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Geographical Variation of Development and Life History

   of Btidingia minima (Chlorophyceae) from Japan*

        by

MASAFUMI IIMA**

                                Introduetion

   Blidingin minima (NAGELI ex KUTZING) KYLIN is one of the widespread green algae in

the upper littoral zone of seashore quite often dominating parts of the zone. This taxon was

established by KyLIN in 1947 on the basis of culture experiments by BLIDING (1938) who

showed that the following features distinguished it from genus Ehateromof7)ha and proposed to

establish a new genus: 1) Quadrifiagellate zoospores lacking eyespots are the only repro-

ductive cells produced; 2) During germination, all of the cytop}asm of the settled zoospore

migrates into a germination tube and is walled off from the empty spore; 3) The germling

produces prostrate branches which form an initially rnonostromatic disc that becomes

distromatic in the center and gives rise to an ereet, tubular frond with many initial cells.

Nearly a hundred years before that, Blidingia minima had been described under the names

Ulva intestinalis var. nana by SOMMERFELT (1826), Ehateromo7Pha minima by KUTZING

(1849), E. micrococca by KUTzlNG (1856) and E. nana by SJOsTEDT (1939) on the basis

of anatomical features. These species were distinguished from other EhateromoiPha species

by their small cell size (}ess than 10"m iR surface view), but the criterion among these

species was obscure, so there was a taxonomical confusion. KyLIN (1947) combined thern

as the synonym of Blidingla minima, sinc.e theR the developmental features were added as a

taxonomical criterion of Blidingia species With the anatomical features. After that several

other species have been added to genus Bliditcgia.

   Since BLIDING (1938) first reported the development of quadriflagellate zoospores in B.

minima (as JEinteromorpha minima) from Kristineberg, G6thenberg and Karlshamn,

Sweden, many workers have investigated the iife history of Blidingia species from various

localities in Europe and Japan: YAMADA and KANDA (l941, 1944) and TATEWAKI (1972)

on B. minima from Muroran, Japan;ARASAKI (1946) on B. minima from Mikawa,
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Japan; KYLIN (l947) on B. minima from Kristineberg, Sweden; AKIyAMA (1959) on B.

minima from Matsushima, Japan;DANGEARD (1961) on B. minima and B. mafginatzz

from Brittany, France; BLIDING (1963, l968) en B. minima, B. chadonudii and B. mar-

gt'nata from different places in Europe; GAyRAL (1967) on B. minima from France and

Morocco; YOSHIDA (197e) on B. minima frorn Suma and Shirahama, Japan; KORNMANN

and SAHLING (1977,1978) on B. minima, B. chadefaudii, B. marginata aRd B. subsalsa

from Helgoland, West Germany. Among these many investigations, most workers of

Blidingiaspecieshavereportedonepatternoflifehistory anasexual,monophasiccycle

in which erect, tubular fronds are repeated by quadriflagellate zoospores. Only TATEWAKI

(1972) reported sexual reproduction by bifiagellate gametes and isomorphic life history in his

brief descriptioR.

   On the deve}opmental type in Blidingia species, BLIDING (l968) described differences in

early ontogeny between B. minima and B. chadefaudii in Scandinavia and Mediterranean

France; young discs in the former were tightly closed with short cells, whereas those in the

Iatter were more open with longer cells. KORNMANN and SAHLING (1978) also pointed out

the importance of early developmental differences between these two species in Helgoland,

and concluded that plants with short-celled cornpact discs can be referred to as B. minima

and those with longer-celled open discs can be referred to as B. chaddeudii. Recently,

TATEWAKI and IIMA (1984) have re-examined the life history of B. minima from Muroran

and its vicinity. They reported three types of early development and four pattems of life

history including two types of sexual generations in laboratory cultures. They have also

found that in some populations the type of development is changeable from the chadefaudii

type to the minima type with successive cultures; from that they suggested that differences

in early ontogeny could not be used to separate the Muroran plants into two species.

   On the other hand, however, it was also a recognized fact that most of Muroran plants

repeated the same types of development which are either in minima or in chaddeudii,

showing a genetic stability and they were considered to consist of two species, B. minima

and B. chaddeudii. Therefore, the writer has collected Blidingia species from various

localities in Japan, studying and comparing their development and Iife history.

   The purpose of this study was to re-examine Blidingia species from Japan by culture

experiments and to confirm the geographical variation of development and life history

includiRg the degree of scarcity in sexual reproduction.
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                          Materials and Methods

Collection and transpertation

   Blidingia minima (NAG. ex KUTz.) KyLIN is widely distributed throughout Japan,

growing on rocks and breakwaters in the upper and middle intertidal zoRes. The materials

were collected partly by the writer own aRd partly by many cooperators at the various

localities (26 areas 52 points) listed in Table1 and shown in Figure1. In each point,

materials were collected from one to over ten populations. From several points, B. mar

ginata (J. AGARDH) DANGEARD was also collected.

   Collected plants were wrapped with paper towels to remove as much water as possible

and placed in small polyethylene bags or glass bottles with caps in each habitat. They were

maintained cool in an ice box during transport to the laboratory at Muroran. Under this

semi-dried condition in the ice box, the plants showed usually no noticeable damage for 7-10

days. In plants collected from Miyagi, Chiba, Kochi, Maizuru, Yamaguchi, Amami-Oh-

shima etc., semi-dried materials placed in g}ass bottles or polyethylene bags without

keeping cool were sent by maii to the laboratory. Even by such methods, most of thein were

alive but some with little damage during the transit time.

   In all populations collected, half of the plants were used for culture experiments and the

others were preserved as herbarium specimens or liquid preserved materials in 10% formalin



in seawater in every population

Phenelogical observation of B. minima

   Phenological observation was carriecl out at Charatsunai, Muroran, Hokkaido. From

several fixed populations of B. minima at Charatsunai-Muroran, in front of the laboratory,

plants were collected each month from April 1982 to December 1983 except for the period

of disappearance, and the size of plants was measured and released swarmers were cultured.

Isolation and culture

   For culture experiments, fertile materials were rinsed several times in autoclaved

seawater and each plant was introduced into a giass depression slide containing 1-2ml

sterile seawater. Most plants discharged swarmers after several minutes. Infertile mate-

rials from distant places were cleaned by brushing with a soft water-coior brush and rinsed

severa} times in autoclaved seawater. Each plant was cultured in a Petri dish (9 cm ×2 cm)

containing 50 ml enriched seawater medium until reproductive maturity. Swarmers were

examined under a microscope (x 800) after being fixed with formalin vapors for a few

seconds. When bKagellate swarmers were found, coniugation tests were done by mixing on

a glass slide a drop containing swarmers from a different individual aRd by observing

aggregation and coajugation. Following a positive conjugation test, the gametes from each

individual were washed two or three times in sterile seawater with a capillary pipette and

drops containing gametes in approximately equal number were mixed together on a glass

slide with a few drops of seawater or medium. Zoospores aRd parthenogametes were also

transferred to glass slides after being washed two or three times with a capillary pipette.

The glass slides with attached swarmers (zoospores, zygotes or parthenogametes) were

placed iR culture vessels (6.5cmX8.ecm) containing 180-200ml rr}edium, and unialgal

cultures were established.

   The culture medittm employed was PES (PROVAsoLI 1966), and was renewed every

month. Culture experimentswereconducted in 12 incubators equipped with Cool-White 40

W fiuorescent lamps (3,OOO-4,OOelux) under the following temperature and photoperiod

regimes:5℃, 14:IO (5L) or 10:14 (5S), iO℃, 14:10 (10L) or 10:14 (10S), 14℃, 14:

IO (14L) or 10:14 (14S), 18℃, 14:10 (18L) or ie:l4 (18S), 22℃, 14:10 (22L) or 10:

14 (22S), 26℃, 14:20 (26L), 28℃, 14:10 (28L). Among them, 14L incubator was rriainly

used, because this culture condition produced the best growth of Blidingia plants. But l8L

and 22L conditions were also used for the plants collected from Shikoku, Kyushu and

Amami-Ohshima.

Morphological observation

   Sections were made by hand using the straight-edge razor and pith stick or by a freeze

microtome and stained with acetoorcein.
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Table 1 Collection data and culture results in Blidingia minima and its groups

according to developmental types.

 Abbreviations and symbols used in the table.

(SR)= Sexual reproduction; found in nature (÷+); found in culture

   (÷);not found in both nature and culture (-);not found, but
   plants from nature or culture produced bifiagellate swarmers (').

N=The northern group; S =The southern group;

M=The middle group.
# = The locaiity where collections of BL marginata with B. minima were

   made.

