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The regeneration of Li，幼t幼hoψp片拘4め3
alg伊ai凶n叫I町 a批ke碍e(u帥 in-d白。omm削a低te吋db加a釘rren)area of s鈎。u叫t出hw附e耐 mH恥。k怯ka幻id由0，was examined b耐yc口叩u山1
fragments with a訓r目凶ti泊恥耐邑k制ci凶all片y-ma悶ade1加o叩n伊伊tu吋d必in叫alfracture. In all conditions (付wat附e釘rt旬em岬pe悶ratur民eι，5ι一2お50C;irra-
diance， 25-1100μEm-2 S-I)， regeneration occurred from the fractures. The regenerated thallus， consisted 
of primigenous and postigenous Iilaments， grew rapidly in higher temperatures， in higher irradiances， and 
in earlier stages of culture. The marginal and thickness growth rates of the regenerated thalli were much 
larger than cultured one-year-old plants and natural perennial pl阻 tspreviously reported for the same 
specles. 
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In Isoyake (urchin-dominated barren) 

areas along the southwestern coast of Hok-

kaido， subtidal substrata have been covered 
extensively by nongeniculate coralline algae 

(Corallinales， Rhodophyta)， among which 
the perennial encrusting species LithoPhyllum 
yessoense Foslie is dominant (Noro et al. 1983; 

Fujita 1989). This species grows slowly (Fuji-

ta 1990a， b)， but its thallus surface is compara-
tively clean as a result of epithallial shedding 

(Masaki et al. 1981， 1984). It can survive 

grazing by sea urchins or limpets (Fujita 

1992) and may suffer physical or biological 

damage (e.g.， collision with rol1ing stones; 
strong wave action in winter; artificial 

removal by ‘chair凶 winging'method {Naba-

ta and Matsuda 1983}; movement of creeping 

animals)， and consequently a large part of the 

plant may be lost. Artificial injury is more 

serious in terms of volume of lost thallus than 

the slight wound caused by herbivore grazing 

(Fujita 1992). However， there is no informa-
tion on the response ofthis species to heavy in-

jury. In the present paper， results of experi-
ments on regeneration of fragmented pieces of 

thalli of L. yessoense are reported. 

Materials and methods 

Thalli of L. yessoense were removed by chisel-
ing from subtidal rocky bottoms (1-3 m 

depth) at Taisei， Hiyama Province of 

southwestern Hokkaido on Mar. 5， 1984 and 
Aug. 14， 1985. Plants were immediately 

brought alive in sea water to the laboratorγln 

Hakodate. Healthy thal1i of several square 

centimeters were selected， and were broken 
into 4 or 5 pieces. The pieces from one thal-

lus were placed in a waterbath (3 () filled with 

sea water (2 (). 

In the first experiment (Exp. 1) in Mar. 

1984， triplicate waterbaths were placed in 
three incubators set at 5， 10， and 150C， 

respectively; all ofthe incubators were subject 

to light conditions of 12: 12LD with 150 

μEm-2 S-I. After 42 days， all pieces were 

taken out， and either fixed and decalcified 
with Susa's solution (Gray 1954) for measure-

ment of length and thickness of regenerated 

thallus or airdried for scanning electron 
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Fig. 1 Longitudinal fracture of Lithoth.yllum yessoense 
Fig. 2 The regenerated thallus extended downward the parent fragment (p) (65 days， 250C-

1100μEm-2s-1). Scale bars=100μm 

mlcroscopy 

In the second experiment (Exp. II) in Aug 

1985， triplicate waterbaths were placed in an 
incubator at 250C， and each was cultured un-
der 3 different levels of irradiance， 25， 150 
and 1100μEm -2 S-I， respectively. One 

plec巴 ofthallus from each triplicate was taken 

out for observation in the same way as Exp. 1 

after 5， 15， 30 and 65 days 
Along the coast of southwestern Hokkaido， 

the sea water temperature is the lowest (50C) 
in February and highest (250C) in August 
(Fujita 1989)， so that the lowest temperature 
in Exp. 1 and the highest temperature in Exp 

II correspond to th巴winterand summer condi-

tions， respectively. 
The size (length and thickness) of regenerat-

ed thallus was measured on cross sections of 

para伍n-embeddeddecalcified pieces with a 

light microscopic scale. Structure of regener-

ated tissue was observed with a scanning巴l巴c-

tron microscope (SEM四 25，Nihon Denshi 

K. K.)， using air-dried pieces coated with 

gold-palladium 

Results 

Morphological observation 

-In all conditions (water temperature: 5ト

2お50C，i廿rr悶ad即

r悶at問 1 occurred (Figs. 2子-8町)from fractures 

(Fig. 1) 

At first， regeneration was initiated from 

one or a few distal parts where columnar cells 

were pigmented (Fig. 3). Th巴 regenerated

thallus increased in thickness and then extend 

ed downward along the longitudinal fracture 

ofthe parent fragment (Figs. 2，4-6). The tip 

of the well-developed regenerated thallus was 

separated from longitudinal fracture of the 

parent fragment. 

