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Shigenobu Sekiyama!,Masaki Matumoto?, Yukio Kawashima2 Tomoaki Kurihara?,Shirou Nishio®, Takayoshi Sawada:
Ecological Studies of Ecklonia cava in an experimental tank set on the ground. 1. Growth and maturation of the
juvenile sporophytes. Jpn. J. Phycol. (Sorui) 46:1-9.

The full morphological development from juvenile sporophyte to adult of Ecklonia cava was observed in an experimental
water tank . The spores were attached to layered strings in 16 Nov.1995. Morphological observations were carried out
from 16 April 1996 to 11 May 1997. During this period, the growth of thallus hight, stipe length, longest blade length,
number of primary pinnae and longest primary pinna length, and the formation of zoosporangial sorus on the juvenile
sporophyte were monitored in an experimental tank set in a green house. The daily growth rates of each part of
juvenile sporophytes were estimated by the differentiated curves calculated from the growth curves. So that the daily
growth rates of each part in spring and winter were larger than in summer. The formation of zoosporangial sori were
observed from August to Octorber.The formation rate of zoosporangial sori was estimated as about 85%. The maximum
daily release rate of zoospores on a basis of 1 cm? both zoosporangial sori surface areas of the young plants was

estimated as about 3.91x10%- 3.41x10° cells/cm?.
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Fig.1. Daily changes of the light intensity in the green house(A) and
at a depth of 0.1m in water(B).
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Fig.2. Distribution of daily irradiance at Omaezaki weather station
(A).Relationship between the light intensity in the green house and
the irradiance at Omaezaki weather station(B). Relationship between
the light intensity at a depth of 0.1m in water and the irradiance at
Omaezaki weather station(C).
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Fig.3. Daily changes of water temperature at a depth of 0.1m in an
experimental tank.

EEAR %18 L T 204582586 L 72, Fig.1(A)IZ 1996
E3F 128551997428 6 H E TOMMIZBIT A1
Y ANDBEDGEER %, T 72, FIKB)ICIZ19964
SARRAPSFEE6A 198 F TOHMICEIT B KEA
DEBEOTREER TR L, T 72, Fig 2A)NC ITERE
FHREERTIEVHRTEAERTICBT 5 1996 43 A 1
B25 199743 A 31 B COMMICBIF2E£KAS
BOBAKREZRLAS, 19964E3 A 12 A2 HFE6
A19A F TOHMBMICBITA2ERAHFEENTANDOR
L OBFRRUEKBETE L ABAORE L ORRE
ZFhEFNFig2B)RURRC)IIR L, £KAEY:
XMIm)E KL, NT AR B VIIKERORBELY
(ux) & T, NI ARNDOEERUKENOBEIZZ
NEIEEIIZY=649.72X R U'Y=13851X L KT T &
NTE5,

MEAEROEKREDOHEE, 7Ly 7BF ()
BIMDS-TRIREE+ ~ ¥ — % KE T 0.1m (25 E L T20
BT o 720 HEKIRIKEA TRERIC b SAEHIC
LEZE LD oD, 19964E3 A 29 BA 5 1997 £
2A6H FTOMMICHIT A HEKIRIIFg3IN L ) ITE
ftL, HEYKRORBER REMEIZENLEN269
CRU109CTH Y, HEEKRORESMERRIEE
1FENZFN280CRU11.5C, BREKBRORBHER
UBREMIZFNZFN264CRUT103CTH o7

S REOHIEIZ1996FE4H 16 B 2 LR L 745, [
H2SR4E6 A3 HETCOMBMIZOWTIREAE
(thallus hightyD A %2 xR & L7z, 46 A 27 BLAI
BARE DM, R (stipe length), T KFEE (longest blade
length), —XMIZEF (number of primary pinnae) & U5
AK—kfIER (longest primary pinna length) % #fll %€ L 7=
(Fig. 4)o

1996 ££ 8 A 28 HIZ ¥ TFEMPRAFER S h /-

2%, AA»SFEREEISKRT L-FE10816H
T, FENPR s EOBRTHELRIT /. £/0, 8
BOFERBEEHD Y, Zh2BEETRAY
5CTOEFIIMLTERLIR - 12— - X (#k) &
ERERFZERT (BE) 1230, BEE8emD Y v— LI
BLTEETFZRIE SE, 3AFICY v— LVESICHE
LT BB T TR B L 7.

"R
1) BEEHIOER

YRFHED SBEICES $ TORBEHALNT 1 X
EALDFIYE L FZHE(R 2 % Table 1 & UFig. SIZ/R L 72
73, Table 1 IZIFHIE L -BEH@OIZOVWTHRL
T2o ¥ 72, Fig6121996%E4 A 178, 78 11 H R U1997
F2A3 BT IEENLEFREERTRLL,
Table 1, Fig.5IZR LB HEUIRE L/21995F11 A
16 HQ1/16P5)FRE L L, FhLBOBKTRL .

