Habitat networks: from principles to best
practice

Guidance on the interpretation and
use of habitat network models
Summary
This document aims to guide understanding of the principles underpinning habitat network models and best
practice associated with use and interpretation. It is targeted at land managers, policy makers and practitioners;
anyone involved in advising on or considering implementing habitat networks. In order to maximise the utility of
habitat network models, it is essential to ensure that those involved in decision making or practical application
understand the principles, processes and limitations of habitat network modelling as a tool for promoting the
conservation of biodiversity.

Introducing habitat networks
Across the world, protected areas of one type or another form the basis of conservation efforts. Management
of protected areas has commonly focused on individual sites, attempting to maintain or improve local habitat
quality and area, and thus population sizes of species of particular concern.
Recent evaluations, such as the Millennium Ecosystem Assessment, have highlighted habitat change and
fragmentation as key drivers of biodiversity loss. There is an increasing understanding of the potential
importance of considering movements of individuals between fragmented patches of habitat across the
landscape in promoting long-term survival and conservation of many species.
Climate change is also resulting in shifts in species distributions; increasing the ease with which species are able
to move through the landscape may make them better able to respond to further changes.
Individual protected areas may not be sufficient to combat these processes. In addition to effective
management of local sites, considering the broader landscape context in which the sites exist is seen as
increasingly key to conservation efforts. There is now a move towards developing networks of protected
habitats for more effective conservation, although habitat networks will not be an appropriate tool for all
species; highly mobile or highly sedentary species are likely to require alternative strategies.
Habitat network modelling is a potentially powerful tool for assessing landscape potential for biodiversity
conservation and evaluating scenarios of landscape change. Care is however required in using habitat network
models and interpreting their outputs. This document aims to guide understanding of the principles
underpinning habitat network models and promote best practice in use and interpretation.

Assessing habitats as networks
The extent to which individual patches of habitat are ‘connected’ in a larger network can be assessed in
different ways.
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Structural connectivity emphasises actual
physical connections between habitat patches
(shown in blue). If patches are not physically
linked, then they are not considered to be
connected

Functional connectivity considers the extent to
which the land between habitat patches allows or
restricts movement. This is commonly termed
landscape ‘permeability’. A highly permeable landuse is easier for a species to cross than a less
permeable one.
If the land-use between patches allows individuals
to travel over the distance between them then they
are considered to be functionally connected.

Methods for assessing habitat networks

For example, if a species is capable of dispersing a maximum
of 16 distance units through a landscape with a cost per unit
travel of 1, then in a landscape with a cost per unit travel of 4
it will only be able to travel 16/4 = 4 units. This is known as
the cost-distance (see example on right)

COST OF MOVEMENT

Least-cost models: these use information on landscape
permeability to determine the ‘cost’ to an organism of
travelling along a given path through the landscape. Higher
cost land-uses (lower permeability) reduce the overall
distance that can be travelled.
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Almost all methods of assessing habitat networks consider functional connectivity, but they do so in a variety of
ways. Different models share some common parameters (definition of habitat patches, estimate of dispersal
distances, landscape permeability modifying dispersal), but networks defined by the different models will vary in
their characteristics. Most UK habitat networks are currently based on least-cost models, so these will form the
focus of guidance, but many other alternatives exist, and will give different resultant networks

HIGH COST PATH (TOTAL COST = 16)
LOW DISTANCE MOVED

This example shows two
alternative paths through
a landscape. They have
the same total cost, but
the distance travelled is
very different due to the
differing cost of the landuses travelled through.

Least-cost habitat networks are defined by areas where landuse permeability allows movement between patches of
habitat i.e. the total cost-distance to travel between patches
is less than the maximum distance that a species can travel.
LOW COST PATH (TOTAL COST = 16)
HIGH DISTANCE MOVED

Data requirements for habitat networks
Habitat network models are derived from sound ecological principles, but the empirical data required only exists
for very few species. All habitat network modelling methods are sensitive to the data which is used to derive
outputs.
The data requirements, implications of shortcomings and relative extent of the evidence base are explored
below for the different data necessary to derive a habitat network.
Data requirements

Implications of uncertainty

Land-use information

Land-use information

Required to define habitat patches
and assess effects of landscape on
connectivity. Data is increasingly
available, but variable in quality and
resolution.

