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AN ECOLOGICAL STUDY OF SOME JAPANESE 

AERIAL AND TERRESTRIAL ALGAE* 

By 

Masaru AKIYAMA** and Noriko SAGAWA** 

Introduction 

Recently, many investigations of the ecology of aerial and terrestrial algae especially 

on their autecological and physiological peculiarities relating with their corresponding 

habitats have been done. In these studies, several interesting problems have been 

focused upon e. g. the algal composition of soil communities, the physical function of 

environmental factors such as moisture, Iight and temperature, the chemical function of 

environmental factors such as pH and inorganic salts and the nutrition of algae such 

as the fixation of atmospheric nitrogen. And the hitherto known these results are 

summerized and discussed by J. W. G. Lund (1962) 

As a remarkable differentiation in the photosynthetic patterns of the so-called "shade-

form" and "sun form" in hi*･her green plants has well been known, while a similar 

phenomenon has recently been noticed in marine and freshwater plankton under field 

condition7) n) 12) 13) 23) and in fresh water macro-algael4) . And the details of this pheno-

menon especially on the relation to temperature are studied in some cultured planktonic 

algae by Aruga (1965) . However, so far as we are aware, few or no detailed investiga-

tion of the photosynthesis of aerial and terrestrial algae has been reported 

On the ecology of Japanese aerial and terrestrial algae, there are several reports 

on their distribution and the floral researches in some peculiar districts 1) 2) 3) 4) 5), how-

ever we have no investigation of the autecology and physiology of these algae 

The present paper is devoted primarily to a study of an autecology of certain aerial 

and terrestrial algae found commonly in Japan especially on their characteristics of 

photosynthesis relating to the environmental factors corresponding with their habitats 

The authors wish to express their gratitude to Professor Emertius Dr. Yukio Yamada 

of Hokkaido University for his kind guidance. We are also indebted to Professor Dr 

Hiroyuki Hirose of Kobe University, not only for his criticism but also for his interest 

and encouragement 

Materials and Methods 

The following materials used in this study were collected from the vicinity of Matsue 

* The research is supported in part by Grant No. 8463_9 of the Ministry of Education of the 

Japanese Government 

** Department of Biology, Faculty of Education, Shimane University, Matsue, Japan 
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Crty Shimane Prefecture Japan Hormidium flacciduln (KUETZ) . A. BR.,' Tren,tepohlia 

aurea (L.) HARIOT, Trentepohlia sp., l'~ygogonium sp., Nostoc commune VAUCH. and 

Nostoc sp. When using the algal materials in experimenfs on photosynthesis, a homog-

eneous natural population was used 

The dark and light bottle method was used for testing the photosynthesis, and 

Beckman's oxygen analyzer model 777 was used for measuring the gas pressure 0L 

dissolved oxygen produced by photosynthesis 

A crude chlorophyll solution was extracted with methanol, and the optical density 

was measured by Shimazu-Bausch & Lomb's spectrophotometer, and the ready method 

of estimating the chlorophyll concentration from the optical density was calculated by 

the following formura (modified SCOR-UNESCO, 1964) 22) 

chlorophyll a (mg/L) 11 64 Iog L 1 3 1 O 10 Iog L-1~]630 J . l
 

2.16 Iog 
645 66 

Results and Diseusslon 

1. A peculiar vaeuolar pigment of Zygogoniurn and its ecological meaning. It is 

well known that there is a peculiar reddish brown or purple pigment of cell sap, the 

so-called algal anthocyan or phycoporphyrin in such terrestrial algae as Zy*crogonium, 

Pleuroaiscus, Mesotaenium and, in some times, in aquatic species of Zygnelna and Mou-

geotia 18) 19) . Already in 1958, R. E. Alston examined this pigment extracted from an 

aquatic L0rm of Zygogonium ericetorum KUETZ., and concluded that this purple pigment 

is one of the iron-tannin like substance 6). From the Japanese material of a terrestrial 

form of Zy*ao*aoniuln sp. (the zygote of this alga has not been obtained) and an aquatic 

form of Mougeotia sp. we obtained a similar water soluble purple pigment. And the 

certain chemical and physical properties of this pigment (Table l.) and the absorption 

spectrum of a crude aqu~ous extract from these algae matches generally that reported 

by Alston in 1958 (Fig. l) . 

