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P r e f a c e  

The "Earth Summit" held in Rio in June 1992 brought the global issue 
of biodiversity to world public attention. There is no doubt that the 
"biodiversity crisis " is real and one of the most serious impending 
environmental problems for the global community. On the other hand, 
expectations of the great potential in material and Commercial use of 
the unexplored world's biodiversity are rising to the extent that it has 
already caused a new North-South problem. Although this theme 
emphasizes the social aspects of the problem, biodiversity is 
fundamentally a problem of biology. 

We do not have a good answer for even the very basic biological 
question of how many species reside on earth at present. It is said that 
the unprecedented rate of extinction of species during recent several 
decades is mainly due to habitat destruction by one species, that is, 
Homo sapiens. Habitat destruction also tends to reduce the genetic 
diversity within a species. However, we do not know exactly how 
many species have been irreversibly lost during Say, the last 50 years, 
simply because there are many species that have gone extinct without 
ever being recorded. Much less is known about the genetic diversity of 
species populations. Increasingly many instances have been discovered 
of the diverse and fascinating forms of life and their complex intricate 
interactions, including symbiotic relationships and plant-animal 
interactions. Many of these cause the species involved to "invent," 
through the coevolutionary process, a variety of amazing devices and 
chemical products. The instances are expected to be only the "tip of the 
iceberg."; so much more remains to be discovered. Another important 
question involves the role of biodiversity within the larger context of 
the ecosystem of which organisms and species are constituents. The 
diverse niches and functions in ecosystem processes can be realized 
and sustained only by diverse forms of life and the complex 
interactions they enable. These biodiversity characteristics revealed in 
the ecosystem context have just begun to be understood. We know too 
little about biodiversity, which means many fascinating discoveries 
await science. 

For the conservation and recovery of biodiversity in nature, it is 
fundamentally important to understand how biodiversity is created 
and how it is sustained or declines. With the thesis that ecological 
complexity plays a key role in promoting biodiversity, an international 
cooperative research project, "SymBiosphere: Ecological Complexity for 
Promoting Biodiversity" was proposed to, and officially approved by, 
IUBS. With this approval, an international workshop was held from 
December 17 through 19 in 1992 at Kyoto, Japan, to promote the 



oposed research project. The workshop was jointly organized by 
aree organizations: the Center for Ecological Research, Kyoto 

Jniversity; Scientific Research on Priority Areas (#319), Project 
"Symbiotic Biosphere: An Ecological Interaction Network Promoting the 
Coexistence of Many Species, "Japanese Ministry of Education, Science 
and Culture; and SCOPE (Scientific Committee on Problems of the 
Environment) Japan. 

This special issue contains the proceedings of the workshop. We 
acknowledge that T. P. Burns helped us in editing. We sincerely hope 
this special issue will bring to a broader international community of 
scientists the essential ideas of Our research project and Our rising 
enthusiasm on the theme of biodiversity. 



An International Cooperative Research Project 

SymBiosphere: Ecological Complexity for Promoting 
B i o d i v e r s i t y  

Center for Ecological Research of Kyoto University 

S u m m a r y  

Accumulated evidence strongly suggests that ecological complexity, the 
complex intricate interactions among various forms of life, together 
with heterogeneous habitat structure, plays a key role in promoting 
the diversity of biological traits and functions in nature. Ecological 
complexity enhances biological diversity, or biodiversity, through 
evolutionary and biogeographic processes, whereas its degradation 
should quickly cause the diversity in phenotypic and genotypic traits 
to decline. Thus, for the conservation of biodiversity, it is not sufficient 
to preserve living organisms alone. In order to preserve in its vital 
state the biological diversity manifested in living organisms, they must 
be conserved in, and together with, their correct environments with 
sufficient ecological complexity. 

The state of great biodiversity for the global biotic system (i .e . ,  
Biosphere) supported by ecological complexity is here captured by the 
term, "symbiotic Biosphere" or "SymBiosphere" for short. 

This note describes a cooperative research project aimed at 
intensifying, through close coordination, two distinctive but related 
activities: the science and the practice of conserving and restoring the 
ecological complexity that promotes biodiversity. The main objectives 
of the science are to clarify the precise relationships between 
ecological complexity and biodiversity, and to identify the processes 
and mechanisms through which ecological complexity promotes 
biodiversity. The practice of promoting biodiversity must be 
considered as an initial step of a much longer term program of 
conservation. Its immediate goals are to develop an operational 
methodology by which an objective evaluation can be made for a given 
system (area) in terms of the ecological complexity (i.e., the degree of 
richness in interactions and habitat structure) pertaining to the 
conservation of biodiversity, and to carry out appropriate management 
measures that help restore and preserve the relevant ecological 
complexity. 



R e m  a r k :  T h e  research project described here is  a part of  the  first topic area 
" the ecosystem funct ion o f  biodiversi ty"  in the  IUBS-SCOPE-UNESCO joint  
program o n  biodiversity called "Diversitas." Discussions o n  the research were 
initiated in a working group chaired by H. Kawanabe. the director of Center  for  
Ecological Research, Kyoto University. This  note  was prepared by edi t ing the 
contr ibut ions by M. Higashi ,  T. Kohyama,  T. Ohgushi ,  M. Ohsawa and J.  
Takabayashi ,  who  participated in the working group. 



1. T h e  rationale:  what  we should conserve 

biodiversity 
- complex intncate interactions - information source 
- heterogeneous habitat structure - genetic resources 

1-1. W h a t  is biodivers i ty  

Biological diversity, or biodiversity for short, should be taken broadly 
as the diversity of biological traits and functions observed in nature. It 
is more than species diversity, it also involves a significant degree of 
phenotypic and genotypic diversity existing within a species. While 
these are both concerned with the range of traits and functions that 
individual organisms exhibit, there are another important sources of 
biological diversity: i .e . ,  sociality and symbiosis. These cooperative 
relations (interactions) between organisms of the same or different 
species generate novel biological traits and functions, contributing to 
biological diversity. This broader definition and characterization of 
biodiversity may open a new dimension in our understanding of the 
true richness embodied in the biological world. 

The rich diversity of the biological world, which records the vast 
history of life within its environment (i .e. ,  biological evolution), is an 
unlimited source of information about the mystery of life and nature. 
Biodiversity is also a source of power or strength in sustaining the 
global environment because it provides "players" suitable for diverse 
functions or ecological niches in the global ecosystem. With both 
aspects, the fate of our future generations rests on the state of this 
important feature of the biological world, i.e., biodiversity. Thus, no 
doubt our urgent task is to take immediate actions, and make intensive 
efforts, for conserving biodiversity on the earth. 

1-2. Ecological complexi ty  t h a t  p romotes  biodivers i ty  

( a )  Introduction 

Accumulated evidence strongly suggests that ecological complexity 
plays a key role in promoting biodiversity in nature. Here, we use the 
term "ecological complexity" to mean the complex and intricate 
manners of i n t e r a c t i o n s  among various forms of life, and the 
heterogeneous structure of h a b i t a t .  These two types of ecological 



complexity are, however, not completely separable. As in the cases of 
trees and reef-building corals, biological organisms may produce an 
eminent physical structure, which provides habitat for other species of 
organisms. Indeed, much habitat for living organisms is biologically 
based. This biogenesis of habitat structure is a form of ecological 
interactions, making a close linkage between the two types of 
ecological complexity. 

The state of great biodiversity for the global biotic system ( i . e . ,  
Biosphere) supported by this ecological complexity is here captured by 
the term, "symbiotic Biosphere" or "SymBiosphere" for short. 

(b)  Interactions promoting biodiversity 

A clear example of external inputs promoting biodiversity can be 
found in the immunological responses of an organism against non-self 
material invading the body. The diversity of antibodies and 
restructured DNA sequences produced in immunological cells is based 
on the need to counter the diversity of potential antigens present in 
the environment. 

Plant-animal interactions are another rich source of interactions 
promoting biodiversity. Plants develop defense systems against attacks 
by a variety of herbivores (plants consumers); the hard structure 
made of cellulose and other cell-wall substances serves as a basic 
physical defense, whereas the secondary substances plants produce 
and store in cytoplasm are effective chemical defenses. Those animals 
attacking plants also develop means for coping with these defenses. 
Thus, an evolutionary arms race takes place. This c o e v o l  u t  iona ry  
process may lead to the creation of amazing products by both sides. 
This is  an example of how species interactions, through the 
evolutionary process, generate novel biological traits, enhancing 
biodiversity. Because the production of chemical defense substances 
demands a high cost, plants tend to reduce or may cease the 
production when they are kept free from their herbivores' attacks. 
Thus, interactions with animals are necessary for maintaining the 
function of plants to produce those special substances. This suggests 
that biological traits may not be maintained when an organism of 
concern is kept alone out of its natural environments, i . e . ,  the biotic 
community of which is a member. 

Further, recent advances in chemical ecology and community ecology 
extend this pairwise scheme of species interactions into that of more 
complex interactions involving a third organism. These interactions are 
often indirect, asymmetrical and subtle. 



The elucidation of the role of the plant in the tritrophic system shows 
plants are not passive interactants but may actively affect the other 
members of the system. Infochemicals (information + chernical) 
emitted from plants infested by herbivores mediate many different 
interactions among the members of the system. For instance, plants 
release a "cry substance" when they are attacked and need help from 
the enemies of their herbivores. Furthermore, a plant when attacked 
may "cause" uninfested neighboring plants to initiate defensive 
reactions. This may result in "hot spots" of relative immunity to the 
herbivore formed by undamaged plants in the neighborhood of the 
damaged plants, due to induced indirect defensive actions. 

Species interactions among guild members sharing the same host 
plants are often asymmetrical. Asymmetric interactions occur among 
herbivorous insects that are very distinct taxonomically and utilize 
different parts of the shared host plant in very different manners, 
through changes in quality and quantity of host plants. Previous 
studies have mainly focused on interspecific competitions between 
closely related species. 

Early-season species Late-season species 

Plant 

Herbivory 

Energy allocation 

Figure 1. The interaction between temporally separated species (upper) and that between 
spatially separated species (lower). 
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Even insects feeding at different times or on different parts of a plant 
may have a substantial effect on the quality or quantity of resources 
available to one another (Figure 1). Thus, one species attacking the 
host plant early in the season can, for instance, change the 
performance or abundance of another species attacking late in the 
season, mediated by changes in host quality. Such indirect effects 
mediated by the host plant are more common than previously thought, 
and are especially common in insect-plant systems. 

These complex interspecific interactions require that the involved 
species encounter and deal with a great range of variations in species 
interactions through time and space. This promotes diversity in their 
behaviors and functions. 

In the natural world, there are many different degrees of mutualistic 
interrelationship, i . e . ,  symbiosis. As mentioned earlier, these 
mutualistic interactions also produce some biological traits that cannot 
be attained by either symbiont alone. These "synergetic traits" are new 
biological "innovations," and thus contribute to enhancing biological 
diversity. For example, neither termites nor their symbionts (bacteria, 
protozoa and fungi) can process the vast amount of litter (dead plants) 
in tropical forests and savannas to make good food for themselves, but 
in association with each other they become "super-decomposing 
machines" in the tropical terrestrial ecosystem. 

Also notable is the fact that advancement in symbiosis may possibly 
lead to closer biological association, accompanied by gene 
transmissions which cause changes at the DNA level, and even 
ultimately to unification (fusion). This process is a source of gene-level 
biodiversity. Another source of gene-level biodiversity is interspecific 
hybridization, which may occur even in the natural environment and is 
known to be a significant mechanism for speciation especially among 
plants. 

To sumrnarize, the richer the set of interactions, the more diverse and 
surprising (biochemical, physiological, behavioral and other) biological 
traits are expected to result. 

( c )  Habitat structure promoting biodiversity 

Another facet of ecological complexity is the heterogeneity of habitat 
structure. This provides diverse sets of environmental conditions, 
supporting diverse ways of living and, thus, promoting biodiversity. 

a' Notably, heterogeneous habitat structure is in large part created and 
modified by living organisms themseives. Terrestrial plants, trees and 



grasses, create three-dimensional structure, above and below ground, 
which produces habitats for diverse species of life. Corals also build 
huge complex structure and many benthic organisms inhabit and 
modify this structure over period of time, further diversifying the 
habitats. 

