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Growth and Survival of Laminaria japonica Areschoug at different densities
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*Department of Oceanography and Research Institute of oceanography, Seoul National University, 151-742, Korea

The effect of individual density on the growth and survival of Laminaria japonica was experimentally evaluated. Four density
treatments of young sporophytes (0.63 cm in maximum length) grown in the laboratory were transplanted to the southeastern coast
of Korea and their survivorship and growth rate were measured twice a month from January to July, 1996. Plants showed higher
survivorship at low density. Final densities at three lowest densities were similar, ranging from 34 to 38 inds - 100 cm™”. Plants at
the highest density, however, suffered greater decline than at lower densities, and only 21 plants remained at the end of this study.
Mean frond size (length and width) fluctuated throughout the study period at four densities. During the first two months after
outplanting, mean frond size was negatively correlated with initial density, however, the size was density independent after three
months. As stand density increased, size-frequency distribution through time tended to be more positively skewed. The 10 largest
plants grew faster in frond size and attained larger size in the lower density. There was a positive relationship between plant size
and relative growth rate (or survival). The slope of yield-density (Y-D) relationships at four densities ranged from —0.060 to —0.137.
The study suggests that density can strongly affect the survival and growth of this alga. The density-dependent survival and growth
patterns, however, were not strictly consistent with those of terrestrial plants.
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Table 1. Laminaria japonica. Survivorship of sporophytes in the four density conditions. Sporophytes were cultivated at 3m depth
in the coast of Ikwang, Korea from January to July, 1996. The unit of N, is given by inds. 100 cm ™,

D1 D2 D3 D4
date
Ny L N L N, 1 N, L

19 Jan 542 £ 120 100.0 3900 % 600 100.0 25280 * 4720 100.0 138452 * 24735 100.0

8 Feb 441 61 829 2893 £ 138 754 17695 £ 788 719 69201 £ 13401 498
23 Feb 395 £ 58 742 2197 £ 639 55.1 6890 + 1562 294 30648 + 3508 24
13 Mar 149 £ 31 30.1 93+17 2.5 89 %3 0.36 71£13 0.06

7 Apr 84+5 164 70£2 1.8 6516 0.27 44 £ 3 0.03
28 Apr 64 %1 124 581 1.5 56+2 0.23 34+9 0.03
23 Mar 5712 109 54%5 14 511 0.21 327 0.03
19 Jun 54%3 103 50%3 1.3 47+ 1 0.19 294 0.02
11 Jul 43+ 3 82 41=%1 1.1 41 1 0.17 24£0 0.02
28 Jul 38%3 72 3712 1.0 4£1 0.14 210 0.02

Survivorship curves (adjusted to a starting value of 100)
D1: S,;=100 * exp (—0.0164 - 1)
(=092, p<0.00D)
D3: $,=100 - exp (—0.0325- 1)
(=092, p<0.00D

D2: §,=100 - exp (—0.0260 - 1)
(£=0.89, p<0.00D)

D4: S;=100 - exp (—0.0413 - t)
(=089, p<0.00D)
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S 5=100- e Ao AFAAE W, AAFe Z2AF (De &
2} 0016, 0.026, 0.033, 00412 YE7} EE&4E AA vehth A
s g2 JEEL 25 e 392 3YAA 43
oyt o] A7|71A 9 HEEL 1UE g v AYE F
oA dAsA w4 (D1: 30.1%, D2: 25%, D3: 036%, D4:
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e By 7€ 289704 7B AUE JFdd DY HER LS
72% Q0 v, 71 2R JAPEQ D4 HESL 0016% ) A
A kst

HE.

