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INTRODUCTION

Dieter Mueller-Dombois

Purpose of the PABITRA Manual

The acronym PABITRA stands for Pacifi c-Asia Bio-
diversity Transect. PABITRA is a fl exible design of 
a transect system that connects a number of island ar-
eas in the tropical Pacifi c (i.e. Oceania) into a network 
of sites as living landscapes. The sites include upland/
inland forests, agro-ecosystems, and coastal habitats 
with coral reefs, which on islands are close together 
and interconnected by a number of physical and social 
parameters. PABITRA is also a network of people con-
cerned with the conservation of island ecosystems and 
their sustainable production and services. PABITRA is 
organized and coordinated by a group of conservation 
scientists. It is a program of the Pacifi c Science Asso-
ciation (PSA) Ecosystem Division in the Task Force of 
Biodiversity (TFB).

This manual was prepared to fi ll a gap of explaining 
ecological methodology for biodiversity assessment 
in island ecosystems. The United Nations Conven-
tion on Biodiversity (ratifi ed in Rio de Janeiro, 1992) 
called for the development of methods for systematic 
sampling and monitoring of the biological diversity 
in terrestrial, aquatic, coastal and marine ecosystems. 
It, moreover, called for the participation of local and 
indigenous peoples in this endeavor. This requires a 
special effort in clear and straight forward communi-
cation.

Information on island fl ora and fauna has been vari-
ously assembled in books and checklists over many 
years. This is of great value for ecological work. How-
ever, such information gathering has as yet rarely been 
done systematically in an ecosystem context.

Most information on island biodiversity was either 
published in generalized books or in specialized jour-
nals, technical reports and government documents. 
The latter often contain data interpreted for adminis-
trative purposes but provide little information on how 
the data were acquired in the fi eld and processed to get 
the results.

Yet, the methods of data acquisition and processing 
are of fundamental importance because they deter-
mine the validity of the results and with this also their 
interpretation. Knowledge of how to do biodiversity 
assessment in the fi eld is thus not only essential for 
those who carry out the fi eld work, but also for those 
who use the data for decision making and manage-
ment. Likewise, the question of how to process the 
data and how to effectively display them should be an-
swered with appropriate methodology.

Appropriate local methodology should be regionally 
comparable. It should also make sense on an interna-
tional and global level. We therefore strive for a ba-
sic standard of simplicity and comparability in meth-
ods with our sister network DIWPA (DIVERSITAS in 
Western Pacifi c and Asia). 

Our oceanic island network PABITRA (Pacifi c-Asia 
Biodiversity Transect), however, requires some special 
methodological considerations. From inland moun-
tains to the sea, island ecosystems vary from cloud 
forests, agro-ecosystems, coastal and near-shore ma-
rine habitats over short distances. They occupy small 
areas and are structurally and functionally intercon-
nected. Information on how to assess these intercon-
nected systems is not readily available in one place. 
This manual is an attempt to rectify this situation.
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Background
The PABITRA network was initiated in the Pacifi c 
Science Association (PSA) Task Force on Biodiversity  
Division on Ecosystems during the 8th PSA Inter-Con-
gress in Fiji 1997. An important outcome of that fi rst 
PABITRA workshop was a resolution which stated 
that, “A biodiversity transect be established across the 
Pacifi c islands from southeast Asia via Melanesia, Mi-
cronesia to Polynesia, and including the eastern oce-
anic islands along the American continents to study 
the function of biodiversity in an ecosystem context” 
(Kitayama and Mueller-Dombois 1997).

This resolution was based on the conclusion of the 
workshop participants that island ecosystems offer a 
unique opportunity for ecological gradient analyses to 
study the function of biodiversity. An important reason 
is their biogeographic isolation histories. These histor-
ical isolations, which vary from island area to island 
area, have resulted in different sets of species assem-
blies occupying similar habitats in adjacent archipela-
goes. Thus, nature has created an experimental layout 
that offers new insights into the role of biodiversity 
in the functioning of ecosystems when biogeographic 
and environmental gradients are systematically stud-
ied across the Pacifi c islands.

Research on the effects of biodiversity on ecosys-
tem functioning is core program 1 in the agenda of 
DIVERSITAS, the international program of biodiver-
sity science (Figure 1.1). The acronym PABITRA for 
Pacifi c-Asia Biodiversity Transect was coined at the 
IUBS Symposium “Frontiers in Biology,” held during 
the 20th General Assembly in Taipei, November 1997 
(Mueller-Dombois 1998).The PABITRA network is 
coordinated through the Division on Ecosystems of 
the PSA (D. Mueller-Dombois, chairman and princi-
pal coordinator). The PABITRA offi ce is connected to 
the University of Hawai`i at Manoa, Botany Depart-
ment, Honolulu (www.botany.hawaii.edu/pabitra).

