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Abstract

Alpha diversity, or species richness, of East Asian mainland evergreen broadleaved forests,

expressed by indices of Fisher's alpha (α) and S(100), a new index showing species number in a

100-individual sample, is significantly correlated with the climatic favorableness, expressed by

Kira's warmth index. On the contrary, diversity values of insular forests studied on Kynshu satellites

of Japan, the Bonins, the Eastern Carolines of Micronesia, and the Galapagos in the eastern Pacific,

are below those expected from the climate of respective oceanic islands. Species-individual curves,

comparing mainland- and insular communities, also support clearly the above conclusion of species

poverty in the insular communities studied.

Abbreviations: WI = Kira's (1977) warmth index.

Nomenclature: I. L. Wiggins & D. M. Porter 1971. Flora of the Gahtpagos Islands. Palo Alto; R.

Kanehira 1972.Flora Micronesica. Tokyo.

Introduction

Biotic saturation of oceanic islands is one of the both old and modern concerns of biologists studying

insular ecosystems. In island studies we have to distinguish the species richness of a community

from the floristic magnitude of an island. A plant community usually consists of species unique to

the community and of species shared with other communities. The vegetation of an island comprises

various plant community types and the flora of the island will include both sets of community

-specific and common plant species.

The concept of alpha diversity denotes the species richness within a community, whereas gamma

diversity means the richness in a region or on an island (Whittaker 1977). The present paper only

deals with the alpha diversity of mainland- and insular communities.

Alpha diversity is a structural feature of the plant community, just like stratification and

physiognomy. It depends on various factors such as climatic conditions, continentality, soil moisture

and fertility, topography, and disturbance (Whittaker 1972, 1977; Glenn-Lewin 1977; Peet 1978;



Peet et al. 1983). From the dynamic point of view alpha diversity also depends on the successional

status of the community, and it generally increases towards the equilibrium level at the climax stage

(Auclair & Goff 1971; Peet et al. 1983). In my study (Itow 1985) of mainland communities of East

Asian warm-temperate and subtropical climates, the alpha diversity of evergreen broadleaved forests

is correlated with climatic favourableness, but that of insular communities is not.

The present study will continue along these lines while including data from tropical mainland and

insular communities (Itow 1986) and of nine equatorial South American communities. The

communities studied are all climatic climaxes, considered to represent maximum alpha diversity at

equilibrium level, or nearly so.

Study areas and their climate

Mainland and insular communities will be compared between and within climatic regions. Three

pairs of mainland areas and oceanic islands in different climatic regions will be compared. The

communities actually studied were all natural- and climax forests, being free of disturbance by man

and alien plants.

Warm-temperate region

The Japanese Archipelago is an island chain, which was connected to the Asian continent in the

glacial period, some 20 000 years ago. The northern temperate region of the archipelago supports a

summergreen forest, while an evergreen broadleaved forest is found in the southern warmer part.

The present paper deals only with the evergreen broadleaved climax forests found in Kyushu,

southwestern Japan (31°N - 34°N). The forests are dominated by evergreen Castanopsis and

Quercus (Cyclobalanopsis) species (Miyawaki & Sasaki 1985).

Three satellite islands of Kyushu are used as counterpart of the Kyushu main island. They are

Meshima of the Danjo Islands, Biryo-jima of the Goto Islands and Okinoshima. The Fagaceae

species are absent on all three islands. This may be because the diaspores (acorns) did not cross the

sea when the species were expanding their distribution range towards the north in the period of the

rise of the sea level during the post-glacial age. Itow (1984) gives a detailed description of Kyushu

satellite communities and the measurement of their diversity.

Subtropical region

The Ryukyu Islands are the southernmost part of the Japanese Archipelago (24°N - 27°N). They are

continental islands that were connected with the Asian continent in the early Pleistocene. The climax

forests are also dominated by evergreen Castanopsis or Quercus (Cyclobalanopsis) species

(Miyawaki & Sasaki 1985). The islands Ishigaki, Iriomote and Yonaguni at 24°30'N were included

with data from Itow et ai. (1984).



The Bonin (Ogasawara) Islands are oceanic islands, located about 1000 km east of the Ryukyus

and 1000 km south of Tokyo, between 26°30'N and 27°30'N. The geological structure of the

islands is complicated, and their origin is probably late Pliocene. Apparently the islands have never

been connected to any continent or large land mass. Acornbearing trees are absent on the islands.

Canopy species are mainly Lauraceae, Elaeocarpaceae, Myrsinaceae and Aquifoliaceae with seeds

carried by birds, either internally or externally (Ono & Sugawara 1981; Shimizu 1983; Okutomi et al.

1985). The diversity studies were made on the two islands Chichi-jima and Haha-jima (Itow et al.

1984).

