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I. Introduction 

It was in 1915 that discovery of the microscopic gametophytes in the order 

Laminariales was first reported by Sauvageau in his study on the development of 

Saccorhiza bulbosa. Since that time, numerous culture studies of Laminariales 

have been published by many investigators. 
Culture studies of the Japanese species of Laminariales were attempted in 

the early days by Yendo (1919), Ikari (1921, 1927), and Ueda (1929), and in more 

recent years by Kanda (1936-1946), Kinoshita (1947), Saito (1956, 1958, 1960), 

Kurogi and Akiyama (1957), Segi and Kida (1957, 1958), and Hasegawa (1962). 

With the object of obtaining the fundamental knowledge essential for efficient 

measure to induce propagation of the useful species of Laminariales, the present 

writer has been engaged for several years in the study of the development of the 
gametophytes and young sporophytes of these plants in Hokkaido. In the present 

paper are reported the results of the writer's investigations on the interrelation 

between some culture factors and the development of gametophytes and young 

sporophytes of Laminaria japonica and L. religiosa, and also on parthenogenesis 

and crossing of several species of Laminariales. Some observations on the game­

tophytes of Laminaria religiosa are also dealt with. 

The present study was carried out under the guidance of the writer's teacher, 

Professor Jun Tokida. The writer wishes to express here his heartiest thanks to 

Dr. Tokida for his guidance and advice, and his kindness in reading and correct­

ing the manuscript of the present thesis. To Dr. Yoshiteru Nakamura of the 

Institute of Algological Research, Faculty of Science, Hokkaido University, and 

to Mr. Tomitaro Masaki, of the Faculty of Fisheries, Hokkaido University, the 

writer is much indebted for their kind help in affording him many facilities. 

The writer's thanks are also due to Mr. Tamezo Yamazaki of the Oshoro Marine 

Biological Laboratory and to Mr. Mamoru Ueda of the Akkeshi Marine Biological 

Laboratory, for supplying the writer with some materials used in the present 

study. 
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1964] Yabu: Early Development of Laminariales 

Fig. 1. Thermograph records of air temperature in the laboratory (A- D) and 
in the corridor (E- I) 

placed on tables in three different places, viz., in the laboratory room, in the· 

corridor in front of the laboratory room and in the open air. Text-figure 1 (A- I) 

shows the thermograph records of the air temperature taken in the laboratory 

and in the corridor. In Fig. 1 A, the air temperature curve rises suddenly on 

November 8, 1957, from about lOoC to about 20°C. This shows that the steam-· 
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heating of the room began on that· day. The room was heated in the daytime 

through the winter every day except Sundays and holidays from the beginning of 

November 1957 to the beginning of April 1958, and the room temperature in the 
daytime on week-days was kept on an average, at a range between 9°C and 14°C, 

the maximum between 20°C-25°C. The general aspect of the outdoor air tempera­
ture in Hokodate was known from the data given in the "Calendar and Tide 

Table of Hakodate for the year 1960" issued by the Hakodate Marine Meteoro­
logical Observatory (cf. Table I). 

The population density of the gametophytes to be grown in these vessels was 

controlled to some extent by changing the density of the zoospore-solution used 

and the volume of the solution to be pipetted into the dishes. Actual population 

densities of the vessels (A-K) used for the present experiments were known by 

counting the number of zoosporelings, or gametophytes, growing in a unit area 

of 2 mm2 on the bottom of the dishes and on the slide-glasses under a lower 

magnifications of a microscope. The culture in the laboratory and the corridor 

were started on October 2, 1955, and continued till early September in 1956. 

Outdoor cultures were started on December 3, 1955, and when the culture­

solution froze the culture-vessels were placed inside the laboratory for a while to 

thaw the ice. However, the gametophytes did not show any sign of further 

growth or maturity under such low temperature conditions, so the outdoor cultures 
in winter were discontinued on February 2, 1956, by moving the vessels from 

outdoors to the corridor. Outdoor cultures were newly started again on February 

27, 1956, and were continued till early June of that year. The results of this 

culture experiment are shown in Tables II-V. The growth rates of the gameto­

phytes were compared with each other by counting the number of cells consituting 

a medium-sized female, or large-celled, gametophyte. 

Table II. Number of cells constituting a medium-sized female gametophyte of 
Laminaria japonica in culture dishes (A-E) with various population 

densities, placed in the corridor for the period October 2, 
1955 to April 21, 1956 

----------- Population I A B C D E Date of-------___ density 4 25 110 800 1200 counting - ______ 

Nov. 8, 1955 19 9 6 2 1 
Dec. 4, " 28 15 11 2 1 
Jan. 11, 1956 40 18 17 3 1 

Feb. 2, " 71 25 17 3 2 
Mar. 7, " ll4 36 21 5· 2 
Apr. 21, " 130 36 21 5 2 
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B. Effect of temperature 

In a culture experiment with Laminaria religiosa Miyabe, from Hokkaido, 

Ueda (1929) showed that young sporophytes were produced in vessels kept between 

5.5°C and 1l.3°C. Schreiber (1930) reported that the gametophytes of Laminaria 

became fertile when they were placed in a lower temperature than 10°C, and that 

he could induce the production of young sporophytes even in summer by lowering 

the water temperature. Kinoshita (1947) studied the optimum temperature for 

the development of gametophytes and sporophytes in five species of Laminaria, 
viz., Laminaria :japonica Aresch., L. ochotensis Miyabe, L. religiosa Miyabe, 

L. jragilis Miyabe and L. chichorioides Miyabe; and Saito (1956) reported recently 

on the influence of water temperature upon the development of Undaria pinnatifida 
Sur. In the present study, Laminaria religiosa Miyabe collected in Oshoro Bay 

was employed as material for the following two experiments to investigate the 

effect of temperature upon the growth of gametophytes in two ways. 

1. Development of gametopbytes under various constant temperatures 

Zoospores were liberated in a dish containing filtered sea-water and slide 

glasses. After two days, each of the slide glasses was put into a test tube con­

taining Schreiber's solution. These test tubes were placed in five wooden tanks 

which were filled up with tap water and placed in the corridor. The water 

temperature of four of these tanks was regulated with Chino's thermostat, and 

was maintained constantly at about goC, 12°C, 16°C and 20°C, respectively. In 

the remaining tank the water temperature was regulated at 20°C in the daytime, 

from about 9 a.m. to 6 p.m., but the water was exposed to the air temperature 

in the corridor (cf. Table I) for the rest of the day. This experiment was con­

tinued for two months. The results of these culture experiments are shown in 
Text-figure 2. 

