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Abstract

Since the fragmentation of natural habitats is one of the most serious problems for many endangered species, it
is highly interesting to study the properties of fragmented landscapes. As a basic property, landscape connectivity
and its effects on various ecological processes are frequently in focus. First, we discuss the relevance of some
graph properties in quantifying connectivity. Then, we propose a method how to quantify the relative importance
of habitat patches and corridors in maintaining landscape connectivity. Our combined index explicitly considers
pure topological properties and topographical measures, like the quality of both patches (local population size)
and corridors (permeability). Finally, for illustration, we analyze the landscape graph of the endangered, brac-
hypterous bush-cricket Pholidoptera transsylvanica. The landscape contains 11 patches and 13 corridors and is
situated on the Aggtelek Karst, NE-Hungary. We characterize the importance of each node and link of the graph
by local and global network indices. We show how different measures of connectivity may suggest different
conservation preferences. We conclude, accordingly to our present index, by identifying one specific habitat patch
and one specific corridor being in the most critical positions in maintaining connectivity.

Introduction

The area loss of natural habitats and the fragmenta-
tion of the remaining ones lead to important questions
concerning structural landscape properties (Wiens et
al. 1993) and metapopulation dynamics (Hanski
1998, 1999). Recent studies indicate that fragmenta-
tion has several consequences: it selectively affects
different species (Kruess and Tscharntke 1994; Zabel
and Tscharntke 1998), it can affect sex-ratio (van
Apeldoorn et al. 1992), influence community control
(Crooks and Soulé 1999), and post-fragmentation ex-
tinction dynamics (Burkey 1989, 1999; Tilman et al.
1994). Studying the role of corridors in maintaining

diversity (Gilbert et al. 1998; Beier and Noss 1998)
and analysing their relation to percolation properties
(Turner et al. 1989; Metzger and Décamps 1997) also
contribute to better knowing ecological landscapes.
However, we still face very important technical prob-
lems, for example, how to measure landscape connec-
tivity (O’Neill et al. 1988; Turner 1989; Schumaker
1996; Tischendorf and Fahrig 2000a; Urban and Keitt
2001). There are many properties possibly useful in
characterising landscape graphs, and we believe that
the relevance of these network indices depends on the
actual question (e.g., one is sensitive to the fact of
connectivity, the other reflects better the level of con-
nectivity, i.e., topological distances). Thus, there is no
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single solution of how to measure landscape connec-
tivity. Graph theory has been proposed as a useful
tool for landscape ecology (Keitt et al. 1997; Urban
and Keitt 2001) suggesting the relevance of, for ex-
ample, the minimum spanning tree in determining
critical patches. We address the same question of how
to measure connectivity, and the methods proposed
below are believed to be of complementary nature,
sometimes they may be biologically more sensible.
For instance, the identification of corridors is not
based on the distance of patches but on biology (i.e.,
the movement of individuals). Further, we compare
the importance of patches and corridors in the same
rank, which emphasises that they are inseparable in a
network context.

Small, isolated populations generally live on the
brink of extinction (Shaffer 1981), for example, be-
cause of inbreeding (Meglécz et al. 1998; Saccheri et
al. 1998). In fragmented areas, intensive genetic ex-
change may compensate for the small size of local
populations, and in a number of species it has been
suggested that migration between local subpopula-
tions is the only key for survival (at least, it decreases
extinction risk, Fahrig and Merriam (1985) and Tay-
lor et al. (1993), Tiebout and Anderson (1997); see
also Thomas (2000)). Especially for some rare spe-
cies, the balance between local extinctions and recol-
onization events may also help survival (Spiller and
Schoener 1998; Carlson and Edenhamn 2000). In or-
der to help conservation efforts, it would be of out-
standing importance to have sensible measures of
landscape connectivity and methods for evaluating
the importance of spatial elements (patches, corri-
dors) in maintaining connectivity (see Tischendorf
and Fahrig (2000a, 2000b)). To quantify how sub-
systems (e.g., a particular patch) are related to the
whole system (the landscape) is basically a topologi-
cal problem and calls for a network perspective (cf.
Higashi and Burns (1991)). This is to emphasise that
the properties of landscape elements are understood
in a network context, and this can be explicitly analy-
sed by quantifying positionality in the network (here
we note that our study is based on a descriptive, struc-
tural approach: we are interested only in migration
possibilities and not in the migration process itself
and its dynamical consequences, cf. Hanski (1998)).
Nevertheless, we also acknowledge the importance of
also topography, i.e., some consideration of the qual-
ity of graph points and links.

