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It is certain that the life-form of vascular plants characterizes the physiognomy of an island ecosystem. Plant life-form may be a reflection of climatic conditions and/or edaphic factors in ecological charac ter in a given ecosystem, and it may sometimes be considered as a climatic indicator of the ecosystem. To the Micronesian region the writer made explorations 7 times from 1933 to 1941. As one of the results of vegetation studies the writer would illustrate the relation of life-form of vascular plants to the climatic conditions of Micronesian Islands. 1. Phytogeographical consideration. From the air temperature of macroclimatic condition of Micronesian Islands, th e islands are situat ed certainly in the tropics. In the tropical Pacific , from the view point of climatic conditions, we can recognize four major zones from the north to the south; NE Trade-Wind Zone, Equatorial Humid Zone, Equatorial Arid Zone, and SE Trade-Wind Zone . The second zone is to the north of the eq uator, and in the third zone the equator runs east -west. Considering the average monthly and annual rainfall in the Micronesian Islands , the Marianne Islands [NE Trade-Wind Zone] are indicated to be in Koppen's Amwi climatic type; Palau and the Caroline Islands and the Marshall Islands, [all in Equatorial Humid Zon e] are in A.ft, and those islands of the Equatorial Arid Zone may be in BSw i or Awi (T ables 1 and 2). In Table 2, Raunkiaer's life-form spectra and Epiphyte-Quotient (Ep-Q ) (Hosokawa 1950) of several islands of th ose zones are compared with each other. One can see the predominant influence of rainfall upon the vegetation or life-form spectrum of these islands. 
On raised coral limestone covered with even the thin soil of Terra Rossa or without any soil, e.g. in Saipan and Palau, and on lateritic soil, e.g. in Ponape , Kusaie , Yap and Palau , there are developed climax tropical rainforests. Nevertheless, in the Marianne Islands, the Palau and Caroline island s, grassland vegetation is developed to some extent everywhere as a substitute for climax rainforest , for example, the grassland vegetation in Yap, in most parts of Babeldaob island in Palau, everywhere in Truk, in the Palkier area in Ponape, and in most parts of the Marianne Islands , especiall y in the northern Marianne Islands. 

The Mariannes are volcanic in origin and may have appeared in the Quaternary, and in the Northern volcanic areas (Pagan, etc.) the vegetation 

lJ Contributions from the Department of Biology, Faculty of Science, Kyushu Univer sity, No. 156. 

This paper was read at th e Symp osium , "Is land Ecosys tem of the Pacific Basin" , on August 25, 1966 in the Eleventh Pacific Science Congress, Tokyo. 
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Table 1. Rainfall Averages in Micronesia. 
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Table 2. Life-form Spectra . 

Zone Island No. s E MMM N Ch H G RH Th E<,{ Climatic spp 

Normal biological Spectrum 1000 2 3 8 18 15 9 26 4 2 13 
formula 

NE Trad e-Wind { Saipan 245 4 3 7 29 22 16 10 4 3 l 7.8 Amwi 

Zone Guam 358 2 8 6 22 21 16 14 3 7 3 8 .1 Amwi 

Palau 770 9 7 28 16 16 14 4 4 9.0 Afi 

{ F=;~, 32 3 6 9 9 31 22 3 15 3 .1 Afi 
Equatorial Humid Washington* 37 11 8 5 11 13 22 14 3 14 11.1 

Zone 
21 Palmyra* 10 5 24 5 38 5 5 10 13. 3 

Ponape 406 17 10 25 13 16 12 3 3 1 16.0 Afi l Chd,.ma,• 23 4** 4 9 26 30 13 9 4 0 Awi 

Equatorial Arid Jarvis* 8 25 25 25 13 13 0 

Zone How land* 6 17 17 50 17 0 

Barker* 15 13 33 33 7 14 0 

* Christophersen 1927. 
** Paras ite (Cassytha filiformis L.); it is not a true epiphyte . 

Table 3. Vascu lar ep iphytes with minute dis semin ules. 

