
THE HCS APPROACH TOOLKIT
THE HIGH CARBON STOCK APPROACH: NO DEFORESTATION IN PRACTICE68

High Carbon Stock forest  
patch conservation:  
Background and principles

Chapter 5

By Grant Rosoman, Greenpeace

Acknowledgements: The author thanks Robert Ewers from Imperial College London, 
Neville Kemp from Ekologika, Rob McWilliam from TFT, Matthew Struebig from the 
University of Kent and Jaboury Ghazoul from ETH-Zurich, as well as colleagues from 
Golden Agri-Resources and Rainforest Alliance, for helpful comments on previous 
drafts of this chapter.

CHAPTER CONTENTS 

P69: Introduction: Integrating conservation science into HCS forest patch analysis

P70: The influence of fragmentation and edge effects on the core area of a forest patch

P71: The importance of forest patch size and shape

P72: Connectivity

P73: Developing indicators and thresholds for the HCS Patch Analysis Decision Tree

P75: Conclusions

Publication date March 2015

CHAPTER FIVE 
HIGH CARBON STOCK FOREST PATCH CONSERVATION:  
BACKGROUND AND PRINCIPLES



THE HCS APPROACH TOOLKIT
THE HIGH CARBON STOCK APPROACH: NO DEFORESTATION IN PRACTICE69

Version 1.0, March 2015

CHAPTER FIVE 
HIGH CARBON STOCK FOREST PATCH CONSERVATION:  
BACKGROUND AND PRINCIPLES

Introduction: Integrating conservation 
science into HCS forest patch analysis

Most plantation development in the tropics occurs in forest landscapes 
that include a mixture of forested, degraded and open areas, as well as 
other ecosystem types such as wetlands. The image analysis and field 
plots undertaken in the first vegetation stratification phase of a HCS 
assessment therefore generally result in identifying patches of HCS 
forest areas varying in size, shape and quality. 

The overarching goal for protecting HCS forest areas (in addition 
to integration with HCV areas, peatlands and areas important to 
communities) is to conserve ecologically viable forest areas within  
the production landscape that have the support of local communities 
as well as legal protection1. This meant the HCS Approach developers  
had to determine a way to judge the value and viability of these 
patches of HCS forest given that from a practical point of view not every 
small patch of forest can be conserved in the medium to long-term.  
At the same time, they had to recognise that even small forest patches 
can provide important habitat or connectivity to habitat as well  
as carbon storage, especially in landscapes with low forest cover.

As this is a science-based methodology, the HCS Approach stakeholders 
turned to conservation science research to inform the development of 
indicators of forest patch quality. Over the last 30 years there has been 
a relatively large amount of research into forest fragmentation and 
patches, particularly in relation to impacts on species and habitat2. In 
what is probably the longest-running fragmentation investigation in  
the Amazon, it was discovered that in heavily fragmented landscapes, 
protecting the remaining forest remnants is highly desirable as they  
are likely to be key sources for plant and animal reproduction as well as 
‘stepping stones’ for animals to move through the landscape (Laurance 
et al., 2011). Unfortunately, on a global scale this research is far from 
conclusive, particularly in light of the huge diversity of the planet’s 
tropical forests, and there are many confounding factors that can  
mask many fragmentation effects (Ewers and Didham, 2006) and  
that are mediated by the surrounding landscape matrix (Laurance 
and Vasconcelos, 2004). It remains difficult to gauge the full impact  
of fragmentation on populations (Ewers et al., 2010).  

It is therefore not yet possible to give absolute guidance on key 
fragmentation and forest patch factors, such as the minimum threshold 
for patch size, edge effects, connectivity, shape and configuration that 
will ensure the long-term viability of the forest. However, one can 
derive general principles about the importance of particular patches  
in a given landscape. This chapter provides an overview of conservation 
science considerations used to derive the principles and the attributes 
to be analysed in the HCS process to determine the importance of 
conserving individual HCS forest patches in the landscape along with 
HCV, peatland, riparian zones and other areas for protection. Although 
they are not explored here, it should also be noted that there are 
a large number of GIS tools that have been developed to analyse forest 
patches3.

