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N—BETA GRS, VSRR (Laminaria) NAYDRGAE TR PSR BE RO, A=
BE (1929)PY I SakUgHE L. religiosa FFRT-ERIE 12.4°C DAL REBTE R HE TR, Harries
(1932)M R SHEUEHF L. saccharina BIFLTFARIE 16°C LA ERBBFER 1Ko KT HE—IR
(1947) #WFUEHF L. japonica Aresch BUTRT-(KIE 12°C LA EREBTERRFOFIk, il
SHEFARHEKTRERNMK 3, BEEE RBITIEERL (1962) BEREEAGER
EAMIEL T 8 ESRTE RS B TR, TR S T BRFERMNELTIRE, INIEWETF
HRERBEORERE 10°C, MAEKNRERMEL 5—20°Co MMNMFEXIER, £ 18°CiR
BAMT, A —BARFRATDRERAF R, TRHNT MRS BRI
FHRUEEEERAZTES SR XERRETUKED? MR DAL, XIRBRHEHE
HFRFRIR? XEEHER R MEAFERIT B

A (Kanda, 1936)"4 fEREHIREMAKHET, ME TEHEFROEKLKEDR, B
Yo fh BTN ER , Y BMEER F AR O B ANAERE SR 0 KR S B s b1~ 40AE , PAJE RHR R
LML KR, EERTSHBRT, —BE S HEIL Rk, HAh—E s 308k (Papen-
fuss, 1951; Bold, 1957)08 HRif S¥eHr BWMEEL FHR &5 MM AL RIK, £ dMAHETR 34
B MR BB PRI R, B EESC) BIEE st EWER, 15 HE N
Fth—A S AR, M ]eBFZE(1959) M R g, FEE 86 R AT, Y iy tE L 4K
KT E WL, XEEEXR, MR AT DL S diasy, LA A E L MIa, XEZTE
HLEER? BEREZE2TRTHFAER? H L2404 0R? EFREBZEEAR T
HlHR? XA FHE—E T — BRI, ,

EFJLE, BT Z LR B 28, FERE— S 2 MEEITRE D, A sy
WERER TR XHR B B RLAR B ZE ML, BITESEIPEEE | a2k B | B CHEES S mERIMA D
Z 5, MXEERERIRIFIEASR, BIREEAR, WAMIANXIR Schmalhausen (1949 )08
Br i 8 K REEYE (reaction norm) —%f,

BT R AR, @At s E s s, E‘.éétﬁ%?za?(’@‘ﬁ%ﬁ"‘%o R,
HUAE T DA — 85 B 20 RAESEI AL, IS 1% 2200 A B2 R — 2B R T2 Y g — LB [R)i

. MR Fn H
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1.AS01, XE—NEZTFR, BT 5 EERARRETF, BT WHE—8 " 0wRY; Bk
BB, BB Ko ,

2.A503, B— AN EXFR, BB 5 EEEARRIET  BAREE, W B,

3.A507, B—ANEZR MBI 5 EIELHERIT  BARRE, WS E .

4. MBI, FERI IR, R 4258 B MR Sk, 1 S TR A R8T

RIAFRAER—RIEATH, E) 1963 48 6 A 28 H; HULRITFIHAKIFHIEF ki
#To )

ARG T AR A L, AT BEEF,

BE & A LR RR AR E &M BONIEE R 10°C &4, X RN E
45K 10 /NI, FaR L 1,300 Kl KESRAOUE/K R TETE TR0 K ISR B AGE B A0S 555k,

BT RIRLRN, BERTA S, WA 18°, 20° fil 24°C=EME S,

. kSR

1.588 1. £F 10°C &4 THEFSEKETRER ;

TE 10°C IR EAMET, £EAKE S MR TFHRE LB MIEN, X—HRRELE%0
FIRR B —EK o

1B A AL FIRRBEIRE E A PTZER (R 1)
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Table. 1. Rate of development of female haidai gametophytes in three inbred lines
and the control population.

