MR s o] ot

st 7ol b Bt A2 x5 AS BT AFel7 gl (P>0.05).

2) pH

pHe AlAW 3= Fig. 130 YetiAdth H ek s o= &3] 813~8.22
(H i 8.18+0.04), 4% 8.09~8.15 (F 1 813+0.03) HH oL, HIG= A=
E3 812~819 (H+ 817+0.03), A& 8.12~8.17 (H+ 815+0.02) HAZ F
1

A Y= o] 002 dEe =2 S BRI oY one-way ANOVA ZA¥ &=

of
12

o] FFME AolE HolA @dom (P>0.05), ASdAE BE A

i
=,

19

kAl eEskth (P>0.05).

3) DIN (dissolved inorganic nitrogen)

A-d F, AZ9 Hi DIN %%+ Fig. 149 #th W3 e g oA

0.060~0.120 mg/L (37 0.090£0.002) #9131, AF2 0.011~0.140 mg/L (3
T 0.120+0.011) WAATE HYE 9L EFol 0006~0.012 mg/L (Hit
0.090+0.030) M1, A=L 0.006~0.121 mg/L (B3 0.090£0.003) W=
&S 7ol ol fAAUTH (P>0.05).
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4) DIP (dissolved inorganic phosphorus)
DIPe] AlEWst= Fig. 1501 deEbW W3 s]edo] EFolA = 0.001~0.051
(33 0.017+£0.004) mg/L, A5 0.001~0.049 (3 0.017+£0.005) mg/L HH AL,

g% e EFolA= 0.001~0.075 (F+ 0.016+0.004) mg/L, AF 0.001~

o 7rel DIPE %, A% =F 2

0.058 (H3 0.020+0.018) mg/L ¥ Ath. F+ 3i

ol7F ek (P>0.05).

5) Chlorophyll-a
fdo] FA1¢ 11¥€] 1.10 mg/LE 7F4 =%

Chlorophyll-a9] &=+ W3 3
i, v S % g 49 599 1.05 mg/LE 7P S S Btk A 2
ekt (Fig 16). 1

9 059 mg/L, 9% = 1Y 056 mg/LE 7}

Ak F 819 k] Chlorophyll-a ¥ %% #Fel7b gLdth (P>0.05).
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Fig. 12. Seasonal variations in salinity of surface and bottom water at Beophwan

(barren ground) and Biyangdo (undisturbed area).
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Fig. 13. Seasonal variations in pH of surface and bottom water at Beophwan

(barren ground) and Biyangdo (undisturbed area).
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Fig. 14. Seasonal variations in DIN (dissolved inorganic nitrogen) of
surface and bottom water at Beophwan (barren ground) and

Biyangdo (undisturbed area).
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Fig. 15. Seasonal variations in DIP (dissolved inorganic phosphate) in
surface and bottom water at Beophwan (barren ground) and

Biyangdo (undisturbed area).
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16. Seasonal variations in chlorophyll a in surface and bottom water

at Beophwan (barren ground) and Biyangdo (undisturbed area).
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478vF2] (3729 g), & 47.178] (356.3 g), 7F& 30.8vkE] (171.7 g) wolAh
H Y= g2 Agol 20678 (2339 g)2 71 =%k3, 945 194v8] (1735
g), ¥ 1697t (156.6 g), 7F& 114vkg] (173.7 g) colA, ZAMZ|ZE 5 A

o] 50.67Fe] (366.2 g)Ql WHA, B]YE 39> 1937k (184.2
g)2 W3 o] HILE FHAHT H5d] =2 AELFS HAT one-way

=
ANOVA Z3% F 319 3+ A3 Xol&E Holx vt (WASF P=0.004, A&

e 7 HepwlrEyarse]l b 3 (ME 70.8%, HIYE 61.7%))3F 0 AL
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Fig. 17. Seasonal variations in the density and biomass of invertebrates at

