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Seasonal Variation in Biomass and Community Structure of Intertidal
Seaweeds at Heuksando and Hongdo, Southwestern Coast of Korea

Ji Chul Oh, Seo Kyoung Park, Han Gil Choi” and Ki Wan Nam'

Faculty of Biological Science and Institute for Basic Science, Wonkwang University, lksan 570-749, Korea
'Department of Marine Biology, Pukyong National University, Busan 608-737, Korea

Seasonal variation in marine macroalgal community structure was examined at the intertidal zones of Heuksando and Hongdo,
Shinan, Korea, from July 2008 to May 2009. In total, 86 macroalgal species were identified, including 12 green, 19 brown, and

55 red algae; 67 species at Heuksando and 70 species at Hongdo, were observed. Annual seaweed biomass was 252.44 g dry wt /
m? at Heuksando and 217.67 g dry wt/m” at Hongdo. The dominant seaweed in importance value (IV > 15) differed between the

sites: Sargassum thunbergii at Heuksando and Corallina pilulifera at Hongdo. The vertical distribution pattern of seaweeds from

the upper to lower intertidal zones at Heuksando was Gloiopeltis spp., Ulva spp. — S. thunbergii, S. fusiforme, Hildenbrandia rubra

— 8. thunbergii, C. pilulifera. On the rocky shore of Hongdo, seaweed zonation was distinct: Porphyra yezoensis, Gloiopeltis spp.,

Ulva spp. — C. pilulifera, S. fusiforme, Myelophycus simplex — Chondrus ocellatus, C. pilulifera, and Carpopeltis affinis. Annual
seaweed coverage, richness index (R), evenness index (J'), and diversity index (H') values were greater at Hongdo (41.35%, 12.82,
0.59, and 2.50 respectively) than at Heuksando (31.54%, 11.93, 0.44, and 1.87 respectively), which may indicate that the seaweed
community at Hongdo is more stable relative to the one at Heuksando.
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Fig. 1. A map of study sites and the location of Heuksando and Hongdo Islands, Korea.

ZAYA 139%F(HE] 763, A& 124%)0] T2E| 91 21(Choi
etal., 1994), =2 0] Lol Al 1570 2) 3}A| AP A] 53
(Park et al., 2007)} Al1QF9] 37HRA(SaH, A, AEi#)2] <l
=+ FRAEA 16719 sHA|2AA 63FS 71 A BHEHO et
al,, 2005). 3=} SAME = S0 He| "ojZl folE2A o
TE R AT E Blgo] wWol Sof XF7HA] A 4
T2 W S Aol thgh A7E 3w A] grght

Kang (1966): ¢-efuet 919k sfj259] A|2)4 £iE 5
St E, St SEE, HAlHE T Zh), Asieh Al
9] 57§H(section) = LAl SAMEQF S = Hal|obe] A%
EHEHA ol 2kaL sl 200 d o] A 80T FRtell= &
St Ao A Y ABAFE S SRR EE AR
ESHAZ Z1& Aokl th(Lee et al., 1986a, 1986b). 0] o] =
xS m277F gdisld, 2277 sl d, 2%
7F s ol A wol EERITh= AR S TAR Sho] ERt
H SRS E ol Rt AR it =279 B|(C/P), 227
of thgt F27F9f H|(R/P), ZEFol thet 52 9 T279] H]
E (R+C)/PE o] &-5to] 2l A 9] sl 24o] £ utetste
1! 3} th(Feldmann, 1937; Segawa, 1956; Cheney, 1977). &
3|, (R+C)/P 2] H|-&-& Cheney (1977)2] H|&& 3]AFEHA] )
2] BN, &, Gt Uehl7] fiste] S-efuet
o] H2 S AEsA S -39 shAkEel ol AN

o] £ktk(Van Den Hoek, 1975; Kapraun, 1980; Bolton, 1986;
Garbary, 1987; Schils and Coppejans, 2003).