For the case of vegetation, habitat complexity is  manifested as 
gradational changes in environmental conditions or sequences of 
distinct habitats. The more different types of habitats that are 
connected with each other, the higher diversity in vegetation tends to 
occur. The humid east Asia is one such area, as the distinct types of 
habitat have had a high connectivity throughout geological time. 
Indeed, this region exhibits a much higher diversity than the other 
areas in the world at the same latitude. Also, the higher diversity of 
epibiotic elements such as primitive monotypic Gymnosperm and 
Angiosperm in this area supports the hypothesis that habitat 
complexity, when combined with high connectivity, should promote 
biodiversity. This should also hold for smaller scales of habitat 
structure; thus, it may offer a guiding principle for the practice of 
biodiversity conservation. 

(d) Conclusions 

To conclude, ecological complexity enhances b iod ivers i ty  through 
evolutionary and biogeographic processes, whereas its degradation 
(i.e., the simplification of ecological interactions and habitat structure) 
should quickly cause the diversity in phenotypic and genotypic traits 
to decline. For the conservation of biodiversity, it is not sufficient to 
preserve living organisms or their gametes alone, because keeping 
animals and plants in zoological and botanical gardens or their gametes 
in a freezer can not conserve the full range of biological diversity they 
exhibit in nature, due to the loss of the ecological complexity they 
enjoy in their original habitats. In order to preserve in its vital. state 
the biodiversity embodied in living organisms, they must be conserved 
in, and together with, their c0r rec . t  environments with sufficient 
ecological complexity. 



II. The  research project  

practice 
- develop evaluation methods 
for ecological complexity 

- evaluate to distinguish areas 
- cany out consevation 

\p*e~.ams 

adaptive 
management 

11-1. The scope and prospects 

This cooperative research project aims to intensify and coordinate two 
distinctive but mutually relevant activities, the science and the 
practice of preserving and recovering the ecological complexity that 
promotes biodiversity. That is, the project combines science and 
practice. It intends to coordinate sc ien t i f i c  research activities with 
conservation programs which are constantly "tuned" based on updated 
results from the basic research in progress. In other words, the 
conservation programs adopt an "adaptive managpen t"  scheme, in 
view of expected advances in relevant theories from ,the basic research 
phase. 

One characteristic feature of the project is the interactions among 
scientists. First, a close collaboration is required between ecological 
scientists and biochemical and molecular biological scientists. Second, it 
is clear from the intention to coordinate scientific and practical efforts 
that close interactions are necessary between basic research oriented 
scientists and applied oriented researchers and management experts. 
These requirements should be crucial to the success of the project, and 
yet they may be very challenging. We have a good prospect, based on 
Our recent experience, to meet, at least, the first requirement. 

Recently, a research project with objectives closely related to the 
research project has been selected for intensive research funding by 



the Japanese Government as a Priority Research Area. That research 
project, continuing until 1994, has brought together scientists with 
very diverse backgrounds and expertise, ranging from ecology and 
evolutionary biology to molecular biology and biochemistry. It focuses 
on complex interactions among diverse living organisms, in connection 
with major mechanisms for promoting the coexistence of many species 
and for shaping the community structure in different environments. 
The experience gained in this ongoing research project should prove 
useful for the research project, both in identifying focal research 
themes and in forming an effective research organization. In 
particular, productive collaboration between researchers with rather 
different backgrounds (e .g.,  ecological scientists and molecular 
biologists) requires an effective "communication channel" or  
"translation system" between those scientists, which has been well 
developed through the current research project. 

11-2. The common sites: to  coordinate research and 
conservation activit ies  

As a means to coordinate research activities in the project, in 
particular the two distinct types of activities, i.e., science and practice, 
it is necessary to select a set of common research sites in which both 
basic research activities and conservation programs will be 
concentrated. To give the project a global extent and address relevant 
problems on a larger spatial scale, sites will be chosen in such a way 
that comparative and simultaneous research can be conducted along a 
latitudinal gradient. 

The project can, and may eventually, be conducted worldwide. We, 
however, select only a single series of sites along a latitudinal gradient, 
for which we intend to initiate the research project. In light of past 
biogeographic continuity and geographical convenience for research, 
we have chosen a series of sites along a latitudinal gradient on the east 
side of the Eurasia Continent. 

11-3. Basic scientific research 

The basic scientific research is designed as intensive cooperative 
research. Two-way interactions are essential between ecological 
scientists and biochemical and molecular biological scientists. 

The scientific research activities will be organized around the following 
two foci: 

i)  to clarify the precise relationships between ecological 
complexity and biodiversity; 



ii) to identify the kinds of ecological complexity that are most 
influential in promoting biodiversity. 

A representative case for specific sets of "networking" ( i . e . ,  
comparative and simultaneous) field researches will ke, condiicted with 
a network of forest systems (Figure 2) and aquatic (freshwater and 
marine) systems along a latitudinal gradient on the east side of Eurasia 
Continent. 

Among biological communities, forest vegetation in the terrestrial part 
of the Biosphere is characterized by a unique feature; it forms a 
persistent complex architecture with maximum biomass accumulation. 
Huge and complex architecture offers a diversity of habitat for various 
living organisms. 

There exists a unique trend for forest ecosystems; the latitudinal 
gradient from less-productive extratropical environment to the most 
productive tropical wet environment is coupled with the gradient of 
species diversity. The maintenance of persistent vertical architecture 
in forest systems provides a key to, understanding the mechanisms 
that maintain species diversity. Persistent vertical architecture is 
represented by tree size distribution which classic production ecology 
did not deal with. 

Dynamics of tree size distribution can be described by tree growth 
rate, mortality and recruitment rate through permanent plot censuses. 
A new hypothesis, developed from the one-sided competition ( i . e . ,  light 
competition) model of size-structured tree populations (see Figure 3), 
posits the existence of stable equilibrium coexistence without 
considering any species-to-species-specific factors and stochastic 
fluctuation factors, both of which have been used to explain the 
coexistence of species at the same trophic level. One can calculate 
model parameters of each tree species from observed tree growth rate, 
mortality and recruitment rate as functions of tree size and the 
intensity of one-sided competition. It  is valuable to compare 
parameters of such a realistic model between coexisting species in 
various forest ecosystems and to relate them with species-specific eco- 
physiological traits and forest-specific physical constraints. It will 
contribute to the construction of functional, predictive model of natural 
forest tree communities. 



Figure 2. Simultaneous research network of forest ecosystems along eaçt Asian habitat gradient. 
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Figure 3. Multi-species system is maintained when population is size-structured. Potential 
recruitment depends on adult density of each species, while growth, survival and recruitment is 
suppressed by one-sided competition factor collective of species. 

It is necessary to clarify the regeneration mechanism of self-organizing 
forest systems. Forest regeneration is the function of physiological 
attributes of tree species throughout life and biological inter- 
relationships between trees, pollinators, herbivores and soi1 
mycorrhiza. Vegetative and reproductive success of trees is largely 
dependent on other living organisms of different trophic levels. For the 
understanding of these processes, long-term research projects 
irivolving both ecological and environmental censuses are primarily 
important. Particularly, seasonal censuses of physical environments 
and performance of living organisms at least for several years and 
including one El Nino cycle, which has been confirmed to relate to the 
mass reproduction cycle of dominant forest trees, are necessary for 
obtaining the minimum set of data by which possible theoretical 
hypotheses can be statistically tested. 

Restoration of tropical lowland rain forests with extremely high species 
diversity and huge biomass stock is one of the most urgent issues in 
the present interest in the conservation of genetic diversity and 
environmental stability. Meanwhile, the existence of a latitudinal 



gradient of species diversity provides a clue to solving the mechanisms 
of species coexistence. What is necessary is to construct networks of 
comparative and simultaneous research projects that span the 
latitudinal gradient. Even though many research efforts are made in 
various forest systems, in particular in tropical forests, they are still 
too fragmentary to create a mutually-comparable data set. We can 
predict the shift of forest ecosystems and species composition there in 
due to a global increase of atmospheric CO2 concentration trough 
results of simultaneous censuses from the research network across 
climatic regions. 

For instance, the gradient of wet forests in the east of the Eurasia 
Continent ranging from East Siberian taigas to South-East Asian 
tropical rain forests via Himalayan monsoon forests and Chino- 
Japanese wet temperate forests provides an ideal research fields for 
the above purpose (Figure 2). 

Parallel arguments can be made for aquatic systems, and we intend to 
take these two distinct types of systems .for comparison. 

11-3. Conservation Practice 

The practical part of the project must be considered as an initial step 
of a much longer, term conservation program, which needs to be 
organized based on the results of this projecr. 

The immediate aim is to develop an operational methodology by which 
an objective evaluation can be made for a given system (habitat or 
area) in terms of ecological complexity ( i . e . ,  the degree of richness in 
interactions and habitat structure) pertaining to the preservation of 
biodiversity. 

The second stage is the application of this evaluation method to 
develop a systematic scheme for distinguishing regions and areas in 
terms of the potential for preserving and recovering ecological 
complexity for promoting biodiversity. Behind this goal of clear 
distinction among areas is a need to consider economic demands in the 
region. Unless a clear distinction among areas and regions in terms of 
land use is made based on an appropriate evaluation, we can not keep 
ecological complexity which is crucial to the conservation of biological 
diversity and the global environment. 

The third stage is then to carry out management measures that may 
help preserve or recover ecological complexity. 



At every stage, results from the progressing research should be 
utilized to constantly adjust conservation practices. 

For the conservation programs developed through this project, funds 
specifically designated to each of the programs should be established 
in order to guarantee their full development following this project. 



Cross  Difference in Conimunity 
S t r u c t u r e  between Fores t s  a n d  Gras s l ands  

-Why a r e  forests  kep t  g reen?-  

Takuya Abe 

Center for Ecological Research, Kyoto University, 
Shimosakamoto, Otsu, 520-01 Japan 

Key words: community structure, CIN balance, 
cell-wall and cytoplasm consumers, detrital vs grazing chain. 

There have been only a few studies in which al1 the community 
components were investigated. However, some generalizations are 
possible if we compare the gross features of contrasting systems such 
as forest, grassland and plankton communities (of ocean and of a large 
lake). The detrital chain has been thought to be responsible for the 
majority of secondary production in al1 of these three categories of 
communities. The grazing chain, on the other hand, has the greatest 
role in plankton communities, followed by grassland, and the smallest 
role in the forest. This pattern is well known, but has never been 
explained. 

Abe & Higashi (1991) examined cellulose centered perspective on 
terrestrial community structure. This paper, based on the paper, 
intends to examine the gross differences in community structure 
between forests and grasslands in relation to the specialization of 
phytophagous insects into cell-wall  specialists and cytoplasm 
specialists. 

Cell walis and cytoplasm a s  food resources  

One of the most significant differences between plant and animal cells 
is the presence of a ce11 wall. Although the ce11 wall and cytoplasm are 
both potential food resources for heterotrophs, they are quite different 
in their chemical compositions. The ce11 wall of higher plants, 
containing little protein and lipid, consists main1 y of cellulose, 
hemicellulose and lignin, which are located almost exclusively in the 
ce11 wall. These three cell-wall substances constitute in weight about 
47%, 22% and 22%, respectively, of deciduous wood, 16%, 13% and 21% 
of deciduous leaf, and 30-33%, 18-24% and 11-14% of grass. Therefore, 
ce11 wall is the primary component of the biomass of trees and grasses. 



Because most plant materials (98%) on earth are terrestrial, and 75- 
90% of it is located in forests, cell-wall substances, especially cellulose, 
are the most abundant organic matter on earth. Ce11 wall thus provides 
the most abundant food' resource, if only potentially, on this planet. 
Except for some types of molluscs, silverfish and a few earthworms, 
animals cannot directly utilize this super-abundant food resource 
because they cannot produce a complete set of cellulases; they must 
have direct or indirect associations with microorganisms to consume 
this food. 

On the other hand, cytoplasm, which is abundant in pollens, seeds and 
new leaves of plants, is rich in proteins, lipids and starches. It is thus a 
potential food of high quality (i.e., nutritionally well-balanced food) for 
animals. Higher plants produce, however, various kinds of toxic 
secondary substances, such as alkaloids, terpenoids and hydrogen 
cyanides, and keep them in cytoplasm. Therefore, animals that feed on 
plant cytoplasm must solve the problem of plants' chemical defenses. 