Here, our aims are: (1) to discuss some relevant
structural properties of landscape graphs that we feel

are most useful in approaching the problem of rela-
tive importance of landscape elements (cf. Jordan
(2000)), (2) to suggest a method of quantifying the
importance of patches and corridors in maintaining
landscape connectivity, (3) to propose a combined in-
dex explicitly referring to topological network prop-
erties, patch quality (local population size) and corri-
dor quality (permeability), and (4) to illustrate our
method with a field example.

We analyze how predictions based on either topol-
ogy or topography differ and are related to each other.
We also discuss how various connectivity measures
differ in predicting critical landscape elements. We
will finish by discussing conservation aspects and the
possibility of setting preferences.

Study area and species

Orthopterans are excellent objects for landscape stud-
ies due to their stable taxonomy, easy identification,
characteristic habitat use, communication behavior,
and ecological importance in grasslands. Some papers
on their spatial distribution are available (e.g., Nagy
et al. (1999)). Here, for illustrating the proposed
methods, we present the semi-quantitative landscape
graph of the brachypterous bush-cricket Pholidoptera
transsylvanica (Orthoptera) metapopulation living on
the Aggtelek Karst (NE-Hungary, Central Europe).
We identify the habitat patches and corridors and
evaluate their positional importance from both topo-
logical and topographical viewpoints (our landscape
graph seems to belong to the ‘mesh’ type, describing
a more or less homogeneous network, with no patch
of outstanding connectedness, see Cantwell and For-
man (1993)).

The studied metapopulation is isolated from the
two other existing Hungarian populations of P. trans-
sylvanica, a biogeographically essential, highly char-
acteristic, Eastern Carpathian (‘Dacian’) element of
this fauna (Varga 1997; Ricz et al. 1997; Varga et al.
2000). This species prefers the skirt habitats of tall-
grass, semi-dry swards (in the matrix of xerothermic
mixed oak forest habitat, Corno-Quercetum pubes-
centis-petraeae, Varga-Sipos and Varga (1997)).
Thus, a slight patchiness can be advantageous for the
species (as the fraction of skirt habitats increases).
However, if local populations become isolated be-
cause of strong fragmentation (caused by secondary
succession leading from semi-dry swards to forest),
or landscape connectivity dramatically decreases for
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Figure 1. The landscape graph showing the topology of habitat patches (nodes) and corridors (links) of the studied P. transsylvanica meta-
population. Numbers identify the following patches (given in Hungarian): (1) Huszas tobor, (2) Kis tisztdsok, (3) Szilicei kaszalok, (4) U-
alakd tobor, (5) ‘Nagy-Nyilas, (6) Mogyoro6s-rét és tisztds, (7) Arvalényhajas, (8) Dénes tobor, (9) Nagyoldal mogotti tisztdsok, (10)

Gyertyénsarjas, (11) Lofej-forrds alatti tisztds.

some reason, the metapopulation can be in danger of
local extinction events. Thus, analyzing the landscape
connectivity of this metapopulation is of high conser-
vation value.

P. transsylvanica can hardly be trapped. Mark-re-
capture techniques do not work for this species, due
to its predatory way of life, sheltering and moving in
the dense herbaceous vegetation. Nevertheless, its
conservation value is so high (listed in the Hungarian
Red Data Book, Orci (1997); and see Nagy et al.
(1999)), that we decided to study its landscape struc-
ture, based on data by three independent estimations
of topology (the arrangement of patches and corri-
dors) and topography (local population sizes and cor-
ridor permeability). Estimations were based on acous-
tic field observations: three independent field
observers made a preliminary census of the distribu-
tion of individuals, based mostly on the number of
stridulating males; continuous observations were
made during five subsequent years (Orci, unpublished
results). We consider our estimated data semi-quanti-
tative, regarding that the quality of patches (local
population size) and corridors (permeability) are
quantified by integers between 1 and 4. The ‘consen-
sus graph’ (containing 11 patches and 13 corridors)
was analyzed (Figure 1).