Beophwan (barren ground) and Biyangdo (undisturbed area).
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Table 4. Seasonal variations in the density and biomass of invertebrates

at Beophwan (barren ground)

Species Spring Summer  Autumn Winter Mean
Mollusca
Batillus cornutus 78 (1524) 45 42 14 (272) 95 (1139 58 (944)
Pomaulax japonicus 0.1 (0.1 0.1 (0.1
Tharis bronni 05 9.1 01 28 0.3 (0.9 1.3 (64) 06 (46)
Astralium haematragum 578 (2164) 337 (150.1) 255 (1002) 263 (1121) 358 (144.7)
Trochus sacellus 08 (2.1 32 (72) 09 (38 1.3 (29) 1.6 (4.0)

Siphonalia cassidariaeformis 0307 010D 00113 0304 0206

Cantharus cecillei 0.1 (0.3) 06 (0.3) 05 (09 0.3 (04)
Chlorostoma argyrostoma 05 (22) 0.1 (0.1) 02 (23
Ceratostoma fournieri 02 (1.7 0.1 (0.1 0.1 (05
Palmadusta gracilis 0.3 (06) 0.1 (0.2)
Pyrene testudinaria 1.8 (4.0) 0504 0802 0802
Omphalius pfeifferi 06 (34) 1.8 (101) 06 (34)
Ourpura clavigera 0.1 (0.1 0.1 0.1
Liolophura japonica 0.1 (0.4 0.1 (0.1
Cellana sp. 0.1 (0.3 0.1 (0.1
Other 0.3 (05 0.1 (0.1
Echinodermata
Anthocidaris crassispina 57 (1666) 35 (1024) 15 (375 63 (127.1) 4.3 (1084)
Hemicentrotus pulcherrimus 01 (1.6) 0.0 (04)
Pseudocentrotus depressus 0.2 (69 0.1 (0.1 01 (1.8
Total 752 (559.9) 471 (356.3) 308 (171.8) 478 (372.9) 506 (366.2)
Number of species 9 17 10 9 19

( ); Biomass, g-wet wt/m’
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Table 5. Seasonal variations in the density and biomass of invertebrates at

Biyangdo (undisturbed area)

Species Spring Summer Autumn Winter Mean
Mollusca
Batillus cornutus 1.3 (34.4) 16 (424) 23 (@74 60 @2 28631
Sulculus diversicolor 02 (1.9 0.1 (05
Kelletia lischkei 0.1 (L0) 0.0 (03)
Tharis bronni 02 (46) 01 (1.2 0.1 (09 0.3 (12.0) 02 @47
Astralium haematragum 119 (65.3) 157 (106.3) 65 (478) 13.3 (74.0) 11.9 (73.3)
Trochus sacellus 0.1 (06 0.1 (0.3) 03 (1.7 0.1 (0.7
Siphonalia cassidariaeformis 02 (04) 01 0.1 0.1 (05 0.3 (0.3) 0.2 (0.3)
Cantharus cecillei 0.1 (0. 0.0 0.0
Omphalius unicus 0.1 0.1 0.0 0.0
Chlorostoma argyrostoma 1.3 (10.4) 0.3 (26)
Pollia mollis 0.3 (0.2) 0.1 (0.
Umbonium costatum 0.1 (0.1 03 (1.0) 0.1 (0.3
Cantharidus callichroa 01 0.1 0.0 0.0
Clanculus ater 0.2 (0.1 1.0 (0.7 0.3 (0.2)
Ceratostoma fournieri 06 (5.0 04 31 0.3 25) 1.7 (14.1) 0.8 (6.2)
Cypraea vitellus 1.3 (1.3) 03 (0.3
Palmadusta gracilis 0.1 (0.1 0.1 (0.1 0.1 0.1
Septifer Keenae 0.1 (0.1 0.0 (0.0
Pyrene testudinaria 0.7 (0.6 0.3 (0.1 04 (0.3 04 (0.3
Omphalius pfeifferi 02 (1.7 02 (1.9 0.8 (6.8 0.3 24
Tristichotrochus unicus 0.1 (16) 0.1 (0.1) 0.1 (03) 0.1 (05
Omphallius sp. 0.1 (06) 0.0 (0.2
Cellana sp. 0.1 (0.1) 0.0 (0.0)
Crassostrea gigas 0.1 (25) 0.0 (06)
Other 03 (0.1) 0.1 (0.0)
Echinodermata
Anthocidaris crassispina 11 (391 03 10D 03 (129 04 (155)
Hemicentrotus pulcherrimus 0.1 (0.6) 01 (1.8 0.1 (0.1 0.7 (105) 0.3 (34)
Pseudocentrotus depressus 01 (31 01 6.1 0.3 (196) 0.1 (7.2)
Asterias amurensis 01 (1.3) 0.0 0.3
Ophioplocus japonicus 0.1 (1.3) 0.0 (0.3
Certonardoa semiregularis 0.1 (04 0.1 0.3 0.1 (0.2)
Ag}ggfgggdgen tipes 01 (20) 00 (05)
Porifera
Callyspongia elegans 0.1 (05) 0.0 (0.1
Total 169 (1556) 194 (1735) 114 (1737) 205 (2339) 193 (1842)
Number of species 15 20 19 13 33

