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1 Purpose and approach 

1.1 Background 
Viet Nam is in the process of reforestation, being on track to plant 5 million hectares before 
2010, with 3 million hectares planned subsequently. Most original forest cover is lost or 
degraded, with only a small fraction of primary forest remaining. The reforestation 
programme includes afforestation, reforestation and forest restoration. A range of practices 
are used: plantation of native and non-native species, assisted natural regeneration, and 
natural regeneration. During the 1990s, forest cover increased in equal measure due to 
natural forest regeneration and to planted forests (Meyfroidt & Lambin 2008).  

Since the forest reforms of the 1990s, national forestry policy has aimed to protect critical 
watersheds and conserve nature in addition to supplying timber. Reforestation in Viet Nam 
therefore shares these multiple aims. Mangrove forests are also recognised as providing 
coastal protection services. Forests are classified as Special Use (mainly for conservation), 
Protection (for watershed maintenance), or Production (for timber production) areas, 
although in practice there is a high degree of overlap between these functions. The 5 million 
hectare programme’s funds are almost exclusively directed to establishment and 
conservation of state-managed protection and special-use forest.  

Mangrove forests are a special case, in that their area is a tiny proportion of Viet Nam’s total 
forest cover, but their value for coastal protection, fisheries, biodiversity (including breeding 
birds) and local livelihoods is high (Tri et al. 1998, Wikramanayake et al. 2001, Meyfroidt & 
Lambin 2009). 

This document, and the related Multiple Benefits Series 6 on Methods for assessing and 
monitoring change in the ecosystem-derived benefits of afforestation, reforestation and 
forest restoration have been produced to support Viet Nam in its goals of attaining multiple 
benefits from forest. This document provides a basis for estimating the probable impacts of 
different forest cover creation approaches on the ecosystem-derived benefits of 
biodiversity, water provision, soil conservation and non-timber forest products. The 
companion paper provides guidance on designing a monitoring system and selecting to 
provide direct evidence of impacts. 
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1.2 Introduction 
The simple tool presented here has been developed for rapid assessment of the likely speed 
and extent of ecosystem service delivery resulting from forest cover creation, to assist in: 

• selecting appropriate approaches for new reforestation and forest restoration efforts, 
with the aim of providing specific ecosystem services and / or biodiversity. 

• identifying the extent to which biodiversity and ecosystem services may be provided by 
specific reforested and restored areas 

• estimating the overall area of low or high provision of biodiversity and ecosystem 
services by a set of existing reforested areas 

Restoration of degraded forest, as opposed to restoration of deforested areas, is not 
addressed. 

We consider the following approaches to forest cover creation: 

• Natural regeneration 

• Assisted natural regeneration 

• Planting native species 

• Planting non-native species 

… and the following ecosystem-derived benefits of REDD+, which are those non-carbon 
services provided by forest, for which most information is available: 

• Biodiversity conservation 

• Water regulation and quality 

• Soil conservation and quality 

• Non-timber forest product (NTFP) availability for local benefit 

The tool takes the form of a graphical score card for multiple benefits delivery, backed up by 
supporting tables that offer detailed explanations of the rationale behind the summary. The 
score card grades the approaches for each potential benefit in terms of the end result and 
the speed of delivery of that result. The tables detail the impact on the four benefits of the 
different practices that may be employed within the four broad different approaches to 
forest cover creation. These draw upon a combination of peer-reviewed evidence and expert 
knowledge. 
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1.3 Definitions 
For consistency, we distinguish REDD+ activities (e.g. enhancement of forest carbon stocks, 
reducing forest degradation) from approaches (e.g. assisted natural regeneration, planting 
non-native species) (Figure 1). Each approach may be carried out using different practices 
(e.g. intensive monoculture, planting of perch trees) and each practice may employ different 
techniques (e.g. planting to a certain depth; use of herbicides to create fire breaks). We 
recognise that this choice of terms is fairly arbitrary. 

 

Figure 1: Hierarchy of terms used to describe REDD+ implementation 

In the score card, we focus on the activity of enhancement of forest carbon stocks, through 
the approaches of natural regeneration, assisted natural regeneration, planting native 
species and planting non-native species. More detailed information on the impacts of 
different practices on the four ecosystem-derived benefits is found in the Annex. 

1.3.1 Approaches to forest cover creation 

Natural regeneration is defined as the use of minimal interventions to allow a natural 
process of forest colonisation and succession. The only practices considered to belong to 
natural regeneration are the management of threats such as grazing, fire, extractive use or 
invasive species. Degraded sites may not be good candidates for natural regeneration, and 
the availability of propagules from nearby sites is essential to its success. 

Assisted natural regeneration is the use of additional interventions to speed the process of 
regeneration of a natural forest, and to enable it where conditions for natural regeneration 
are lacking. Practices employed may include the planting of perch trees to attract birds that 
disperse seeds, nurse trees to provide shade for regenerating species of mature forest and 
stabilise soils, soil restoration through the use of green manure or legumes, ongoing threat 
removal, landscape modification such as terracing, the addition/removal of drainage, or 
bunding, or clearing competing vegetation. 

Planting native species creates a planted native forest, and practices may include the 
planting of single species (monoculture), mixed species, or analogue species (with species 
planted to fulfil particular ecological functions e.g. soil enrichment, successional role); the 
intensive use of agrochemicals or other methods to clear competing vegetation, manage 
pests and encourage rapid growth; the use of nurse trees or groundcover crops.  

Planting non-native species creates a non-native plantation. The range of practices followed 
is very similar to those employed for native species, but the outcomes may differ radically. 

Activity (e.g. enhancement of forest carbon stocks) 

Approach (e.g. assisted natural regeneration) 

Practice (e.g. planting perch trees) 

Technique (e.g. species selected for fruit production) 
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The four approaches to forest creation are neither mutually exclusive nor completely 
discrete, but form a continuum of intensity of intervention from natural regeneration, to 
assisted natural regeneration, through planting native species to planting non-native 
species. 

1.3.2 Afforestation and reforestation 

Our tool does not distinguish afforestation from reforestation, although afforestation may 
result in the loss of existing valuable ecosystem services. During afforestation, it is likely that 
ecosystem-derived benefits arising from the existing vegetation cover of the area would be 
lost, to be replaced at a later date by different benefits from the new forest. These trade-
offs may be substantial, and are not addressed by the present tool.  

If forest is created in areas that have not borne forest for over fifty years, but which were 
originally forested, an ecologist would see this as forest restoration, but the IPCC definition 
would see this as afforestation. However, if for reasons such as topography, soil cover or 
climatic conditions the area has not been forested in known history, both define this as 
afforestation. The trade-offs are likely to be greater in the second case.  
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2 Score card 
This tool summarises the likely effects of the choice of forest creation approach on the 
delivery of the multiple benefits of biodiversity conservation, water regulation and quality, 
soil conservation and non-timber forest product availability. 

The score card illustrates the quality and rapidity of benefits resulting from each forest 
creation approach, if common practice is followed with successful results. The success at 
delivery of these multiple benefits is shown in the form of circles of increasing size 
(representing the final result) and deepening shade (representing speed of delivery). These 
values are qualitative and comparable between forest creation approaches, but not strictly 
comparable between ecosystem services. 

It is immediately noticeable that assisted natural regeneration produces the best results 
over the set of multiple benefits considered, but that planting native species produces the 
fastest results. Unassisted natural regeneration produces generally slower but good results 
for multiple benefits, whilst planting non-native species produces generally rapid but poorer 
results (especially for biodiversity). The most appropriate approach at any given location will 
depend upon the benefits that are most desired, the required speed of outcome, the site 
condition and context, and the financial and human resources available. 

Approaches to creating functional forest ecosystems depend not only on the initial state of 
the land and the desired outcome, but also the time frame and financial constraints 
(Chazdon 2008). The ecosystem services outcomes of any forest creation at any given site 
depend on and the choice and implementation of practices employed and their success. A 
badly-executed natural regeneration project can yield significantly fewer multiple benefits 
than a well-executed non-native species plantation.  

The results shown in the score card are based on an extensive literature search, combined 
with our own ecological knowledge. The Annex contains a summary review of the general 
impacts of each approach, and supporting tables detailing the specific impacts of individual 
practices. We hope that this is useful in understanding the rationale behind each score and 
identifying the likely impacts of the choice of practice employed within each approach. 

 



Ecosystem services and biodiversity from new and restored forests: tool development 

 

    Page | 6  

Score card: 

Approach 

Ecosystem-derived benefit – result and speed of 
delivery 

Biodiversity Water Soil NTFPs 

Natural regeneration 
    

Assisted natural regeneration 
    

Planting native species 
    

Planting non-native species 
    

Larger circles indicate greater delivery of service; darker circles represent faster speed of 
delivery. See key for detail. 

Key: 

 Result 

Speed of 
delivery 

 Very low Low Moderate High Very high 

Slow 

     

      

Moderate 

     

      

Rapid 
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2.1 How to use the score card 
The overall aim of the score card is to facilitate rapid assessment of the likely effects of 
different forest creation approaches. The values represent probable rather than certain 
outcomes for ecosystem services, and so should not be relied upon to give accurate results 
for any particular site.  