o EaA Eo| woldte 1/]g0] Z3E 1¢ 19 By
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0.l14cm= oln = o]zt Ach 289 % DI~D49
BoEAL 438,290, 170, 122cmE TEE Hgd H&] Adx
Ado] & Aoz eyt 2y A F43) AAs7) AF
3t 399, DI~D49 HagAel &4 200, 233, 228, 24.2
emZ 238 YR oA AA 49 94 DI~D4e H¥
qALe 47 403, 367, 32.1, 472cmE DRE F9 D4olA 1
gol Iz et ohut 39l HEFGFol M A% D1 A
$ D28 D39l HE HEgFol 238 AR 49 ojF2E
AL F7ME xS 2719 Aole 4497 A g2X
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Fig. 1. Laminaria japonica. Frond length and width of sporo-

phytes in the four density conditions. Sporophytes were
cultivated at 3 m depth in the coast of Ilkwang, Korea.
The initial densities of D1, D2, D3, and D4 were 542,
3900, 25280, and 138452 inds. - 100 cm ™, respectively.
Vertical bar means standard deviation.
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Fig. 2. Laminaria japonica. Size-frequency distributions of sporophytes in the four densities on the five different dates following ex-

perimental freatment.
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o]7] W&ol FolF WH YoM o] e =72 & 9]
TE AR A Yol dEge AY A e 17
oz o9 A%L YR Folxt A4 Fo o3 Aujg
Futel 913, 4 AeS £/ AU #HZAL A7t ot
TYA dadEg 27 42 Aojdl 4E Uy AMEY A
7] kel Azt @ A WEde FRHFA FAHE A
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Mg

39RH 79744 2AE ASEHL dAY Ad: JdddeE
A Uyt 3~79 Alole DI~D49 AAFs} HFATE
o] B o A7 AL DA AAY BEFAs|s HAD,
B DI~D39) B8] ARt A HU7] dEe] AE o
sigith Ado] AdE 199 Axg S dFz W)y
Ane g HEFY AJHAE dEz FIHEE o, A4
9 71€71€ 0.060~0.1379 HAQE, 53] Z A 7&re
AZell mel Zrade A%E B (Table 2).
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Fig. 3. Laminaria japonica. Frond length and width of 10 lar-

gest sporophytes in each density conditions. Vertical
bar means standard deviation. Means connected by ho-
rizontal lines are not significantly different from each
other using Turkey multiple comparison test (p<0.05).
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%9 80 %Atk (Fig. 4b). o] 2 Ro} 3~59 Atole] doji}is 7
Ao AL F2 40cm ©l3+Y AINAES FHLZ2 doe
& F Aok £ o] AAe B U WM 28 AAY
5 o3 AAEY ggo g8 A4S v @z Zgoz A
FEo] AUHoz Yol v HJHERZ A hFEE AY

doe e vedd
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Table 2. Laminaria japonica. Biomass and yield-density (Y-
D) relationships of the four densities on the four
different dates following experimental treatment.
Y-D relationships were determined using the four
initial densities (542, 3900, 25280, and 138452
inds. + 100 cm™2).

Biomass (g wet wt * 100cm™2)

Date bl D2 D3 Di yield-density relationships

13 Mar, 196 2056

1398 1201 977 log B=264—0.129 log D
(P=975, p<003)

3854 2854 2725 log B=3.11-0137 log D
(P=928, p<005)

23 Mar, 196 20807 17358 14884 11054 log B=364—0.113 log D
(P=970, p<005)

28 Jul, 199 42551 3900.1 32009 30046 log B=381-0.060 log D

(P=975, p<0)

7 Apr, 199 5711

0.016 ~

(@)

LI

(b)

0.012 1

0.008 -

RGR (cm d™)

0.004

0.000
120
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1l
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o
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3

Fig. 4. Laminaria japonica. Relative growth rates (a) and sur-
vival rates {bg of the four different size groups of spo-
rophytes. Growth and survival rates were separately es-
timated for the two time intervals (13 Mar-7 Apr: filled
blocks, 7 Apr-23 May: empty blocks).
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i &
NEE,
B A9 A §448 (Antonovics and Levin, 1980; Sch-