AR 358 H #0152 H(4/16/96) T 6.8+2.6cm (FH
EHERRE, LTRL) &4, ZO%IGREICHM
L, 285 H (8/27/96)T30.1£7.0cm & % 5 /=, Z D%, 285
H(8/27/96)%* & 340 H (10/21/96) ¥ TR IR A5IT
1241 L7-dREEE 22 1), 340 H(10/21/96) AT IR &I
#hnL, 481 H(3/11/97)T 53.6£15.2cm & & 572,

EEIIEAA 224 H(6/27/96)T3.281.5cm L 2 b,
ZD#i3 361 H11/11/96)F TR M IZHEML, 361 H
(11/11/96) A A AR B9 123N L T 481 H(3/11/97)Tid

i——— Longest Blade Length ‘—l
Longest Primary

'_ Pinna Length ——|

Thallus hight

Fig.4. Definition of Ecklonia cava showing measuring parts.



4 IS

80 e 25 ————
70 b i i g ; ! | | |
2 o s T
) 2 A T
x 315 _____ Lol -
[0 ] i
< a ' |
E %10 T---+
2 5 : :
3 ESHE
R S S S S S
150 200 250 300 350 400 450 500 200 250 300 350 400 450 500
Time(days) Time(days)
40
35 koo o
—~ c
£ %0/ T
3 i
5 20 EE
- 15+ < s
2 % 3
2 104 &
5 - 3
0
200 250 300 350 400 450 500 200 250 300 350 400 450 500
Time(days) Time(days)
Growth Curve Equation Guide
45 - Thallus hight
40 Pt y=1.89351E-10x°+2., 86785E-Tx*-1. 65548E-4x"
= +0.0451855x-5. 65809x+267.579
k. it il Sl Rt b Stipe Length
§» 30 4---F---t---1---4---1--}4 || y=-2.20744E-12x"+4.50773E-9x°-3.80341E-6x*
7P [ S S S SR -1.7002E-3x’-0.424847x*+56 . 245%-3075. 93
K PO S S S i L.Blade Length
2 o ! ¥=2.30078E-10x*-3. 84515E-7x*+2.55332E-4x°
g BT el -0.0842701x*+13. 8669x-902 . 423
Eﬁo 10 1 -< Bt HeF At - - === =1 No.of Primary Pinna
S sy FLa=r i ||| y=9.93132E-11x°-2.01091E-7x"+1.57043E-4x®
0 R -0.059169x%+10.807x-763.453
' X ' X ' L.Primary Pinna Length
200 250 300 350 400 450 500 | . a10145-124%+3.79114E-95°-3. 25938E-6x*
Time(days) +1.47356E-3x-0. 3699495449, 0112x-2680.33

Fig.5. The growth curves of each part of the juvenile sporophytes in an experimental tank filled with the Ensyu-nada seawater since 16
Nov.1995 when zoospores were attached to strings. The solid lines represent the  best fit to the data by using a power function,y=a+bx+cx2+dx3
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Table 1. Growth table of the juvenile sporophytes in an experimental tank filled with the Ensyu-nada seawater since 16 Nov. 1995 when

zoospores were attached to strings.

Date Time Thallus Hight Stipe Length Longest Blade Number of Pri- Primary Pinna
(m/d/y) (day)__(cm) (cm) Length(cm)  mary Pinna Length(cm)

v g n Av. 0 n_ Av. g n_ Ay, g n Av. o n
11/16/95 0 - - - - = - - - - - - - - - -
416/96 152 6.8 2.6 115 - - - - - - - - - - - -
424796 160 10.1 3.8 111 - - - - - - - - - - - -
5s8/96 1714 12.9 5.3 106 - - - - - - - - - - - -
6/3/96 200 15.8 6.4 55 - - - - - - - - - - - -
6/21/96 224 21.2 6.5 59 3.2 1.5 59 7.0 2.4 59 3.3 1.5 32 1.4 1.7 32
1/15¢/96 242 25.2 6.9 48 3.5 1.5 48 8.9 3.9 48 4.9 2.1 33 2.5 2.3 33
8s6s96 264 27.7 6.8 46 3.8 1.7 46 10.2 4.2 46 5.8 2.4 35 4.1 2.4 35
8/21796 285 30.1 7.0 72 4.1 1.8 72 11.5 4.9 72 6.0 2.7 56 5.5 3.4 56
91196 306 30.9 7.2 72 4.1 1.8 72 12.4 5.1 T2 6.4 3.0 57 6.4 3.7 57
101796 320 30.8 6.5 73 4.3 2.2 73 12.7 5.1 73 6.7 3.1 60 6.5 4.1 60
10721796 340 31.0 5.7 72 4.3 1.9 72 13.2 4.8 72 7.1 3.5 64 6.8 4.3 65
11179 361 33.6 8.1 71 4.9 2.3 71 13.7 4.3 Tl 8.4 4.2 66 6.8 4.5 66
1279996 389 40.9 12.6 71 8.2 4.5 71 13.7 4.2 71 11.5 5.0 67 7.3 4.1 67
179,97 420 47.9 16.2 70 14.3 7.5 70 17.3 5.3 70 13.8 4.7 67 8.5 4.3 67
271791 449 49.6 16.3 69 19.7 9.6 69 17.0 5.4 69 14.9 4.4 67 9.5 5.2 67
3/11/97 481 53.6 15.2 67 25.6 10.8 67 27.1 11.2 67 14.9 4.0 67 12.8 6.5 67
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Fig.6. Morphological development from juvenile sporophytes to adult
sporophytes(A — B — C).
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Fig.7. The daily growth rate of each juvenile sporophytes.