Cell-wall  consumers  a n d  cytoplasm consumers  

The foregoing observations suggest a new categorization for 
heterotrophs or consumers: cel l -wall  consumers and c y t o p  l a s m  
consumers. The consumers of animals, i . e . ,  carnivorous animals, are al1 
cytoplasm consumers, while those of plants may be cell-wall 
consumers or cytoplasm consumers. 

Cell-wall consumers of plants, having acquired a means to cope with 
the hard construction materials of ce11 wall, utilize a food of low quality 
( i . e . ,  nutritionally less well balanced, having an extremely high C/N 
ratio) but available in high quantity. On tne other hand, the cytoplasm 
consumers of plants, managing toxic secon'dary substances in 
cytoplasm, utilize a food of high quality but available in low quantity. 
It should be noted, however, that to utilize cell-wall substances 
successfully as their food, cell-wall consumers have to balance the C/N 
ratio of their food by either adding N or selectively eliminating C ( i . e . ,  
concentrating N in their food). Only microbes are capable of this, and 
animals cannot do it alone. That is another important reason cell-wall 
eating animals have to be associated with microorganisms. 

What does this categorization of plant consumers generate when 
applied to insects, which constitute about a half of al1 living species 
excluding algae and microorganisms? Phytophagous insects make up 
approximately half of al1 insect species, but are included in only nine 
of the 29 insect orders. Hemiptera, Lepidoptera, Orthoptera and 
Phasmida are almost entirely phytophagous, but only about one-third 
of Coleoptera, one-forth of Diptera and one-tenth of Hymenoptera feed 



on the living tissues of higher plants. Although there is insufficient 
information on cellulose-digesting insects, comparisori of phytophagous 
and cellulose-digesting insects at the family level shows that no 
cellulose-digesting insects are  phytophagous, except for some 
Coleopterans (Coccinellidae, ladybirds; Scarabaeidae, scarab beetles; 
Cerambycidae, long-horned beetles) and probably Orthopterans 
(Table 1). The larvae of many species of Cerambycidae are cellulose- 
digesting and consume woody tissues of living plants. Because most 
woody tissues of trees consist mainly of cell-walls and contain only a 
little cytoplasm and thus can be considered "dead" cytologically, the 
larvae of these long-horned beetles are, in effect, cell-wall consumers. 
Therefore, we may conclude that most insects that consume plant 
materials have succeeded in solving either, but not both, of two 
problems: 1) the detoxification of secondary substances in cytoplasm, 
and 2) the degradation of cell-wall components with the aid of 
microorganisms. 

Table 1. The classification of vegetarian insects into phytophagous ones (cytoplasm consumers) 
and cellulosedigesting ones (cell-wall consumers) [based on Strong et al. (1984) and Martin 
(1987)l. Boldface type denotes families with representatives in both classes. 

Orders Families that contain 
phytophagous insects 

Familics that contain 
cellulose-digesting insects 

Iicmipicra 
1.epidoptcra 
Orthoptera 

Phasmida 
Colcor>icrii 

Delphacidae und I h  familics 
Micropterigidac and ZX  fÿmilies 
Tetiigoniid:ic. Acrididae 
Eumast;icidac 
AI1 spccies 
Scarabaeidae, Cerambycidae 
Coccinellidae. Tcnehrionidiic 
Mordcllidae. Chryromeliddc 
Liinguridiie. Apionidiie 
Curculionidae 
Cecidomyidac. Dolichopodidac 
Drosophilidae. Ephyrdridac 
Anthomviidae. Agromyzidac 
Chloropidac. Tephriiidac 
Xyelidac. Ccphidiie 
Blüsticotomidite. Diprionidae 
Tcnthredinidac. Ichneumonidac 
Uraconidiic. C'ynipidac 
Agoonidiie. Eurytomidac 
Sminthuridae 
Thripidae 
- 
- 

- 
- 
Gryllidae 

- 
Scarabaeidae. Ceramhycidae 
Coccinellidae. Anoliiidae 
Buprcstidaç 

Siricidue 

~ i s i o i e rm i t i d ;~c .  Kiilotcrmiiid;ic 
Hodotermitidac. Hhinoicrmitidiic 
Termitidoc 
Picronarcyidac 
Limncphilidac 
Cryptoccrcidiie. Bliittidac 

-: not rccorded 

Cell-wall consumers include dead plant feeders of great variety 
besides termites, while cytoplasm consumers include human beings, 
ants, bees and many other animals. In addition to herbitrorous 
ruminant mammals, those organisms that utilize both ce11 wall and 
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Detr i ta l  versus  graz ing  food cha ins  
in fores t s  a n d  grass lands  

The community structures of forests and grasslands differ in the 
relative significance of detrital and grazing chains: the quantitative 
significance of detrital chains relative to grazing chains tends to be 
greater in forests than in grasslands. The new view on community 
structure that has just been presented can be applied to this issue, and 
an answer is offered to the question why this tendency exists. 

Trees contain more cell-wall components and less nitrogen than grass. 
Nitrogen contents of grass and wood (in parenthesis, tree and shrub 
foliage) are 1.2-4.5% and 0.04-0.3% (0.6-6.6%) respectively. Thus, in 
the context of the basic structure, the abundance of cell-wall relative 
to cytoplasm components is higher in forests than in grasslands. If no 
generalist consumer existed, this would imply the quantitative 
significance of resource available to detrital food chains relative to 
grazing food chains is greater in forests than in grasslands. 

In forests, insects that can decompose cellulose with the aid of 
microorganisms usually do not attack living plant tissues ( i . e . ,  they are 
cell-wall specialists). On the other hand, most phytophagous insects, 
having no association with microorganisms for cellulase, consume only 
nutritious portions of plants, such as fruits, seeds, pollens and young 
leaves, and do not destroy major parts of trees, such as mature leaves, 
branches and stems ( i .e . ,  they are cytoplasm specialists). Although 
certain phytophagous insects may feed on mature leaves in some 
natural or managed forests, phytophagous insects that feed on mature 
leaves in natural forests are uncommon. 

Herbivorous mammals, which harbor microorganisms in their guts and 
decompose ceil-wall substances, and other generalist consumers are 
scarce in forests though herbivorous primates are  important 
exceptions in some forests. On the contrary, in grasslands, herbivorous 
mammals, especially ungulates, are abundant, and sometimes consume 
much of the living grass. The following two points, though, must be 
noted: 1) herbivorous mammals with rumens cannot digest cellulose 
completely, but only 43-73%, mainly due to the presence of lignin and 
silica, and 2) the inclusion of cellulose, lignin and silica in grass place 
an upper limit to the grazing of herbivores below the availability of 
this food, because their feeding ecology can be explained largely by the 
behavioral adaptations to maximize protein consumption and minimize 
consumption of tough lignified or silicated fiber. The scarcity in forests 
and, by contrast, the abundance in grasslands of generalist consumers 
increases the difference between forests and grasslands in the relative 



significance of detrital and grazing food chains, because generalists 
expand cytoplasm flows to grazing food chains and redirect into 
grazing food chains some portion of the cell-wall components in living 
plants. 

Coexistence of many species of insects in the forest 

The specialization of insects into either ccll-wall or cytoplasm 
consumers leads to an interesting consequence. Old leaves, branches 
and trunks of living trees are not consumed by both of cell-wall 
specialists and cytoplasm specialists, because the amount of their 
secondary substances may be too high for cell-wall specialists while 
the amount of cell-wall substances may be too high for cytoplasm 
specialist. Therefore the main parts of living trees are more or less free 
from the attack by both types of insects. This may be one of the most 
important reasons why forest is kept green in spite of abundant 
species of plant-consuming insects. 

Ta11 trees in the forest provide various scales of relatively stable 
heterogenous habitats. In the tropical rain forests the heterogeneity of 
habitats is accelerated by high species diversity of trees, which 
produce various kinds of secondary substances. Edible food resources 
such as young leaves tend to be scattered, ephemeral, asynchronized 
and furthermore separated by "barriers" of old leaves and branches 
which are not edible to most animals. It is highly probable that old 
larvae of insects are able to eat old leaves but young larvae are able to 
eat only young leaves. This may make it very difficult for adult 
phytophagous insects to lay eggs on adequate stage of leaf 
development. This may decrease intra- and inter-specific competition 
on leaves, and promote the coexistence of many species. 

In conclusion, phytophagous animals represented by insects do not 
play an important role in the energy flow in the forest ecosystems, 
because of chemical defense by plants and specialization of 
phytophagous insects into cytoplasm consumers. This inability of 
phytophagous insects, in turn, make it possible for many species of 
insects as well as other animals to coexist in the forests. Insects in the 
forests are rich in the species diversity. because they are important as 
accessory except for pollinators. Motorcars are rich in the variety of 
their appearance, but poor in the variety of engine structure. 
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I n t r o d u c t i o n  

High complexity of habitat structure has been suggested to support a 
high biodiversity. In coral reefs, physical structure of habitats is 
created or modified principally by macrobenthic organisms (Mortan & 
Challis, 1969; see also Sebens, 1991). 

Based on an extensive survey of major habitats in coral reef areas, the 
following three different processes involved in the structuring of 
microhabitats were recognized (Nishihira, 1992): 

1: Prov i s ion  refers to the process whereby th'e body of an inhabitant 
provides secondary space for colonization"by other species. For 
example, sessile colonial corals, macroalgae and seagrasses provide 
diversified microhabitats (Mukai, 1990). 

2: ~ r e a t ; o n  refers to the modification of substrata by the activity of 
living organisms (Mukai, 1992), leading to the creation of new 
microhabitats. Borers and grazers are major animal groups which are 
engaged in this process. 

3: Condi t ion ing  refers to the maintenance of the new environmental 
conditions of a microhabitat by the presence or activities of living 
organisms. Burrowing animals such as spatangoid urchins and ghost 
shrimps as well as territorial animals condition particular ecological 
circumstances in their zones of activity. 

Colonial sessile corals and assemblages thereof build enormously 
intricate structures on substrata which have themselves been built up 
by carbonate-producing organisms. Many kinds of organisms inhabit 
and modify this structure and add more diversified microhabitats to it. 



This chain or iteration of creation-inhabitation is a major process in ' 

promoting the coexistence of many species in a given area. 

Aims a n d  methods  

The development of communities on microatolls of massive corals 
offers good examples for testing the hypothesis that the three principal 
processes listed above are involved in the ecological genesis of 
communities and biodiversity. The microhabitat structuring process 
involves 1) growth of corals, 2) physical stresses caused by emergence 
at low tide, 3) generation of microhabitats principally by benthic 
organisms, and 4) chains of colonization of newly structured 
microhabitats. Observations were conducted to evaluate al1 aspects of 
these ecological processes. 

In the shallow (c1.5m depth at low tide) moat of Kudaka Island, 
Okinawa, microatolls of massive Porites of various sizes were selected 
for study. The tops of the microatolls were carefully scanned, and 
algae, corals and other macrobenthic animals were recorded. Surface 
irregularity was measured. Benthic foraminifers were censused using a 
5cm x 5cm quadrat. 

Resul ts  a n d  discussion 

Surface irregularities on the tops of microatolls seem to bë created and 
increased through the activities of benthic organisms. With growth, the 
top begins to emerge at low tide, which causes the formation of a 
microatoll. Exposed dead skeleton is first colonized by blue-green algae 
and an early macroalgal colonizer such as Padina minor Yamada. With 
further growth of the coral, the top of the microatoll increases its area, 
and the surface irregularities also increase. During this time, boring 
activities of the giant clam Tridacna crocea Lamarck and grazing by the 
sea urchin Echinometra mathaei (Blainville) play major roles. 
Colonization of T r i d a c n a  occurs from the early phase of microatoll 
formation, and Ech inome t ra  establishes its population by occupying 
empty burrows left by dead clams and continues to enlarge and 
deepen the burrows as a result of its grazing activities over a long 
Geriod of time. 

Two representative tubiculous animals embedded in the coral skeleton 
of Pori tes  are S p i r o b r a n c h u s  g i g a n t e u s  (Pallas) and D e n d r o p o m a  
maxima (Sowerby). After death, their empty tubes become available 
for use by the obligatory tube-dwelling hermit crab Paguritta harmsi 
(Gordon) and by certain facultatively tube-using fishes, thus adding 
unique animals to the associated fauna. 



Larger microatolls support more abundant and more diverse benthic 
macroalgae, The more irregular surface of larger microatolls seems to 
facilitate the colonization by many species. The irregular surface with 
deep, excavated places retains water even at low tide, thereby 
supporting luxuriant growths of more kinds of algae. 

