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Forests as Human-Dominated 
Ecosystems 

Ian R. Noble and Rodolfo Dirzo 

Forests are human-dominated ecosystems. Many of the seemingly lightly managed or 
unmanaged forests are actually in use for agroforestry or for hunting and gathering. 
Agroforestry does reduce biodiversity, but it can also act as an effective buffer to forest 
clearance and conversion to other land uses, which present the greatest threat to 
forested ecosystems. In forests used for logging, whole-landscape management is 
crucial. Here, emphasis is placed on areas of intensive use interspersed with areas for 
conservation and catchment purposes. Management strategies for sustainable forestry 
are being developed, but there is a need for further interaction among foresters, ecol- 
ogists, community representatives, social scientists, and economists. 

M o s t  forests of the world fall between the 
extremes of intensivelv harvested ~ l a n t a -  
tions and managed conservation for&. Of 
the -3.54 billion ha of forested lands 
(about a third of Earth's land surface) (Fig. 
I ) ,  about 150 million ha are plantations and 
another 500 million ha are classified as 
actively managed for goods and services (1,  
2) .  However, this is a considerable under- 
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estimate of the area of forest affected (and 
often dominated) by human activity as it 
excludes large areas affected by indigenous 
gardening, hunting and gathering ( 3 ) ,  and 
indirect management such as changed fire 
regimes. 

Human dominance of forested ecosys- 
tems continues to increase. Earth's forested 
estate has shrunk by about a third ( 2  billion 
ha) since the rise of agriculture-based civi- 
lizations and continues to be eroded at dra- 
matic rates. Harvesting for wood and fuel is 
currently about 5 billion 1n3 annually and is 
increasing by about 1.5% (75 million m3) 

Der vear 1 1 ). In addition, some 10 million , ' 

La of new land, cleared largely from forests, 
is needed each vear to suooort the increase 
in world population at current levels of 
nutritional and aericultural vields 14). Esti- " , , 

mates suggest that forest clearlng averaged 
over 13 million ha oer vear from 1980 to 

L ,  

1995, which was only partly compensated 
for by about 1.3 m ~ l l ~ o n  ha per year of new 
plantations (2 ) .  

Forests are lnaior stores of biodiversitv 
and ma~ntain ecosystem services critical to 
the biosphere as a whole. It is estimated that 
about 170,000 plant species, or two-thirds of 
all plant species of Earth, occur in tropical 
forests (5). Even in a supposedly well-col- 
lected region of Icluitos, Peru, nearly 70% of 
the extracted timber comes from a tree that 
was first described in 1976 (6).  Forests con- 
stitute a major store of carbon [330 gigatons 
(1 Gt  = lo9 metric tons) in the vegetation 
and 660 Gt in the forest soilsl, and the 
management of forests is a major contributor 
to greenhouse gas budgets. Forests of mid- 
and high latitudes are estimated to be net 
sinks of carbon 10.7 2 0.2 Gtlvear). ~nostlv , ,  , 

because of uptake by rapidly growing y o m i  
forests, whereas trooical foresrs are orobablv 
a large net source (1.6 2 0.4 Gt/year), most- 
ly because of clearing and conversion to 
other land uses (7). 

Clearing of Forests 

Most clearing arises from pressures that are 
external to the forested ecosystem. 
Throughout the world, there has heen a 
history of ~lndervaluing the forest re- 
source; for example, royalties, purchase 
costs, or "stumpage" payments have often 
been set too low to recover the costs of 
management, let alone the costs of exter- 
nalities. Low prices encourage land man- 
agers to l iq~~idate the existing natural cap- 
ital of the forest, replacing it with an 
agricultural system that yields quicker re- 
turns. This is exacerbated 111 societ~es 
where immediate needs predominate, 
which leads to a very high discount rate on 
f~lture income. These same pressures have 
led forestry industries to "mine" the existing 
resource and make insufficient efforts to de- 
velop intensively managed regrowth forests, 
plantations, and protective management. 
The situation may be made worse by inap- 
propriate interventions, such as trade bans 
to discourage "unsustainable harvesting," 
which often serve to reduce the value of the 
forest resource to the producing country and 
hasten forest exploitation. A simulation of 
the impacts of such a ban on Indonesia 
showed that internal consumption of 
sawlogs and plywood would increase signif- 
icantly and that the rate of deforestation 
would be little affected (8). 
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Therefore, there is a tension between 
management of forests to protect ecosys- 
tem services and genetic resources and 
management for commercial production 
or conversion of lands for food production. 
This tension will increase in the future 
because of the size of the forest-related 
carbon pools and fluxes and their impor- 
tance in mitigating the release of green- 
house gases. The management of the 
world's forest estate remains a major policy 
issue for many governments, as reflected 
in recent international assessments (9) ,  
reviews and inquiries into national and 
regional forest management (1 O), and ma- 
jor international efforts to improve forest 
management practices, including the 
Global Environment Facility, Tropical 
Forest Action Plans, and Debts for Nature 
swaps (1 ) .  