B. xR ko) + )=y X #
A. X 12 3% 14 3% 16 %
E. & # | F. $88(%) | E. & % | F. $88(%) | E. & # | F. 850(%)
C. A501 186 15.6 150 56.0 157 96.2
C. A503 154 5.8 129 58.1 142 97.2
C. AS507 125 3.2 136 33.8 153 88.9
D. %t B 146 15.8 136 55.8 160 93.1
Explanations:

A. Source of material; B. Days after spores collecting; C. Inbred line; D. Control; E. Total
number observed; F. Percentage of extruded eggs.
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RETEE, KoM FAREME b= 4 22 48 ; B A Z2E AN SIMEER TR RE Sk 2 4
K, ERARTR, R TR 4R, T AR & kI A | R E o

12 18°,20° i 24°C MEAHT, & 0,
MRS F AR A BTE S k. TR
% Y AOMERS TR RO SUIE R AR EE T
HHAR; EFRRARBERAR (& 8
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BT, B3R A 503 ML FAAE EREMERE TR 4 MU LERMERRES,
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A 2 AR E, KB AF T EIT L.
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Table 2. Comparison of number of many-celled female gametophytes at different
temperetures in the three inbred lines and the control.
C. # A & @ =F X &
A. B.
# 2 X 7 X %14 X
i) # Bk R H A H A H A
G. & ¥ g(égaﬂﬂ (% G. E- b8 . g(aﬁ)ﬂ ("N G. ‘a e . %(ﬁ;oﬂjﬂ Mk
D. 5&85% A 501 145 1.4 266 66.5 187 93.0
D B2tk A503 169 1.2 227 62.1 148 100.0
18°C D Ba% As507 145 2.8 205 60.5 165 84.0
E. 3f i 137 5.8 171 7.6 107 57.9
F. 3# 596 2.7 869 53.5 607 86.3
D. B3 % A 501 182 0.5 169 78.7 157 99.5
D B8a55% A503 130 2.3 180 96.1 188 100.0
20°C D B35k AS07 137 0.0 198 74.7 150 .100.0
E. 5t il 121 0.0 194 66.0 181 98.9
F. & b5 570 0.7 741 78.5 676 99.4
D. §385% A501 157 0.0 159 8.8 159 78.5
D Ba¢%k A503 133 0.0 135 20.0 126 88.1
24°C D B3% A507 151 0.0 143 21.0 120 75.0
E. %f R 120 0.0 137 13.9 155 71.0
F. & b2 561 0.0 574 15.7 560 76.1

Explanations:

TOMEYOW

. Tempereture;
. Source of material;

. Inbred lines;
Control;
Average;

. Total number observed;

. Days after transfering to higher tempereture;

. Percentage of many-celled female gametophytes.
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(1) MRABEE, BMFL S, MARERTAETOERSLET, FIEHEET&
FEHEAE 10—12°C &0 F, RIS MERE T (6 2 B ARAR , 7R ELER 5 R bR 3= e ST BEIP , T
B F o RIRE 2 EE MR,

(2) T ERRBEETILR AT, B EHE, £ BT ARB RS M, 1E20°C4k
T, MEEEF-AR KB4 B B R L IR 1E 24°C £6ME T, H 48 Y & ROMERD T-H fa 1~ 4R
R, AR KEERTY, £ REFWD,
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Table 3. Comparison of number of cel} in female gametophytes, the 14th day
after transfering to higher temperetures.
A. B. T D. E. 2 gk | F. 3400k | G. 4 R4
3 B | M8 RE | & % (A4KAME(%) (%) (%) (%)
H. A 501 187 7.0 22.5 25:7 44.9
‘H AS503 148 0.0 2.7 14.2 83.1
18°C - H AS507 138 18.1 36.2 19.6 26.1
L xR 107 42.1 44.9 8.4 4.7
J. 580 14.3 24.8 18.1 42.8
H. A 501 157 1.3 2.5 3.8 1 92.4
H AS503 188 0.5 0.5 0.0 98.9
20°C .H AS507 150 0.0 2.7 6.0 91.3
Lo ®R 181 1.1 3.9 11.0 84.0
1. Fi5 676 0.7 2.4 5.2 91.7
H. A501 159 27.7 27.8 7.5 36.5
H A503 126 11.9 13.9 8.7 65.9
24°C H AS507 120 25.0 31.7 10.8 32.5
L o m 155 29.0 23.9 14.2 32.9
J. i35 560 23.9 24.5 10.4 41.3
Explanations:
A. Tempereture;
B. Source of material;
C. Total number observed;
D. Percentage single-celled;
E. Percentage 2~celled;
F. Percentage 3—celled;
G. Percentage 4-celled or more than 4;
H. Inbred lines;
I. Control;
J. Average.
R4 LAEEEXRE 18°C THHIPEER
Table 4. Comparison of rate of egg-extrusion of female gametophytes at 18°C.
B. #% A 18°C &
A. 3 & 2 R 7 x 9 P 18 x
O O B Ot 1 e O
C. AS01(F—)| 145 0.0 283 6.0 214 4.7 192 31.3
C. A503 169 0.0 211 2.8 214 1.4 - 179 4.5
C. A507 145 0.0 239 0.1 203 5.9 215 28.4
D.xf R 137 0.0 195 12.3 231 18.2 239 35.1
Explanations:
A. Source of material;
B. Days after transferring to 18°C;
C. Inbred lines;
D. Control;
E. Total number observed;
F. Percentage‘ of extruded eggs.
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MBI _EBOBHRE, AT E AL 223 S T Yot Re 7 2 5 A S IR AR A TSl AL
TEBE R e T e T RO B A R B R T 2 BRI A B 1 S AT 06

