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ABSTRACT

Correlation between community structure of herbivore and succession of macro-algal flora was examined in
subtidal area of Dang-Sa Province, eastern coast of Korea from April 2008 to December 2009. For examination,
the authors hypothesized that there are significant correlation between the foregoing two variables. Samplings
were conducted every two months quantitatively with SCUBA diving at -3, -6 and -10 depth in the two line
transects (barren and forest grounds). As results, rhodophyts was predominated in the algal flora based on the
number of species and biomass; molluscs was predominated in the herbivores based on the number of species
and echinoderms was predominated in that based on the biomass. There was no significant correlation between
the foregoing two variables in the whole survey area and barren/forest grounds. Consequently, the hypothesis was
rejected. The authors proposed that examination of correlation between the foregoing two variables should focus
on the specific herbivore group(s) (e.g., amphipods) afterward.
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Fig. 1. Sampling site and stations (Dang Sa, Vicinity of Ulsan
Metrocity, eastern coast of Korea) for the present study
from April 2008 to December 2009.
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Table 1. Total number of species and biomass of the macro-algae sampled from Dang Sa Province (Sampling
site). Each values represent the data pooled value for 2 line transects, 3 depths and 11 samplings from
April 2008 to December 2009 with underwater quadrat (50 cm x 50 cm). For 'Unit' see the Materials and

Methods
Division Number of species (/Unit) (%) Biomass (gWWt/66m? (%)

Rhodophyta 34 (72.3) 15,344.68 (56.5)

Chlorophyta 7 (14.9) 562.04 (2.1)

Phaeophyta 6 (12.8 11,233.08 (41.4)

Sum 47 (100.0) 27,139.80 (100.0)
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Fig. 2. Temporal variation of the number of macro-algal
species, represented by the relative percent composition
(/Unit), in Dang Sa Province (Sampling site). Each bar
represents the data pooled relative value of samples
belong to the Division for 2 line transects and 3 depths
samplings from April 2008 to December 2009 with
underwater quadrat (50 cm x 50 cm).
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Fig. 3. Temporal variation of biomass (%; gWWt/6m2) of
macro-algal species, represented by the relative percent
composition, in Dang Sa Province (Sampling site). Each
bar represents the data pooled relative value of samples
belong to the Division for 2 line transects and 3 depths
and 11 samplings from April 2008 to December 2009 with
underwater quadrat (50 cm x 50 cm).
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Table 2. Temporal variation of biomass (gWWt/6m2) of macro-algal species in Dang Sa Province (Sampling site).
Each values represent the data pooled value of the first 10 ranked species in the biomass for 2 line transects
and 3 depths samplings from April 2008 to December 2009 with underwater quadrat (50 cm x 50 cm). Rank:
ranking, Div: division (taxa), Ph: Pheophyta, Rh: Rhodophyta, Chl: Chlorophyta, %: percent composition of the
each species sampled, -: not appeared

. . 2008 2009
Rank Div Species Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec Sum %
1 Ph Ecklonia cava - 312,68 294560 36548 126456 78036  2702.00 8370.68 30.84
2 Rh Pachymeniopsis elliptica 363.00 66160 17164  109.88 56012 23064 60044 46080 99112 364524 1343
3 Rh Lithophyllum okamurae 66012 69692 142072 - 68.00 37.48 3608 - - 2919.32 1076
4 Rh Peyssonnelia caulifera 232060 52188 3496 260 86436 21452 632 1476 4156 2720 10228 2003.04  7.60
5 Ph Ecklonia kurome - 1049.20 860.50 - - 191576 7.06
6 Rh Marginisporum crassissima 21688 16400 28092 58776 209.68 21748 173672  6.40
7 Rh Callophyllis japonica - - - 147.80 7344 48604 10224 148 14104 95204 351
8 Rh Gelidium amansii 17.52 - 2204 7.76 16.60 830 27788 15360 24788 75164 277
9 Rh Rhodymenia intricata 172 261,00 0.64 9.04 5.52 16.28 1388 3312 21176 55.28 0932 67816 250
10  Chl Codium adhaerens 4244 3132 4192 192 3696 9132 50.72 73.68 149,00 2164 54092 199

Table 3. Temporal variation of biomass (gWW/0.75m?) of macro-algal species in the barren ground of Dang Sa
Province (Sampling site). Each values represent the data pooled value of the first 10 ranked species in the
biomass for 3 depths samplings from April 2008 to December 2009 with underwater quadrat (50 cm x 50
cm). Rank: ranking, Div: division (taxa), Ph: Pheophyta, Rh: Rhodophyta, Chl: Chlorophyta, %: percent
composition of the each species sampled, -: not appeared