Forest Management 

There is a wide range of forest manage- 
ment practices, with differing goals in re- 
lation to production and conservation, 
which are appropriate to different envi- 
ronmental, cultural, and econo~nic cir- 
cumstances (Fig. 2). Most fall into one of 
two categories. The first category includes 
the variants of traditional agroforestry and 
shifting agriculture that affect forests 
throughout the tropics and that are an 
important feature of the lifestyles of mil- 
lions of people. The second category is the 
intensive logging of native forests followed 
hy essentially natural regeneration that is 
common in temperate regions and in trop- 
ical forests. They represent two very dif- 
ferent intensities of management. In tra- 
ditional agroforestry, landholders regularly 
work in their plots with minimal input of 
externally sourced energy and fertilizer. In 
intensive logging, management interven- 
tion is less regular and heavily dependent 
on external inputs. Both are directed to- 
ward maintainence of a forested estate, 
although this estate may be significantly 
different from the previous forest. Both are 
important in the fut~lre of global forestry, 

global biodiversity, and global change. 
The sustainability of both systems depends 
on the effective management of whole 
landscapes. 

Traditional amoecosystems. Traditional c, 

agroecosystems, which include "forest gar- 
dens" or "home eardens." combine trees 

L z  

with an understory of annual or perennial 
croos and sometimes livestock. This orovi- 
sion of food, fiber, fodder, medicine, and 
buildino inaterials lies at the heart of most " 
traditional forest management systems. Vil- 
lagers live adjacent to their gardens and 
maintain them through Inany generations. 
In ~resent-dav Mava towns in the Yucatan 
pe1;insula ( ~ k x i c o ) ,  this type of forest gar- 
den covers about 10% of the region's forest- - 
ed area. Similar integrated traditional forest 
management svstems are well documented 

u 

in other tropical regions such as southeast 
Asia and Brazilian Amazonia ( 1 1 ) .  

Traditional shifting agriculture. Also 
known as slash-and-burn or swidden agrl- 
culture, this system is found in all tropical 
forest regions. Small patches of land (-0.5 
to 2 ha) are cleared by a family or small 
group using a combination of slashing the 
understory, felling selected larger trees, 
and burning. Gardening or agricult~~re (or 
both) are practiced on the site for a few 
years until soil fertility declines. The 
patch is then abandoned and left to regen- 
erate naturally as a secondary forest over 
manv decades before the site is revisited 
and ;he cycle contini~es. These practices 
have occurred in manv t ro~ica l  forests for , L 

millennia without obvious signs of degra- 
dation, although thev are believed to be 
the source of much of the secondary trop- 
ical forest 112).  The svsteln is not viable ~f 
increases in population and demands for 
alternative land uses lead to cycles that are 
too short to allow for full recovery of 
fertility. The breakdown of traditional 
ownership systems contributes to the mo- 
nopolization by permanent agriculture of 
the land near villages, forcing swidden 
agriculture further into the forest. 

Jungle rubber systems are an enhance- 
ment of traditional slash-and-bum practices 

Fig. 1. The area of the 
world's forests in the Amer- 
icas, Africa, Europe, the 
former Sov~et Union, Asla, 
and Oceanla. The area of the 
circles is proportional to the 
area of forests. The p ~ e  dia- 
gram shows the distr~bution 
of management ntensites: 
C, conservation manage- 
ment (internat~onal Un~on for 
the Conservat~on of Nature 

in which rubber trees (Hevea braslliensis), 
fruit, and occasionally timber species are 
planted during the garden phase. Natural 
regeneration occurs, leading to an "en- 
riched" secondarv forest. The fruit can be 
gathered and the' rubber tapped for several 
decades. This system extends the productiv- 
ity of a site from 2 to 5 years to 25 years or 
more and orovides cash income 11 3 ). Com- ~, 

parable systems are common in the Neotro- 
pics, with other natlve cash crop trees such 
as Cnstilla elastica (rubber), Manillara sapota 
(chewing gum), or Chamaedorea spp. (oma- 
mental plants or leaves). These systems offer 
an opportilnlty to mix cash cropping with 
traditional lifestyles and may form a transi- 
tion stage in social develo~ment; further- " 

more, they maintain relatively high-diversity 
forests in the face of the encroaching mo- 

u 

noculture of plantations, oil palms, or other 
crops. However, the economic feasibility of 
such systems has been qi~estioned (14). 

