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SUMMARY 

There is a considerable body of ecological information relevant to the management of tropical forests, but in practice, little of this is used. 
We demonstrate how ecology helps us understand forests and forest change and argue an urgent need for a wider appreciation and utilisation 
of current knowledge. We illustrate how forest managers must take a holistic, long-term landscape-level view, and how change in itself is 
inevitable. We start by considering familiar concerns relating to silviculture and canopy disturbance. From this basis, we move into the 
neglected biology of tree pollination and seed dispersal and the risks associated with animal loss. We identify the increasing threats from 
fire, exotic species, and habitat fragmentation. Finally, we consider the difficult balance between timber production and conservation related 
values. We then suggest how our ecological overview, with its mixture of common sense and more subtle insights, might be translated into 
beneficial actions and conclude that considerable progress is attainable, but requires collaboration between ecologists and forest managers. 
Initiatives that seek to reform forest practices in the tropics require a sound ecological basis to better address the many challenges facing 
modem forestry in these regions - such a basis is, in large part, already available for wider use. We provide some illustrations as to how 
management may be improved. Fundamental to these is the recognition that ecological knowledge is crucial to forestry but currently too 
often ignored, and that considerable and rapid progress is possible if ecologists, foresters, and others can find ways to work together and 
address this directly. 
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INTRODUCTION 

Ecology provides the foundation for forest management. 
However, the relationship between management and ecology 
can sometimes appear obscure. Lowe (1995) for example 
recently claimed that ecology 'has contributed little of 
practical use to tropical silviculture'. We disagree (e.g. see 
Sheil and Hawthorne 1995), but the relationship between 
forestry and ecology can certainly be improved. The 
prominence of 'ecological issues' and ecologists in the 
mounting opposition to forest harvesting in many parts of 
the world has lead to a view that ecology is somehow 
'anti-production', and has been symptomatic of deteriora- 
tion in the relationship between biological scientists and 
forest managers. At the same time, there is an ever growing 
pressure on foresters to review their practice and adapt 
to changing demands. We strongly believe that ecology 
is fundamental to progress, and that a cooperation 
between ecologists and foresters is needed. Here we are 
particularly addressing those concerned with the 
practical aspects and implications of tropical forest manage- 
ment. 

Tropical ecologists, seeking research funding, frequently 
emphasize how little is known about tropical forests. This 
can be misinterpreted - 'lack of knowledge' does not excuse 
the prevalence of poor practices, and enough is known to 
make improvements. There is a considerable body of 
potentially useful information. A problem remains that 

many of those involved in the management of tropical forests 
have limited access to such ecological knowledge and 
insights, or indeed lack the means to translate such 
information into real actions. Recognizing this concern is a 
first step in developing remedial activities, and it is the 
purpose of this article to show that this goal is important and 
realistic. 

It would be ideal if we could simply present ecological 
facts and the recommendations they inspire. However, 
applications will always depend on many factors and while 
we do not examine policy, economics, regulations, enforce- 
ment or management-capacity here, we recognize the 
demanding context in which most managers operate. What 
we provide are insights that demonstrate how ecology helps 
us understand forests and their behaviour. Stakeholders 
must decide what changes are acceptable or preferred. We 
emphasize the broad range of factors requiring forest 
managers to take a holistic, long-term landscape-level view. 
An in-depth account of everything is impossible in this 
short note and some crucial aspects (e.g. soil ecology and 
genetics) cannot be considered. Nor are we able to discuss 
important related themes such as further research, indig- 
enous knowledge and the role of local communities. Our 
intention then is to emphasize the very practical need for 
ecology by outlining a range of topics, and discussing some 
principles and recommendations. 
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THE ECOLOGY O F  SILVICULTURE 

Harvesting as disturbance 

Disturbance as an ecological term is generally used for any 
rapid release or reallocation of community resources such as 
light, water or soil nutrients (e.g. Clark 1990, Glenn-Lewin 
and van der Maarel 1992, Roberts and Gilliam 1995). Much 
ecological work has examined the effects of disturbance in 
plant communities. Intensity, scale and frequency of 
disturbances are thought to be key aspects and can be readily 
interpreted in harvesting terms. 

