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Abstract: Awareness of the adverse ecological effects of road and other large construction projects has resulted in a rapidly growing
demand to quantitatively predict and evaluate the effects on gene flow among plants and animals in natural habitats. In this study, we
evaluated the effects of different road construction scenarios on animal species movement by using the methods of ecological landscape
connectivity in the typical regions of Yunnan Province, China. The results showed landscape connectivity levels (Probability of Con-
nectivity (PC)) decreased after road construction and species with lower dispersal abilities were more affected to the subsequent habitat
fragmentation. First level roads affected landscape connectivity most significantly. At a distance of 100 m, the PC index decreased more
than 50%. Further analysis suggested that the use of landscape connectivity to assess landscape processes revealed the adverse effects on
the species movement more effectively compared with the traditional landscape pattern analysis. In addition, we conducted a graph the-
ory and a least-cost modeling discussion, it is obvious that they are powerful tools to represent and analyze landscape networks with
respect to related species movement. Network analysis offers a quantitative and simple but effective tool for ecological process assess-
ment and biological conservation on large scales.
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1 Introduction

In China, the reduction and fragmentation of natural and
semi-natural habitats resulted from agricultural intensi-
fication, infrastructure construction, and urbanization,
are primary reasons for the current biodiversity crisis
(Foley et al., 2005). During the past several decades,
China has accomplished many key transportation pro-
jects, including large-scale construction of high-speed
highway and high-speed railway systems (Liu et al.,
2008). By 2025, it is estimated that an additional 20 000
km expressway will be completed to reach a total length
of 85 000 km (Li et al., 2010). The interactions between
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these projects and regional ecosystems are of particular
concerns to government, researchers, and the public
(Chen et al., 2007).

On large scales, the expansion and extension of road
networks causes many ecological effects (Li et al,
2010). For example, road development is a primary
cause of habitat fragmentation and may result in sudden
extinctions of native species. In addition, roads alter
landscape structure and function and provide easy ac-
cess for humans. The ecological results of road con-
struction exist primarily in the change and succession of
landscape elements in the road effect zone (Liu et al.,
2008). In the United States, a study has shown that roads
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and the areas adjacent to their construction zones cover
15%-20% of the total land area (Forman, 1998). Influ-
ences of roads on ecological processes can be direct and
indirect, and they vary widely from plant community to
landscape levels (Hawbaker et al., 2005). In general, the
indirect ecological effects of road construction and
maintenance are difficult to predict and assess. There-
fore, most of current studies have focused on the poten-
tial and cumulative effects of roads on ecosystems at the
landscape scale.

Assessing ecological effects of road construction on
large scales is critical for biodiversity conservation, wa-
tershed management and regional planning. However,
approaches to quantify ecological effects on these scales
are still in dispute among researchers, due to the com-
plicated ecological processes associated with these pro-
jects, especially in gene flow within and across land-
scapes (Gurrutxaga et al., 2010). Currently, several
comprehensive concepts were proposed to assess eco-
logical quality, including ecological integrity (Reza and
Abdullah, 2011), risk (Liu et al., 2008), security (Chen
et al., 2007), and footprint (Yue ef al., 2006) on regional
scales. On even larger scales, landscape metrics have
been used to study landscape pattern changes and frag-
mentation caused by roads, urban construction, and
other human activities (Liu et al., 2008; Li et al., 2010).
To assess the ecological effects of major engineering
constructions, most studies have relied on an integral
assessment of changes of landscape patterns. While
landscape patterns and dynamics are direct effects and
may be quantified by various landscape metrics (Liu et
al., 2008; McGarigal et al., 2012), little attention has
been paid to specific indirect effects on ecological proc-
esses, including animal movement and gene migration.

In terrestrial systems, the changes in biotic processes
due to fragmentation may be accompanied by decreases
in landscape connectivity (With and Crist, 1995), which
is the degree that the landscape facilitates or impedes
movement among resource patches, and it reflects a ba-
sic form of interactions between species and their envi-
ronments (Taylor et al., 1993; Saura and Pascual-Hortal,
2007). Landscape connectivity plays a major role in the
maintenance of plant and animal populations, gene flow,
and many other landscape functions (Saura and Pas-
cual-Hortal, 2007), which are considered key issues for
biodiversity conservation and for the maintenance of
natural ecosystem stability and integrity (Crist et al.,

2005). On the landscape scale, connectivity is closely
tied to landscape networks. Today, landscape connectivity
has attracted considerable attention as natural habitats
are lost and fragmented due to urban expansion, trans-
port development and intensive agriculture (Baudry et
al., 2003; Frair et al., 2008; Foltéte and Giraudoux, 2012).