Marianne Isis . (Hosokawa 1934) 
Yap (Hosokawa's field note 1938) 
Palau (Hosokawa's field note 1941) 
Truk (Hosokawa 1937) 
Ponape (Glassman 1952) 
Kusaie (Hosokawa's field note 1938) 

Orchid spec ies % within 
Angiospermae 

4.6 
4 . 8 

11. 7 
3.5 

11.6 
6.2 

Pteridophyte speci es % 
wit hin vasc ular plants 

11.8 
11. 7 
14.9 
15.0 
22.7 
21.8 

remains in earlier stages of ecological succession. Some of those grassland vegeta 
tions of Yap, Pa lau and Ponape are in seral stages derived from natural alteration 
of vegetation, but most of them are developed to be grassland vegetation which 
seems as if it were in stabi lization outside the normal seral course. However 
some of them are also in earlier seral stages of succession, because of unfavourable 
conditions of soil after the destruction of natural vegetation owing to human 
disturbance. Judging from the climatic condition , such a grassy vegetation is 
not clima x. The climatic climax in those islands is naturally the tropical rain 
forests. Accordingly, an ecological approach to the life -form of plants of the 
Micronesian major island ecosystems in relation to the climatic conditions should 
be shown by the tropica l rainforests and not by grassy vegetation. 

In the oceanic islands of Micronesia, as compared with continental islands, 
there are sma ll numbers of plant species per genus. Because oceanic islands are 
under the condition of tropical rainforest climate, there is many a plant species 
Which has minute seeds or spores (e.g. orchids, ferns) capable of effective disper
sal by wind. Especially , there we have numerous species of vascular epiphytes 
having such minute disseminules (Tab le 3). 
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Tab le 4. Lif e-form spectrum of major islands of M icronesia. 

Numb. of s E MMM N Ch H G HH Th Climatic species formula 
Norma l biological spect rum 1000 2 3 8 18 15 9 26 4 2 13 

Jaluit 90 3 7 7 28 23 18 12 3 2 Afi 
Kusaie 269 2 15 9 27 14 17 12 2 3 Afi 
Ponape 406 l 17 10 25 13 16 12 3 3 Afi 
Truk 282 3 10 10 30 14 14 13 4 5 Afi 
Palau 770 9 7 28 16 16 14 4 4 1 Afi 
Yap 359 5 6 25 17 18 18 5 6 2 Afi 

Guam 358 2 8 6 22 21 16 14 3 7 3 Amwi 
Rota 230 2 11 8 32 21 12 11 4 2 Amwi 
Tinian 169 4 5 8 28 23 19 11 3 2 2 Amwi 
Saipan 245 4 3 7 29 22 16 10 4 3 l Amwi 
Alamagan 46 4 2 32 23 23 10 2 Amwi 
Pagan 81 6 2 26 24 18 6 2 Amwi 

The stature of phanerophytes growing in Micronesian Islands is generally 
low, and as compared with Raunkiaer's normal biologic.al spectrum the life-form 
spectra of major islands of Mic ronesia are different significantly from it; viz. in 
Palau, Yap, Truk, Ponape and Kusaie vegetation being all under the condition 
of Kopp en's Afi type of climate, species number in percentage of MM is rather 
small in the spec trum, even though there are developed tropica l rainfores ts. The 
species percentage number of E and M is great enough, but that of His as about 
one half that of the normal biological spectrum, and Th is much smaller in 
percentag e number (Table 4). 

2. Synecological considerations. 
a) Altitudinal diff erentiation of life-form spectrum. 
On the characteristic relation of the life-form spectrum to the climatic con

ditions of every forest type in altitudinal range of some islands, e.g. Ponape and 
Kusaie, consideration is given for the purpose of exp laining the physiognomical 
characteristic of each island ecosystem. For example, in Ponape, with rising of 
altitudes, there is observed the trend that the stature of trees becomes lower 
even in the same species and their leaf areas become smaller (Imanishi and Kira 
1944) (Table 5). Such phenomena ma y partly be ascribed to the adaptation of 
trees to thin soil, on whic h plants grow, to rising of evapotrans piration rates, 
and to being greatly exposed to wind . In Ponape, as shown in Tab le 6, with 
rising altitudes the percentage value of MM becomes lower, those of N and E 
higher. Such a trend is also seen irt Kusaie (Table 7). The cause of increasing 
E va lue, becoming more than 50%, in both islands Ponape and Kusaie is because 
of the highland which is covered nearly always with rainy clouds, so that the 
environmental conditions of epiphytes are characteri zed by moist atmosphere 
favourable to them. In mangrove forest communities, th e reason why the 
percentage value of E is rather high, more than 50% , as compared with that of 
woody species, MM, M or N, wi ll supposedly be attributed to that the woody 
species which grow in such condition are to be confined to those adapta ble to 
such a severe life of muddy shallow sea while the env ironmental condition of 
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Table 5. Leaf area of Ponape p lan ts related to altitude . 

