
5.1. The Diversity and Conservation of Papua’s
Ecosystems

 . 

T   ‘ ‘ ’ ’ refers to a biological community and its physical

environment. Sir Arthur Tansley, an English botanist who was a pioneer in

the study of plant ecology, coined the term in 1935 in recognition of the fact that

a true understanding of ecological processes requires consideration of organisms

and their habitats as a single, integrated system (Tansley 1935). Some ecologists

extended this view and argued that the ecosystem should be considered the basic

unit of ecological investigation (e.g., Evans 1956; Rowe 1961). Although modern

ecology incorporates research on a variety of scales, from populations of single

species, through landscapes and ecoregions, to the entire biosphere, the consider-

ation of ecosystems as functional units has produced important insights into a

range of important ecological processes, such as primary production, energy flow,

and nutrient cycling. In this section we take a broad, ecosystem-level view of the

Papuan environment. This level of analysis allows us to consider issues of biodiv-

ersity, conservation, and human well-being from a broader perspective than is

possible when these issues are examined at smaller spatial scales. In this introduc-

tory chapter I comment briefly on some general concepts related to ecosystem

classification, diversity, services, and conservation, and consider how these con-

cepts can be applied to the management and preservation of Papua’s ecosystems.

In the following twelve chapters, experts provide overviews of the ecology, organi-

zation, and conservation of Papua’s most important ecosystem types.

First, a comment on terminology. In ecology, as in many other scientific disci-

plines, terminology is both a blessing and a burden. When clearly defined and

applied, specific terms unambiguously convey meaning and permit relevant de-

bate. Unfortunately, ecological terms are frequently used in contexts other than

those in which they were originally applied, without appropriate definition or

clarification. Such misuses of terminology obscure meaning and can result in vig-

orous debates that create much heat while shedding little light on the issues under

discussion. The term ‘‘ecosystem’’ is used frequently and in a wide variety of con-

texts without formal definition. In this volume we use the term to classify specifi-

cally delineated parts of the environment and all biological organisms that inhabit

them. For example, lower montane forest is a particular ecosystem type that en-

compasses the physical structure of a mountain (e.g., bedrock, soil) found between

roughly 650 and 1,500 meters elevation and all of the flora and fauna living within

this structure (Chapter 5.10). It is distinct from the alpine ecosystem type typically

found at higher elevations and the lowland forest ecosystem type found below. We

do not use the term ‘‘ecosystem’’ to refer to the habitat occupied by a particular
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species, as this term is highly-species specific: the habitat of one species may in-

clude many ecosystem types (e.g., many bird species), while another species might

only be found in one particular subset of an ecosystem type (e.g., a tree species

limited to a particular soil type).

Ecosystem Classification

O ne of the complications that has long plagued ecosystem ecologists is the diffi-

culty in identifying the boundaries of an ecosystem. Sharp lines can rarely be

drawn that delineate the extent of a particular ecosystem type or contain all rele-

vant ecological processes and interactions (Whittaker 197 0). Even boundaries that

initially appear to be clearly delineated are revealed upon careful examination to

be porous and dynamic. For example, at first glance few ecosystems would seem

to be more clearly distinct than the abutting marine and terrestrial ecosystems

found along coastlines around the world. H owever, closer investigation reveals

that energy and nutrients flow between these ecosystems, organisms move back

and forth between them, and that the health and stability of one can profoundly

effect the other. These interactions make categorization of ecosystems as discrete

entities somewhat artificial. For the purposes of description, we have classified

Papua’s ecosystems into twelve broad categories. N evertheless, it is important to

remember that these classifications are simplifications made to facilitate discus-

sion, and that in reality ecosystems are highly interconnected and interdependent.

The principle division of aquatic ecosystem types is based on water salinity, and

two major categories are typically considered: saltwater (or marine) and freshwater

ecosystems. V arious ecosystem types are defined in each of these broad categories

based on physical features such as substrate, temperature, water depth, and domi-

nant vegetation type (Smith and Smith 2003). In this chapter we consider four

major categories of aquatic ecosystems in Papua: coral reefs, seagrass ecosystems,

mangroves, and inland water ecosystems.

The world’s major terrestrial ecosystem types (often referred to as biomes) are

classified by vegetation type, which is largely dependent on rainfall and tempera-

ture (Whittaker 197 0). Within these biomes, separate ecosystems can also be de-

fined according to the composition and structure of the plant community. We

follow this convention by considering six distinct vegetative formations (i.e., eco-

systems) within the tropical forest biome, following a roughly altitudinal gradient

from coastal ecosystems to alpine vegetation. We also consider the extensive mon-

soon grassland and savanna ecosystems found in plains and deltas of the great

rivers in southern N ew G uinea. Finally, we discuss the unique and little-known

cave ecosystems of Papua.

Ecosystem Diversity in Papua

M any of the terrestrial ecosystem types discussed in this section are further subdi-

vided based on dominant vegetation, altitude, soil type, and degree of human
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disturbance. The wide array of ecosystem types found in Papua helps to explain

why this is an area of such high biodiversity and a major center of endemism in

many distinct taxonomic groups. From the reefs that contain the most coral spe-

cies in the world to the cryovegetation communities growing in the ice and snow

atop its highest mountains, Papua’s ecosystem diversity creates a wide range of

ecological conditions, each of which supports a highly specialized community of

flora and fauna. Some ecosystems are fairly well characterized and understood

(e.g., seagrass ecosystems, coastal vegetation), while others are scarcely known and

the diversity and ecological interactions contained therein have yet to be discov-

ered (e.g., cave ecosystems). Y et the uniqueness, complexity, and diversity of each

of these ecosystem types is abundantly clear, and helps to make Papua one of the

most biologically important regions on earth (Supriatna 1999).