Intensive logging. Most of the world's 
forests used for commercial timber produc- 
tion are logged selectively or are clear- 
felled (cutting all trees from a site) and 
allowed to regenerate by more or less nat- 
ural means. There is a continuum of man- 
agement approaches, ranging from no 
preparation of the site for regeneration 
after logging, through raking and burning 
of slash, to more intensive preparation of 
the soil surface for seed from either natural 
or artificial sources. Contentious issues ill- 
clude the intensity of the selection of trees 
for logging (from selective logging to 
clear-felling), the size of the areas to be 
logged (coupes), and their distribution in 
the landscape, decisions that are influ- 
enced by the economics of harvesting and 
the nature of the regeneration. 

The nature and extent of clear-felling 
are bones of contention in many regions. 
Proponents polnt out that it is operationally 

native forests Jungle rubber w- 

Increasing productive value 

Fig. 2. A class~f~cat~on of forest manaqement sys- 
classes I to Ill); M, ntenslve management for production; P. plantation; and N, natural forests, most of tems based on their conservation (b~od~versit~) 
which are subject to indrect management through changed fire regmes and hunting and gathering, value and productive value. Based on (10) and 
Sources are (1-3). (23) 

~vw\v.sciencemag.org SCIENCE VOL. 277 25 JULY 1997 523 



and eco~lomically efficient, especially 
where smaller logs have alternative markets 
(such as wood chips). Logging of larger 
coupes is also more efficient because, 
among other advantages, it requires less 
roading to access a single large site than to 
access several smaller ones. In areas where 
burning of the residual material is impor- 
tant in stimulating regeneration, for exam- 
ple, the eucalypt forests in Australia, it is 
easier in large coupes to set and manage the 
intense fires. Opponents note that the large 
areas of exoosed soil that result from clear- 
felling pose the risk of serious environmen- 
tal damage and loss of biodiveristy during 
the harvest and early reestablishment phas- 
es. The threat nosed increases with increas- 
ing coupe size. It is also aesthetically dis- 
pleasing. In southeast Australia, the debate 
has been behind a series of management 
changes that have reduced coune sizes from 
over 500 ha early in this century, to only a 
few hectares in the 1970s, to the 15-ha 
"checkerboard system" that is currently 
practiced (15). And in the United States, it 
is the policy of the U.  S. Department of 
Agriculture (USDA) Forest Service to 
phase out clear-felling as a standard practice 
on national forests, retaining it only as an 
option for exceptional circumstances (4) .  

Quest for Sustainable Forestry 

For lnanv decades, coin~nercial forest Inan 
agement was dominated by the concept of 
sustainable vield. It arose from scientific 
managemen; principles developed in Eu- 
rope, especially Germany, in the 18th cen- 
tury and applied to wood production from 
intensivelv lnanaeed forests. However, the 
sustainablk yield Yconcept has many short- 
comings and is not  equivalent to sustai11- 
ability (10,  16). The  model on which 
Inany management systems were based, 
that of the regularly planted and harvested 
"normal forest." is inadeauate in srstelns 
with a high component oimixed agid and 
natural regeneration. Also, multiple prod- 
ucts are derived from almost all forests- 
timber, fuel wood, water, fruits, medici- 
nals, and other products such as rattan- 
and demand changes in unpredictable 
ways. 

Thus, forest managetnent agencies 
have shifted their "management focus " 
from sustaining yields of competing re- 
source outputs to sustaining ecosystems" 
(17). Although agencies differ in their 
precise definition of "sustaining ecosys- 
tems," the goal implies that efforts should 
be assessed against the basic principles of 
sustainable development. In particular, 
they should be assessed against the two 
maior ecoloeical outcomes essential for - 
sustai~labilitp, the maintenance of biodi- 

versity and the maintenance of ecosystem 
services, which must, in turn, be achieved 
under socially a11d econo~nicallp viable 
circumstances. 