“The overarching goal for protecting HCS 
forest areas... is to conserve ecologically 
viable forest areas within the production 
landscape that have the support of local 
communities as well as legal protection”

1.  See various ‘No Deforestation’ or ‘Deforestation Free’ 
policy commitments, for instance Golden Agri- 
Resources: “Ultimately, the conserved HCS forest  
area can revert to its natural ecological function  
as a forest.” In Golden Agri-Resources (2012).  
“High Carbon Stock Forest Study Report”, page 3

2.  E.g. Laurance and Bierregaard (1997); Ewers and 
Didham (2006); Laurence et al. (2011) and Fahrig 
(2003)

3.  For instance Fragstats, available at: http://www.
umass.edu/landeco/research/fragstats/fragstats.html

All photos: Courtesy TFT ©
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The influence of fragmentation and edge 
effects on the core area of a forest patch

“Forest edges are drier than forest 
interiors due to a variety of factors, 
including local atmospheric conditions. 
Even narrow clearings can be harmful”
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A patchwork of forested areas differs markedly 
from contiguous forest in both composition and 
ecology (Noss and Cooperrider, 1994; Laurance 
and Bierregard, 1997). Fragmentation leads to 
genetic isolation of plants and animal species, 
reducing genetic biodiversity of species. 
Ultimately, loss or restriction of a required habitat 
for a species can eventually lead to its local 
extinction.  If this species is a ‘keystone species’ in 
ecological terms (for instance if it performs a key 
link in the food web or as a seed dispersal agent), 
then its extinction may cause a cascade of linked 
extinctions, altering the food web (Myers, 1993).

Another important consequence of forest fragmentation is the increase 
in forest edges. Along these edges are strong microclimatic gradients 
leading to ‘edge effects’. These are very diverse but include light, 
temperature, soil moisture content and wind turbulence, which impact 
the ecology of the fragmented forests (Thies et al., 2011). Forest edges 
are drier than forest interiors due to a variety of factors, including 
local atmospheric conditions that draw moisture away from forests. 
Even narrow clearings can be harmful (Laurence et al., 2011). 

There are many biological impacts of edge effects, including:

•  reduced species diversity, especially those of conservation 
importance (Fitzherbert et al. 2008);

•  increased tree mortality, especially of large trees (Laurance et al. 2000);

•  increasing microclimates along edges which are hostile to 
regeneration, impairing seed germination in rainforest fragments 
(Bruna, 1999);

•  changes in forest structure, leaf fall and turnover in the plant 
community; and

•  abrupt shifts in the composition of trees and other plants.

As noted by Laurance et al. (2011):

“Edge phenomena are remarkably diverse. They include increased 
desiccation stress, wind shear, and wind turbulence that sharply 
elevate rates of tree mortality and damage. These in turn cause 
wide-ranging alterations in the community composition of trees and 
lianas. Such stresses may also reduce germination and establishment 
of shade-tolerant plant species in fragments, leading to dramatic 
changes in the composition and abundance of tree seedlings.” 

Figure 1 (left) shows the impacts that can be observed far into 
patches of Amazonian forest from their edges, with increased wind 
disturbance noted as far as 350m in from the edge. For a 
comprehensive literature review of fragmentation impacts on 
ecosystem processes, see Ellis-Cockcroft and Cotter (2014).

FIGURE 1:  RESULTS FROM A 22-YEAR INVESTIGATION INTO THE IMPACTS 
OF FRAGMENTATION ON THE AMAZON RAINFOREST AND BIOTA 
SHOWING THE PENETRATION DISTANCES OF DIFFERENT EDGE 
EFFECTS (FROM LAURANCE ET AL., 2002)

Increased wind disturbance 

Elevated tree mortality

Invasion of disturbance-adapted butterflies

Altered species composition of leaf-litter ants

Invasion of disturbance-adapted beetles

Alt. species comp.of leaf-litter invertebrates

 Altered abundance and diversity of leaf-litter invertebrates

 Altered height of greatest foliage density

 Lowered relative humidity

 Faster recruitment of disturbance-adapted tress

 Reduced canopy height

 Reduced soil moisture

 Lower canopy foliage-density

 Increased air temperatures

 Increased temperature and vapour pressure deficit

 Reduced understory-bird abundance

 Elevated litterfall

 Increased photosynthetically active radiation in understory

 Lower relative humidity

 Increased number of treefall gaps

 Higher understory-foliage density

 Increased seedling growth

 Invasion of disturbance-adapted plants

 Lower leaf relative-water contents

 Lower-moisture content

 Invasion of disturbance-adapted plants

 Reduced density of fungal fruiting bodies

0 100 200 300 400



THE HCS APPROACH TOOLKIT
THE HIGH CARBON STOCK APPROACH: NO DEFORESTATION IN PRACTICE71

Version 1.0, March 2015

CHAPTER FIVE 
HIGH CARBON STOCK FOREST PATCH CONSERVATION:  
BACKGROUND AND PRINCIPLES

32

68

EDGE

CORE AREA

73

98

2

EDGE

CORE AREA

EDGE

27
CORE AREA

“The shape of each patch also influences 
the edge effects, with the severity of edge 
effects increasing with proximity to two  
or more edges”