Papua’s high diversity of terrestrial ecosystems is largely due to its wide altitudi-

nal range (Figure 5.1.1). Accurate measures of the extent of different ecosystem

types in Papua are difficult to calculate, both because of difficulties in classifying

ecosystems and complications in recognizing these ecosystem types on images

obtained through remote sensing. H owever, based on general land cover classifi-

cations (H ansen et al. 1998 ) and recent L andsat 7 ETM ` imagery of Papua

(1999– 2000), the extent of broad land classes can be mapped (Figure 5.1.2). Anal-

Figure 5.1.1. Surface elevation and ocean depth in Papua. The wide range of
altitudes leads to a diversity of ecosystem types.
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Figure 5.1.2 . F orest cover in Papua. The picture is an interpretation of L andsat 7
E TM ` imagery of Papua, using a comb ination of images acq uired in 19 9 9 and
20 0 0 .

Source: F orest W atch Indonesia– C onservation International– M inistry of F orestry.

ysis of the resulting map provides estimates of the extent of each major land class
in Papua. When forests are broadly defined to include all land cover classes with
greater than 10% tree or shrub canopy cover, roughly 8 5% of Papua was forested
in 2000 (Table 5.1.1). O ver 60% of these forests were lowland evergreen forests
(51% of Papua’s total area), making Papua home to the largest remaining tracts
of lowland tropical evergreen forest in Indonesia. L arge areas of mangrove forest
(15,124 km2, 4 .3% of forested land), swamp ecosystems (68 ,312 km2, 19.5% of
forested land), and montane forest (36,032 km2, 10.3% of forested land) are also
found, in addition to several other ecosystem types, each of which comprise more
than 1% of forested area in Papua (Table 5.1.1).

The distribution and diversity of ecosystem types across the island of N ew
G uinea are similar to those found in Papua (Figure 5.1.3). D ue to differences
in data quality and forest classification, figures for N ew G uinea are not directly
comparable to those from Papua. H owever, analyses show that in 2000 the island
of N ew G uinea was overwhelmingly forested, containing almost 657 ,000 km2 (8 2%
of the land area) of broadleaf forest and woodland (Table 5.1.2). For this reason
N ew G uinea is considered one of the world’s three great lowland tropical rainfor-
est Wilderness Areas (M ittermeier et al. 2003).
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Ta b le 5.1.1. M ajor land classes in Papua

L and classes A rea (k m2) % of forested land % of total land

M angrove forest 15 ,124 4 .3 3 .6

Swamp 7 ,4 6 5 2.1 1.8

Swamp b rush 10 ,5 5 9 3 .0 2.5

Swamp forest 5 0 ,28 8 14 .3 12.1

L owland evergreen rainforest 213 ,6 27 6 0 .8 5 1.3

L ower montane rainforest 8 ,6 5 8 2.5 2.1

U pper montane rainforest 27 ,3 7 3 7 .8 6 .6

Sub alpine forest 4 ,26 6 1.2 1.0

B rush 4 ,4 9 0 1.3 1.1

Savanna 9 ,29 8 2.6 2.2

Total forest cover 3 5 1,14 7 8 4 .4

B are ground, rice paddies, 6 4 ,9 8 2 15 .6
transmigration settlements

Total land area 4 16 ,129 10 0 .0

N umb ers may not accord perfectly with data listed in other chapters in this section due to differences in
hab itat classifi cation and methods used to estimate the ex tent of each hab itat type. L isted are estimates from
Interpretation of L andsat 7 E TM ` imagery of Papua, using a comb ination of images acq uired in 19 9 9 and
20 0 0 .
Source: F orest W atch Indonesia– C onservation International– M inistry of F orestry.

     

            

L andscapes containing several ecosystem types have higher species richness than

equivalent areas containing only a single ecosystem type (Figure 5.1.4 ). Thus Pa-

pua’s high ecosystem diversity helps to explain the high diversity found in a num-

ber of taxonomic groups of flora (Section 3) and fauna (Section 4 ). In addition,

many vertebrate species rely on more than one ecosystem type, often utilizing

different ecosystem types for breeding, nesting, and foraging. For example, several

species of sea turtles feed in open oceans and seagrass ecosystems, but rely on

coastal beaches to lay their eggs (Chapter 4 .6). Similarly, many species of mam-

mals, insects, and birds breed in mangrove forests but live and forage mainly in

adjacent terrestrial or marine habitats (Chapter 5.4 ). G reater M elampittas nest in

cave ecosystems but forage daily in nearby forest ecosystems (Chapter 5.13), and

many other bird species utilize several forest types at a variety of altitudes during

their normal life cycles (Chapter 4 .9). Therefore, preservation of the full comple-

ment of ecosystem types in Papua is necessary both to preserve its high biodiver-

sity and to provide the habitat requirements for a number of threatened vertebrate

species.
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Figure 5.1.3 . F orest cover in N ew G uinea. The picture is an interpretation of L andsat
7 E TM ` imagery of Papua, using a comb ination of images acq uired in 19 9 9 and
20 0 0 .