Range of land-use types included
and resolution affects the
configuration and precision of
networks produced.
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Extent of information
(more bars = more information)

Habitat preferences
Needed to define what constitutes a
habitat patch. Often based on a
subset of land-use data (see above).
Can also include minimum area
requirements.

Inclusion of areas which do not
function as habitat will tend to
overestimate habitat area and
thus the extent of habitat
networks.

Inclusion of low permeability land-uses
such as roads is particularly important.
Relatively low resolution of most data
makes broad-scale analysis most
robust.

The level of habitat specialisation
varies between species. The most
robust networks are likely to be those
derived for generalist species.
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Land-use information

Over- or under-estimation of
dispersal distances will affect the
extent to which patches are seen
to be functionally connected and
the size of the habitat network.
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Landscape permeability
Needed to estimate effects of landuse on dispersal via cost-distance.
Empirical data almost non-existent.

Habitat preferences

Dispersal distances

Dispersal distances
Defines maximum distance between
patches to establish connectivity.
Very limited quantitative information
for most species
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What do we know?

Species with moderate to high
dispersal abilities are likely to benefit
most from habitat network
approaches. Sedentary species may
be best served by alternative
approaches.
Data is increasingly available

Affects cost-distance estimates, so
strongly modifies the extent of
connectivity between patches

Relative extent of different networks
appears to be robust, providing rank
order of permeability values is correct.

Data deficiencies: How best to proceed?
In the absence of adequate data for all but the best studied species, pragmatic approaches have to be utilised
in order to proceed with habitat network modelling. These have implications for the interpretation of the
resultant networks.
Use of expert opinion
Where empirical or literature data for habitat network modelling is lacking, expert opinion is widely used. It is
recommended that expert opinion is incorporated into network analyses through a Delphi process (Box 1).
Box 1: The Delphi process in a nutshell
A panel of experts (ideally at least 10) provide estimates of parameters (e.g. dispersal distances), along with their reasoning.
Smaller numbers of experts are acceptable, but may underestimate uncertainty in parameters.
Responses are summarised anonymously by a facilitator and returned to the experts.
The experts are asked to consider their initial estimates in the light of the other responses and resubmit new estimates.
The process is repeated two or three times until the responses converge to a common answer, or a range deemed
sufficiently narrow to proceed.

The normal aim of a Delphi process is to reach a reasoned consensus, but given the potential uncertainty
inherent in parameters derived in this manner, the range of values which are submitted may be more valid
for use as parameters, allowing a range of scenarios to be derived which can then be evaluated (see Multiple
maps section, overleaf).

Data deficiencies: How best to proceed?
Focal Species: Real or Generic?
In habitat network modelling, a focal species is one which forms the basis of the parameters used to derive a
network. Information gained from literature or expert opinion can be used to define the requirements of the
species and derive a network specific to this species. Examples of focal species data are given below. For
sources of information see Further reading at the end.
Species

Habitat preferences

Dispersal
distance

Indicative landscape permeability

Capercaillie (Tetrao
urogallus)

Open coniferous forests, also needs
heath/grassland for lekking

1-40km

Able to travel through most landtypes, with exception of urban

Small pearl-bordered
fritillary (Boloria selene)

Marshy grassland and woodland
rides, marsh violets (Viola palustris)
essential food plant

0.8-3.4km

Open ground and young
plantation permeable, older
plantation low permeability

Song thrush (Turdus
philomelos)

Woodland, scrub and grazed pasture

5km

Improved grassland highly
permeable, urban and aquatic
habitats low permeability

Rather than base networks on actual species, so-called Generic Focal Species or GFS are commonly used within
habitat network modelling. This overcomes the problems of lack of data, and is also more relevant to situations
where multiple species are the targets for conservation.
GFS profiles are drawn from expert opinion to represent a range of species within a particular habitat, for
example species with intermediate dispersal of broad-leafed woodland. Examples of GFS profiles used in
previous habitat network analyses are shown below.
Species