( ); Biomass, g-wet wt/m’

- 41



2) ;MxEF

A dlxFe duAd A Aset dEd Wele Figo 189 #Zx
=dTH AEFE Table 6, 79 2k W3 A oA = A B 5257
(Chlorophyta)¢l Z-Atinlt) D (Cladophora wrightiana)™ & %% (Rhodophyta)
o] FAATZEF (Geniculate coralline algae)"t £33 S W & dxrHFE

SdokA Fokrh AR A 7ol 230 go® VP w81, Asode =
Gl

 zF7F . v, v UE Yol s Hm2F 3%, Z2ZFF (Phaeophyta)
10€, 27 17¢ & & 3059 sxi77l =dadtt AdE Hd AEFS
B 16353 go2 71 =k, 7FE& 11989 g, 1§ 7764 g, A2 5631 g &
ol A Fo AA AT dEHLS 10420 goldd. Fo TS &
B7F 5135 go® 493%E AAste] 7HE ¢Asd e, A TS MY

—

1441 g (13.8%), FYUEAWE (Sargassum serratifolium) 131.3 g (12.6%),
O] R ARE (S. patens) 89.3 g (86%)Tol At wEkA HGE o] =

rlr

] 5.7

gt
Ko,

1 © 2 subcanopy S ©] F+ stipitate kelp$! 7HE] 2 v (Undaria

o,
ol
il

pinnatifida)® Z& Group 119 sl Z2F¢ alFEHol A, 3 (canopy)S &
- Uy Ax

2 @ %

2

THol A=

s
oo

ol RANHT (Sargassum spp.)oll <] &l

_42_



60

50 W Beophwan
O Biyangdo
~ 40 r
E
2 30}
>
)
w20 - [
c
[
D 10 [
0
Spring Summer Autumn Winter
2500
E
A [
s 2000 [
-
2
é 1500 -
= I
2 1000 -
o
2 [
®
o 500 -
T
o |
Spring Summer Autumn Winter
Season

Fig. 18. Seasonal variations in the density and standing crop of algae at

Beophwan (barren ground) and Biyangdo (undisturbed area).
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Table 6. Seasonal variations in the density and biomass of algae at

Beophwan (barren ground)

Species Spring Summer  Autumn  Winter Mean
Cladophora wrightiana 4.0 (57.3) 0.4 (4.3) 23.0 (23.0) 6.9 (20.6)
Articulated cordlline algae 7.0 (86.5) 0.3 (7.3) 1.8 (22.6)