Source: F orest W atch Indonesia– C onservation International– M inistry of F orestry.

Ta b le 5.1.2 . M ajor land classes in N ew G uinea

L and classes A rea (k m2) % of land area

E vergreen b roadleaf forest 5 4 0 ,4 18 6 7 .3

D eciduous b roadleaf forest 12,13 0 1.5

W oodland 10 4 ,3 6 9 13 .0

W ooded grassland 8 2,19 6 10 .2

C losed shrub land 1,7 4 5 0 .2

O pen shrub land 16 ,25 4 2.0

G rassland 3 5 ,6 6 8 4 .4

C ropland 6 ,3 5 9 0 .8

B are ground 4 ,3 5 8 0 .5

U rb an and b uilt- up area 7 5 0 .0 1

Total land area 8 0 3 ,5 7 2 10 0 .0

L and classes in this tab le are different from those presented in Tab le 5 .1.1.
Source: H ansen et al. (19 9 8 ).
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Figure 5.1.4 . Schematic diagram of species richness and ecosystem diversity. The
graph shows species- area curves for two landscapes. L andscape 1 (solid line) is
comprised of a single ecosystem type (A ). A s more area is sampled the total
numb er of species recorded increases, b ut slope decreases as an increasing
proportion of the total species richness of ecosystem A is recorded. L andscape 2
(dashed line) is comprised of three ecosystem types (A , B , C ). The species- area
curves for the two landscapes are eq uivalent as long as sampling is confi ned to
ecosystem A . H owever, as sampling b egins in ecosystem B the species- area curve
in L andscape 2 increases sharply as many new species are recorded in this new
ecosystem type. Sampling of ecosystem C results in another rapid increase in total
species richness in L andscape 2. This schematic shows that for any sampling area
(e.g., a9) species richness is higher in landscapes containing multiple ecosystem
types than in landscapes comprised of a single ecosystem type (e.g., s2 . s1).

      

As is the case in many subjects within ecology and conservation biology, the more

we learn about ecosystems the more we realize how connected and interdependent

they are. As noted above, classification of ecosystems into discrete ‘‘types’’ masks

the fact that there are many important interactions among them. For example,

seagrass ecosystems provide an important functional link and buffer between reefs

and mangrove ecosystems (Chapters 5.3 and 5.4 ) and forest ecosystems provide

key nutrient inputs into aquatic and cave ecosystems (Chapters 5.5 and 5.13). This

interdependence means that when one ecosystem is damaged it can have strong

and often unforeseen effects on adjacent ecosystems. For example, uncontrolled

clear-cutting of forest not only negatively effects forest ecosystems; the resultant

erosion can also lead to detrimental siltation of downstream aquatic ecosystems

(Chapter 5.5) and sediment deposition that can cause major harm to coral reefs

(Chapter 5.2). Similarly, the smoke resulting from large-scale burning of lowland

forests and peat swamps can have effects on other ecosystem types. For instance,
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the fires that occurred in Sumatra and K alimantan in 1997 led to red tide phyto-

plankton blooms that caused large-scale death of coral reefs in the M entawai Is-

lands (Abram et al. 2003, 2004 ) and B ali (van Woesik 2004 ). We are only

beginning to understand the complexity of interactions among ecosystem types,

but these examples warn us that degradation of one ecosystem can have broad

cascading effects on other ecosystems.

Papuan Conservation: A n Ecosystem Perspective

Conservationists address questions across a broad range of spatial scales. Each of

these approaches can yield valuable insights and have important implications for

the preservation of biodiversity. H ere I briefly consider some of the issues relevant

to conservation of entire ecosystems. I consider the services provided by Papua’s

ecosystems, discuss research into the relationship between biodiversity and ecosys-

tem function, assess the representation of different ecosystems in Papua’s pro-

tected areas network, and consider the implications of an ecosystem perspective

on Papuan conservation issues.

   

The earth’s ecosystems provide a wealth of services necessary for human health

and well-being, many of which are taken for granted or severely undervalued. Such

services include purification of air and drinking water, reduction in the severity of

droughts and floods, generation and preservation of soils and soil fertility, pollina-

tion of crops, nutrient cycling, climate stabilization, carbon sequestration, control

of infectious disease, and erosion protection (D aily 1997 ; K rebs 2001). The rela-

tively new field of natural resource economics has helped to raise awareness of the

immense financial value of ecosystem services (B almford et al. 2002, 2003; B alm-

ford and Whitten 2003; Costanza 1991; Costanza et al. 1997 ; James, G aston, and

B almford 1999; Peet 1992; Chapter 6.5), but the true benefits and costs of ecosys-

tem services and their loss are rarely incorporated into decisions about natural

resource management, particularly in developing countries. The financial costs

associated with loss of ecosystem services resulting from degradation are rarely (or

never) fully offset by those perpetrating the degradation, and the social and health

costs are frequently disproportionately paid by people in lower economic groups.

For example, the health costs alone associated with the Indonesian forest fires in

1997 have been estimated at 14 5 million U.S. dollars, with the majority of morbid-

ity and mortality falling upon the poorest people in the region (B arber and Sch-

weithelm 2000). Similar fires burn almost yearly and those who profit financially

from these ecological disasters are not held accountable.