A useful distinction can be made between intrinsic and 
extrinsic disturbances. Intrinsic disturbances are inherent to 
all forest formations, i.e. tree falls, whereas logging is an 
extrinsic disturbance. It is sometimes suggested that if 
processes of harvesting would create disturbance patterns 
similar in size and intensity to such intrinsic processes, this 
would cause least change (e.g. Skorupa and Kasenene 1984). 
However, 'replicating natural processes' would require that 
only dead or vulnerable trees were impacted, whereas 
harvesting is always an addition to intrinsic processes. 
Change after harvesting is therefore inevitable and 'natural- 
ness', and any of the values uniquely associated with it (e.g. 
wilderness value), cannot be sustained. The responsibility of 
managers is rather to minimise deleterious changes while 
maintaining future stand productivity and management 
options. 

In forestry, the intensity of harvesting generally deter- 
mines the reduction in basal area (Johns 1988, Skorupa 
1988, Favrichon 1998), which is closely correlated to 
changes in canopy cover and thus understorey light. As 
foresters know, and ecologists have examined, increased 
illumination affects tree growth and regeneration, but 
responses can be greatly influenced by species, and context 
(Silva et  al. 1996, Whitmore and Brown 1996). Guilds 
provide convenient classes of species responses to such 
changes in illumination. Hawthorne's (1996) system is 
particularly useful as it is explicitly related to silvicultural 
characteristics (Table 1). It is at this level, in combination 
with knowledge of regeneration requirements (see below), 
that foresters have modified forest composition and produc- 
tivity through the control of canopy opening. 

Foresters typically distinguish between monocyclic and 
polycyclic harvesting systems where ecologists might em- 
phasize the types of regeneration involved (e.g. Swaine 
1996). In a monocyclic system, all the standing timber in a 
compartment is cut at one time. Future harvests depend on 
regeneration from seeds in the soil prior to cutting [the seed- 
bank, dominated by pioneer species] - or from seeds arriving 
from outside [the 'seed-rain'], often depending on animals 
for dispersal, or remnant mother trees. Such seed rain is also 
important in the recovery of open and damaged areas such as 
log-collection areas (Hladik and Miquel 1990). 

On the other hand, in a highly selective or polycyclic 
system only a limited proportion of stems, usually the 
largest, are cut. The same compartment will be revisited 
after the younger' trees [the 'advanced regeneration' or 

TABLE 1 Some guild definitions, based on Hawthome 
(1 995) 

Seedlings found 

Almost exclusively In shaded 
in non deep-shade (gap free forest) 

areas 

Pioneers Seedlings (Cryptic Pioneers) 
C develop most profusely 
C r/, 

2 g in open areas and canopy 
c gaps. Seedlings may be 

found in shade but 
-' I" 

5 seldom survive long in 
g !$ such locations. 
4- 

2 3 
2 Includes many low light- B 4 timber species 

E 
V1 

a Non Pioneer Light Shade bearers 
2 Demanders (NPLDS) 

L 0 
LL: Seedlings may be found All sizes >5cm dbh can 

under closed cano:y, but be found under closed 
B illumination is needed canopy, and will persist 
M for further development. in these conditions. 
B 
B Includes many high Generally very high-den- 
r value (medium density) sity timbers. 

timber species 

'seedling bank'] that survived the harvesting process have 
grown sufficiently (Hartshorn 1978, Clark 1994, Whitmore 
and Brown 1996, Brown and Jennings 1998). This advanced 
regeneration is especially important for many timber species 
wlth seeds that are only briefly viable and germinate rapidly 
under natural circumstances (Ng 1983, Vazquez-Yanes and 
Orozco-Segovia 1993). An additional form of regeneration 
is presented by species that coppice. Such regeneration is 
probably much more common than generally recognized, 
particularly amongst small stems, and is particularly impor- 
tant in the ecology of areas of the world that suffer 
intermittent storm damage (e.g. Bellingham et  al. 1994). 
Although it has not attracted much attention in tropical 
silviculture (aside from teak, Tectona grandis) some timber 
species do coppice well (e.g. Milicia). 