Table I Companson of propertles of the psgment extracted from Zygogonium and Mlougeotia 

Zygogonil'an (color in natural) Mougeotia 
(yellowish) (purple) (green) ( pur ple) 

Solubility in water soluble soluble soluble soluble 

Color m NH8 pale maroon pale maroon maroon marooh-red 

Color in HC1 decolorized decolorized decolorized d.ecolorize d 

Color .in U. V. ca. weak yellow- weak yellow- weak yellow- pale purplish 
3600 A green green green o palescence 

Color in FeC13 no change blue blue no change 

In the case of a terrestrial form of Zygogonium, however, some differences are reco-

gnized. Macroscopically, there are distinctly two type of coloration of Zygogonium 

found in Matsue viz. purple or some times yellowish brown colored material and 

green colored material were found, a=nd two of the former type are distinctly contain a 

vacuolar pigment, however, it was recognized that the latter green colored material 

also contains a yellowish purple vacuolar pigment. Moreover, the absorption spectrum 
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l. Absorption spectra of crude aqueous extracts from 

Zygogonium and Mougeotia. 

of a crude aqueous extract of this yellowish purple vacuolar pigment shows stronger 

absorption in urtra-violet by comparison with that of purple pigment, and although a 

broad maximum at about 500-550 mll appeared, there was no sharp peak, and shows 

merely a gentle slope (Fig. 2) . And these trends are markedly recognized in the 

materials_ growing on the slopes of sandstone region. On the contrary, in the case 0L 

the materials found in other habitats such as clayey soil derived from shale, the 

vacuolar pigment extracted from the both green and purple colored plants are matches 

generally that reported by Alston 

It was also recognized that the crude aqueous extract from purple material is not a 

stable substance, and gradually decolorized into such a yellowish purple substance 

under the natural condition. The details of this substance is not examined in this 

study. 

So far as is known, an ecological meaning of such purple or yellowish to brownish 
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Fig．2　Absorption　spectra　of　crude　aqueous　extracts　from

　　　　　var1ous1y　co1ore（1mater1a1s　of　Zツgog’o刎〃〃

purp1e　p1gment　has　not　been　exam1ned　For　the　purpose　of　th1s　exper1ment，an　attempt

has‘been　mad．e　to　exam1ne　an1nf1uence　of　the　purp1e　Yacuo1ar　p1gment　on　photosynthet1c

act1∀1ty　of　such　a1ga1＝mater1a1s　as　Zツgogo〃伽刎，　月b〃〃〃刎刎and．助κogツ〃　　The

resu1ts　of　photosynthet1c　act1v1τy1n　co皿par1son　between　the　bott1ed　mater1a1s　soakmg

mto　the　aqueous　extract　of　vacuo1ar　p1gment　and　untreated．contro1s1s　shown　m

tab1e2．

　　There　were　some　s1gn1f1cant　d．1fferences　between　the　treated－m－ater1a1s　and　the1r

correspondmg　contro1s，name1y　the　photosynthet1c　act1y1t1es　of　the　treated．mater1a1s

decreased　about60－90percent　of　that　of　correspondmg　contro1s　Howeyer，an　extent　of

mh1b1t1on　of　photosynthet1c　act1v1ty1s▽ar1ed．w1th　such　factors　as　the　concentrat1on　of

aqueous　extract，the11ght1ntens1ty　and　the　spec1f1c　pecu11ar1ty　of　photosynthet1c　pattern

of　each血ater1a1exam1ned
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Table 2. Effect of vacuolar pigment on photosynthetic activities 

of freshwater and terrestrial algae 

200 

Materials treated control ef ficiency 
o
l
o
 

Zygogonium (green) 69 . 2 02 mm Hg 86 . 9 79 . 6 

D . W. 100mg. 
71 . 3 l04 . 2 68 . 4 

Trente pohlia 8 . 45 10 . 06 84 . o 

Horl nid ium 44 . 5 45 . 9 96 . 9 

Spirog yra 270 . 3 301 . 2 89 . 7 

778 . 5 1256 . 7 61.9 
Ca log lossa 36 . 4 50 . 1 72 . 7 

It is possible that the inhibition of photosynthetic activity is caused by the partial 

decreasing of the effective light (400 m/c-550 m/1). It seems that the purple or reddish 

brown vacuolar pigments of terrestrial algae have an effect of protection against 