2 A= vt s 27| A warol wj$- Fagt A
AR Q1 ARt SAteet 3 At sj2F Ao 54
< mjotety] Qfsto] s 2At, A, AR e A
2 Hop S We| A} shleh 3t At S o= g
chefel Aol A =3 Cheney (1977)9] 452 v]aL 9 sf4
< st

A Alektoll 1|3 A= 9F 1 3ol 4] 2008 7HF
H 2009 59712 AFER 2| k27| |27E AT L A
44 At chFig. 1). 2 A, 2, 3kl 2 5719 W+
(50 cm % 50 cm) & 72+ 4] © & =17 Saito and Atobe (1970)
of uho] uje} wme} MIEE 7|83t ol AT Shaf
2 % AU oAk ok, B0k SAbe] AR SUES o)
otst7] lstel 27behel thopt 712k 29lolA A4jsHe B
£ o275 A4 ARetalc AU E Sefe z2a-ls
§U(5-10%) 2.2 Aol q LAAA AR Lkt ¥ o)
A2 Agsel £7 0 BAson, 8% B U Iue
Lee and Kang (2002)°f] o}ttt
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Table 1. The number of macroalgal species observed at Heuksando
and Hongdo, South-Western coast of Korea (Su, Summer; Au, Au-
tumn; Wi, Winter; Sp, Spring; To, Total)

Heuksando Hongdo

Taxon
Su Au Wi Sp To Su Au Wi Sp To

Chlorophyta 3 3 3 5 7 5 4 2 3 8
Phaeophyta 10 7 8 8 15 10 8 4 8 15
Rhodophyta 22 31 20 20 45 26 24 21 25 47

Total 35 41 31 33 67 41 36 27 36 70

A AN HRRE PR 53] AFek] wejol BaB

Al ) e oF AMt Wl == AJAFSFR A, 59 &= (importance value,
V)= A =el Adlze] gkl thMueller-Dombois
and Ellenberg, 1974). A4 AR 27FE E7F U 54
Fof s o) S5 wetstr] fleto] Aol tiet w25+
o] ¥|(C/P), ZxFol thgt T=57 HI(R/P), Aol et =
Z W T2 59] u|2(R+C)/P7} AlAtE 1 thFeldmann, 1937;
Segawa, 1956; Cheney, 1977). T3H J8H 23F3} Y=<
AR5 o] 83dlo] FE A4 (richness index, R), TFF=A|4=(di-
versity index, H')2} 5= X]4(evenness index, J)& A4k
% th(Margalef, 1958; Fowler and Cohen, 1990). -5 =%]=
(dominance index, DI)+= 73 Ujof| 4] 2] A& <A of| whet A
1,2 S35 Astal 259 e Toll tiet & =2 vl
&2 AF=35FY tH(McNaughton, 1967; Lee et al., 1983). 3| 25
9] AEHFS 2 K—dominance 5+41& Z15] 2™ (Lambshead et
al., 1983), - X|=9] Ak= W =2 3lof| = PRIMER version 6
(Clarke and Gorley, 2006)& A3}t

21
x4
2 @717l AIQHE Sk} B sojol ] @3 3
RRE B 86R(5R 125, 42 195, §2 55501900, §
R0 FAES7F 63.95%S AASIHTK Table 1), FAkwo]
A ARER 314150] BRHUL A7) 7del 670
Z@slglon, FEOAE 2741502 F 7050] 7126

CR(Table 1). SAH=S} FE2 F el d A% B o=
H= E(Sargassum fusiformes), ZEARKS. fulvellum), A%
o|(S. thunbergii), 2-&7-44r5 W (Corallina pilulifera), A%
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Fig. 2. Seasonal and vertical variations in mean seaweed biomass
(g dry wt/m?) at Heuksando (A) and Hongdo (B), South-Western
coast of Korea. Bars show standard errors (n=5 replicate).