WAEER: SR 4555 RS T IY 2 S s & iR 2 th o

BAR, XXM BE RS, 4 Waymouth (1952)2 BFi, 7 445460
Bk R RIEE RS T o AR B A LA AT— o

MR R W T AR S ARTURAEEESORTRIREE &
SEIR B MR IR o ARYEMLTIAISERES T, 10°C RMR FHRRERENEE, EX
AR BE TR ER AT F- AR BB 5 SRR HEIN, BRI T, SXREBRIS BT RS Hiail S,
BB I BT B , MERR AR R R T B AR 1R B RTRMIAUATELE I, 7T AIA Jo MEmD T
BIRE IR, 186 AR AU EEAT, MR FHR a4 &6, FEORERAEE MR, T2
S BR RO ARBL IR T , BB A R AL B, 4T BB 2L, TS Ml S 41
ML tkMR, Swanson (1960)12% FI Mazia (1961)05 AR4EH, BT A BEER , 4 FIE
K& B AR B,

FHREKA R B R £ I IEMERD T (R AR IR R R HER , — AT DR — A B IR B, 5%
BH—o $, ERRBEAMNET, MR FHROMEIA N —E Flin, EERLmEE S
8 K, AT IR T xf FRLH 4 SMMERR T FE R B B T Ro ik, ENNIE T 4ia g e
HEFEE R, BEE 10°C A THEME /N (R 5), XERPE S apmaEc—
o / |

£5 TREEBEETESFAGEBRESRFE0MEIBAS, BEMNMEKE () = 100

Table 5. Comparison 6f cell-size of one-celled female gametophytes at
different temperetures. (n = 100)

AL B B. EisTHEK (1) C. 7% (W) D. FimRIMIRHESE ()
10°c 25.6 17.8 " 463.74129.0
18°C 27.7 22.7 630.04-90.7
20°C 25.6 22.0 554.4+4105.8

Explanations;
A. Tempereture;
B. Average of long diameter of cell (u);
C. Average of short diameter of cell ();
D. Average area of cell and standard deviation (u?).

CAHTR 5 BIMERE, 1E 18°C Sef4 T HE Y B AN AR MERT Y- ARRO JHRE B3 KT AE 10°C 4&

BT, BERKAIZER(630.0 — 463.7 = 166.3 p?)R:: 4=10.545, P f£ 0.001 PA T,

{85, W HPERL TR R D TR S 4HR0 58 2 B AR T 3R 38 A R0, 2

BRAZE, NiZEA B ENEREE.

F—, YR8 B7A & B 2T M AW ) FOMERT 1K , Emm%ﬁ:T%ﬁ—**ﬁﬁ/\
PRIE LR FF R ARIRER, TE 10°C 48T, BN BN EKTE RS il

B, 4 B RE R TR, EERAGTHRAS BEAERBRER. Flin, £
18°C 44T, BZFR AS03MEBCF AR 4 NUA L4 B 4 4R K8 &5 83.1%, T H 2R
A 507 MERE FRIE R RER BE TTE R 4 DDA L s Rk #1 A H 26.1%, 1E 24°C 4kt
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T HECR A 503 MERF AR + AL EAIMLARAEOS 65.9% T 635K A 507 #172
32.5%

SRR U4, 40 SR R 0 R RTAITE R R ] 62 PR AR 8 , B RIS A M T AR AE ) — 18
B 4 TR AR INEL, BB SRS AR B, ORI RE R A DISKRERAE, A— 3t
BUE R B JURMEL B e PF TRE S IR R A M, 537 — Lo PR BUFE AR (DU E R S B T
F % I , A — L R S R S 1 AOTRLEE A E T B B A, R R B R RS IR
B (40 18°C LA EARIR) TRS M. B/ K i E B B h T & s
B

