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Table 1. Growth in diameter (i) of the cells of the Laminaria
japonica female gametophytes under different temperatures
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5 6.9| 8.3] 9.7| 9.7|11.1/13.9]13.9{15.3| 16.7 | 18.1*18.1f  |19.520.9 22.2
10 9.7 9.7|11,1112.5/12.516.7|16.7(18.1| 19.5* 19.522.2
015 11.1{11.1/11.1]13.9116.7{16.7(18.1]19.5 22.2 *
20‘ . 9.7]11.1]11.1j13.9]13.9 16.7] 16.7 | 18.1 {19.5 22.2

IL 1955211 54 A58

N 2 3 4 7 8 9 | 10 12 | 13| 14 { 15

5 8.3 S 13.9° [ 15.3 [ 18.1 | 22.2 | =
10 8.3 9.7 | 12,5 | 12.5 | 13.9 | 16.7 | 19.5 | 19.5% 20.9 | 22.2

15 8.3 | 11.1 | 13.9 | 16.7 16.7 | 22.2

20 11.1 | 11.1 1 13.9 | 16.7 16.7 | 22.2

* BRI F(Young sporophytes having appeared);.
A=Days after spores collecting;
B=Culwure water temperature( c).
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Table 2. The number of cells of the Laminaria japonica
\ male gametophytes ul}der different temperatures
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5 1 11 |2 3 a4 alst sle | 6 |>w
10 1 2|2 |56 | 6] 6| 7 >0
15 12| 4| 46|10 i>0
20 12| 3| 4|5 | 5| 5| s | s|s |7 [|>0

II. 19554 11 4 BRH

N 2 | 3 4 5 6 | 8 9 |0 | 12| 13| 14 15

5 ‘s 5 6 7 8
10 1 1 2 . 4 5 5 7 7 >10
15 1 1 2 4| s 6 7 7 | >10

7 | >10

‘ : 20 1 1 2 4 5 6

A=Days after spores collecting;
B=Culture water temperature (°C).
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3 Table 3. Time required (in days) for Laminaria japonica gametophytes .
‘ to develop into sporophytes under different temperatures
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18 % 22
20 X X X . X X X

T X =RERBT RN FE(Unable to develop into sporophytes);.
A=Date when spores were collected;
B=Culture water temperature (°C);
C=Average.



@

26 . ® B 5 M @& 4%

M 3, BT LIS TR SRR

1. BLFhAE 20°C BT REH, -

2. BRFRIE 18°C B REERE, ANTLUEE, BRESKNAE, FHik, THRN
18 CREWEL TR E SR K E WS FAE, 1E 18°C Y b, R F AT B LS

3. AR AR EHNM, —MMN 12KF 21 K, AEFEMHERE MR A E

10°C BT RENREANRG, MRERERTENRETS, A 10°C X 135K,
5°CH 16.7 K, 15C A 17.2 K, B4R, 10°C REHE TR ERER,.

1E 20°C SME THRRE TR BT RE , LR R IE BN S LB T 7T AT
SRR R — RITAETI R, T, R A ANTET, W, T HRPTE 20°C 4
HTRERE, & B XIR BT A HET R IPEEFIRS T 38, 2 AR SR BT PERE T8

 RIBTRT o RIPEEILEEE],FE 20C BRI TFARREAT, B T O LR T3, Ml —

ARG, SEBKIR R SR EN S , R /NS TE 22 ROKZEA, TR BHETHCK
B 30 Mok A A ; B 55 O R B9 036 , METE F-p AOAMBRLBE 0 R 25 JEL , $R43 BE TR TE JEL B

CRSER 2108 4 A?ﬁﬁﬂ%ﬁﬂﬂﬂo SEERREBA, AN E R EE TR 15°C siAT, XA

HF PR — DI F

—_—

. R
/f&f)%_taif‘xt%ﬂr FEIRRER, LA SCERIE B R T ﬁk&&ﬁzﬁ%ﬂfﬂn“fu B

ﬁD—F:
1.5°C:. @%ﬁﬂ?ﬁkﬁﬁ/\ﬂ(&m@‘:#Tﬁﬁﬁ?E%f&é’éK— BE B2 HAbSTERKE.,
H KBRS, BB HIT-ARITEEN  d b 10°C K, 5 15°C £5%, Hi, BT