The importance of forest patch  
size and shape

4.  E.g. various references cited in Ewers and Didham, 2006.

FIGURE 2:  THE INFLUENCE OF SHAPE ON THE PROPORTION OF EDGE OF A PATCH  
(ADAPTED FROM GOVERNMENT OF MALAYSIA, 2009)

One important aspect of forest edge effects is 
that they increase dramatically with the degree 
of fragmentation. This is especially relevant in 
the case of patches of forest surrounded by 
degraded land – a typical scenario for many of 
the agricultural concessions for which the HCS 
Approach has been designed. As fragmentation 
increases, the percentage of the remaining total 
area of forest affected by fragmentation also 
increases because of the greater proportion of 
edges in each patch. 

Given the general degraded nature of the forest in many concessions, 
mainly due to past logging, road construction and shifting cultivation, 
there are forest patches of varying size and degree of isolation, many 
with a high proportion of edges in relation to overall size. To minimise 
‘edge effects’ on fragmented forest patches the primary factor is size  
of the patch. It is well documented that larger areas provide better 
habitat, forest carbon protection and longer-term viability than smaller 
or more fragmented areas. This is mostly due to reduced edge effects 
and a larger, relatively unaffected core area (Laurance et al., 2011; 
Ewers and Didham, 2006; Laurance and Yensen, 1991). This means 
the core area size, or the interior of a patch that is relatively unaffected 
by the edges, will be a key factor for analysing the importance of 
each individual patch in achieving forest conservation.

The shape of each patch also influences the edge effects, with the 
severity of edge effects increasing with proximity to two or more edges 
(Laurance et al., 2011). Shape complexity also has a major impact, with 
more compact shape patches being better than irregular or convoluted 
shapes as there is less colonisation and disruption to habitat and 
species distribution patterns4. Figure 2 shows how the core area 
(>100m from the patch edge) is affected by the shape of the patch: 
each patch has a total area of 100 ha, but the size of the core varies 
greatly depending on the shape. Using core area as a primary analysis 
factor would mean that forest patches with a more regular and less 
convoluted shape would be prioritised.
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Connectivity

FIGURE 3. CORRIDORS AND STEPPING STONES (ADAPTED FROM GOVERNMENT OF MALAYSIA, 2009)

Physical connectivity was chosen as the second 
primary factor for assessing the importance of 
individual patches. This is because corridors, 
linkages and ‘stepping stone’ areas are critical 
to allow the movement of flora and fauna 
through the landscape and facilitate seed 
dispersal, breeding, and predator/prey interaction, 
as well as to secure habitat for resident species 
(Laurance, 2004). Key corridor features that 
facilitate faunal movements and plant dispersal 
include habitat quality, corridor width, corridor 
length, and the degree of canopy and corridor 
continuity (Laurance, 2004). Even where there  
is no intact corridor, if species are able to move 
through a plantation, forest fragments can act  
as ‘stepping stones’ for dispersal and can be 
even more beneficial than habitat corridors 
(Falcy and Estades, 2007).

In considering connectivity, it is important to evaluate and consider 
many patches at the same time as well as links to the broader 
landscape to ensure decisions are not made about patches 
individually or in isolation from other patches or clusters of 
patches. While the focus of the HCS Approach is on conserving 
remaining forests, eventually reconnecting any isolated fragments 
through forest restoration will be an effective way of creating areas 
large enough to slow the rate of species extinction5.

Corridors and stepping stones
A biodiversity or wildlife corridor is an area of 
habitat connecting wildlife populations which 
are separated by human activity such as 
agricultural development or settlements. 
Corridors allow an exchange of individuals 
between otherwise isolated populations, 
reducing the likelihood of inbreeding and 
promoting genetic diversity and therefore 
species resilience. They also facilitate migration 
by allowing wildlife to avoid the risk of having  
to move across roads or through settlements  
or farms.

Patches of habitat which are close enough 
together that wildlife can use them to move 
through a landscape are called ‘stepping stones’ 
and perform similar ecological functions as 
fully-connected corridors. Depending on the size 
of the corridor or stepping stone, it might even 
provide habitat for key species and not just be a 
transit path.

The diagram below illustrates the functionality  
of corridors and stepping stones in a fragmented 
forest landscape.