Terminology and model assumptions

In this paper, let metapopulation mean (sensu Pickett
and Cadenasso (1995)) a set of connected local pop-
ulations of a species, independently of their genetic
and population dynamical differences, among which
individuals are able to migrate regularly. Let land-
scape mean the patchwork of habitat patches (inhab-
ited by local populations) connected by corridors
(making migration possible). In the undirected land-
scape graph, patches and corridors are represented by
nodes and links, respectively. In the topographical
analysis, patch quality is characterized by the esti-
mated local population size (estimated by LPS = {1,
2,3, 4}), and the quality of corridors is characterized
by an estimated permeability value (estimated by P =
{1, 2, 3, 4}). Later, the topographical distance (dg,)
of two neighbor patches will be defined as d,,, = 5-P.
Thus, a higher permeability value means smaller dis-
tance in a topographical sense. If a node or a link is
removed from the landscape graph, then it can be di-
vided into multiple components (isolation occurs be-
tween groups of individuals). Let the maximal con-
nected local population size (LPS¢ ) mean the
largest sum of local population size values of con-
nected patches, in case of isolation follows the dele-
tion of a landscape element from the graph (the num-
ber of individuals in the largest graph component). In
the intact network, LPS¢ _ equals 23 (i.e., the sum of

max
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Figure 2. The landscape graph presenting the estimated local population sizes (LPS = {1, 2, 3, 4,}, shown within nodes) and the estimated
topographical distance values (1-P (estimated permeability) = {1, 2, 3, 4}, shown on the links).

LPS; estimated local population sizes). If, for exam-
ple, we delete node N3 (‘Szilicei kaszdlok’), three
fragments will appear (containing nodes [1, 2], [4],
and [5, 6, 7, 8, 9, 10, 11]). In this case, the sums of
local population sizes for these three fragments are 4,
2, and 15, respectively. Thus, LPS¢ . for N3 equals
15 (Table 1., cf. Figure 2).

We assume that migration does not depend on ge-
netic and demographic factors (but see Lande (1988)),
i.e., only topological and topographical factors influ-
ence migration patterns. Let permeability (P), as the
single estimated index for graph links, perfectly de-
scribe corridor quality; and similarly, let local popu-
lation size (LPS), as the single estimated index for
graph nodes, perfectly describe patch quality. Source-
sink dynamics (Pulliam 1988; Dias 1996) were not
incorporated into our model; the landscape graph is
undirected. Further, it is assumed that there is no dif-
ference between potential and actual permeability.
This assumption is quite realistic, since (1) the indi-
viduals of this species are very mobile, following in-
traspecific acoustic signals, and (2) their predatory
behavior also depends strongly on mobility (i.e., ran-
dom walk). Finally, even if we take into account both
pure topology (i.e., physiognomic effects, Dunning et
al. (1992)) and topography, our analysis does not take
into account landscape dynamics (for spatiotemporal
connectivity analyses, see Johnson (2000) and
Keymer et al. (2000)).

Methods of analysis

We analyze the positional importance of landscape
elements by measuring (1) the local network indices
of nodes and links in the intact landscape graph, and
(2) the global indices of the whole network both in
its intact form and after deleting each node and link,
one at a time. We perform each analysis on both to-
pological and topographical grounds. Thus, each
landscape element (node and link) is characterized by
its (1) local topology, (2) deletion effect on landscape
topology, (3) local topography, and (4) deletion effect
on landscape topography. We will try to give a real-
istic quantification of patch and corridor importance
by offering a combined index reflecting the most ba-
sic network properties (see Figure 3 later for some
considerations).