Coliection

Locality and Point
Date

  Type of

development

Life history

pattern (SR)
Group

1

2

3

4

5

6

7

8

9

IO

11

Kushiro

 Shireto

 Okotsu
 Katsurakoi
Abashiri

 Abashiri

Monbetsu
 Monbetsu Port
  Minamigaoka
  Saruru

  Saruru Port

Mashike

 Ofuyu
Otaru

 Zenibako
  Asari

  Oshoro

Hakodate
  Hakodate

Muroran
  Charatsunai

  Denshinhama
  Sakimori

  Washibetsu

  Horobetsu

  Noboribetsu

Aomori
  Aomori Port

Ohma#
  Ohma Port

Hachinohe
  Tanesashi

Akita

  Oga Port

8315/27

83!5127

8315/27

8315128

83/5/29

8315/29

83/5/29

83/5/29

84/6115

8316117

8316117

8416/4

84/4!le

82/4-8712

82/4--8315

82/4-8415

84/5/29

84!5/23

84/5!23

s41411e

84/6/23

8611/13

8416!17

84/3129

       F
       F
       F

       F

       F
       F
       F
       F

       F

    F, F-D
       D
       F

     F-M-D

FD F-D FD mix   !I '
   F D F-,-D
     tl
   F, D, F-e-D

       F
       F
      F, D

       F

    FD mix
       D

       D

   FFD mix    r}

    III(-)

    III(*)

    III(*)

    III(*)

    III(-)

    III(-)

    III(-)

    III(*)

   I, II(+ +)

    I(+ -F)

    IV(-)
    I(+ +)

 II,III,IV(+)

I, II, III, IV(+ +)

I, II, III, IV(+ +)

I, II, III, IV(+ +)

    I(+ +)
    III(-)
 II, III, IV(+)

    I(++)

  III, IV(*)

    IV(-)

    IV(-)

   III, IV(-)

  N
  N
  N

  N

  N
  N
  N
  N

  N

N, M

  s
  N

  M

NM  '
NSM tlN, N, M

  N
  N
 N,S

  N

  M

 s

N, M
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Collection

Locality and Point

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Miyagi

 Naruse
 Ojika
 Onagawa
Yamagata
 Fukuura
Ibaraki

 Hiraiso
Chlba#

 Choshi

 Magamegawa
 Katsuura
 Tateyama
 Narashino

Kanagawa
 Enoshima
 Hayama
 Yuigahama
Shizuoka

 Heta
 Shimoda
Nagoya#
 Nagoya Port
Maizuru

 Nagahama
Hiroshima#

 Ujina
Kochi

 Usa-Bay
 Muroto Port
Yamaguchi
 Senzaki-Bay
Shimonoseki

 Yoshimo
 Dannoura
Nagasaki

 Nomozaki
Kagoshima#
 Shibushi

 Yamakawa
 Nejirne

Amami-Ohshima
 Kasari

Date

84/4/2

84/4/18

84/6/12

85/4/14

84/4/30

8412/18

84!2/5

84!7/5

83/3/31

8413

83/3/29

83/3/29

85/5/5

83/1/1

84/514, 86/4

84/3/14

84/4/28

85/3/23

83/219

83/3/6

85/12125

86/3/12

86/3/12

85/4/24

8513/26

85/3/25

85/3/25

85/3/12

ta lima

  Type of

development

  F
F-M-D
  D

F-M-D

  D

  D
  D
  D
  D
  D

  D
  D
  D

  D
  D

  D

  M

  D

  D
  D

  M

  M
  D

  M

  D
  M
  D

  D

Life history

pattern (SR)

 III(-)

 I(+ +)

 IV(-)

 III(-)

 IV(-)

 IV(-)
 IV(-)
 IV(-)
 IV(-)
 IV(-)

 IV(-)
 IV(*)
 IV(-)

 IV(-)
 IV(*)

 IV(-)

III, IV(-)

 IV(-)

 IV(-)
 IV(-)

 IV(-)

  I(+)

 IV(-)

 IV(*)

 IV(-)
 IV(*)
 IV(-)

 IV(-)

Group

N
M
s

M

s

s
s

s

s

s

s

s

s

s

M

s

s
s

M

M
s

M

s

M
s

s
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                              RESULTS

1. Population

   Blidingia plants usually grow oR rocks, breakwaters or concrete blocks in the upper

intertidal zone, especially sheltered area as a green velvet mat during a fiourish season.

They are distributed throughout the Archipelago iR the coasts of both the Japan Sea including

a part of East China Sea and the Pacific Ocean in Japan. B. minima was collected from 26

areas and 52 points, from Kushiro, Hokkaido (surface seawater temperature: ca. O℃ in

February-ca. 160C in August) to Kagoshima, Kyushu (ca. 18-27℃) and Amami-Oh-

                                                        Monbetsu
                                                t" Abashiri

                                                               a

            Maizuru
    Senzaki Bay

           Hiroshima

        y

Shimonoseki '
      o"v

         r

'
o

      Ofuyu
    Otaru

          e
Hakodate

Aomori

    Oga

Fukuura

      1.

        r..

    Kushire

Mureran

'Ohma

Tanesashi

"

a

  Muroto

Usa Bay

Shibushi
Nejime

   ojika
     Naruse

Hirarso
Choshi

Katsuura

          .        Enoshima･Hayama
           .Nagoyq
    tLHeSthaimOda

':ateyarna

Narashino

         oO

      .i Yamakawa

   Nomozaki

  cl,F"- Amami

Fig. 1 Map of Japan showing where Blidingia plants for cultures were collected.
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shima (ca. 2Q-28℃) as shown in Table1 and Fig.1. They are more abundant in the
Pacific coast of Japan than the Japan Sea coast. Most populations grow at the highest

intertidal levei of any of the enteromorphoid algae.

   At several points, especially in estuary regions in Honshu and Kyushu (Ohma, Chiba,

Nagoya, Hiroshima and Shibttshi-Kagoshima), B. marginala is more abundant than B.

minima, but in Hokkaido, it has been not yet found to grow.

   The result of phenological observation at Charatsunai, Muroran is as follows: it grows

abundantly from March to June (sea water temperature ; ca. 5-15℃) and disappears in

August (ca. 2e℃), but re-appears in October or November (ca. under i5℃).

   Although the plants were collected from several different places at each locality, sexual

populations in nature were found only in the following localities; Muroran (Charatsunai,

Denshinhama, Sakimori and Washibetsu), Ofuyu, Otaru (Oshoro and Zenibako), Aomori

and Qjika (Table 1, Fig.2; ++). Moreover, at Hakodate, Muroran (Charatsunai, Den-

shinhama, Sakimori, and Noboribetsu) and Yoshimo-Shimonoseki, sexual reproduction

occurred in culture, although only asexual plants were found in natural populations

examined (Table 1, Fig.2; +). In other populations from maRy other localities, only

asexual plants which released quadriflagellate zoospores were found in culture or in nature.

However, in some populations from 8 different loca}ities; Kushiro, Abashiri, Monbetsu,

Ohina, Hayama-Kanagawa, Shimoda-Shizuoka, Nornozaki and Yamakawa-Kagoshima

(Table 1, Fig.2;D, a few individuai plaRts released biflagellate swarmers in addition to

quadrifiagellate zoospores, but these swarmers did ndt show sexual behavior (Pl. IV-K,L).

   All populations of B. marginata were found asexua! reproduction and only

quadriflagellate zoospores were produced both in natural and cukure plants (Pi. X-F).

2. FreRd morphology of B. minima

   Erect, tubular fronds from the present study sites varied considerably ln external

morphology, especialiy in iength, breadth and theexistence of a few ramification (Pls. Iand

II). In Muroran, during flourish season (March-Jttne) these fronds were usually 3-iOcm

long and 2-5 mm broad and other seasons O.5-3cm and 1-2 mm broad. The longest froRd

coliected from Charatsunai, Muroran in June was 15 cm in length and 7mm in breadth (Pl.

I-C), and the most slender fronds were leO-200 "m in breadth and often ramified (Pls. I-E

and II-H-L). Such a slender frond population was often found to grow on wet shady bluffs

throughout the year at Charatsunai, Muroran. This slender form should be classified as B.

minima var. ramijl?ra, but there is no marked difference in the development between this

slender form and other bigger or ionger plants (cf. Pl. VI-E). In spite of variation of the

external morphology, steriie cells are angular, constantly 4.5-7.0 ptm but not exceeding IO

ptm in diameter in surface view and arranged in no definite order from the upper part to the

base of frond in living material (Pl. II-A-C and I-J). In cross section, steriie cells appear

rectangular, 4.5-7.0ptm. ×6-9"m, with cel} walls that vary in thickness in the same individ-
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ual depending on age and portion of the frond (Pl. II-E, F, K, L and Pl. III-A-H). How-

ever the thickness of inner cell wall seems to be still an important criterion in Blidingia,

especially between B. minima and B. chadeLfaudii, so plants from most of populations

collected from Japan were re-examined, especially among plants from 8 typical popula-

       Table 2-a Variation of the thickness of inner cell wall in natural plants of several

                 populations (mean±SD, n= 30).

Lecality
  Type of

development

 Thickness of inner wall(ptm)

basalpart upperpart
Shireto-Kushiro

Okotsu-Kushiro

Katsurakoi-Kushiro

Abashiri

Monbetsu Port

Ofuyu

Zenibako-Otaru

Asari--Otaru

Hakodate

Charatsunai

   -Muroran

Denshinhama

   -Muroran

Sakimori

   -Muroran

Noboribetsu

   -Mnroran

Oga

Naruse-Miyagi

qika-Miyagi

Onagawa-Miyagi

Tateyama-Chiba

Hayama-Kanagawa

Shimoda-Shizuoka

Maizuru

Usa Bay-Kochi

Nomozaki

Shibushi

Amarni-Ohshima

  F
  F
  F
  F
  F
  F

F-D
  D
F-M-D

  F
  D
F-I])

  F
  D
  F
  D
 F-D
  F
  D
FD mix

  F
F-M-D

  D
  D
  D
  D
  M
  D
  M
  D
  D

 8-20(9.