It was observed that gametophytes grew best in the tank regulated at 20°C 

in the daytime only. Female gametophytes cultured for 30 days in this tank were 

found to consist of nearly one hundred cells. Cultures in other tanks which were 
regulated to maintain a constant water temperature gave the following results: 
the growth of gametophytes was good at 16°C, while it was not good at 12°C 
and goC, and was worst at 20°C. Female gametophytes cultured for 30 days at 
a constant 20°C were mostly found to be still single-celled. When cultured at a 
constant 20°C for about 60 days, both female and male gametophytes, 1-2-celled 
and 3-4-celled respectively, became pale in color, and at the same time their cells 
were often swollen more or less markedly. Maturation of both female and male 
gametophytes was observed in the cultures kept constantly at goC or 12°C. The 
male attained maturity a few days earlier than the female. 
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the sexual organs were easily distinguishable from vegetative cells, while in 

culture dishes placed at A and F (higher light intensities), the chromatophores were 

light in color and the sexual organs were apt to be confused with vegetative:cells. 

,I 

,-I. 

-r-

c 
Fig. 4. 

A. A female gametophyte, 40 days old on the slide settled 10 days before 
at 80 em below the water surface in the tube covered with black paper all over 
except at the top, showing three slender and faintly colored branches newly de­
veloped in those 10 days X 256 

B. A female gametophyte, observed on April 2, on the same slide as above 
at 80 em x64 

C. Part of the slide holder with three slide glasses to show how they are 
settled in the holder 

- 14 -
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period from October 1955 to March 1956 in media of various kinds of salinity. 

Sea-water samples of high salinity used for the experiment were obtained by 

evaporating either one-half or one-third of the original volume of natural· sea-water 

(32.087% salinity) obtained from Hakodate Harbor on October 21, 1955, and those 

of lower salinity by diluting the natural sea-water with filtered river-water, added 

in the following amounts; 5%, 10%, 20%, 30%, 40% and 50%. River-water was 

used instead of re-distilled water because the latter caused the death of gameto­

phytes in preliminary cultures. To these diluted sea-water samples were added 

nutrient salts according to the formula of Schreiber's solution. Zoospores were 

liberated on October 23, 1955. On November 20, a slide with attached gameto­

phytes was put into each Petri dish, which contained exactly 30 ml of one of the 

sea-water samples prepared as above. Most of the female gametophytes at that 

time were 1-2-celled and no reproductive organs could be observed. The culture 

dishes were placed in the corridor. The sea-water in the culture dishes was 

changed once a month. The results of this experiment are as follows. In the 

sea-water sample whose salinity was twice that of natural sea-water the gameto­

phytes were alive throughout the period of the experiment and oogonia were 

found to have been formed on some of the female gametophytes and to have 

given rise to sporophytes. However, in the sample with salinity thrice that of 
natural sea-water about half the gametophytes were dead within one month. 

The surviving ones were alive throughout the period of the experiment, but 

neither growth nor formation of reproductive organs was observed in them. In 

the samples diluted with 5%, 10% and 20% river-water, the growth of gameto­

phytes and the development of sporophytes was good as in natural sea-water. In 

the sample containing as much as 30% river-water, the gametophytes were found 

to be alive, but no sporophyte developed; in the sample containing 40% river­

water, the gametophytes were mostly alive throughout the period of the experi­

ment without showing any sign of growth, though some of them were found 

dead within 15 days; and in the sample containing 50% river-water, the gameto­

phytes were dead within 10 days, but they were occasionally found alive after as 

long as 20 days. 

E. Effect of culture solution 

So far as the writer is aware, Drew (1910) was the first to discuss the relation 

between the development of gametophytes and sporophytes of Laminariaceous 

algae and the nutrient substances in the culture solution. He stated that the 

growth of gametophytes and sporophytes was promoted by adding NaNOs, KNOs, 

NH4NOa and Na2HP04 to sea-water. Kylin (1916) obtained good results in his 
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1. Sea-water alone 

2. Schreiber's solution 
NaNOs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.1 gr 
Na2HPO, . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.02 gr 
Distilled water ...................... 50 ml 
Sea-water . . . . . . . . . . . . . . . . . . . . . . . . .. 1000 ml 

3. Culture solution consisting of 
NaNOs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.1 gr 
Distilled water ...................... 50 ml 
Sea-water. . . . . . . . . . . . . . . . . . . . . . . . .. 1000 ml 

4. Culture solution consisting of 
Na2HPO, .............................. 0.02gr 
Distilled water ...................... 50 ml 
Sea-water. . . . . . . . . . . . . . . . . . . . . . . . .. 1000 ml 

5. Erd-Schreiber 
NaNOs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.1 gr 
Na2HPO, . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.02 gr 
Distilled water ...................... 50 ml 
Soil extract . . . . . . . . . . . . . . . . . . .. . . . . .. 50 ml 
Sea-water. . . . . . . . . . . . . . . . . . . . . . . . .. 1000 ml 

Zoospores were liberated on October 21, 1956. Six days later, each slide 
glass on which zoospores were settled was placed in a Petri dish containing one 

of the above-mentioned media. The average number of gametophytes growing on 

each slide glass was about 140 per 2 mm2• The dishes were placed in the corridor 

Table X. Development of the gametophytes of Laminaria japonica 
cultured in five media (1-5) during the period from 

October 21, 1956, to the end of May 1957 

Culture medium* 1 2 3 4 

Nov. 15, 1956 1 2 2 2 

Dec. 15, " 2 5 4 2 

Number of cells Jan. 15, 1957 2 14 9 3 
constituting a 

i 
,----

medium-sized Feb. 15, " 4 26 24 9 
female game-

I tophyte Mar. 14, " I 6 43 40 13 

Apr.18, " I 9 65 60 17 

May 16, " 15 83 70 24 

Date when oogonia were first formed Jan. 15, Dec. 26, Jan. 17, Dec. 26, 
1957 1956 1957 1956 

Ratio of mature female gameto-
phytes to immature ones, on Feb. 24 1:8 4:1 1:5 4:1 

* For the eonstitutents of the five culture media, 1-5, see text 
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and the culture was continued till the end of May 1957. Culture solutions were 

changed once every two months. The results obtained are shown in Table X. 