The most fundamental properties of landscape
graphs (and any network) are the number of nodes
(N) and links (L). Each node can be characterized by
the number of its neighbors (D = degree; the vector
of D, — values is called elsewhere the 8 — index).
Typical network properties are the average and the
standard deviation of D, values for each node (D,
and D_4). D, characterizes the density of corridors
in the patchwork (similarly to the connectance, C =
2L / N x (N-1), and to the 7y -index, y = L / 3(N-2),
as standard network indices in ecology). D, mea-
sures network homogeneity (with random disturb-
ance, homogeneous networks seem to be less safe,
Albert et al. (2000)). The clustering coefficient of
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Figure 3. These six simple, hypothetical landscape graphs demonstrate how certain local indices may reflect positional importance. The
habitat patch represented by the full circle is always in focus. Evidently, it is in more important position (1) in b than in a, because it is
connected to more neighbor patches (D, =4 > D, = 2); (2) in d than in ¢, because its neighbors are less connected (CC,, = 0 < CC, =

0.66); and (3) in f than in e, because it is in less periferial position (d,,s =1<d

node i (CC;) gives the connectance of the subgraph
containing the neighbors of node i and the links be-
tween them. The average clustering coefficient (CC,,)
characterizes the whole network, weighted by the
number of neighbors for each node (D). The minimal
number of links forming a path connecting nodes i
and j is their distance (d;)), the average distance of
node i from all other nodes is d_,. If nodes i and j are
unconnected (belong to different components of the
graph), d;; = oo. As the topographical distance, we
defined above d,,,, from which d,,, gives the aver-
age topographical distance. For taking the quality of
nodes into account, we estimated another index: LPS
is the estimated local population size. The positional
importance of links has been characterized by the av-
eraged D, CC, d, and d,,,,, values of their endpoints.

While the distance matrix (D) of a landscape graph
contains dij elements, the reciprocal distance matrix
(R) has d;l values (Ivanciuc et al. 1993; Ricotta et
al. 2000). From this, the Harary-index (H) is the half
of the sum of dal values (Plavsic et al. 1993; Rif:otta
et al. 2000). The normalized Harary-index (H) is

e = 171,
given by (H-H .0/ (H jpnar Henain) for connected,
and by H/H ,,,,, for unconnected graphs (anonymous
reviewer, pers. comm.). Here, H,, = N-1+(N-2)/
2+(N-3)/3+..+1/(N-1), and H,,,=N(N+5)/4. (In-
stead of R and H, D and W (the Wiener-index) can
also be used for measuring connectivity, but only for
connected graphs.) In our case, R and H are preferred
since unconnected graphs also appear after analyzing
the deletion of either nodes or links.

As a derived graph, we also constructed and
present the intersection multigraph of the original
landscape graph. Here, nodes are joined by a link not
if the patches represented are connected by a corri-
dor, but if they have a common neighbor node in the
original landscape graph (Harary (1969); cf. Sugihara
(1984)). Intersection multigraphs (i.e., graphs with
multiple edges) are useful in identifying the dominant
cliques of mostly important nodes (a clique, as a com-
plete subgraph, represents the neighbors of a node in
the original landscape graph, see Figure 4 and cf.
Figure 1). The positional importance of node i is
larger if (1) the clique representing its neighbors is of

chain
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Figure 4. The intersection multigraph of the landscape graph presented in Figure 1. Multiple links are thick: they reflect parallel pathways of
length 2. Each dominant clique contains four nodes: [2, 4, 5, 10], [3, 5, 7, 11], and [3, 6, 7, 10], representing the four neighbors of nodes N3,

N10, and NS5, respectively. See further explanation in text.

higher dimension, and (2) node i is less joined to its
clique. For example, node N5 is connected to nodes
N3, N6, N7, and N10 in the landscape graph, thus,
these four nodes form a complete subgraph in the in-
tersection multigraph, so that N5 joins at three points:
N3, N7, and N10, reflecting the fact that there are
links in the landscape graph between N3 and N10,
and between N10 and N7. Here, the dimension of the
clique reflects D = 4 and these joining points reflect
CC = 0.33 (2 links out of a possible 6). Thus, domi-
nant clique analysis is a helpful tool in analyzing the
positional importance of nodes in graphs, reflecting D
and CC simultaneously.

All of these indices characterize some aspects of
positional importance within a network. A patch is
evidently more important in the landscape if it is con-
nected to more neighbor patches (high D;, see Fig-
ure 3). If these neighbors are less connected to each
other (small CC,), the key position is more evident
(Figure 3). With similar D; and CC,, centrally posi-
tioned patches (small d,,) can be thought to be in
more important positions (Figure 3). A part of these
topological indices and topographical quantities (d,,,,
LPS), characterizing the quality of landscape ele-

ments, can add valuable information about the role of
patches and corridors in maintaining connectivity.