10-16

ca. 8

 6-12(7.

I2-l4

 6-12

ca. 8

 6-10(7

 6-10(8

 8-2e

ca. 6

 8-le

20-28

ca. 6

 6- 8

ca. 6

 6-12(8.

12-18

ca. 8

ca. 12

 7- 8

 6- 8

 5- 8

 4- 8

ca. 6

 6-!O(7.

ca. 8

ca. 6

 5-12(7.

 2- 4

 4- 8(5.

8±3

3±2

2±1

3±1

4±2

e±1

4±2

9±1

.o)

.4)

5)

4)

.2)

.7)

.1)

.1)

16-28(17.

I2-16

ca. 16

 6-10( 6.

ca. 4

ca. 8

ca. 6

 4- 6( 5

 6- 8( 7

 8-10

 2- 6

ca. 4

20-24

ca. 6

ca. 8

ca. 6

 4-10( 6.

ca. 6

ca. 2

 6- 8

 4- 5

 4- 5

ca. 6

ca. 2

ca. 6

 3- 7( 4.

ca. 2

 4- 5

 2- 5( 3.

 2- 4

 4- 6( 4.

2±5

7±2

1±1

1±1

2±1

9±1

8±1

9±1

.4)

.o)

1)

o)

.6)

.1)

.1)

.1)
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Table 2-b Results of t test in the comparison of the thickness of inner cell wall of

          basal and upper parts among natural plants collected from 8 popula-

          tions (- =P<e.ol, +=o.o5>P>e.ol, ++=o.1>P>O.
          05, + + + =P>e.1). D, F, M in the parenthesis indicates the type of

          development of germlings of each population plant. Other capital

          letters show population codes.

basal part K AB M H N o s AM
Shireto-Kushiro(F)

Abashiri(F)

Sakimori--Muroran(F-D)

Hakodate(F-M-D)

Nomozaki(M)

Asari-Otaru(D)

Shimoda(D)

Amami-Ohshima(D)

÷++
+++

+

++

+

 +
÷++

+N-+

++
 +

+++ +++
 H- -

+++ +++
       +++

+++
+++ +++

upper part K AB M H N o s AM[

tions, t test was examined. The results are shown in Table 2-a and b. Each cell contains

a parietal chloroplast with one pyrenoid. Fertile cells are swollen and oval. Formation of

swarmers begins in the upper of the frond, extending gradually downwards. Fertile parts

can be detected by their yellowish green color. Fertiie cells produce 4-8 swarmers (4

zoospores or 4-8 gametes) (Pl. II-D). The swarmers are }iberated one by one through a

tear in the wall. In fronds collected at several sexual populations, dioecious gametophytes

producing biflagellate gametes were easily found as weii as sporophytes producing

quadriflagellate zoospores.

    Gametophytes were dioecious in all sexual populations examined and could not distin-

guished from sporophytes by their external appearance (Pl. I-D).

3. Reproduction and developmeRt of B. minima

    Sexual reproduction is isogamous. The gametes are elongate pyriform and measure 5

-6 #mX2-3 ptm (Pl. IV-A, B, E, F). They have two anterior flagella of equal length (10-12

ptm) and a chloroplast with one pyrenoid, but no eye-spot in the posterior of the ceil. They

are not phototactic and after swimming for 10-20 minutes they attach to substratum and

develop parthenogenetica}ly. When gametes of both sexes are mixed, aggregation occurs

and two gametes coajugate to form a zygote (Pl. IV-C, G, I, J).

   Zoospores are pyriform of subspherical and measure 6-7ptmX4-5#m (Pl. I'I-D,H).

They have four anterior flageiia of equal length (10-i2ptm) and a chloroplast with one

pyrenoid, but no eye-spot in the posterior of the cell. They also show no phototaxis aRd

after swimming for 5-ie minutes attach to the substratum (Pl. V-A).
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   The development of swarrners (zoospores, zygotes and parthenogametes) is identical,

and developmental patterns are shown the following three types.

   1) Compact disc-mpe (D-mpe): Attached swarmers produce a short germination

tube into which all cytop}asrr} migrates, leaving the original cell empty (Pl. V-B). The first

cell of the germling, which is walled off from the empty base, elongates aRd divides into 2

-3 cells which soon produce short side-branches (Pl. V-C, D). Then the germlings develop

into a small prostrate monostromatic disc which is tightly closed in cell-arrangement (P}. V

-E). In 10- or 20-day-old cultures when grown at 14-22℃ inlong dayconditions, thediscs

became di- or polystromatic iR the center with several initial cells for each erect, tubular

Blidingia frond (Pl. V-F"J).

   2) ,F}ilamentoz{s microthallzes mpe (F-mpe): Attached swarmers produce a long ger-

mination tube into which all the cytoplasm migrates, leaving the original cell empty (Pl. VI-

A). The first ceil of germljngs, which is walled off from the empty cell, elongates and

divides into 2-3 cells (Pl. VI-B). Such germlings produce loRg prostrate branches radially

(Pl. VI-C-F) and finally develop into a prostrate disc which more open in cell-arrangement

(Pl. VI-G). The discs increase in size and become polystromatic in the center (PI. VI-H,

I). In 3e- or 4e-day-old cultures, the discs attaiRed a diameter about 1-2mm (Pl. VI-J,

K). In general, under high temperatures ranging from 14-22℃, these discs were irregularly

raised in the center by diffuse growth and some surface cells produced swarmers

   zoospores and gametes (Pl. VI-M). Under lower temperatures rangiRg frorn 5-10℃,

however, the filamentous discs produce erect, tubular fronds in the center in 2-month-old

culturewithoutreproductivematuringinthisprostratemicrothallicstage. Somemicrothalli

which produced erect, tubular fronds in the ceRtral area in 4-5-month-old cultures (Pl. VI

-O), but usual}y did not produce erect fronds over one year culture.

   3) Middle mpe (M-mpe): This type shows the complete intermediate form between

D-type and F-type, or continuQus variation from D-type to F-type. Germination of

attached swarmers is similar to that of the former two types (PI. VII-A, B). Then the

germlings develop into slight opened prostrate discs (Pl. VII-C-F) or those with various

shapes from tigktly closed to completely opeRed (Pl. VIII-A-E). However as different

from F-type, these filamentous discs soon produced erect, tubular frond in the center of the

disc in 20- or 25-day-old culture (Pl. VII-F-J). Filamentous discs rarely matured in 22L

condition.

   The variation of these three types of development in each populations is shown in Fig.

2 and Table 1. The D-type development was found in plants collected iR the regions from

south-western Hokkaido (includlng MuroraR and Otaru) to the Pacific coast of Honshu,

Shikoku, Kyushu, Amami-Ohshima and Seto Inland Sea coast (Fig.2, Table1; D). The

F-type development was found in plants collected in the regions of the whole of Hokkaido,

north-eastern Honshu (northward from Naruse and Oga). In the regions occurriRg the F

-type, plants of Hokkaido ordinary became fertile in the prostrate microthallus-stage (Fig.
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2, Table1; F). The M-type development was found in plants collected in the regions of

south-western Hokkaido, north-eastern Honshu, the Japan Sea coast of Honshu and the

East China Sea coast of Kyushu. Plants from Malzuru, Senzaki, Yoshimo-Shimonoseki,
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Nomozaki aRd Yamakawa showedacomplete intermediate type (Fig. 2, Table1; M), and

plants from Hakodate, Fukuura and Ojika showed continuous variation from D-type to F-

type (Fig.2, Tablel; F-M-D).

   In populations from Hiraiso, along the Pacific coast of Honshu, Shikoku, Kyushu to

Amami-Ohshima and the coast of Seto Inland Sea (Hiroshima and Dannoura at Shimonose-

ki), oRly the D-type occurred, but in ehose from eastern Hokkaido (Kushiro, Abashiri and

Monbetsu) only the F-type was observed.

   In populations from south-western Hokkaido, north-eastern Honshu, where the M-type

(continuous variation from D-type to F-type, Fig.2, Tablel; F-M-D) occurred, the

other two types were also found with one another. The mode of mixed appearance between

D-type and F-type is divided into the following four cases.

   a) The population whose plants oceurred only the D-type aRd the population whose

plants occurred only the F-type appeared separately; Denshinhama, Sakimori and Nobori-

betsu around Muroran.

   b) In the same population, the developmental type varied according to the season;

Charatsunai at Muroran.

   c) SwarmersfromthesameindividualplantdevelopedintoclearlydividedbothD-type

and F-type: Charatsunai and Sakimori at Muroran, Ohma and Oga (Fig.2, Tablel;

FDmix and Pl. VIII-F, G).

   d) Swarmers derived from the same strain developed first into a polystromatic disc or

pulvinus (F-type), but those from the second and third generations showed the D-type

development repeatedly; Charatsunai, Sakimori, Denshinhama at Muroran, and Zenibako

at Otaru (Fig.2, Table1; F-BFD and Pl. VIII-H,I).