As learnt from the data shown in Table X, the growth of gametophytes 

understood from the number of cells was better in the media to which sodium 

nitrate had been added (2, 3 & 5) than in those without it (1 & 4). Sporophytes 

were produced in all of the culture media, but the date when oogonia were first 

observed to have been formed as well as the ratio of mature female gametophytes 

to immature ones differed according to the nature of the medium. The oogonia 

were formed earlier in the media to which sodium phosphate had been added (5, 

2 & 4) and the ratio of mature female gametophytes to immature ones was 

observed on February 24, 1957, to be greater in the same media. These results 

seem to suggest that sodium nitrate is more effective for the growth of gameto­

phytes than sodium phosphate, while sodium phosphate is more effective for the 

formation of oogonia than sodium nitrate. A preliminary culture experiment 

carried out by the writer from November 1957, to May 1958, to study the develop­

ment of gametophytes of Alaria crassifolia has shown that the sporophytes were 

produced in cultures of sea-water alone and in Schreiber's solution, but not in 

a medium containing ten times the quantity of nutreint salts to be found in 

Schreiber's. Too great a supply of nutrient salts is thus considered to have a 

negative effect upon the formation of oogonia. 

III. Parthenogenesis and crossing experiments 

A. Previous investigations of parthenogenesis and crossing in Laminariales 

Schreiber (1930) studied pathenogenesis and crossing in three species of Lami­
naria, viz., L. saccharina, L. digitata and L. hyperborea. He observed that 

the eggs from the isolated female gametophytes developed parthenogenetically 

into embryonic plantlets which differed in shape from the normally developed 

embryonic sporophytes. His crossing experiments between these species were con­

cluded to have had a negative result from the fact that the obtained plantlets 

were abnormal in shape. On the other hand, from the result of crossing experi­

ments between the forms of Laminaria digitata, Sundene (1958) concluded that 

they were interfertile. Recently, Segi and Kida (1957, 1958) reported in their 

culture study of Undaria undarioides that the terminal cell of some immature 

female gametophytes underwent repeated cross and longitudinal divisions resulting 
in an embryonic plantlet of abnormal shape. They interpreted such abnormal 
plantlets as having developed parthenogenetically. However, the development of 
such a plantlet from a terminal cell is described as having taken place prior to 
the formation of oogonia, so it cannot strictly be called parthenogenesis. 

- 20-
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Table XI. Data of the materials of Laminaria reliyiosa Miyabe from 
Oshoro Bay used for the experiment of parthenogenesis 

Date of collection Nov. 25, 1952 Oct. 12, 1952 Oct. 15, 1953 Oct. 22, 1954 

Date of zoospore Nov. 26, 1952 Oct. 13, 1952 Oct. 19, 1953 Oct. 25, 1954 liberation 

Date of game- Dec. 7-13, Jan. 20, Jan. 12-13, Dec. Sept. 
10-15, 12, tophyte isolation 1952 1953 1954 1954 1955 

Number of iso- ca. 
lated females 15 20 60* 20 25 30 
Number of fe- 12 20 60 20 23 30 males observed 

Number of ma- (a )** (b) (c) (d) (e) (f) 

ture females: 8 7 3 11 13 12 
Mar. 20, Mar. 20, Mar. 20, Mar. 18, Mar. 27, Mar. 22, Date 1953 1953 1953 1954 1955 1956 

* . Isolated females were increased in number by cutting the filamentous thallus 
of the mother gametophytes 

** (a)-(f) denote each group of the material analysed in Table XII 

Table XII. Number of parthenosporophytes produced in each group (a-f) of isolated 
female gametophyte3 (cf. Table XI), and number of malformed sporophytes 

Group of iso-\Individual females \ Number of sporo-\ Number of mal- \ . 
lated females in each group phytes produced formed sporophytes Date of countmg 

1 60 53 Mar. 21, 1953 
2 45 41 " 3 40 36 " 4 38 35 " a 5 36 32 " 6 21 20 " 7 12 3 " 8 5 2 " 
1 151 108 May 2, 1953 
2 132 101 " 3 21 18 " b 4 18 18 May 3, 1953 
5 17 16 " 6 6 5 " 7 5 3 " 
1 3 3 May 18, 1953 

c 2 2 2 " 3 2 2 " 
1 74 65 May 7, 1954 
2 68 51 " 3 60 58 " 4 42 39 " 5 41 35 May 8, 1954 

d 6 30 26 May 7, 1954 
7 27 24 May 8, 1954 
8 25 21 " 9 11 11 " 10 6 6 May 6, 1954 

11 3 2 " 
- 22-
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Table XII. (Continued) 

Group of iso-l Individual females I Number of sporo-I Number of mal- I 
lated females in each group phytes produced formed sporophytes Date of counting 

1 64 54 Apr. 4. 1955 
2 59 52 " 3 43 40 Apr. 5, 1955 
4 41 36 " 5 37 36 " 6 33 29 " e 7 21 15 Apr. 4, 1955 
8 20 20 " 9 18 15 Apr. 6; 1955 

10 15 14 Apr. 4, 1955 
11 12 10 Apr. 6, 1955 
12 3 1 " 13 1 1 " 
1 84 72 Apr. 21-23, 1956 
2 73 65 " 3 71 53 " 4 64 62 " 5 61 58 " 

f 6 42 40 " 7 40 34 " 8 37 35 " 9 35 30 " 10 18 5 " 11 12 6 " 12 2 2 " 

Material collected on November 25, 1952: Isolation of gametophytes in the 
culture of the present material was carried out with the aid of a blood corpuscle 

counter on December 7-13, 1952 (cf. Table XI). Fifteen female and fifteen male 

gametophytes were isolated. The females mostly consisted of two to three 

cells when isolated. When observed on December 20, 1952, only four of the 
slides were found to bear in the central hollow a filamentous gametophyte com­

posed of about 20-30 cells. Early in January of the following year, these four 
gametophytes were found to have grown to a profusely branched thallus consisting 
of more than one hundred cells, and were visible to the naked eye as a minute 
brown spot when the culture dish was placed on white paper. By that time, 

other isolated female gametophytes which had become detached from the slide 

and attached to some other place in the dish were also visible to the naked eye. 

However, by the middle of May, 1953, when the present culture was ended, the 

number of living isolated gametophytes was reduced to twelve, of which eight 
individuals attained maturity. The oogonia were, formed in January and February. 

The eggs liberated from those oogonia germinated parthenogenetically, either 

while they were attached to the opening of the oogonium or after becoming 

detached from the oogonium. PI. I, Fig. C shows an egg just liberated and 
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5, A-L; Text-fig. 6, A-E; PI. I, Fig. B). Photomicrographs (Figs. A-G) in Pl. 
II show the progress of the development of parthenosporophytes on the gatpeto­
phyte No. 7 in column (a) of Table XII. Some of them were provided with 

rhizoids at the tip or on the margin of their frond. In the middle of May, the 

largest parthenosporophyte produced in the culture of the present material was 

about 3 mm in length. 