Papua’s ecosystems provide environmental services of immense local, regional,

and global importance. For example, Papua’s forests maintain water quality and

prevent soil erosion for numerous local communities. Regionally, Papua’s man-

groves serve as important breeding grounds for endangered vertebrates and com-

mercially important marine invertebrates, sequester pollutants and environmental
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contaminants, protect against coastal erosion, and can even serve as physical barri-

ers protecting humans from tsunami (Alongi 2002; D anielsen et al. 2005). M ore

broadly, Papua’s extensive forests and seagrass ecosystems serve as globally impor-

tant sites of carbon sequestration that help to ameliorate global climate change.

Therefore sound management and conservation of Papua’s ecosystems will ensure

that the valuable environmental services they provide will enhance human health

and well-being for future generations.

         

B ecause ecosystems provide such a wide range of services crucial to human health,

substantial theoretical, empirical, and experimental work has addressed the rela-

tionship between diversity (or, more specifically, species richness) and ecosystem

function. Although the theoretical roots of this discussion go back decades (M ac-

Arthur 1955; M ay 197 2; Statzner and M oss 2004 ), the unprecedented extinction

rates resulting from human degradation of natural ecosystems have made this

issue one of considerable practical relevance in recent years (Cameron 2002; K in-

zig 2001; L oreau et al. 2001, 2002; N aeem et al. 1994 ; Schwartz et al. 2000). Exami-

nation of this topic is complicated by several issues. First, until recently, unusually

contentious academic debate over the role of biodiversity in ecosystem functioning

has polarized discussion, hampered important syntheses, and created skepticism

towards this important work among the general public (M ooney 2002; N aeem et

al. 2002). H appily, recent collaborative syntheses have reduced these tensions and

identified important new directions of investigation (e.g., L oreau et al. 2001;

H ooper et al. 2005). Second, there are different measures of ecosystem function

relevant to human well-being, including primary and secondary productivity, sta-

bility, resistance to invasion, and resilience, and there is little reason to expect that

these different characteristics will be affected by biodiversity losses in similar ways

(H ooper et al. 2005; L oreau et al. 2001; Schwartz et al. 2000). Third, multiple

mechanisms may be responsible for observed relationships between diversity and

ecosystem function (L oreau et al. 2002), highlighting one of the frequent difficul-

ties ecologists face in attempting to infer processes from patterns. Finally, much

of the recent experimental work has focused on studying the effects of manipula-

tion of small-scale systems with relatively low species richness (e.g., M cG rady-

Steed et al. 1997 ; Petchey et al. 1999; Thébault and L oreau 2003; Tilman 1999). As

most applied conservationists are primarily concerned with complex, large-scale

systems, the practical relevance of insights gained from the study of much simpler

systems is debatable on several grounds (e.g., Aarson 1997 ; Carpenter 1996;

H ooper and V itousek 1997 ; H uston 1999; H uston and M cB ride 2002; Rosenfeld

2002; Strivastava and V ellend 2005).

From a conservation standpoint, the key question is related to ecological redun-

dancy (L awton and B rown 1993; Rosenfeld 2002): are all species in an ecosystem

necessary to sustain normal function, or can most ecosystem services be provided

by a small subset of species (i.e., are many species functionally redundant)? It is

unlikely that there is a universal relationship between diversity and ecosystem
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function across all ecosystem types and functions (H ooper et al. 2005; N aeem et

al. 1994 ). Some studies indicate that there are relatively high degrees of ecological

redundancy and that substantial losses in biodiversity may have limited effects on

the provision of certain ecosystem services, especially at small temporal and spatial

scales or when environmental variability is relatively low (H ooper et al. 2005;

L oreau et al. 2001; Schwartz et al. 2000, but see Rosenfeld 2002). H owever it

should be noted that these studies typically use a limited definition of ecosystem

function (often restricted to the effects of biodiversity loss on plant biomass), and

many restrict their analyses to examining the effects of biodiversity loss within one

trophic level. At larger temporal and spatial scales and in changing environments

the number of species required to maintain ecosystem services increases (H ooper

et al. 2005; L oreau et al. 2001, 2002). Research has now largely shifted away from

focusing on simple indices of species richness to attempting to identify key func-

tional species or groups that have disproportionate effects on ecosystem services

(L oreau et al. 2001; N aeem and Wright 2003; Rosenfeld 2002).

There is debate over the extent to which biodiversity-ecosystem function studies

have direct relevance for conservation biology (H ector et al. 2001; L awler et al.

2001; Schwartz et al. 2000; Srivastava and V ellend 2005). The lack of universal

support for a direct link between biodiversity and ecosystem function has led some

to suggest that widespread use of this linkage as a justification for conservation

goals is unwise (K rebs 2001; L awler et al. 2001; Schwartz et al. 2000). O thers

acknowledge this point but argue that interactions between biodiversity and eco-

system services can provide useful additional arguments in support of conserva-

tion (H ector et al. 2001). It has also been suggested that although research on the

relationship between biodiversity and ecosystem function has had limited conser-

vation applications to date, this area promises to provide important insights into

conservation policy in the foreseeable future (L awler et al. 2001; Srivastava and

V ellend 2005). While there is much debate in academic circles on how reduction

in species richness or loss of key functional groups will effect the function and

stability of ecosystems (and the pertinence of these debates to more applied con-

servation issues), the vast majority of ecologists agree that these losses will increase

susceptibility to invasion by exotic species (and presumably also pathogens), re-

duce environmental services, and negatively impact the biosphere (H ooper et al.