Tropical region

The present study uses data on Thailand forests by Ogawa et ai. (1965: loc. cit. Tables 6 and 7) as

continental communities. The forest is tropical rain forest, and very rich in species (Itow & Miyata

1977; Itow 1986).

The Eastern Carolines of Micronesia are oceanic islands of volcanic origin, of which Ponape and

Kosrae were visited. The inland forest on both islands is well preserved. The common canopy

species are Campnosperma brevipetiolata (Anacardiaceae) on Ponape and Horsfieldia nunu

(Myristicaceae) on Kosrae (Itow 1986; Nakano et al. 1986). Field work was conducted in 1985 for

tree populations (dbh≧10 cm).

Equatorial South America

The Galapagos Islands are the main target of the present study. For comparison Amazonian

equatorial tropical rain forests between 77°W and 78°W (Grubb et al. 1963: loc. cit. Table 6) were

included. Two communities were lowland and one montane (Table 1).

The Galapagos Islands are located on the equator in the eastern Pacific, about 1000 km west of the

South American coast. The islands are of volcanic origin, and at least 3 million yr old (Bailey 1976).

Isla Santa Cruz is centrally located in the archipelago, between 0°30'S and 0°50'S. The island

supports four vegetation zones: Coastal Arid, Transition, Moist, and Highland Zones (Itow 1971;

Wiggins & Porter 1971; Hamann 1979). Although the archipelago as a whole has a dry climate, the

Moist Zone receives more than 1500 mm rainfall (Hamann 1979) and supports a dense forest of

Scalesia pedunculata (Compositae). This tree is 15 m high and 20 cm across at maximum growth

(See also Lawesson 1988). The field work was conducted in 1978 and 1981 at three stands of the

Scalesia forest (Table 2), at one in the Transition Zone and two in the Arid Zone (Table 3).



Table 1. Tree population sizes ( > 20 ft high) adapted to a geometric series for three equatorial Amazonian forests of

Ecuador reported by Grubb et al. (1963). Only samples with more than 50 trees are used.

Table 2. Species and number of trees (dbh≧5 cm) in three stands of Scalesia pedunculata forest in the Moist Zone on

Isla Santa Cruz, Galapagos Islands.



Table3. Species and number of trees (dbh≧5 cm) in three stands of Bursera graveolens forest in the Arid and

Transition Zones on Isla Santa Cruz, Galapagos Islands.

Climate of the study sites

The study sites, except the Galapagos forests, are all located in humid climates, with a rainfall

between 1500 mm and 4500 mm, supporting evergreen broadleaved forest, or rain forest.

The mean annual temperatures range from 14 °C in the warm-temperate climate to 27 °C in the

tropical. The thermal favourableness is expressed by Kira's (1977) Warmth Index (hereafter

abbreviated as WI). This index represents a ratio of the total amount of heat available for plant life,

and is given as

WI =Σ(t - 5),      (1)

where t is the mean monthly temperature exceeding 5°C. WI values from 85-180 relate to warm-

temperate climates, WI = 180- 240 to subtropical, and WI > 240 to tropical ones (Kira 1977). The

WI value for each of the forest stands studied was estimated using a lapse rate of 0.57 °C/100 m

altitude from the temperature records made at the nearby weather stations. The WI values for the

three Amazonian communities could not be calculated.



Field methods, diversity indices and S-N curves

The field methods I adopted are the quadrat method, the quarter method (Cottam & Curtis 1956) and

minimum sampling program (Itow 1984, 1985). The trees sampled are ≧3cm dbh unless otherwise

noted. With the quadrat method, five or ten 10 m x 10 m quadrats were laid out and more than 200

trees were sampled. With the quarter method and the minimum sampling program, a little more than

100 trees were sampled. The minimum program is a method of diversity measurement applicable in

the field when time and assistance are limited. Preferably the sampling includes more than 150

individuals and the measurement record of their dbh.

Diversity indices adopted in the present study are Fisher's alpha (α) (Williams 1947),

      (2)

and Itow's (1984) S(100) calculated by Hurlbert's (1971) equation, as given below,

     (3)

where S is the number of species, N is the number of individuals, and Ni is the number of

individuals of the i-th species found in a community. The S(100 ) index means the estimated number

of species in a sample of 100 individuals, but it does not aim to find the collective number of species

in the community at large. S(100) is an index of species diversity, which is useful and easy to

understand (Itow 1984, 1985, 1986; Itow et al. 1984).

Since Hurlbert's (1971) equation gives the number of species for n individuals in the community,

species-individuals (S-N) curves for the community can be drawn. The curve is another way to

express diversity characteristics (Itow 1984, 1985). It is applicable to any data, even if the sample

area is not given. The rate of increase from S(50) to S(100), which is called b in the present paper,

     (4)

is also useful as an index of species diversity (Itow 1984, 1985, 1986). For the stands from which

fewer than 100 trees were sampled, b was calculated with S(50) and S(N) or with S(40) and S(50),

and in this case S000) was obtained by projection using b.