- mjurious strong intens of natural sun light especially of U. V 

2. The chlorophyll content of aerial and terrestrial algae. According to L 

Bogard (1962) , the chlorophyll content of algae varies and the certain ecological 

factors such as inorganic salts e. g. nitrogen and magnecium and the light intensity 

have influence on the concentration of algal chlorophylls. Sargent (1940) reported 

that chlorophyll constrtuted 6 6 percent of the dry werght of "shade grown" cells 

of Chlorella pyrenoidosa but only 3. 3 percent of the dry weight of "sun-grown" cells. 

The chlorophyll content of aerial and terrestrial algae examined in this study mostly 

ranges O. 04-8. 64 percent of the dry weight of the cells. Some examples of the relation 

between chlorophyll concentration and dry weight are given in figure 3 

As will be seen from figure 3, the chlorophyll constituted about O. 2 percent of the 

dry weight of the cells of yellowish orange form of Trentepohlia, on the contrary, the 

chlorophyll constituted about 7 percent of the dry weight of the cells of Hormidimn 

A similar phenomenon has been pointed out by H. H. Strain (1951) and H. W 

Milner (1953) viz. the chlorophyll (a+b) equivalent of Chlorella sp. showed to O. Ol 

percent of the dry weight of the cells, and the same organism produced chlorophyll 

equivalent to 6 percent of the dry weight of the cells, arid Strain noted that the 

decrease in the amount of chlorophyll and the corresponded increase in the ratio of 

carotenoid to chlorophyll due to deficiency of essential element or of water is freqnently 

regarded in such algae as Trentepohlia and Protosiphon. This phenomenon is also 

confirmed with the Japanese Trentepohlia 

In the case of Zygogonium, the chlorophyll constituted about I percent of the dry 

weight of the cells of purple colored materials and the chlorophyll amount of the cells 

without a purple vacuolar pigment is slightly smaller than that qf colored, materials, 

however, the details and the ecological meanings of this phenomenon were not confirmed 

The investigation of this phenomenon must be the subject of future research 

3. Photosynthetic patterns of aerial and terrestrial algae. It is well known fact 

that there are distinctive differentiation in photosynthetic patterns relating with the 
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Flg. 3. Relationship between chlorophyll weight and dry weight 

of Hormidium, Zygogonium and Trentepohlia. 

light mtensrty namely "shade form" and "sun form" in higher seed plants, and 

it has also been found in many planktonic and macroscopic algae 7) n) 12) 13) 14) 23) . 

And usually the habitat segregation relating with light intensity is occured as a 

results of this phenomenon. 

Ecologically, the Japanese Zygo*aonium shows a habitat segregation relating with the 

light condition 

The photosynthetic characteristics of shade-form and sun-form of Zybvog07liuln are 

shown in figure 4. 

The light saturation point of the sun-form alga is slightly higher than that of the 

shade-form alga, besides the shade-form alga shows an inhibition of photosynthetic 

activity under the strong intensity of light. The similar trends are also'recognized in 
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both cases of Trentepohlia and Nostoc, and the results are shown in figures 5 and 6. 