Life-form Name of major species 

Relative value of leaf area 

Gynotroches consoc . Campno. -Pandan . 

(600-780 m) 

MM 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

N 
N 
N 
N 
N 
N 
N 
N 

H 

Bentinck iop sis ponapensis Becc . 

Alsophila ponapeana Hosokawa 
Gynotroches axillaris Bl. 
Syzygium caro linense Hosokawa 
Astronidium ponapense Mgf. 
Pandanus patina Martelli 
Ilex volkensiana Kaneh. & Hatus . 
Aglaia ponapensis Kanehira 
Timonius ledermannii Val. 

- Glochidion ponapense Hosokawa 
Garcinia ponapense Lauterb . 
Maesa carolinensis Mez 
Elaeocar pu s kerstingiana Schltr. 
Lepinia ponapensis Hosokawa 
Glochidion marianum Muell.-Arg. 
Campnosperma brevipetiolata Volkens 
Cinnamomum sessilifolium Kanehira 

Eurya ponapensis Hosokawa 
Jambosa stelechantha Diels 
Rapanea carolinensis Mez 
Melicope ponapensis Lauterb. 
Amaracarpus carolinensis Val. 
Psychotria merrillii Kanehira 
Pandanus cominsii Hems!. 
Cyrtandra ponapensis Kanehira 

Thoracostachyum pacificum Hosokawa 

Table 6. Proportions of life-forms 

Life-form 
Ponape 

s E MMM 

Garcinia-Astro- 16 Al~ph;!a ! nldl"m comoc. 
pon_apeana -Pandanus Pandanus patina 25 17 patma assoc. consoc. 
(600-780 m) Gynotroches axil - 53 2 32 laris consoc. 

1 

Bco<in,klopsls 
ponapens1s 43 20 16 

Campnosperma- consoc. 
Pandanus cominsii (ll0m-680m) 
assoc. (30-680 m) Cam pnosperma 

brevipetiolata 40 28 14 consoc. 
(30m-340 m) 

Barringtonia racemosa assoc. (Lowland 
41 7 30 swamp fore st) 

Mangrove forest 52 12 32 

100 

100 
32-46 
21-53 
37-79 

100 
28-30 
23-36 

100 
JOO 

12-27 
50-5 2 
40-7 0 

100 
100 
l00 

21-24 

32- 33 
25-36 
48-49 
15- 21 

l00 
51-58 

100 
l00 

100 

in Ponape. 

of vascular 

N Ch H 

84 

50 8 

8 3 3 

5 6 8 

6 5 6 

15 

plants 

assoc . . 
(30-600 m) 

100 

None 
100 
100 
100 

None 
JOO 
100 
l00 
l00 
l00 
l00 
100 

None 
100 
l00 
100 

100 
l00 
l00 
l00 
100 
l00 
100 
100 

None 

Species 
G HH Th number 

19 

12 

66 

2 145 

123 

7 27 

4 25 
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Table 7. Proportions of life-form s in Kusaie. 

Life-form of vascular plants ---Kusaie Specie, 
s E MMM N Ch H G HH Th number 

Alsophila ponapeana assoc. 55 10 19 9 7 
(mossy, 480-654 m) 58 

Campnosperma-Ponapea kusaiensis assoc. 35 19 12 
(80-500 m) 

9 12 11 93 

1 IInrnfiddia nunu 
Horsfieldia nunu- consoc. 26 35 12 3 10 12 2 86 

Cyclosorus hetero- (0-260m) 

ca rpus assoc. Termi';lalia caro li-

(0-260m) nens1s consoc. 20 38 11 4 12 13 2 (Swampy forest) 84 
(0-10 m) 

Hibiscus tiliaceus assoc. 9 9 26 26 9 20 3 (Swamp and inland forest) 35 

Barringtonia ra cemosa assoc . 52 13 17 4 4 9 23 (Swamp forest) (±0 m) 

Mangrove forest 65 10 20 5 20 

vascular epiphytes on mangrove trees is not so different in general from that of 
the lowland rainforest adjacent to mangrove area (Hosokawa 1957- a). 