5.  Various references cited in Laurance, 2011. See also Bentrup, G. (2008),  
The Woodland Trust (2000), Peres (2001), and Wearn et al. (2013)
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Developing indicators and thresholds 
for the HCS Patch Analysis Decision Tree

Taking into account the conservation 
considerations outlined in this chapter, generic 
thresholds for patch size, quality and connectivity 
can be developed to create a practical tool  
to decide on the importance of each patch in  
actual concessions. The HCS process uses these 
thresholds in a simple Decision Tree (described in 
Chapter Six) to assess the value of each HCS patch, 
based on its value within the concession and the 
wider landscape.

Defining core area and prioritising HCS patches based on size
First, the HCS Decision Tree assigns priority to each patch as High, 
Medium, or Low, based on its core area. To determine the core  
area of each patch, a ‘negative buffer’ is used to exclude the most 
edge-affected area of the patch. Edge effects occur over scales of 
approximately 10 metres up to one kilometre from the edge and vary 
greatly (see above), so setting an appropriate threshold is not simple. 
However, for the Decision Tree and practical application, the threshold 
needs to be a simple round number, so 50 metres, 100 metres or 
200 metres could be chosen. Based on the range of distances for 
different edge effects, mainly from the Brazilian Amazonia (Broadbent 
et al., 2008; Laurance, 2011; Ries et al., 2004), an edge effect distance 
and ‘negative buffer’ of 100m was adopted. 

Once the core area has been determined, the priority of the patch can 
be assigned. Again, because the HCS Approach is designed for use in 
highly diverse forest landscapes, generic and round-number values 
need to be used even while noting that minimum habitat size varies 
considerably with type of species, species’ needs, habitat quality, and 
the surrounding landscape matrix. Minimum habitat sizes can be as 
little as one ha for some vertebrates and plants, or for large far-ranging 
predators up to thousands of square kilometers in size are needed to 
ensure long-term survival (Bryant et al., 1997).

There is limited research on different core areas, but some research 
on total patch size. One study found that for Amazon forest fragments 
smaller than 25 ha (including edges) it is likely that there would be only 
very few species persisting 6. Bierregaard and Dale (2006) suggested 
that in the Amazon, “the absolute minimum forest patch size that could 
be considered viable for a substantial percentage of the species …  
is 100 ha”. A meta-analysis of 53 studies concerning the speed that 
species become extinct in forest fragments found a strong extinction 
rate for patches up to 60 ha in size (Wearn et al., 2013). Additionally, a 
compilation by different species groups indicated a rough average 
minimum patch area of 10 ha as necessary to preserve species 
(Bentrup, 2008).

Given the lack of conclusive evidence on minimum patch size and the 
variability of forest types in which the HCS Approach will be used, a 
precautionary approach was taken in defining the minimum forest 
patch core area. While any forest patches with a ‘core’ have value, a 10 
ha minimum core area (corresponding to roughly 25 ha of well- 
rounded patch including edges) was chosen for medium and high 
prioritisation for conservation as it was a mid-range but reasonably 
precautionary value for a range of different species, and was a size that 
has some support from research. This means that any patch with a core 
area of less than 10 ha is considered Low Priority, while recognising that 
even small and degraded fragments can hold considerable biodiversity 
value, especially in low forest cover landscapes, and can complement 
and enhance the habitat for species in larger reserves (Fitzherbert et al., 
2008). The threshold for High Priority patches is defined as any patch 
with a core area greater than 100 ha, and patches with a core area 
between 10 and 100 ha are considered Medium Priority.

“Minimum habitat sizes can be as little as 
one ha for some vertebrates and plants, 
or for large far-ranging predators up to 
thousands of square kilometers in size 
are needed”

6.  Based on extinctions of 46 species of vertebrates, Peres et al. (2001)

Above: Courtesy G. Rosoman, Greenpeace ©  
Below: Courtesy Corozal Sustainable Future Initiative, Belize ©
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Connectivity
To assess connectivity of HCS forest patches, a simple proximity to or 
distance between patches of 200m (corresponding to a 100m positive 
buffer around patches) was used, based on research in the Amazon 
indicating that dispersal rates dropped right off after a distance of 
200m from the forest edge (Laurance, et al. 2006). Thus if the distance 
was less than 200m (measured edge-to-edge) it was assumed that  
the patches were close enough to be considered connected. If the 
configuration was conducive, it was also considered as a cluster of 
patches that could provide stepping-stones to larger patches. For 
instance, animals might move through a plantation if they can see  
a patch of natural forest up to 200m away. The threshold used to 
determine connectivity of a patch to an HCV area, for instance a 
riparian zone or protected area, is also 200m.