. . 2008 2009
Rank Div Species Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec Sum %
1 Rh  Lithophyllum okamurae 12856 17884  876.80 - - - 37.48 36.08 - 125776 21.03
2 Rh  Pachymeniopsis elliptica - 363.00 - - 9.36 692 5420 9.16 10468 52816 107548 17.98
3 Rh Peyssonnelia caulifera 048  518.16 1.56 260  186.96 51,56 0.20 13.08 41,56 - 102.28 918.44 1535
4 Ph Ecklonia cava - - - - - - 22204 3320 44452 699.76 1170
5 Rh  Marginisporum crassissima - - - - 3556 10.00 1420 206.92 51.84 62.44 38096  6.37
6 Ph  Sargassum horneri 85.30 - - - 1856  133.88 - - 23780 398
7 Rh  Plocamium telfairiae - 12.24 2.16 - 10.36 80.96 11.04 17.20 31.40 2532 19068 3.19
8 Ph  Undaria pinnatifida 184.40 - - - - - - 18440  3.08
9 Ph  Dilophus okamurae 1,00 - 1272 - 0.24 544 10152 2540 - 29.48 17580 294
10 Rh  Gelidium amansii - 228 - 9.56 - 7.76 8.30 7.08  44.00 94.88 17452 292

Table 4. Temporal variation of biomass (gWWt/0.75m2) of macro-algal species in the forest ground of Dang Sa
Province (Sampling site). Each values represent the data pooled value of the first 10 ranked species in the
biomass for 3 depths samplings from April 2008 to December 2009 with underwater quadrat (50 cm x 50
cm). Rank: ranking, Div: division (taxa), Ph: Pheophyta, Rh: Rhodophyta, Chl: Chlorophyta, %: percent
composition of the each species sampled, -: not appeared

. . 2008 2009
Rank Div Species Apr Jun Aug Oct Dec Feb Apr Jun  Aug Oct Dec Sum %
1 Ph  Ecklonia cava - - - 31268 2945600 36548 104252 74716 225748 767092  30.25
2 Rh  Pachymeniopsis elliptica - - 661.60 17164 100.52 4920  176.44 591.28 356.12 46296 2569.76 1215
3 Ph  Ecklonia kurome - - - - 1049.20 - 800.56 - 191576 9.05
4 Rh  Lithophyllum okamurae 53156 51808 54392 - - 08.00 - - - - 1661.56 7.85
5 Rh  Marginisporum crassissima - - - - 18132 15400 20672 38084 21784 15504 135576 641
6 Rh  Peyssonnelia caulifera 23212 372 3340 677.40 162,96 6.12 1.08 27.20 - 1144.,60 5.41
7 Rh  Callophyllis japonica - - - - 146.40 7344 475.08 252 148 14104 840560 397
8 Rh  Gelidium amansii - 1524 - 1248 - - 16.60 270.80  109.00 153.00 577.12 273
9 Rh  Rhodymenia intricata 172 24692 - 328 544 9.96 10.44 5608 20096 2628 54.08 571.36 2.70
10 Rh  Acrosorium uncinatum 340.40 13080 - - - 477.20 226

- 189 -



O
ol
oc
I
ol
12
P
ell
2
P
7z
o
o
M
ikal
1
P
K

401

601

80t |V
1004

Similarity

Group 1 Group 3

Group 2 P
Stress: 0.16
0910(B)
0908(F9912(

09&%@@

080BEBE(F) 0904

0810(B) 0903@9(21:()1:)

0812(®) 090555020810

0808(B)
0904(B)

Fig. 4. Dendrogram (upper) and nMDS (lower) showing the
group of samples (characteristics of macro-algae) in the
study site (Dang Sa Province, eastern coast of Korea)
from April 2008 to December 2009.

A9 sx=f 5 YA 7P FAAR T AA Pt 3
A9 dxF F H9AFToE FHH FEHE YeRge

o] Fo] sMEH Aol AAsh= T AT A&
36.25%% UeRJT) (Table 4). 7S xast 52 39
A8 109]9] $AFES AAF oA 24 Y AEg

N

Stet tHE &z 012 a2y

Aol A= R[] F 88.8%
gWWt/33m* = yelgict (Table 4).
AL oY sx2F FHES FARS oF 55% 7|FellA
27 3719 2% (G) = FEE (Fig. 4). 1A, G-I A
=2 3 do] 2008-06, 2008-12 ¥ vlti& 3]42] 2008-062
2 7A=Y 9o, G-Il A5 vk 392 2008-04
2, G-lII= G174} G-IIE Aljg 177 22522 FA= <
A} (Fig. 4). WA, @& 574 20803 7243 G194 -IIS
AL gk h o] xF THES A5 A9 A5 Y
of T §lo] AAFeR fARRE FEEAS e Slth