YY(Chondrus ocellatus), 7§4(Chondria crassicaulis)a} %+
Bt B(Symphyocladia latiuscula)= 75013t} 0]<]of
%, Y (Ulva linza), 78252 (U. pertusa)@} ] IHw o) -1
=S (Dictyopteris divaricatay2 SAt=of| A, 7}A= (U pro-
lifera), ¥F$1=3 (Myelophycus simplex), Z =9} Grateloupia
elliptica), °l7|&71A2](Chondracanthus intermedius), T}t
ZEo|(Lomentaria catenata)®} 2231 (Acrosorium poly-
neurum)g- 3= ol ARt A% EH G

=]
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e
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(==Y

SAESE S5 Akl AAsh= B[] A% AEH (g
dry wt/m?)2 235.06 g /m? §Jom, SANE s|xFo] Add
AESFL 77.40-604.68 g/m? (A, 252.44 g/m?)o]iL #-&
of Z|2x0]L o Fofl H R A AE A ¥Fo] LEFTHFig. 2).
T oA Sl 2F AETFE AFA 217.67 g/m?ol UL A
AR 161.76-287.95 g/m?* 24 o] Fof AL Fof ||
HCh(Fig. 2). 29 AYEF SAke 27 Ao 419.08—-
139.40 g/m?, 40l 4] 105.41-453.59 g/m?, 3}5-0)| 4] 107.70-
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Table 2. Seasonal vertical distribution of dominant seaweeds (IV>15) growing on the intertidal rocky shores of Heuksando and Hongdo,
South-Western coast of Korea

Site/Season High Mid Low
Myelophycus simplex (34.66) Gloiopeltis tenax (55.54) Sargassum thunbergii (30.42)
Summer  Gloiopeltis furcata (31.45) Sargassum thunbergii (20.46)  Sargassum fusiforme (21.96)
Ulva pertusa (16.00)
Sargassum thunbergii (43.48) Hildenbrandia rubra (26.85) Corallina pilulifera (18.51)
Auturmn Corallina pilulifera (18.22) Sargassum fusiforme (20.36)  Saccharina japonica (17.36)
Hildenbrandia rubra (17.55) Sargassum thunbergii (17.86)  Chondrus ocellatus (17.17)
Heuksando Chondria crassicaulis (15.07)
Porphyra yezoensis (43.11) Jania adhaerens (29.90) Corallina pilulifera (28.65)
Winter  Ulva minima (21.32) Sargassum thunbergii (19.84)  Hildenbrandia rubra (26.84)
Hildenbrandia rubra (18.85)
Ulva linza (18.39) Sargassum thunbergii (39.03)  Chondria crassicaulis (21.41)
Spring Gloiopeltis tenax (16.86) Dumontia simplex (21.31)
Scytosiphon lomentaria (15.93) Symphyocladia latiuscula (15.66)
Sargassum thunbergii (15.13)
Gloiopeltis furcata (42.10) Myelophycus simplex (25.90)  Sargassum fusiforme (28.13)
Summer  Gloiopeltis tenax (28.89) Sargassum thunbergii (19.20)  Sargassum thunbergii (22.97)
Ulva prolifera (15.52) Sargassum fusiforme (18.47) Ulva pertusa (15.85)
Sargassum fusiforme (34.38) Corallina pilulifera (30.29) Carpopeltis affinis (22.97)
Autumn  Sargassum thunbergii (18.15) Sargassum fusiforme (23.10) Chondrus ocellatus (20.81)
Corallina pilulifera (18.61)
Hongdo
Porphyra yezoensis (43.29) Corallina pilulifera (26.50) Corallina pilulifera (34.37)
Winter  Gloiopeltis furcata (25.18) Sargassum thunbergii (16.05)  Carpopeltis affinis (18.79)
Myelophycus simplex (15.20)
Ulva linza (43.93) Sargassum fusiforme (22.12) Corallina pilulifera (24.63)
Spring  Porphyra yezoensis (24.09) Ulva linza (16.67) Chondrus ocellatus (21.10)

Gloiopeltis furcata (19.13)

1,221.04 g /2 229|7} Wopd =5 Z7lsh= dielS Bt
B 5 27 AR A A EeR229.40-109.34 g/m? (B 72.13
g/m?), F5o]| 4] 229.04-412.36 g/m* (325.84 g/m?), 350l A
192.00-381.95 g/m?(255.05 g/m?)ZA] AFol| A 713 vk
ol A 2o $ick(Fig. 2).

a2 e FUYS <A R =431 K-dominance
TAE HH, SAEof|A] o] Fof| $HkE 2T AlEo]
(322.00 g/, 53.25%)9F F(110.66 g/m?, 18.30%) 0.2 20|
AR AYEFL] 71.55%5 AA|BFAIL, 7HEollE X 5o) 9t 2>