R R E B BAE 5T Lk, | |
L 2.10°C: MR TRIERAKIRAS TS ER LK RE, RE NBTFHIRE

BT P b 2 A SEBR IS B AR, B4R K 2 5°C DAL AR iR B ARG, Ek, 10°C
EEFHRMAEERER, HEKRERERLE 10°C P L,

3.15°C; W B TARE X AKIRA G TR IER itk & R , B K L2 HAhSEER/K
ILER bR, B R T NI TR R E M By 10°C K, 5 5CEF %, Rk, 15C

EE?’@FE&%I&@M;@KE%E&@YRO '

4.18°C: ¥ Bl AT UG ORI IIE SR AR PR TR A C BT, SR F AR IE 2
SEE 13.9—16.7 BORM , AR BIEC,, BAFT WETARENEERE TR, B A
TREE 1R T HE KSR o T SeBR /KR AERSE (£ 0.5°C) BB 128, HILTTIAR, 18°C B

MR ENR E ERTF AR R EFREN LR, EXBE L b BT R E T

5. 20°C; YT T-ARAE KA 7K IR A P T A2 K 70, B FUAE 10°C ST EA7 88, HZ A

15 CH— B, BPEC R b 18°C MR E S, EXTRERTNRFETEMTERT

HFFHR, B, A4 K R RSEIRAME 20°C AT,
BRI, 7 RHR B W L TR AL B AERE B Ly 15°C>20°C>10°C>5C,

1) M TP T AR RO EERT
2) B> MR BB T A KB R A K,

L]



12 FRES: WIS FET LK E AR 27

—

X & AR B B . 10°C > 5°C 1 15°C, 5°, 15°C > 18°Co M IR EF3E R B TS
B, BT KT BT REER, EEPIE 5C A b,
P ASFE IR RS, T DUAEHE B = M A 1E R B K3 4t
— R TR AR A
. PRHER, WS BZz%ﬂzEzkjh(ﬁré?ﬁjhﬁﬂ,%Fﬂlﬁ%@ﬁh%ﬁ?ﬁiﬂt@ﬁﬁﬁ%&
AR ; T P8 DA EIIE A0 TE A A B B AU MR ), o BB A0 15 2
M E A HEE T S B A ML #E B [ Fha0™, X e R Aok 3O A B S B Rk e, —
Hh B 7K R AR BEAR K, AZEF DUEE 5°Cc ATMEZ USSR 22°C U kb, ERES
e, WA I S A B BT AT T IR, O U I T TR TR, LA IR &
B RHITF e B BRRBHA B A, BB R IR RKR , KB\ 21—22°C
P 1R BT TR B 10°C Zortro 0 T4 B8 RTSCREA I B /KR SR B 5 21 , Y B
TR RER, REPBBBABRT FRMBES R, BRI R R aRT
1, AR R BT P 2 KB TR B A T 00 2 S R R RS e | |
EFRE LTS b T HIBE A T L iaE, U B MR AR AT, 9 A
| EREKRFEE 21—22°C ZoAr, FBUTHAREHR, K0 10 5 aKETHEE
20°CARBIFRERIOTF , —ARTE 11 A /KR AT AR B 10°C 74, $hIa TRk it i it B
D, RS S 5 B AL K AN TR T8, (B A KB AT R, Wﬁiﬂzaﬁzﬁﬁ?ﬂ’]/l‘ﬂ
W‘Eﬁkxhkimﬂﬁgvk,%#:_tzs—ﬁtﬁﬁo

s I Ek

(1] E2z FEE.,5%H5T,1959% %f@%ﬁﬂ?ﬁﬂ@%gﬁﬂ%ﬁ*ﬁ%&ﬁ?%ﬁp FHEIR1959(4):129—130,

(2] @2%, S48, 1954, BHHFHFESERGHE, F2EM 195405): 4852,

[3]1 &2z, kEH, 1960, XTHERAME NS, WESWE 3(3): 177—187,

[4] ATFHE—HR, 1947, 3> 7Ly h AO\WANKT 58158, HARALIRALF ATt )