During the 9th Pacifi c Science Inter-Congress, also in 
Taipei, a second PABITRA workshop was held. At 
that time, PABITRA was joined offi cially as the East-
West Island Belt transect and network to DIWPA, the 
International network of DIVERSITAS in the Western 
Pacifi c and Asia (Yumoto 1999). The DIWPA network 
(T. Nakashizuka, chairman) is coordinated through 
the Center for Ecological Research, Kyoto University 
(K. Kitayama, General Secretary). Its overall design 

consists of two roughly parallel running north-south 
transects, one is called the “Green Belt,” referring to 
selected forest and freshwater lake ecosystems (from 
Siberia to New Zealand). The other is called the “Blue 
Belt,” referring primarily to coastal marine ecosys-
tems along the eastern border of the continents and 
continental islands in the western Pacifi c.

A joint DIWPA/PABITRA workshop was held in Syd-
ney 1999, for the purpose of developing a comparable 
methodology to biodiversity assessment across the Pa-
cifi c-Asia networks. A draft protocol for forest, fresh-
water, and coastal ecosystems was discussed and sub-
sequently published (Nakashizuka and Stork 2002).

PABITRA Goals

PABITRA has long-term goals. They coincide with 
those of the PSA (1) to promote cooperation and com-
munication in science; in the PABITRA network spe-
cifi cally applicable to biodiversity science; (2) to re-
view common scientifi c concerns; in the PABITRA 
network specifi cally applicable to the ecology of land-
scape change and ecosystem disturbances in Oceania; 
(3) to strengthen the bonds among Pacifi c peoples; in 
the PABITRA network specifi cally to involve indige-
nous islanders in the program. PABITRA also embrac-
es the 10 research objectives of DIVERSITAS stated 
as core program elements 1-5 and as special target ar-
eas (STARS) 6-10 on Figure 1.1.

The goal of studying the effects of biodiversity on 
ecosystem functioning was already stated above in the 
resolution for the establishment of PABITRA. Another 
main PABITRA goal is to study the human dimensions 
of biodiversity in island ecosystems, shown as special 
target area 10 on Figure 1.1. This implies that PABI-
TRA’s goals include the integration of natural and so-
cial sciences.

To get results for program elements 1 and 10 on Fig-
ure 1.1, it is obvious that elements 2-5 represent the 
means or research activities to achieve these results. 
Thus, the focus of this manual will be on inventorying 
and monitoring of biodiversity, on classifi cation and 
assessing change in biodiversity, with a strong goal to 
achieve sustainable use of biodiversity through the ap-
propriate interaction of ecological research with con-
servation and restoration management.

PABITRA’s main objectives are:
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• Capacity building for ecosystem and biodi-
versity research on island landscapes to miti-
gate their degradation

• Involving Pacifi c islanders in all work as-
pects with a focus on the human dimensions 
of global change

• Integrating the fi ndings of natural science 
with social and economic factors through in-
terdisciplinary workshops

•  Providing information for policy making and 
ecosystem management based on the 

 islands' tri-zonal production systems.

This manual is considered an essential element in 
achieving these goals.

Integrating Natural and 
Social Sciences
The term “science” comes from the Latin word scien-
tia meaning knowledge. “Natural Science” can be de-
fi ned as any of the sciences that deal with matter, ener-
gy, and organisms, such as physics, chemistry, and bi-
ology. “Social Science” is a brand of science that deals 
with the institutions and functions of human society 
and with the interrelationships of individuals as mem-
bers of society. For example, economics and political 
science are branches of social science concerned with 
particular aspects of human society.

Figure 1.1. DIVERSITAS core elements 1-5 and special target areas (6-10 STARS)(After DIVERSITAS 1996 
Operational Plan).
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The term “society” derives from the Latin word so-
cietas and means companionship or association with 
one’s fellows. It can also refer to an organized group 
working together. A closely related term is “commu-
nity” (in Latin communitas), a group of individuals of 
various kinds living together in a common location.

Traditionally, natural and social scientists have rarely 
come together in their tasks. But if we consider the 
ecosystem as a segment of a given environment with 
its interacting biological organisms in which humans 
are the key species, the two fi elds of sciences must 
come together. Theoretically, this should not be too 
diffi cult.

Both, natural and social scientists have developed 
methods for ecosystem assessment that comprise sim-
ilar features. These relate to the following steps in the 
acquisition of data: 

1. Questions pertinent to the subject matter 
must be asked or formulated into hypotheses.

2. Considerations must be given to outlining or 
defi ning the entities, classes, or groups of in-
dividuals (e.g. communities) to be studied.

3. A sampling procedure must be designed, 
which is appropriate to the localities, the 
geographic scale, and questions asked.

4. Samples must then be distributed as objec-
tively as possible from which qualitative and 
quantitative data are extracted.

Once these data are acquired, they need to be ana-
lyzed. For this second process, which follows the 
fi eldwork, statistical procedures are available that are 
used similarly by natural and social scientists. In many 
cases, multivariate analysis techniques are appropri-
ate for data obtained from samples with both qualita-
tive and quantitative attributes. In the fi eld, these data 
may be recorded on questionnaires or form sheets, one 
for each sample or sample location. In the multivari-
ate sorting process these will be compared in various 
ways looking for sensible trends in relation to the pro-
posed questions. Finally, the results have to be inter-
preted and displayed.