As already shown in above, there are two patterns of coloration in Japanese 
Zygobaonium, and also in the case of Trentepohlia there are two patterns of coloration, 

viz. green-form and yellowish orange-form. The cells of the latter form usually 

contains a large quantity of ~-carotene, and the chlorophyll concentration is smaller 

than that of green-form. And the photosynthetic efficiency increase in similar propotion 

to chlorophyll concentration when it is low intensity of light. The green-form of 
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Fig. 6. Photosynthesis-light curves of two species of terrestrial Nostoc 

Trentepohlia however, which thrive mostly in shaded area shows an inhibition of 

photosynthetic activity under the strong intensity of light 

It thus appears that the habitat segregation of Zygogonium, T1-entepohlia and Nostoc 

is caused by the differentiation of photosynthetic patterns relating with light intensity 

in these algae 

4 . Osmotic tolerance and the influence of the osmotic change of surrounding 

media on the photosynthetic activities of aerial and terrestrlal algae. The moisture 

relation of an aerial alga Trentepohlia especially on the growth pattern and the details 

of cellular morphological change was discussed by Fritsch (1922) and Howland (1929) 

On the soil terrestrial alga Fritschiella tuberosa IYENGAR, a physiological differentiation 

relating with the cellular osmotic pressure corresponded with morphologicallv_ differe-

ntiated tissues viz. projecting and prostrate systems in this alga has been recognized 

by R. N. Singh (1941) . These present data show that most aerial and terrestrial algae 

well tolerate to desiccated condition, and the cellular osmotic pressure is higher than 

that of aquatic algae 

The influence of the osmotic change of surrounding media on the photosynthetic 

activities of some aerial and terrestrial algae has been particularly examined here 

In the case of a terrestrial alga Zygogonium sp., the efficiency of photosynthetic 

activity reaches a maximum at the concentration of O. 2 mol (ca. 20-25 percent of 

marine water) of sucrose, sucssesively, it gradually decrease, and at the concentration 

of O. 8 mol of sucrose, the relative photosynthetic activity falls off 50-65 percent of 

maximum efficiency. However, in the case of freshwater algae such as Spirogyra sp 

and Hydrodictyon reticulatum (L.) LAGERH., the maximum photosynthetic efficiency is 

shown under the concentration 0L Iess than O. 2 niol and the relative photosynthetic 

activity precipitately falls off, to be attended with the increasing of the medium conce-

ntration, Iess than 20 percent of maximum efficiency. 

On the contrary, an aerial alga Trentepolia sp. shows a maximum efficiency of 

photosynthesis in hypertonic condition. The figure 7 shows a decreasing ratio of 
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photosynthetic activity of the materials treated with varied concentration of marine 

water during 24 hours 

From figure 7 it is clear that the terrestrial alga Z_~'5crogoniuln sp, shows a conspicuous 

tolerance against the high concentration of surrounding media (20-80 percent of marine 

water) , on the contrary, in the _ case of a freshwater alga Spil-0>cryra sp., the photosynt-

hetic activity is extremely deteriorated 

This series of experiments, then, shows clearly that the aerial alga Trentepohlia and 

the soil terrestrial alga Zygo~roniu.7n have physiological peculiarities as a results of 

adaptation to aerial condition 
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R6sum6 

l) A peculiar purple vactiolar pigment of the terrestrial alga Zygogoniul7z sp. was 

examined, and the chemical and physical properties of this pigment matched generally 

that reported by Alston (1958) 

2) It seems that the purple or reddish brown vacuolar pigments of terrestrial algae 

have an effect of protection against injurious strong intens of natural sun light espec-

ially of U. V. 

3) The chlorophyll content of Zygo*aonium, Hormidium and Trentepohlia mostly 

ranges O. 04-8. 64 percent of the dry weight. The chlorophyll constituted about O. 2 

percent of the dry weight of the cells of yellowish orange form of Trentepohlia, ~l 

percent of the dry weight of the cells of Hormidium and I percent of the dry weight 

of the cells of Zygogonium. 

4) A differentiation of photosynthetic patterns viz. shade-type (inhibited under 

strong intensity of the sun light) and sun-type (non inhibited) has been recognized in 

aerial alga Trentepohlia and in terrestrial algae Zygogonium and Nostoc 

5) Certain aerial and terrestrial algae such plants as 7rentepohlia and Zygogonium 

show a conspicuous tolerance against hypertonic condition (O. 2-0. 8 mol of sucrose 

solution and corresponded concentration of marine water) 
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