Total 11.0 (143.8) 0.7 (5.8) 23.0 (23.0) 8.7 (43.2)
Number of species 2 2 1 2
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Table 7. Seasonal variations in the density and biomass of algae at

Biyangdo (undisturbed area)

Species Spring Summer Autumn Winter Mean
Chlorophyta
Ulva pertusa 01 (19 00 (0.2
Cladophora wrightiana 04 (79 10 (162) 36 (358 3 (34.6) 2.0 (236)
Codium contractum 0.1 (0.3) 0.0 (0.D
Phaeophyta
Ecklonia cava 50 (3894) 22 (3384) 49 (9236) 5 (4086) 43 (5135)
Undaria pinnatifida 6.4 (446.7) 1 (1296) 1.9 (144.1)
Colpomenia sinuosa 0.3 (3.0 0.1 (0.8)
Sargassum horneri 01 (192 01 (113 0.1 (7.6)
Sargassum serratifolium 0.6 (2857) 54 (221.9) 1(176) 18 (131.3)
Sargassum patens 05 (839 38 (421) 84 (226.3) 32 (89.3)
Sargassum ringgoldianum 0.3 (0.8) 0.1 (0.7 6 (1023) 16 (26.0)
Sargassum sp. 01 (15 0.3 (09 05 (64) 02 (20)
Sargassum fulvellum 0.3 (05) 0.1 0.1
Sargassum sp. 0.1 (06) 02 (33 0.1 (1.0)
Rhodophyta
Carpopeltis angusta 0.1 (09 15 61 0.1 (16) 04 (19
Gracilaria textori 9.3 (47.4) 2.3 (11.9)
Champia sp. 0.1 (0.1 0.0 0.0
Plocamium leptophyllum 0.2 (6.2 0.1 (16)
Plocaminm telfairiae 1.7 2.8) 04 0.7
Cordllina ungulata 04 (1.0) 0.7 (1.9 0.3 (0.7
Dictyota dichotoma 0.1 (0.8) 0.0 (02
Acanthopeltis japonica 0.8 (4.6) 0.2 (05 0.3 (1.3
Amphiroa ephedraea 0.8 (5) 0.2 (1.3)
Diatiuscula Okamura 5.8 (291.5) 15 (729)
Schizymenia dubyi 0.1 (0.1 02 (05 0.1 (0.2)
Corallina pillulifera 0.1 (0.4 04 (26) 0.1 (0.8
Coralline algae 0.1 (38 0.1 (02) 03 B7) 01 24
Scinaia japonica 0.1 (0.6) 0.0 (0.2)
Pachymeniopsis elliptica 0.1 (06 0.1 (0.3 0.1 (0.2)
Meristotheca papulosa 0.1 (0.1 0.0 0.0
Other 1.2 (238) 0.1 (06 03 6.1
Total 349 (16353) 175 (776.4) 181 (11989) 150 (563.1) 215 (1042)
No of species 28 18 7 4 30

( ); standing crop, g-wet wt/m’
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Fig. 19. Temporal dynamics of the coverage of crustose coralline algae on
artificial substrate at 6-m depth at Beophwan (barren ground)

and Biyangdo (undisturbed area).
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Anthocidaris crassispina at Beophwan (barren ground)

Biyangdo (undisturbed area).
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Table 8. Comparison of the gonad indices of Trochus sacellus at
Beophwan (barren ground) and Biyangdo (undisturbed area)
during May 1999

: . Gonad
Number of  Test diameter Total weight . .
Area individuals (mm) (g) W?;g)ht GSI

29~448  134~355 087~592
Beophwan 50 (375+2.9)  (217+56)  (2.34+1.2)

36.7~71.3 244~139.9 0.30~16.05
(53.0+8.2) (63.9+26.3)  (6.59+3.20)