Modeling landscape connectivity is currently an im-
portant issue for ecologists (Foltéte et al., 2012). In this
paper, a landscape network approach was used to assess
the impact of major road projects on landscape proc-
esses in biological conservation. The justifications,
concepts, methods and procedures related to this ap-
proach were discussed. Despite the fact that this new
approach is not easy to implement, we believe that it is
able to afford researchers detailed information for re-
considering the importance of combining landscape
patterns and processes during environmental impact
assessments. Specifically, we first introduced the justi-
fication of landscape processes for Environmental Im-
pact Assessments (EIAs) of road projects. Next, the
methods and a case study of network-based analysis
were further elucidated to show the advantages of this
technique.

2 Materials and Methods

2.1 Study area

A typical road project located in Mengla County, Yun-
nan Province, China was selected as a case study to as-
sess changes in landscape connectivity before and after
road construction (Fig. 1). The road selected was built in
2008 as an inter-town road with approximately 40 km
long. With China’s road construction policy, more and
more major roads have been constructed for the devel-
opment of the western China. In Yunnan Province, it is
estimated that by 2020, there will be a total of 6000 km
of expressways. The study region is a tropical area and
is unique for its climatic features, with complex topog-
raphy and ecosystems, and high biological diversity.
The average annual precipitation is about 1700 mm and
average elevation is about 1000 m above sea level. Road
construction and development create a diverse landscape
mosaic and many isolated ecosystems with varied forms
of human activity and complex topography.

2.2 Data and processing
Landsat TM images (Path/Row: 130/45) in 2008 were
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used for regional land use mapping after they were clas-
sified. Information on land use type was extracted by
supervised classification with ERDAS software. In this
study, as we mainly focused on the monsoon forests as
habitat patches, the land uses were classified into three
basic types: 1) farmland including dry farmland and
paddy land; 2) secondary forest; and 3) monsoon forest
(Fig. 1). An accurate assessment of the image was im-
plemented by using ground truth data, and the accuracy
of each land cover map was above 80%. The road data
were digitized by using the local transportation map in
2008 and were also verified by using the 1 : 250 000
scale road database of the National Fundamental Geo-
graphical Information Centre in 2002.

2.3 Methods
2.3.1 Theoretical framework of landscape networks
approach for Environmental Impact Assessments (EIA)
The ecological effects of road projects are complex yet
have not been well-studied, therefore, it is important to
quantify these effects, especially on species movement.
In China, despite that EIAs have been implemented over
the past several decades, no guidelines are available for
ecological effects in specific ecological processes.

To assess the ecological effects of major road pro-
jects, the first step is to define their disturbance charac-
teristics. Although the road projects may be classified in
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many ways, for example, according to investment, in-
dustry type, and size, on a landscape scale, spatial fea-
tures of disturbances are the primary concern. Thus, a
new classification system was developed according to
their shapes, i.e., point, line and area-shaped. Table 1
shows the attributes of different types and their general
disturbance features. For landscape patterns, road pro-
jects may become a driver of land use change. Different
shapes have different orders of ecological effects, in-
cluding perforation, division, fragmentation, reduction,
and disappearance. For landscape functions of inner
habitat, isolation, habitat loss and connectivity, line-
shaped projects that can form a network affect landscape
processes most in terrestrial ecosystems. The landscape
network approach with connectivity calculation may be
a new way to assess these effects. This approach can be
accompanied by other EIA steps, such as field investi-
gation and remote sensing image interpretation.