The score card may be useful for a number of purposes: 

2.1.1 National to regional scale: estimating the overall provision of benefits by existing 
reforested areas 

There is scope to use the score card to examine to what extent individual ecosystem-derived 
benefits occur in the country’s reforested area overall. If the area created using different 
approaches is known, and the score card is used to identify the potential for benefits, a 
simple sum will yield an estimate of the area likely to be on a trajectory towards very high, 
high (etc.) provision of each of the four services. A more refined analysis would include 
information about the potential for delivery of the different services in the different areas 
(e.g. is there a local population likely to use non-timber forest products; is the new forest 
close to an existing area of conservation value that could supply colonising species?). 

If maps of reforested areas are available, this analysis can be carried out using a Geographic 
Information System to produce maps of the potential for delivery of ecosystem-derived 
benefits by existing new and restored forests. 

2.1.2 National to regional scale: selecting approaches and practices for new forest cover 
creation at a landscape scale 

The primary objective of any new forest will determine the choice of approach and 
practices, which in turn will largely determine the outcomes for ecosystem-derived benefits. 
However, the location of the forest in the wider landscape, and the condition of the site, sets 
the upper boundary for potential benefits as well as influencing the potential success of the 
approach.  

The score card could contribute to spatial priority-setting, identifying the likely benefits 
resulting from different approaches, and matching these up to the desired benefits in 
particular areas. At a minimum, this map-based analysis would also require information on 
the objectives of extending the area of forest, maps of the potential for delivery of the 
different services, and maps of land available for forest creation. The results will inform a 
decision on the appropriate approaches and locations for new forest cover.  

Additional information needed for final decision-making will include the results of 
stakeholder consultations, the costs of applying different approaches and the financial & 
personnel resources available.  
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2.1.3 Site scale: identifying possible benefits provided by specific reforested and 
restored areas 

Site-based assessment is required to obtain a definitive answer about ecosystem service 
provision. 

However, the score card can be used to identify the services likely to be offered by individual 
sites that have already been restored using particular practices or are planned. This could be 
a useful follow-up exercise to a spatial priority-setting analysis. Referring to detailed tables 
in the Annex of this document, it is possible to gain a better idea of the influence of specific 
practices on ecosystem-derived benefits, and to identify references providing evidence to 
support their use. This understanding may be used to identify possible change in practices to 
increase the benefits that result from existing or planned new forest areas. 
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Annex: Supporting evidence 

A1. Score card numbers 
These tables present the values shown in the score cards in numerical form.  The ecosystem 
service result is ranked from 1 (very low) to 5 (very high); the speed is ranked from 1 (slow) 
to 5 (fast). 

Table 1: Numerical values for score card: result 

Approach 
Ecosystem service – result 

Biodiversity Water Soil NTFPs 

Natural regeneration 5 5 4 4 

Assisted natural 
 

5 5 5 4 

Planting native species 3 4 4 4 

Planting non-native species 1 4 3 3 

 

Table 2: Numerical values for score card: speed of delivery 

Approach 
Ecosystem service – speed of delivery  

Biodiversity Water Soil NTFPs 

Natural regeneration 1 1 2 1 

Assisted natural 
 

3 3 4 3 

Planting native species 5 5 5 5 

Planting non-native species 5 5 5 3 
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A2. Natural regeneration 
The speed and effectiveness of natural succession depends on the availability of propagules 
(73) and dispersers (108, 124) and the capacity of species for (re-)sprouting, on the condition 
of the site and on the intensity of threats (80). Where sources of seed are distant and/or 
dispersers are absent, colonisation may be very slow. Where land has been used intensively 
or the site is otherwise degraded, or where threats such as fire and grazing exert an 
influence, the establishment and growth of native species are likely to be limited and can be 
enhanced through management.  However, the costs of such management (e.g. constructing 
fire breaks, fencing or patrolling) can be high and need to be balanced against the 
advantages in terms of more rapid regeneration. A further important consideration is the 
impact that such interventions may have on local communities, their access to resources and 
their attitudes to the regenerating forest. 

A2.1 Biodiversity 

Overall, successful natural regeneration delivers very high biodiversity, but it develops 
relatively slowly. Where site conditions are favourable, adequate supplies of seed and 
dispersers exist and threats are not severe, natural regeneration can lead to the 
development of structural complexity (48, 112) and compositional diversity (78) similar to 
mature forests, with a full range of natural ecological processes. The resultant high 
biodiversity (67) is thought to increase the resilience, productivity and carbon storage of the 
forest (37, 87). Since forests hold greater biodiversity as they age, the site will harbour 
greater biodiversity the longer natural regeneration and succession has proceeded (37).  In 
some cases, only a subset of the original forest species will be present (59). This is largely 
dependent on the availability of seed and the type and abundance of seed dispersers 
present (16, 80). 

Natural regeneration can be slow compared to other approaches, but where nearby forest 
patches provide a high availability of propagules and seed dispersers, natural regeneration 
can be both the fastest and least costly approach to restoring natural forest (93).  

Natural regeneration can affect the biodiversity in the surrounding landscape positively or 
negatively, depending on the context. Where there are active threats and little threat 
management, these threats could potentially be displaced to the surrounding areas (110), 
and, like other approaches, natural regeneration may cause changes to species composition 
in adjacent mature forest fragments (107), given that species compositions in secondary 
forests differ from undisturbed sites (16, 112). On the other hand, these forests can play an 
especially important role as a stepping stone for wildlife (87), provide a source of species or 
services for other sites (89) or alleviate stresses on adjacent forests by minimising edge 
effects (90). There are likely to be fewer risks of detrimental impacts on the surrounding 
landscape compared to planting forests, particularly non-native ones. 

A2.2 Water regulation and quality 

The long-term effect of naturally regenerated forest on water regulation and quality is likely 
to be very similar to that of mature native forest. It may reduce water yields relative to other 
(non-forest) land uses (8), but by limiting erosion it helps to maintain water quality (73) and 
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the development of tree canopy and root systems will help to regulate extreme flows (13), 
preventing some types of flooding. These services develop as the trees and canopy cover are 
established, but this may be slower than in some other approaches. 

A2.3 Soil conservation and quality 

Successful natural regeneration can help to conserve soil and its quality, but these effects 
may be realised relatively slowly compared to other reforestation approaches. Regenerated 
forests have been found to have significantly higher surface soil organic matter content, 
total nitrogen and microbial populations than in plantations (122, 123), as well as greater 
porosity, lower bulk density, higher concentrations and proportions of soil organic carbon, 
more microfungal biomass and higher substrate utilisation efficiency of soil microorganisms 
than do monoculture plantations (123). These sites are less subject to soil compaction than 
those undergoing reforestation via other approaches. As succession proceeds, soil organic 
matter will increase, improving soil quality and enhancing soil moisture content and 
retention (24).  

A2.4 Non-timber forest product availability for local use 

Eventually, NTFP availability for local use will be high in forests resulting from natural 
regeneration, since successful regeneration with limited human disturbance will result in a 
more structurally and compositionally diverse natural ecosystem (48, 93), which is more 
likely to provide a diversity of NTFPs (80). However, development of a full species 
complement and associated NTFP availability may be slow, particularly where the site is 
severely degraded (80). The greater long-term resilience provided by the higher biodiversity 
in natural regeneration (87), may help to ensure the long-term availability of NTFPs (107). 

The NTFPs available from naturally regenerated forests often have a greater history of local 
use than products from planted stands, making uptake and use by local people more likely. 
However, many naturally regenerated sites, where the approach has been chosen because 
of their proximity to wild seed sources or the difficulty of access for management, are 
remote and afford limited access to local people. On the other hand, there may be fewer 
restrictions on use by local people than in many plantations (88).  
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Practice 
(natural 
regeneration) 

Specific outcomes 

Biodiversity Water Soil NTFPs 

Natural succession, 
no threat 
management  

This is usually the cheapest option, 
and in many cases can deliver 
biodiversity benefits more 
effectively than other methods 
(93). The ‘end result’ can range 
from a fully developed secondary 
forest that resembles mature 
native forest in both its structure 
(including a fully developed 
understory and associated 
microhabitats) and composition 
(16, 48, 112, 82) to a stunted and 
depauperate system.   

Forest regeneration has positive 
effects on water quality and 
regulation of extreme flows. 
Capacity for water storage 
increases during succession (16). 
Slower canopy development may 
slow attainment of the reduced 
flows characteristic of mature 
forest (8).  Where erosion is a 
problem, slow canopy 
development may lead to greater 
sedimentation than for some other 
approaches .  Successful 
development of tree canopy and 
root systems helps to regulate 
extreme flows (13) and deliver 
water over longer periods.  