(7,670.92

2) Y FHFSE
FAF AdellA Ed A FAHFEES T 5 £S5
(Phylum; 7]} &7 23 o] &3}= 200 spp./Unit,
31,936 inds./66m> (484 inds/m® ZAH = AP
3,077.35 gWWt/66m> (501.17 gWWt/m?) o]glt}. B3
W Ed F ol doME F 91F0] 318 AAlEEEl
A Ed F 5] 45.5%F AAs 5 ¥ EHT T A
A F ookde] 7MY B Zlo® Yeptor, oo
SEP &3 A, FYEER &3 R 28n
FuEEE 9 JEFETY 2% eyt (Table 5). 2
2y QAR ololde i (A, A58 oy o+ A
A (i, AT & Moz A Gl AIEL] AAe] 2
A Jes ZHEEE (45.29%) 7 AAZEE (37.98%)
o] AA|FFo] 18R] Jogk o2 TR Al vl A4
o7 2 gk Yehia gt (Table 5).
e g Axe Y o] ofF FAHFFE TR
AFA 54 (9 T, M 5 L BAD o slejr= A
1 A
1

b

M
&l

=

U ofy

[e]
Xéx

=

A F ek AAUs (&8 WA ) & EF
g g A dehtou ARk gloA= A
Aol 3|5 HAx} =& 2R eyttt (Table 6).
A el QoA AR A 7 $AAR] T2 w23t
Zy29]l @2+E (Amphipoda spp.; 26.85%) A A 4 7]

a

Table 5. Total number of species and biomass of the macro-invertebrates sampled from Dang Sa Province
(Sampling site). Each values represent the data pooled value for 2 line transects, 3 depths and 11
samplings from April 2008 to December 2009 with underwater quadrat (50 cm x 50 cm). For 'Unit' see the

Materials and Methods

Phylum Number of species (/Unit) (%) Biomass (gWWt/66m? (%)
Mollusca 91 (45.5) 12,532.74 (37.89)
Arthropoda (Crustacea) 46 (23.0) 3,509.94 (10.61)
Annelida (Polychaeta) 38 (19.0) 113.95 (0.34)
Echinodermata 17 (8.5) 14,982.08 (45.29)
Other species 8 (4.0 1,938.64 (5.86)
Sum 200 (100.00) 3,077.35 (100.00)
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Table 6. Comparison of the three variables of macro-invertebrates sampled from Dang Sa Province (Sampling site).
Each values represent the data pooled value for 2 line transects, 3 depths and 11 samplings from April 2008 to
December 2009 with underwater quadrat (50 cm x 50 cm). For 'Unit' see the Materials and Methods

Variable

Forest Ground

Barren Ground

Number of species (/Unit)
Number of individuals (/66m2)
Biomass (/66m2)

162 154
19,212 12,724
15,785.24 17,292.11

Table 7. Temporal variation of macro-invertebrate density (inds./6m?) in Dang Sa Province (Sampling site). Each values
represent the data pooled value of the first 10 ranked species for 2 line transects and 3 depths samplings from April
2008 to December 2009 with underwater quadrat (50 cm x 50 cm). Rank: ranking, Div: division (taxa), APOL:
Polychaetes, CAM: Amphipods, CCI: Cirripeds, CDA: Anomurans; MBI: Bivalves, OSI: Sipunculids, %: percent
composition of the pecies, -: not appeared, *: herbivores

. . 2008 2009
Rank  Div Species Apr dJun Aug Oct Dec Feb Apr Jun Aug Oct Dec Sum %
1 CAM Amphipoda spp.” 276 256 148 - 152 792 880 876 3,960 1,024 212 8,576 26.85
2 MBI Modiolus agripetus 304 176 184 36 264 368 212 76 260 716 364 2,960 9.27
3 CCl  Balanus trigonus 168 224 984 1552 928 9.17
4 MBI  Lithophaga curta 180 72 220 28 124 120 164 120 180 292 32 1,532 4.80
5 CDA  Paguristes sp. 28 48 80 4 - 160 260 188 396 360 1,524 477
6 OSI  Phascolosoma scolops 68 84 160 8 104 80 100 88 96 352 56 1,196 3.74
7 CCI  Octomeris sulcata 84 12 552 344 992 3.11
8 CAM  Caprella spp.” 148 4 32 - - 24 48 104 516 68 28 972 3.04
9 CDA  Paguristes ortmanni 120 28 48 16 40 112 76 28 96 88 56 708 222
10 APOL Halosydna brevisetosa 20 20 48 16 20 68 44 40 40 132 64 512 1.60