Figure 2 shows a general procedure of a landscape
network approach for EIAs. For the connectivity analy-
sis, habitat types for different land uses should be select-
ed, followed by the determination of key species or scen-
arios defined for the movement of different species. Based
on graph theory and landscape network, a landscape
connectivity index may be calculated before and after
project construction. Also, the patch importance within
the landscape can be evaluated and used for comparison.
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Table 1 Classification of major road projects and attributes of their ecological effects

Feature Point shape Line shape Area shape

Example Dam, hydropower station, factory Railway, roads, oil or gas pipeline Land consolidation, development
zones, urbanization

Area Small Relatively small Large

Analogues in GIS

Pattern alteration
effect

Effect zone shape
Patch number

Perimeter
Patch size
Inner habitat
Isolation
Habitat loss
Distribution

Connectivity

Point feature

Perforation>division>fragmentation>
disappearance

Approximately circle in terrestrial region;
Upstream and downstream in riverine system

Little change

Little change

Little change

No inner habitat

Increases

Increases greatly, mainly in rivers
Random or along rivers

Decreases significantly

Polyline feature

Division>fragmentation>reduction>
disappearance

Buffer zone along line;
Irregular at large scale

Increase significantly

Increase significantly
Decrease

Decreases greatly
Increases greatly
Increases greatly
Network

Decreases significantly

Polygon feature

Perforation>reduction>disappearance>
fragmentation>division

Interior effect>external effect, buffers
of polygon shape

Little change at regional scale, while
decreases inside

Decreases inside
Increases inside
Almost vanishes inside
Little change
Increases greatly
Random

Little change at regional scale, almost
vanishes inside

Key species
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Fig. 2 General procedure of landscape network for assessing impact of road projects on species movement

When analyzed on a broad scale, the modeling of
landscape networks provides an approach to obtain in-
formation about landscape connectivity (Foltéte and
Giraudoux, 2012). The connections among habitat
patches are best characterized through a probabilistic
model, in which the dispersal among habitat patches is
typically modeled as a decreasing function of inter-
patch Euclidean or effective distance (Saura and Pascual-
Hortal, 2007). Actually, landscape connectivity reflects
species movement within the landscape network.

Currently, cost distances, rather than Euclidian dis-

tances, were used increasingly to achieve a more realis-
tic measure of animal movement, on the basis of resis-
tance values assigned to each landscape class (Foltéte et
al., 2008). The least-cost model originates from graph
theory, and integrates detailed geographical information
with organisms’ behavioral characteristics in the land-
scape. For the least-cost modeling, a source layer and a
friction/resistance layer form the input of the model.
The source layer of a single patch or a complex of
patches indicates the habitat patches from which the
connectivity is calculated. The resistance layer indicates
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both the resistance value and the geographical position
and orientation of all relevant landscape elements
(Adriaensen et al., 2003). Thus, the effective distance
can be calculated and compared before and after major
engineering construction. The results of this approach
are both spatially explicit and quantitative.

Because of their inherent advantages in the consid-
eration of connectivity relationships, we suggest that
landscape network analysis offers a simple, but effective
tool to search for key segments (or junctions) in EIA
procedures and environmental management.

2.3.2 Calculation of landscape connectivity

As discussed above, by using graph theory for landscape
network analysis has been established as a promising
way to explore landscape or habitat connectivity effi-
ciently (Er6s et al., 2011). For animal movement, the
effects on landscape connectivity were evaluated based
on the 'Probability of Connectivity (PC)’ index. The PC
index is defined as the probability that two animals ran-
domly placed within a landscape will fall into intercon-
nected areas of habitat (Pascual-Hortal and Saura, 2006).
The PC index has been applied to calculate global con-
nectivity by separating the effects of area, potential dis-
persal flux and potential crossing (Saura et al., 2011).
Thus, the PC index considers ecological processes and
how road construction would affect animal movements.

The index is given by:
S
) O — 1
e )

where a; and a; are the areas of the resource patches i
and j, and A4, is the total landscape area of the study re-

gion; p; is defined as the maximum product probabil-

ity of all possible paths between patches i and j (include-
ing single-step paths). We used Conefor Sensinode 2.2
(Saura and Torné, 2009) to calculate the PC indices in
this study. Also, the variation of PC index (dPC) after
removing that patch 7 from the landscape was calculated.
The dPC value can reveal the importance of patches, i.e.,
the ranking of habitat patches by their contributions to
total landscape connectivity and habitat availability
(Saura et al., 2011). Detailed calculation procedures are
given in by Saura and Pascual-Hortal (2007) and Saura
and Torné (2009).

Monsoon forests were selected as resource patches

for small mammals according to the local conditions.
For road construction, we assumed the road would be
improved; thus, three road construction scenarios were
set as: 1) inter-town road (third-class road); 2) road
connecting two cities in different counties (second-class
road); and 3) national road (first-class road). For the
three types of road construction, we set different buffer
zones, as follows: third-class road, 100 m; second-class
road, 250 m; and first-class road, 500 m (Liu et al., 2008).
Also, scenario analysis was used for different species
dispersal abilities. We set 100, 200, 500, 1000, 2000 and
3000 m for animal movements, and a total of 18 scenar-
ios were used for the landscape connectivity analysis.