SAFE o] 158.85%, A&oll= Al 195852 A5-21(25.69
g/m?, 33.19%)} A| 2952 ko] A& gho] 37.82

g’ (A AEwFe] 48.87%)0130tt. S, SAEo|A o
L 2]20](118.62 g/m?, 58.98%)%} e 2 51(13.75 g/,
6.84%)7} F=2F0] AL S 27O FTh e Aol 2o o
ol #a= YebdthFig. 3A). F=olAle Al 13 A 294
Z5 B, o] 2o 2|Z20|(64.15 g/m?, 39.66%)2} £(28.77
g/, 17.79%), 710l 22154 H(102.09 g/m?)ah 5(
39.94 g/m?) 0 2 AR AEF] 56.33%F AAI5H AL ALl
L Zo 1A 5 1H(50.15%) T A Z0)(11.13%), Le]aL 2o
= A2 EAISE(32.14%) 2 =8| 7]'H(25.38 g/m’, 8.82%)
= gHelE 2Itk(Fig. 3B).



882

N
o
o

(A

@
o

A Summer * Autumn
T B Winter  OSpring

umulative Dominance (%)
B [}
o o
T

Cl
on
So

o]
o

N
[<)

Cumulative Dominance (%)
D
o

N
(=}
T

1 10 100
Species rank

Fig. 3. K-dominance curves (X-axis logged) for average seaweed
biomass at Heuksando (A) and Hongdo (B), South-Western coast
of Korea.

A |=ws
R

gzl Ao ol ARIER AL FAE(IV)E &
2 2] 291 SHFS HH, SAEo A 2]5-0](17.60)
7 5E Aol 27 ARl A sHE7HA] ALEA| S ek =
= T RE P Hof "l FFo| 3l 2 (Table 2), 22 e 4
Aol gl {7 E7 AR R () — Aol E ST AN
AAF ) AlFol-F AeTFeAt 2T 7 A A - ZHE 2h A -
(R E UebTh & AR tke 2
ofFoll 21t AR-9] vl A =7 (Gloiopeltis
furcata), SH*-9] FHZAV R OH, Teoll= SHEOIA BRA]

ul(Saccharina japonica)?} FFgro| ik 27kl AbsLol A vE
AFREIZ)(Porphyra yezoensis)Zt of 7|5k (U. minima), 712
a1 FHoj| A golo| 7]k W (Jania adhaerens)©] A-&ofwt H
oI, wolle AollAl Qlutelj e} arejul(Scytosiphon lo-
mentaria)7}, 3150l A 1] &-E(Dumontia simplex)1} X 2}A1
FE7E sk

TrolM F8E ol ZAT dRFE A2sate T
(14.88)011 oW, 22 E7HAM & AR A5 2S5
O|(/gH) — A2EAed, &, A5l Bl d(EH) - £,
A5o], X, 2R2tEAe, Zhaba (s R 2RlE Sl
(Table 2). 574 Al dofut HFsh= o2 o 54 2700 4
Ko A A= HE7MAME(Gloiopeltis tenax)2t 7HA 1k,
ol A BEelae 4, 12 AL shLof| A ke ¢l

AR

| xFo] A 1w AL oA 31.54% (A4, 26.29-
35.71%)01 3L Froll A 41.35% (A1, 31.74-64.14%) 9.
vi(Table 3), B2 FAFRE AXE APF 2UAFE
SAbEof| A A 1, 2 $F0] A50](130.81 g/m?)9} £(34.25
g/m?) 0. & A A| WETH(252.44 g/n) 2] 65.39%S 2| 5ko] &
A& A4(DI)7}0.659. 0.1, ZEoflA] 2-241&A4H8H(73.26
g/m?)T} 2] %0](35.48 g/m?)7} 49.96%= 22|50 05002
Ul 441 S gl B AEFRHS o 8 A
(R)y= SAH= A 11.93 (A1, 5.31-8.06)2F S-=f| 4] 12.82
(AEH, 5.06-7.86)2A A Wzt vjs] D 7] LeR
on, F5EAFIe AISAEREO] 52%E AHA T &
AFE(0.44)0) B3l Ed el s 2570 AYERFo] H5okA xS
ol A 0.59% fokth thFEA(H )= SAHE oA 1.879]
I Zwol|A 2,508 LRyt