Fig. 6. Laminaria religiosa Miyabe 

Parthenosporophytes developed on the female gametophytes which had been 
isolated in December 1952 from the material collected at Oshoro Bay on November 
25, 1952. From a culture three months old after isolation 

A, X200; B-C, X95; D-E, X20 

The isolated male gametophytes developed into profusely branched filamentous 

thalli consisting of numerous cells, and eventually became visible to the naked eye. 
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However, they did not produce any antheridia until the end of May, 1953, when 

the present culture was abandoned. One of those male gametophytes, 164 days 

after isolation, is shown in PI. II, Fig. H. 

Material collected on October 12, 1952: In the present culture, reproductive 

organs of the gametophytes were formed earlier when cultured in sea-water alone 

than in Schreiber's solution; the oogonia were formed within about one month in 

sea-water alone while they were formed within about two to three months in 

Schreiber's solution. In some dishes containing sea-water alone, there were found 

besides the small gametophytes attached densely to the bottom, a few well-developed 

gametophytes floating sparsely on or beneath the surface of the solution. The 

floating gametophytes, especially those on the surface, had much better developed 

thalli than the attached ones. In the middle of January 1953, most of the attached 

female gametophytes were found to consist of about 20 cells, and to have produced 

small sporophytes, while those floating 

on the surface of the solution consisted 

of hundreds of cells, but were mostly 

still immature. Fig. A of PI. III shows 

an attached female gametophyte in a 

less dense area, and Fig. B of the same 

plate a floating female gametophyte. 

The floating female gametophytes were 

found to bear only one to three mal­

formed parthenosporophytes which were 

in a much more advanced stage of 

growth than those borne on the attached 

gametophytes. Young parthenosporo­

phytes were often found floating soli­

tarily in the culture solution or on its 

surface. They were mostly abnormal 

in shape. Fig. C of PI. III shows a 

malformed sporophyte floating on the 

surface of the culture solution, and in 

the upper corner of Fig. A of the same 

plate is shown part of a malformed 
sporophyte floating in the solution. 

In late January 1953, twenty im­
mature female gametophytes floating 
on the surface of the culture solution 

Fig. 7. Laminaria religiosa Miyabe 

A malformed sporophyte developed on 
a female gametophyte floating on the sur­
face of a mixed culture four months old 
derived from the material collected at 
Oshoro Bay x 70 
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phytes cultured in the corridor on several days between December 10 and 15, 1954, 

by means of a blood corpuscle counter; and on September 12, 1955, by means 
of a platinum needle from among the gametophytes cultured in the laboratory. 

Each female gametophyte thus isolated was cultured in a Petri dish containing 

Schreiber's solution. 
The female gametophytes isolated in December 1954, twenty five in number, 

consisted of about 1-3 cells when isolated. They were cultured until the end 
of May, 1955. About one month after isolation, they became visible to the naked 

eye. Oogonium formation was observed to begin in eleven of them during the 

period ranging from the middle of January to the middle of February, and the 

eggs developed parthenogenetically into malformed sporophytes (cf. Table XII (e)). 

It was sometimes observed that an empty oogonium cavity was filled up by the out­
growth of the adjoining cell that had intruded into the cavity after egg discharge. 

On September 12, 1955, thirty female gametophytes were isolated, when 

their fronds consisted of more than one thousand cells. They were cultured till 
June 1956. Twelve individuals became fertile and the eggs were found to be 

formed in the period from late December 1956 to early February 1957. The par­

thenosporophytes developed from those eggs were generally found to be already 
abnormal in shape in their early stages of growth. 

2. Lam;nar;a japon;ca Areschoug 

Materials were collected near Hakodate, namely at Shirikishinai, Zenikamezawa 

and Nanaehama. Date of collection and other data concerning these materials 

are summarized in Table XIII. 
( 1) Material collected at Shirikishinai (cf. Table XIII, (a) & (b)) 

The gametophytes were cultured in the laboratory and in the corridor with 

either Schreiber's solution or Erd-Schreiber. The cultures in the laboratory were 

carried out until the end of May, 1956. In the corridor cultures, gamete-formation 

in both female and male gametophytes began earlier in Erd-Schreiber than in 

Schreiber's solution. The gametophytes cultured in Schreiber's solution under 
room temperature are shown in PI. V. During this culture, the diatoms grew 

abundantly in some dishes seven to ten months old which have been placed under 

room temperature, so that the gametophytes became partly colorless and decayed. 
The survived cell rows of the gametophytes (PI. V, Fig. B) began later to grow into 
independent gametophytes after the culture solution had been frequently changed, 
about twice a week. In August and early September, 1955, some dishes were 
found to contain gametophytes provided with remarkably swollen cells at their 

apices and intercalary portions (PI. V, Fig. E; Text-fig. 8). From some of those 
cells arose normal branches after the cool season had set in. The reason why 
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Date of 
zoospore 
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Date of 
gametophyte 
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Number of 
isolated 
females 
Number of 
females 
survived 
Number of 
matured 
females 

Culture was 
finished in 

Yabu: Early Development of Laminariales 

Table XIII. Data of the materials of Laminaria japonica used 
for parthenogenesis experiment 

Shirikishinai Zeni- Nanaehama kamezawa 

Nov. 23, 1953 Oct. 27, Sept. 24, 1955 1954 

Oct. 28, Nov. 25, '53 Sept. 24, '55 '54 

Dec. 14 Jul. 15 Nov. 18, Nov. 18\ Jul. 10 Sept. Jul. I Sept. 
'53 '54 '54 '55 '56 '56 '57 I '57 

, 

I 
20 20 20 30 20 20 20 20 

I 

I 
18 20 12 23 20 20 20 

I 
20 

(a )* (b) (c) (d) (e) (f) I (g) 

\ 

(h) 
7 2 4 8 5 4 2 8 

May Sept. Apr. Apr. May May May 

I 
May 

'54 '54 '55 '56 '57 '57 '58 '58 

\ 

Sept. 
'58 

40 

40 

I 
( i ) 
18 

I 
May 
'59 

* (a), (b),··· .(i) denote respectively each group of mature female gametophytes 
analyzed in Table XIV 

such swollen cells were formed on them was that the gametophytes in those 

dishes had been cultured for more than one year under somewhat weak light 
intensity and in the unchanged solution. In mid-December, 1955, some of the 

dishes 25 months old containing su,ch gametophytes with swollen cells were re­

moved from the laboratory to the corridor. They became fertile in mid-January, 
1956. In some dishes cultured for 10 to 15 months under room temperature, many 

cells of the female gametophytes became slender, as thin as those of the male. 