Benthic foraminifers were represented by more than 100 species. 
Algal growth enhances the trapping of sediment, and thus conditions 
favourable circumstances for colonization by certain foraminifers. In 
addition, the increase in abundance and species of macroalgae with 
microatoll size provides more diverse microhabitats for epiphytic 
species and seems to explain the higher species richness of 
foraminifers on larger microatolls. 

Corals are one of the late colonizers of microatolls. Many more corals 
grow on microatolls with more irregularly excavated tops. Presence of 
a variety of corals, no doubt, induces colonization by coral-associated 
organisms. 

Al1 of the processes mentioned above occur in the context of a 
sophisticated network of interactions among various species. 
Therefore, treating al1 the organisms and interactions in a community 
must help to bring about deeper insights into the mechanisms 
whereby many species live together in a limited area. By treating only 
a portion of the community members and interactions, Our 
understanding of the mechanisms involved in the promotion and 
maintenance of biodiversity may be limited. 

It is indispensable to include habitat structuring and subsequent 
colonization relationship in discussions of biodiversity. However, it 
should be noticed that sometimes these processes inhibit the existence 
of certain species. With regard to the provision and creation, it should 
be noticed that the microhabitats sometimes become available for later 
colonizers only after the deaths of organisms which provide or create 
microhabitats. 

Rich coral assemblages provide diversified microhabitats and thus 
guarantee more kinds of animals places to live. This suggests that the 
conservation of entire coral assemblages, together with that of a set of 
macrohabitats or biotopes, is essential for biodiversity conservations in 
coral reef ecosystems. 
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The forest ecosystem in humid east Asia exhibits various patterns of 
distribution and differentiation along hierarchical habitat gradients 
which are controlled by climatic, topographical, and small scale 
disturbance factors. The rich diversity of forest types in east Asia is 
due mainly to the geo-historical continuity of the humid forest climate 
since at least the Tertiary without any marked interruptions during 
the Ice Age. Moreover the region comprises mountainous terrain 
including volcanic belts and high mountain ranges, and this 
mountainous topography modifies the macro-climatic conditions into a 
micro-scale habitat mosaic of forests. 

To understand the pattern and process of differentiation of these rich 
forest ecosystems, 1 first studied the geographical pattern of forest 
formations in the east Asiatic region and tried to explain it in relation 
to temperature conditions. Then the distribution of leaf forms in 
relation to humidity factors in the subtropical/warm-temperate zone 
in south to east Asia was studied, because al1 the major leaf forms, 
such as evergreen, deciduous, broad-leaved, and needle-leaved, coexist 
in this region. Furthermore the ecological interrelationships among 
different leaf forms were investigated along meso-scale habitat 
gradients as, for instance, topography. 

1 adopted the comparative approach for generating a hypothesis 
regarding forest patterns, habitat preferences and leaf traits such as 
leaf forms and leaf size. The leaf traits are a useful link among 
different scales such as ecophysiological mechanisms, community 
processes, and geographical distribution (Box, 1981; Schulze, 1982; 
Chabot & Hicks, 1982; Givnish, 1987; Woodward, 1987; Reich et al. ,  
1992). 



Geographical  . p a t t e r n  of fores t  ecosystems a n d  
their  control l ing fac tors  in Eas t  Asia 

Two temperature factors, i .e.,  temperature sum and low temperature 
in winter, have a decisive effect on the diversification and distribution 
of tropical vegetation along altitudes in tropical high mountains and 
latitudes in the mid-latitudes of the Northern Hemisphere respectively 
(Figure 1). On the one hand, the decrease of temperature sum without 
any marked seasonality leads to the zonation on equatorial mountains, 
and on the other, the drop of the minimum temperature in winter 
without any marked decrease of temperature sum in summer leads to 
latitudinal zonation in the middle latitudes of the Northern Hemisphere 
(Ohsawa, 1990). The former causes replacement of the evergreen 
noto/mesophyllous forest of the lower montane zone by the evergreen 
nano/microphyllous forest in the upper montane zone on tropical high 
mountains (Ohsawa, 1991). The latter causes gradational floristic 
depauperation of evergreen trees depending on the critical low 
temperature-limit which differs by species. Further north the 
evergreen leaf form is replaced by deciduous and/or needle-leaved 
trees at middle latitudes where the coldest month temperature is 
below O" to -1' C (Ohsawa, 1990, 1991). This replacement takes place 
without any appreciable difference in forest height, which indicates 
that it is not due to a shortage of productive potential but to winter 
coldness that determines the tolerant leaf forms. 
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Figure 1: Geographical pattern of forest ecosystems in east Asia and its controlling factors. 

- - 
summer lemperalure 

d: 20 - 
W 
a IO 5 
t- O 
0 
z 
4 .,o. 

$ 

' O  .Q 
. q g v  

winiei temperature 

.,.; 
a 1Q ,O 1 

LATITUDE ( O N )  



T h e r m o - h y g r i c  p a t t e r n  of subtropical/warm-temperate 
. . f o r e s t  

The subtropical/warm-tempdrate forest of east Asia varies in leaf 
forms depending on various habitat factors. In humid climate, most 
trees have evergreen leaves which must endure occasional or seasonal 
environmental extremes during their growing periods. Thus trees may 
respond physiologically, or their leaves may undergo morphological 
changes, e.g., with regard to leaf size, texture, pubescence, etc. If the 
conditions are too extreme to maintain evergreenness, e .  g . , low 
temperature, excessively dry or humid edaphic conditions, evergreen 
leaf forms may be replaced by other types of leaves, such as deciduous 
or needle. 

The replacement of evergreen broad-leaved forests by other forests 
such as needle-leaved andlor deciduous forest, was analyzed in detail 
according to Holdridge's life zone (Holdridge, 1967). The results 
showed that each leaf form was specialized to specific habitat 
conditions; namely, evergreen noto/mesophyllous forest is found in the 
favorable moist core habitat and needle-leaved or deciduous forest in 
marginal habitats characterized by extremely dry, wet or cold 
conditions (Ohsawa & Ozaki, 1993). The needle-leaved tree genera 
were characteristic to each of the following environmental extremes; 
P i n u s  forests at subhumid or dry forest sites, Cryptomer ia  forests at 
superhumid or rain forest sites, and Abies  forests at cold sites. The 
general trend of this pattern may be ascribable to differences in stress 
tolerance among these leaf forms or genera (Bond, 1989). 

Thus the variety of leaf forms of subtropical/warm-temperate forests 
can be generalized as follows: the most favorable sites are occupied by 
evergreen noto/mesophyllous trees, while the stressful habitats are 
occupied by other leaf forms, i .e . ,  sclerophyllous, needle-leaved, or 
deciduous trees, which are supposed to be tolerant to adverse factors 
such as shortage of water andlor nutrients, excess of water, and 
mechanical stress. 

Ecological mechanisms implying fores t  d i f fe rent ia t ion  

The adaptive significance of leaf traits has been widely discussed by 
many researchers (e.g., Chabots & Hicks, 1982; Givnish, 1987; Sprugel, 
1989; Gower & Richards, 1990). To formulate a general rule on the 
regular arrangement of forest types having a specific leaf size, the leaf 
size spectra for evergreen broad-leaved forests were studied along 
environmental gradients, such as altitude in tropical mountains 
(decrease of temperature sum), degree of windward exposure between 
mountain top and foothills, and complex factors of waterlnutrient 



availability on ridge and slope habitats on a small hi11 slope (Olisawa & 
Ozaki, 1993). The leaf size spectra exhibited a similar pattern through 
the different environmental gradients: that is, the more favorable sites 
always were dominated by noto/mesophyllous trees, while stressful 
habitats were dominated by nano/microphyllous trees. 
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Figure 2: Height class frequency distribution of microphyllous trees and notophyllous trees in 
five forest stands (A to E) along two environmental grkdients in Mt. Yuwan, Amami-Ohshima 
Island (calculated from data by Tagawa et al., 1989) end Mt. Kiyosumi, Chiba (calculated from 
data by Ohsawa et al., 19821, subtropical/warm-temperate Japan. Topographical location of 
each community and leaf size spectra are also indicated. 

The reason why noto/mesophyllous forest is always replaced by 
nano/microphyllous forest towards the stressful habitat may need to 
be investigated ecophysiologically for each leaf form as well as for 
niches within a community. Here, however, 1 would like to seek 
further evidence to elucidate the underlying ecological mechanisms 
that create the general pattern. The height class frequency 
distributions of the two contrasting leaf size trees, microphyllous vs. 
notophyllous, were studied along two gradients, i . e . ,  windward 
exposure gradient and ridge-slope gradient in southern Japan (Figure 
2). The overall pattern of changes observed in the community 
structure from favorable habitat to stressful habitat includes: 1 )  
noto/mesophyllous trees overcast nano/microphyllous trees in the 
community at favorable sites, 2) the tree height decreased toward 
adverse habitats in windward exposed habitat and in ridge habitat, 3) 
the height class distribution of noto/mesophyllous trees was more 



compressed than that of nano/microphyllous trees in adverse sites so 
that the two trees constitute the same canopy, 4) nano/microphyllous 
trees became dominant in stressful habitats. 

These findings indicate that stressful habitat conditions suppress the 
noto/mesophyllous trees more strongly than the nano/microphyllous 
trees, and that the reduced vigor of the noto/mesophyllous trees 
(shorter tree height, less abundant or even absent in a community) 
makes possible an alternative dominance of the nano/microphyllous 
trees in stressful habitats. The microphyllous trees generally occur as 
an understory component if they coexist with the other leaf forms such 
as notophyllous trees. Nevertheless they can form scrub communities 
in adverse/stressful habitats such as high altitudes on equatorial 
mountains, ridge tops, windward exposed forests,  and early 
successional communities in subtropical mountains. Most of the 
microphyllous trees, Theaceae, Myrsinaceae, Symplocaceae, and 
Aquifoliaceae, which constitute the understory of notophyllous forests 
at favorable sites, become the dominant canopy trees of the 
microphyllous forest. Thus the nano/microphyllous trees occupy the 
stressful marginal habitat of the noto/mesophyllous trees. 

HABITAT COMPLEXITY PROMOTE FOREST DlVERSlTY 
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Figure 3: Schematic diagram indicate habitat complexity promote forest diversity. 

Concluding remarks  

The primary factor controlling macro-scale diversification of forest 
formations in humid east Asia is temperature conditions. In addition to 



this, humidity factors  manifested by topography promote 
differentiation of forest types within a thermal realm or a climatic 
zone. A detailed analysis of community patterns along meso- and 
micro-scale habitat gradients can yield clear information on behavior 
among different ecol'ogical groups defined by various characteristics 
such as leaf traits. Macro-scale climatic changes inevitably alter habitat 
conditions along an environmental gradient and cause shifting of 
interspecific relationships. Thus a multi-species assemblage can 
respond to habitat gradients, or in more general terms, habitat 
complexity, by diverging their habitat preferences so that they can 
coexist by spatially segregating their habitat, thus avoiding local- 
extinction (Figure 3). This is a specialization of species distribution into 
a respective specific partial habitat along the gradient. On the other 
hand, a single species may respond to habitat complexity by diverging 
into different ecotypes or incipient species. Both of these processes 
promote high diversity or complexity of the forest ecosystem along 
habitat gradients. Accordingly, the conservation of habitat complexity 
is the key to promoting forest biodiversity. 
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I n t r o d u c t i o n  

The biodiversity of plants, animals and microorganisms reaches its 
zenith in tropical regions where 7% of the Earth's land surface contains 
in excess of 50% of the world's biota. While some 1.4 to 1.8 million 
species have been described to date, a variety of estimates places the 
total inventory somewhere between 3 and 30 million (Wilson, 1988). 
Most of these are undescribed species of arthropods which, according 
to Erwin (1988), will be found principallp in tropical forest canopies. 
Extrapolations based on a very, very limited sample of the total pool of 
biodiversity have been used to arrive at these numbers, so there is by 
no means a consensus amongst scientists as to the validity of the 
higher estimates (Stork, this volume). Nevertheless, extrapolations 
have been used by May and others to provide a more realistic estimate 
of biodiversity for a whole range of groups (May, 1992). In the fungi, 
for example, approximately 69,000 species have been described to 
date, and many of these are specialists on vascular plants 
(Hawksworth, 1991). By some estimates there are six fungal specialists 
for each of the 250,000 species of vascular plants. If this is so the 
biodiversity of fungi may approach 1.5 million species, some 20 times 
the confirmed number. 