Successful forest regeneration 
helps to establish high rates of 
litter production and organic 
enrichment of soils relatively 
quickly (73), but information on 
the patterns of litter accumulation 
during succession is scarce (30). 
Reforestation can successfully 
restore many aspects of the 
nitrogen cycle (70), but slower 
regeneration on severely degraded 
sites may cause further erosion 
and nutrient leaching (16) . 
Successful regeneration also limits 
export of litter and nutrients to 
other sites. 

Successful natural regeneration 
should yield a diversity of NTFPs 
throughout succession (e.g. some 
bamboo and cardamom species 
flourish in the more open 
environment of disturbed and 
regenerating forests - 60). Such 
products may have a greater 
history of local use than those 
from introduced planted species, 
making uptake more likely.  
However, natural regeneration 
may be too slow to meet the 
needs of growing local populations 
for forest products (80). 

Threat 
management:  
fire 

Controlling fire may permit more 
rapid regeneration (94) and 
development of mature forest 
structure and composition (112). 
Managing fire may also reduce 
likelihood of invasion by non-
native species (98). In fire-adapted 
ecosystems, such management 
may limit recruitment of some 
native species. Management 
techniques such as construction of 
fire breaks may increase access to 
regenerating forest and extraction 
pressures on it.  

As ‘no threat management’; but 
ground cover development and 
canopy closure likely to be more 
rapid and therefore limit erosion 
and its adverse effects on water 
quality (8, 81).  Erosion caused by 
soil exposure and/or root damage 
resulting from fire also limited, but 
some management techniques 
(bull-dozed fire breaks) may 
increase erosion. Regulation 
functions are also likely to develop 
more rapidly and be similar to 
mature forest sooner because of 
avoided damage to root systems. 

Canopy closure and increase in 
ground cover and litter due to fire 
suppression (8) are likely to limit 
erosion and sediment delivery to 
other sites. Harmful effects of fire 
on physical, chemical, and 
biological properties of soils are 
also reduced, including: reduction 
in water holding capacity; soil 
compaction; soil erosion; loss of 
mineral nutrients by volatilisation; 
convection, and leaching (80). 

NTFP supply likely increased, 
especially from fire-sensitive 
species (94). Fire management 
may increase the accessibility of 
NTFPs. It may also involve removal 
of accumulated fuels (80), which 
can then be made available for 
use. 
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Practice 
(natural 
regeneration) 

Specific outcomes 

Biodiversity Water Soil NTFPs 

Threat 
management: 
grazing 

Intensive grazing can prevent 
regeneration altogether (96). 
Effective control of grazing is likely 
to permit more rapid regeneration 
and development of structural 
complexity, and especially to 
promote development of the 
understory and ground layer (96). 
Where management limits access 
by native species (e.g. large 
vertebrates) full development of 
ecosystem processes and some 
biodiversity benefits may be 
limited.   

As ‘no threat management’; but 
canopy closure and development 
of understory and ground layer are 
likely to be more rapid and 
therefore limit erosion (96) and its 
adverse effects on water quality.  
Erosion caused by trampling will 
also be limited (97) as will nitrate 
leaching from animal wastes (126). 
Regulation functions are likely to 
develop more rapidly because of 
avoided grazing damage and 
reduced soil compaction (96). 

Effects on erosion as ‘no threat 
management’. Reduced 
compaction will improve soil 
quality, but this recovery may be 
slow. Grazing can cause chemical 
impoverishment of forest soils 
(97); as a result of grazing 
management soil nutrient status is 
likely to improve slowly (97), 
following a possible initial decline 
due to reduced inputs from dung 
(126). 

NTFP supply likely increased, and 
herbaceous products (some 
fodder, fibre and medicinals) more 
available at early stages. However, 
understory development and 
lower frequency of paths may 
reduce accessibility in addition to 
any restrictions imposed by 
managers to allow regeneration 
(84) 

Threat 
management: 
invasives 

Invasive species frequently 
colonise sites rapidly and may 
inhibit the regeneration of native 
forest species, thereby limiting 
both carbon and biodiversity 
benefits. Controlling invasives 
reduces this competition and 
thereby permits more rapid 
regeneration of diversity (107) and 
structural complexity (70).  
However, some invasive control 
measures may cause serious 
damage to native species when 
applied very intensively (100). 

As ‘no threat management’; 
However, some invasives may 
form effective ground cover that 
limits erosion (8) and its adverse 
effects on water quality. Some 
management techniques (use of 
herbicides) may cause pollution. 
Others may compact soils, 
adversely affecting regulation 
functions. 

Effects on erosion ‘no threat 
management’, but some 
interventions can cause erosion. In 
some cases, controlling invasives 
may reduce litter inputs 
temporarily and slow 
decomposition rates (107). 
Invasive species can affect the soil 
microbe community (118), and 
removing them can reduce 
accumulations of soil pathogens 
such as Chromolaena odorata 
(119). 

Likely to increase supply of 
traditionally used NTFPs, especially 
early on. Invasive removal can 
itself generate NTFPs. 
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Practice 
(natural 
regeneration) 

Specific outcomes 

Biodiversity Water Soil NTFPs 

Threat 
management: 
extractive use 

Extractive use can remove species 
from regenerating ecosystems and 
may have profound effects on key 
regeneration processes (e.g. 
hunted species often maintain 
biodiversity through seed dispersal 
-107). Reducing this pressure will 
increase the abundance of both 
exploited species (107) and those 
that depend on them, and may 
promote more rapid development 
of mature forest structure.  

As ‘no threat management’; 
Regulation functions likely to 
develop more rapidly and be 
similar to mature forest sooner  
because of avoided damage, 
including soil compaction, during 
extraction. The strength of this 
positive effect will vary depending 
on the intensity of extractive use. 

Effects on erosion as ‘no threat 
management’. Some extractive 
activities cause compaction and 
others (fodder harvest) may 
represent significant export of 
nutrients and organic matter.  
Limiting extractive activities should 
reduce these effects on soils and 
promote recovery from them. 

The supply of NTFPs is likely to be 
greater in the long-term. While 
there is a potential conflict 
between limiting extractive use (to 
avoid damage to structure & 
regeneration) and use of NTFPs, 
limitations may help to ensure use 
is sustainable and reduce risk of 
local extinction of NTFP species 
(107). Controlling extractive use 
can cause problems for local 
communities by limiting their 
access to important resources. 
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Practice 
(natural 
regeneration) 

Specific outcomes 

Biodiversity Water Soil NTFPs 

Location and 
design in relation 
to wider landscape 

Location (position with respect to 
existing natural forest and the 
characteristics of the surrounding 
matrix) will affect identity and 
diversity of plant propagules, and 
animal species arriving at the 
regeneration site (89), and 
therefore will affect both the 
speed and composition of natural 
regeneration (107, 108). Species 
richness is likely to be lower in 
smaller and more isolated 
fragments (105, 106). Recruitment 
of animal-dispersed plant species 
is affected much more strongly by 
location and patch size than is 
recruitment of wind-dispersed 
species (80, 105). Location also 
determines the role of the site in 
metapopulation function (106) and 
as a stepping stone for movement 
of species between forest 
remnants (87), and will dictate its 
role as a source of species and 
services (e.g. pollination) for other 
sites and agricultural ecosystems 
(89). 

While most forests may be no 
better at delivering water than 
some alternative land uses in 
headwater catchments (8), cloud 
forests can strip water from mist, 
thereby increasing net 
precipitation (1). Floodplain forests 
can contribute to groundwater 
recharge and provide pollution 
control (25). Reforestation on 
floodplains may also help to 
regulate flooding (8, 15, 25). 
Sometimes forests on slopes will 
also reduce flood risk downstream 
(3). Regeneration in sites, such as 
steep slopes, that are particularly 
prone to erosion reduces 
sedimentation problems from 
exposed soils and management 
actvities (8). 

Soil protection services of forests 
depend on the spatial distribution 
of forests over landscapes (1). 
Effects of forest regeneration on 
soil stabilisation are especially 
valuable on steep slopes (8). Steep 
slope sites will export leaf litter, 
nutrients including fertilisers and 
sediment, but also receive these 
from up-slope. Neighbouring low-
nutrient ecosystems may be 
adversely affected by nutrient 
transfer. Agricultural soils may be 
vulnerable to transport of 
agrochemicals used for vegetation 
clearance.  

Location affects access and 
therefore NTFP availability. 
Proximity to markets has a strong 
influence on the potential for 
commercialisation. 
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A3. Assisted natural regeneration (ANR) 
Various methods of assisting natural regeneration can increase the speed and effectiveness of 
succession. These include enhancing the availability of propagules and dispersers, which are critical 
determinants of succession (73, 108, 124), improving site condition through the use of green 
manures and cover crops, and managing competing vegetation and other threats. More rapidly 
regenerated sites regain their ecological functions more rapidly, including important roles in 
metapopulation function and as stepping stones for dispersers and other species.  