The indices of species diversity used in the present study express the characteristics of community

structure as follows. Fisher'sαgives an estimation of the number of species represented by a single

individual in the community in which the population distribution fits the logarithmic series

(Williams 1947).  S(100) denotes the species richness found in a sample of 100 individuals. The

parameter b represents the population evenness in the community. The S-N curve is a graphic

presentation of the species richness and the population evenness.



In addition to the above-mentioned indices, Shannon's H' and the complement of Simpson's index,

d', were also calculated for comparison with other literature (See Itow 1984, 1985).

For the Amazonian communities, only the number of individuals (> 20 ft high) and the number of

species occurring once were given. Here the number of individuals for the species occurring more

than once were estimated, on the basis of a geometric series (Table 1). The values of diversity

indices for the three Amazonian communities were thus calculated based on that estimated

distribution of populations (First 3 stands in Table 4). The estimated numbers of species were used

only in drawing the S-N curve.

Table 4. Diversity measurements of tree populations in natural forests in mainland Ecuador (first three stands

calculated from Grubb et al. 1963) and on the Galapagos Islands (G-I to G-6).

* Number of species occurring once.

Results and discussion

Figures 1 and 2 give the regression lines for Fisher's α on WI and of S(100 ) on WI respectively.

The regression equations are log Y = 0.2675 + 0.00424 X for the a relation and log Y = 0.9468 +

0.00249 X for the S(100 ) relation, where Y is α or S(100), respectively, and X is the WI value.

Both regressions are positively significant (p<0.05). Thus, alpha diversity of mainland climax

communities of humid climates is predictable from the WI index reflecting the thermal

favourableness for plant life. Glenn- Lewin (1977) recognized a similar relation between diversity

and elevation and latitude in North American temperate forests.

To compare the insular communities with the mainland ones, I plotted the index values of insular

communities of Kyushu satellites (Itow 1984), the Bonins (Itow et al. 1984), Micronesia (Itow 1986)

and the Galapagos' communities (Stands G-1 to G-6 in Table 4) in the same graphs (Figs 1 and 2). I

used all these Galapagos communities as given in Tables 2 and 3, in spite of their wide range of



climatic conditions from dry to humid. It is clear that insular communities under all climatic

conditions included have far lower diversities than comparable mainland communities and that no

diversity trends can be seen within the set of insular communities (Figs 1 and 2). Clearly, alpha

diversity of insular communities depends largely on factors other than the climate. One important

factor is isolation.

Table 5 presents a summary of all diversity values. It shows once more that the insular

communities are poor in species as compared with the mainland ones. The significant correlation

between diversity and climatic favourableness in mainland communities can be interpreted so that

the mainland communities are more or less saturated with plant species. The fact that the mainland

communities studied had not been invaded by alien plants supports this interpretation. In contrast,

the insular communities are not saturated up to and far below the richness level expected from the

climatic favourableness. The S-N curve is a graphic presentation of alpha diversity (Itow 1984, 1985,

1986; Itow et al. 1984). In Fig. 3 the curves of mainland and insular communities are compared. The

level of S(100) shows community species richness and the slope of the curve (b in the present paper)

shows the evenness in population size within the community. Apparently, the curves for the

mainland communities are much steeper than those for the insular ones (Fig. 3).

The results of the present study do not elucidate possible causes for species poverty of insular

communities. Here a special study is needed of the islands' geology and history and of the ecological

consequences of species poverty, such as habitat expansion of plant species, invasion by aliens, and

vulnerability of island ecosystems as a whole.



Fig. 1. Alpha-WI correlation in mainland communities (open circles) of humid climate in East Asia. Closed circles

show insular communities. Note their positions plotted far below the regression line of the mainland communities.

Fig. 2. S(100)-WI correlation in mainland communities (open circles). Closed circles show the insular

communities.



Table 5. Comparison of diversity values as averages and ranges between natural forest communities of mainlands

and satellite islands in the warm-temperate, subtropical and tropical climates of East Asia and pacific South America.



Fig. 3. S-N curves, comparing mainland (open circle) and insular (closed circle) communities, a. A-D: warm-

temperate (A: Kyushu, B: Kyushu satellite islands) and subtropical climates (C: Ryukyu, D: Bonin); b. E-H: tropical

climates (E: Thailand, F: Micronesia), and in equatorial South America (G: Amazon in Mainland Ecuador, H:

Galapagos). The curves of the Thailand and Amazonian communities were based on calculations from Ogawa et al.

(1965) and Grubb et al. (1963), respectively.
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