10.8

Biyangdo 50 10.3
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Table 9. List of algae species on the three types of artificial reef (Type 1:

shellfish type, Type II:

hemisphere type, Type III:

bungalow

type) at Beophwan (barren ground) and Biyangdo (undisturbed

area)

Species name Beophwan Biyangdo

Type I Type I Type I Type I Type I Type III
Chlorophyta
Ulva conglobata 6.54 7.01 5.33 14.08 9.72
Ulva pertusa 0.14 0.07
Cladophora wrightiana 9.31 197 20.81
Codium adhaerens 33.66 155.99 119.17
Codium coactum 28.75 3.60 6.03
Codium contractum 11.67
Codium divaricatum 302.96 744.38 213.06
Codium fragile 23.65 490.701 436.99 231.75
Codium tenue 52.13 54.20 39.24
Phaeophyta
Colpomenia sinuosa 21.67 140.00 22458 82.56 230.90 76.67
Cutleria cylindrica 21.61 54.95 35.56
Undaria pinnatifida 559.80 11.70 130.45 159.53 240.61 401.06
Ecklonia cava 2086.64 247347  2666.70 153047 133864  1676.87
Dictyopteris divaricata 48.60 24.091 0.74 259.38 124.03 220.78
Dictyopteris latiuscula 0.4
Dictyopteris prolifera 0.27 9.56 0.60 3.36 0.34
Dictyopteris undulata 1.14 9.15
Dictyota maxima 1.00 0.47 0.27 0.60
Padina crassa 2.50 2.09 160.46 86.69 24758
Plocaminm telfairiae 0.20 0.34
Sargassum confusum 69.16 119.42 78.44
Sargassum fulvellum 5616 17.55 25.35
Sargassum hemiphyllum 2.0
Sargassum horneri 62.50 1065.09 766.74 380.29
Sargassum patens 10.75 299.451 107.66
Sargassum ringgoldianum 10.48 17.01 2.07
Sargassum serratifolium 296.88 52.05 61.00
Rhodophyta
Gelidium amansii 1.17
Amphiroa beauvoisii 38.27 32.20 3.94
Amphiroa dilatata 0.12 0.18
Amphiroa ephedraea 279.65 381.60 197.17 13.56 80.13
Corallina pilulifera 6.76
Jania adhaerens 0.07 0.14
Jania ungulata 0.20 49.25 1.80
Champia parvula 0.10 0.10
Antithamnion nipponicum 0.07
Callithamnion callophyllidicola 0.12 0.10
Acrosorium polyneurum 0.34 0.07
Amphiroa sp. 0.01 0.01 0.01
Corallina sp. 0.13 0.09 0.01
Nunber of species 13 13 10 28 28 31
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Fig. 22. Seasonal changes in biomass of the three seaweed groups settled
on the three artificial reefs (shellfish type, hemisphere type,
bungalow type) deployed at Beophwan (barren ground).
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Fig. 23. Seasonal changes in biomass of the three seaweed groups settled

on the three artificial reefs (shellfish type, hemisphere type,

bungalow type) deployed at Biyangdo (undisturbed area).
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Fig. 24. Comparisons of biomass of the three seaweed groups between
Beophwan (barren ground) and Biyangdo (undisturbed area).
Data are pooled among the three types of reef. Data are mean *

standard error.
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Fig. 25. Comparison of biomass of seaweeds between artificial reefs at
Beophwan (ABU) and natural rocky beds at Biyangdo (NBI).