Canopy gaps have dominated ecological ideas on 
rainforest dynamics for much of the last decade and more 
(e.g. Brokaw 1987, Denslow 1987, Brandani et al. 1988). It 
now appears that in most circumstances the composition and 
richness of natural forests is little influenced by the nature of 
natural gaps which are generally small and quickly filled by 
advanced regeneration (e.g. Brown and Jennings 1998, 
Hubbell e t  al. 1999). However, in harvested forest, gaps are 
generaIly larger and in higher densities than in unlogged 
forest, and advanced regeneration is often destroyed. In 
such cases pioneer vegetation, germinating from seed, can 
dominate initid regrowth (Swaine and Hall 1983, Denslow 
et al. 1990, Silva et at. 1996, Pelissier et al .  1998). 
According to an extensive review by Hawthorne et al. (in 
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press) a few broad generalizations are available: NPLDs 
(see Table 1) generally benefit from some canopy opening, 
while shade-bearers generally decline in all canopy-opening 
processes and regeneration far from undisturbed forest 
suffers. Loading bays and logging roads favour pioneers 
over NPLDs, but skid trails and felled tree gaps support a 
higher concentration of NPLDs. Areas close to intact forest 
usually recover more quickly from any clearance. The 
maintenance of scattered 'reserves' within a managed forest 
is justified as a practical precaution. 

Excessive canopy opening can lead to regeneration 
problems especially in exposed conditions where soils dry 
out rapidly and nutrient loss through run-off is common. 
Herbaceous vegetation associated with severe opening can 
interfere with regeneration and impedes recovery (Epp 
1987, Hawthorne 1993, 1994), e.g. Penniseturn (Kasenene 
and Murphy 1991) and Irnperata grass in Uganda, and 
Chrornolaena in Ghana (Hawthorne 1993, 1994, 1996). 
Areas of low regrowth attract ground herbivores which may 
also damage regrowth and maintain open areas (Laws et al. 
1975, Struhsaker et al. 1996). 

Tree reproduction and survival 

Thus far, we have considered familiar silvicultural issues; we 
now extend our considerations to tree reproduction. a 
comparatively neglected topic. Trees do not generally have 
the ability to flower and set seed until they have reached 
some minimum size, and greatest fecundity is normally 
found in the largest stems (Appanah and Mohd-Rasol 1990, 
Chapman and Chapman 1997, Thomas 1996). Plumptre 
(1995) found that the seedling densities of four canopy 
species, including Khaya anthotheca, were strongly depen- 
dent on the abundance of potential parent trees (diameter > 
50cm). Thus. removal of larger stems can impair subsequent 
regeneration due to loss of fruit and seed sources. The use 
of a 'minimum felling size' as sole silvicultural control is 
inadequate to protect seed production. 

Even when potential parent trees are present, reproduc- 
tion processes may require further protection. The role of 
many animal species in pollination and seed dispersal is 
underlined by research. Though a complex body of 
ecological knowledge exists on these roles, it is often species 
specific and thus not readily generalized (Gautier-Hion et al. 
1985). Knowledge of timber tree reproduction remains 
surprisingly limited, e.g. the primary pollinators of the 
'African mahogany' species (e.g. Khaya, Entatldrophrugn~a, 
Lovoa spp.) remains uncertain, while bats are required for 
the effective seed dispersal of the probably wind pollinated 
and dioecious Milicia (Osmaston 1965). Recent research 
has also indicated that seed dispersal distances are character- 
istically much lower than previously thought even for animal 
dispersed species (e.g. Hubbell et al. 1999), a realization 
that suggests the need for denser or at least more even 
distribution of retained mother trees. Guiding principles 
should be available soon when such assessment is coupled 
with advances in seed and fruit classitkation (e.g. Gautier- 
Hion 1985, Howe and Westley 1988). 

Ultimately dispersal and pollination syndromes and 
potential fecundity must help determine choice of mother 
tree retention and associated site management (Baur and 
Hadley 1990, Schupp 1990). As an example, dioecious trees 
should probably be at twice the density of equivalent 
hermaphrodite species (Lawton 1955, Kigomo er al. 1994, 
note that important timber species such as Milicia, and 
possibly Entandrophragma are dioecious), but there are few 
data to define adequate pollination densities for any tropical 
tree species (e.g. Stacy et al. 1996, Ghazoul et al.. 1998). 