A3.1 Biodiversity 

Assisted natural regeneration can deliver high gains for biodiversity conservation at moderate speed, 
and more rapidly than natural regeneration. Where biodiversity outcomes are a key priority, ANR 
practices can be very effective at helping to develop structural complexity and compositional 
diversity through, for example, enrichment planting (76), nurse trees (58) and threat management 
(e.g. removing invasives reduces competition, 107). Even where biodiversity is not a key priority, 
providing perches to attract animal seed dispersers (108) will inevitably increase biodiversity, 
through their presence and the resulting higher abundance of seedlings (109).  

The practices used in ANR can have diverse effects on biodiversity depending on the specific context 
so it is important to understand the ecology of a given site. Like natural regenerating forests, ANR 
practices can have beneficial impacts the surrounding landscape, but also pose some risks. 

A3.2 Water regulation and quality 

Assisted natural regeneration can lead to very positive outcomes for water regulation and quality, at 
a moderate speed of delivery (faster than natural regeneration but slower than plantations). 
Different ANR practices and management activities affect water quality and regulation differently 
(81). For example, clearance of competing vegetation may expose soil and lead to erosion and 
sedimentation, or use of herbicides in threat management could pollute downstream watercourses. 
However, due to the likely faster establishment of ground cover compared to natural regeneration 
(74), and higher quality forest cover compared to planted forests (81), overall, ANR can minimise 
erosion and adverse effects on water quality (23). 

As for natural regeneration, the development of tree canopy in ANR may reduce flows (13) and soil 
moisture because of forests’ higher transpiration and water use than other vegetation types (8, 50). 
However, water use will be less than in many non-native planted forests (121). As soil moisture 
holding capacity increases during succession (16) through the development of root systems and soil 
organic matter, ANR approaches can quickly develop an effective water regulation function. 

A3.3 Soil conservation and quality 

Compared to other reforestation approaches, assisted natural regeneration is likely to have the most 
positive results for soil conservation, dependent upon the management practices undertaken. This 
approach delivers results faster than natural regeneration, since colonisation and forest structural 
development occur more rapidly (74). Structural development in particular may be slower than in 
plantations, but these nonetheless have more limited value for soil conservation. ANR generally 
minimises soil disturbance and maintains soil integrity (74), increases soil organic matter (24) and 
protects the soil faster than other approaches, through rapid development of a ground layer (5), 
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especially where legumes, green manure, or ground cover crops are planted). Additionally, since it is 
forest quality rather than canopy cover which ensures low erosion rates (81), ANR approaches are 
often more successful at reducing erosion than structurally homogenous plantations. 

A3.4 Non-timber forest product availability for local use 

Typically, ANR will result in high NTFP availability for local use, as does natural regeneration (88). The 
practices employed in ANR mean that NTFPs can often be harvested sooner than in the case of 
natural regeneration – yielding a moderate speed of delivery – particularly where plants are chosen 
both for facilitating natural regeneration and for their NTFP value (56, 59). 

NTFP availability will vary greatly depending on the practices used in ANR, and local preferences for 
NTFP species. Where seedlings planted for enrichment purposes are chosen in the light of NTFP 
demands, outcomes may be especially positive (56).  

Local people’s access to these NTFPs by may be limited by both physical accessibility and restrictive 
conditions put on forest resources (e.g. some Forest Protection Contracts in Vietnam, 52). Since ANR 
often involves greater management intensity than for natural regeneration, and often occurs in fairly 
degraded sites where natural regeneration is not possible (80), site accessibility may already be 
relatively high. This can enhance NTFP use (79, 91), and commercialisation where there is greater 
proximity to local settlements and transport routes (86). 
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Practice 
(assisted natural 
regeneration) 

Specific outcomes 

Biodiversity Water Soil NTFPs 

Facilitate dispersal 
(e.g. Perches; propagule 
transfer; limited 
enrichment planting 
with native species) 

More rapid and more reliable 
development of structure 
expected, compared to 
unassisted regeneration. 
Development of diversity likely to 
be more rapid and possibly 
greater in total than unassisted 
natural regeneration (93). 
Perches and structural complexity 
help to attract animal seed 
dispersers (108), accelerate plant 
colonisation (74) and improve 
species richness and abundance 
of seedlings (109). Additional 
animal species are likely to arrive 
more rapidly, attracted by the 
dispersers or by the developing 
forest cover & composition (108). 
A full range of ecological 
processes is also likely to develop 
more rapidly as a result. 

Development of tree canopy and 
root systems as a result of 
successful regeneration helps to 
regulate extreme flows (13) and 
deliver water over longer periods. 
Capacity for water storage 
increases during succession (16). 
Canopy closure, ground cover 
and quality of forest cover 
develop more rapidly, and 
therefore limit erosion (8, 81) and 
its adverse effects on water 
quality more rapidly, than for 
unassisted regeneration. 
Regulation functions are also 
likely to develop more rapidly 
and be similar to mature forest 
sooner than for unassisted 
regeneration. 

Rapid canopy closure and 
development of ground layer 
relative to natural regeneration 
(74) leads to soil protection, and 
likely less soil loss than some 
other reforestation approaches. 
They are also likely to lead to 
rapid accumulation of soil organic 
matter. Successful forest 
regeneration helps to establish 
high rates of litter production and 
organic enrichment of soils 
relatively quickly (73), but 
information on the patterns of 
litter accumulation during 
succession is scarce (30). 
Reforestation can successfully 
restore many aspects of the 
nitrogen cycle (70), and also 
limits export of litter and 
nutrients to other sites. 

The availability of NTFPs varies 
among sites depending on factors 
affecting structure and diversity. 
Successful assisted natural 
regeneration should yield a 
diversity of NTFPs throughout 
succession. These products may 
have a greater history of local 
use, making uptake more likely 
than for products from planted 
non-native or non-local species. 
Plants chosen for perches or 
enrichment purposes may be 
picked specifically for their NTFP 
value (56) (59). 
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Practice 
(assisted natural 
regeneration) 

Specific outcomes 

Biodiversity Water Soil NTFPs 

Clearing competing 
vegetation 

Clearing may be necessary for 
regeneration to take place. It 
should lead to more rapid 
development of mature structure 
and composition, but the 
understorey may be 
impoverished and associated 
species less abundant. The 
development of processes 
dependent on understorey is 
likely to be slowed and any 
stepping stone function develops 
more slowly for understorey 
species. 

As for ‘facilitate dispersal’, but 
repeated clearance may expose 
soil and lead to erosion (13) with 
adverse effects on water quality 
(23). 

As for ‘facilitate dispersal’, but if 
the understorey vegetation or 
forest litter layer is removed, 
there will be increased erosion 
rates (5, 8, 13). Repeated 
clearance is more likely to cause 
erosion. Reduced litter inputs 
from ground layer and 
understorey may slow organic 
matter and nutrient 
accumulation (17, 24). 

Development of full structure and 
diversity is likely to increase NTFP 
supply, but NTFPs from early 
successional and understorey 
species may be less abundant. 

Green 
manure/legume 
cover crops  

These practices should speed 
canopy development and 
succession and development of 
mature forest composition 
Canopy closure may 
subsequently limit understory 
development (48) and eliminate 
some stress-tolerant species. 
More herbaceous cover in the 
short term will support 
herbivores and may affect soil 
fauna through likely more rapid 
accumulation of organic matter 
(24, 66) 

As for ‘facilitate dispersal’. Rapid 
coverage of soil should reduce 
erosion (8) and its adverse effects 
on water quality (23) 
considerably 

Rapid coverage of soil surface 
should reduce erosion 
considerably (5). Cover crop 
litter, especially from leguminous 
species (66), is often nutrient-rich 
and rapidly decomposing, so soil 
quality (nutrient and organic 
matter content) is likely to be 
improved (24). 

Development of full structure and 
diversity is likely to increase NTFP 
supply, especially from species 
associated with manure or cover 
crops. NTFPs from some early 
successional species may be less 
abundant. 
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Practice 
(assisted natural 
regeneration) 

Specific outcomes 

Biodiversity Water Soil NTFPs 

Nurse trees Full three-dimensional forest 
structure develops more rapidly 
so that ground layer may be 
suppressed sooner by canopy 
closure (48). Mature forest 
composition may develop more 
rapidly and additional species 
associated with nurse trees may 
be present (58) and further 
facilitate colonisation (28). 
Generalist pollinators and 
herbivores attracted by nurse 
trees may colonise more rapidly. 
Site likely to play a role in 
metapopulation function and also 
to serve as a stepping stone from 
a relatively early stage (87). 

As for ‘facilitate dispersal’ As for ‘facilitate dispersal’. Some 
nurse trees have high leaves with 
nutrient content that decompose 
rapidly. These may enhance soil 
quality, providing local pockets of 
enriched soil (80). 

Nurse trees may themselves 
provide NTFPs and/or facilitate 
the growth of other species (36) 
that provide NTFPs. 

Landscape 
engineering - 
terracing, bunding, 
drainage addition or 
removal etc 

While such techniques should 
speed canopy development and 
closure they may in some cases 
actually slow regeneration (93). 
These techniques may favour 
particular species (intentionally 
or indirectly). Where engineering 
creates a more variable 
environment, diversity may be 
greater (and vice versa) (48). 
Surface manipulation may slow 
establishment of litter layer and 
associated fauna. Some 
engineering may affect down-
slope dispersal. 