A n  important step in the transition to 
sustainable forest use is a full valuation of 
forest products, including nontimber prod- 
ucts such as fruits (18) and water catch- 
ment and intangible values (10) .  These 
valuations often show nonti~nber values to 
be substantiallv higher than timber. Eco- 

2 u 

no~n ic  techniques have been applied for 
total forest valuation. For e x a m ~ l e ,  a stud\- 
of Mex~co suggests a lower bound value of 
the countrv's forests of about $4 billion, 
arising largely from nonconsutnptive use, 
future potential use of genetic resources, 
existence values, and the functional val- 
ues of hydrological and carbon cycling 
(19) .  Recently, Costanza e t  al. estimated 
that forests of the world provide $4.7 tril- 
lion per year of services, or roughly $1000 
per hectare per year (20). But valuations 
mean little unless they are accepted by 
policy for~nulators and by the users of the 
forests who make the day-to-day decisions. 

Maintenance of ecosystem functioning. 
Within forests that are treated as a renew- 
able resource, the question remains as to 
whether the management practices are sus- 
tainable in the long term. There are many 
facets to sustaining ecosystem functioning 
(9) ,  but attention to the wise management 
of the soil is fundamental (21 ). 

Forest gardens are usually sited on the 
most fertile soils available, and manage- 
ment practices developed over centuries ap- 
pear to avoid any significant nutrition leak- 
ages (1 1 ). However, as land use intensifies, 
increased cash cropping occurs and along 
with it localized problems of soil fertility 
and pests. 

In logged forests, a major question is 
whether there is a loss of nutrients under 
the rotation used. Although considerable 
uncertainties remain, the overall conclu- 
sion appears to be that unsustainable loss- 
es of soil and nutrients do occur in mis- 
managed forests, whereas in well-man- 
aged, naturally regenerating systems, the 
nutrient losses can be replaced during the 
regrowth period, provided that care is tak- 
en  with the logging process itself (22,  23). 
It is essential that nutrient losses and soil 
compaction during logging are reduced to 
a minimum by careful design of road sps- 
telns and management of equipment 
movement, with the soils and drainage 
patterns of the coupe and surrounding 
landscape taken into account. Nutrient 
losses are exacerbated if fire is used as part 
of the site rehabilitation after logging. 
Problems can also arise if short rotations 
are used: in some cases, calculations show 
that net 'losses of nutrients occur, although 

these losses are usuallv of a maenitude that 
can be replaced by occasional idditions of 
fertilizer. If multiple-use management 
planning is based on whole landscapes and 
codes of ~ r a c t i c e  are adhered to, then 
direct threats to ecosystem functioning 
can be minimized (10). 

Maintenance of biodice~sitg. Although in- 
tensive use of a particular patch of forest is 
likely to threaten some plant and animal 
species populations, steps can be taken in 
the management of the forest as a whole to 
ensure that extinctions are rare. This type 
of use contrasts with agricultural systems, 
where there is a major loss of biodiversity 
and a consequential change in ecospstetn 
processes. 

Forest gardens usually are not  seen as a 
major respository of natural biodiversity. 
Nevertheless, a high diversity of species 
and cultivars can be ~naintained through 
deliberate plantings in combination with 
native plant and animal species. Studies of 
several agroforestry systems in Sumatra 
and west Kalimantan, Indonesia, includ- 
ing jungle rubber (13) ,  showed that diver- 
sity of both plants and birds was substan- 
tially lower in agroforestry areas than in 
the primary forest. The  forest structure 
was more uniform and diversitv decreased 
as the intensity of planting indreased, but 
some sites have 50 to 80% of the diversity 
of comparable natural forests. If agroforest 
systems can help restrict the conversion of 
forests to grassland or other mo~~ospecific 
crops, they can be used in conjunction 
with appropriate conservation areas to 
buffer biodiversity loss. 

Numerous stildies of biodiversity after 
logging have shown that there is usually 
an  immediate decline in biodiversitv fol- 
lowed by a recovery, although not neces- 
sarily of the saine species (24). However, 
there is a w ~ d e  range of outcomes. In an 
exhaustive studv of Austral~an forestrv. 
the Resources ~ s s e s s m e n t  ~ommis s iok  
(RAC)  Forest and Timber Inquiry (1 0 )  
concluded that there were no  extinctions 
of animal or nlant s~ec i e s  that were d~rec t -  
ly attributable to forestry (logging) prac- 
tices. In contrast, in southern Ind~a ,  a 
co~nparison of plant species diversity in 
forests with different intensities of man- 
agement showed that diversity was in- 
creasingly reduced with the intensity of 
management and that the most intensive 
lnanagetnent brought about the local ex- 
tinction of some species (25). 

Multiple use. "Multiple use" is a policy 
that is frequently adopted formally by forest 
managers. For example, the USDA Forest 
Service mission statement savs. "As set , , 

forth in law, the mission is to achieve qual- 
ity land management under the sustainable 
multiple-use nlanagement concept to meet 
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the diverse needs of people." Multiple use 
can be practiced either siinultaneously or 
sequentially in a given area. 