Table 10. ANOVA testing for differences among algal communities
established on the artificial reefs deployed at Beophwan
(barren ground) and those on the rocky beds at Biyangdo

(undisturbed area)

February April August October
Source of variation
R R R R
Between sites 1.0 0.75 - 0.75
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Fig. 26. Nonparametric multidimensional scaling analyses using Bray-Curtis
similarity indices of the three types of habitat (WA: Artificial
reefs at Beophwan, NA: Artificial reefs at Biyangdo, NN: natural
rocky beds at Biyangdo) based on  fourth root transformed
biomass.
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Fig. 27. Seasonal changes in density and standing crop of Ecklonia cava

settled on the three artificial reefs (shellfish type, hemisphere

type, bungalow type) deployed at Beophwan (barren ground) and

Biyangdo (undisturbed area).
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Fig. 28. Comparison of the densities of Ecklonia cava recruited on the

artificial reefs between the two transplantation methods.
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Fig. 29. Encroaching quantity variation of mobile grazers in the cages.
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Fig. 30. Pictures showing the adult sporophytes of Undaria pinnatifida

and Ecklonia cava settled on the artificial reefs protected from

mobile grazers by iron cages.
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Table 11. List of algal grazers on the three types of artificial reef (Type

1: shellfish type, Type II: hemisphere type, Type III: bungalow

type) at Beophwan (barren ground) and Biyangdo (undisturbed

area)

. Beophwan Biyangdo
Species name Type 1 Ty};e I Type Il Type | T};pegll Type 1II
Anthocidaris crassispina 0.42 0.01
Aplysia kurodai 0.01
Astralium haematragum 0.59 0.36 0.83 1.17 0.98 1.26
Barbatia virescens obtusoides 0.02
Batillus cornutus 33.21 42.67 52.35 0.15 0.09 0.22
Cantharidus callichroa 0.02
Cantharidus japonicus japonicus 0.01 0.02
Cantharus cecillei 1.59 0.01 0.07 0.05 0.03
Ceratostoma fournieri 0.20 0.13 0.22
Chlamys irregularis 0.03 0.01
Chlamys sp. 0.01
Clanculus ater 0.03
Clanculus margaritarius 0.01 0.01 0.01
Cypraea vitellus 0.02 0.01 0.01
FErgalatax contractus 0.02 0.01 0.02
Enzinopsis sp. 0.02
Ischnochiton hekodatensis 0.01
Kelletia lischkei 0.32 0.49 0.02
Monoplex austialasiae 0.76 0.01
Monoplex parthenopeum 0.90 0.70
Notohaliotis discus 0.01 0.02
Ochetoclava kochi 0.01 0.09
Omphalius pfeifferi 0.10 0.17 0.01
Omphalius pfeifferi carpenteri 0.04 0.09
Pseudocentrotus depressus 0.08 0.06
Pyrene testudinaria 0.01 0.01 0.09 0.09
Reishia clavigera 0.03 0.13
Reishia luteostoma 0.13 0.04
Searlesia fuscolabiata 0.04
Siphonalia cassidariaeformis 0.01
Stomatolina rubra 0.01
Sulculus diversicolor aquatilis 0.01 0.17
Tharis bronni 0.69 0.45 0.66 0.16 0.12 0.05
Tristichotrochus unicus 0.10 0.06 0.09 0.06 0.03
Trochus sacellus rota 0.64 0.35 0.35 0.10 0.05
Others 0.04 0.07 0.21
Total 38.54 45.23 54.95 2.59 1.96 2.58
Number. of species 18 7 7 28 13 19
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Fig. 31. Comparisons of biomass of the three grazer groups between
Beophwan (barren ground) and Biyangdo (undisturbed area).

Data are pooled for the three types of reef.
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Fig. 32. Comparisons of the seaweed/grazer biomass ratio between
Beophwan (barren ground) and Biyangdo (undisturbed area). Data

are pooled for the three types of reef.
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Pearce, 1973; Breen and Mann, 1976; Lang and Mann, 1976; Pearse and
Hines, 1979; Duggins, 1981, Wharton and Mann, 1981; Hagan, 1983; Hagen,
1995; Benedetti and Cinelli, 1995; Schroeter et al., 1996; Agateuma et al.,
1997; Teresa and Simone. 2002). James. et, al. (1991)2 Zhg] X 1o} <d<tof A
e A S ol &3 TR 2HIE FAHAWY (estimation of surface
canopy cover)2® AAUE] wE Ty S B4 A3 B2 Fo A
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Qe AAR 2AYFEY AT HHR B £ Ack o AN AxG A
o WE Ao 2qYF BT YEFS 362 g/mE HFY el 1842
g/mel vls) 2 AEel Ee YRGS wolw ek o ARk olHW AAE