Those dishes were removed to the corridor in mid-October, 1955, and about two 
months later, they produced a few young sporophytes which were abnormal in 

shape (PI. VI, Figs. E & F). In some other dishes containing Schreiber's solution 

and placed in the corridor, many sperms were found sometimes liberated simultane­
ously from many of the antheridia and swarmed around the eggs. 

(a) Gametophytes isolated in December 1953 (Table XIII, (a)) 

Gametophytes were isolated by means of a blood corpuscle counter from a 
dense culture. Twenty females consisting mostly of one cell or rarely two were 
isolated and each of them was placed in a Petri dish containing Schreiber's solution. 

Of these females seven became fertile and oogonia were formed in the period be­
tween mid-January and early February, 1954. The egg disehargedfrom the apical 

opening of the oogonium usually remains attached there for a while, but soon it 
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becomes easily detached and free. Most of the eggs produced from each isolated 

female germinated parthenogenetically but some of them lost vitality. The partheno­

sporophytes produced from each mature female were only one to eight in number 

and all of them were found to be malformed already in the early stages of growth, 

often producing rhizoids from the apical or marginal portion of their fronds (Pl. 

IV, Figs. C & D; Text-fig. 9). 

(J 

Fig. 8. Laminaria japonica Areschoug 

Male gametophytes with swollen cells from culture vessels placed for two 
months in the corridor after having been kept for two years in the laboratory 

A, x315; B-C, x620 

(b) Gametophytes isolated in July 1954 (Table XIII, (b)) 

Twenty female gametophytes and fifteen male ones were isolated by means of 
£ platinum needle from a sparse culture and they were placed in small glass tubes 

eontaining Schreiber's solution in a vat filled with ice water. They were cultured 
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Fig. 9. Laminaria japonica Areschoug 

Parthenosporophytes developed on the female gametophytes which had been 
isolated in December 1953 from the material collected at Shirikishinai in November 
1953. From a culture one month old after isolation x 200 

until early September 1954, and only two females became fertile producing only 

one and two parthenosporophytes respectively. These sporophytes were first 

observed on August 8, when they were composed of two or three cells and al­

ready assuming an abnormal shape (PI. IV, Fig. F). On the other hand, the 

isolated male gametophytes did not become fertile in this culture. 

(2) Material collected at Zenikamezawa (cf. Table XIII, (c)) 

The liberated zoospores were cultured in Petri dishes with sea-water under 
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Table XIV. Number of parthenosporophytes produced on each of the female gametophytes 
(I, 2,· .. ) which are grouped into nine (a-i) according to their isolation date 

Group of 
isolated 
females 

a 

b 

c 

d 

e 

f 

g 

h 

i 

(cf. Table XIII) and number of malformed sporophytes 

numbered in urn r 0 sporo- um r 0 ma - Date of counting 
I 
Individual females I N be fiN be f I I 

each group phytes produced formed sporophytes 

1 8 8 
2 6 6 
3 5 5 
4 4 4 April 22-25, 1954 
5 3 3 
6 3 3 
7 1 1 

1 2 2 Sept. 3, 1954 2 1 1 

1 2 2 
2 1 1 April 28, 1955 3 1 

I 
1 

4 1 1 

1-8 (cf. Table XVII) 

1 34 29 
2 27 26 
3 21 18 May 9-5, 1957 
4 19 16 
5 9 9 

1 21 20 
2 13 12 May 1-3, 1957 3 2 2 
4 1 1 

1 2 2 May 6, 1958 2 1 1 

1 56 55 
2 52 50 
3 38 38 
4 31 28 April 16-18, 1958 5 17 15 
6 5 5 
7 5 4 
8 2 2 

1 44 41 
2 41 38 
3 39 27 
4 37 35 
5 26 25 
6 24 24 
7 24 23 
8 22 20 
9 21 21 May 14-16, 1959 10 20 19 

11 10 9 
12 9 9 
13 9 8 
14 8 8 
15 7 7 
16 7 7 
17 4 4 
18 3 3 
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room temperature. Twenty female gametophytes, one- or two-celled, were isolated 

by means of blood cOrPuscle counter on November 18, 1954 (PI. IV, Fig. E). 
They were cultured in Petri dishes containing sea-water until April 1955, but they 

did not grow well, consisting of only three to five cells even at the end of the 

culture. By the end of the culture, they were reduced to twelve in number, of 

which only four became fertile in late December, 1954, or in early January, 1955. 

Each mature female produced only one to two eggs. All of these eggs developed 
into parthenosporophytes of abnormal shape (PI. IV, Figs. A & B) which also did 
not grow well consisting of six to eight cells when observed on April 28, 1955. 

(3) Material collected at Nanaehama (cf. Table XIII, (d)-(i)) 

Gametophytes were cultured in the laboratory and in the corridor with either 

Schreiber's solution or Erd-Schreiber (cf. PI. VII-XII). Well developed female 
gametophytes cultured for nine months in Schreiber's solution under room tempera­

ture consisted of more than one hundred cells (PI. VII, Fig. A) and they consisted 

of several thousand cells after being cultured for two years (PI. VII, Figs. B-D; 

PI. IX). In the culture vessels containing both female and male gametophytes 

of nine Laminariales plants used for the experiment of parthenogenesis, it 

was found that the reproductive organs were usually formed earlier in males than 

in females. When isolated, however, the male gametophytes did not become 

fertile, as already described in Laminaria religiosa and L. japonica and as 
described below in L. angustata and Alaria crassifolia. This fact seems to 
suggest that the female gametophyte might secrete into the culture solution ,a 

certain substance 'that urges the male to be fertile. To make a research on this 

problem, cultures of the male gametophytes of the present material were carried 

out from January 9 through March 7, 1958, with the following four kinds of 
culture solution; (1) filtered Schreiber's solution in which numerous mature female 

and male gametophytes had been cultured, (2) filtered sea-water in which the 

fertile female gametophytes consisting of numerous cells provided with eggs and 

sporophytes had been placed for some time, (3) pure filtered sea-water, and (4) 

pure Schreiber's solution. Twenty sterile male gametophytes were isolated from 

culture dishes placed under room temperature and they were separately put into 

twenty Petri dishes grouped into four according to the above-mentioned four 

culture solutions poured into them. When observed on January 28, the male 
plants in two of the five dishes of both Group-l and Group-2 containing the 

culture solution (1) and (2) respectively were found to be fertile (PI. XII), while 