{5] Harries, R., 1932. An investigation by cultural mecthods of some of the factors influencing the deve-

. lopment of the gametophytes and early stages of the sporophytes of Laminaria digitata, L. saccharina

and L. cloustonii. Ann. Bot., 46(184):893—928,

161 Schreiber, E., 1930. Untersuchungen tiber Parthenogenesis, Geschlechtsbesnmmung und Bastardierang-
svermogen bei Laminarien. Planta, 12: 331—358

{71 Ueda, SGEE=H}), 1929. On the temperature in Relation to the development of the gamctophygc of
Laminaria Religiosa M. J. Imp. Fish. Inse. Tokyo, 24:174—180. '

'THE INFLUENCE OF TEMPERATURE ON THE GROWTH AND
DEVELOPMENT OF THE HAIDAI (LAMINARIA JAPONICA)
 GAMETOPHYTES

" C. K. Tseng, C. Y. Wu anp K. 7. REN

(Institute of Oceaﬁology, Academia Sinica)

(AssTrACT)
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Observations have been made on the liberation and attachment of the zoospores of
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the haidai “(Laminaria japonica). It was shown that the zoospotes were most active at
10—15°C and mostly adhered to the substrata provided, becoming the rounded embryo-
spotes within 2 hours, whereas at 5°C they swam for as much as 48 hours without
effecting adherence to the substrate and at 20°C, they were active for only a few minutes,
with very low adhering ability. It was also observed that germination of the embryo-
spores to gametophytes was completed within 3 days at 10°, 15° and 20°C, whereas at
 5°C it took much longer time for the entire germination process.

Studies have been made on the influence of the temperature factor on the growth
and development of the haidai gametophytes. The following results have been ob-

tained:
1. At 5° 10° 15° and 20°C, the haidai gametophytes grew normally. The

optimal temperature for growth was judged by the shortest time (in term of the num-
bets of days) required for the cells to reach a certain diameter (22.2 p) in the. tase of
the usually single-celled female gametophytes and to exceed a certain number (>10) in
the case of the many-celled male gametophytes. This was found to be about 15°C, at
which growth proceeded the fastest. At 5°C, gtowth proceeded most slowly; at 10°C

and 20°C growth proceeded much faster and at about similar rate, slightly better at

20°C.
- 2. At 59 10° and 15° C, the haidai gametophytes were able to develop normally.

The optimal temperature for deve10pment was judged by the shortest time (in term of
the number of the days) required for the appearance of very young sporaphytes, and’ was:
found to be at about 10°C. At the other two temperatures development proceeded at
about similar rate, slightly better at 5°C.

3. At 18°C, the haidai gametophytes grew normally, sometimes developing to the
sporophytic generation and sometimes not; it was assumed that the different results under
the same temperature were caused by temperature error (*0.5°C) as allowed by the
experiments. Hence it was suggested that 18°C was thé upper limit of the develop-
mental temperature of the Laminaria above which the gametophytes were unable to
develop to sporophytes

4. At 20°C, the haidai gametophytes grew well, somewhat better than at 10°C
and sometimes similarly well as the optimal growth temperature 15°C. However, none
of the gametophytés were able to develope to sporophytes.

- It is apparent, therefore, that the optimal growth temperature (ca. 15°C) is several
degrees higher ‘than the optimal reproductive temperature (ca. 10°C) for the gametophy-
tes of Laminaria japomica. An explanation for such a phenomenum was offered. The
haidai now under cultivation in China originally came from Western Hokkaido and
northern Honshu of Japan. At these places, the summer surface water temperature is-
rather high, reaching 22°C or higher, whereas the winter surface water temperature quite
low, usually lower 5°C. In nature, it takes the Laminaria about two months (from
early to late autumn) to complete the part of the life history from 'the formation of
sporangial sori' and the liberation-of the zoospores to the formation of juvenile sporo-
phytes. During this period, the surface water temperature drops from 21—22°C to
about 10° or lower. Long time adaption to the temperature characteristics of the regions
under discussion naturally results in different optimal temperatures for the vegetive
growth and development stages, higher in the former and lower in the latter. This as-
sumption is well supported by the current practice of haidai cultrvatron in Chma