Protecting mother trees and unharvested 'reserves' 
within the forest landscape offer some insurance, but the 
maintenance of key animal populations is also necessary to 
ensure long- term viability and this may require additional 
attention (e.g. Howe and Westley 1988, Parren 1991. 
Bakuneeta et al. 1995, Hawthorne and Parren 2000). 
Gordon et al. (1990) have shown that crucial Central- 
American forest pollinators can themselves be dependent on 
non-forest areas outside of gazetted reserves, implying that 
such areas and functions need to be included in long-term 
management 

Remnant trees are influential as more than seed sources. 
Most trees survive and grow better near sources of 
mycorrhizae. such sources often being other trees (Alexander 
et al. 1992, Hogberg and Alexander 1995, Moyersoen et d .  
1998). Some fruit trees provide a strong catalytic function 
by drawing in fruit dispersing vertebrates and enriching the 
local seed-rain (Guevara 1986, Hietz-Seifert et al. 1996). 
Protecting or planting these species can accelerate forest 
recovery in degraded sites. 

FOREST FOOD, HABITAT AND WILDLIFE 

Animals play a major role in maintaining forest vegetation 
through pollination and seed dispersal. Wildlife cat1 be 
compatible with managed forest (Johns 1997) and is often a 
major value in itself, providing vital food for local 
communities, andfor ensuring a high conservation status for 
the forest. 

Manipulation of forest composition has implications for 
hungry wildlife. While the chemistry of forest vegetation is 
complex (e.g. Gartlan et al. 1980, Waterman 1983, Waterman 
er al. 1988), it is generally true that heavy timbered species 
are generally better defended against browsers and support 
fewer animals than faster growing, lighter species (e.g. 
Janzen 1979, Gartlan et al. 1980, Loehle 1988). Fruit 
availability shows a roughly similar pattern: pioneer species 
generally have wind-dispersed or small-fruited (bird-dis- 
persed) seeds (Loiselle et al. 1996), NPLDs (Table 1) 
include many species with larger fleshy fruits (e.g. Sapotaceae. 
Moraceae), while many shade-tolerant species have gravity- 
dispersed seeds. There is thus often a low abundance of 
edible fruit and vegetation in dense old-growth forest. These 
patterns, and the occurrence of herbaceous growth in 
clearings, explain why young or disturbed areas frequently 
support higher densities of wildlife than old-growth forests. 
However, it must be emphasised that 'specialist' species 
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indicates that forest corridors need to be at least 200m wide 
to allow the free movement of sensitive East African forest 
birds. Some more general patterns are also emerging based 
on species characteristics. It appears that nocturnal flying 
animals (including pollinators and seed dispersers) tend to 
be less effected by fragmentation than are species which are 
active in the day, i.e. moths are less sensitive than butterflies, 
bats than birds (Daily and Ehrlich 1996). Forest fragments 
are also especially vulnerable to fire (Buechner and Dawkins 
1961), invasion by weedy species, and other processes of 
habitat erosion (Gascon et al. 2000). There is a real need to 
maintain forest connectivity, minimize road width, and avoid 
unnecessary edge creation. Regulations requiring mainte- 
nance of forest cover along stream and river margins 
(theoretically this should provide a widely linked corridor 
network) is clearly useful. 

BALANCING CHOICES 

Timber production versus conservation 

There is a conflict between common silvicultural objectives 
(leading to 'high disturbance') and generally stated conser- 
vation goals ('low disturbance'). This choice is well 
illustrated in Uganda where the majority of preferred timber 
species grow best in open or disturbed environments (e.g. 
Maesopsis eminii Engl.), and many do not regenerate 
adequately without significant canopy opening (Meliaceae). 
A long-standing aim of forestry in Uganda has been to 
deplete and eradicate the originally widespread but low- 
yielding old-growth formations in favour of the earlier 
successional timber forests (Dawkins 1958, Dawkins and 
Philip 1998). The elimination of native species is no longer 
considered compatible with modern environmental stan- 
dards, and as already noted, many non-timber species 
previously controlled by poisoning (e.g. Ficus) are now 
known to serve important ecological roles. 

Similarly, the maintenance of animal populations is not 
without cost. For example elimination of browsing animals 
can lead to a substantial improvement in regeneration 
densities of some timber species - this was the primary 
reason that the Uganda Forest Department invested heavily 
in the control of elephants (Laws et al. 1975). The accept- 
ability of such measures is a separate matter. 