What this totality of species diversity means to the structure and 
function of ecosystems is not addressed by these particular studies, of 
course, and no values have been assigned to the importance of a 
particular species in an ecosystem ( e  .g . , keystone species) nor 
recognition of the fact that biodiversity is not uniformly distributed, 
either in an ecological or taxonomic context. One only need recall, for 
example, that marine diversity is far greater at the phylum level than 
in any other realm, including freshwater, terrestrial and symbiotic 
(Grassle et al., 1991; Ray & Grassle, 1991). While it is clear that our 
knowledge about biodiversity is rudimentary at best, in some sense 
these academic aspects of understanding biodiversity are just tliat, 
".academic." The international community of concerned citizens is now 



very aware of species loss due to tlie deterioration of Our environment 
and the massive destruction of tropical rainforests, in particular, and 
there is, rightfully, an impatience with the methodical, scientific 
approach which can easily be misunderstood as standing by while 
"watching Rome burn." 

Notwithstanding the urgency of doing something now about stemming 
the loss of biodiversity, a point that 1 will return to in closing, the fact 
remains that intelligent decisions about the global commons depend on 
having good information. Without solid scientific evidence and 
understanding of the real and potential role of biodiversity, good 
recommendations will be wanting and credibility will rapidly be lost 
when hard decisions have to be made because of finite resources. The 
purpose of this presentation, then, is four fold: to identify the principal 
centers of biodiversity; to examine some of the explanations that have 
been proposed to account for the development and maintenance of 
biodiversity; to outline examples of biodiversity research in Costa Rica 
that have relevance to studies elsewhere; and to reflect on the 
importance to society of understanding the role of biodiversity. 

Figure 1: Hotspots in tropical forests (from McNeely et al., 1990; after Myers, 1988). 

Biodivers i ty  ho tspots  and  scient i f ic  cons ide ra t i ons  

Precisely which areas in the tropics are richest in species and of most 
interest to the conservationist and scientist alike is a question that led 
Norman Myers (1988) to identify so-called "hotspots" of biodiversity 
(Figure 1). The idea of hotspots is based on the observation that some 
regions are inherently richer in endemic species. Madagascar, for 
example, has a flora of 6,000 species, and 82% of these are endemics. 
Likewise New Caledonia shows 89% endemism in its 1,580 species of 
vascular plants (McNeely et al., 1990). I n  ail, Myers recognized 12 
areas, including 10 in developing countries, namely: New Caledonia, 
Madagascar, Atlantic Forest of Brazil, Western Ecuador, Choc6 of 



Colombia, Western Amazonian Uplands, Eastern Himalayas, Peninsular 
Malaysia, Northern Borneo and the Philippines. In addition, Hawaii and 
Queensland, Australia were singled out as critically sensitive areas in 
the developed world. In spite of the recognition of these 12 hotspots, 1 
need emphasize that the biogeography of biodiversity is not well 
known for plants. The regions that have the highest species diversity 
are the least explored, and they are most often in countries that are 
the most exploited and have the least interest and capability of 
undertaking floristic inventories (Campbell & Hammonds, 1988). Of the 
240,000 or so species of flowering plants, 65% are thought to be 
tropical; and of these 19% are African, 22% Asian and 58% are from 
Central and South America (Table 1). Species richness in ferns is 
somewhat different, with Asia and the Americas having approximately 
equal numbers. The striking and sad state of affairs is that we, the 
systematists, have done a poor job in assembling the knowledge at 
hand. 

Table 1: Continental distribution of tropical plant species (adapted from Prance, 1977). 

Taxa Worldwide Tropical 
# % Asia Africa America 

Flowering plants 240,000 155,000 65 35,000 30,000 90,000 
Fems 12,000 11,000 92 5,000 1,000 5,000 
Moççes 10,000 5,000 50 + ++ ++ 
Hepatics 11,000 ? ? ? ? ? 
Total 273,000 

Not surprisingly we have a far better understanding of endemism in 
birds. Of the 9,600 species of birds in the world, 27% of the landbirds 
have a breeding range of 50,000 sq. km or less. This size area was 
proposed by Terborgh and Winter (1983) as a manageable and 
biologically meaningful sample size that is useful in defining areas of 
concentrated endemism, referred to as endemic bird areas, or ÊBAS. By 
dividing the world into 6 regions, South America shows up as the 
continent with the highest percentage (26%) of EBAs, with South East 
Asia (19%) and the combined continents of AfricaIEurope (18%) vying 
for a distant second (ICBP, 1992). The concentration of bird diversity, 
like that of many groups, has a latitudinal distribution, and in the case 
of EBAs, 76% are found in the tropics. In fact, 63% of the EBAs occur in 
just 10 countries, in descending order: Indonesia, Peru, Brazil, Mexico, 
Colombia, China, Papua New Guinea, Ecuador, Argentina and the 
Philippines (Figure 2). 



Without doubt al1 of these hotspots are important to conservation, but 
from an objective point of view it is  also clear that there are 
considerable differences between sites based on the "quality" of 
species that are present. Systematists from the British Museum of 
Natural History have asked "if al1 species are equal," what should we 
be protecting (Vane-Wright et al., 1991)? If we had to make hard 
choices between saving two species, for example, would we choose 
W e l w i t c h i a  or T a r a x a c u m ,  or is the panda equivalent to a species of 
rat? The answer is obviously no on both counts, so these researchers 
are trying to develop a weighted system that is sensitive to both 
taxonomic rank and the number of species. And by extension, they 
have also asked the question if "al1 places are equal?" 
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Figure 2: Countries with the highest numbers of endemic bird areas (from ICBP, 1992). 

Still another consideration in dealing with biodiversity is  the 
desirability of h a v i ~ g  knowledge about the historical record and the 
changes that have occurred over time in regard to both the species and 
its habitat. Quite obviously what was seen in forest cover and 
biodiversity in Costa Rica in 1940 is not what the same habitat or 
community looked like in 1970, and certainly there will be little 
resemblance to pre-World War II vegetation by the year 2000. The 
composition of communities has changed over time, either through 
abiotic of biotic disturbances and interactions. The most dramatic 
effects in our lifetime have been the unrelenting devastation by man 
and Society on tropical rainforests. Less obvious are the historical 
effects, as can be readily demonstrated by looking at the modern-day 
distribution of the walnut family, Juglandaceae (Stone, 1989). This is a 
family of flowering plants that consists of wind-pollinated trees with 



highly diversified fruit types and both wind- and animal-dispersed 
seeds. The 8 genera are found today in temperate forests of Asia (3). 
AsiaIEurope ( l) ,  AsiaIAmeficas (2) and the Americas (2). Since 6 of 
the 8 genera are known from Asia today, one might conclude that this 
region is the epicenter of speciation for the family. In fact, however, 
this conclusion is erroneous. If one looks at the modern and fossil 
records together, a very different picture emerges. Al1 of the extant 
genera, plus some fossil taxa not found in Asia, are known from either 
extant or fossil collections from North America. A true understanding 
of the biodiversity of this family of flowering plants would certainly be 
incomplete without knowledge of the exceptional fossil record. 

Table 2: Diversity along a latitudinal gradient (adapted from Ricklefs, 1983). 

Latitude Anis ' Birds 

70" 56 (Greenland) 
60" 10 
40" 50-100 105 (New York) 
20° 100-200 
15" 469 (Guatemala) 
IO0 830 (Costa Rica) 
5O 1,395 (Colombia) 

Explanations for high biodiversity in the  tropics 

It is important to note that high species diversity in the tropics is, in 
fact, part of a gradient that extends from the poles to the equator. The 
majority of the animal and plant groups shows a latitudinal gradient, 
with low biodiversity in the high latitudes and increasingly higher 
diversity as one approaches the equator (Stevens. 1992). At 20" N 
latitude, for example, there are 10 to 20 times as many species of ants 
than there are at 60" N (Table 2). And with birds i t  is much the same 
story. Colombia at 5" N has 20 times more species than Greenland at 
20" N. The biodiversity gradients from pole to equator are positively 
correlated with the increase in both precipitation and tempefature. It 
is not surprising therefore that the 12 or so hypotheses advanced to 
explain the richness of the tropical regions integrate these two major 
climatic factors. The six principal hypotheses proposed to explain the 
biodiversity gradient were summarized by Pianka (1966) and Lugo 
(1988), and they include: rime (areas least disturbed for the longest 
time will diversify and accumulate the most species); s p a t i a l  
h e t e r o g e n e i t y  (a greater number of habitats provide more niches for 
more species); compet i t ion  (greater competition narrows and thereby 



increases the number of species niches and species diversity); 
predation (greater predation holds down prey populations and reduces 
competition, thereby allowing more species to coexist); c l i m a t i c  
s tabi l i ty  (stable regions allow evolution of finer specializations and 
smaller niches); and productivity (greater productivity results in more 
energy to be partitioned among more species). 
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These nypotheses have al1 been subject to criticism, and most 
particularly to the complaint that there are too many dependent 
variables which do  not lend themselves to testing. In still another 
effort Michael Huston has outlined a promising new conceptual 
framework that is based on ecological regulation (Huston, in press). 
According to Huston the major factors affecting biodiversity include: 1) 
spatial and temporal heterogeneity of resources and physical 
conditions; 2) the number of different species available in the regional 
pool, because species themselves are often resources for yet other 
species and diversity tends to be self-amplifying; and 3) the ability of 
populations to recover from low population densities that result from 
mortality by disturbances and stress, or from random fluctuations in 
population size. The general diagram expressing these factors plots 
potential productivity along the horizontal axis and the frequency or 
intensity of disturbance on the vertical axis (Figure 3). Productivity is 
defined here as the maximum growth rate of populations, in terms of 



individuals or biomass, under specific conditions of resource 
availability. Disturbance, on the other hand, is defined as the mortality 
of individuals caused by abiotic processes such as fire, floods or 
extreme climatic conditions, or by biotic processes such as predation, 
parasitism, disease or herbivory. The implication here which fits 
predictions and observations is that "in general, the more constant or 
predictable a resource, the more likely [it is that] such a resource is 
[able] to support other species" (Solbrig, 1991). This mode1 also 
interprets species richness as a balance or dynamic equilibrium 
between the opposing forces of competitive displacement and forces 
that prevent or delay competitive exclusion. And finally if one looks at 
life-history strategies, high intensity of disturbance and productivity 
result in high biodiversity of r-selected weedy species. Conversely low 
disturbance and productivity result in the CO-existence of many life- 
history strategies. And perhaps most importantly in terms of a tropical 
rainforest, low disturbance coupled with high productivity results in 
the classical K-selected characteristics, namely species with: 1) long life 
spans; 2) long periods of reproduction; 3)  large size individuals; and 4) 
high resource-use efficiency. Note too that temporal asynchrony in 
patch dynamics across the landscape would favor nearly al1 life- 
history strategies and maximize diversity in a region. 

Biodiversity research in Costa . Rica 

Costa Rica is a country that has long been a friendly haven to scientists 
throughout the world who were interested in pursuing research in 
tropical biology. Because of this attitude, the small size of the country 
and the high diversity of ecosystems, habitats and species, studies 
have focused on biodiversity for quite some time. There are two 
ongoing programs in  particular that have captured the attention of 
those interested in inventorying biodiversity and putting it to use in a 
meaningful and sustainable way. The two programs have approached 
the general problem of cataloguing the immense diversity of species in 

. different ways. In the first case, represented by the highly successful 
National Institute of Biodiversity (INBio, 1992), the philosophy might 
best be described as a "get-them-all" approach (Longino, in press). This 
is where the effort is made to collect everything in sight, catalogue the 
collections, assemble information on the morphology, behavior, natural 
history and distribution, publish taxonomic keys and descriptions, 
name the new species, and ultimately determine phylogenetic 
relationships and construct classification systems. The second camp, 
represented by the Arthropods of La Selva project (ALAS), is designed 
to "sample a few and estimate the rest" (Longino, in press). 