Table 8. Temporal variation of macro-invertebrate biomass (gWWt/6m2) in Dang Sa Province (Sampling site). Each
values represent the data pooled value of the first 10 ranked species for 2 line transects and 3 depths samplings
from April 2008 to December 2009 with underwater quadrat (50 cm x 50 cm). Rank: ranking, Div: division (taxa),

CCI: Cirripeds, CDA: Anomurans; EEC: Echinoids, EST: Stelloroids, MBI: Bivalves, MGS: Gastropods, OUR:
Urochordates, -: not appeared, *: herbivores
. . 2 2
Rank  Div Species Apr Jun 123: Oct Dec Feb Apr Jun 009Aug Oct Dec Sum %
1 EEC Strongylocentrotus nudus’ 1,536.40  1,473.80  1,908.92 1,264.76  928.36 92896 52328 1317.08 23140 1011296 3057
2 MBI Modiolus agripetus 276.48 80.40 365.76 22.00 178.60 25256 12584  63.64 25540 62348 600.04  2,844.20  8.60
3 EST Asterina pectinifera 345.68 225.12 350.68 94.24 31256 13244 41.96 146,84  1,64952 499
4 CCI  Balanus trigonus 7840 50.36 504.24 761.44 1,394.44 422
5 OUR Chelyvosoma dofleini 374.40 408.44 237.84  158.64 12156 5612 1,357.00  4.10
6 EEC Hemicentrotus pz1/c‘/u'1‘rimz1s* 762.00 299.72 155.84 7700 1,29456 391
7 MGS Turbo cornutus 59320 577.16 1,17036 354
8 MGS Omphalius pfeifteri p/e//ferfk 338.48 205.12 84.68 14136 3536 137.56 103.08  86.32 1,13196 342
9 MGS Norditis discus hannal’ 874.40 22452 1,09892 332
10 CDA Paguristes ortmanni 213.40 3448 72.28 25.28 47.88 94 44 3156  13.92 58.04 36.84 40580  1,03452 313
% A9 1059 03 FAREE F 02 0% ol A A9 1050) oY FAREE oA 1 $AA Fox
SRFoR Yo, dAns Ew A9l 1059 b 2Relic (Table 8). AT 7% 2 $8%5< 524AS
M 5 24 g F =3 A 4 (31,936 inds./66m2) Al 2 9 A9l 109 He] FE52 dAT=E Sk A

2] 68.57%% H+3l3lch (Table 7). 12} A=k glo]A
= 2AEECQ FTZAA (Strongylocentrotus nudus (A.
Agassiz)) 7} 2 AAIFY 30.57%= A5k A 7=
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T+ (Modiolus agripetus (Iredale))S ¥]E3slo] €1 71%4]
Al (Paguristes ortmanni Miyake) So| o 8.60%¢°]A]

4 3.13% AZE AABFEL 3t} (Table 8).