mitt et al, 1987) % 95 325 (Black, 1974; Schiel, 1985; Dean
et al, 1989; Reed, 1990)) M Uehd vl Qe BE £57 A%
o] GAjatl N w9 Fa8A FETdE A& BoF g4
ot A AFFEL Az dud R, AAFES UE 43
o2 douy FAFHo2 W Adse FAT FRE Folrt
T} (Table 1). AF%7)0) A% F&£Ho2 dojue &L A
HEL & HEHFANT E8A B & vt Egregia laevigata
AA self-thinning® Z7] 4% SANAL A3A dojun, ¢
A7t A Y olFHHe Uk F4F Algel ¢ o4 UE
A =t (Black, 1974). Pterygophora californicadl A& 24
3 A5 ofd EXRAZY FIFE 59 F#o] o 1d
o] 2 98-S AW AAdMNE Y=g AlgEY zlo]7}
2lol A} (Reed, 1990). Sargassum sunclairii$t  Carpophyllim
maschalocarpum XM = GA7t 343 AF3te A7 AgEol
438 F7Hgoh (Schiel, 1985). AFFAoz &= MAS7)
A Gt 573 Zol7t gvke A& MacrocystisI A & &
Ak 7HYA 108 Y] il AWH Macrocystisd] 93 Ad
S ARV dx F53 AYEA g QAT AFE o F
g 2919 Ao)wrg el Bolt} (Dean et al, 1989).

Schiel (1985)3} Dean et al. (1989)& A %7 139% A
UFE ATE] AW, AFHLE AET F U Mees 2
1% JddA &4 Bo g o E dFdAe ojv] 438
NAES oz AEIAAY, £ dFAME Hd Do) 063
em® oA AAES dPoz FYFA g YFzo]d 2
4% JdoH Algato] dhdd] ggoz A HEHoz JET F
Ae AAFE, vF ved Fo|Aw AR JodA 23
goitt, 1Ux JDdoA dojd 4279 dF AgE AdF
02 ¥ UEYFH o]z AT MAY A7|AoldA HEH
Z 2% ojddie dxgol o3 nPE FALSFE FAIFo]
An, Y WIEREEI} $E202 AT BFFE o)F1 AN
o £8 D1~D39 dEMAEL o7 12cml o2& ¥E 7H3
2922l D4o] A WEAAE §em ol3te EHsigd. 1
HBR o] A7je] IMEA dojue TF e 24Z9 AR
£ dolA gA e a7t AL 2L Jd MA S &Y +
Ae oA AdE I AAd v ddFez dgs F
Blo] 9de Aot

4x 53 Add g 47 SAFAEGA FEASA o
Fo3 ok (Harper, 1977; Antonovics and Levin, 1980). 53] ¥%
g A7 7AdE g AFgE WA 2719 AZse U
A3 o3 A8 (the ‘dominance-surpression’ hypothesis).
ol 749 Ad e e AFT WA 4 AFE) FAHY
o), ZFYA7], A B e Aojo] o3 FtYxIIEEH A A
2, 018 g 279 Aole ALY 5o o] e AAEE
L7t Aol 2Yng A77t A AHEL 2AgH 2
& stress ol 93 AMgEm, A% & AAED FohgdA B

(Reed, 1990). o] 714d¢ A & 714 B 54T 43
2 ME 98 9xdA Ages AHEY 7] ¥E BYE 8
g Aol Tk o] 7MiM Fadtd, UE JPY4E 2
71727 v ASs d Aoln B AHAA o zAE A
2 g2 4=3ddA Age ARE ds) 4R 29 4
AR ET FAE vxde Aot Wt dFAANY Aqgel F
W BAS F7tel) upgt ARG, Yxto] F7HAFE A7) o
g AAEY AAYNA 1 7177 BT AA Aotk = &
WL self-thinnigo]l Golude FHaolA A Agge] A7)
Z£HAXE zAEE Aol (Schmitt et al, 1987). o]g #&
ANzl A Aleke] AlE-E dominance-surpression®] WHE self-thi-
nning® Aty & £ vk & JI% L Ao|7} FRE 3¢
olde A uix REGAE IUE JBUFE $F08 AF
BEF3E o)Fu 499 (Fig. 2). B3 Fig. 4= gAg a7
245 Ade A3¥o2N 4FEol o self-thinnings B
7ol mS- vn W 4AY AAdsE BE 4FEZ U
UEE Agdde 28 JeEg i