Poor practice in surface 
modification risks increased 
erosion in the short term, but 
many methods help to limit it. 
These will have longer term 
positive effects on water quality 
as above. Some methods (e.g. 
drainage or bunding) are 
specifically designed to affect 
water flows. Regulation functions 
likely to develop more rapidly 
and be similar to mature forest 
sooner than for unassisted 
regeneration. 

Poor practice in surface 
modification risks increased 
erosion in the short term, but 
many methods help to limit it. 
These will have longer term 
positive effects on soil 
conservation as above and on soil 
quality (59). Engineering may 
limit export of both sediment and 
nutrients to other sites. 

Supply of some specific NTFPs 
may be intentionally favoured by 
this approach  
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Practice 
(assisted natural 
regeneration) 

Specific outcomes 

Biodiversity Water Soil NTFPs 

Threat management: 
ongoing management 
of fire, grazing, 
invasives 

Where appropriate techniques 
are used, controlling threats may 
permit more rapid regeneration 
(70) of structural complexity and 
composition and ecological 
function, except where 
management limits access by 
native species. Removing 
invasives reduces competition 
that can slow succession (107), 
but complete removal of species 
such as vines may cause serious 
damage to native vegetation 
(100). Controlling fire will 
increase presence of species 
whose establishment is fire-
limited and thus overall species 
numbers (114), but prescribed 
burning can control insects and 
diseases, prepare seedbeds, and 
release seeds from serotinous 
cones (80). Management may 
displace threats to other 
areas/sites (110) and may 
effectively limit dispersal and 
stepping stone effects(87).  

As for ‘facilitate dispersal’, but 
some interventions may cause 
erosion and consequent adverse 
effects on water quality. 

As for ‘facilitate dispersal’, but 
fire suppression (and grazing 
management) may reduce inputs 
of rapidly available nutrients (ash 
and dung). However, fire 
suppression will reduce 
potentially harmful effects of fire 
on physical, chemical, and 
biological properties of soils, 
including: reduction in water 
holding capacity; soil compaction; 
soil erosion; loss of mineral 
nutrients by volatilisation; 
convection, and leaching (80) 

Development of full structure and 
diversity likely to increase NTFP 
supply. Invasive management can 
itself be a source of products, as 
can fire management, which may 
involve removal of accumulated 
fuels (80) that can then be used 
by local people 
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Practice 
(assisted natural 
regeneration) 

Specific outcomes 

Biodiversity Water Soil NTFPs 

Location and design 
in relation to wider 
landscape 

Location (position with respect to 
existing natural forest and the 
characteristics of the surrounding 
matrix) will affect identity and 
diversity of plant propagules, and 
animal species arriving at the 
regeneration site (89), and 
therefore will affect both the 
speed and composition of natural 
regeneration (107, 108). Species 
richness is likely to be lower in 
smaller and more isolated 
fragments (105, 106). 
Recruitment of animal-dispersed 
plant species is affected much 
more strongly by location and 
patch size than is recruitment of 
wind-dispersed species (80, 105). 
Location also determines the role 
of the site in metapopulation 
function (106) and as a stepping 
stone for movement of species 
between forest remnants (87), 
and will dictate its role as a 
source of species and services 
(e.g. pollination) for other sites 
and agricultural ecosystems (89). 

While most forests may not be 
better at delivering water than 
some alternative land uses in 
headwater catchments (8), cloud 
forests play an important role in 
stripping water from mist, 
thereby increasing net 
precipitation (1). Floodplain 
forests can contribute to 
groundwater recharge and 
provide pollution control (25). 
Reforestation on flood plains and 
may also help to regulate 
flooding (8, 15, 25). Sometimes 
forests on slopes will also reduce 
flood risk downstream (3). 
Regeneration in sites, such as 
steep slopes, that are particularly 
prone to erosion reduces 
sedimentation problems from 
exposed soils and management 
activities (8 ). 

Soil protection services of forests 
depend on their spatial 
distribution over landscapes (1). 
Effects of forest regeneration on 
soil stabilisation are especially 
valuable on steep slopes (8). 
Steep slope sites will export leaf 
litter, nutrients including 
fertilisers and sediment, but also 
receive these from up-slope. 
Neighbouring low-nutrient 
ecosystems may be adversely 
affected by nutrient transfer. 
Agricultural soils may be 
vulnerable to transport of 
agrochemicals used for 
vegetation clearance.  

Location affects access and 
therefore NTFP availability 
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A4. Planting native species 
Plantations of native species tend to develop a closed canopy and accumulate biomass more rapidly 
than in natural regeneration (112), but more slowly than some non-native plantations. Competition 
for light and water by a well-developed canopy layer may reduce opportunities for colonisation and 
succession (80). The understory is usually less developed than in naturally regenerated forests (48). 
Practices involving less disturbance in site preparation and in management (e.g. limited site 
clearance, longer rotational cycles) are more common in native than in non-native plantations and 
can promote understory development (37, 59) and colonisation by mature forest species.  

In some cases, planted native species may have low survival rates (28, 29, 98), and ultimately, 
management practices will determine the outcome. In one instance in Viet Nam, for example, low 
survival was due to low quality soil, uncontrolled grazing and lack of care by planters (52). 

Short rotational cycles involving more frequent access by forest workers can increase hunting 
frequency and decrease density and diversity of vertebrates. Varying harvest timing within a parcel 
can ensure greater structural heterogeneity, provide refugia from disturbance and so reduce effects 
on native species. As species characteristic of mature native forest are likely to be less abundant in 
short-rotation forests, related ecological processes such as dispersal and pollination may be less 
developed. Harvest practice can also have important impacts on forest dynamics; many forest 
management plans in Vietnam have reduced the quality and quantity of tropical secondary forests 
because of the damage caused to forest dynamics (127). 

Mixed plantation forest is more likely than monoculture to have a sustained effect on ecosystem-
derived benefits, due to its greater resilience in the face of climate change (87). 

A4.1 Biodiversity 

Planting native species can deliver moderate gains for biodiversity conservation quite rapidly and 
may have more substantial biodiversity outcomes in the very long term. Forest structure (112), 
composition (93), and ecological processes (108) can develop more quickly than for forest 
regeneration approaches, and this can in turn help natural successional processes to recover (58, 
78), if management practices allow. For example, in north-eastern Viet Nam, native plantations have 
been successfully transformed into near-natural forest stands (78). Using native rather than non-
native species will generally have better biodiversity outcomes (37, 58) because they generate more 
niches for other native species. Even monocultures can enhance species richness where 
regeneration is not possible, by matching planted species to a site, creating canopy cover and 
altering the microclimate and conditions to attract wildlife (125). Planting mixtures of native species 
usually promotes colonisation by further native species (36, 58, 108). Analogue species may be 
selected specifically to provide food or habitat for wildlife (47).  

Generally, practices involving less disturbance in site preparation and in management (e.g. longer 
rotational cycles, which are more usual in native plantations than in non-native plantations, 59) and 
those which prioritise biodiversity will have the most beneficial results. In addition to the 
conservation value of these results, higher biodiversity may increase productivity and carbon storage 
and is likely to improve the plantation’s resilience to climate change and some other pressures (87).  
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Impacts of native species plantations on biodiversity in the surrounding area will vary according to 
the species used, management practices and the surrounding land use. For example, plantations 
prevent the movement of non-forest species and some specialists (42), or may increase pollinator 
activity (111). Native species plantations may also involve less risk of invasive species. 

A4.2 Water regulation and quality 

High water regulation functions and water quality gains can be delivered rapidly through planting 
native species. These results will be affected significantly by site condition, the specific practices 
used, the species included and management activities undertaken (4, 13, 17, 81). Monocultures are 
more likely to require agrochemical inputs that can reduce water quality (82, 83). Mixed species are 
more likely to have a sustained effect on the service, due to greater resilience to climate change and 
some other pressures (87). Managing for structural diversity will help a litter layer to develop more 
quickly, minimising erosion (8, 81), sedimentation and resultant adverse effects on water quality.  

Native plantations, where harvested, usually have longer rotations than non-native ones (59).  
Harvesting disrupts watershed protection and can substantially increases sediment concentrations in 
streams (59, 83) so longer rotations offer better outcomes for water regulation and quality.  

A4.3 Soil conservation and quality 

Overall, native plantations rapidly deliver high soil conservation outcomes, especially where the 
practices used specifically promote them. Native plantations typically cause fewer changes to soil 
biogeochemistry than non-native species (29). More diverse plantations with lower levels of 
disturbance can quickly improve soil quality (59, 66) through increases in soil organic matter (58) and 
fertility (93). On degraded sites, monocultures of particular species can be used to protect against 
soil erosion via their abundant production of leaf litter (36; though non-native species are more 
commonly used for this purpose, due to a better understanding of which species are able to 
establish on degraded sites, 98). However, surface soil organic carbon, total nitrogen and microbial 
populations may be significantly lower than in assisted or natural regeneration (e.g. 122).  