Al M EE s 1992 FA 1897 g (10270 A)/m' el AAlF7E wEE o

o

1998l = o] sefel Al R Akl o] Fig. 339 AlF%E FAHE SAl
A B bk} ol AAF e 1992 509ES AleletH 199749 (1,066%)
7HAE 1,000 FFES fAst gloth 19989 2RE)FEHE AA A Hol
200F etz Aztstal low, WMk s Rt AE Atz A7) ek A
ol e xF LSS 19849 223RES APow 1987d 20,6210 A
F A xF AAES 10,0008 W=
dom, o]F AL FAaste 20049
ol 2540ES 71=ata gtk o9 e ARES T B uw ATt A
o] AxgS 1988WRH oln] AAHA, AL FdHL S HoFa gl
th o] AFelM Axg g 2AHTE T SHTS HEFE YT oR
AA ABEF] 2% (FF 42 205 AAGFA, ©] T2 4T 2 cm WY &
FEoz 1 Aol distods dHAAA @kAR sFH o] AL AT
et Al FASA AL AE Aol disteds AHH R AFHolok &

tfAtoltl Arai and Arai (1984)= HebwlHFES U Sy v 2718 713 &2

2

ok
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B 25t
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T7F Bestd. 4 5 (19752 AAdEAA AA D=7F 200 g/m o] el
S 2 s el AAazp dojdtial 7] E8k Tk o] 2AME ol H A AT E

Al HES AmE sl A, A

(2
e,
o\

o] A= B6 g/me=E 4l 5
(1975)0] AAIFE Axg iy ARt A 244 e T2 366.2

g/ A4 fRdndg 44 e Ao Yy 2A4EZS AA6A
% ol gtk

T7t FAE Hela vk H 7FWEe] @ AR sd IPCC
(Intergovernmental Panel on Climate Change)®] 1x H. 1A o] 233, t}S A
7] ok AT FFLEE 1097 oF 03CH AFate]l 202590 1C7F A%
akal, 21000l E @A eXHT} 3C7F Z7hstta o =38t vt (Hounghton
et al., 1990; Yoshiyuki, 1994). IPCC¢] 7]F ¥ 3} o|=m e Fig. 359 2t} o
o & 7]$Wsl2 <ld Kong (1985)2 ol divhio] H3A7F 2 1004
9k 60~100 kmE HWo® o]lFd o, Allison et al. (20052 3ol A A

ofF wHATONA T WE o Fel olFah REG Wake] thste] FA
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Al Bal stk 1 58 19629 F-E 2001 Abelell Ha sl %=7F 06T
ol wek o] sjge] AAMolF 90§ T 156F 9 2=ok st HWow

8~403 km (mean=172.3+988 km, n=15)& ol (HAF i+, FAd), =

ol s tha Hastal Itk ERE o] 15F0] o F o]flo| k= 36F 0] =3t
Holx Qv sttt Eek 1 52 S AuhH],

AN E T 99T i AR AA olE&e] HWOE 600 m¥ o]EsiH,
bib, blue whiting, lesser, weever, Norway Pout, Scald fish, witch 6% ¢ &
2 kmE oledtta FAsta vt 53] wE YLALE
O w27 Agddvtes AFZ2RE AAstaL