4. Life history ef B. minima

   The Iife history of Blidingia minima from Japan was found to vary in populations

collected at different }ocalities and iR different seasons, and divided into the following four

patterns. These four patterns are the same as described previously on the Muroran's

materials (TATEWAKI and IIMA 1984) (Fig.3).

   I. The first is a life history which is a fuRdamenta}ly an alternation of erect, tubular,

isomorphic gametophytes and sporophytes, but which always includes the occasional forma-

tion of prostrate microthalli producing gametes or zoopores.

   II. The second is an irregular alternation of keteromorphic phases, with the erect,

tubu}ar frond producing only zoospores and the microthallus producing gametes or zoospores.

   III. The third is an asexual alternation of phases with both the tubular frond and the

microthallus producing only zoospores.

   IV. The fourth is a monophasic cycle in which zoospores are the only reproductive cells

produced and erect, tubular frond recycles itself. Germlings developed sometimes into

filamentous prostrate discs with longer-celled branches, but never produced reproductive



17e ta lima

t Dt,tO

,b
.euttr"S <:g.Y 2tt2

    -
        >
    ll

MicrothaNus

zygote- T f",Il;Ik2i'

  L Microthaii:$

Microthellusr ::
Zoospore

i
l

Tubutar-pt..zcospore".D ii
cO,eoC

titEZi"LnS.s<
fron

:gg,:I ft,e)
Zygote"Microthallus
            tl
          Zcospore

lll Tf",.b":IStr･-e-zoospNt otha{tus

[Sk,.,,!!.. =!j

IV Tf",.b."e"'-zoospore

      Fig. 3 Four patterns of life history of a minima from Japan.

cells on the discs.

   The first pattern was found in plants collected at the sites where sexual populations

appeared. In these sexual populations, the plants from Muroran often showed an irregular

alternation of generations and sometimes repeated asexual generations successively. How-

ever, the plants from Ofuyu, Otaru (Zenibako and Oshoro), Aomori and Ojika a}ways

showed an alternation of generations regular}y. In plants collected from Yoshimo at

Shimonoseki, more than 20 individttal fronds were all sporophytes producing zoospores, but

in culture these zoospores from 5 culture materials developed into gametophytes with the

erect, tubular frond reieasing only gametes. Plants from Yoshimo have sexual reproduction

and show an isomorphic alternation of generation regularly in culture. So they seem to have

the same pattern of life history.

   The second pattern was found in plants collected at Hakodate and Muroran (Charat-

sunai, Denshinhama, Sakirnori and Noboribetsu). In these populations, sexual individuals

(erect, tubular fronds) were not found in nature and the gametophyte occurred in culture

hardly formed erect, tubular frond. At three points of Muroran; Charatsunai, Denshlnhama

and Sakimori, there were found sexual individuals in other populations separately, but at

Noboribetsu of Muroran and Hakodate, there were not found other sexual populations in

nature. The third pattern occurred in populations from the whole of Hokkaido, north-

eastern Honshu and Maizuru.

   The fourth pattern occurred in poptt}ations from Muroran, Otaru of Hokkadio to
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Honshu, Shikoku, Kyushu and Amami-Ohshima (Table 1).

v

5. Infiuence of temperature aRd photoperiods on the growth and maturation ef B.

   minima
   Generally, the formation of erect, tubular frond was much more infiuenced by tempera-

tures than photoperiods in culture. Under the same temperature, germlings grew much

better in }ong-day condition than in short-day condition. However the photoperiod did not

infiuence reproductive maturity. Among the F-type strains from Hokkaido, the formation

of erect, tubular frond was suppressed at 22℃ in the strains from south-western regions

(such as Muroran area), and at 18-22℃ in those from eastern regions (Kushiro, Abashiri

and Monbetsu). Under these high temperatures, most germlings developed into prostrate

microtkalli producing swarmers. In the F-type strains from north-eastern Honshu, how-

ever, prostrate microthalli became fertile oniy at 22 ℃ and the erect, tubular fronds were

often produced in the center of filamentous open discs even at 22℃. In the both M-type and

D-type strains from Honshu, Shikoku, Kyushu and Amami-Ohshima, the formation of

erect, tubular fronds and their maturity were not suppressed at 14-22℃, but they were

suppressed at 5-10℃and 28℃. Moreover, the D-type strains often showed the filamentous

fringe of a basal disc at high temperatures (18-22℃) after occurring the normal D-type

development and erect fronds, but reproductive maturity of filamentous sites like F-type

strains could not be observed. Low temperatures influenced the development of the gerrn-

Iings of southern plants. In 5S and 5L conditions, germ}ings ofthe Senzakipiant showed an

imperfect migration of cytoplasm aRd remained as it consisted of several cells in 1 month

(Pl. IX-A). In 10S condition, germlings of the Nejime plant became complete prostrate

discs producing a stoion-like vegetative reproduction (Pl. IX-B). Amami-Ohshima plants

did not grow at 5℃ at all, though other strains from Kyushu showed a slight growth at 5℃.

Table 3 Temperature respenses of 6 culture strains after successive cultures for

       over 1 year in the 14 L cendition. Growth measurement was obtained

       from the 1-month-cultures after transfer to each condition.

5L 14 L 26 L

Moubetsu

Shireto-Kushiro

Charatsunai-Muroran

Nomozaki

Nejime

Amami-Ohshima

÷+

++
+÷

"
+

++-i-m

÷++m
+-m
++÷

 -
++m

÷+

+÷

+++
+++

-=:no growth, +=slight growth, ++=:middle growth, +++=:best growth, m :occur-
rence of rnaturity in l-month-culture.
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But the highest temperature (28℃) examined rnarkedly suppressed the growth of germlings

in all strains from Hokkaido to Amami-Ohshima (Pl. IX-C, D, F).

   Sexuai reproduction was not inhibited by temperatures ranging from 10-22℃ in the
sexual strains of both F-type and M-type.

    Temperature responses of culture plants from Hokkaido (Shireto-Kushiro, Monbetsu

and Charatsttnai-Muroran) and Kyushu (Nomozaki, Nejime and Amami-Ohshima) were

examined. About 1 month-old germlings cuitured successively for over 1 year in the same

14L condition were transferred to 5L and 26L conditions and results are shown in Table 3.

It is clear that the growth of germlings of Monbetsu and Kushiro plants were suppressed at

26℃, while those of Nejime and Amami-Ohshima plants showed the best growth in that
condition, even though they had been cultured in the same condition. On the other hand, the

growth of 3 strains from Kyushu were suppressed at 5℃, especially the germlings of
Amami-Ohshima plant did not grow at all, while 3 strains from Hokkaido showed well

growth. The culture plant from Charatsunai-Muroran showed well growth both at 5℃ and

26℃, though it showed best growth at 14℃.

6. Crossing experiments arriong sexual straiRs ef B. minima

   From 7 localities, 12 points and 20 field and culturai sexual populations, about 50

strains (both+and-) wereisolated. AIIsexualstrainsproducegametesrepeatedly, which

can develop parthenogeneticaily, and maintains sexuality from generation to generation.

   As the results, when each gamete was heterosexual, ali cornbinations examined could

conittgate and zygotes developed into sporophytic plants producing zoospores. The crossing

between the different populations were confirmed in the following combinations: Sakimori-

Muroran vs. Zenibako-Otaru, Sakimori-Muroran vs. Denshinhama-Muroran (Pl. IV-I),

Charatsunai-Muroran vs. Aomori, Zenibako-Otaru vs. Aomori, Oshoro-Otaru vs.

Table 4 Results of crossing experirnents among sexual strains obtained from 8

       populations.

Sakirnori +
Denshinhama + +
Charatsunai +
Zenibako + +
Oshoro ÷

Aomori + ÷ + +
Ojika ÷ +
Yoshimo + +

s D c Z os A OJ Y

-f- =comugation was confirmed and zygotes developed into sporophytic plants producing

zoospores.



Geagmphical iidriation of Blidingia minima 173

Aomori, Aomori vs. Qjika and Ojika vs. Yoshimo-Shimonoseki (Pl. IV-J) (Table4).

   All other sexual strains with the exception of Ojika vs. Yoshimo-Shimonoseki develop-

ing M-type development, showed the F-type development.

w

7. Morphology, development and life history of B. marginata

    1) Fbeond Morpholagy: Tul)ular fronds of B. marginala are much more slender than

those of B. minima and usually tangied each other (PI. X-A). They are 1-3 cm long and

up to 300 ptm broad. In surface view sterile cells are angular and a little smaller than those

of minima, 4-6"m (Pi. X-B,C). As distinguished from minima, the cells arranged iR

definite order especially in lower parts. In cross section the thallus wall is very thin (2-4

"m) and s£erile cells appear roundish measuring 4-6 "m and each cell contains a parletal

chloroplast with one pyrenoid (Pl. X-E). When fertile, cells are swollen and oval. For-

mation of swarmers begins in the upper part of the frond as in minima (Pl. X-D).