Integration of results as well as clear and simple-to-
understand displays of the results are important out-
comes of biodiversity assessment at the ecosystem 

level. Moreover, integration has to be kept in mind 
throughout the entire process.

The PABITRA scientists form a multidisciplinary 
team that communicates frequently via the Internet. As 
members of the Ecosystem Division of the PSA Task 
Force for Biodiversity, they meet at every reasonable 
opportunity as well as regularly every two years at the 
PSA Congresses and Inter-Congresses.

Each member of the PSA Ecosystem Division is a spe-
cialist in his or her own area of ecosystem assessment 
and evaluation. While the contributors to this volume 
consider their own specialty as the most interesting 
and relevant, they also agree that each others’ specialty 
is equally important for comprehending the complexi-
ties of ecosystems as a whole.

The PABITRA Strategy: 
Combining the Horizontal 
and Vertical Approaches to 
Ecosystem Studies in Oceania

Islands are isolated land fragments surrounded by wa-
ter. They evolved as separate ecosystems with spe-
cies derived ultimately from continental areas. But de-
pending on distance and other factors, the original (i.e. 
indigenous) species were unequally distributed. Gen-
erally, islands closer to continents received a greater 
proportion of colonizing species, more distant islands 
became stocked with fewer indigenous species. De-
pending on the islands’ environmental resources and 
diversity of habitats, new species evolved from in-
digenous species through adaptation in situations as 
yet unutilized by other indigenous species. These new 
species are known as endemic species or more strictly 
as “neo-endemics.”

The Horizontal Approach: Within Biome 
Comparisons across Oceania

Both, the indigenous and endemic species are respon-
sible for each islands’ special biological character and  
natural heritage. Together they became assembled into 
biomes, which are not unlike those found in continents. 
Biomes are large communities or ecosystems that are 
defi ned primarily by the prevailing plant life form in 
terrestrial environments, but also by the prevailing cli-
mate, topographic position, and/or the soil-substrate 
where special. For example, “tropical rain forest” is 
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a biome type, but so is “upland rain forest,” “coastal 
strand forest,” “dry-grassland,” “sea-grass meadow,” 
“mangrove scrub,” and “agro-ecosystem.” Each bi-
ome type can be further clarifi ed as the need arises. 
But the fact remains that island species are similarly 
assembled into biome types as are continental species. 
Moreover, islands contain individual ecosystems that 
can be seen as fragments of the larger biome types. 
This makes for challenging inter-island comparisons 
of such fragments belonging to the same biome types, 
since the species assemblages and therefore also their 
functional interactions differ from island area to island 
area in analogous environmental settings.

The Vertical Approach: Focus 
on the Ahupua`a System

The PABITRA approach includes humans as key spe-
cies in island ecosystems. This refers to indigenous 
and non-indigenous people. The indigenous Pacifi c Is-
landers learned to work with the specifi c species as-
semblages or biodiversities that they encountered af-
ter migrating and settling in each island area. They 
adapted to what was there in terms of environmental 
resources, landform confi gurations, the soils, fresh-
water fl ows, and biological resources. But they also 
knew that certain human life-support necessities could 
not always be expected. So, they brought along certain 
crop plants and domestic animals in their sea-faring ca-
noes. They established agro-ecosystems that, like the 
natural biomes, can be studied and usefully compared 
from island area to island area. In many cases, indig-
enous landowners and managers enhanced the natu-
ral ecosystems as they gained ecological knowledge 
from long-term experience. They developed manage-
ment systems that integrated upland forest, freshwater 
streams, coastal terrestrial and marine ecosystems suc-
cessfully into human support systems.

In Hawai`i, these are known as the ahupua`a man-
agement systems. Essentially, they contain three main 
resource zones. The upland and inland forest, known 
variously as wao akua (zone of the gods,  i.e. cloud 
forest), wao nahele (inland/upland forest), wao kanaka 
(the zone where people cultivate the land, and kahakai 
(the coastal zone, narrowly defi ned by near-shore ter-
restrial and marine habitats (kai means salt water). The 
ahupua`a is also known as the mauka/makai system 
( i.e. upland/inland mountain to coastal system). See 
Figure 1.2.

When non-indigenous people came to the islands, land 
cultivation practices changed, often following conti-
nental concepts. This had negative and positive con-
sequences. Some of the negative consequences are 
over-development, the emphasis on maximum yields 
regardless of environmental costs, and the introduc-
tion of invasive species. Some of the positive conse-
quences are the introduction of non-invasive crop spe-
cies and ornamentals, with limitation of their cultiva-
tion to appropriate areas, so that the natural biological 
heritage can be protected. Other positive consequenc-
es are the application of scientifi c methods to investi-
gate the impact of development projects, laws to pro-
tect endangered native species, and the realization that 
islands as small land areas are particularly vulnerable 
to over-exploitation and that they require special atten-
tion in land management.
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Figure 1.2. Ahupua`a, the traditional Hawaiian land division with the three resource zones and typical land uses 
(After Minerbi, 1999).