Habitat preferences

Dispersal distance

Indicative landscape permeability

Broad-leafed
woodland specialist

Broad-leafed
woodland

1km

Other woodland types permeable, but other
land-uses generally low permeability

Grassland generalist

Natural grassland of
any kind

0.5-2km

Urban areas and water low permeability,
plantation forestry, improved pasture medium
permeability, open woodland and improved
grassland highly permeable

Multiple maps
Whether habitat network modelling is based on real or generic focal species, there is real uncertainty in most
parameters and a series of maps should be produced to indicate the sensitivity of network configuration to
parameter uncertainty (Box 2).
Where there is little variation between the networks produced by different parameter combinations we should
have greater confidence that the networks are robust.
Box 2: Example of variation between networks based on different parameter ranges
Little variation:
network robust

Similarities between the location and size of networks derived from
different parameter combinations give some indication of how
confident we should be in the mapped networks despite inherent
uncertainties in the data.

Greater variation:
lower confidence
Habitat

Minimum network

Habitat networks derived for a broad-leaved woodland specialist
species. Permeability values were obtained from a Delphi analysis
(reference 1). Networks illustrated are for 2km dispersal and maximum
permeability and 500m dispersal and minimum permeability,
representing two extremes of a range of possibilities.

Maximum network

How can we use habitat network models?
The following section is aimed to give an overview of some common questions that have and may be addressed
using habitat network models, the extent to which we can be confident in the output produced in different
circumstances and any specific issues that should be considered. It is not intended to be exhaustive, rather as an
indicative list which can be used to guide potential users.
What is the question to be
addressed?

General confidence in outputs
(based on currently available
data)

What should you particularly consider?

What is the current habitat
network for a particular
species?

Low

Do the biological traits of the species under
consideration make it likely to benefit from habitat
networks?
Data required is very limited for most species.
Consider undertaking detailed research on focal
species to establish appropriate parameters.

Which types of species have
the most extensive intact
networks?

Medium

Use a range of GFS profiles to capture uncertainty in
values.
Broad-scale analyses are likely to be most robust.

Where should I prioritise land
management to improve
networks?

Medium

Boundaries of networks are intrinsically ‘fuzzy’ and
land management outside the network boundaries
will not necessarily produce lesser returns.
Use a range of values in network analyses to assess
uncertainty of locations.

Where is there overlap
between habitat networks
for different species?

Medium

Areas of overlap will depend on parameters used so
use a range of GFS profiles.
Overlapping parts of networks are unlikely to form
suitable habitat for different species considered, so
conservation of these areas may not give best return.

What is the effect of
alternative land-use changes
on habitat networks?

High

Outputs can be used as one criterion for ranking and
assessment of alternatives (see Box 3 for an
example).
GFS profiles should be closely aligned to species
considered for maximum benefit.

Box 3: Example of use of habitat networks in land-use change scenario planning
Moseley et al. (reference 2) developed habitat networks for a different GFS profiles in the Falkirk area as part of Scotland-wide
analyses. Here the woodland generalist GFS profile is used to illustrate two alternative scenarios of land management on
network configuration for land to the NW of Larbert a) existing habitat network, b) increasing the size of existing woodland
areas by 20% and c) deintensification of the same area of arable land, making intervening land more permeable.

a

b

Existing habitat network

Network from increasing woodland area

c

Network from deintensification of arable land

Summary of key points and recommendations
•

Habitat network models are a potentially powerful tool for contributing to the
conservation of biodiversity, but not all species are equally suited to the modelling
process

•

Least-cost habitat network models are currently the most widely used method, but
a rapidly increasing range of habitat network models are becoming available which
will give different outputs

•

All habitat network models require data on land-use, habitat preferences, dispersal
distances and landscape permeability

•

Most of these data are not available for the vast majority of species, leading to the
need to use Generic Focal Species to capture broad groups of similar species

•

Expert opinion is frequently used to provide estimates of required data, and this
should be obtained through a Delphi process wherever possible

•

Outputs from habitat network models should reflect the inherent uncertainty in
parameters by representing a range of possible networks based on maximum and
minimum input values

•

The results of a habitat network modelling exercise should not be used as the sole
basis for land-use planning decisions; they show indicative areas rather than
definite boundaries
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