While the r巴generatedthallus remained at-

Fig. 3 Regenerated thallus initiated at two distal points (arrows) of a longitudinal fracture (15 days， 250C-
25μEm-2c1) 

Fig. 4 Regenerated thallus (65 days， 250C-25μEm-2 S-I)， consisting entirely of postigenous白laments
The outermost epithallial layer is sloughi時 off(arrow). 

Fig. 5 Regenerated thallus (65 days， 250Cー1100μEm-2S-I)， in which the tip is separated from parent frag-
ment. The outermost epithall凶 layerwas sloughi月 o町(arrow)。

Fig. 6 SEM ofthe free tip shown in Fig. 5， showing the primigenous cells (pr) aligned in rows from the ven-
tral surface view. Scale bars = 100μm 
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Fig. 7 Enlargement of regenerated thallus in Fig 6， showing filaments: primigenous cells (pr)， columner 
cells (c) vegetative init出 ls(vi) and ep出 all凶 cells(e). Ep凶 all凶 cells(concavities) are arranged in vertical・
growth type (v). Large and small arrows show primary pit-connections and secondary pit-connections， respec 
tively 

Fig. 8 SEM of dorsal surface v 
showir時 ep戸lt出ha剖11凶 cellsarranged in horizontal-growth type (h). Arrows show the ep凶 all凶 concav山 es
Scale bars = 100μm 

tached to the longitudinal fracture of th巴par-

ent fragment， it consisted only of postigene-

ous filaments， in other words， columner ce11s， 

vegetative initials and epithallial ce11s (Figs 

3-4) 
However， in the free tip wher巴 regenerated

tha11us became separated from the longitudi 

nal fracture of the parent fragment， the ven-

tral part was composed of newly developed 

primigenous filaments (Figs目 5ト-6町) (伊S巴巴

f もWγoelke王句巴ring 1988 for terminology 0ぱ

6下pr討ur咋巴nou山sピ， and ‘pos坑叩tig伊eneou凶sピ'). In v刊巴n

t汀ralsurface vi巴w，the primigenous c巴l1sof 

the regen巴ratedtha11us wer巴 alignedin rows 

(Fig. 6). 

Primary pit-connections between adjacent 

ce11s within each filament and s巴condarypit-

connections between contiguous filaments 

were also observed in the regenerated tha11us 

(Fig. 7). 

In dorsal surface view， two sorts of epithalli-
al ce11s occurred on regenerated tha11us (Figs. 

7-8). In the thickened central region of 

regenerated tha11us， the dorsal su巾 ce(Fig. 7) 

was composed of honeycomb-like， randomly-
arranged epitha11ial concavities (Garbary 

1978). On the other hand， at the margin of 
regenerated tha11us， epitha11ial ce11s wer巴

aligned in rows， and grooves between the ce11 

rows w巴repromm巴nt(Fig. 8). The former 

Table 1 S四(lengthX thick町民 μm)of regenerated tissue (N = 1 in each cond山 on)of 
Litho戸hyllumyessoense. 

ゃγater
lrradiance Time (days) 

temp(OeCra) ture (μEm-2s-') 5 15 30 42 65 

Exp.l 

5 150 733 X 17 

10 150 935 X 32 

15 150 1，542X55 

Exp. II 

25 25 341 X 33 670 X 61 

25 150 414 X 29 786 X 64 1，072 X 117 1，286X143 

25 1100 543 X 34 943X154 1，415x240 1，629 X 343 
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type of epithallial cell arrangement is referred 

to ‘vertical growth-type'， and the latter， 
‘horizontal-growth type' in the juvenile plant 
of the same species (Fujita 1990b). On the 

dorsal surface of some regenerated thallus con-

sisting of epithallial cells of‘vertical growth-
type' ， shedding of most distallayer of epithal-
lial cells was observed (Figs. 4-5). 

Growth of regenerated tissue 

Sizes of all regenerated thalli are listed in 

Table 1. In Exp. 1， the new thallus grew 
most rapidly at 150C， and most slowly at 
50C， both in length and in thickness. And in 

Exp. 11， regenerated thallus grew most rapid-
ly at 1100μEm-2 s一， and most slowly at 

25μEm-2 S-1 both in length and in thic-

kness. In the highest temperature-lowest irra-

diance condition examined (i.e. 250C-25 

μEm-2 S-I)， parent fragments did not survive 
after 15 days. 

Discussion 

The phenomenon of regeneration is known 

to occur in a wide range of marine algae (Bug-

geln 1981). In nongeniculate coralline algae， 
however， little has been known up to now， 
although Cabioch (1972) observed natural 

regeneration in many nongeniculate coralline 

genera. In Lithopりllum，she described the 

same pattern of regeneration in Lithophyllum 

incrustans Foslie and Lithopyllum sp.， and 
called it‘reappearence of juvenile structure' 
(血 originaltext of Cabioch，‘reapparition de 

structures juveniles'). The regeneration pat-

tern of L. yessoense seems to be similar in 

producing primigeneous filaments which cor-

respond to‘pseudo-hypothallium' (in original 
text of Cabioch， faux hypothalle'). 