   2) Roproduction and DevelQPment: Swarmers are only asexual, quadriflagellate

zoospores. Thezoosporesaresubsphericalandmeasure 5-6ptm×4-5ptm. Theyhavefour
anterior flagella of equal length and a chloroplast with one pyrenoid, but no eye-spot in the

posterior of the cell (Pl. X-F). They are not phototactic and after swimming for a while

attach to the substratum. The development of zoospores is quite similar to that of European

species described previously (DANGEARD 1961, BLIDING 1963, KORNMANN and SAHLING

1977,1978). Attached zoospore does not produce a germination tube (Pl. X-G) and is

divided into two cel}s without cytoplasm migration or empty cell. Then the germling

develops into a smali disc containing 4-8 ceRs by successive cell division (Pl. X-H). The

prostrate disc becomes soon distromatic and polystromatic even less 1-week-old culture (Pl.

X-I). A le-day-old germling produced an erect, tubular froRd in the center of a smali disc

(Pl. X-J). Under 14L condition, the erect, tubular frond only a few mm in high reached

maturity in 3 weeks (Pl. X-M) and produced quadrifiageilate zoospores again. The frond

obtained in culture had the cells ordered in distinct rows as in the natural plant (Pl. X-K, L).

The geographical variation of developmental type as Iike in B. minima was not observed.

    3) Lde histo2y: B. marginala from Japan showed the monophasic life history by

quadrifiagellate zoospores without sexual reproduction, which corresponds to the results of

European species previously reported.

                                 Diseussion

   Blidingia minima from Japan shows various life histories including sexua} reproduction

in the erect frond and prostrate microthal}us stage. Moreover, by the difference of develop-

mental types and life history patterns, B. minima from Japan can be divided to three

groups: the northern, the southern and the middle group (Table 1, Fig. 2). Various frond

morphology of B. minima have no relation with the developmental types and the life history

patterns.
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    The plant of the southern group shows a clear D-type development and its life history is

the pattern IV in which erect fronds repeat only asexual reproduction lacking the prostrate

microthallic stage. Only this group exists from Amami-Ohshima, whlch seems to be the

southern growtk limit of Btidingia in Japan, to Hiraiso, along the Pacific coast of Kyushu,

Shikoktt and Honshu and the coast of Seto Inland Sea (Hiroshima and Dannoura at

Shimonoseki), is distributed. In north-eastern Honshu and south-western Hokkaido

populations this group is fouRd to grow in several places (Tanesashi, some populations of

Muroran and Asari at Otaru).

   Most of the plants of northern group show a clear F-type development and the iife

history pattern III, which is an asexual alternation of erect fronds and microthalli. Only this

group exists in eastern Hokkaido and it is scattered existence in western Hokkaido and

north-eastern Honshu. A few sexual populations are found in this group from western

Hokkaido and north-eastern Honshu where plants of the other two groups are also found and

their life history is of the pattern I or II.

   In the middle group which is distributed from south-western Hokkaido to north-eastern

Honshu and from north-western Honshu to southern Kyushu along the coast of the Japan and

East China Seas, there are M-type or both D- and F-type development. These types

differentiate from the same basic strains and these from the second and/or third generations

ean produce another type. The majority of sexual populations and strains is found in this

group (Charatsunai, Sakimori and Denshinhama at Muroran, Zenibako at Otaru, Ojika,

Hakodate, Yoshimo at Shimonoseki), and all four pattems of life history are seen. So the

middle group shows variety in both development and life histories.

   Some cultured Blidingia plants collected at eastern Hokkaido (Kushiro, Abashiri and

Monbetsu), Ohma, Hayama, Shimoda, Nomozaki and Yamakawa (Fig.2, Table1; ')
produced biflagellate swarmers which did not show sexual behavior (Pl. IV-K, L), aitkough

sexual reproduction was not observed in nature or culture. These bifiagellate swarmers

usually developed into sporophytes which produced quadrifiagellate zoospores. However

sorne strains from eastern Hokkaido (Abashiri and Katsurakoi-Kushiro), which belong to

the northern group, repeated the gametophytic phase producing biflagellate swarmers

through several generations. Unfortunately they could not be examined in a crossing

experiment with other sexual strains. These strains are considered to have the potential of

sexual reproduction. BLIDING (l968) and KORNMANN and SAHLING (1978) described the

developmental differences between Blidingia minima and B. chadefaudii especially in early

ontogeny. Germlings in B. minima produce short cetled branches and deveiop into compact

discs and ger!nlings iR B. chadefaudii produce longer-celled branches and develop into more

open discs. Agreeably to their description, Btidingia minima from Japan may include B.

chadk;f2iudii; the southern plants with D-type development can clearly be referred to as B.

minima, but the northern plants with F-type and the M-type plants of the middle group may

be referred to as B. chade]2zerdii.



nl

"

                     Geagmphical ljZiriation of Blidi7rgia minima 175

   However, in the middle group, some plants showed both D- and F-types of development

from the sarRe individual (e. g. MuroraR plants, Pl. VIII-F, G) and some others showed the

M--type (e. g. Maizuru plants, Pl. VII-H), or continuous variation betweeR D- and F-types

(e. g. Hakodate plants, Pl. VIII-A-E). Moreover, swarmers derived in successive cultures

from the same strain developed into F-type prostra£e discs, but those from the second and

third generatioRs developed into D--type discs and soon initiate erect, tubular fronds

(MuroraR and ZeRibako-Otaru plants, Pl. VIII-}I,I). Therefore it is still believed that

differences in early ontogeny cannot be used to separate the two species just as described in

the previous paper (TATEwAKI and IIMA 1984).

   In the other previous culture studies of Blidingia minima from Japan, only the D-type

development has been reported. All of tkese studies were carried out with the plants from

the Pacific coast or Seto Iniand Sea where there were regions of the southern groups; plants

from Muroran by YAMA9A aRd KANDA (1941, l944), from Mikawa by ARASAKI (l946),

from Matsushima by AKIyAMA (1959) and from SttrBa and Shirahama by YOSHI9A (i970).

   On the other hand, in the previous culture studies of B. minima from Europe, two

distinct types and aR intermediate type of development have been reported. In the first

culture experiment of B. mininva (as Ehateromo7Pha minima) from Sweden, germlings

appeared to show the intermediate type (BLIDING 1938, Figs. 3-4). Germlings of B. min-

ima described by DANGEARD (1961) and GAyRAL (1967) from France showed both typical

F-type development (DANGEARD l961, Fig.1 and PlateIII-H;GAyRAL 1967, Piatel-3)

and D-type development (DANGERD 1961, Fig.2 and Plate I; GAYRAL 1967, PlateI;

GAYRAL 1967, Plate I-1, 2, 4). So there are surely two types of development in plants from

France, but it is unknown whether these are derived from the same strain or not. KORN-

MANN and SAHLING (1978) pointed out that some figures of B. minima reported by DAN-

GEARD (i961) was B. chadoj2zudii, and that both species were defined as B. minima by

GAYRAL (1967, Plate I) and in an earlier investigation of B. minimo by ehemse}ves (KoRN-

MANN and SAHLING l977, Fig. 38-I), two discs belonged to B. chadoj7audii and oniy one was

B. minima. IR the present study, however, these differences can commoRly occur from the

same individual iR Japanese plants. Therefore it is possible that European plaRts of B.

minima show the mixed appearance of two types of developmeRt.

   In the original description of B. chadk;lfaudii (BLIDING 1963, 1968, VINOGRADOVA 1974,

CHADEFAUD i957 as iF;eldmannodra [==Enteromorpha] chadojraudii), this species has a typi-

cal aRatomical feature as the thickness of the inner cell wall of tubular fronds (e. g. BLIDING

1963: ca. 30ptm, VINOGRADOvA 1974: 15-80ptm). The plants from Sweden which are

supposed to have this feature, because anatomical figures are Spanish materials and develop-

mental figures are Swedish ones, show D-type development (BuDING l963, p.33). Con-

trary, B. chadk;17audii of KORNMANN and SAHLING (1978) does not have this feature. The

thickness of the inner ce}1 wall of B. minima from Japan varies from thin (2-4 ptm) to thick

(20-28pam),but very thick wall (over 3epam) like that of BLmlNG (1963) or VINO-
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GRADOVA (1974, 1979) is not found (Table. 2, Pl. II--E, F, K, L and Pl. III-A-H).

   In the present study, in fact, the plants of the northern group tend to have a little thicker

wall and those of the southern group tend to have a thinner wall (cf. Table2-a). The

results of the t test on the thickness of the inner cell wall for plants collected from 8

populations are shown in Table2-b. In the upper part, there is a significant difference

between plants of the southern group (Asari-Otaru, Shirr}oda and Amami-Ohshima) and

two the other grottps. But in the basal part there are no significant differences among 6

populations of three groups (Abashiri, Sakimori-Muroran, Hakodate, Nomozaki, Asari

-Otaru and Shimoda) and plants from Shireto-Kushiro and A:nami-Ohshirna show a

significant difference from all other 6 populations. Moreover, between plants collected

from Abashiri and Kushiro, which show the same F-type developrr}ent (Pl. VI-C, G and I),

there is a significant difference in both the basai and upper parts. Therefore the thickness

of the inner cell wall seems to vary considerably eveR in the same group. The difference

between thicker (20-28 ptm) and thinner wall (2-6 ptm) shown in B. minima from Japan

probably corresponds to that of early species nzinima and micrococca or minima and nana.