2005; L oreau et al. 2001; Schläpfer et al. 1999). Therefore, as ecologists work to

identify which species and functional groups are irreplaceable, a precautionary

approach to biodiversity preservation should serve as a broad governing theme in

conservation management in Papua.

        

The Papuan protected areas network encompasses approximately 66,500 km2 of

terrestrial habitats. The major ecosystems are not equally or proportionately repre-

sented within Papua’s protected area system (Table 5.1.3). The most well protected

land cover classes are lower montane forests and subalpine forests, with over 4 5%

of each ecosystem type found within formally protected areas. H owever, lowland
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Ta b le 5.1.3 . R epresentation of Papuan land classes in protected areas

F orest cover classes
A rea
(k m2)

N ature R eserve

k m2

% land
cover

W ildlife R eserve

k m2

% land
cover

N ational Park

k m2

% land
cover

N ature
R ecreation

R eserve

k m2

% land
cover

Total

k m2

% land
cover

M angrove forest 15 ,124 7 18 4 .7 1,5 0 8 10 .0 2,122 14 .0 1 0 .0 4 ,3 4 9 28 .8

Swamp 7 ,4 6 5 5 1 0 .7 6 17 8 .3 4 7 4 6 .4 0 0 .0 1,14 2 15 .3

Swamp b rush 10 ,5 5 9 3 8 0 .4 1,9 6 3 18 .6 5 9 1 5 .6 0 0 .0 2,5 9 2 24 .6

Swamp forest 5 0 ,28 8 10 6 0 .2 7 ,17 1 14 .3 2,3 9 7 4 .8 1 0 .0 9 ,6 7 5 19 .2

L owland evergreen rainforest 213 ,6 27 12,5 3 9 5 .9 11,3 0 9 5 .3 6 ,7 8 5 3 .2 29 6 0 .1 3 0 ,9 28 14 .5

L ower montane rainforest 8 ,6 5 8 2,216 25 .6 9 7 4 11.2 7 7 7 9 .0 0 0 .0 3 ,9 6 6 4 5 .8

U pper montane rainforest 27 ,3 7 3 2,3 17 8 .5 2,17 1 7 .9 4 ,0 4 2 14 .8 0 0 .0 8 ,5 3 1 3 1.2

Sub alpine forest 4 ,26 6 4 7 1.1 3 5 5 8 .3 1,5 23 3 5 .7 0 0 .0 1,9 25 4 5 .1

B rush 4 ,4 9 0 211 4 .7 27 6 6 .2 3 8 8 8 .6 0 0 .0 8 7 5 19 .5

Savanna 9 ,29 8 0 0 .0 1,23 7 13 .3 1,3 4 6 14 .5 0 0 .0 2,5 8 3 27 .8

Total 3 5 1,14 7 18 ,24 2 5 .2 27 ,5 8 1 7 .9 20 ,4 4 5 5 .8 29 8 0 .1 6 6 ,5 6 7 19 .0

U nforested lands are ex cluded. G IS analysis of protected areas map overlaying L andsat 7 E TM ` imagery of Papua, using a comb ination of images acq uired in 19 9 9 and 20 0 0 .
Source: F orest W atch Indonesia– C onservation International– M inistry of F orestry.
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evergreen forest, by far the most dominant ecosystem type in Papua (61% of land

area), is proportionately the least well represented in protected areas, with only

14 .5% of this ecosystem type occurring within currently designated parks and

reserves. This is a source of major concern as lowland forest is the ecosystem type

most likely to suffer heavy degradation from uncontrolled human development,

logging, and mining. In other parts of Indonesia almost all lowland forest found

outside protected areas has disappeared or been severely degraded (Fuller et al.

2004 ; H olmes 2002; Jepson et al. 2001; van Schaik et al. 2001; World B ank 2001),

with substantial losses even occurring within protected areas (Curran et al. 2004 ).

Although this trajectory of habitat loss is far from inevitable in Papua, we would

be well advised to consider the worst-case scenario that few forests in Papua will

exist in their present state outside protected areas at the end of the 21st century.

Under this scenario the current protected areas network in Papua is unlikely to

be sufficient to protect the full complement of species, ecological processes, and

ecosystem functions that is found there today. Assessment of this possibility will

require careful consideration of the representation of ecosystem types within the

current Papuan protected areas network, the prospects for maintaining connectiv-

ity between ecosystems, and the potential effects of global and regional climate

change on the spatial distribution of ecosystems.