Site condition and the species used influence the effects of native species plantations on soil erosion, 
as do the practices chosen (e.g. through their effects on understory and ground cover, which reduce 
erosion when they are better developed - 5, 8, 29, 81). The different practices also have variable off-
site effects on soil depending on the use of agrochemical inputs, whether and how frequently trees 
are harvested (5) and position in the wider landscape (1, 8).  

A4.4 Non-timber forest product availability for local use 

Plantations of native species have the potential to deliver rapidly a high availability of NTFPs for local 
use, if their production is prioritised and local people are not prevented from using these products 
by limited access or management regime (52, 88, 94). Where native species with multiple uses are 
planted, diverse and abundant NTFPs can be obtained (e.g. 49, 94), and may be available more 
rapidly than following natural regeneration of similar species (112).  

If the production of NTFPs is not a priority, the effect of planting native species on NTFP availability 
will be determined by the management practices used. For example, planting a monoculture will 
result in fewer NTFPs than managing for structural variation or diversity, or using analogue species 
to mimic natural ecosystem functions (e.g. many edible insects preferentially feed on tree legumes, 
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94). Native plantations may affect the availability of NTFPs in the adjacent landscape through 
reducing stresses such as wind disturbance and desiccation on surrounding forests (42, 90), or 
increasing invasion by weedy species (42, 107). Depending on the previous land use, NTFPs obtained 
from the site prior to planting may no longer be available (e.g. in Vietnam, ‘bare hills’ which have 
since been replaced by forest plantations supplied a range of NTFPs that are no longer available, 77). 
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Practice 
(planting native 
species) 

Specific outcomes 

Biodiversity Water Soil NTFPs 

Even-aged 
monoculture 
following intensive 
high input site 
preparation 

Resulting forest is a simple 
system with few native plant 
species and lower animal 
diversity than natural forest (50). 
It is structurally homogeneous 
(37, 42), providing few 
microhabitats (51, 82) or 
opportunities for additional 
native plant species to colonise 
(51, 80). However animal species 
are more likely to colonise or use 
forest than in non-native 
plantation and may thus provide 
better seed dispersal. Site 
preparation and management 
may eliminate some existing 
species (52). Agrochemical inputs 
(fertiliser, herbicides, pesticides) 
and sedimentation from site 
preparation may adversely affect 
aquatic ecosystems and others 
(43, 67, 83). Fertilisation may 
promote dominance of weedy 
species (26) 

Effects on water supply depend 
on species selection (4, 13, 17) - 
''thirsty' species such as 
Eucalyptus especially reduce 
supply (17, 71). Agrochemical 
inputs may adversely affect 
water quality, but evidence from 
tropical forests is lacking (83). 
Elimination of ground layer can 
add to erosion and 
sedimentation (8, 126). Rapid 
growth and root development 
may make this one of the most 
rapid ways to attain water 
regulation function (e.g. 71). 

After initial soil disturbance 
during site preparation, rapid 
canopy closure and root growth 
may contribute to soil 
protection. However, if 
management inhibits 
development of understory and 
ground layers there will be 
greater soil loss (8, 81). Often 
forest will improve soil quality 
through increase in soil organic 
matter (58) and fertility (93), but 
these effects will depend on the 
species planted. Because their 
litter is better matched to the 
decomposer community native 
species are less likely to have 
adverse effects on soil quality 
(40, 123). Run-off containing 
sediment and high levels of 
agrochemical inputs may affect 
soil chemistry in neighbouring 
ecosystems (83). 

As a result of structural simplicity 
and low biodiversity, NTFP 
availability is likely to be limited, 
unless the planted species itself 
provides NTFPs (e.g. 62). NTFP 
availability in monoculture 
plantation may be lower than for 
other land uses (77). However, 
some important NTFP species 
may thrive in large scale 
plantations (69), for example 
cinnamon in Viet Nam (49). 
Management can promote 
production and harvest of some 
NTFPs, such as edible insects (94) 
fuel, fodder (98) and/or fungi. 
Some plantation species may 
support local honey production 
(e.g. 94) and/or produce fruits 
attractive to hunted species 
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Practice 
(planting native 
species) 

Specific outcomes 

Biodiversity Water Soil NTFPs 

Match species to 
site (monoculture) 

More rapid development of 
mature plantation may lead to 
development of greater 
microhabitat diversity (48) and 
attract wildlife (125), though 
never to the extent found in the 
mature stage of natural forest 
succession (82). Lower 
requirement for intensive 
management and agrochemical 
inputs may reduce adverse 
impacts described for ‘even-aged 
monoculture’ and lead to higher 
overall biodiversity.  

As for ‘even-aged monoculture’, 
but there may be a reduced need 
for agrochemical inputs, limiting 
adverse impacts on water 
quality. More rapid growth will 
provide more rapid attainment 
of water regulation function. 

As for ‘even-aged monoculture’, 
but effects related to 
agrochemical inputs are likely to 
be reduced. The choice of 
species can affect the extent to 
which soils experience leaching 
loss (45). 

As for ‘even aged monoculture’ 
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Practice 
(planting native 
species) 

Specific outcomes 

Biodiversity Water Soil NTFPs 

Mixed species and 
functional types 

Supports higher biodiversity than 
monoculture (58) because 
greater diversity of the 
plantation can lead to 
development of structural 
complexity more similar to native 
forest (37) and a greater range of 
niches and resources for native 
species (59), including ecological 
specialists (58). Understory 
biodiversity has recovered well in 
some mixed-species plantations 
(36). Genetic diversity of planted 
species means the plantation is 
likely to be less susceptible to 
serious fungal, insect, or animal 
damage than are plantation 
monocultures (58).  

Effects on water supply depend 
on species selection; use of 
‘thirsty' species will cause 
greater reductions in supply (4, 
13, 17). More variable species 
requirements may reduce need 
for agrochemical inputs (116) 
and thus limit adverse impacts 
on water quality. Where growth 
is rapid there will be more rapid 
attainment of water regulation 
function.  

As for even-aged monoculture, 
but species related effects will be 
moderated by the mixture. Litter 
decay and nutrient cycling are 
enhanced with increased 
diversity, (59), even by mixing as 
few as two tree species (66). 
Agrochemical inputs and related 
impacts are likely lower than for 
monoculture. 

Planted species themselves are 
more likely to include some 
useful for NTFPs (possibly. 
planted specifically for 
generating income, 56); overall 
availability is potentially greater 
than in monoculture (58). For 
example, pollarded oak forests in 
China are also managed for 
production of Chinese oak 
caterpillar for silk and food (94), 
and harvesting cinnamon within 
plantations in Viet Nam (49) can 
add significantly to local 
household income. Plantations 
are most likely to provide fuel, 
fodder and/or fungi. Some 
plantation species may support 
local honey production (e.g. 
mulberry, 94) and/or produce 
fruits attractive to hunted 
species. 

Manage for 
structural variation 
or diversity, e.g. 
Staged planting, 
limited thinning, 
adequate spacing, 
allowing understory 
development 

The structural complexity of 
these systems, which may in 
some cases be nearly as great as 
in native forest (82), may 
promote more use by native 
wildlife (58) including seed 
dispersers (108) that may 
facilitate colonisation by native 
tree species (28, 39). 

As for ‘mixed species’; forest 
structure can also influence 
water use (15). Management 
may generate ongoing episodes 
of substrate disturbance and 
sedimentation leading to adverse 
effects on water quality. 
Structural variation may enhance 
resilience (37, 87)  

As for ‘mixed species’, but may 
include ongoing episodes of 
substrate disturbance. 
Understory development 
reduces the risk of erosion (5, 58, 
81). Understory development 
may also enhance accumulation 
and cycling of organic matter and 
nutrients (39, 58)  

As for ‘mixed species’. Greater 
diversity of colonising native 
species also increases likely 
availability of a wider range of 
NTFPs. More frequent access by 
forest workers can increase 
hunting activity and decrease 
supply of bushmeat. Allowing 
understory development may 
add to NTFP availability (58, 59) 
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Practice 
(planting native 
species) 

Specific outcomes 

Biodiversity Water Soil NTFPs 

Use of nurse crops 
and ground cover 
crops 

These systems may be more 
used by native wildlife, including 
seed dispersers, because of 
structural complexity (58, 108). 
Ground cover crops provide 
shelter for animals and 
potentially greater resources for 
native herbivores, but may limit 
colonisation opportunities for 
additional native tree species 
(48). There is a reduced need for 
agrochemical inputs, so the 
related adverse effects described 
above may be eliminated. 

Effects on water supply as for 
‘mixed species’, but water use 
may be greater because of more 
rapid development of leaf area. 
The need for agrochemical inputs 
will be reduced (42) and soil will 
be more protected (8, 81), so 
effects on water quality will be 
less adverse, or even positive. 
Development of root systems 
and soil organic matter by these 
crops should contribute to 
regulation function (16).  