The benefits of encouraging a broader range of harvestable 
species are equivocal: yields and management options are 
theoretically increased, but there is also potential for greater 
forest degradation when regulations cannot be enforced. 
R.A. Plumptre (1996) provides a useful review showing how 
higher timber volumes can be extracted from tropical forests 
if more species are accepted (this being an issue of 
marketing and treatment). He shows how this would greatly 
improve the economics of harvesting, but emphasizes that 
this should not go beyond the ecological limits. 

Despite many debates, there is little doubt that many 
conservation values can theoretically be maintained in 
managed forest (e.g. Johns 1997) even though such forest is 

not going to be the 'pristine' entity that some conservation- 
ists seek (e.g. Struhsaker 1997). Many areas that have been 
harvested for timber maintain high conservation significance 
(e.g. the Bwindi National Park, Uganda, still contains a high 
proportion of the world's mountain gorillas). While quanti- 
tative information is scarce, all harvesting appears to reduce 
large-scale tropical forest diversity (Struhsaker 1997, Bawa 
and Seidler 1998). There are vulnerable species that are 
likely to require protected areas or special management. 
Hawthorne and Abu-Juam (1995) have made intensive 
reviews and studies, but are still willing to contend that 
timber harvesting has not caused any plant extinction in 
Ghana. However, care is needed, because the presence of 
species does not mean that long-term ecological viability is 
assured. For example, trees may live for many centuries 
despite not being able to regenerate - hence the 'living dead' 
may be recorded simply 'present' in surveys (c f .  Turner et 
al. 1996, Hawthorne and Parren 2000). The 'empty forest' 
syndrome already discussed poses an unknown threat, and 
the effects of forest fragmentation, fires, exotic species, and 
climate change (see e.g. Markham 1998) pose many 
additional concerns that urge against complacency. 

A common misunderstanding caused by ecologists and 
conservationists, arises in equating concern about 
'biodiversity' with the ecologists classical measures of 
species richness, and hence into some form of management 
criteria. However, species are not equal and species 
counting does not reflect value. Conservation needs to 
ensure the long-term protection of vulnerable and threatened 
taxa - not to maximize the number of species recorded in 
some discrete area. Disturbance in old-growth forest will 
often promote increased species richness - the added species 
are generally robust common species, while old-growth 
forest is rare. Thus, while an increase in the number of tree 
species after harvesting or disturbance is not unusual 
(Plumptre 1996, Sheil 1998, Cannon et al. 1998), the 
conservation relevance is unclear. A more detailed study in 
Malaysia has indicated that unharvested forest had a much 
higher 'conservation value' defined by weighting tree 
species according to their rarity and vulnerability - globally 
rarer species appear to become disproportionately rarer in 
areas that have been harvested (Chua et al. 1998). The 
generality of these patterns remains unclear but species 
counting is definitely a poor way to assess management 
objectives (Sheil et al. 1999). 

Ecologists frequently compare managed forests with 
'undisturbed', 'pristine' or 'natural' vegetation but caution is 
required when any notions of a 'stable unchanging natural 
state' are invoked. Ecologists now recognize that all forests 
are changing and will continue to change, with or without 
interventions, fire and exotic species (e.g. Sheil 1996, 
Phillips and Sheil 1997, Whitmore and Burslem 1998). One 
of the clearest explanations for this instability lies in the 
volatile nature of the world's climate which has always been 
changing and is now doing so even more rapidly as a result 
of human activities. Even areas set aside for conservation 
may ultimately require active management if values are to be 
maintained in the longer term. 
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DRAWING IT ALL TOGETHER: A BASIS FOR 
BETTER MANAGEMENT 

Presenting available ecological information like the ex- 
amples presented above into a more accessible and practical 
form remains a challenge. Ecologists need to derive and 
develop guidelines and recommendations that are useful and 
appropriate to local circumstances. Consider three example 
questions that might arise naturally from our previous 
account: How do managers know 1) how to define an 
'adequate' retention of mother trees, 2) which exotic species 
to control, and 3) which management practices are needed to 
sustain vital pollinators? If we are willing to aim at 
management improvement rather than perfection, incremen- 
tal gains are readily available. Regarding the first question: 
a minimum density for mother trees would be derived as a 
series of recommendations based on current knowledge of 
the species (or similar species). Information to be 
summarized would include minimum-size of reproductive 
stems, normal density and spacing (as well as pollination 
biology, type of fruit and seed and requirements of known 
dispersal agents). This would then be translated back into 
practical guidelines for forest harvesting operations (e.g. 
'over 40% of class A species in the over 80 cm dbh class will 
be maintained, and over 25% of class B in the over 50 cm 
dbh class, total canopy opening should not surpass 30% in 
any given 10 ha block, etc.'). 