-       

N umerous strategies are currently employed and championed by scientists, con-

servation organizations, and government agencies involved in natural resource

management. The widely-publicized ‘‘B iodiversity H otspots’’ approach advocates

prioritizing severely threatened areas of high species richness and endemism

(M yers et al. 2000). O ther strategies suggest that preservation of large wilderness

areas that are ecologically intact and sparsely populated represent important op-

portunities for biodiversity conservation (M ittermeier et al. 2003). Some have ar-

gued that conservation efforts should focus almost exclusively on landscapes that

are largely unaltered by humans (e.g., M yers 198 0; N oss 1991), while others em-

brace the conservation potential of the careful management of lands that have

already been substantially impacted (e.g., by development or logging, Fimbel 1994 ;

Fimbel et al. 2001; Frumhoff 1995; Johns 198 3; M arshall et al. 2006; M eijaard et

al. 2005). Integrated conservation and development projects promise simultane-

ously to protect biodiversity and promote human well-being, health, and poverty

alleviation (G oodwin and Swingland 1996; M cShane and Wells 2004 ; Salafsky et

al. 2001), while others suggest that the most effective way to conserve wildlife and

habitats is strict protection and exclusion of most local people from protected

areas (e.g., Terborgh 1999). N umerous campaigns have focused on the conserva-

tion of single species or specific taxonomic groups (e.g., M ittermeier et al. 2005;

Stattersfield et al. 1998 ) and others work to preserve ecosystems, ecoregions, or

functional landscapes (H udson 1991; N oss 1996; Pressey et al. 1993; Woinarski et

al. 1996). Each approach has strengths and limitations (B onn and G aston 2005;

K areiva and M arvier 2003; K iss 2004 ; Y oung 1999; O rme et al. 2005; Possingham
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and Wilson 2005), and it is likely that the most favorable conservation outcomes

will result from careful application of a broad portfolio of conservation tactics and

strategies.

Although a range of conservation strategies have applicability to Papua, the fact

that Papua’s ecosystems provide services of local, regional, and global importance

strongly suggests that ecosystem-level conservation approaches are particularly

warranted. The specific goals of ecosystem-based conservation plans will need to

be carefully considered within the Papuan context, but the five basic goals of

ecosystem management proposed by G rumbine (1992, 1994 ) provide a useful

point of departure. Ecosystem management should strive first to protect sufficient

habitat to ensure the long-term viability of populations of all native species; sec-

ond, to represent all native ecosystem types across their range of natural variation

within protected areas; third, to manage ecosystems on spatial scales that are suf-

ficiently large to maintain important ecological processes (e.g., disturbance re-

gimes, hydrological processes, nutrient cycles); fourth, to create ecosystem

management plans for sufficiently long time scales (e.g., centuries) to permit evo-

lutionary change; and fifth, to allow for human use and occupancy at levels that

do not result in ecological degradation (G rumbine 1992, 1994 ). Ecosystem-based

conservation plans in Papua are likely to be complicated to devise and even more

challenging to implement effectively. Political support will need to be generated at

all levels of government, ecosystems will need to be legally defined and delineated,

consensus among diverse ethnic groups will need to be reached, and effective

mechanisms to monitor the success of conservation interventions will need to be

implemented. Ultimately, conservation efforts in Papua will not be successful un-

less such large-scale conservation issues are tackled.

Papua, and N ew G uinea more broadly, is a region of global biological signifi-

cance. It includes the highest summit in O ceania, the only equatorial glaciers in

the Pacific, the most extensive and diverse mangrove forests in Indonesia, and one

of the world’s largest remaining tracts of lowland tropical forest. H uman popula-

tion density in Papua is low. Rates of forest loss and remaining forest cover in

Papua are encouraging when compared with many other areas in the tropics.

Papua also is home to extensive and highly-diverse reefs that remain largely un-

damaged, at least in comparison to those in western Indonesia and many other

parts of the world. H owever, threats to these ecosystems exist and will likely in-

crease over time. We should have no illusions that protection of Papua’s ecosys-

tems will be easy or simple. D espite unprecedented investment in conservation,

efforts to protect Indonesia’s other lowland forests have largely failed (Curran et

al. 2004 ; Fuller et al. 2004 ; van Schaik et al. 2001; Whitten et al. 2001). O ur current

conservation strategies have proved inadequate in the face of the legitimate and

pressing demands of Indonesia’s poorest citizens and the greed of illegal logging

bosses. Papua presents one of the few remaining opportunities for proactive con-

servation action in Indonesia. Avoiding the fate of the rest of Indonesia’s once-

vast tracts of lowland forest will require a level of political will that has thus far
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proved difficult to generate in other parts of the country. B ut the stakes are too

high for us to let Papua quietly go the way of Sumatra and B orneo. The fate of

Indonesia’s last great wilderness area, and the people who rely on it, hangs in the

balance.

A ck now led g ments

I thank H endi Sumantri for assistance with maps and spatial analysis, and Conser-

vation International and the Arnold Arboretum of H arvard University for post-

doctoral support. I also thank Peter Ashton, B ruce B eehler, Amy D unham, M ark

L eighton, Cam Webb, and Tony Whitten for useful comments on this chapter.

L iterature Cited

Aarson, L .W. 1997 . H igh productivity in grassland ecosystems: affected by species
diversity or productive species? O ik os 8 0: 18 3– 18 4 .

Abram, N .J ., M .K . G ager, M .T. M cColloch, J . Chappell, and W.S. H antoro. 2003. Coral
reef death during the 1997 Indian O cean dipole linked to Indonesian wildfires. S cience
301: 952– 955.

Abram, N .J ., M .K . G ager, M .T. M cColloch, J . Chappell, and W.S. H antoro. 2004 .
Response to comment on ‘‘Coral reef death during the 1997 Indian O cean dipole
linked to Indonesian wildfires.’’ S cience 303: 1297 .

Alongi, D .M . 2002. Present state and future of the world’s mangrove forests. Environ.
Conserv. 29: 331– 34 9.