However it is not easy to compare and synthesize
different measures of positional importance, we sug-
gest a combined index (I) reflecting the major topo-
logical and topographical properties. Let the impor-
tance (I) of the i™ landscape element (either patch or
corridor) be I; = (D; — CC)) / (d,yry + LPSakay
where D; is its degree, CC, is its clustering coeffi-
cient, d,,. is its average topographical distance,
and LPS;, . is the maximal connected local popula-
tion size after its deletion. Of course, this combined
index is invited to be developed and refined. Its merit
is reflecting both topological and topographical prop-
erties, as well as both function and structure. So, even
in its present form, it may help in considering con-
servation preferences.

Results

Table 1 shows all of the calculated local and global
network indices for each node and link. Different in-
dices predict different patches and corridors to have
primary importance, especially if topography is also



considered. For example, D suggests N3, N5, and
NI10 to be the most important nodes. Among them,
CC suggests that N3 is more important than the oth-
ers. d,, suggests, conversely, the higher importance of
N5 and N10, and if topography is taken into account,
d e Predicts that N5 is the key patch. The intersec-
tion multigraph suggests again the key position of N3
(all three nodes have a four dimension clique but N3
is less joint to its clique). Apart from the topological
and topographical local indices of landscape ele-
ments, we also can cast a glance at the network prop-
erties after their deletion. N5 seems to be the most
important, if d,,, D4, CC,, or H are considered. N10
also looks to be of primary importance (for d,, and
CC,,) but N3 is always in the middle. Further, im-
portantly, as topography is taken into account again,
N3 turns out to be the key patch in the landscape
(consider both LPSS, and H). Similar differences in
ranking their importance also exist at links, of course.

Table 2 presents the ranking of landscape ele-
ments, according to their combined importance index
(). Habitat patches are both among the most and the
least important parts of the landscape. Patch N3 (‘Sz-
ilicei kaszaldk’) is the most critical patch, while patch
NI11 (‘Loéfej-forras alatti tisztds’) has the smallest
value for connectivity. Among corridors (whose im-
portance is less extreme), L3-5 (between ‘Szilicei
kaszalok’ and ‘Nagy-Nyilas’) has the highest, while
L1-2 (between ‘Huszas tobor’ and ‘Kis tisztasok’) has
the lowest importance.

Discussion

Even if our presented data are of semi-quantitative
nature, the presented methods can contribute to site-
selection decisions (Cabeza and Moilanen 2001), and,
in general, setting conservation priorities (keeping in
mind that priorities based on one species may be in
conflict with priorities based on others). We also note
that in cases where connectivity is disadvantageous
(e.g., spreading disease, fire, or a ‘Genghis Khan’ in-
vader, see Pimm (1991)), similar methods may be
helpful with reversed sign (and slight modifications
as appropriate), i.e., how to disconnect habitat patches
easily.

Various network indices have different biological
meanings and are useful in different situations. For
example, the normalized Harary-index (H) is very
sensitive to the fact of connectivity, thus, it is more
informative as metapopulation size is dangerously
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close to the minimal viable population size (MVP).
In this case, connectedness itself is what is to be ana-
lyzed first, and then its quantitative value (because in
case of a minimal isolation, metapopulation size may
decrease below the MVP). But if the population is
well above the MVP, the central question is not
whether it is connected but how connected it is. Here,
H can be useful again, but the relevance of other in-
dices (e.g., d,,) increases. Similarly, D, may be
particularly informative if we have some data on
landscape dynamics: network heterogeneity seems to
be very relevant in this case. Our proposed impor-
tance index (I) tries to combine the most fundamental
and seemingly most useful characteristics making
corridors and patches important — both topological
and topographical, as well as both local and global
indices have been incorporated.