Enhanced ground cover and litter 
layer protects soil from erosion 
(5, 8, 23, 29, 81) and enhances 
soil organic matter (24). Many 
nurse and ground crops are 
leguminous and enhance soil 
nitrogen (66, 126) and nurse 
trees provide sites of locally 
enriched soil (80).Agrochemical 
inputs and related adverse 
effects are likely to be lower. 

As for ‘manage for structural 
variation or diversity’. 

Analogue species 
/ecological roles to 
mimic natural 
ecosystem functions 

These systems may be more 
used by native wildlife, including 
seed dispersers, because of 
structural complexity (58) and 
specific inclusion of wildlife food 
plants (108) and other species 
providing nest space and shelter. 
This may facilitate colonisation 
by native tree species (108). By 
providing a greater resource for 
native frugivores and pollinators 
it may also increase biodiversity-
related services off site.  

As for ‘mixed species’ with the 
potential additional benefit of 
selecting species based on their 
water use or potential to 
contribute to phytoremediation 
and erosion control. Resilience 
effects also likely to be greater. 

As for ‘mixed species’. Analogue 
species may be selected with soil 
conservation in mind (36), 
including for decomposable litter 
and / or nitrogen fixation (28, 29, 
58).  

Planted species themselves may 
be chosen to include some useful 
for NTFPs (56, 94), and greater 
diversity of colonising native 
species also increases the likely 
availability of a wider range of 
NTFPs. 
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Practice 
(planting native 
species) 

Specific outcomes 

Biodiversity Water Soil NTFPs 

Location and design 
in relation to wider 
landscape 

Large patch sizes and adjacency to other forest areas may reduce edge effects on stature, wind damage and stratification, and fire (42, 59, 90, 
107, 108) as well as increase opportunities for colonisation by native species and promote understory development (58). Where reforestation 
occurs in an increasingly fragmented landscape, as in the subtropical forests of north-western Viet Nam (51), biodiversity may continue to 
decrease due to edge effects on birds and mammals. Patches of reforestation in a fragmented landscape can facilitate dispersal, migration 
and pollination (28) and help to conserve fauna by acting as ‘stepping stones’ and connecting populations between native forest patches (37, 
87, 93). Proximity of plantations to native forest may enhance risks of invasion (107), fire damage and other structural impacts, and adverse 
effects of pests in native forests (42), but may also reduce the frequency of non-forest invasive species within the plantation itself and 
increase pollination and yield of any crop species such as coffee included within the plantation (111). Plantations around remaining forest 
patches may act as buffer zones, helping to alleviate stresses caused by edge effects (90) and potentially diverting other pressures on forest 
biodiversity by meeting some needs for forest products. 
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A5. Planting non-native species 
Plantations of non-native species generally develop a closed canopy and accumulate biomass more 
rapidly than in natural regeneration (112). Competition for light and water by the well-developed 
canopy layer may reduce opportunities for colonisation and succession (80). The understory is 
usually less developed than in naturally regenerated forests (48). Generally, non-native plantations 
are intensively managed, and less likely to be colonised by native forest species than are native 
plantations.  

Short rotational cycles involving more frequent access by forest workers can increase hunting 
activity and decrease density and diversity of vertebrates. Varying harvest timing within a parcel can 
ensure greater structural heterogeneity, provide refugia and reduce effects on native species. As 
species characteristic of mature native forest are likely to be less abundant in short-rotation forests, 
related ecological processes such as dispersal and pollination may be less developed. 

Mixed plantation forest is more likely than monoculture to have a sustained effect on ecosystem-
derived benefits, due to its greater resilience in the face of climate change (87). 

A5.1 Biodiversity 

Non-native plantations are likely to have the lowest biodiversity conservation value of the 
approaches reviewed here; plantations, especially even-aged monocultures, rarely provide suitable 
habitats for many species (1, 29). However, what useful habitat they do offer develops relatively 
quickly. Their contribution to conservation must be considered in light of the previous land use at 
the site (25, 37, 41). 

Non-native plantations are likely to be characterised by greater structural homogeneity (37, 42), a 
more limited range of resources available for native species (42) and lower resilience in the face of 
environmental stresses (87). However, these characteristics are strongly dependent on the 
management practices used. Non-native plantations can provide surrogate resources where 
restoration using native species is not feasible (28, 29) - particularly in severely degraded areas and 
grasslands (98) - as long as species are matched to the site (125). Depending on the selection of 
species and management practices, they can also alter the microclimate and conditions of degraded 
sites to allow colonisation by native species, accelerating natural regeneration (37, 58, 108, 125). 
They may therefore facilitate natural succession if the planted species are suppressed after a time 
(70, 80). 

As part of the wider landscape, non-native plantations can reduce edge effects, such as wind 
damage, on adjacent mature forest fragments (42, 90).  They may also alter species composition in 
such forests, including through the spread of insect pests and diseases (80, 107) and increasing the 
abundance of generalist predators (in response to food supply; e.g. 32). They may act as barriers for 
some species (42) or facilitate dispersal, migration and pollination for others (28).  

A5.2 Water regulation and quality 

Planting non-native species can rapidly deliver significant gains in water regulation and quality. 
These effects are very dependent on the species planted (which can affect water supply, 2, 7), as 
well as on the practices used (8, 15, 81). Where they are long-established, the water use of both 
native and non-native plantations can resemble that of old-growth forests (17).  
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If agrochemical inputs are used, water quality may be reduced (83), though there is limited 
information available to verify this (82, 83). The use of are mixed species and functional types, and of 
nurse or ground-cover crops can help to protect the soil and limit erosion (8), as well as minimise the 
need for inputs (42), so that adverse impacts on water quality are limited. 

The development of canopy and root systems plays an important role in water regulation, 
moderating heavy flows. The effect depends on location in the landscape (13, 1) and acts primarily 
at local level (5, 15, 81). 

A5.3 Soil conservation and quality 

The typical result of non-native plantation development on soil conservation and quality is only 
moderately good, but with a rapid rate of delivery. The long-term outcome for soils is the poorest 
out of the approaches reviewed here, reflecting the findings that nutrient availability is lower in 
plantation soils than equivalent natural forest (40), non-native plant species can create very 
different soil conditions to native species (29), and some non-native species such as Eucalyptus 
produce toxic litter (67, 123) which inhibits other species’ growth. Effects on erosion are also species 
dependent, varying with leaf shape, canopy structure and root density and depth (81, 126). 

In severely degraded areas, certain non-native species are often more successful than native species 
(98, 120), and as they develop can alter the microclimate and increase topsoil organic matter and 
nitrogen levels (58). This can help to rehabilitate a site and allow subsequent natural colonisation or 
native plantings. Practices which enhance structural diversity and promote a ground layer of 
vegetation will reduce soil erosion (5, 58, 81) and can help to quickly improve nutrient cycling (39, 
58). The choice of species planted has a strong effect on the outcome, especially in monocultures. 

A5.4 Non-timber forest product availability for local use 

Planting non-native species is likely to result in moderate NTFP availability for local use, depending 
on the choice of species and the management practices undertaken. In general, they deliver these 
NTFPs moderately quickly. Non-native plantations may not have the structural complexity (48) and 
compositional diversity (82) necessary to harbour a diversity of NTFPs (80), particularly in the case of 
monocultures (1, 29). Some planted tree species can provide NTFPs, with uptake varying between 
contexts. For example, the legume Leucaena leucocephala in Indonesia is described by one author as 
a ‘wonder tree,’ because of its multiplicity of uses for timber and NTFPs (98) but the same species is 
described as ‘toxic’ in Madagascar by another author (99), because it has strong invasive tendencies 
and poisons threatened lemurs. 

Local access to NTFPs will depend on the wider socioeconomic and institutional context, and the 
management regime. As plantations are often created with commercial intent, restrictions on use 
may be greater than for regenerating forest (88, 94). Physical access and access to markets, 
however, may be easier, as plantations, with their higher management intensity, are more likely to 
be located near to infrastructure and populated areas (79, 91).  

Planting non-native species may positively affect the availability of NTFPs in the adjacent landscape 
through reducing stresses such as wind disturbance and desiccation on surrounding forests (42, 90). 
Negative impacts may result if the plantation acts as a source for invasive weedy species (42, 107). 
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The previous land use and state of degradation will affect whether the supply of NTFPs increases 
(e.g. 69) or decreases (e.g. 77). 
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Practice 

(planting non-
native species) 

Specific outcomes 

Biodiversity Water Soil NTFPs 

Even-aged 
monoculture 
following 
intensive high 
input site 
preparation 

Resulting forest is structurally 
homogeneous (37, 42), providing 
few microhabitats (51, 82) and is 
therefore poor in native species 
(oil palm plantations provide an 
extreme example - 31, 53, 54, 
55). Some generalist native 
species may benefit (32). 
Competition for light and water 
limits the potential for 
succession (80). Site preparation 
and management including 
agrochemical inputs, may have 
negative effects on soil fauna, 
stimulate growth of weeds and 
invasives and inhibit the 
establishment of native forest 
species (10, 87, 93). They may 
also directly eliminate some 
existing species (52), increase 
occurrence of pathogens and 
pests (10, 93, 94) and have 
adverse effects on other 
ecosystems off site. Low genetic 
diversity increases plantation 
susceptibility to pests and 
pathogens (58, 87) 

Effects on water supply depend 
on species selection (4, 13, 17) - 
''thirsty' species such as 
Eucalyptus spp. especially 
reduce supply (17, 71). In some 
cases, non-native species have a 
lower water use efficiency than 
native species (121). High 
agrochemical inputs may 
adversely affect water quality, 
but evidence from tropical 
forests is lacking (83). 
Elimination of ground layer can 
add to erosion and 
sedimentation (8, 126). Rapid 
growth and root development 
may make this the most rapid 
way to attain water regulation 
function (e.g. 71).) 