Defining High and Low Forest Cover Landscapes
Forest cover varies considerably across the landscapes in which the 
HCS Approach will be applied. It is important to take landscape-level 
forest cover into account because it will have an impact on the level 
of importance placed on small forest fragments. Research on 
landscape-level impacts of deforestation in the Amazon suggests that 
once approximately 20% of the forest cover has been removed i.e. less 
than 80% forest cover remains, the mean patch size rapidly reduces 
and the patches are more isolated (Oliveira de Filho and Metzger, 
2006). Once total habitat drops below 30%, habitat fragmentation 
(patch size and isolation) begins to outweigh the direct effects of 
habitat loss (Andren, 1994). In other words, 70% of the habitat has 
been lost, but effectively much more has been lost because the quality 
of the remaining forest is much lower due to the exponential impacts 
of forest fragmentation. 

Based on preliminary review of the research defining landscape scale 
it is proposed that either using a fixed area or a radius approach is 
acceptable. For categorising forest cover it is proposed that up to 80% 
forest cover in a landscape would be considered high forest cover and 
less than 30% would be considered low forest cover.

A landscape is defined here as “A geographical mosaic composed 
of interacting ecosystems resulting from the influence of geological, 
topographical, soil, climatic, biotic and human interactions in a given 
area,” based on the IUCN’s definition7. Published definitions of what 
is a ‘landscape’ vary from less than one hectare through to more 
than 200,000 ha (Ahmed, 2009). However, generally it is considered a 
larger scale land unit 8. One option for determining the size of a 
landscape could be to simply take a unit size that encompasses the 
plantation concession and a buffer of the surrounding area e.g. 50,000 
or 100,000 hectares. Alternatively, a simple and practical way to define 
landscape could be to use a radius from the area of interest (for 
instance a concession to be developed) based on maximum key 
dispersal distances. For example, Amazon forest birds were found 
to rarely disperse beyond distances of approximately five kilometres 
(Van Houtan et al., 2007).

“It is important to take landscape-level 
forest cover into account because it will 
have an impact on the level of importance 
placed on small forest fragments”

7.  http://cmsdata.iucn.org/downloads/en_iucn__glossary_definitions.pdf  
8.  e.g. TELSA: A strategic planning tool for ecosystem management uses 10,000 to 200,000 ha. Available at: 

http://proceedings.esri.com/library/userconf/proc00/professional/papers/PAP329/p329.htm
Above: Courtesy G. Rosoman, Greenpeace ©

Other considerations
A number of other patch physical factors as outlined in Noss (1999) 
were considered such as patch density, length of patch edge, and 
patch shape indices, but for efficiency and practicality the two critical 
patch factors of core size and connectivity were selected. Additional 
qualitative factors were also considered, including habitat quality, 
levels of biodiversity including rare and threatened species present, 
representativeness and naturalness (Ross and Cooperrider, 1994). 
However, because many of these factors are already considered in 
High Conservation Value (HCV) assessments, and because of the 
high cost of assessing some of them for questionable additional 
value, the approach was taken to assess patch quality only for the 
final short-list of some smaller, low/ medium priority and high-risk 
patches before they would normally be shortlisted for conversion  
to plantations. The Decision Tree requires a Rapid Biodiversity 
Assessment (RBA) of those patches, which allows for a precautionary 
check of biodiversity, as well as consideration of habitat quality and 
representativeness. The RBA step and methodology are described in 
the following chapter.
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Conclusions

“Additional research is needed to  
confirm the assumption that patches 
with larger core sizes are a proxy  
for higher biodiversity values”

While necessarily broad in order to be applicable 
to a wide range of tropical moist forest types, the 
considerations outlined in this chapter provide 
the preliminary conservation science basis for the 
analysis of the forest patches resulting from Phase 
One of the HCS Assessment in order to achieve a 
proposed conservation and land use plan. These 
conservation science considerations have been 
incorporated into a Decision Tree for deciding 
on the need to conserve individual patches. This 
represents the second phase in the HCS Approach, 
which is outlined in the next chapter. 

Finally, it should be noted that many generalisations and 
approximations have been made in order to create a practical tool for 
identifying potentially viable forest patches that can be implemented 
immediately in concessions throughout the tropical world. The science 
behind many of the parameters and thresholds is not robust enough 
and requires further testing and trialling to ensure the best approach  
is being used to the achieve the goal. Additional research is needed to 
confirm the assumption that patches with larger core sizes are a proxy 
for higher biodiversity values. Furthermore, it is likely that additional 
elements may need to be incorporated. The Scientific Advisory 
Committee of the HCS Approach Steering Group will advise on  
the refinement of these parameters and thresholds for different 
forest ecosystems of interest, and the Steering Group welcomes 
advice and input from any conservation science experts to update 
the methodology.

All photos:  
Courtesy Corozal Sustainable Future Initiative, Belize ©