B almford, A., A. B runer, P. Cooper, R. Costanza, S. Farber, R.E. G reen, M . Jenkins, P.
Jefferiss, V . J essamy, J . M adden, K . M unro, N . M yers, S. N aeem, J . Paavola, M .
Rayment, S. Rosendo, J . Roughgarden, K . Trumper, and R.K . Turner. 2002. Economic
reasons for conserving wild nature. S cience 397 : 950– 953.

B almford, A., K .J . G aston, S. B lyth, A. James, and V . K apos. 2003. G lobal variation in
conservation costs, conservation benefits, and unmet conservation needs Proc. N at.
A cad. S ci. U.S. 100: 104 6– 1050.

B almford, A., and T. Whitten. 2003. Who should pay for tropical conservation, and how
could the costs be met? O ryx 37 : 238 – 250.

B arber, C.V ., and J . Schweithelm. 2000. Trial b y F ire: F orest F ires and F orestry Policy in
Indonesia’s Era of Crisis and R eform. World Resources Institute, Washington, D .C.

B onn, A., and K .J . G aston. 2005. Capturing biodiversity: selecting priority areas for
conservation using different criteria. B iodiver. Cons. 14 : 108 3– 1110.

Cameron, T. 2002. 2002: the year of the ‘‘diversity-ecosystem function’’ debate. Trend.
Ecol. Evol. 17 : 4 95– 4 96.

Carpenter, S.R. 1996. M icrocosms have limited relevance for community and ecosystem
ecology. Ecolog y 7 7 : 67 7 – 68 0.

Costanza, R. (ed.). 1991. Ecolog ical Economics: The S cience and M anag ement of S ustain-
ab ility. Columbia University Press, N ew Y ork.

Costanza, R., R. d’Arge, R. de G root, S. Farber, M . G rasso, B . H annon, K . L imburg, S.
N aeem, R.V . O ’N eill, J . Paruelo, R.G . Raskin, P. Sutton, and M . van den B elt. 1997 .
The value of the world’s ecosystem services and natural capital. N ature 38 7 : 252– 260.

Curran, L .M ., S.N . Trigg, A.K . M cD onald, D . Astiani, Y .M . H ardiono, P. Siregar, I.

PAGE 76 6................. 1 6 1 57$ C H 4 4 0 3-1 5-0 7 0 7:32 :2 1 PS



The Diversity and Conservation of Papua’s Ecosystems / 7 67

Caniago, and E. K asischke. 2004 . L owland forest loss in protected areas of Indonesian
B orneo. S cience 303: 1000– 1003.

D aily, G .C. (ed.). 1997 . N ature’s S ervices: S ocietal Dependence on N atural Ecosystems.
Island Press, Washington, D .C.

D anielsen, F., M .K . Sø rensen, M .F. O lwig, M .F. Selvam, F. Parish, N .D . B urgess, T.
H iraishi, V .M . K arunagaran, M .S. Rasmussen, L .B . H ansen, A. Q uarto, N ., and
Suryadiputra. 2005. The Asian tsunami: a protective role for coastal vegetation. S cience
310: 64 3.

Evans, F.C. 1956. Ecosystem as the basic unit in ecology. S cience 123: 1127 – 1128 .
Fimbel, C. 1994 . The relative use of abandoned farm clearings and old forest habitats by

primates and a forest antelope at Tiwai, Sierra L eon, West Africa. B iol. Cons. 7 0:
27 7 – 28 6.

Fimbel, R.A., A. G rajal, and J .G . Robinson. 2001. L ogging and wildlife in the tropics. Pp.
667 – 695 in Fimbel, R.A., A. G rajal, and J .G . Robinson (eds.) The Cutting Edg e:
Conserving W ildlife in L og g ed Tropical F orest. Columbia University Press, N ew Y ork.

Frumhoff, P.C. 1995. Conserving wildlife in tropical forests managed for timber to
provide a more viable complement to protected areas. B ioS cience 4 5: 4 56– 4 64 .

Fuller, D .O ., T.C. Jessup, and A. Salim. 2004 . L oss of forest over in K alimantan, Indonesia,
since the 1997 – 1998 El N iño. Cons. B iol. 18 : 24 9– 254 .

G oodwin, H ., and I.R. Swingland. 1996. Ecotourism, biodiversity, and local development.
B iodiver. Cons. 5: 27 5– 27 6.

G rumbine, R.E. 1992. G host B ears: Ex ploring the B iodiversity Crisis. Island Press, Wash-
ington, D .C.

G rumbine, R.E. 1994 . What is ecosystem management? Cons. B iol. 8 : 27 – 38 .
H ansen, M ., R. D eFries, J .R.G Townshend, and R. Sohlberg. 1998 . L and Cover Classi-

fi cation Derived from A V H R R . The G lobal L and Cover Facility, College Park, M aryland.
H ector, A., J . Joshi, S.P. L awler, E.M . Spehn, and A. Wilby. 2001. Conservation impli-

cations of the link between biodiversity and ecosystem functioning. O ecolog ia 129:
624 – 628 .

H olmes, D . 2002. Deforestation in Indonesia: A R eview of the S ituation in S umatra,
K alimantan and S ulaw esi. The World B ank, Washington, D .C.