The "get-them-al1 approach" has reached its zenith in INBio where 
they are engaged in a country-wide inventory of al1 plants, animals 



and microorganisms estimated to comprise some 500,000 species. This 
mission is made al1 the more incredible with the self-imposed deadline 
of 10 years. To reach these objectives INBio "relies on a network of 
trained field collectors called parataxonomists." They are individuals 
from rural communities who "exhibit a penchant for natural history 
and a willingness to try a non-traditional profession. They attend a 6-
month crash course in entomology and botany, and then return to their 
communities where they establish a biodiversity office" (Longino, in 
press). The goal of this vast undertaking is to put biodiversity to use 
for the good of the Costa Rican people, both through educating them 
about the many values of biodiversity, as well as taking advantage of 
the direct benefits anticipated through chemical prospecting (Holden, 
1991). 

The ALAS project really combines the "get-them-al1 approach" with a 
rather sophisticated sampling scheme that is designed to answer a 
very basic question, namely: How many species of arthropods a re  
there in a lowland tropical rainforest? The project is simple in 
principle but complicated in design. The project is concentrating its 
attention on two sets of arthropods: 1) there are the so-called F o c a l  
Taxa  which comprise one or a few families, such as the ant family 
Formicidae; and 2) there are the Survey Taxa such as the Vespoidea 
which include the Formicidae plus 11 additional families (e.g., velvet 
ants, vespoid wasps, etc.). Al1 told there are 15 Focal Taxa, 9 of which 
are insect families (e.g., ants, parasitic wasps, pomace flies, moths, 
scarab beetles, weevils and termites); 2 families are spiders; and 4 
families are mites. 

The collecting procedures involve two basic approaches: 1) the "get-
them-al1 approach" uses al1 means to obtain the full complement of 
species diversity. This involves field work, looking at museum 
collections and searching the literature. The species diversity of the 
Focal Taxa become the known universe against which the efficiency of 
sampling techniques is compared; and 2) the sampling or quantitative 
approach to col1e;ting which is much more selective and regularized. 
There are strict protocols and schedules, and the samples are stratified 
according to primary vs. secondary forest, species of tree, type of soil, 
and time of year. Collecting quantitative samples involves the complete 
range of techniques that are appropriate for the taxa and habitat, 
including blacklights, malaise traps, Berlese funnels, pitfall traps and 
canopy fogging. The quantitati-~csampling method is applied to both 
the Focal Taxa and the Survey T a ~ a ,so in effect 3 data sets are 
obtained (Longino, in press): 1) totzl species number on the Focal Taxa, 
referred to as T (focul);  2) :quantitative esiimate of the number of 
species i? the Fcp:ul TCLAC,2 (focai); acd 3) a quactitative estimate of 
the number of sprcles in the Survey Taxa, Q (survey): 
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Since the samples provide both a total species number and a species 
estimate of the number for the Focal Taxa, these two numbers do in 
fact provide a measure of efficiency in calibrating the quantitative 
sampling method. With this information, T (survey), which is a sizable 
portion of the arthropod fauna of La Selva, can be calculated. This is 
one methodology that is expected to give a better estimate of the "grail 
number" of species and advance Our understanding of global diversity 
patterns.  

Societal  impl ica t ions  

As noted in the introduction, biodiversity research is in some sense too 
academic and out of sync with the biodiversity crisis. If we extrapolate 
the 1990 rate of deforestation, for example, the current forests will be 
extinct by the year 2050 (Terborgh, 1992). The clock has nearly run 
out, and there simply is not time to research the issues at Our own 
academic pace. So what are Our choices? 1 see three. We in the 
developed world need to: 1) finance the establishment and protection 
of parks while working with the local people to get them compensated, 
involved and committed; 2) foster population control and projects 
leading to environmentally sound and sustainable development and 
economic well-being; and 3) work with policymakers to ensure that 
they have a sound ecological basis for making decisions. So where does 
this leave the issue of research on biodiversity? 1 think that we cannot 
afford to neglect it. After all, from where is the sound ecological advice 
going to come if not from scientists? If scientists do not provide a solid 
understanding of the structure and function of biodiversity, we will 
rapidly lose credibility in the government circles and with the public 
at large, and political decisions will reign unchecked by the potential 
biological consequences. 
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I n t r o d u c t i o n  

Tropical forests are perhaps the richest biospecies habitat on earth, in 
which diverse interactions between organisms exist. In such 
interactions, some chemicals occurring in each organism are known to 
play important interactive roles. We have investigated such chemicals 
(bioactive compounds) from plants in the tropical forests of Africa. 
Here we describe how these compounds are involved in biological 
interactions, by citing two examples found to occur between plant and 
plant, and plant and animal. 

Interaction between plant and plant: 
Allelopathic factor of B a i l l o n e l l a  t o x i s p e r m a  Pierre 

In field surveys of the rain forest of Cameroon, an outstanding 
phenomenon was observed in B a i l l o n e l l a  t o x i s p e r m a  Pierre 
(Sapotaceae) (Ohigashi, et a l . ,  1989). This tree is found only in a limited 
area of the forest, and in the vicinity of the mature tree, only the 
saplings are able to grow. The area of growth for the saplings is 
restricted to that under the crown of the mature tree. Furthermore, the 
methanolic extracts of both the aerial part and root of the tree exhibit 
strong plant growth inhibitory activity. Thus, this is thought to be 
allelopathy, a phenomenon first described by Molisch (1937), which is 
caused by specific secondary product(s) of the tree. 

By monitoring the growth inhibitory activities against cucumber and 
rice seedlings, a new compound, 3-hydroxyuridine (Figure l), was 
isolated as  the inhibitory agent (Ohigashi et a l . ,  1989). 3- 
Hydroxyuridine shows strong plant growth activities in laboratory 
bioassays, particularly against dicotyledons. 

3-Hydroxyuridine occurs most abundantly in the leaves (0.60 mgtg 
dried leaf), followed by the stem (0.16 mgtdried stem) and root (0.09 
mgtdried root). This compound was expected to exude from the root 



and to be accumulated in the surrounding soil. However, significant 
amounts of 3-hydroxyuridine were not detected in the soil extract. The 
water solubility of 3-hydroxyuridine rnay be unsuitable for its 
accumulation in the soil. On the other hand, such solubility should be 
favorable for the leaching ability from the leaves and stems. Although 
further study is necessary, the allelopathy of B. t o x i s p e r m a  may be 
most simply understood by the following explanation: 3-  
hydroxyuridine is leached from the leaves or stems with water flow to 
the ground. This may in turn be converted chemically or biologically 
into less water soluble derivative(s) such as 3-hydroxyuracil, whose 
plant growth inhibitory activity was also confirmed. In this form the 
accumulated compounds may exhibit allelopathy. 

Figure 1: 3-Hydroxyuridine. 

Kaji (1985) further indicated by a clear analysis of the distribution 
pattern of trees that some habitat segregation occurs among plants 
even in the mixed forest of Cameroon. It may in particular by 
allelopathic factors. 

In terac t ion  between plant  and animal:  Medicinal use of 
V e r n o n i a  a m y g d a l i n a  Del. by wild chimpanzees 

Plants possibly used for medicinal purposes by wild primates have 
recently been reported (Phillips-Conroy, 1986; Takasaki & Hunt, 1987; 
Wrangham & Nishida, 1983). The uses indicated in these reports seem 
to have been preventive because of the consumption by apparently 
healthy individuals. Huffman and Seifu (1989) first reported that a 
wild chimpanzee might consume plants for their curative purposes. An 
apparently sick adult female chimpanzee chewed the pith of a plant, 
Vernonia amygdalina Del. (Compositae), to extract its bitter juice. This 
plant is not a common part of the chimpanzees' diet. Moreover, she 



seemed to have returned to regular health, within 20 hours after 
ingestion. 

Based on this, we began an extensive study of the physiologically 
active substances of V.  a m y g d a l i n a  first by monitoring bitterness. 
Bitter compounds are known to carry several important biological and 
physiological activities. Two classes of bitter constituents have been 
isolated (Jisaka et al., 1992a). One was a group of known sesquiterpene 
lactones including vernodalin and three other related compounds. 
Another class was a series of new steroid glucosides, named 
vernonioside A 1 -A3 with bitterness and B 1 without bitterness. 

Levels of vernodalin (top) 
and vernonioside BI (bottom) 
per l g  fresh plant part 

Iz"g:mes 

Other parasites ?I 
Other diseases ? ' 

" 
Vernodalin vernonioside Bt 

Figure 2: Distribution of vernodalin and vernonioside BI in V. amygdalina and possible illness 
for which they are used by wild chimpanzees. 

Since one of the most likely uses of this plant by the chimpanzee has 
been suggested to be as an anthelminthic (Huffman & Seifu, 1989; 
Huffman, 1991), the effects of these compounds on schistosomiasis 
using Schistosoma japonicum were tested in vitro (Jisaka et al., 1992b). 
Al1 of the sesuquterpene lactones showed antischistosomal activity. 
Particularly, the activity of vernodalin (Figure 2), a major constituent 
of the sesquiterpene lactones, was the strongest. Vernodalin, however, 
showed high toxicity to mice used for the in vivo test. Vernonioside Bi  
(Figure 2), the most abundantly occurring steroid glucoside also 
showed an inhibitory effect on egg-laying of the schistosomes. The 
toxic vernodalin was found in small quantities in the pith (0.02 mg/g 
fresh pith); the part consumed by the sick chimpanzee. However it was 
found to occur in the leaf and bark in high quantities (2.81 mg/g fresh 



leaves and 0.32 mg/g fresh bark, respectively). On the other hand, the 
levels of vernonioside B I  in the pith, bark and leaf were constantly 
high (Figure 2) (Jisaka et al., 1992b). Recently, antiplasmodial and 
antiamoebic activities of the steroid glucosides and their derivatives 
have also been clarified (C. W. Wright, G. C. Kirby, D. Allen, D. C. 
Warhurst and J. D. Phillipson, unpub.). Thus, the use of the pith of V .  
amygda l ina  by wild chimpanzee may partly be understood by the 
antiparasitic properties of the steroid glucosides such as vernonioside 
B 1 as illustrated in Figure 2. 

C o n c l u s i o n  

Biological interactions in the tropical forest are much more diverse and 
complex than that in other environments. However, only a little 
knowledge has thus far been accumulated about such diverse 
interactions. Chemicals involved in each interaction may be valuable 
tools for the analysis of biological interactions, contributing to a better 
understanding of the factors responsible for biodiversity. 
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I n t r o d u c t i o n  

The African tropical forests have decreased by 17% during the last 
decade due to timber exploitation and slash-and-burn cultivation 
(Marcier, 1991). It is an urgent problem to increase protected areas as 
well as to promote sustainable use of the forest resources. Researchers 
working in the tropical forest are also responsible for contributing to 
resolve these problems. 

Because conservation projects are often concerned with multiple 
aspects such as the livelihood and culture of local people, national 
policy and economy, implementing of such projects often exceeds the 
capabilities of the researchers. Nevertheless, their contribution is 
essential. Only they can provide the implementors with ecological data 
for the establishment of new reserves. They can look after the people's 
benefits so that long-term conservation may be realized.. 

Studying African great apes, we, members of the Kyoto University 
primatologist group, have been contributing to the establishment of 
two new reserves in Zaire and Congo, in collaboration with researchers 
of these countries. These reserves have contrasting features. One 
reserve in Zairc covers a small area neighboring to a village; whereas 
the other in Congo covers a large area of virgin forest, being 
established by a large international project. Many problems we face in 
these projects, are similar to those faced by those involved in other 
projects in tropical Africa. 

In this report, 1 describe the process and problems of establishing 
these reserves in hope that this may useful for other planning similar 
conservation projects. Also 1 will describe the important role of larger 
mammals, especially great apes, in the maintenance of plant diversity 
in the forest. 



G r e a t  apes  a s  seed d ispersers  

It is becoming well known that animals contribute to the regeneration 
of the forest by seed dispersal (Tutin et al., 1991; Yumoto, 1992). Many 
fruit species cannot well germinate or grow without first eaten and 
carried of by animals (zoochory). From this view, apes and elephants 
have a special important role for plant species with large-size seeds 
and hard skin that many other animals cannot process of swallow. 

Pygmy chimpanzees (bonobos, Pan  paniscus) in central Zaire feed on 
fruits of more than 60 species (Kano & Mulvwa, 1984) and they 
oontribute to seed dispersal of more than 55 species. Combining 
gorillas and chimpanzees in the Ndoki Forest of northern Congo, they 
disperse fruits of more than 53 species (Kuroda, unpub.). Many species 
of C o l a ,  S t e r cu l i a  and Lando lph ia  bear hard skinned fruits up in the 
canopies and they do not open the skin even after ripen. Although 
monkeys sometimes eat such fruits slowly, these species are  
considered to be exclusively dispersed by apes. In the Lope National 
Park of Gabon, gorillas also disperse many fruit species (probably 
about 70  species) including an endemic plant species Cola lizae, which 
is dispersed by gorillas exclusively (Tutin et al., 1991). 