For exotic species there could be a list of species known 
to cause trouble or with attributes that make problems likely 
(possibly based on an international agreement and updated 
as needed). Associated guidelines would be required for 
managers to carefully assess any introductions, identify 
problems rapidly and ensure effective control whenever 
needed. 

To maintain 'key pollinators', management plans should 
include specific reference of what is known about the life 
history of the important trees and their dependencies (i.e. 
against a pre-defined checklist). Planning should then take 
this knowledge into account by ensuring key aspects are 
protected (e.g. 'pollinators require neighbouring grasslands 
within 500 m of the forest area to be maintained, these will 
be gazetted as etc.') - or indicate collaboration with national 
forest bodies in targeted research to clarify further what is 
needed. Lists, and derived guidelines, could similarly be 
used to specify the resources and species to which managers 
need pay special attention in order to fulfil local and regional 
conservation and co-operative management objectives. 

The development of programmes such as 'codes of 
practice', 'criteria and indicators' and certification schemes 
may provide a potential context in which the more 

demanding ecological issues can be brought to the main- 
stream. In this way, the likely costs of improved management 
may not disadvantage the conscientious managers. It is not 
realistic that either foresters or ecologists working alone 
could do all this - it requires partnership and informed 
consultation. 

The problem of information access remains. Most 
information is found in academic books and journals, and is 
not easily accessible to the general forestry community. This 
may be improved by Internet libraries and abstracting 
services (e.g. the CAB1 tree CD service) and increasing 
education and training activities by international environ- 
mental organizations and cooperative programs. However, 
in many tropical countries, ecologists are too often seen as 
opponents rather than providers of positive advice, and 
working on a better mutual understanding is an important 
step. 

We have discussed how improvements are attainable, but 
we do not wish to give the impression that the best 
management can be attained through prescriptions, regula- 
tions and bureaucratic procedures alone. The best manage- 
ment practices will only be achieved if trained, experienced 
and motivated forest managers are available on site to 
address ecological concerns on a day-to-day basis. Our 
suggestions require the acceptance of a greater emphasis on 
ecological information and ecologists in the planning, 
implementation, and control of forest management and a 
genuine willingness to improve current practices. Certainly 
more research will uncover new insights and factors that may 
be relevant, but this should not stop the development of a 
range of guidelines, and local management codes can be 
useful now. 

CONCLUSION 

Ecology provides a vital component of the understanding 
needed to reconcile the long-term viability of tropical forests 
with human needs. Though tropical forests remain incom- 
pletely understood, this cannot excuse the current preva- 
lence of poor management practices - enough is known to 
manage tropical forests much better than is generally the 
case. Forest managers and ecologists must work together to 
face the considerable challenges to tropical forests in the 
new millennium. 

While we have presented a number of ecological 
principles and ideas through the text, these serve as 
illustrations only, and are neither definitive nor comprehen- 
sive. We conclude with some more general propositions 
(Table 2). 
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TABLE 2 Ecology for tropical forest management: some 
general propositions 

Ecology is vital to good forest management, not opposed 
to  it. Any definition of 'good practice' or 'sustainability' 
that neglects a comprehensive treatment of ecological 
principles will be incomplete. 

There is  already a vast amount of ecological information 
that can be used to  guide management, but managers 
require various types of support to  be  able to make better 
use of this. 

Wider availability of information (Internet etc.) may 
help, but more importantly, ecologists and foresters must 
seek a constructive alliance in which the best ecology is 
made available as a basis for management. 

Ecologists must not merely criticize management 
practices but should seek ways by which they can be  
improved. Nor should ecologists expect to  tell forest 
managers what they can and cannot d o  - there is a need 
for dialogue to  find the most acceptable compromises. 

An alliance between ecologists, foresters, and others is 
needed to combat the many threats facing forests. 

We support the many initiatives looking at codes of 
conduct, criteria and indicators, certification, forestry 
education etc. but suggest that there is  a need to provide 
adequate ecological support (information, training, 
materials, incentives, access to expertise) to those 
responsible for forest management. 
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