Fragstats 4.1 (McGarigal et al., 2012) was used to
calculate landscape pattern metrics. The fragmentation
effect was quantified by reductions in area, patch shape
and diversity due to the presence and intersections by
roads. The selected landscape pattern indices included:
splitting index (SPLIT), perimeter-area fractal dimen-
sion (PAFRAC), and Shannon'’s diversity index (SHDI).
These indices were used to described fragmentation,
shape, and diversity with respect to landscape pattern
changes under different road construction scenarios.
Finally, the efficiencies of these two different methods
of landscape pattern and landscape connectivity were
compared.

3 Results and Analyses

3.1 Landscape connectivity change under differ-
ent scenarios

Figure 3 shows the landscape connectivity changes at
different dispersal distances. The results showed that the
PC values under these dispersal scenarios increased with
dispersal distance. PC values decreased after road con-
struction, indicating that connectivity levels declined.
Studies have showed that species with low dispersal
abilities, which often constrained them to a limited
number of habitat patches, were especially vulnerable to
habitat fragmentation. By comparison, changes in con-
nectivity caused by road construction had the least effect
on animals with the ability to disperse greater distances.
Also, Fig. 3 shows that landscape connectivity has been
affected by the road level substantially. In particular,
under the first level of road construction, PC indices
were lower than under the second and third levels of
construction.
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Figure 4 shows the decrease ratios of the different
road levels on landscape connectivity. It is clear that
first level roads affect landscape connectivity most sig-
nificantly at all dispersal distances studied where the PC
index decreased more than 50% for animals’ ability to
disperse at a distance of 100 m. For the second level
road, the ratio dropped to around 20% at a dispersal dis-
tance less than 500 m. However, the decrease ratios for
the existing inter-town (third level) road construction
ranged from 1.5% to 5.5%, demonstrating that the least
disruptive construction had the least hazard effect on

connectivity.
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Fig. 4 Decrease ratios of different level roads on landscape
connectivity

3.2 Change of importance of patches for land-
scape connectivity

Considering the changes in the matrix due to road con-
struction, the variations in the landscape connectivity
may be slightly but significantly larger in certain pat-
ches, which means the importance change could be more
specified to show the patch contribution rate to the whole

connectivity at patch scale. The ranking order of dPC
value over the landscape indicates the importance of
patches in sustaining landscape connectivity under the
influence of road construction. The values were calcu-
lated to show the importance variations before and after
road construction for each patch. The importance change
ratios were classified into three levels as increase (>
5%), little change (—5%—5%) and decrease (< —5%).

Figure 5 shows the changes in the importance of
patches after road construction (scenario of 2000 m dis-
persal distance under the inter-town road construction).
Our results showed the importance at patch scale
changed markedly after road construction. In the middle
of the road, patches were influenced most severely,
while the importance of patches far from the road in-
creased following construction. The patches in middle
part as key steppingstone patches were severely de-
stroyed. Subsequently, the maximum probability of spe-
cies movement between any two patches was also re-
duced.

N
\ Change of patch importance
-~\i\ M Increase
0 2 A [ | Little change
[ T | Decrease

Fig. 5 Changes of patch importance after third level road con-
struction at dispersal distance of 2000 m
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3.3 Comparison of landscape pattern and land-
scape connectivity

Figure 6 shows the decrease ratios of different landscape
pattern index after road construction. The results
showed that the SPLIT index decreased after third level
road construction, while it increased after second and
first level road construction. As SPLIT index is based on
the cumulative patch area distribution and is interpreted
as the effective mesh number, the variations indicated
road could lead to 'isolation effect’. In this study area,
the SPLIT values ranged from —0.5% to 0.2%, which
might be attributed to the relatively low road density.
For the PAFRAC, the decrease ratio decreased gradually
from the third to the first level road construction. The
PAFRAC value reflects shape complexity across a range
of patch sizes. It is clear that the patch perimeters would
increase after road construction and third level road had
largest effect due to its largest total length. The SHDI
index remained unchanged as the areas of different land
use types change little. Compared to landscape connec-
tivity index, landscape pattern indexes indicating frag-
mentation, shape, and diversity were relatively low,
ranging from —2.0% to 2.0%. Pattern analysis lacks
ecological meaning and the change trend of different
indices is not similar for different level roads. For
line-shaped features, the selected indices are neither
suitable nor able to reflect the actual changes.