Animals '  contribution to forest  regeneration can be clearly 
demonstrated by Table 1,  which compares the frequencies of fruit 
species seedlings in the virgin forest and in forest in which primates 
are no longer found by over-hunting. Most seedlings of the virgin 
forest could be considered to originate from great apes' feces because 
in many cases they were densely bundled within an area for 20-30 cm 
in diameter, and contained species those elephants did not eat. 

It is a common occurrence in the central Africa for many hunters to 
enter the deep forest, following roads constructed by logging 
companies. This results in the rapid depletion of larger marnmals. 
Workers of the cornpanies in the forest, are also often join responsible 
for the loss of wildlife. This must be cautiously controlled because such 
acts will damage not only the animal populations but also regenerating 
mechanism of plant diversity. 

T h e  Luo Special Scientific Reserve 

The pygmy chimpanzee is an endangered species, but they inhabit the 
upper Luo River region in high densities because people observe a 
taboo that forbidden thern to kill this ape (Kano, 1992). The Kyoto 
University team started a study of the ape in 1974, and from 1976 Dr. 
T. Kano, the tearn leader, repeatedly proposed to the local and central 



Zaire Governments that a reserve for pygmy chimpanzees should be 
established in this area. 

Table 1: Distribution frequencies of seedling sites containing fruit species eaten by primates and 
elephants in the virgin forest and the forest neighboring to villages. 

Virgin Forest (Ndoki) Bomassa 
Forest 

Cennis rout 1 2 3 4 5 6 
Vegetation type* M.S. M.S. M.S. R.G. R.G. R.G. 
Distance (ml 335 110 1157 112 202 1500 
No. of seedling site 31 18 115 21 54 13** 
Rate (No. of s.s./m) 0.093 0.16 0.10 0.19 0.27 0.01 1 
NO. of species 14 4 16 7 9 5! 
Rate (No. of spp./m) 0.042 0.036 0.014 0.063 0.045 0.003 

Note: seedlings of 28 species were checked. Fruits of these are apes' common food and seedlings are 
relatively easy to identify. Young trees less than 1 m high are counted, if a mature tree of the 
same species cannot be found around. An assemblage of seedlings of similar height within 40 cm i s  
counted as 1 site. The Ndoki Forest has been free from any human activity during the last 50 years 
(Kuroda 1992). Bomassa Forest is located around Bomassa village, the closest village (25 km) to 
the Ndoki Forest. *: M. S. is mixed species forest or tropical semi-decideous forest, R. G. is 
riverine Gilbertiodendron forest. **: only 18 seedlings were found in al1 16 sites, whereas rnany 
seedling sites in the Ndoki Forest contain plural seedlings. In the virgin forest, we found 5 species 
of Landolphia, but they were counted as 1 species in this study. In Bomassa forest, at least two of 5 
species are lacked. !: 3 species are eaten and possibly dispersed by human. 

In 1986, Centre de Recherche en Science Naturelle (CRSN) planned to 
establish a reserve as its primatological field, and the following year 
CRSN, local governments, and villagers signed a treaty to setting aside 
the area around Wamba and Ilongo villages as a reserve. In 1990, it 
was offitial with a regional government's approval (Idani, 1990). 

Because it was impossible to create a national park to protect pygmy 
chimpanzees without removing more than 1,000 people from their 
native lands, both Zairean and Japanese researchers set about to plan 
the reserve such that it would harmonize with the people's benefits 
while not compromising the protective status of the pygmy 
chimpanzee population. This is a small reserve covering only 180 km2, 
but it is very rich in fauna. Fifty nine mammal species are recorded 
(Idani, 1990) and 500-600 pygmy chimpanzees are estimated to 
inhabit the area. Gun-hunting, al1 hunting of primates, wire snares, and 
clearing of primary forest are forbidden but otherwise people can 
gather plant materials for daily life and hunt games not protected by 
Zairean law by traditional means. 

The key factors which encourage the local people to agree on the 
establishment of the reserve were: mutual understanding between 



villagers and researchers brought about by a long research history, 
iespect for the people's traditional rights to the forest, people's 
awareness of a rapid decreasing of game animals due to uncontrolled 
gun-hunting, economic contribution through research activities, 
accordance between tradition and the aim of the reserve, and the 
active involvement of Zairean researchers, especially Dr. N. Zana, the 
General Director of CRSN and Mr. E. Wina, the Director of the CRSN 
Mabali Station. However, the reserve is too small to completely 
preserve pygmy chimpanzee population, and no guard system has 
been established. Besides, bushmeat shortage will surely occur in the 
future, threatening integrity of the reserve. We plan for the New Luo 
Project to expand the protected area for pygmy chimpanzees to the 
whole upper Luo region area (6,000 kmz), to establish a conservation 
system, and to promote a study of alternative meat supply systems. 

Proposing this project to GEF through the International Bonobo 
Protection Fund, we have partially started the project (The Bonobo 
Protection Funds, Bonobo News), however, it has been at deadlock 
because of the chaotic political situation of Zaire since September 1991. 
This has also made researchers impossible to stay in the reserve, 
threatening its integrity. 

The Ndoki-Nouabale National Reserve 

In 1987 and 1988, a joint primatological research team involving 
Kyoto University and the Ministry of Science of Congo, surveyed 
northern part of the Sangha Region, and proposed to the Congolese 
Government to establish a reserve in the area. A huge area remains as 
almost virgin forest, very rich in fauna. In 1989, this team and the 
Bomassa villagers, who traditionally have the right to use the southern 
area on the proposed reserve, agreed to protect the richest areas of 
Eauna. In the same year, the Ministry of Forestry Economy accepted 
the plan proposed by Dr. R.A. Oko, a member of the team, to establish a 
new reserve. 

The Wildlife Conservation International (WCI) team also surveyed the 
same area successively, and arranged for GEF and UASID to support 
the Congolese Government in establishing a national reserve covering 
4,600 km2. Consequently, a USAID project started in 1991, and a GEF 
project in 1993. This reserve will be the most important one in the 
African tropical forest zone, because many endangered species, such as 
great apes, elephants, and bongos inhabit this area in high population 
densities. 

The projects will continue until 1997 with a total budget exceeds 3.6 
million US$. WC1 is piaying the main role in implementation of the 



projects, making a conservation system, constructing infrastructure, 
and organizing concerned Congolese officials and scientists. GTZ also 
will join this by helping to construct infrastructure. Primatologists and 
anthropologists of Kyoto University are contributing to this project 
with the Congolese voluntarily, by conducting such research project of 
the forest ecology, indigenous people's traditional knowledge of the 
forest, sustainable use of forest resources. 

However, there remains several problems. First, these projects are too 
big and thus carry a considerable high possibility to render damage to 
the local societies. Also it is possible that this will attract too many 
people. Nothing is guaranteed after the 5 years project end. 
Furthermore, the budget for the training of young Congolese scientists 
is currently insufficient. Study programs for long-term conservation 
such as the exploitation of non-timber resources, and alternative 
animal protein supply systems are not much considered. It is needed 
to strengthen a check and feed back system monitoring these project 
from the view point of long-term conservation. 
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I n t r o d u c t i o n  

The term "biodiversity" coined by Wilson (1988) is now commonplace 
and has a wide range of meanings for groups as  different as 
economists, ecologists or even school children. To al], however, it is 
automatically linked with our concern that man is endangering life on 
earth in an unprecedented manner. This concern was shown by more 
than 150 countries who signed the biodiversity convention agreed at 
the UNCED me-+:-. in Rio this year. 

Biodiversity typically has been described as  the diversity of life 
expressed at three levels: genetic, species, and ecosystem. In reality, 
there is a continuum with diversity being also expressed at population, 
community, habitat, niche, landscape, continent and historical levels 
(Holloway & Stork, 1991). To  most biologists though, the most easily 
recognised level is the species. 

But what do we know of biodiversity at the species level? Estimates of 
described species of 1.4-1.8 million and the number of undescribed 
species for insects alone, of 2-30 million, demonstrate the uncertainty 
of both what we know and what we do not know. A working estimate 
of 12 million for al1 species of organisms on earth suggests that most 
are undescribed (Hammond, 1992; Stork, in press). 

How is biodiversity distributed? On a geographical scale this question 
is hard to answer as it does not automatically follow that the patterns 
of distribution found for groups such as birds and large mammals are 
the same for insects, nematodes or other smaller organisms. On an 
ecological scale we similarly have difficulty in answering this question. 
Most communities are very species rich and taxonomic problems alone 
can hinder major ecological studies (see Stork, 1988). 

Scientists need to consider carefully how their research efforts can be 
channelled most profitably to understand patterns of biodiversity and 



the consequences of environmental change on local, regional and, global 
biodiversity. Taxonomists and ecologists are particularly important in 
determining patterns of biodiversity. Information and hypotheses 
resulting from their studies, can be used to predict both the likely 
results of environmental change and the best- courses of action to 
conserve the earth's living resources at local, national and international 
level. 1 present below a personal view of what 1 believe to be key 
elements o f  an agenda for global research on biodiversity: 

I m p r o v e  ecological a n d  taxonomic  p e r f o r m a n c e  

In general, scientific standards in the disciplines of ecology and 
taxonomy have improved considerably over the last thirty years. 
However, there are many ecologists and taxonomists who fail to apply 
appropriate scientific methodology in their studies. A taxonomist 
examining a set of specimens determines whether some of them are 
sufficiently similar to each other and sufficiently distinct from other 
individuals to merit recognition as a separate species. In effect, the 
taxonomist's new species is a hypothesis to be tested. Given that 
individuals from different localities, and even a population at a single 
locality, can Vary considerably, i t  is noteworthy that almost half of al1 
species are described from singletons or from single localities (Stork, in 
press). The high levels of synonymy in most groups of organisms 
(Gaston & Mound, 1993) demonstrate just how poor taxonomists have 
been at proposing such "species hypotheses". 

Ecosys tem func t ion  

Although there have been many classic studies of biomass, trophic and 
energy components of organic systems in terrestrial and aquatic 
environments, the precise contribution of the different biological 
components is poorly known. We do not know the importance of most 
individual species to such systems. Are many species unessential to 
the continued maintenance of a system or are  they effectively 
"functionally redundant"? If the answer is yes then identification and 
protection of key species or groups of species may help in the 
conservation or restoration of ecosystems. If the answer is  no, then 
these processes are made much more complex. 

Intensive s tudy  of single sites 

There is not a single biome or even a hectare of a biome on earth 
where we can provide the answer to the question of ecosystem 
function posed above. The reason is that we do not know for any such 
hectare al1 the biological components. Species accumulation curves for 
even relatively well-sampled sites rarely asymptote indicating that 



continued sampling will produce many more species. Even in 
temperate countries al1 species are not described and their 
distributions known. Early indications from one intensive study of 
ichneumonid wasps in Costa Rica are that 40% or more of al1 Costa 
Rican species of this group may be found at a single site (1. Gauld pers. 
comm.). If we are to understand how ecosystems function then it is 
essential that a few sites in the world are intensively studied with al1 
organisms being examined. Perhaps the nearest approach to this ideal 
has been that of Schaefer & Schauermann (1990) and others who in 
their examination of the trophic and energy budget of soils in beech 
woodland had to study a wide range of different groups of organisms. 
The intensive study of single sites, particularly in the tropics, is a 
massive task requiring major input of funding and man-power but 
should tell us how important individual species and groups of species 
are to ecosystem function. 

Species r ange  a n d  species  t u r n o v e r  

We have little idea of the distribution of most species, even for the 
best known groups such as birds and large mammals. Although there 
are some indications that tropical species are distributed over a 
narrower latitudinal range than temperate ones, the evidence is poor. 
We therefore need to use available data to determi-ne more accurately 
patterns of distribution and determine the biogeographical and 
ecological causes of these patterns. Such studies are essential if we are 
to make predictions about the effects of global change on patterns of 
biodiversity. In the absence of empirical data on species distributions 
we may be able to make predictions through modelling of species 
turnover with variables such as distance, latitude, and altitude as well 
as a variety of climatic variables. 