It is certainly a not eworthy character of mangrove forest community that 
from the viewpoint of the life-forms of vascular epiphytes (Hosokawa 1943, 1949, 
1955), the Fi type prevalent in lowland rainforests, especially growing thick on 
the lower parts of tree-trunks, disappears not on ly from the lower parts of trunks 
but also from most parts of trunks of mangrove forest trees (Table 8 and 9). 
Most parts of tree-trunks of mangrove forest are immersed at high tide, and in 
the mangrove area epiphytes cannot grow on the lower parts of trunks. 

Mossy forest, which is characterized by the luxuriant thick growth of 
corticolous and epiphyllous bryophytes, is usually developed in the warm and 
damp areas of warm temperate and tropical montane regions . In tropical humid 
countries mossy forest is developed generally in the highlands at more than 1,000m 
altitude. In Micronesia, islands which are situated in the Eq uatorial Humid 
Zone of the Pacific, e.g. Ponape and Kusaie, have mossy forests which are developed 
at much lower altitudes, ranging from about 450 m to the summit of the islands 
(Hosokawa . 1952-a). Occurrence of such mossy forest at extremely low altitudes 
in Micronesia would clearly seem to result from the climatic conditions of the 
islands, which are situated in the midst of the ocean. Altitudes of about 450m 
may be the lowest in the world among the altitudes in which mossy forests are 
developed (Hos okawa 1952-a). 

b) Local or exposal differentiation of life-form spectrum . 
The islands of the Southeast Pacific, which are situated in .the Southeast Trade

Wind Zone, e.g. Marquesas Isis., have quite different types of vegetation in 
different directions in the islands under the influence of trade-winds (F.B.H, 
Brown 1931, 1935). Acco rding to Brown , the direction of the trade-wind is 
almost constant throughout the year, and the arborescent vegetation is developed 
on the windward side of the island s, while on the leeward side grassland vege~
tion is predominantly developed. Most of the Caroline Islands are situated Ul 
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Table 8. Proportions of life-for ms in Ponape, summ ari zed. 

Ponap e 

Gynotro ches axillaris consoc . 
(600-780 m ) 
(Alsophi la pon ape an a 
Pandanu s patina assoc.) 
(Mossy forest) 

Bentinck iopsi s 

ca::;r;;; _ l ~i~:iensis 
Pon~an_':'s (600- 780 m ) 
cornmsu Campno -
assoc. . sperm a 
(Inland ram I consoc. 
forest) · (30- 340 m ) 

Mangr ove for est ( ±Om ) 

Life-form of vascu lar epiph y tes Species 
D M c SV Rr Rd C F Rt Fi (Se) H e O Eph number 

29 3 9 31 11 (11) 3 3 35 

2 2 14 6 16 22 2 16 ( IO) 6 8 6 63 

2 2 16 8 20 16 I 2 (8) 8 6 8 49 

3 3 54 8 15 8 (2) 8 8 13 

T abl e 9. Proportion s of life-forms in Kusai e, summarized. 

Kusaie 

Alsophi la pona peana assoc. 
(mossy, 480-654 m) 

Campno sper ma-Pon apea 
kusaiensi s assoc. (80-500 m) 

Horsfieldia nunu-C yclo soru s 
hetrocarp us (Swa mpy ) 
assoc. (0- 260 m ) 

Mangrov e forest (±0 m ) 

Life-form of vasc ular epiph ytes 

D M c SV Rr Rel C F Rt Fi (Se) He O Eph 

3 6 19 9 16 16 

9 3 21 9 12 24 

9 5 18 9 18 23 

8 8 23 8 23 23 

19 (19) 

18 ( 15) 3 

9 (9) 9 

(15) 8 

Species 
number 

32 

33 

22 

13 

the Equa tor ial Humid Zone, and the wind blows in every direction in the year, 
consequently the vegetation is not so different according to wind directions. 