t}Avtol A dominance-surpression®] @& self-thinninge %
o]9]g] o7 kA 219 EFHY F& % Aoz HoHE
o] §4A 8 & Hold, §42 & self-thinningS ol
YA o AL (P& WE 24 e 28 AHE9 F3
fo] Z2AA otz "ol AREA He A SolA o] FofR
t} (Schmitt et al, 1987). & kelpF 2! Pterygophora®] A%
9% JAD9 +3 (canopy)S FH3= W9 95% 5 ATt
da A vk (Reed and Foster, 1984). T ThAnlsjA o Z
3A Aeadd, Ay AAY +7 ofHfdA 23 AAE B3
&o] ZAA o3z HolA Algsiojol @ Aol T} HA
uadte 98 Ay 3 oAz 10cmel 3y A8 AAE0
A3 JEe A& £ 4 U (Fig 2, May). Carpophyllum
AME 160cml] o2 d¥ MM +&E o]FANE 20 cm o
3o} &% Ao dF EAdte AL B 4 Aok (Schiel, 1985).
gAlutoll A self-thinning] ¥ F8 49 HFEFYFH 224olg
3 ALED £ g o) F2E A9y diF MMzt 235 g
BEA77 dgse 51 F& )R 1, o] F Fol EEY 49
MA gl &8s AL & F Ut B 2304 g HAE
ZF EEo] 2R g3 249 EFE AU UK #2F
of 9% 2%MNAL) AFE Carpophyllum (Schiel, 1985) MM =
g £ o ni AR o# AlY 7HeAL Brawley and
Adey (1981)9} Schiel (1985)¢l A o]w] Bag u} glc},

N,

gAjutel A g FFar)e 27d9xge & #¥o] ¢
Ad (Fig 1. o] dde ey SAAEY A9 AF7HA
HzFo W 2nd AFe & Aoj7t A FAAEY A S
de LT JAFALE AEAL7 27 dEd 37 iE B
¥} $Z02 A9-A (Schmitt et al, 1987), AZFAME &
dxor HFGgHFol A (Schiel and Choat, 1980; Schiel, 19
85) Ev Ftxz 42A At (Cousens and Hutchings, 1983;
Reed, 1990). ¥ @77} o)& Zzs) 239 223U 992 F
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e A& MAF7E Aol whet chFetA dstery 7] Wiel
t & z 99 AE3e 2UMAY 7 Ady ¥FA
71l 43S A Hed, 9Ego) ¥ AGd5S AATY
Ar] F2I $5302 LA ETYE o7 YE F#2
717} ZolAA Bk, 1 2 287K 19E AEUd5E A
F7t gol 23A Y FAHI 2o 39 oJF2E DIdA
HE NAF7 AF B A A FAH 7L FolA 7] g
Hia7|7t ZolA o (Fig. 2). o133 L=IGzte AE AAF
7 A6t £ e R Yol e 7 gEog. &4He g
g YoM e B ARG AEE A5HF0] self-thinning®]
2R A HEE 2 4FE vAY (Reed, 1990). E& oH
Ao £3tle YAE AYYEE AYETIE S Fosich B
ZAAE T8 AT AAGEC] A JERGAS, Plerygo-
phora (Reed, 1990)l A€ oleld W3ls & & §th 2 olfE
APN 4 Prerygophora®l o]l 4y o] oz Y&
Axtel] o FFS wA o} AAL Fdd YA Aolz
HaEA 7] gl