o=



SOl ERME ot TASE ZE AL HEY HE iz &0 Azl
Table 9. Temporal variation of macro-invertebrate density (inds./0.75m2) in the barren ground, Dang Sa Province
(Sampling site). Each values represent the data pooled value of the first 10 ranked species for 3 depths samplings
from April 2008 to December 2009 with underwater quadrat (50 cm x 50 cm). Rank: ranking, Div: division (taxa),
CAM: Amphipods, CCI: Cirripeds, CDA: Anomurans; MBI: Bivalves, MGS: Gastropods, OUR: Urochordates, -: not
appeared, *: herbivores
Rank — Div Species Apr Jun 2AO\.?g8 Oct Dec Feb Apr J uf 009Aug Oct  Dec Sum %
1 CAM Amphipoda spp.” 68 144 44 - 116 68 668 352 1116 508 108 3,192  25.09
2 MBI  Modiolus agripetus 76 40 136 24 168 120 92 48 108 352 184 1,348 10.59
3 CCI  Octomeris sulcata - - - - - 84 - - 4 552 212 852 6.70
4 CDA  Paguristes sp. - 8 52 4 - 60 132 76 188 120 - 640 5.03
5 OSI  Phascolosoma scolops 32 36 84 8 56 8 40 28 64 248 32 636 5.00
6 MBI Lithophaga curta 36 16 120 — 28 12 68 32 60 156 8 536 4.21
7 CDA  Paguristes ortmanni 112 8 32 16 28 84 60 20 24 64 28 476 3.74
8 MGS  Crepidula onyx 96 24 8 - 8 16 20 12 20 40 32 276 2.17
9 CCI  Balanus trigonus - 44 224 - - - - - - - - 268 2.11
10 CAM  Caprella spp.” - - - - - - 36 32 148 - 20 236 1.85
Table 10. Temporal variation of macro-invertebrate biomass (gWWt/O.75m2) in the barren ground, Dang Sa Province
(Sampling site). Each values represent the data pooled value of the first 10 ranked species for 3 depths samplings
from April 2008 to December 2009 with underwater quadrat (50 cm x 50 cm). Rank: ranking, Div: division (taxa),
EEC: Echinoids, MBI: Bivalves, EST: Stelloroids, MGS: Gastropods, CDA: Anomurans, OUR: Urochordates, -: not
appeared, *: herbivores
Rank  Div Species Apr  Jun 2?&?18g Oct Dec Feb Apr Jur21009Aug Oct Dec Sum %
1 EEC Strongylocentrotus nudus’ 1,216.12 54576 1427.92 -  462.96 608.08 —  928.96 523.28 421.16 114.00 6248.24  36.13
2 MBI Modiolus agripetus 42.92 1464 31772 1500 14172 89.76 2172 30.32 109.04 291.76 249.52 1,324.12 7.66
3 EEC Hemicentrotus pulcherrimus’ - 580.20  246.36  — - - - - - - 77.00  903.56 5.23
4 EST Asterina pectinifera 179.24 9144 170.92 61.88 224.68 4532 31.76 — - - 93.48  898.72 5.20
5  MGS Omphalius pfeifferi pfeifferi — 280.36 13440 4320 - - - 14136 - 101.84 103.08 86.32  890.56 5.15
6  CDA Paguristes ortmanni 20436 9.64  47.20 2528 3344 76.88 27.36 7.36 1580 23.20 23536 705.88 4.08
7 MBI Hyotissa hyotis - - - - - - 678.04 2048 - - - 698.52 4.04
8 MBI Spondylus longitudinalis - - - - - - - - - 636.08 - 636.08 3.68
9  MGS Norditis discus hannar 604.40 - - - - - - - - - - 604.40 3.50
10  OUR Chelyosoma dofleini 37440 - - - 145.28 - - - - - 56.12  575.80 3.33
As 3] A5, 24 S AAeA A 5+ 7% H5- LAA 3 T AR AR gher 2 74dn] (% A
AEer 23304 A7 Ass sl A A )7} mlv] gk Aejgle} (Table 10).
Ader} 714 2 A (25.09%) o2 Yepton theo R sEs e Ay, 24F sl AA 2 el AR A
olujshF3l NAF7F E2HR-2 1/2 olste] Hx (10.59%) = = MFelA A 5= 7% HAFer s dAF7

=3 3lolt} (Table 9). &3 WA = 715 A5 G4
49 109] FAFTES AA =9 A 9] 66.49% (F =1
4 154, Table 7) & AA|3l= Z1oz vepjch A
| + 24 3 AAlL] AAF F 30.57%F AHA|E
Zded FAAE ASS el
A Fox - A5 Y F AT
36.13%% AHA|3l= A L= Yeyltt (Table 10). F24715
Aeletr A 71E AuE e A9l 1050 Wl &
= WA 9 950 AAFSE 5 et 3ol A9

= 0

&
==
=
o =T &

2 o= AhE M es) 7 =2 7 (28.02%)
o® yepten, guow wRel AAwolY] (Balanus
trigonus) 7} ©ZF5-2] oF 1/2 Axo dal= dx (13.85%)
2 =9 3glt} (Table 11). &3 /A 5= 71F 3159 &
o xe] A9 109 $ATES AA &9 A 9 71.66%
= 28 & 4 162%, Table 6) & AA|3l= Aoz Yl
ok AR gloldEs 241 #ll AA L) AAF F 30.57%E
Ak B $AFoR 28R A A e

oA} w2 slEe slelel M oA A1 $AA

=
r o
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Table 11. Temporal variation of macro-invertebrate density (inds./0.75m2) in the forest ground, Dang Sa Province
(Sampling site). Each values represent the data pooled value of the first 10 ranked species for 3 depths
samplings from April 2008 to December 2009 with underwater quadrat (50 cm x 50 cm). Rank: ranking, Div:
division (taxa), CAM: Amphipods, CCI: Cirripeds, MBI: Bivalves, CDA: Anomurans; OSI: Sipunculids, APOL.:

Polychaetes, -: not appeared, *: herbivores

2008

2009

Rank ~ Div Species Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec Sum %
1 CAM Amphipoda spp.” 208 112 104 - 36 724 212 524 2,844 516 104 5,384  28.02
2 CCI Balanus trigonus - 124 - 984 1,552 - - - - - - 2,660  13.85
3 MBI  Modiolus agripetus 228 136 48 12 96 248 120 28 152 364 180 1,612 8.39
4 MBI  Lithophaga curta 144 56 100 28 96 108 96 88 120 136 24 996 5.18
5 CDA Paguristes sp. 28 40 28 - - 100 128 112 208 240 - 884 4.60
6 CAM Caprella spp. 148 4 32 - - 24 12 72 368 68 8 736 3.83
7 OSI  Phascolosoma scolops 36 48 76 - 48 72 60 60 32 104 24 560 2.91
8 APOL Halosydna brevisetosa 8 16 44 12 8 52 24 20 24 84 44 336 1.75
9 CDA  Pachycheles stevensii 28 8 4 4 16 104 32 24 28 40 24 312 1.62
10 APOL Syllidae unid. 4 12 28 16 - 52 36 32 24 60 24 288 1.50

Table 12. Temporal variation of macro-invertebrate biomass (gWWt/0.75m2) in the forest ground, Dang Sa Province
(Sampling site). Each values represent the data pooled value of the first 10 ranked species for 3 depths
samplings from April 2008 to December 2009 with underwater quadrat (50 cm x 50 cm). Rank: ranking, Div:
division (taxa), EEC: Echinoids, MBI: Bivalves, CCI: Cirripeds, MGS: Gastropods, OUR: Urochordates, EST:

Stelloroids, -: not appeared, *: herbivores

Rank Div Species Apr Jun 212?18g Oct Dec Feb Apr Jun20012ug Oct  Dec Sum %

1 EEC Strongylocentrotus nudus' - 895.92 117.40 320.28 928.04 481.00 —  801.80 320.28 - - 386472 2448

2 MBI Modiolus agripetus 146.36 33172 350.52 233.56 6576 48.04  7.00 36.88 162.80 10412  33.32 1520.08 9.63

3 CCIl PBalanus trigonus - - - - 6036 - 504.24 761.44 - - - 1326.04 8.40

4 MGS Turbo cornutus' - - - 59320 577.16 - - - - - - 1170.36 7.41

5 OUR Chelyosoma dofleini - 12156 - - 40844 - - 92.56  158.64 - 781.20 4.95

6 EST Asterina pectinifera - - 53.36 166.44 133.68 179.76 32.36 87.88  87.12 10.20 - 750.80 4.76

7 MGS Omphalius rusticus rusticus” 952 10680  89.92 - - - - - 190.64 168.36 125.96 691.20 4.38

8 MGS Aplysia kurodai - - 548.04 - - - - - - - - 548.04 347

9 EST Asterias amurensis - - - - 19220 - - - - 309.96 - 502.16 3.18

10 MGS Norditis discus hannai - - - 270.00 22452 - - - - - - 494,52 3.13
o7 &3y =g g = YA|EFe 24.48% = A A= (35, Polyplacophorans) 7} £33} E]— (Table 13). 1
A28 debsieh (Table 12). 2efh A1l Aigel slel e, Adsel el G, S0 o vl
AE AuE Y (36.13%) of w3l Aoz W gt o (Caprellids 3 AF7E AA 28 A 52
e it 86.77%% i}xlﬁ}— ﬂ ‘rﬂ:fL—i yebyter], O tgow
AATERT FNFEE &= FEo| 44 1,236
3) =AEE inds./6m> (11.10%) <} 236 inds./6m® (2.12%) o] A4
el 2R ¥ 20059 oY FHEEE F 24 28 dehisich AA) QoA Gele el 2o
TEE ¥7E T UE T T 31FE, dATER &3t F5EE Sk AT/} 11,712.20 gWWt/6m’s 3
t Fo] 28T 0% MY e FEE z}x}s} nadees  $AASl Relz dehtod], veow dASERe Sohe
AANEEE (445 2 525, Isopods) # S 5EF (47 TEE (5,390.86 gWWt/6m*) 7} Ft25ie] &ohe FelE

F) ol &3k F5o] 247t 557} 4507 yelyt) (Table  (27.02 gWWt/6m®) 9] ¢20% yepyr} (Table 13).
15, Fig. 5. AAFLo] Fo)E 25T b 25 A5 sols Ase slelold Y 2AERSE 717
¥ (Gastropods; 20%) = uYepgten 1 9|, 8% iy 32%3} 20% 2% o|F AT 2AFE F oHEeAe
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Table 13. Species list and biomass (gWWt/6m2) of the herbivores sampled from Dang Sa Province, eastern
coast of Korea