BB SOcmDEFICH2IZ 2 B EHRELTW5, 40
DEBRTIIEE LERDLIZEAED 20cm DRFIZH
5, BAAEHS0cm OBRIZ#H2 £ 0, FRE(1984)DH
ELiZIR—HTAERE R0,

L4513 4(1984) I3/NHEHARAF 5B IR LT
Oy ZICHBRICEELLD Y A%E360 B E2BEL,
198244 B 21 B2 SRET A 19 B TOMICTYE
EA12.1cm 25 204cm (2, 372, FHRERT 145
5 SIBICHM L 7z (ERHESS8%) EWMEL TV 5,
LEOERTRIYER EHR—ER) 1319964 7
A 15 B OB A T21.7em 2, FRMERKIT498 %>
TBY, &-IIN198H)DHEE L ITIZ—KTHHERE
ol
2) FEEOTH

19954511 A 16 HICHRE L, FH L -SB43R
W o286 HE D 1996 4E 8 A 28 HICHID TTFEMZ
TR Lo OBEIZHEIT 5 FEHEEARIIH30cm T
Hotre FEHMOLIZ 19964 8 A 28 HA 5 1996
108 16HFCOOHMICbE>TRON, EEAD
SAEEE (2ff) 2RELAIABHEHRLLE
T HITEEMBOWE 2ol EMBICBVTTE
BrERL-EERE62E 20 B8 L BEAKT
W AEEIR85% & o7,

STy BHEDATHEICEITS 05K
DH T ADTFEBREEICOWT, 1979FNTH1TH
120 %(n=51), 8 A 13 HIZ 36.0%(n=50), 8 A 29 Bl
53.1%(n=49), 98 14 H 1275.5%(n=49), 103 8 H283.3%
(n=42), 10 A 31 HIZ0%(n=38) THh o=t H®E L TV
3o SEOEBRTIIFEBEOTELM - BRICHL
TEMIIN98)DERFRICB T 2 BEHE L 1212—
BT 28R B ol SHOERY SREEMA LV
TRATHEECIBVTD 0 BEOBRTFRICHEVETT
BEIERENBE I EFHELNE Lo,

3) #EEFORH

FEREY SEETFOREIFBESNSL ETOH
BEBETFORMBZIRET 2 2L TEL ARE
LTRBATL 7TEEICOWTHD TEET OB AR
ANORTERERESAETho, 7, £1<
BT S { o - DI FERBREIIAH
Thole 2O ENL, FEEEREOEETFDK
I ESRERZ SO B3y AICREZ EILED
LEZLND,

JRRE1948) I3 MR =W =G eI BT 2 7
S AOEEFHHEERICOVWTRTATE~11A LT
Thol L HEL TS, SEOEBRTIIHUHEIZ
B 2RI 0 E S 120w TIRERE1948) D

14
% 124 @--hmeemmmmmeleceeommmdaooeooon ;.
b E
Eg 10 f--------q====-"--" R b et qm-mcoes T
w3 . * :
R e S e s
&9 :
s g J R S
'S'§ ;
1 S |
] . ¢
N 24 @--mcccdmmmmmmmecteeaaeos B s ERnEE P T
. .
0 . H H
8/21/98 9/8/98 9/16/98 0/26/96 10/6/98 10/16/96
Time

Fig.8. Distribution of date when zoosporangial sori were formed. The
total number of plants were 73.
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Table 2. Observations of the zoospore numbers released from the 1 cm? zoosporangial sori areas. Where FZS is the date of the formation of

zoosporangial sori.

(cells/em?)

Sample No.  FZS Observation Date

9/27/96 10/3/96 10/14/96 10/24/96 11/11/96 11/21/96 12/3/96
1 9/2/96 0 983,475 468,657 23,391 72,184 0 20,298
2 8/29/96 0 917,269 35,001 33,568 33,346 0 0
3 8/28/96 0 0 418,882 431,130 0 0 0
4 9/25/96 0 137,369 95,061 3,414,967 10,377 14,544 0
5 9/6/96 0 391,074 22,504 0 11,162 0 0
6 9/13/96 0 454,859 518,0021,201,914 242,443 0 10,282
7 9/18/96 1,988,368 388,296 3,830 0 0 0 0
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Fig.9. Zoosporangial sori on the young thallus (A) and its
photomicrographic cross section of zoosporangial sori(B). Juvenile
sporophytes developped from the spores(C).
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Fig.10. Time course of the zoospore release from the 1cm?
zoosporangial sori areas since the day when zoosporangial sori were
formed.
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