But these species were united into one species as Blidinga minima by KyLIN (l947).

Akhough there is the tendency that thin-walled plants show D-type development and thick-

walled plants show F-type development, thin-walled plants occasionally show the F-type

development and a few thick-walled plants show the D-type development occasionally.

Plate VIII-F, H and I show zoospores derived from the plant from Muroran with thick wall

produce the D-type development partly or in the next generation. The thickness of inner cell

wall varies depending on environment, age, length of froRd and position of the same frond.

In fact, the thickness of jnner cell wall remarkably varies ln culture condltion or age of

culture plants, and culture plants do not refiect the thickness of inner wall of the natural

plants (Pl. III-I-N, all the$e culture plants showed D-type development).

   On the other hand, both F-type development in northern plants and D-type development

in southern plants did not change in different culture conditions. Also both types of develop-

ment in the plants of the middle group could not be regulated by culture conditions.

   These results suggest that genetlc differentiation occurs in type of development both in

the northern and the southern group, but the thickness of inner cell wall easily change by

environmental conditions.

   Although B. chadefaudii and B. nzinima showed a close similarity in the inner cell wall

£hickness at the early stages of development, but the former exhibited a characteristic

thickness of inner cell wall in Iater stages. Dtte to this reason VINOGRADOVA (1974)

treated these two as an independent species as there was no intermediate type.

   Blidi7rg7'a minima which is widely distributed in Japan however showed a wide variation

in inner cell wall thickness and this variation seems to be an ecological and geographical

phenomenon, therefore Blidingia which is widely distributed in Japan is one species B.

minimtz previousiy reported by TATEwAKI and IIMA (1984) at Muroran.
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   As another species of Blidiaga from Japan, B. morginala was fottnd in 5 estuary-

regions of Honshu and Kyushu. Its morphology, development aRd life history correspond

with the previous descripeions obtained from European strains (DANGEARD 1961, BLIDING

1963, KORNMANN and SAHLING 1977,1978). The erect, tubular froRd has ordered cell

arrangement in surface view and this typical feature always appears in the fronds of culture

plants (Pl. X-B,C and J-L). The germinatiRg zoospores do not produce a migration tube

in early developrnent and its erect, tubular frond is formed frorn a few celled basal disc. So

B. marginala is coRsidered to be clearly a different species from B. minima.

   According!y, there are only two Blidingia species from Japan: B. minima and B.

margz'nala. The former is on coasts around Japan, and the latter grows in some estuaries in

Honshu and Kyushu.

   CHAPMAN (1964) described that the Ehateromorpha species germlings of some species

develop into prostrate discs in early ontogeny and cells of some species are smal}, as in the

Blidingia species. Fttrthermore, in B. marginala thegermling lacksamigration tube which

cuts off an erapty cell. Therefore, Chapman pointed out that there is no reason for the

definition of a separate genus Blidingia from the genus Ehateromorpha. In the present study

it is confirmed that sexual reproduction in B. minima from Japan sometimes occurs in

populatioRs of the northern and the middle group. Nevertheless the preseRt writer does Rot

agree with CHApMAN's opinion because common features of B. minima and B. marginata

can be found as follows: They have small ce}l size; They lack rhizoidal cells in the frond's

basal part and eye-spots in swarmers; Attached swarmers develep into prostrate discs and

then erect, tubular fronds upheave from the center of those discs; These two species have

the sarr}e habitat. These features seem to be typical of the independent genus Blidingia.

                                                     tAlthough without exception, germlings with a germination tube or an empty cell could not

be found in B. marginala from Japan, some germlings of B. minima frorn Amami-Ohshima

lacked germination tubes. According to BLIDING (1963), in germliRgs of B. marginata

from Norway a few ones produce empty cells. So the writer considers the existence or

nonexistence of the germination tube is the genera} feature of species B. minima and B.

marginata, although there are some exceptional plants.

   From the geographical infraspecific variation point of view, however, it is possible that

B. mininuz from Japan is diVided into three groups: minima (the southern), chadefaudii

(the northern) and minima-chadoj2zudii complex groups (the middle). The former two

groups always show definite developmental types, D-type and F-type respectively, which do

not change in culture. So these developmental types are stable genetically and these groups

seem to be differentiated in the species Blidingia minima. Thus the two groups show aR

allopatric distribution in eastern Hokkaido and the Pacific coast from Hiraiso to Amami-

Ohshima.

   From Fukuura to Yamakawa only the plants with M-type development grow. How-

ever, in the regions of south-western Hokkaido and north-eastern Honshu, all three develop-
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mentai types are found and the three groups show a sympatric distribution. Moreover it

seems that, it these regions, the complexity of development types of the middle group occurs

markedly and it may reflect the process of this geographical infraspecific variation.

   In the present study, the fundamental difference between two types in Blidingia seems to

refiect the envirenmental conditions especially temperature and light. Although in any

culture conditions most of plants do not change their developmental types, old discs of plants

of the southern group with D-type development commonly have filamentous fringes at higher

temperature and short-day conditions (18S, 22S, 22L) and plants of the northern group with

F-type development develop into small tightly closed discs in the lower temperature, short-

daycondition (10S). ThesearesimilartothenormalM-typedevelopment. Theseresults

and stability of temperature response in culture plants (cf. Table 3) suggest that all develop-

meneal types are reflected in all natural environmental conditions, especially temperature

condition and that they are stable genetically.

   Concerning the temperature resistance of B. minima, plants from north-eastern Hok-

kaido (Kushiro and Monbetsu) and plants from Amami-Ohshima can Rot grow at 26℃ or

5℃, respectively (Table3). However, Muroran plants can grow within a 5-28℃ range

(Table3, PlatelX-C,D) and southern Kyushu plants can grow within a 5-26℃ range

(Table 3, Plate IX-B), although at very high temperatures (26-28℃) for Muroran plants or

very low temperatures (5-10℃) for Kyushu plants, normal growth or inaturity does not

occur. The only exception to this is the occurrence of the stolon-like propagation of the

Nejime plants in ieS condition. These Hokkaido and Kyushu plants never experience such

high or low temperatures in nature. Therefore the ability to grow in wide temperature

raRges is considered to reflectthe ecological feature of Blidingia species to grow in the most

upper intertidal zone which is exposed to high or low temperature.

   GOLDEN and COLE (1986) criticized the interpretation of heteromorphy in the life

history of Blidingia from Muroran (TATEWAKI and IIMA 1984) as a culture artifact that

was an essentially isomorphic life history. Certainly the writer has not yet found a micro-

thallic stage bearing reproductive organ of B. minima in the field and he speculates that

these stages are of ecological importance in the life history of the species. The erect,

tubular fronds of B. minima grow abundantly as a green mat on rocks or concrete blocks in

the upper intertidal zone from March or April to July, but they usually disappear in August

at Muroran. These field observations agree with the results obtaiRed iR culture of plants of

the northern and the middle groups: the formation of erect, tubular fronds is suppressed by

high temperatures (Miyagi, Oga, Maizuru and Muroran plants at 22℃, Kushiro, Abashiri

and Monbetsu plants at 18-22℃), while the growth of germlings is very slow at low tempera-

tures (5-10℃). It may be that Blidingia of the northern and the middle groups grows as

prostrate microthalli which can propagate themselves by zoospores and gametes in the lower

intertidal zone from late summer to autumn. Such microthalli prduce swarmers which

attach and grow on rocks in the upper intertidal zoRe from winter to early summer. The
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existence of heteromorphic life histories in the northern group of Blidingia supports the

results of increase of the ratio of isomorphic algae to heteromorphic algae of green and

brown algae (I/H ratio) iR colder regions of Japan (NAKAHARA and MAsuDA l971).

   As mentioned above, the complete intermediate type (Maizuru, Senzaki, Yoshirr}o-

Shimonoseki, Nomozaki and Yamakawa), the contiRuous variety frorr} D-type to F-type in

the same clone (Hakodate, Fukuura, Ojika) and the appearance of both types in the same

                           ,clone (Muroran, Ohma and Oga) were shown. Furthermore, it wascoRfirrned that there is

a chaRge from F-type to D-type in the cultures from the second or third generations in the

materials from Muroran and Zenibako. Accordingly, an instability of types of deveiopment

may have something to dQ with the high frequency of sexual reproduction in the middle

group.

   CLAYTON (l982) described that asexual and vegetative reproduction stabilize pre-

existing patterns of variation. Genotypic stability from one generation to the next ensures

the perpetuation of well adapted types. She mainly described tke apomictic direct life

history in the Ectocarpales (Phaeophyta) and discussed the possibility of the evolution of

apomlxls.