H ooper, D .U., E.S. Chapin, III, J .J . Ewel, A. H ector, P. Inchausti, S. L avorel, J .H . L awton,
D .M . L odge, M . L oreau, S. N aeem, B . Schmid, H . Setala, A.J . Symstad, J . V andermeer,
and D .A. Wardle. 2005. Effects of biodiversity on ecosystem functioning: a consensus
of current knowledge. Ecol. M onog raphs 7 5: 3– 35.

H ooper, D .U., and P.M . V itousek. 1997 . The effects of plant composition and diversity
on ecosystem processes. S cience 27 7 : 1302– 1305.

H udson, W.E. 1991. L andscape L ink ag es and B iodiversity. Island Press, Washington, D .C.
H uston, M .A. 1999. M icrocosm experiments have limited relevance for community and

ecosystem ecology: synthesis of comments. Ecolog y 8 0: 108 8 – 108 9.
H uston, M .A., and A.C. M cB ride. 2002. Evaluating the relative strengths of biotic versus

abiotic controls on ecosystem processes. Pp. 4 7 – 60 in L oreau, M ., S. N aeem, and P.
Inchausti (eds.) B iodiversity and Ecosystem F unctioning : S ynthesis and Perspectives.
O xford University Press, O xford.

James, A., K . G aston, and A. B almford. 1999. B alancing the earth’s accounts. N ature 4 01:
323– 324 .

Jepson, P., J .K . Jarvie, K . M acK innon, and K .A. M onk. 2001. The end for Indonesia’s
lowland forests? S cience 292: 8 59– 8 61.

Johns, A.D . 198 3. Tropical forest primates and logging— can they co-exist? O ryx 17 :
114 – 118 .

PAGE 76 7................. 1 6 1 57$ C H 4 4 0 3-1 5-0 7 0 7:32 :2 1 PS



7 68 /   . 

K areiva, P., and M . M arvier. 2003. Conserving biodiversity coldspots. A mer. S ci. 91:
34 4 – 351.

K inzig, A.P., S.W. Pacala, and D . Tilman (eds.). 2001. The F unctional Conseq uences of
B iodiversity. Princeton University Press, Princeton, N ew Jersey.

K iss, A. 2004 . Is community-based ecotourism a good use of biodiversity conservation
funds? Trend. Ecol. Evol. 19: 232– 237 .

K rebs, C.J . 2001. Ecology: The Experimental Analysis of D istribution and Abundance.
B enjamin Cummings, San Francisco.

L awler, S.P., J .J . Armesto, and P. K areiva. 2001. H ow relevant to conservation are studies
linking biodiversity and ecosystem functioning? Pp. 294 – 313 in K inzig, A.P., S.W.
Pacala, and D . Tilman (eds.) The F unctional Conseq uences of B iodiversity. Princeton
University Press, Princeton, N ew Jersey.

L awton, J .H ., and V .K . B rown. 1993. Redundancy in ecosystems: biodiversity and eco-
system function. Pp. 255– 27 0 in Schulze E.-D ., and H .A. M ooney (eds.) B iodiversity
and Ecosystem S ervices. Springer-V erlag, N ew Y ork.

L oreau, M ., S. N aeem, and P. Inchausti. 2002. Perspectives and challenges. Pp. 237 – 24 2
in L oreau, M ., S. N aeem, and P. Inchausti (eds.) B iodiversity and Ecosystem F unctioning :
S ynthesis and Perspectives. O xford University Press, O xford.

L oreau, M ., S. N aeem, P. Inchausti, J . B engtson, J .P. G rime, A. H ector, D .U. H ooper,
M .A. H uston, D . Raffaelli, B . Schmid, D . Tilman, D .A., and Wardle. 2001. B iodiversity
and ecosystem functioning: current knowledge and future challenges. S cience 294 :
8 04 – 8 08 .

M acArthur, R. 1955. Fluctuations of animal populations, and a measure of community
stability. Ecolog y 36: 533– 536.

M arshall, A.J ., N ardiyono, L .M . Engström, B . Pamungkas, J . Palapa, E. M eijaard, and S.A.
Stanley. 2006. The blowgun is mightier than the chainsaw in determining population
density of B ornean orangutans (Pong o pyg maeus morio) in the forests of East K ali-
mantan. B iol. Cons. 129: 566– 57 8 .

M ay, R.M . 197 2. Will a large complex system be stable? N ature 238 : 4 13– 4 14 .
M cG rady-Steed, J ., P.M . H arris, and P.J . M orin. 1997 . B iodiversity regulates ecosystem

predictability. N ature 390: 162– 165.
M cShane, T.O ., and M .P. Wells. 2004 . G etting B iodiversity Projects to W ork : Tow ards M ore

Effective Conservation and Development. Columbia University Press, N ew Y ork.
M eijaard, E., D . Sheil, B . Rosenbaum, D . Iskandar, D . Augeri, T. Setyawati, W. D uck-

worth, M .J . L ammertink, I. Rachmatika, R. N asi, A. Wong, T. Soehartono, S. Stanley,
and T. O ’B rien. 2005. L ife after L og g ing : R econciling W ildlife Conservation and
Production F orestry in Indonesian B orneo. Center for International Forestry Research
(CIFO R), B ogor.

M ittermeier, R.A., C.G . M ittermeier, T.M . B rooks, J .D . Pilgrim, W.R. K onstant, G .A.B da
Fonseca, and C. K ormos. 2003. Wilderness and biodiversity conservation. Proc. N at.
A cad. S ci., U.S. 100: 10309– 10313.
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