2008 2009
Apr. Jun. Aug. Oct. Dec. Feb. Apr. Jun. Aug. Oct. Dec.  Total

Species / Time

Phylum Arthropoda

Crustacea
Amphipoda
Amphipoda spp. 1.48 0.19 1.60 1.60 236 1.44 244 4.68 2,60 192 2031
Caprella spp. 0.12 0.02 032 0.12 020 032 1.16 0.16 0.16 258
Isopoda
Cymodoce japonica 0.02 0.36 176 0.16 230
Cymodoce sp. 1.20 0.20 0.32 1.72
Idotea metallica 0.12 0.12
Phylum Echinodermata
Echinoidea
Hemicentrotus pulcherrimus 762.00 299.72 155.84 77.00  1,29456
Strongylocentrotus nudus 1,536.40  1,473.80 1,908.92 1,264.76 928.360 0.00 92896 52328 1,317.08 231.40 10,112.96
Temnopleurus hardwicki 788  147.28 146.04 252 0.88 304.60
T. toreumaticus 0.08 0.08
Phylum Mollusca
Gastropoda
Acmaea pallida 87.84 71.12 16.48 012 3188 0.12 207,56
Aplysia kurodai 548.04 548.04
Calliostoma multiliratum 0.12 0.12
C. unicum 3.56 6.08 21.04 16.44 9.64 13.04 0.72 404 74.56
Cantharidus bisbalteatus 1.96 0.48 0.76 5.88 4.68 296 1.76 3.16 21.64
C. japonicus 2.84 8.60 2.32 1.50 228 5.20 22.80
C. jessoensis 0.04 0.04
Columbellopsis bella 4.24 10,64 3.16 18.04
Homalopoma amussitatum 228 228
H. nocturnum 1.20 15.80 3.76 3.68 256 228 29.28
Homalopoma sangarense 0.16 0.28 0.88 1.32
Lirularia iridescens 0.48 0.48
Macroschisma dilatata 87440 22452 1,098.92
Norditis discus hannai 33848  205.12 84.68 14136 3536 13756 103.08 86.32  1,131.96
Omphalius pfeifteri pfeifferi 25044 238.60 125.96 9.52 173.60 203.68  1,001.80
O. rusticus rusticus 0.08 0.08
Patelloida pygmaea 0.24 0.08 0.12 0.12 0.20 0.16 0.20 112
Tugali decussata 593.20  577.16 1,170.36
Turbo cornutus 0.28 0.28
T. excellens 0.06 0.64 1.00 0.36 2,06
Polyplacophora
Acanthochitona achates 3.12 3.04 0.08 0.12 6.36
A. defilippi 0.08 0.08
Cryptoplax japonica 0.80 1.12 0.32 2,00 0.24 448
Ischnochiton comptus 0.68 0.64 556 0.72 7.60
Lepidozona coreanica 0.08 33.44 3352
Lepidozona sp. 0.04 0.04
Rhyssoplax kurodai 232 2,04 1.00 0.08 5.44
Tonicella zotini 0.60 0.60
Total 3,438.28  3,249.64 2,374.00 04,04 143272 1,22840 5987 1,25864 70344 1,61796 1,163,604 17,130.08

Table 14. Summarized comparison of herbivore community characteristics in Dang Sa Province, eastern coast
of Korea, from April 2008 to December 2009

Character Schematic Result
Species diversity Forest ground > Barren ground
Density (Crustaceans) Forest ground > Barren ground
Biomass Forest ground < Barren ground
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Fig. 5. Temporal variation of the number of herbivore species,
represented by the relative percent composition (/1.5m?),
in Dang Sa Province (Sampling site). Each bar
represents the data pooled relative value of samples
belong to the taxa for 2 line transects and 3 depths
samplings from April 2008 to December 2009 with
underwater quadrat (50 cm x 50 cm).

Z Aol E vepiA] ekteh ey 2 AA] MAE
A 7P $AAeE vepd 3R] AAd e glejA=
353 G g d Abool] Apo|7k AX dFH G
7% 7,120 inds./6m?, =S 2] A% 4,008 inds./6m?
= 59 el 3HF AT} Aug dfde] A4
Mx ) of 2ufof 2l glvk. E3L, A glolHe A
55 el Ae] o] 9,248.48 gWWH/Em® % 3153 3
9] 7,886.60 gWWt/6m>Er} thx =7 Jehton, =r}
AFAQL Aoz Aug sGollA= AR AAFe] 3
Z2 99 1 Axc} Aoz 2o wk, 53 s
A EE570] AAFe] Aoz A velydt) o) A
5 AAAQ] HFoz Foste] nlwatd F ikt A4
x| glolA= dlFT s Mxs sue) =1, YAF
o slejAE A= sde] siEd sfx} =A vehtar 9l
t} (Table 14).