One model adopted in many parts of the 
world has been to set aside areas that are 
particularly sensitive to damage (for exam- 
ple, streamsides), that are of particular aes- 
thetic value, or that are valuable in coil- 
serving biodiversity and to disperse logging 
operations widely across the rest of the for- 
est estate. This approach has been referred 
to as the "checkerboard model". Whether 
this is always appropriate has been chal- 
lenged by soine researchers. For example, 
one of us (I.R.N.) (26) examined the ques- 
tion "Should \ve harvest forests so as to 
extract our needs from the smallest oossible 
area, or should we harvest less intensively 
over a larger area?" With the use of a model - 
based on simple relations between distur- 
bance and biodiversitv loss, it was conclud- 
ed that it is best to reskrict harvesting to the 
smallest uossible area. Thus the landscaoe 
\vould be developed with some units inan- 
aged intensively to yield high production 
and others inanaged specifically for conser- 
vation and ecosystem-maintenance purpos- 
es. Franklin and Forinan (27) looked in 
inore detail at the pattern of cutting, asking 
"Should we cut small patches and disperse 
thein as widely as possible? Should we start 
at one side and clear-cut progressively to 
the other? Or should we use some other 
cutting strategy?" They concluded that for- 
est managers should reduce their emphasis 
on disuersing the cuts and instead use clus- 
tered cuts spreading from a few nuclei. They 
also recommend that some laree reserved " 
patches be maintained. Manp of their con- 
clusions are reflected in forest planning in 
the north\vest of the United States (28) and 
have been incoroorated into the design of 

u 

harvesting strategies (1 6 ,  29). 
A variant of the above aouroach is the 

strip-cutting technique, applied successf~lll~ 
in the Palcazi~ Valler, Peruvian Amazon 
(30). In this system, harvesting is done in 
long narrow strips of the natural forest in 
which all trees are cut, mimicking to some 
extent the canopy openings created by tree 
falls. The strips are interspaced in the forest, 
and the harvest is done in a sequence that 
permits adequate regeneration of rare 
shade-intolerant species. Concurrent socio- 
economic analvsis shows that this is a sound 
inanageinent scheme, the potential of 
which can be enhanced with additional 
silviculture practices. 

Both of these studies are based on very 
simple models, but their results appear to be 
robust in more elaborate and explicit for- 
~nulations and possibly in other harvested 
ecosystems (26). They point to the need to 
treat forest inanageinent as a challenge in 
landscape design (27, 31 ). 

The Way Ahead 

There is strong evidence that past and 
current forest rnanage~nent techniques are 
not  optimal for achieving sustainability. 
Manp fail to  achieve ecological and social 
sustainabilitr and thus eventuallr fail to 
achieve economic sustainability. The end 
result is often clearine and conversion of - 
the land to nonforest uses. Natural forests, 
particularly well-preserved tropical forests, 
are increasingly viewed as a global envi- 
ronmental good. Thus, the issues of cost 
and co1npei;sation mus; be addressed. The  
world co~nmunity should be prepared to 
pap or compensate the dwellers of tropical 
forest areas so that ther  are not forced to 
inefficiently use or des;rop the remaining 
forested lands. 

The system of multiple landholders, 
each with a small multipurpose, inultispe- 
cies plot is one type of sustainability in a 
inanaged forest. But it is being threatened 
by a shift toward more cash crops. This 
illustrates a paradox of landscape manage- 
ment (3 1 ). Individuals affect local environ- 
ments relatively lightly, for example, at the 
forest garden or jungle rubber level, and it is 
feasible to achieve a management spstem 
that is ecologically sound, econoinicallp vi- 
able, socially responsible, and politically ac- 
ceptable. These systems can persist provid- 
ed that they are free of, or buffered from, 
external influences, but ther are v 'erv sen- 
sitive to disruption by extdrnal inpks  or 
demands. Population growth, which is often 
a result of external influences, and the con- 
comitant desire for cash croDs take the de- 
cision-making out of the hands of these 
~ e o ~ l e .  

The inore extensive operations based on 
logging native forests provide examples of 
grossly unsustainable manageinent, but 
there are signs of inoveinent toward greater 

u - 
sustainability. There needs to be a move 
toward whole-landscape inanageinent with 
greater emphasis on areas of intensive use 
interspersed with areas managed primarily 
for conservation, recreation, and water 
catchment purposes. Some rules are being 
developed, but there is a great need for 
further interactions between ecolog~sts, for- 
esters, social scientists, and economists. 
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