   IR other marine a}gae there are many reports that life history or the existence of sexual

reproduction is cornmonly influenced by geographical and environmental factors. DIxoN

(1965) described that tetrasporic plaRts occur further to the north than the sexua} plants,

and only sterile plants occur at the extreme Rorthern limit of distribution in some European

Rhodophyta. EDwARDS (1973) suggested that the absence of fertile gametophytic plants of

two species of Ceramium from northern Scotland in the northern part of their geographical

range might be attributab}e to the inhibition of gametangial production by the environment,

since tetraspores always developed into gametophytic plants in culture. In Chlorophyta,

FRIEDMANN (1969) reported that growth of Prasiola stipitcita on the eastern shore of the

Atlantic is pereRnial and meiotic plants are infrequent or absent from 55℃ latitude north-

wards, while south of this line growth is seasonal aRd meiotic plants are abundant. On the

western shores of the Atlantic growth is perennial and gametophytes are absent from 44℃

latitude northward. CLAYToN (1982) also commented briefiy that several species of the

warm water green alga Cdule7Pa are flourish in Victoria in southern Australia, a cool

temperate region, but fertile gametophytes are rarely fouRd.

   Moreover in Ulvales, it has been reported various life histories in llllva mulabilis (cf.

TANNER 1981). TANNER (1981) described that various life histories in U. mutabilis could

explain the occurrence of asexual strains of a}gae at the border of the distribution of a given

species. According to LipVLIE aRd BRyHM (1978), in border populations of U. mertabilis,

where population density is low and temperature is Rot optimal for gamete fusion, sexual

reproduction would be disturbed and parthenogenetic reproduction would become predomi-

nant. This could also explain the existence of strains in UZva, Enteromorpha and UZvan'a

that reproduce strictly by bifiagellate neutral swarmers (BLmlNG 1963, l968; KAPRAUN



180 Bl lima

i970).

    The phenomenon of releasing both bi- and quadriflagellate swarmers from the same

thallus has been reported in some species of Ulvales (Ehateromo2Pha lin2a: YAMADA and

SAITO i938; UZva: FOYN l958, BLIMNG !968, HOxMARK 1975; Plarcursaria Percursa:

KORNMANN l956 and Blidingia minima: TATEWAKI and IIMA 1984, present study). This

phenomenon is considered to show the potentiai of sexual reproduction in asexual strains.

    B. minima frora Japan shows a clear growth lirnit in the sexual populations or strains.

Most of the sexual populations and strains found in nature and culture are from south-

western Hokkaido and north-eastern Honshu. Some strains from Yoshirno-Shimonoseki

aretheonlyexception. Thislimitationseemstobecloselyrelatedtotemperatureconditions

in each place. Surface seawater temperatures of some piaces where sexual plants were

found is as follows (minimum in February-maxirr}um in August): Muroran (ca. 2℃-ca.

20℃), Oshoro (ca. 4℃-ca. 20℃), Shiogama near Qjika (ca. 4℃-ca 25℃) and Yoshimo-

Shimonoseki (ca. 7℃-ca. 24℃).

    On the other hand, some of asexual regions are as follows: Kushiro (ca. O℃-ca. 16℃),

Choshi (ca. 9℃-ca. 24℃), Shimoda (ca. 12℃-ca. 26℃) and Amami-Ohshima (ca.

I9℃-ca. 28℃). A minimum seawater temperature limit for sexual regions is 2-7℃ and that

in asexual regions is more than that. Since plants releasing biflageilate swarmers were

found in several asexual regions, maRy asexual plants may have the potential of sexual

reproduction, but oniy a Iimited temperature range in winter may be suitable for sexual

reproduction; lower or higher extreme temperature regions (northern and southern parts of

Japan) may be unsuitable for sexual reproduction.

   As most of the northern and all the southern group of B. mininza from Japan lack sexuai

reproduction, each phenotype is genetically fixed, and developmental types are also fixed,

but the some populations in the northern and the middle group are sexual, and genetic

exchange can occur and furthermore mutation of genes or chromosomes seems to be apt to

occur. Sexualisolationamongsexualpopulationscouldnotbefoundintestedcombinations.

   It had not been reported aboutthe sexual population of Blidingin of the world, but B.

minima is a species widely distributed throughout the world.

   In spite of the wide distribution of B. minima, culture studies have only been carried out

on European and Japanese materials. So the universal geographical variatioR of develop-

mental type and existence of sexual population are not known at all. Therefore cttlture

experiments are needed to clarify the relatlon between B. minima and B. chadopudii or

other species.

   The geographical distribution of B. minima according to the difference of develop-

mental type and life histories, that is, the existence of three groups, seems to be related to

the level of genetic differentiation affected by environmental coRditions. There are some

methods to investigate the level of genetic differentiation, but these are unsuitable in the

present case of Btidingia from Japan. Crossing tests could hardly be carried out in the



Geagmphical ;idriation of Blidingia minima 181

present study between the northern and southern group because there in not found that there

are sexual populations in the southern group. However, it is confirmed that reproductive

isolation does not occur between the northern and the middle groups, because Ojika and

Muroran strains (the middle group) cou!d be crossed by Aomori strains (the northern

group).

   Karyotype analysis is also important, but not carried out. INNES (1984) reviewed

genetic differentiation among populations of marine algae, and INNES and YARISH (1984)

reported that in Enteromo7Pha tin2a there are different lsozyme patterns between sexual and

asexual populations. So in Blidingia, the mede of reproduction and development should also

be studied by such eiectrophoretically detectable genetic markers in the near future.

                                 Summary

   Blidingia plants were collected from various localities along coasts all around Japan and

investigated regarding their frond morphology, reproduction, development and life history.

It is confirmed that there are two taxa in Japan: Blidingia minima and B. marginala.

   B. minima has been shown to exhibit three types of development and four patterns of

life history in laboratory cultures as follows.

   Developmenlal mpe: l) D-type-Germlings wlth short cells develop into compact discs

which soon grow erect, tubular fronds; 2) F-type-Germlings with long cells develop ineo

fi}amentous prostrate microthalli, which produce reproductive cells repeatedly and laeer

grow erect, tubular fronds; 3) M-type-Germlings with moderately long cells develop into

filamentotts discs or prostrate microthalli, which produce few reproductive cells, but soon

grow erect, tubular fronds. This is aR intermediate type of development showlng continuous

variation between D- and F-type.

   Lof2i histo73, Pattem: I. Fundamentally an alternation of erect, tubular isomorphic

gametophytes and sporophytes, but including an occasional formation of gamete- or

zoospore producing microthalli; II. An irregular alternation of heteroraorphic phases,

with the erect, tubular frond producing only zoospores and rnicrothallus producing gametes

or zoospores; III. AR asexual alternation of phases with both the tubular frond and the

microthallus producing only zoospores; IV. A monophasic cycle in which zoospores are

the only reproductive cells produced and the erect, tubular frond recycles itself.

   B. minima from Japan kas been divided iRto three groups according to the way they

differ in types of development and life history patterns: 1) The southern group-There,

there is D-type development and pattern IV life history; 2) The northern group-Here

there is F-type development. The life hlstory ls almost pattern III but a few populations

show sexual reproduction, i. e. patternI and II; 3) The middle group-M-type or mixed

occurreRce of F-type and D-type development in the same strain occurs. The majority of

sexual populations and all four patterns of life history are found. However, this group in an

intermediate group between the former two and it is not well defined, both in development



and life history.

   These three groups show clear geographical divisions. Only the southern group ranges

from Amami-Ohshima to Hiraiso, along the Pacific coast of Kyushu, Shikoku and Honshu,

including the coast of Seto Inland Sea. Only the northern group is in eastern Hokkaido.

Only the middle group is found from Fukuura to Yamakawa along the Japan and East China

Seas. However, the three groups are mixed in south-western Hokkaido and north-eastern

Honshu regions.

   Btidingia minima from Japan seems to be divided into two taxa, such as B. minima and

B. chadejkeerdii, according to differences in their early ontogeny and the thickness of inner

ce}1 wall of the frond; with minima the germling has short cells and the frond has a thin cel}

wall, and with chadefaudii ehe germling has long cells and the frond has a thick cell wall.

However, because ef the existence of the middle group and finding no correlation between

the frond's anatomical features and type of development, it is concluded that these two taxa

should be combined into the Blidingia nzinima species.

   Another taxon, Blidiiga mtzrginala, found in several parts in Japan is considered to be

a distinct independent species because it has a particular development; it has no germination

tube which detaches as an empty celi, and its cells are ordered ln definite loRgitudinal rows.
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PLATE I

A.

B.

c.

D.

E.

F.

G.

C.

L
J.

K.

            Different forms in natural plants of Blidingia minima

              from Hokkaido to Kyushu and Amami-Ohshima

                       (Field-collected specimens)

Plants from Monbetsu Port, Hokkaido.

Plants from Shireto-Kushiro, Hokkaido.

Plants from Charatsunai-Muroran, Hokkaido.

Plants from Sakimori-Muroran, Hokkaido (sexttal plants; ÷, - =gametophytes, s=
sporophytes).

Charatsunai-Muroran, Hokkaido.

Plants from Maizuru, Kyoto Prefecture.

Plants from Usa Bay, Kochi Prefecture.