2.0 7
O Third level road
14 -
5 O Second level road
1.0 B First level road
S
3 0.5
= —
g 0 T T 1
s SPLIT PAFRAC SHDI
-
E -0.5 1 Landscape pattern index
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-1.5 4
-2.0 4

Fig. 6 Decrease ratios of different road levels on landscape
pattern

4 Discussion

4.1 Feasibility of landscape connectivity to assess
effect of road projects on species movement
Although road construction projects are often short-term,

the disturbance could be intense and the potential effects
on species movement may be long-term. As field ob-
servations of animal species take a considerable amount
of time, they are usually insufficient to provide a mean-
ingful overview for an EIA project. However, the sce-
nario analysis that considers animal movements can be
expressed directly by changes in landscape connectivity,
it is feasible to assess the potential effects of such
changes. This study showed that road construction af-
fects the landscape connectivity greatly and the decrease
ratios of landscape connectivity could reach more than
50% for animals with lower disperse ability.

Graph theory is a framework that has been widely
applied in geography (Bunn et al., 2000). Urban and
Keitt (2001) have introduced landscape-level graph the-
ory to ecologists. Graph theoretic or network-based ap-
proaches can provide a quantitative and complementary
view of landscape changes related to road construction
no matter that landscape networks may be either spa-
tially explicit or latent. Recently, graph theory has be-
come an interesting approach to depict landscape con-
nectivity (Minor and Urban, 2007; 2008). Graphs can be
used to represent spatial relationships among habitat
patches and, for focal species, among individuals in
landscapes (Galpern et al., 2011). Based on a simplified
representation of the landscape, nodes represent habitat
patches and link the potential species flux between them
(Bunn et al., 2000; Urban et al., 2009). Thus, landscape
graph analysis can be used to quantify potential connec-
tivity by means of connectivity metrics (Foltéte and
Giraudoux, 2012).

This study revealed that compared with other land-
scape indices, the PC index has advantages in respond-
ing to different relevant changes occurring in the land-
scape and identifying the most critical landscape ele-
ments effectively for the maintenance of overall land-
scape connectivity (Pascual-Hortal and Saura, 2006).
Only landscape pattern comparison could not give a
clear picture of the ecological effects of the construction
of major road projects. Though the inherent mechanism
between landscape connectivity and habitat loss or spe-
cies extinction remains unclear, the connectivity changes
before and after major road construction calculated by
scenario analysis do provide a quantitative description
of the effects of construction projects on species move-
ment. Thus, based on our study, we suggest that pattern
and process may be integrated to a certain extent. Ac-
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cording to the results, graph theory with landscape con-
nectivity has the following three merits in assessing en-
vironmental effects: 1) integrating landscape pattern
with process (species movement); 2) indicating the
"fragmentation-barrier’ effect of line-shaped projects
effectively; 3) scenario analysis (different dispersal dis-
tances) can be used for multi-purpose assessments.

In the assessment of the potential effects of major
road projects, one critical issue is the identification of
the zone affected. The habitat fragmentation caused by
roads in the study area generally had negative effects on
the landscape with respect to sustaining connectivity,
especially on those patches intersected directly by roads
(Fu et al., 2010). Traditional field investigation encoun-
ters many difficulties for identification the zone affected
and the patch importance change, while the major ad-
vantage of the network approach was the ability to
clearly reveal the connectivity change and the patch
importance at local and region scale (Zetterberg et al.,
2010). Knowledge accrued from landscape network
analysis, in combination with the importance and spatial
extent of ecological nodes and links, are critical to iden-
tify areas of high ecological value that are in need of
protection (Zetterberg et al., 2010; Galpern et al., 2011).
Our case study provided preliminary results of connec-
tivity analysis, although it is somewhat atypical, as the
road constructed is not a key project. However, further
research on specific species and least-cost modeling
should be pursued.