self-thinning rule?| g Hof st HE,

self-thinning rule (-3/2 power rule or Yoda’s rule) & 9% 4
Hog ryt w3 AR FAA o)FAAE 4 & MALNA
Aol s HEFE loglog® VENEUES o, &4 HEL 2 7]
€717h 059 A4AE Yerdde Aot (Weller, 1987). & A}
BEo] Ux ££H0Z dojye Mz ¢ UL E Ad Jdd
A 270w AAgEo] ol A Fe] FrrE, Alzte] wat A
Eo] 372N HFHLZ DY FFFE self-thinning line
Aol FolAl Eo}. oldf, & FJdy F5F L AT we} F2A
Hoz yasie 1YUE JeUFF £FFo] Rolxy] wEd
71&71e &9 @& YA HY, oud 59 2= JADYA
ZBx HAFHoZE 7187] -0.5¢ AN olYgZE HAG X
#obe Aolth (Osawa and Sugita, 1989). o] }H & A& MAL
At A QAFL w4 YntslE gHoz Yoy $itv} 1
g o] YHS AREFIA 3= HIZY sydMe FHA 7]
€717 49 AYE g B qFsA 158 5 deH, F
A4e JHolgy] Boe S48 FLd £ loH, 71&7]e
g4 29 AT S 98 daA 4 Qloay ZEAL 9ot
(Londale, 1990). BZF2 A%, o] HHo] H8d & YA
& AZ7A AFE Schiel and Choat (1980) 2o} c}. New Zea-
land 9¢tel zstdlel M3} Sargassum sinclairii®t Ecklonia
stoloniferadl A< BA 9 A& 1Lx IGA A eh,
Aol o I FFFL 4y F8L /A0 ). whe
A olge B d gL HxF S4B )7} 9l
o ZEAAT & 979 FgoA Aoty AEF 3195
79744 QAU ALE JA9L5E 54 JeER, 490 AIRE
199 4= HEFE vz dEslo 27|d5d U 5%
o HAALANE €2 FIHE o, FAHY 71Evle -0
060~ —0.137¢) MAATG (Table 2). 2HEZ TAlrty A$e
self-thinning ruled] A &3] B2 e ge Aoz BAG 53] &
ZAMNA 3 712717 —059 "4 AR e AL AL

FILFE HE AAF oy (Table 1), AYE JAdeMe
4% AAY FANL 7] A2 Add FFAvF 1L
ol HF AJL (Fig. 1, 2), Fd W 98 /AAY 277t 2
A% Add vg fo3tA Idne sy 71€7] 058 =E
9 Aol7h A7) WEelth (Fig. 3).

o4& ¥ £ o, vty A& AR Yo A
3 9%S wAe Ao g 2 o] F9 Uk F£3
AET A F8L SA4EFRE tdi Aol7t I 2gee
2714z qd FrAs7t K4 EF 2o £9 FAE A
oA Be $AERE £4302 g AUAE Y] fAdAE
Z 2eRde 27 AAdAGA dove dFALE B 4
A3 ol#idte ATF7t R, | ¥ selfthinning ruled]
LS AE Ao & Aol

2 ¢

Ao A v ofd TAA (2o} 063cm)E LX 4
92 A% Zg dFAg G, 1996 1934E 7
ANA AR AEE ZABIAT M2 U8 Y22 4T X
A ALEAA 22 AEEE 299 488 49 23
9 F 37 AYx JdDAA HAFHoz AEH AAY F=
34~38 4R - 100 cm ™29 HHZ KA G 2 Y 2l
T Fgdo A= AgEel o2 Fdo v FuFez o} 74
gole ©A 21 A 100 cm~ 7R A gre] AEFAG. Y4 F 2
MY oAl &4 BT gAY AVe 27] U2t &8
FE Aoy, A9 2raolrt glojAle MY o2 2
7] Zol7t Aol ATk Aete] Y7} olAS4E AP IEEE
7t LE8F0Z A HUAE o] FUh & IddA M E 10
MY Zzle dAY Adx JAddM =g gAY 77t 2
FE AYAZED AE2 &0 Uk 3895 H 79714 yield-den-
sity @AY 71€712 —0060914 —0.1379 HALTh o 2
BEZRE D2V gAnte AR5 AEA A 3FE 1
A& ¢ UeY, 9% 53 43T AFHELE AN EY
o4 4A)3A gt
5]

=

2 2
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