BR s, S 5 R e A B, 76 T AR S 7 HHME D - i Bk B R R 9 S o

2. B MEFAE AARNREERF REEHF THARFEHHE

UARTHEE], ABRIEART F— 88 (1947)17) B4R , Y MERL T AR BETE 12°C DA B4RIFT
TR TR, T8 £ 28 S 1S IS S By P MEBE TR BETE 18°C S TTERIBTF 1Ko X—WR
BHZEFUARFEEE A MT R T HEAEN AR HAREMLERR? BSAUT=H
H B R B ES% B

(1) —‘ATHEE@E@%*TR—“EBQH‘I;QEMW WA B3 s Eﬂjﬁﬁﬁé‘&ﬁﬂfﬂﬂ%
PREETE 12°C DA E4&M TR BB TR IL A BINEL ],

(2) B—ATERAEEEARTE—E 2 E5INENESHETEBTR—2
e —MIEB G, RIBEREEEC RS, BB LN AREAZEMN, A

(3) B—A" MR R EREINESREMIEHTIR B 4 F 7= g HEX A m B &R
4T Btkra e, BARRAZEEEL

R =4 B R R R — A R R 2, B R A AE . 44K, &Tﬁﬁﬁ_ﬁﬁmﬁ@ﬁﬂﬁ
Ve, LR RE S A HAR R E o

B2, B epyit SEREWN. STRERMEMLAGIRTEINT

E—, REFRTEMTEH B ARThEFEN RIS, 1RIE JLERMNEE, Tse s i A
AFEFEA SRR S B R T —RE, BAZRMEED, REMANME R FRAEEM, B
S DGR B Z2E e, BB AR SR AT EAEDHITERIERESSE
WS X B A aiaEESe (Mather, 1955; Robertson, 1955)1517,

BT s B Ze i , BT DA AT DAIAR B 4 R [ B R RERITE 130

BIRBIEN , B AU B AT B Zu i, AR BN RE R E g e Sim, &
XS Tt LB AR S IZM R N RE S o BRESN ZEQIER TR —MIER, BmN
mﬁ‘%ﬂﬂtﬂsH’Jﬁaﬁﬂémﬁ?@ﬁ%‘m%ﬁ:ﬁ#ﬁ%f%ﬁﬁ N Tﬁﬁﬁ&ﬁ%@ﬂ%ﬁ:mg‘[&#ﬁ
N &A% N B EN.

5L A SRUEHFIE H A8 B AT RE L i, X B SR R IR A BT B4, FROR, B T A
i X i REE T S R A+ 2.2

PEE BENRS, RESEAEEE 1927 E£F5EM B FBiE RS, Ex=, m+
SRR, B ESTRGMA TSR, B KRR EERAEMERMN, &8 TR
AR EANE TR BLLET. BTREILTER £ HIRHAUEH H R4 KK
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REER SHNEREILTEKLEFHET L, EERHTAGAIED, BT
B S RE—ETH, XEEEY, BAREFBIRESE, BT AARME, SRS HA
HFEREESR; WRAEENRE L AHERBSZINRT; BHIT5[ENREME, &8
F Mayer (1942)" FrakifirefeEssE AMAEI R E. ’

R SebR bR R AR , BRI fth A At A bR — B0 (DObZhanSky, 1951;
Darlington, 1956; Stebbins, 1959 )110:%39]

XRRNDBAER XN EL . WNIT 1963 F£ERK T NFEM " TR HHF
Wy, IR ST EER —EX B, G N ER—KA SR BT, RIEFHREE
F&ET EMNHEXRENN BRAKNAHBHE S Fl0, EERE(—7C)&HET,
ERIBFEE 21 REE , RRIHDT ML BT TR AR R S i o R s B ka2
5, AR TR TR R 5 A B R £ SRR 2 IRER, T R HE TN T8 6% RO MR T IMEE -0k R
SEERE AR R, BH—SHRMAMRE RS EReREn &> (DR
6)o

R6 NLATEBFRIEFHBEFE 3—7°C TR SHEIBMRANLE
Table 6. Comparison of number of many-celled female gametophytes from
different localities. (at 3—7°C)

A. X E B. & % C. &R T4 (%)
D. S EEY 173 52.0
E. W&EW 185 2.7
F. KREWEW 146 4.1
G. BEy—= 179 , 0.6

Explanations;

. Source of material;

. Total number observed;

. Percentage of many-celled female gametophytes;
. From Canton;

From Tsingtao;

From Dairien;

. Haiqing No. 1 breed, a new haidai variety.

omHUQ W >

H—FE, ] ARIEHMEE T A SR E R HE R, HREEHE -5 (MR 7)o
JTAREEHMEIL AR IR R BT RV B 2 7, KRB bE R [ HRIRIE

MR B RE. I 1959 8, J"HRA X RRNIE A& LR M, MNWHHT T —
Lol (R HE, B H M FE R SR E LR E B B R, FBREH T 23 MEEIRE
P, B MR I H — Lo AR W AERARHo '