S| zAe] 2|92 EAS Ve E C/PFES SAFE A 0.30-

Table 3. Average biomass (g dry wt/m?), percent cover (%), and various community indices of seaweeds at Heuksando and Hongdo, South-
Western coast of Korea (Sp, Spring; Su, Summer; Au, Autumn; Wi, Winter)

o Heuksando Hongdo

Community indices - -

Su Au Wi Sp Su Au Wi Sp
Biomass(g/m?) 604.68 126.56 77.40 201.13 161.76 250.71 170.27 287.95
Percent cover(%) 26.29 34.24 29.93 35.71 34.64 34.88 31.74 64.14
Dominance index(DI) 0.72 0.59 0.49 0.66 0.57 0.55 0.61 0.41
Richness index(R) 5.31 8.06 6.90 6.03 7.86 6.34 5.06 6.18
Evenness index(J') 0.38 0.49 0.62 0.50 0.52 0.54 0.60 0.68
Diversity index(H') 1.37 1.81 2.14 1.75 1.94 1.92 1.97 242
(CIP) 0.30 0.43 0.38 0.63 0.50 0.50 0.50 0.38
(R/P) 2.20 443 2.50 2.50 2.60 3.00 5.25 3.13
(R+C)/P 2.50 4.86 2.88 3.13 3.10 3.50 5.75 3.50

C, Chlorophyta; P, Phaeophyta; R, Rhodophyta
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Table 4. Floristic comparisons of marine seaweeds for several localities in South-Western coast of Korea (Sp, Spring; Su, Summer; Au,

Autumn; Wi, Winter)

Locality Season C P R Total C/P R/P (R+C)/P  Reference
Chongsando Su, Wi 16 34 86 136 0.47 2.53 3.00 Lee etal., 1991
Chujado Su 16 39 124 179 041 3.18 3.59 Lee et al., 1986b
Sp, Su, Au, Wi 15 47 100 162  0.32 213 245 Kim et al., 2008
Sohuksando Su 4 22 55 81 0.18 2.50 2.68 Lee et al., 1986a
Su 20 42 114 176 048 271 3.19 Choi et al., 1994
Huksando ND 14 22 53 89 0.64 241 3.05 Kang, 1966
Su 15 32 82 129 047 256 3.03 Lee et al., 1986a
Sp, Su, Au, Wi 7 15 45 67 0.47 3.00 3.47 This study
Hongdo Sp, Su, Au, Wi 8 15 47 70 0.53 3.13 3.67 This study
Geomundo Su 14 36 80 130 0.39 222 2.61 Lee and Boo, 1984
Sp, Su, Au 19 47 123 189 040 262 3.02 Koh, 1990
Uido Su 5 10 26 41 0.50 2.60 3.10 Kang et al., 1979
ND 21 26 92 139 081 354 4.35 Choi et al., 1994
Dochodo Su 10 14 29 53 0.71  2.07 2.79 Park et al., 2007
Jaeundo ND 20 18 52 90 111 2.89 4.00 Choi et al., 1994
Soangundo Su 14 23 87 124 061 3.78 4.39 Lee and Boo, 1982
Sinan-gun Su 11 16 36 63 069 225 294 Ohetal., 2005
Wando-gun Su 16 29 101 146 0.55 3.48 4.03 Lee and Boo, 1982
Jindo-gun Su 14 24 78 116 058 325 3.83 Lee et al., 1983
Haenam-gun Su 10 15 62 87 0.67 4.13 4.80 Oh et al., 2002
Goheung-gun Su 13 19 48 80 068 253 3.21 Song et al., 2011