After initial soil disturbance and 
protection during site 
preparation, rapid canopy 
closure and root growth may 
contribute to soil protection. 
However, if management 
inhibits development of 
understory and ground layers 
there will be greater soil loss (8, 
81). Often forest will improve 
soil quality through increase in 
soil organic matter (58) and can 
improve soil fertility (93), but 
these effects depend on the 
species planted. Some may 
have adverse effects on organic 
matter and nutrient availability 
(40, 123) and may accumulate 
toxic secondary compounds 
(67). Adverse impacts of these 
changes on soil fauna will also 
reduce soil quality. Run-off 
containing sediment and high 
levels of agrochemical inputs 
may affect soil chemistry in 
neighbouring ecosystems (83). 

As a result of structural 
simplicity and low biodiversity, 
NTFP availability is likely to be 
limited, unless the planted 
species itself provides NTFPs for 
local benefit (e.g. 62, 98). NTFP 
availability in monoculture 
plantation may be lower than 
for other land uses; for example 
in Vietnam 'bare hills' that 
formerly provided many NTFPs 
for poorer households have 
been replaced by non-native 
monoculture plantations, with 
negative economic 
consequences (77). However, 
some important NTFP species 
may thrive in large scale 
plantations (69) and 
management can promote 
production and harvest of e.g. 
edible insects (94), fuel, fodder 
(98) and/or fungi. 
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Practice 

(planting non-
native species) 

Specific outcomes 

Biodiversity Water Soil NTFPs 

Match species 
to site 
(monoculture) 

More rapid development of 
mature plantation may lead to 
development of greater 
microhabitat diversity (48) and 
attract wildlife (125), though 
never to the extent found a 
mature natural forest (82). 
Lower requirement for intensive 
management and agrochemical 
inputs may reduce adverse 
impacts described above and 
lead to higher overall 
biodiversity.  

As for even-aged monoculture, 
but there may be a reduced 
need for agrochemical inputs, 
limiting adverse impacts on 
water quality. More rapid 
growth leads to more rapid 
attainment of water regulation 
function. 

As for ‘even-aged monoculture’, 
but effects related to 
agrochemical inputs are likely 
to be reduced. The choice of 
species can affect the extent to 
which soils experience leaching 
loss (45). 

As for ‘even-aged monoculture’. 

Mixed species 
and functional 
types 

Supports higher biodiversity 
than monoculture (58) because 
greater diversity of the 
plantation can lead to 
development of structural 
complexity more similar to 
native forest (37) and a greater 
range of niches and resources 
for native species (59). Genetic 
diversity means the plantation 
itself is likely less susceptible to 
serious fungal, insect, or animal 
damage than plantation 
monocultures (58) 

Effects on water supply depend 
on species selection; use of 
‘thirsty' species will cause 
greater reductions in supply (4, 
13, 17). More variable species 
requirements may reduce need 
for agrochemical inputs (116) 
and limits adverse impacts on 
water quality. Where growth is 
rapid there will be more rapid 
attainment of water regulation 
function.  

As for ‘even-aged monoculture’, 
but species related effects will 
be moderated by the mixture. 
Litter decay and nutrient cycling 
are enhanced with increased 
diversity, (59); even by mixing 
as few as two tree species (66). 
Agrochemical inputs and 
related impacts are likely lower 
than for monoculture. 

Planted species themselves are 
more likely to include some 
useful for NTFPs (possibly. 
planted specifically for this 
purpose, 56), and therefore 
overall availability is potentially 
greater (58); most likely to 
provide fuel, fodder and/or 
fungi. 
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Practice 

(planting non-
native species) 

Specific outcomes 

Biodiversity Water Soil NTFPs 

Manage for 
structural 
variation or 
diversity, e.g. 
Staged planting, 
limited thinning, 
adequate 
spacing, allowing 
understory 
development 

The structural complexity of 
these systems, which may in 
some cases be nearly as great as 
in native forest (82), may 
promote more use by native 
wildlife (58) including seed 
dispersers (108) that may 
facilitate colonisation by native 
tree species (28) (39). 

As for ‘mixed species’ ; forest 
structure can also influence 
water use (15). Management 
may generate ongoing episodes 
of substrate disturbance and 
sedimentation leading to 
adverse effects on water 
quality. Structural variation may 
enhance resilience, including to 
climate change (37, 87)  

As for ‘mixed species’, but may 
include ongoing episodes of 
substrate disturbance. 
Understory development 
reduces the risk of erosion (5, 
58, 81). Understory 
development may also enhance 
accumulation and cycling of 
organic matter and nutrients 
(39, 58)  

As for ‘mixed species and 
functional types’. Greater 
diversity of colonising native 
species also increases likely 
availability of a wider range of 
NTFPs. More frequent access by 
forest workers can increase 
hunting activity and decrease 
supply of bushmeat. Allowing 
understory development may 
add to NTFP availability (58, 59) 

Use of nurse 
crops and 
ground cover 
crops 

These systems may be more 
used by native wildlife, including 
seed dispersers, because of 
structural complexity (58, 108). 
Ground cover crops provide 
shelter for animals and 
potentially greater resources for 
native herbivores, but limit 
colonisation opportunities for 
native tree species (48). There is 
a reduced need for agrochemical 
inputs, so the adverse effects 
described above may be 
reduced. 

Effects on water supply as for 
mixed species, but water use 
may be greater because of more 
rapid development of leaf area. 
The need for agrochemical 
inputs will be reduced (42) and 
soil will be more protected (8, 
81), so effects on water quality 
will be less adverse or even 
positive. Development of root 
systems and soil organic matter 
should contribute to regulation 
function (16). 

Enhanced ground cover and 
litter layer protects soil from 
erosion (5, 8, 23, 29, 81) and 
enhances soil organic matter 
(24). Many nurse and ground 
crops are leguminous and 
enhance soil nitrogen (66, 126) 
and nurse trees provide locally 
enriched soil (80). Agrochemical 
inputs and related adverse 
effects are likely to be lower. 

As for ‘manage for structural 
variation or diversity’. 
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Practice 

(planting non-
native species) 

Specific outcomes 

Biodiversity Water Soil NTFPs 

Analogue species 
/ecological roles 

These systems may be more 
used by native wildlife, including 
seed dispersers, because of 
structural complexity (58) and 
specific inclusion of wildlife food 
plants (108) and other species 
providing nest space and shelter. 
This may facilitate colonisation 
by native tree species (108). By 
providing a greater resource for 
native frugivores and pollinators 
it may also increase biodiversity-
related services off site  

As for ‘mixed species’ with the 
potential for additional benefits 
through selecting species based 
on their water use or potential 
to contribute to 
phytoremediation and erosion 
control. Resilience effects also 
likely to be greater. 

As for ‘mixed species’. Analogue 
species may be selected with 
soil conservation in mind (36), 
including for decomposable 
litter and / or nitrogen fixation 
(28, 29, 58). Certain non-native 
species can be used for 
phytoremediation to restore 
soils negatively affected by 
agrochemicals or other toxins 
(28). 

Planted species themselves may 
be chosen to include some 
useful for NTFPs (56, 94), and 
greater diversity of colonising 
native species also increases the 
likely availability of a wider 
range of NTFPs.  

Location and 
design in relation 
to wider 
landscape 

Large patch sizes and adjacency to other forest areas may reduce edge effects on stature, wind damage and stratification, and fire (42, 59, 
90, 107, 108) as well as increase opportunities for colonisation by native species and promote understory development (58). Where 
reforestation occurs in an increasingly fragmented landscape, as in the sub-tropical forests of north-western Viet Nam (51), biodiversity 
may continue to decrease due to edge effects on birds and mammals. Patches of reforestation in a fragmented landscape can facilitate 
dispersal, migration and pollination (28) and help to conserve fauna by acting as ‘stepping stones’ and connecting populations between 
native forest patches (37, 87, 93). Proximity of plantations to native forest may also enhance risks of invasion (107), fire damage and other 
structural impacts, and adverse effects of pests in native forests (42). Plantations around remaining forest patches may act as buffer 
zones, helping to alleviate stresses caused by edge effects (90) and potentially diverting other pressures on forest biodiversity by meeting 
some needs for forest products 
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