4.2 Implications of least-cost distance modeling
and circuit theory for landscape network

In landscape ecology, spatial distance is of primary im-
portance to the concepts of connectivity and fragmenta-
tion (Foltéte et al., 2008). Distance is a basic factor in
animal movement. The distance available for movement
can be thought of as wildlife corridors or potential cor-
ridors within landscapes. In reality, landscape network
acts as ecological corridors for different species. Cost-
distance ideas are based on cost surfaces built for a set
of target species associated with the dominant habitats
of a region. Least-cost paths are then used to identify
zones of probable connection between habitats (Gur-
rutxaga et al., 2010). Graph theoretic approaches with
least-cost modeling have received increased interest
recently in landscape planning and conservation in ter-
restrial ecosystems because these approaches facilitate
the effective modeling of connectivity among habitats

(Foltéte et al., 2008).

Obviously, major road projects constitute great resis-
tance to species movement, and thus, they will change
movement routes and the landscape network pattern
directly or potentially. Given a certain region and spe-
cies, assuming the resistance value for a different land-
scape class remains stable, the least-cost distance be-
tween habitats could be derived easily by GIS and
shown explicitly on a map. This also lays the foundation
for a scientific approach to corridor design. By compar-
ing least-cost distance caused by major road projects, it
is possible to quantify the ecological effects with pat-
tern-process meanings. Further, during EIAs of major
road projects, least-cost distance analysis could be in-
corporated with connectivity analysis, which would as-
sist in identifying the most critical landscape elements
for the maintenance of overall connectivity (Pascual-
Hortal and Saura, 2007).

The least-cost modeling can only identify a single op-
timal route, rather than the multiple possible routes to
the effective distance. It has also been criticized for po-
tentially unrealistic assumptions, for example, that the
dispersing animal has prior knowledge of its surround-
ings and chooses the least costly path based on this
knowledge (Baguette and van Dyck, 2007). Concepts
and algorithms from electrical circuit theory have been
adopted to address these problems. The isolation-by-
resistance model or circuit theory complements least-cost
path approaches because it considers the effects of all
possible pathways across a landscape simultaneously
(McRae, 2006). The isolation-by-resistance model,
which is based on calculations of the costs of movement
across a surface having resistance, is becoming more
widely adopted. This method offers a conceptual model
in which landscape resistance is an analogue of electri-
cal resistance, and the movements of individuals and
flow of genes are analogues of electrical current.

Least-cost modeling and circuit theory can provide
insights into the relationships between species dispersal
and landscape characteristics. Such models can be use-
ful for predicting ecological and genetic effects of spa-
tial heterogeneity and landscape change and also for
assessing the effects of road projects on gene flow for
plant and animal species. Though scale variation will
affect the precision of location and orientation of linear
elements of effective distances, scenario analysis can be
compared in a quantitative way at the landscape level as
well as for individual grid cells.
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5 Conclusions

In this paper, we described the theoretical framework of
the landscape network approach for EIA by comparing
the ecological effects of road projects with other road
projects according to their spatial shapes. Landscape
network procedures that are used to assess the ecologi-
cal effects of major road projects were presented. Tak-
ing a typical region in Yunnan Province, southwestern
China as a case, the effects of different level roads on
landscape connectivity were investigated. Using sce-
nario analysis, we compared the PC index change at
different dispersal distances. The result showed that PC
values increased with dispersal distance. However,
landscape connectivity with shorter dispersal distances
were affected more significantly by road construction
than longer dispersal distances. Also, higher level roads
affected PC indexes more greatly than lower level roads
at all dispersal distances studied. It is calculated that the
PC index would decrease more than 50% at a dispersal
distance of 100 m. The dPC values indicating patch im-
portance changed markedly after road construction.
Further, traditional landscape pattern indexes including
SPLIT, PAFRAC, SHDI index were calculated to com-
pare the results of PC values. The results showed that
landscape pattern indexes were not able to reflect the
real ecological change due to road construction.

Our case study showed the effectiveness of landscape
connectivity based on graph theory. Scenario analysis
based on different species dispersal distances can be
used for a general comparison. The importance of dif-
ferent patches may be derived by connectivity analysis.
The joint consideration of landscape networks and ma-
jor road projects may present a great challenge, but it
could offer a more valid form of quantitative assessment
than pattern analysis. Therefore, we believe there is a
need for more intensive testing and application of land-
scape network approaches in EIAs for major road pro-
jects, as this approach has the potential to significantly
increase our ability to understand ecological processes
within and across habitats, especially on large scales.
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