the males in the remaining dishes as well as in the dishes of Group-3 and Group-4 

containing the solution (3) and (4) respectively were all sterile yet. From this 

result, though it is not so convincing, the female gametophytes are supposed to 

- 33-



Mem. Fac. Fish., Hokkaido Univ. [XII, 1 

Table xv. Number of eggs, sporophytes, and malformed sporophytes produced 
on each of eight female gametophytes belongining to the group "d" 

in Table XIII and XIV, as counted on January 24 (A), 
February 18 (B), and on April 29 (C) in 1956 

male numbered 
Individual fa- I Number of I 
in group "d" eggs discharged 

Number of 
sporophytes 

Number of I 
malformed Date of counting 
sporophytes 

I 

3 5 5 

I 

A 
1 '. 5 13 11 B 

2 14 13 C 

I 11 6 4 A 
2 10 18 10 B 

I 3 18 16 C 

I 6 3 2 A 
3 8 7 6 B 

I 
1 8 6 C 

7 3 3 A 
4 4 7 7 B 

1 7 7 C 
! 

I 

2 4 4 A 
5 2 5 5 B 

7 6 5 C 

18 4 2 A 
6 19 5 4 B 

8 5 5 C 

24 0 0 A 
7 35 0 0 B 

31 0 0 C 

19 0 0 A 
8 25 0 0 B 

I 
12 0 0 C 

secrete into the culture solution a certain substance that urges the male gameto­

phytes to be fertile. 
The female gametophytes were isolated in November 1955, in July and Sep­

tember 1956, in July and September 1957, and in September 1958, by means of 
blood corpuscle counter in the first case and by means of platinum needle in other 

cases. They were all cultured in Schreiber's solution. The oogonium was found 

to be formed during a period from late December to mid-March. Contents of the 
oogonium were sometimes observed to partly remain within the cavity after dis­

charge of the egg (PI. XVIII, Figs. D-E). The discharged eggs which have 
detached from the oogonia were often observed to be connected by colorless muci­

lage with the empty cavity of the oogonium. 
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but it stopped for a while after a little advance. This was repeated several times 

before the egg is liberated from the oogonium. 
(c) Gametophytes isolated in July and September 1957, and in September 1958 

(Table XIII, (g)-( i» 
In July 1957, twenty female gametophytes were isolated, of which two indivi-

Fig. 11. Laminaria japonica Areschoug 
Parthenosporophytes developed on the female gametophytes isolated in Sep­

tember 1958 from the material collected at Nanaehama in September 1955. From 
a culture five months old after isolation 

A-H & J-O, x186; 1& P-R, x133 
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duals became fertile and produced one and two parthenosporophytes respectively 
(PI. VIII, Fig. D). They were abnormal in shape when observed on May 6, 1958. 

In September of 1957 and 1958, the female gametophytes were isolated from the 

culture dishes containing many of them which had been developed from the cut 
pieces of five well grown sterile female thalli obtained from amongst the gameto-

Fig. 12. Laminaria japonica Areschoug 
Parthenosporophytes developed on the female gametophytes isolated in Sep­

tember 1958 from the material collected at Nanaehama in September 1955. From 
a culture six months old (A-D) and a culture seven and half months old (E-G) after 
isolation 

A, x186; B-G, x133 
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phytes cultured in Schreiber's solution under room temperature. The number of 

isolated females was twenty in 1957 and forty in 1958, and eight and eighteen 
()f them attained maturity respectively. Most of the eggs produced from them 

Fig. 13. Laminaria japonica Areschoug 

Parthenosporophytes developed on the female gametophytes isolated in Sep­
tember 1958 from the material collected at Nanaehama in September 1955. From 
a culture nine months old after isolation 

A-B, x71; C, x47; D, x31 

-developed into parthenosporophytes which were abnormal in shape even in early 

.stages of their growth (Text-figs. 10-13; PIs. XIII-XVII). 
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Fig. 14. Laminaria angustata 
Kjellman 

Parthenosporophytes developed 
on the female gametophytes isolated 
in December 1952 from the material 
collected at Shizunai in November 
1952. From a culture four and half 
months old after isolation 

A, x95; B, X20 

surviving females was reduced to seven and only one of them attained maturity. 

On the other hand, the number of surviving male gametophytes was nine at the 

end of the culture. Their thalli were also found to consist of a globular mass of 
filamentous thallus, but none of them became fertile during the period of this 

culture. 

Material collected at Muroran: Liberation of the zoospores was performed on 

November 25, 1953. Three weeks later, twenty females were isolated by means 

of a platinum needle, and they were cultured in Petri dishes containing Schreiber's 

solution. By the middle of May 1954, the surviving females were reduced to 

eighteen, of which seven individuals attained maturity. Their thalli were much 

smaller than those cultured from the material collected at Shizunai mentioned 

above, consisting of about 40 to 50 cells even at the end of the culture. About 
one month after isolation, some of the females were found to have enlarged, pale 

colored cells, about 18-24 p in diameter, whereas the normal cells of the females 
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in a mixed culture were about 11-13 p in diameter. The isolated females began to 

produce oogonia in late January 1954. When observed in early April 1954, the 

parthenosporophytes produced on each female were only two to eight in number 

and all of them were malformed (Text-fig. 15; PI. XIX, Fig. D). They were mostly 

connected directly with a vegetative cell of the mother thallus (PI. XIX, Fig. D), 

but not with an empty oogonium. Such a sporophyte is considered to have developed 

Fig. 15. Laminaria angustata Kjellman 

Parthenosporophytes developed on the female gametophytes isolated from the 
material collected at Muroran in November 1953. From a culture two and half 
months old after liberation of zoospores. x390 
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in either of the following two ways: (1) the sporophyte is normally developed 

from an egg which was discharged from an oogonium and attached to its apex, 

and the empty cavity of the oogonium is then filled up by the outgrowth of the 

adjoining cell, or (2) the sporophyte is developed from an egg which remained 

within the oogonium. On January 25, 1954, the writer happened to observe a 

two-celled parthenosporophyte partially extruded from an oogonium. It took about 

twenty minutes for this sporophyte to accomplish its complete extrusion from the 

oogonium, after repeating a little forward movement and a short stop. 