C, Chlorophyta; P, Phacophyta; R, Rhodophyta; ND, No Data

0.632] BISIE o] Fofl 2|4, Fofl S Helom, TrEoA
0.38-0.509] H¢|= ol 2L o] FollA A&7 0.502
2 Sk RPET (RHO)PFES SAHE A 2.20-4.43,
2.50-4.869] WY o5 Ha 7ol HHE YL, T
A= 22 2.60-5.25, 3.10-5.752] HRRZ oJEof 24 AL
off gk Holch SAHE e =0 A%+ C/P, R/P, (R+C)/
P7HE B 2279 vlgo] g SAEoA B v UEt
Wth(Table 3).

o

re
(e
+
)
2

o

o

A QF SO A FAE ST 86% (S
2 12%, 2% 195, $2 55%) 019100, Q12 jele] |25 &
AEre} vlaste] Hg o] tH(Kang, 1966; Uhm, 1968;
Kang et al., 1979; Lee et al., 1986a; Choi et al, 1994). o]
] e45Lof 4= Kang (1966)0] thBAME 9} S AME o] A 89,

Lee et al. (1986a)2 SAHEQ} ABAME S 35S 671 A2 5}

A ZARAA 129%-2 71 48HITH Table 4). Z-EollA= 54
of| 24&(Uhm, 1968), f-o]®=2o} wj4lofA slAo] 655 (Kang
etal., 1979), 9-o|=of| A 1125&(Choi et al., 1994), S}E[| o] A]
112%(0Oh and Lee, 1989), 18] 3 A E oA 116E0] 7|25
UTh(Lee et al., 1983). o] ol %= AdsfiQte]l 923k A Q1 A=
LA 92E, ROl A 1145, 2804 12450 &4
3}gth= 7] 20] QItK(Choi et al., 1994). 2] 104 ool &
TR AIRNE E2HO 157 FRIEA 9 5HA] ZAfol|A] 53
(Park et al., 2007)°], 419t F3lH, AF2H2} Qe Q1
167} F-R1%= A 9] 51A ZALA] 63F0] ZE5FTHO et al.,
2005). Park et al. (2012)2 A9t 3R = MR O] 77] A 7 o A4
9F9] sli=77F A48kl lekar gl on, Qo] bt
A O] 3x](Fe], RAate], s&e])2] 27t ek 2steol A 2
A-(AE, Aol 28T Fo] 136522 7|55 20 (Lee
etal., 1991), A| 7= 0] A= (| 2, F3L)of| A= 162F0] A4
Sh= o & golE A th(Kim et al., 2008). Choi et al. (1994)
= oo oA 76, J=ollA 12459 sll2F7t 54
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wjof Zre- Aoleh Bl 22 v YEAJ ol whet ket
AJ-& zpo| 7} 9lrkar 51¢] o, Park et al. (2012)9] HLoflA] &
ZAAE A Aol A= ST/ ol FASH Attt
£ A& ERIT 4= USiT E3 242 3 0 wiste} o &
o A W g 717t uhe EebA] 7] 2ol ok SAE S
o] sl 25 Frikgdol tigt =0 Ful A7 S4H

=0 =|oof s A&l sl Te] ¢ WSS U E
Fol7] 913k =o] a4

Tt SAE QI S o) 2bToA SRR BE
Al SFO (Aol A ol 5d ol 160.46 g dry wt/m?$lom
(Choi et al., 1994), 113 A7/ (WiE =, A, ol EHiAd,
AR Q=)o) A o ZHo]| 21.39-76.22 g dry wt/m? (B3 50.85
g dry wt/m?)th(Song et al., 2011). A3}jot =H.2] Hob 9
250 PAE oA d27 AW AETAEE
ZAPL- 59.25 g dry wi/m? (92 49.83 g dry wi/m’)Z} 86.74
g dry wt/m? (]2 129.56 g dry wt/m?)E ¥ GItHChoi et al.,
2008; Heo et al., 2011). 3}, Ad oAl AR 47 (T
AR A B, WE)d|Ae] 27ihe 24 34m)
of| A B AEH(E, o5, 7H)2 83.32-169.16 g dry wt/m?
(BT 121.48 g dry wt/m») &2 7] 2 %9 01 (Koh, 1990). & &
TA Q1 SAME O F-1e O] 2 7Yl o] A A8}z sl 272 A+
BT SAME o) A 252.44 g dry wim?Q} B 0] A 217.67 g
dry wtim>=2A] th2 sfjolo] Hlsl =A Yepyton, A= (9]
%, T30 AH M ETHSSH, 425.63 g wet wt/ m?)2} H]
ot A5 A gkl