A58 TAL AA 247 B8 24 149 255
379 A (A% 2] 2008-04, 2008-10 2 3EH 3
2] 2009-10) 22 F+7= 4 33l (Fig. 6).

3.9% A2F 2Us A EEF 43
2Asde) o Aewe A58 £ O (39 5
4) W BARe R NE fo3 AL epiAE gt
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Fig. 6. Dendrogram (upper) and nMDS (lower) showing the
group of samples (characteristics of herbivores) in the
study site (Dang Sa Province, eastern coast of Korea)
from April 2008 to December 2009.
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Fig. 7. Trend of species diversity (number of species)
variation in the macro algae and herbivores in Dang Sa
Province, southern coast of Korea. Black (macro-algae)
and dotted line (herbivores), which were calculated with
regression equation (P < 0.05), are added to explain the
trend only.
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Fig. 8. Trend of biomass variation in the macro algae and
herbivores in Dang Sa Province, eastern coast of Korea.
Black (macro-algae) and dotted line (herbivores), which
were calculated with regression equation (P < 0.05), are
added to explain the trend only.
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Fig. 9. Trend of species diversity (number of species)
variation in the macro algae and herbivores in the
barren ground, Dang Sa Province, eastern coast of
Korea. Black (macro-algae) and dotted line
(herbivores), which were calculated with regression
equation (P < 0.05), are added to explain the trend only.

t} (p > 0.05, Fig. 7). 284}, A3 x5} A5 25
o lolA Alzke] 7ol we} AAlA o g F vefAo] tha
7kl AEE Jedglen, Sk Axe i’%%% A
Bohe siaR = delA] 2 velytel (Fig. 7). A

Wate] o= oy Hxrat 2ATE 4%‘4* A
o2 NE FAg HaletE ekl SAMoE Fo3t 4
AL Hola ggken (p > 0.05, Fig. 8), slz=7=2] A
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Fig. 10. Trend of biomass variation in the macro algae and
herbivores in the barren ground, Dang Sa Province,
eastern coast of Korea. Black (macro-algae) and dotted
line (herbivores), which were calculated with regression
equation (P < 0.05), are added to explain the trend only.

Ake A7ke) sl wek S7ske v AR YAl
o Zrashe A% vehg

sxzets 2580 Al deled Ake deln
%ﬂ%wm A1 Faslel LA s WA F ek s
01 )i el BAA el ehdA spgke.
> 0.05) A273] 5 Hebde] Tl el 252
u}o JE ke F78k A% Jehigin (Fig. 9).

o £ 2
o T 32

e, A skl oA Al A A, A
AATFE A7) AT we} e Srele AR molAnt

FAFES] AL =elo] Tashes S wolen o]
gk AhikEl s e Aolelle BAR R frojdt Ak
el okgke} (p > 0.05, Fig. 10). s15% side] A9w
ﬁﬂ*i 718 Ass HAe] Aok Ak derest =
T2 A Aol F AT ATt Atolel] FAA
2 frogh AU dehdAl edgten], T o 7ke] AAA
ol AR Ass M9 kbl debgte (Figs. 11,
12).

_|)~

p

L

AF7HA 9] 2Abl A4S B3 AS A, GE ARE]
AAslgd 7M 2SR FRATE Hile olE F3
o7} w4 saehe] Aol fojet A
I ek 71Z4E gl webA, Sefuet Fel Ak 24 7
A oE sxf TETFRE AR el vt
FA (sympatric) 3= o8 2A5E FAFxd= T
HolHAE AA 7t A5 W 5]04\:} (Figs. 7, 8). ©|¥
gt A 2Ab sdel AltsEl AsS g siF sl
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Fig. 11. Trend of species diversity (number of species)
variation in the macro algae and herbivores in the forest
ground, Dang Sa Province, eastern coast of Korea. Black
(macro-algae) and dotted line (herbivores), which were
calculated with regression equation (P < 0.05), are added
to explain the trend only.
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Fig. 12. Trend of biomass variation in the macro algae and
herbivores in the forest ground, Dang Sa Province,
eastern coast of Korea. Black (macro-algae) and dotted
line (herbivores), which were calculated with regression
equation (P < 0.05), are added to explain the trend only.
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A7} FHe] W3tz (barren state) < kAo glo]A
A A (Strngylocentrotus droebachiensis) W=7} o3t <
e v ARl wFt AR S askelen 1 A, A
Reg Azl A Su nekes TAsKE ke
o] whE AZE Yol WAsHAl ER)uh AA HEE =t
A S ARk obd J1sFelA AenE (o). 43
TEFY F2F5)0] Wy sloke AMlE 9 =i
webA, o]52] A A= AAF (S. droebachiensis)
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