Bz, e T FAA R RA e, EE RSB MELAEM b, B8 RER
AL, L5 EHI T SRR B KR8,

B 86 , BT LUA I R B SRPE O MEBC F- AR B A — R4 BBAE 18°C 4k T T BB F
R, A B ARG EEM A TEEEMER, BIER MR ﬁﬂ';ﬁn_%%%ﬁﬁiﬂz, &
B HE 4R & ME I A ménﬂ‘];ﬁlﬁilo
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Table 7. Mortality rate at 24°C of female gametophytes from different localities.

B. & 24°C
A%k & %4 R ) %6 X
. G. B # ‘H. ET(%) G. & # H. 3%t(%)
C. I"&RIEW 148 1.4 130 1.5
D. F& U 150 1.3 177 14.7
E. KEEW : 128 0.0 201 14.4
F. Ff5—E 137 0.0 147 8.2
Explanations;
A. Source of material}
B. Days after transferring to 24°C;
C. From Canton;
D. From Tsingtao;
E. From Dairien;
F. Haiqing No. 1 breed, a new haidai variety;
G. Total number observed:
H. Mortality rate(%).
= SO
., A

MU B 20 R T B U O T TR R B R RS S 3, AR DR
025 5

YEHMERD TR A0k 6 R T, BIANARMAK /N, g% B | AR B 5F, BE S ERIB A0S N,
I%:2v:{ia: L o

16 10—12°C &M, SABAoMmI TS, F ERMARR, SBRBEBEI, 12
18°C I _EByB B IR BE B TR T , KBS MERE TR S TR & 40 , 4 B BURIER

AR EZRAE 10°C & THEINRE A REE R, £ 18°C &4 T RE & RN
HIURE BRI BIE B, P RMmias B hF BEER filin, H6EXRE
18°C S T EB A RETUN 4 A L4far s ikek, BB R RAER F EEE To RA
INHXIRA AN A ZRERFARSEEER,

1€ B A BT ER B AOTSH ME B Tk — A% 2 5 SR 2 IR R, RBETE 12°C DA R A& B T RK
Yo7t , TSR E E TSRTE A0TSR - A R RRLBE A AT IAE SR Ui, 0 T DA
TR L A, % B F AR R AN TRRITH, ELA—HI BEIE18CAE T
B TFHRe BATAR XU M2 FEEIRBEIOE, KR, HAEHaT A4
ZeFbiE, BAREUR, 2t B AERTATEE, EREYMCT , JBAEEmIT1aH P
R®To

G MED T phooHEL BE B4 FlUR RIHITE , 2 4 Pk IR Z50R 45 FhiEL I8 A AR L FE SR A7
o
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EFFECTS OF TEMPERATURE AND HEREDITY ON THE CELL
NUMBER AND MATURITY RATE OF FEMALE HAIDAI
(LAMINARIA JAPONICA) GAMETOPHYTES

T. C. Faxc . : J.J. L

(Shantung College of Oceanology; Institute of (Institute of Oceanology, Academia Sinica)
Oceanology, Academia Sinica)

ABSTRACT

The materials used in the present experiments were female gametophytes of Lami-
naria japonica Aresch. vernaculatly called “haidai” from the “natural” population and
three inbred lines after five years of inbreeding. The main results of the study were sum-
marized as follows. '

(1) At 10—12°C, believed to be the optimal temperatures for development of
gametophytes, -practically all the female gametophytes were one-celled.

(2) At higher temperatures (e.g. 18°C, 20°C, or 24°C) or when there were great
temperature flutuations in a day, the majority of the female gametophytes tended to be-
come many-celled. The maturity of gametophytes were much delayed.

(3) The cell number, which may be taken to represent the rate of growth, and the
rate of ‘maturity of female gametophytes were observed to differ under different tempera-
. tures both in the individual female gametophytes of the “natural” population which was
believed to be genetically mixed and in the several inbred lines studied.

(4) There were many female gametophytes which were able to form sporophytes at
18°C, although a Japanese writet stated that they could not do so above 12°C.

From the above facts it is believed (1) that the different phenotypes or reaction
norms observed among the female gametophytes were the products of the interaction of
different temperatures and various genotypes, (2) that some specific genotypes might be
responsible for the different reaction norms, and (3) that the genotypes of the Chinese
“haidai” might be different in some way from the Japanese alga.