El

Lee et al. (1986a)S SAME 51A| |25 ZALO|A] 2]
© AFlMFEH EsE7ME-Eea-SR 7|
R R R R R S ERE

28 Belrk shgich. Aok ExEe} AIgHE 37U
3, A2, dEiR)elM e ESE7 Ak W77 A E ol )
SAAFol FE LT YAt A s A
S )b Al o A §-E At e] - R ok
Zo|BAKGHE) Y] =2 RS H TR0 et al., 2005; Park
etal., 2007). A1kt =2 9ol koM = 4SRN &5&
7k o157k ate) - shelglo] skl o, solA

A)%o] 227 AE - 02t uh9) o] MRS
© 2 YePGTHChoi et al., 1994). o]Qlo= &t HAHE

20 ARIA a7, FosHrol A Aeetts
F st A| 5ol 7k ishe A o2 2RlE itk (Lee et
al,, 1991). & A G SatEolA -2 5ol v 7-&7}
AR ()%l £ AREEA- 2R (B A
ol AT T M- AETHA GHHARAL, 3=
O R L ML IO DR CE RN}
o, E, A5l B A (- =, Alsol AR, 22t
B, 7peraK(E0) Wislo] 2000d 4Tt o) sl 4
AREL vl fsbh flglot, SAbEelA WEshy BR

°rg it H

o

2 1o W rir

it

71 B B ofot E3710) Al A Asiek g
A Adelietol 4= Hsta g o) Stels g,

Bedd Z2HELE 7|F0 2 F|2F0 #F B EX
& UERE OPZES S aelol A ofeltalelol] A 0.4-1.5
H9]0] ZkS- Ho|1l(Segawa, 1956), R/PZES 3o} 2] oo
A <1.00]3}, 2djollA] 1.0-4.0, Qa2 >4.0 o] AL H Y
© 1(Feldmann, 1937), (R+C)/PZro] wheh, o) 4 =] sho) A
(<3), £IA(3-6), A (>6) s|xALCE TLEETH Cheney,
1977). B S15L0| A= C/PZFo] 0.47-0.53, R/PZES: 3.00-3.13
o] W92 2t sl 2442 H3.om, Cheney (1977)9] Hl&
2 (RHCYPEEE SAME= 0| 4] 3.470]3L Fof| A 3.67=4] &
H sz BAAth Aot S IR A Efoke] <l
2 FRIE=A L] (RHC)/PILE - E3H sl Uyt
AREAIZHA © 2= o] K o] Bl X Aol STk gk B
L, Qlsfiofl AT Aol Hls Hiwtol] Hx|7E oA =2 4k
= BYo 2N s20) Aot o] A=Al AlGA Q] w1l
o] @41¥ ). Garbary (1987)F Feldmanni} Cheney 4H &
UAIFe] Slfel ABAed BEE 4 vhgshn ook 5
%o}, Bolton (1986)& Wolelztoll Al olefat 717142
o] gsh= A& AL kAL ¥ o, o= St 85
O] G 7] wjzol2tar sttt =3, Kapraun (1980)2 &
A F2] g2t & (cold-temperate region), 2T & (warm tem-
perature region) “12] 31 & tf]¥(tropical region)?] sl AN O 2
Cheney (1977)9] k& &<l & 2}, g2 Hof| 4] <2.00]
S}, 2t ol A 3.0-4.0, 12| AL Frf HofA] >5.00] 435 Helrt
113}9] 2, o]+= Van Den Hoek (1975)2] A3k} 7-AFs}FGICt.
webd, $-2lupetel AesaS ol Wol AL Qi 24
<1 C/P, RIP} (RECYPRLO] 5, A, Yok} Al sletollA
Sol(Ee 7 ol)ah S 2 whedstan iAo o B2
A= et Ao r AR

At AL
o] =t gAY AU S E ST A
o A7) 2] of ofsf =R = RS Th
Tt
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