4. Laminaria angustata var. longissima Miyabe 

The material was collected at Muroran. Zoospores were liberated on November 

26, 1954. Twenty days later, fifteen female gametophytes were isolated by means 

of a blood corpuscle counter and they were cultured in Petri dishes containing 

Schreiber's solution until May 1955. By the end of this culture the number of 

Table XIX. Number of parthenosporophytes produced on each female 
of Laminaria angustata var. longissima Miyabe and number 

of the malformed among them, counted on May 4, 1955 

I!ldividual female 
gametophyte 

1 
2 
3 
4 

Number of sporophyte 
produced 

15 
13 
8 
5 

Number of malformed 
sporophyte 

13 
10 
8 
5 

surviving individuals was reduced to thirteen. Their thalli consisted of about 

80--140 cells at the end of the culture. Only four of those females became fertile 

and began to produce oogonia in early March. Most of the eggs developed into 

parthenosporophytes. When observed on May 4, 1955, the parthenosporophytes 

produced on each of the four females were from five to fifteen in number and 

most of them were found to be abnormal in shape (cf. Table XIX: Text-fig. 16). 

5. Laminaria ochotensis Miyabe 

The material was collected on October 26, 1953 at Kutsugata in Rishiri Island. 

Zoospores were liberated on October 30, 1953. About twenty days later, twenty­

five female gametophytes were isolated with the aid of a blood corpuscle counter 

and they were cultured in Petri dishes containing Schreiber's solution until mid­

May 1954. By the end of this culture the number of surviving females was 

reduced to twenty-one, of which nine individuals attained maturity and began to 

form oogonia during a period ranging from late December 1953 to early February 

1954. Most of the eggs produced on them developed parthenogenetically. When 

observed on April 7-9, 1954, the maximum number of the parthenosporophytes 
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Fig. 17. Laminaria ochotensis Miyabe 
Development of parthenosporophyte3 on the female gametophytes isolated in 

November 1954 from the material collected at Kutsugata in October 1953. From 
a culture three and half months old after isolation 

A-C, x422; D-L, x188 

the naked eye as brown spots consisting of profusely branched filamentous thalli. 

In the present culture it was often noticed that the contents of an oogonium did 

not wholly contribute to the egg formation but remained in part within the empty 

oogonium after the egg had been discharged. Most of the eggs developed partheno­

genetically. Sometimes the eggs were found to have swollen remarkably (Text-fig. 

18, A, B, & E). Most of parthenosporophytes produced were abnormal in shape 
in the early stages of their development (cf. Table XXI: Text-fig, 18; PI. XX, 
Figs. C-E). 
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Fig. 18. Laminaria diabolica Miyabe 

Development of parthenosporophytes on the female gametophytes isolated in 
October 1953 from the material collected at Akkeshi in September 1953. From a 
culture four months old after isolation 

A-J, X347; K, x142 

7. Alaria crassifolia Kjellman 

In his description of Alaria crassifolia Kjellm., Yendo (1916) stated that the 

smallest specimen in which the gland cells were found was 2 mm in total height 

and 0.6 mm at the broadest part of the blade. However, the writer could detect 

the occurrence of the gland cells in much younger sporophytes of this species as 

mentioned below. The material was collected at Tachimachi-misaki in late December 

1954. Young sporophytes were produced in the mixed culture about one month 

after the liberation of the zoospores. When the sporophytes attained about 2.0-

3.0 mm in total length, it was possible to tell the gland cells from other cells by 

their yellowish contents. Not only those yellowish gland cells but also the colorless 

ones were stained well with the solutions of various kinds of pigments such as 

methylen-blue, methyl-green, neutral-red, and toluidin-blue (PI. XXIII, Figs. A-F). 
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The methyl-green solution prepared by dissolving 1 gr of methyl-green and 1 ml 

of gracial acetic acid in 100 ml of distilled water, was especially good for 

staining the gland cells in young sporophytes. The smallest sporophyte in which 

the writer could detect the presence of the gland cells with this solution was 

0.1 mm in total height, consisting of seventy-six cells. By staining the colorless 

upper portion of some weakened sporophytes with methyl-green solution, the 

gland cells in the colorless portion could be made conspicuously outstanding (PI. 

XXIII, Figs. E & F). 

Parthenogenesis in the present species was studied with the material collected 

at Shirikishinai near Hakodate on November 23, 1954. Two days later, the 

zoospores were liberated, and they were cultured in Schreiber's solution in the 

laboratory until September 1955. Many gametophytes were found floating on or 

beneath the surface of the culture solution (PI. XXI, Figs. A, B & D). They were 

somewhat better in growth, though paler in color, than those attached to the 

bottom of the dish. About three months later after the start of the culture, 

some female gametophytes floating in the solution began to produce slender branches 

(PI. XXI, Fig. D), and in September 1955, or at the end of this culture, they 

consisted mostly of numerous slender branches bearing a close resemblance to the 

branches of male gametophytes. From mid-August to early September 1955, many 

of the male and female gametophytes were found to have many swollen cells (PI. 

XXII, Fig. A). Isolation of the gametophytes in the present culture was per­

formed in December 1954 and in July 1955. 

Gametophytes isolated in December 1954: Twenty female and fifteen male 

gametophytes were isolated in mid-December from the culture dishes in which the 

gametophytes were densely attached to the bottom of the dish. For isolation, a 

blood corpuscle counter was used. The isolated gametophytes were cultured in 
Petri dishes containing sea-water, the females until May 1955, and the males until 

August 1955. The female gametophytes, when isolated, were composed of three to 

Table XXII. Number of parthenosporophytes produced on each female 
of Alaria crassifolia and number of the malformed among 

them, counted on April 24-25, 1955 

gametophyte produced 
Number of malformed 

sporophyte 
IndiVi.dualfemale - II Number of sporophyte 

.. ----- --1-----1-----4-----1------4----

2 ! 3 3 
3 2 2 
4 2 2 
5 2 2 
6 2 2 
7 1 1 
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four cells. Two months later they were found to have developed into filamentous 

thalli consisting of about 60-80 cells. The oogonia began to be formed in late 

Fig. 19. Alaria crassifolia Kjellman 

Parthenosporophytes developed on the female gametophytes isolated in December 
1954 from the material collected at Shirikishinai in November 1954. From a culture 
two months old after isolation. X 400 

January or in early February, 1955. The number of surviving females was reduced 

to seventeen, of which seven individuals attained maturity. Most of the eggs 

developed parthenogenetically. All of the parthenosporophytes produced were ab­

normal in shape (cf. Table XXII: PI. XXII, Fig. C; Text-fig. 19). 

On the other hand, the number of surviving male gametophytes was twelve 

at the end of the present culture. They were visible to the naked eye as minute 

brown spots but none of them were fertile yet. 
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Gametophytes isolated in July 1955: Fifteen female gametophytes were isolated 

on July 14 by means of a platinum needle from amongst the well developed 

female gametophytes floating in the culture solution, and they were cultured until 

late September 1955 in small glass tubes placed in a vat containing ice water. 