Plants from Yoshirno-Shimonoseki, Yamaguchi Prefecture.

Plants from Enoshima, Kanagawa Prefecture.

Plants from Nejime, Kagoshima Prefecture.

Plants from Amami-Ohshima.

   Scale in K applies a}so to A-J.
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PLATE II

                   Frond morphology of field collected plants of

                               Blidingia minima

A-C. Surface view of an erect, tubular frond of the longer piant from Charatsunai, Muro-

   ran; A. Basal part; B. Upper part; C. Fertile Part.

D. Cross section of the upper fertile part. Each cell contains four swarmers in the Hakodate

   plant (sporophyte).

E-F. Cross section of the erect tubttlar frond (the same plant as A-C): E. Basal part;

   F. Upper part.

G. Frond with small branches (plant from Usa Bay, Kochi Prefecture, Pl. I-G).

H-L. Frond morphology of the most slender aRd tangled plants from Charatsunai, Muroran

   (p}ants Pl. I-E):

   H. Ramification of the basal part; I. Surface view of the basal part; J. Surface view

   of the upper part; K. Cross section of the basal part; L. Cross section of the upper

   part.

       Scale in A applies also to B-I, K and L.

       Scale in G applies also to H.
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PLATE III

                               Blidi}zg7'a minima

                     Cross section of the erect, tubular frond

                 of Ratural plants (A-H) and culture plants (I-M)

A-B. Plant from Shireto, Kushiro, Hokkaido: A. Basal part; B. Upper part.

C-D. Plant from Abashiri, Hokkaido: C. Basal part; D. Upper part.

E-F. Plant from Nomozaki, Nagasaki Prefecture: E. Basal part; F. Upper part.

G-H. Plant from }{ayama, Kanagawa Prefecture: G. Basal part; H. Upper part.

I-J. One-month-old culture plant derived from a Charatsunai-Muroran plant: I.

   part; J. Upperpart.

K-L. Five-rnonth-old culture plant derived from a Hayama-Kanagawa plant: K.

   part; L. Upperpart.

M-N. TeR-month-old culture plant derived from a Sakimori-MuroraR plant (the

   figures).

       Scale in A applies also to B-L.
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PmTE IV

                      Reproductive cells of Blidingia minima

                   from various populations and culture strains

A-C. Gametes and a zygote derived from Denshinhama-Muroran plants: A. Plus gamete;

   B. Minus gameee; C. Zygote.

D. Zoospore derived from the Charatsunai-MuroraR plant.

E-G. Gametes and a zygote derived from culture plants of Yoshimo-Shimonoseki: E. Plus

   gamete; F. Minusgamete; G. Zygote.

H. Zoospore derived from a Heta-Shizuoka plant.

I-J. Results of the crossing experiments: I. Coniugation between Sakimori gamete (+)

   and Denshinhama gamete (-); J. Planozygote from Yoshimo gamete (+) and Qjika

   gamete (-).

K-L. Asexual bifiagellate swarmers: K. Derived from a Katsurakoi-Kushiro plant; L.

   Derived from a Yamakawa-Kagoshima plant.

       Scale in C applies also to A-B and E-H.

       Scale in I applies also to J-L.
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PLATE V

                   The D-type development of Blidingia minima

                          collected at various localities

A. Settled zoospore derived from a Charatsunai-Muroran plant.

B. One-day-old germiing derived from a zoospore of Asari-Otaru plant.

C. Two-day-old germling derived from a zoospore of Magamegawa-Chiba plant.

D. Four-day-old germiing derived from a zoospore of Muroto-Kochi plant.

E. Seven-day-old germling derived from a zoospore of Heta-Shizuoka plant.

F. EIeven-day-old gerrnling derived from a zoospore of Amami-Ohshima plant.

G. Fourteen-day-old germling derived from a zoospore of Enoskima-Kanagawa plant.

H. Cross section of a polystromatic disc producing erect, tubular fronds (l-month-old

   germling derived from the Charatsunai-Muroran plant).

I. One-month-old germling derived from a zoospore of Shibushi-Kagoshima plant.

J. Forty-seven-day-old germling derived from the Charatsunai-Muroran plant.

       Scaie in D applies also to A-C.
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PLATE VI

                   The F-type development of Blidingia minima

                          collected at various localities

     A. One-day--old germling from a zoospore of Charatsunai-Muroran plant. B. Two-

day-oldgermlingfromazoosporeofCharatsunai-Muroranplant. C. Five-day-oldgermling

from a zoospore of Katsurakol-Kushiro plant. D. Six-day-old germ!ing from a zygote of

Aomori plant. E. Ten-day-old germling from a partheRogamete of Charatsunai-Muroran

plant (the most slender and tangled plant). F. Twelve-day-old germling from a zoospore of

Minamigaoka-Monbetsu plant. G. Fourteen-day-old gerrnling from a zoospore of Shireto

-Kushiro plant. H. Twenty-day-old germling frorn a zoospore of Charatsunai-Muroran

plant. I. One-month-oldgermlingfromazoosporeofAbashiriplant. J-O. Gerrnlingsfrom

zoospores of Denshinhama-Muroran Plant. J. Cross section of a prostrate microthallus (1-

month-old culture), showing polystromatic layer. K. Prostrate microthallus with irregular

upheavals (40-day-oldculture). L. Erectfilamentsbearinggametangiaonfertilemicrothal-

lus (the same plant as Fig. K). M. Release of gametes from plus and minus gametophytic

prostrate microthalll, showing clumpings and coniugations between gametes of both sexes in

the central area of the figure. N. One-month-o}d fertile microthallus and many yeung

germlings. O. Five-month-old gerrnling producing many erect tubular fronds.

       Scale in A applies also to B.

       Scale in H applies also to I, K, N and O.

       Scale in G applies also to J and M.
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PLATE VII

                   The M-type development of Blidingia minima

                          coliected at various localities

A. One-day-old germling from a zoospore of Nomozaki plant.

B. Four-day-old germling from a zoospore of Maizuru plant.

C. Eight-day-old germling from a zoospore of Hakodate plant.

D. Ten-day-old gerrnling from a zoospore of Senzal<i-Yamaguchi plant.

E. Fourteen-day-old germling from a zygote of Yoshimo-ShimoRoseki strain.

F. Twenty-day-old germling from a parthenogamete of Ojika plant.

G-J. One-month-old germlings producing erect, tubular fronds: G. From a zoospore of

   Oga plane; H. From a zoospore of Maizuru plant; I-J. From zoospores of the same

   individual from Nomozaki.

       Scale in E applies also to F.

       Scale in G applies also to H-J.
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PLATE VIII

            Differentiation of developmental types iR the middle group of

            Blidingia minima grown in the same culture condition (l4 L)

A-B. Twenty-two-day-old germlings derived from the same individual from Hakodate.

C-E. One-month-old germlings derived from the same individua} from Hakodate.

F. Seven-day-old germlings derived from the same individual from Sakimori-Muroran.

G. One-rRonth-old germling derived frorn the same individual from Oga.

H-I. Fifty-day-old germlings (fertiie prostrate microthallus) from Sakimori-Muroran

   plants and many young germlings showing D-type development.

       Scale in A applies aiso to B-E aRd G-I.
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PLATE IX

                               Blidimpa minima

            Influence of high temperature (28 L) or low temperature and

          shortday (5-10 S) conditions in the developmeRt of zoospores from

                          plants of various populations

A. One-month-oid germling of Senzaki-Yamaguchi plant under 5S condition, showing

   leaving cytoplasm in the original spore. (Normal development is M-type.)

B. Three-month-old germling of Nejime-Kagoshima plant under 10S condition. Many

   young germlings were produced from a large parent disc by stolon-iike tubes. (Normal

   developmene is D-type.)

C. Two-month-old germling of Charatsunai-Muroran piant under 28 L condition. (Normal

   deveiopment is D-type.)

D-E. One-month-oid germ}ings of Denshinhama-Muroran plant: D. Under 28 L condi-

   tion; E. Under 22 L condition (normal F-type development).

F-G. One-month-o}d germiings of Heta-Shizuoka piant: F. Under 28L condition; G.

   URder 14 L condition (normal D-type deveiopment).

       Scale in B applies also to b

       Scale in C applies also tq E-G.
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PLATE X

                              Blidingia marginala

                          Morpho}ogy and life history

                 of the materials frorn Kidogawa, Chlba Prefeciure

A. Natural plants.

B-D. Surface view of an erect, tubular frond: B. Basal part; C. Upper part; D. Fer-

   tile part.

E. Cross section of an erect, tubular frond.

F. Quadriflagellate zoospore.

G. One-day-old germling Iacking a migration tube.

H. Three-day-old germling.

I. Distromatic disc, frorn 7-day-old cultttre.

J. Erect, tubular frond ariseR on the disc, from le-day-old culture.

K. Basal disc producing many erect, tubular fronds jn l5-day-old culture.

L. Upper part of an erect, tubular froRd in 15-day-old culture.

M. Matttred erect, tubular frond, from 3-week-old culture.

       Scale in B app}ies also to C and D.

       Scale in G applies also to H aRd I.
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