Extensive s tudy  of niany sites 

The intensive study sites will provide indications of the relative 
importance/abundance of different organisms. Examination of a 
smaller number of "indicator" groups or species at a more extensive 
range of sites will show if or how these patterns change. Selection of 
indicators must take into account a wide range of factors such as body 
size, relative species richness of group, taxonomic distinctiveness or 
representativeness of a group, trophic group and so on. Studies of the 
same indicator groups at this extensive range of sites will also provide 
information of patterns of species distribution. 

If real comparisons are to be made of the results of sampling at both 
the intensive and extensive study sites then standardisation of 
methodologies is essential. Sampling protocols need to be produced and 



adhered to. At present there is a paucity of sampling manuals or 
examples of sampling packages. These need to be produced as soon as 
possible. 

Gradients  of diversi ty 

The general increase in diversity for most groups of terrestrial 
organisms with decreasing latitude is well known but how general this 
is and what causes this is not precisely known. We also know that 
man-induced changes in land use perhaps mirror natural changes. 
Studies of natural gradients and of gradients of man-induced changes 
are urgently needed. 

Effects, of global climate change 

Models of climate change show increases in temperature and rise in 
sea level through global increases in carbon dioxide levels. These and 
other effects will Vary across the globe and have different effects on 
the composition and distribution of biodiversity. % A  better 
understanding of present biodiversity patterns and of the causes and 
maintenance of such patterns may help better predict the biodiversity 
consequences of climate change. Such predictions will be greatly 
enhanced through information, tested hypotheses and subsequent 
models derived from studies of ecosystem function, intensive single 
site studies, species turnover, species distributions and ranges, and 
gradients of diversity, as discussed above. 

Determine,  conserva t ion  p r io r i t i e s  

Those concerned with decision-making concerning what areas to 
protect or not to protect often have very limited information on which 
to base their decisions. The science supporting such decision making is 
developing rapidly (see Margules & Austin, 1991; Forey et al.. in 
press). Particularly important issues that are being examined are 
complimentarity, representativeness, and endemism (Vane-Wright, in 
press). 

Global  species inventory 

In the last 200 years inventory of the earth's fauna has been slow, 
haphazard, and often repetitive. Working estimates of 1.8 million 
described species and a further 10 million undescribed species are 
evidence of the lack of real progress. Sharper focus on what exactly is 
most urgently required of taxonomists would help. 1 believe that the 
products most urgently required are regional inventories, major 
taxonomic revisions rather than numerous single species descriptions, 



and regional keys and field guides for taxa (e .g . ,  Bolton, in press). A 
global register of al1 species, surprisingly absent so far, and increasing 
use of technological advances, such as computerisation and networking 
will help the inventory process. The most important question that 
taxonomists face, however, is whether the costly process of publication 
on paper should be replaced with electronic publication. 
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Spec ies  d ivers i ty  

Systematic biology has contributed in elucidating biodiversity in 
various ways. Description of biodiversity has been made through great 
efforts exploring throughout the globe, both on lands and in ocean. 
Some 1.5 million species are now recognized, although it is generally 
suggested that the ever recognized species are less than 10 percent of 
the species living on the globe. It is evident, therefore, that one of the 
most important subjects of biology to 'be elucidated at the moment is 
basic research of biodiversity, or exploration of what kinds of species 
actually living in which part of the earth. 

Database of ever described species of plants is now under preparation 
by an international collaboration project, or the International 
Organization of Plant Information. This Organization was established in 
1991, and now a check list of al1 the flowering plants recognized on the 
earth is under construction. We generally summarize that some 
250,000 species of the flowering plants have been recognized, but no 
one can Say exactly about the number. We only suggest that there are 
some half a million species living on the earth. Based on this 
compilation of an enumeration of the flowering plants on the earth, 
more exact information on species diversity of them will be available. 

Fundamental research on species diversity i n  algae and fungi is less 
performed, and it is urgently expected to promote this type of basic 
research. 

Phylogeny  and b iodivers i ty  

Although we can expect at the moment to know actual phase of species 
diversity only less than one-tenth of al1 on the globe, Our knowledge 
on phylogenetic relationships among recognized taxa is elucidated day 
by day. Applying the techniques in molecular levels, genetic distances 
among taxa are measured more precisely and phylogenetic 
relationship among the taxa treated is known much better. A field of 



so-called molecular systematics contributes a lot of valuable 
informations in elucidating biodiversity, and a great advance in 
research on phylogeny has been made in a few past decades. 

Based on such an advancement in systemlitic biology, it is now 
expected to have evaluation of taxonomic characters on the basis of 
evidence available in genetic research in molecular levels. Until 
recently, evaluation of characteristics to trace phylogenetic 
relationships was made only by comparing phenetic features. As the 
phenetic features are complicated results of development, it is quite 
difficult to trace phylogenetic resemblance, or difference, only through 
the phenetic features, even though variously valuable biological efforts 
have variously been given in elucidating the problems. Even at the 
moment, it is still not very easy to analyse genetic relationships among 
taxa in comparing the phenetic features as we know hardly on their 
genetic basis. 

The organisms are living on the earth through vatious biological 
activities, and most of them are represented by their phenetic 
features. The lives of organisms are maintained through their phenetic 
characters, and evolution of organisms is performed through the 
phenetic features. Thus, i t  is inevitable to elucidate biological 
relationship between phenetic features of every , species and their 
genetic basis. In analysing this relationship, it is possible to understand 
biological dynamics of evolution of species. 

Biodiversi ty c r i s i s  

A crisis on biodiversity threatening us at the moment is found in a 
problem on endangered species and is a crisis for biology as well as 
under strong social impact. 

Ginkgo biloba is an only extant species of Division Ginkgophyta. This 
species is recognized to be endemic to Zhejiang, although it is suggested 
to be extinct in its original locality. As this interesting species is 
cultivated everywhere on the eürth, we have a lot of trees alive. We 
have one memorial tree in our .Botanical Gardens: the first observation 
of spermatozoids on seed plants was made on that plant. As the 
Division Ginkgophyta, dominant during Permian and the middle 
Mesozoic, has a variety of interesting biological features, it is quite 
convenient for biology to have living materials of one species, even 
though the species itself is extinct from its native habitat. Through the 
living materials of this extinct species, we have had and will have 
much information comprehensive to elucidation of biological subjects. 



In this case, a protection of extinct species in cultivation has been 
much contributive to biology. Crisis in biodiversity is, however, more 
evident in environmental problems as well as loss of potential genetic 
resources; these problems are dangerous either as biological or social 
crisis. The details of biological and social impacts will be discussed in 
this workshop, and 1 am now introducing here some information on 
the crisis found in Japanese flora. 

Japanese Archipelago is under good natural condition especially for its 
flora. Under humid and warm climate best for the lives of various 
species, diverse habitats are available for various species to live in, 
and ample genetic resources are occupied from the richest warm 
temperate flora of Sino-Himalayan areas. Thus, Japanese Archipelago 
has more than 5500 vascular plant species, in addition to green 
coverage of most part of the Archipelago. Some people even say that 
the green coverage of Japanese Archipelago is in ideal condition, and 
environmental crisis is found in Japan only in city areas. However, this 
is erroneous, and we have to say that the green coverage of our 
Archipelago is just superficial. 

We surveyed the dynamics of flora of Japan and found that about 900 
species are now threatened, or according to the IUCN categories ranked 
in extinct, endangered, vulnerable, and indeterminate. One to every six 
species, or some 16 percent of ail the flora, is an awfui figure. In spite 
of apparent green coverage of the Archipelago, the green itself has 
strongly been damaged. In an enumeration of threatened species, we 
see such species as: Eupatorium japonicum one of the seven popular 
autumn flowers; Lithospermum officinale var. erythrorhizon, a famous 
flower in Japanese classics published one thousand years ago; and 
many popular horticultural species as Primula sieboldii,  A d  O n i s  
ramosa, Magnolia tomentosa and so on. We suspected the factors to 
bring them threatened, and rather roughly compiled them to count: 
one-third of total species are under serious influence of land 
development; the other one-third are threatened by over collection, 
especially by collectors hired by traders; and the rest are rare species 
and becoming rarer by poorer environmental conditions as higher 
density of CO2 as well as NOx, warmer temperature, less cover of the 
green, and so on. 

In protecting the threatened species, we should have promotion of 
research in so-called conservation biology. There are only a few 
examples of such studies on plants in Japan. An example of trials of 
reintroduction of endangered species is effectively performed by 
Melastoma tetramerum, an endemic species seriously endangered on 
Chichijima Island of the Ogasawara Islands. 



10 ielos 'uo!ie!pei nlos JO saZueq:, :,!l:,/C:, si! sa:,uanl~u! le!lisailaielixa 
q3ns 01 paielai uaaq aheq Aew suo!i:,u!ixa iua~ln:,ai ieqi s~oqs siea/C 
JO suog~!w JO spuai JO Ai!:,!po!iad s!v~ *sleaA uo!~l!w 92 JO spiaiu! ie 
a3qd uayei peq siuaha uoli:,urixa aq1 ieqi papn~:,uo:, (9861) rysoydas 
q dney 'pio:,al ~!ssoj 3!ozoaled-isod aqi JO sasA~eue ~e:,!is!ieis uo paseg 

iq~oq 10 'sa:,ueiswn:,i!3 ZU!A!~ 
JO a%ueq3 Ieiej e 10 uouauIouaqd le:,!do~o!q lClalnd e 'sas!i:, 1e3$lo1orq 
JO asne:, aqi sr q3!q~ -suop!puo:, alqelohejun 01 anp siuaAa pa~!~-iloqs 
aiaM suo!i~u!ixa awos ieqi 'la~a~oq 'a:,uap!~a %u!sea.x:,u! sr aiaqL 
.suo!i!puo:, 3!uea:,o pue aiew~l:, u! sa8ueq:, alqeyiewal 01 painqpiie aq 
ue3 sa!i~unwwo:, aj!I JO ainlmns aqi u! suo!inlo~a~ asayi ieqi pawnsse 
uaaq Allelaua8 scq 11 .iuawa3uehpe idnlqe JO iauuew e u! papuedxa 
sauo Mau aqi 'sapads iueu!wop JO a3ueleaddes!p JO po~lad aqi Zu!ina 
.pahlor\a AlMau selol~ pue seunej JO sa!:,ads JO siaqwnu a%iel du!~olle 
'ised 9!%01oaZ aqi U! A~paieadal pa~.1n:,3o apni!uSew alqe~aplsuo:, 
JO suoyi:,u!ixa ,ap!rnplioM .i:,u!ixa uaaq aheq eiauad u~ouy puesnoyi 
sz Alaieui!xoidde JO ino puesnoqi OZ ieqi siuawn:,op p~o:,ai pssoj aqi 
pue 'aiep 01 l:,u!ixa uaaq aheq pahy laha eiaua8 JO t~ed laieal% aqL 

-ajy JO uo!inlo~a aqi 01 payuy Alasop 
aie iuauiuolyhua ino JO uo!iez!ue%io pue uy%!io aqi ieqi 'aiojaiayl 
'SMO~~OJ 11 'uo!inlo~a 3fue2io pawlai s! aZueq3 s!q~ *uo!ielndod 
aqi JO s~!is!iai~eieq:, 1e31sAqd JO Jas adeia~e ue u! saducq:, 01 
%u!peal 'uo!ieiaua% 01 uo!l~laua% WO~J pa:,npoldal uaaq aheq sapads 
3!ue%lo JO slenp!h!pu! 'aw!i JO adessed aqi qi!~ .Aepoi s! i! se suea3o 
pue aiaqdsowle ayi JO uo~i!soduio:, aqi paqsqqeisa 'siuawuoly~ua 
aqi qi!~ uo!i3ea.1 Aq 'aheq sleui!ue pue siueld !sdu!punoiins 
ayi 01 suo!inqr~iuo:, Ieriuassa apew aAeq sws!ue%lo %U!A!? 

uo!iDu!ixa pue uoynloAg 

uedeî 086 !deA!~ '!epuas 'Al!~lah!un 
nyoqoL 'a:,ua!:,s JO rCiln3ed 'Adoloiuoa~ed pue Adoloag JO aini!isuI 

ised a!%oloa3 aqi u! 
uo!ieAouuI lea!%olo!a pue sa8uay3 [eluauiuod!Aug 








