At the end of this culture, the females were all still living, but only one of them 

was found to have attained maturity. On September 8, the only egg that had 

been formed on the single fertile female was found to have grown into a three­

celled parthenosporophyte (PI. XXII, Fig. D). 

8. Undaria pinnatijida (Harv.) Suringar f. distans Miyabe et Okamura 

The materials of this species were collected at Nanaehama near Hakodate 

City on July 30, 1954. The zoospores were liberated on the next day and cultured 

in Petri dishes containing Schreiber's solution or sea-water alone placed in the 

laboratory. Globular masses of filamentous thalli of the female gametophytes 

cultured for two years were nearly 8 mm in diameter. In the dishes which con­

tained sea-water alone and were left standing with no change of the solution, 

Table XXIII. Number of parthenosporophytes produced on each female 
of Undaria pinnatifida (Harv.) Suringar f. distans Miyabe et 

Okamura and number of the malformed among them, 
counted on April 16, 1955 

gametophyte produced 
Number of malformed 

sporophyte 
Individual female I Number of sporophyte 

-----------------.--------------------:--------------------
1 2 
2 2 
3 2 
4 1 
5 1 

2 
2 
2 
1 
1 

the gametophytes began to die when the culture was ten to thirteen months old. 

In some of those dishes, the female gametophytes consisted partly of slender 

filaments as thin as the males (PI. XXIV, Fig. B). In other dishes, the females 

were found to have swollen cells here and there (PI. XXIV, Fig. C). One month 

after the liberation of zoospores, twenty-five female gametophytes were isolated 

with the aid of a blood corpuscle counter, and they were cultured in Petri dishes 

containing sea-water until the end of May, 1955, when the number of surviving 

individuals was reduced to nineteen, of which only five attained maturity, and 

the oogonium began to be formed in the period ranging from early January to 

early February 1955. The eggs produced on them developed parthenogenetically. 

When observed on April 14, 1955, the parthenosporophytes produced on each female 

were one to three in number and were abnormal in shape (cf. Table XXIII: PI. 

XXIV, Fig. D; Text-fig. 20). 
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1964J Yabu: Early Development of Laminariales 

Fig. 20. Undaria pinnatifida CHarv.) Suringar f. distans 
Miyabe et Okamura 

Development of parthenosporophytes on the female gametophytes isolated in 
August 1954 from the material collected at Nanaehama in July, 1954. From a 
culture five months old after isolation. X 507 

9. Arthrothamnus bifidus (Gmel.) Ruprecht 

The materials of this species were collected at Nemuro in mid-March 1955. 

Zoospores were liberated on March 17, 1955 and cultured in Petri dishes con­

taining Schreiber's solution placed in the laboratory. Eight months later, twenty 

female gametophytes consisting of profusely branched filaments were isolated by 

means of a platinum needle, and cultured in small glass tubes containing Schreiber's 

solution until the end of May 1956. Seven of them became fertile and began to 
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Table XXIV. Number of parthenosporophytes produced on each female of 
ArthrothamnU8 bifidu8 (Gmel.) Rupr. and number of the malformed 

among them, counted on March 22-25, 1956 

Individual female 
gametophyte 

1 
2 
3 
4 
5 
6 
7 

Number of sporophyte 
produced 

over 300 
ca. 80 

24 
14 
6 
6 
4 

Number of malformed 
sporophyte 

ca. 300 
ca. 80 

23 
14 

6 
6 
3 

Fig. 21. Arthrotkamnu8 bifidu8 (Gmel.) Ruprecht 

[XII, 1 

Development of parthenosporophytes on the female gametophytes isolated in 
November 1955 from the material collected at Nemuro in March 1955. From a 
culture three months old after isolation. X400 
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In the culture vessels containing a couple of male and female gametophytes of a 
single species, nearly seventy per cent of the females produced the sporophytes 

and most of them were normal in shape, while in the vessels containing an isolated 
female alone, only twenty to thirty per cent of the females produced the sporo­

phytes and most of them were abnormal in shape (Table XXVI, I-M). 

Table XXVI. Data on crossing (A-H) and parthenogenesis (I-M) experiments 
among four species of Laminaria and one species of Alaria, performed during 
the period from October 1955 to May 1956, including some of the results 

observed during the period from February 20 to March 16 in 1956 

Number of couples & females gametophytes 

Species and sex of gametophytes Couples, Fertile female gametophytes 

femalest 
Total I Sporophytes* I Sporophytes* 

Norm. > Abnorm. Norm. < Abnorm. 

L. religiosa (1) xL. japonica S?-
I 

20 A 16 14 

I 
2 

L. religiosa S?- xL. japonica (1) 21 12 11 1 

L. religiosa (1) xL. ochotensis S?- 20 B 15 13 

I 

2 
L. religiosa S?- xL. ochotensis (1) 20 16 14 2 

L. religiosa (1) xL. angustata S?- 21 8 0 

I 
8 

L. religiosa S?- xL. angustata (1) 22 C 10 0 10 

L. japonica (1) xL. ochotensis S?- 20 D 12 10 

I 

2 
L. japonica S?- xL. ochotensis (1) 

I 
21 13 12 1 

L. ochotensis (1) xL. angustata S?- 20 E 6 1 5 
L. ochotensis S?- xL. angustata (1) 21 6 0 6 

L. religiosa (1) xA. crassifolia S?- 20 F 3 0 3 
L. religiosa S?- X A. crassifolia (1) 21 4 0 4 

L. japonica (1) X A. crassifolia S?- 20 G 11 0 11 
L. japonica S?- xA. crassifolia (1) 20 4 0 4 

L. angustata (1) X A. crassifolia S?- 20 H 8 0 8 
L. angustata S?- xA. crassifolia (1) 21 4 0 4 

L. religiosa (1) x S?- 20 I 14 11 3 
L. religiosa S?- 20t 7 0 7 

L. japonica (1) x S?- 15 J 12 10 2 
L. japonica S?- 20t 4 0 4 

L. ochotensis (1)xS?- 17 K 14 11 3 
L. ochotensis S?- 20t 7 0 7 

L. angustata (1)xS?- 20 L 15 13 2 
L. angustata S?- 20t 4 0 4 

A. crassifolia (1) x S?-
I 

18 M 13 12 1 
A. crassifolia S?- 20t 5 0 5 

* Number of female gametophytes producing a greater (smaller) number of 
normal sporophytes than the abnormal ones 
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