W oelkerling (1988) noted that dimerous 

nongeniculate coralline algae are composed of 

two kinds of filaments: primigenous and 

postigenous filaments. The structure of 

regenerated thallus was dimerous like the 

original thallus. 

The development of primary and seconda-

ry pit-connections in regenerated thallus was 

confirmed in the present study. These pit-

connections may be important for transloca-

tion of nutrients and gas， as Steneck (1983) 
suggested in the case of wound-healing of 

grazed coralline algae， though this hypothesis 
requires further experimental confirmation. 

U sing the data of growth of regenerated 

thallus in Table 1， the annual marginal 

growth rates and thickness growth rates were 

calculated (Table 2). Both marginal and 

thickness growth rates increased at higher 

water temperature and at higher irradiance. 

These growth rates， however， decreased as 
the culture period became longer， probably 
because of reduction of exposed fracture sur-

face. 

Moreover， the annual growth rates of 

regenerated thallus were compared with those 

calculated from data of the annual plants cul岡

山 redfrom tetraspores (Fujita 1990a) and 

natural perennial plants (Fijita 1990b) of the 

same species (Table 3). Both marginal and 

Table 2. Annual growth rates (marginal X thickness， mm/year) of regenerated tissue of 
Lithothyllum yessoense calculated from data in Table 1. 

Water lrradiance Time (days) 
temp(。eCra)ture (μEm-2 s-') 5 15 30 42 65 

Exp.l 

5 150 6.4XO.1 

10 150 8.1 X 0.3 

15 150 13.4 X 0.5 

Exp. II 

25 25 24.9 X 2.4 16.3 X 1.5 

25 150 30.2x2.1 19.1X1.6 13.1 X 1.4 7.2 X 0.8 

25 1100 39.6 X 2.5 22.9x3.7 17.3X2.9 9.1X1.9 
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Table 3. The comparison of annual growth rates (mean value and range， mm/year) of 
Lithophyllum yessoense among regenerated tissue， cultured annual plants and natural perennial 
plants. 

Type of material Marginal Thickness References 

Newly generated tissue (N= 13) 17.6 (6.4-39.6) 1.7 (0.1-3.7) Present study 

Cultured annual plants (N= 10) 2.3 (1.6-3.4) 0.2 (0.1-0.3) Fujita (1990a) 

Natural plants (N= 100) 1.8 (0.6-5.4) 0.5 (0.2-2.4) Fujita (1990b) 

thickness growth rates of regenerated thallus 

were much greater than those of cultured 

plants and natural plants. The comparative-

ly high growth rates ofregenerated thallus， es-
pecially in ear1y stages of culture (in other 

words， just after getting damaged)， must be 
the result of a high potential capability to 

recover rapidly. 

The occurrence of regenerated thallus in al1 
culture conditions suggests that this species 

can recover from fractures any time of year. 

The high growth rates of regenerated thallus 

in 250C corresponds to the high photosynthet-

ic activity at the same temperature in summer 

(Fujita 1988). 
This study was not focused on examining 

the minimum thallus size for regenerating， 
but the recoverability of this species seems 

quite high， because the pieces examined in 
this study were much smaller than plants 

found naturally， which can be up to 30 cm2 in 

size. In addition， the occurrence of epithalli-
al shedding on the dorsal surface of regenerat-

ed thallus may be recognized as the recovery 

of the antifouling function， which was previ-
ously confirmed in the case of parent thal1i 

(Masaki et al. 1981， 1984). Therefore， the 
regeneration seems to be the most important 

survival strategy of this nongeniculate coral-

line alga against various physical or biological 

damage as well as herbivore grazing (Fujita 

1992) on the ‘Isoyake' areas. The fate of 

regenerated tl叫 lus(e.g.， reattachment to sub-
stratum of its free tip， maturity within the 
regenerated thallus) is unknown. 
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藤田大介*・秋岡英承**・正置富太郎*柿:培養によるエゾイシゴロモの再生

北海道南西岸の磁焼け地帝の優占種エゾイシゴロモの細片を培養し，破砕面における再生を調べた。再生は実

験範囲 (5-250C，25司 1100μEm-2S-I)内のいずれの条件でも起こった。再生部の組織は初生的細胞糸及び後生的

細胞糸で構成されており，水温及び光強度が高いほど，また，培養の初期ほど再生速度が速かった。さらに，再

生した組織の縁辺成長速度及び肥厚成長速度は，以前に報告した同種の培養 1年目個体及び天然産の多年個体の

場合にくらべて非常に大きかった。 (*936滑川市高塚364 富山県水産試験場 **040函館市八幡町1-2 北海道

教育大学函館分校生物学教室 ***041函館市港町3-1-1 北海道大学水産学部水産植物学講座)