In the Equatorial Humid Zone, the life-form spectra of the several typ es of 
rainforests and those of vasc ular epiph yte societies as we ll , are developed in the 
lowlands at almost similar altitudes and similar microclimatic conditions, allowing 
me to offer an explanation based on m y work in Palau. In Palau , among the 
inland tropi cal rainforests of the Campnosperma brevipetiolata-Pandanus aimiriikensis 
association and the Planchonella obovata association, and the swamp rainforests of 
the Horsfieldia amklaal-Dona x canniformis association, the percentage values of E, 
MM, M , and N in the life-fo rm spectra are sc~rcely different from each other. 
Because of the latt er association being under the condition of swampy places 
those of Ch , H and G are almost the same as null values, while the value of 
HH amounts to 7%, .a situation that is not found in the nonswamp y forests 
(Table 10). In the mangrove forest communitie s, there are found almost similar 
values of most life-form s [E excepted] as in swamp forests (Ho sokawa 1952-b). 
The compa ratively high value of E in mangrove forest is considered to result 
from the small number of woody species, which is confined to those growing in 
muddy shallow sea. Consequently, there is not found any fundamental difference 
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Fig. 1. Inside view of t he Gynotroches mossy forest in Ponape (Phot. by T. 

Hosokawa). 

Fig. 2. Nu merous epip hytes and climbing Freycinetia growing 
on the trunks of Terminalia carolinensis in the swamp forest 
of Kusaie (Phot. by T. Hosokawa). 
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Table 10. Palau: Life-form spectrum of vascular plants. 

Numb. of s E MM M N Cb H G HR Th species 

CalllPnosperma-Pandanus aimiriikensis 
assoc. ( < 150 m) 

41 12 26 10 5 4 3 ' 190 

Plancbonella obovata assoc. ( < 150 m) 38 16 22 6 9 8 2 129 
Horsfieldia amklaal-Donax canniformis 

assoc. (±!Om) 42 12 32 6 7 118 

Mangrove forest (±0 m) 59 9 25 4 3 55 

Table 11. Life-form spectrum of vascular epiph ytes. 

~ D Mc SV Rr Rd C F Rt Fi (Se) H e 0 Eph Numb . of 
species forest Y 

Campnosperma-Pandanus 
aimiriik ensis assoc. 9 2 20 8 22 17 9 (24) 6 5 3 71 
(< 150m) 

Plancbonella obovata assoc. 6 2 30 12 18 18 8 (28) 2 2 49 ( <150 m) 

Horsfieldia amklaal-Donax 8 2 22 10 22 18 14 (23) 2 2 50 canniformis assoc. (± 10 m) 

Mangrove forest (± 0 m) 7 2 27 12 24 10 2 ('1.7) 2 5 7 41 

between the life-form spectra of epiphyte societies in four different kinds of 
forests (Table 11). Nevertheless, th e low values of F and Fi in mangrove forest, 
and contrary to it, the high value of Fi in swamp forest, may be the result of 
the influenc .e of water-level as an important edaphic factor in mangrove and 
swamp forest areas. 

c) Spatial differentiation of life-form spectrum of the vascular epiphyte society 
in forest. 

The effect of microclimatic conditions in forest on plant life -form, has been 
studied. The relationship of microclimat ic conditions in the forests of major 
islands of Micronesia to the life-form of their vascular epiphytes was analyzed. 
Investigations were mad e in the G ynotroches axillaris consociation of mossy forest 
in Ponape (Hosokawa 1952-a) (Table 12), and in several kinds of Campnosperma 
brevipetiolata forests (Hosokawa 1954-a, 1954- b, 1954-c, 1957) which are identified 
with typical inland tropical rainforest covering extensive areas of major islands 
(Yap, Palau, Ponape and Kusaie ) in Micronesia (Tables 13 and 14), and moreover 
in the Terminalia carolinensis consociation of Kusa ie and the Horsfieldia amklaal
Donax canniformis association of Palau, the latter two identified with peat forest, 
a kind of swamp forest (T able 15). In any case, among the ecologically important 
microclimatic factors in forest , the light intensity and the conditions of atmospheric 
humidity and evaporation stand out . According to the writer's investigation on 
the spatial d ist ribution of the life-forms of vascular epiphytes on trees within 
the forests, we can group those life-forms into four ecological types, viz. the sun 
type of d irect sunshine (Rr and C), the stem and /or leaf succulent xerophilous 
type (Se), the shade tolerant type of diffused light (Rd and F), and the hygrophilous 
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Table 12. Effect of microclimatic cond itio ns on life-form . 