Atk 2 5L H9 AFF mWFL 2020 05~1.0C F7bskaL, 20504
of = 1.0~25T, 18] 2080+ 15~40T7F 571 Aoz o53HA o
Aok HE (blue whiting) @ # A (red fish)x 20500 Eajo)A 43 Al
2 Aoz o =33 At} E3F Tegner et al. (1997)2 7] 3w 3bo| 23] 1982~
1984 d7+#] &gk El-Nino%} 1888~1839Wd 74| Al gk La-Nina®l Z¥= W
o A EY ol At kelp %9 HolAA I JHAT A&, T A FT
g FFS "HEE AAsATE Aptoot and Herk (2006)= #djel] digh o+
oA Hl=3k A3s Basta Qv ] o] HEVE 243 dAVE
+ A& Serisawa et al. (2004)0] A8 7| Fsta vt ¥ YE Tosa T

S
S

oA 70 o] 80, 90, 2000 ] F& g A, A

I
S

F2dee BAAL oz &) 70d ] o] Hol Tosa wholl AMA W ZHe] o
g8 AebdeS AASa vk o] Ao AFECAM yEhd FHEe] A4

V¥ Terawaki (1993)7F €29 Exf sAAS 5§ 36°= 7|E3ta 3loH

rlo

Z (1968)2 Feivhete] A, @elsta AlFdnt EEtha 7] Eaqd =

a3 (197 AFEE THeRE Tt GR7AE 5 dAAoZ 7]

2
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Fig. 33. Annual variation of yield of shellfish, sea urchins and algae in
Jeju from 1965 to 2004.
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Fig. 34. Distribution (upper) and cause of occurrence (lower) of
barren ground in Japan (from Kuwahara et al., 2005).
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REALISED TEMPERATURE RISE
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Simulation of the increase 'in ‘global’ mean temperature from
1850-1990 due to observed increases in greenhouse gases, and
predictions of the rise between 1990 and 2100 resulting from

business—as—usual emissions.
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Fig. 36. Canopies of Ecklonia cava at the Wangdol-reef in the East Sea
in August, 2002.
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Beophwan A site Beophwan B site Biyangdo site

Fig. 37. The recent collapse of the algae that were attached at the

three study areas in June, 2006.
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Fresh weight (g-wet wt /™)

Fig. 38.

80 1 HBeophwan

50 | O Biyangdo

40

20 -

Shellfish type

Bunglow type

Artificial reefs type

Hemisphere type

Comparisons of biomass of the grazers between Beophwan (barren

area) and Biyangdo (undisturbed area). Data are pooled among the

three types of reef. Data are mean + 1SE.

Table 12. Estimation of the area of barren ground along the coast of Jeju

Village

Origin area (ha)

Origin rate (%)

Increase

frea (ha) 1998 2003 1998 o003 rate (%)
Jeju-si 646 36 244 5.6 37.8 32.2
Seogwipo-si 1,661 598 741 36.0 446 124
Namjeju-gun 5,031 1559 1,806 31.0 359 49
Bukjeju-gun 7,113 738 1,750 104 24.6 14.2
Total 14800 2931 4541 19.8 30.7 109
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Atk 7 T ST AL THF A (A5F 108, HIY 103)= F
b 2ol 7b gldtk (P>0.05).

A%g el AME olZAE ATl AM F elATE HEFI E
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2¥

F Tz E Al 409 FHRE Fdsdon, 20023 2€e H S
B}
lFo 2 FWe FAS dxF WEFES ZANFA A, AmEe dYol
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| vl FeskA v
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(t=-3.64, P=0.0001, df=30) 7+ al el AldE A FT7F2 Az 1 AE2HFS T 3
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7 18F, X7 13F & T 40F°] MxF7F =6, gl es AS5s
IR

Aol 19F o] &dd w, T AL 37Fol EHsk] iTH A F
thdd ol FrelshA =t (t=10.20, P=0.0001, df=4).
ZA7 (spore bag)& ol &3 e] sz of Aol Axg ol ool A

Lol 61Y FRE, d5Y AglAE 19 FRE f9o 2@ A
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