Mossy forest Life -form spectrum of vascular epiphytes Species 

Island Forest community Level in forest D Mc SV Rr Rd C F Rt Fi (Se) He 0 Eph numb er 

Crown 9 32 9 14 32 (14) 5 22 

Gy notroch es ax illari s consoc. l C,nwn-base 4 35 9 9 35 4 (17) 4 23 
Ponape (Alsophila ponapeana -Pand anus patina 

Trunk 4 25 4 7 39 14 (7) 4 4 28 assoc .) (600-780 m) 
Trunk-base 23 38 31 (8) 8 13 

Table 13. Effect of microclimatic conditions on life-form in Campnosperma forests (Inland R ain for est) . 

~ 
Life-form spectrum of vascular epiphyte s Sepcies 

;;· 
'1 

Island Forest communities Level in forest number 0 

D Mc SV Rr Rd C F Rt Fi (Se) He 0 Eph 
:, 

" " ;;· 

{ Crown 13 4 29 13 17 25 (21) 24 
., 

Ku saie Campnosperma-Ponapea kusaiensis Trunk 4 17 13 13 30 13 (7) 9 23 
associa tion 

Trunk -base 4 4 8 35 38 (15) 8 4 13 

~ ~r 
4 2 20 8 24 31 (14) 8 2 49 

Ponape Campnosperma -Pandanus comi n sii 3 13 10 13 28 3 23 (13) 3 5 39 
assoc iation 

l T-b 10 18 2 30 (5) 25 15 21 

{ Cr 
13 27 13 20 20 (33) 7 15 

Yap Semecar pu s venenosa-Pand anus japensis 

~ -b 

25 25 38 (25) 13 8 
assoc iation 

25 50 25 (25) 4 

{ Cr 
13 2 23 10 27 14 3 (32) 4 3 2 51 

Palau Campno sperma-Pandanus aimiriik ensis ;_b 8 2 21 8 20 17 9 (22) 7 6 2 53 
association 

4 16 11 13 20 19 (16) 7 7 3 43 



Table 14. Quantitative spectrum of life-forms in an Inland Rainfor est in Palau . 

Life-form spectrum of vascular epip hytes 
Palau (Inland Rainforest) 

D Mc SV Rr Rd C F Rt Fi (Se) He O Eph 

{~ 11 56 33 (44) 
Crown 

11 56 33 (33) 

{~ 8 50 25 8 (25) 8 
Crown-base 

6 47 12 18 6 6 (29) 6 Campnos perma brevipetiolata-Pandanus aimiriikensis 
association ( < 150 m) 

{~ 29 29 14 14 14 (29) 
Trunk 

7 33 27 7 20 7 (13) 

{~ 20 80 
Trunk -ba se 

14 29 57 

Species 
number 

9 

9 

12 

17 

7 

15 

5 

7 

"A " indicates in percentage the number of species having the average valu e of abundance higher than 1 within the range 1-5 . 
"P" is that of the pre sence degree higher than 4 within the range 1-5. 

Table 15. Epiphyte life-form spectrum of swampforest in Kusaie and Palau . 

Swamp forest Life-form spectrum of vascular epiphytes Species 
Island Forest community Level in fore st D Mc SV Rr Rd C F Rt Fi (Se) He 0 Eph number 

! Crown 
17 33 8 25 17 (17) 12 

Kusaie T ermina lia carolinensis consoc. Trunk 10 30 10 10 30 (10) 10 10 
Trun k-base 12 12 38 25 (12) 12 8 

{ Crown 9 2 24 11 24 18 7 (29) 2 2 45 
Palau Hor sfieldia amklaal-Donax canniformis Trunk 6 3 22 13 19 22 13 (22) 3 32 assoc. 

Trunk- base 18 27 55 11 
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type (Fi a~d Rt), d_educed from the gr?wing co~di_tion a~d the percentage Valu 

of every hfe-form m the spectra of ep1phyte societies which were investigat d ca 

different levels on trees. Accordingly, there is recognized an adaptation of e on 

life-form of epiphyte to the microclimatic conditions in the forests. every 
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