We also demonstrate how topological and topo-
graphical predictions may differ (i.e., how important
it is to add function to structure, cf. Tischendorf and
Fahrig (2000a) and see Jorddn (2001)). Consider the
different importance ranks for d,, and d,,,. Topol-
ogy predicts N2 to have the 17" or 18" place in the
rank of all landscape elements, based on the former
index, however, accordingly to the later one, N2 has
the 9" largest importance. Or if one considers only
the decrease of connected metapopulation size after a
deletion (LPS¢ ), the importance of the corridor
L3-5 or that of the patch N7 can be seriously under-
estimated (and misunderstood). But if we are not in-
terested in population size, only in connectivity itself,
we may fall in a very common trap: an artefact of
connectivity measures is that they increase as frag-
mentation proceeds (e.g., fragmentation seems to be
advantageous, cf. Tischendorf and Fahrig (2000b)). In
this case, considering how large is the still connected
population (LPS) is essential. So, we emphasize how
important it is to take into account some quality mea-
sure of both corridors and patches.

As for this particular landscape, we suggest that
the most important patch in maintaining landscape
connectivity is N3 (‘Szilicei kaszalék’), while the
most critically positioned corridor is L3-5 (from ‘Sz-
ilicei kaszaldk’ to ‘Nagy-Nyilas’). We believe that the
methods presented are worth further development and
possibly will be helpful and applicable in conserva-
tion projects and landscape design. For example, a
naive view would suggest protecting the habitat patch
where the most individuals live, however, topological
and topographical considerations might help in real-
ising the exceptional importance of a habitat patch
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Table 1. Network indices characterizing landscape elements.

LOCAL GLOBAL

topology topography topology topography

D cC dav davlgr Dav Dstd CCav H LPS ;:nax H
whole web - - - - 2,36 1,286 0,197 0,344 23 14,38
NODES
N1 1 - 3,5 7 2,4 1,35 0,2165 0,38 20 12,73
N2 2 0 2,6 4,3 2,2 1,398 0,245 0,612 19 9,83
N3 4 0,17 1,9 3,6 1,8 1,135 0,214 0,423 15 6,29
N4 1 - 2,8 6,3 2,4 1,17 0,222 0,303 21 12,58
N5 4 0,33 1,8 33 1,8 0,92 0 0,123 21 9,13
N6 2 0 2,3 6,2 2,2 1,23 0,277 0,276 19 12,64
N7 3 0,33 2,1 4,2 2 1,054 0,168 0,204 22 10,08
N8 3 0 2,6 4,7 2 1,491 0,334 0,597 18 10,12
N9 1 - 3,5 74 2,4 1,265 0,207 0,372 20 12,81
N10 4 0,33 1,8 4,7 1,8 1,033 0 0,542 20 10,36
NI11 1 - 2,7 6,5 2,4 1,174 0,238 0,333 22 12,49
LINKS
L1/2 1,5 - 3,05 5,65 2,18 1,4025 0,2165 0,611 20 12,73
L2/3 3 0,085 2,25 3,95 2,18 1,192 0,245 0,54 19 10,16
L3/4 2,5 - 2,35 4,95 2,18 1,328 0,222 0,595 21 12,58
L3/5 4 0,255 1,85 3,45 2,18 1,03 0,1665 0,275 23 11,92
L3/10 4 0,255 1,85 4,15 2,18 1,029 0,1665 0,275 23 14,38
L5/10 4 0,33 1,8 4 2,18 1,029 0,084 0,2954 23 13,39
L5/6 3 0,17 2,05 4,75 2,18 1,192 0,263 0,263 23 13,99
L5/7 3,5 0,33 1,95 3,75 2,18 1,113 0,151 0,3175 23 12,9
L10/7 3,5 0,33 1,95 4,45 2,18 1,113 0,15 0,288 23 14,38
L10/11 2,5 - 2,25 5,6 2,18 1,266 0,238 0,5939 22 12,49
L6/8 2,5 0 2,45 5,45 2,18 1,266 0,228 0,296 23 14,2
L7/8 3 0,17 2,35 4,45 2,18 1,1923 0,267 0,275 23 12,25
L8/9 2 - 3,05 6,05 2,18 1,336 0,207 0,609 20 12,81

Topological and topographical indices for both habitat patches (i.e., nodes in the landscape graph, N) and corridors (i.e., links in the land-
scape graph, L), characterizing their local position and the global effect of their deletion. Local indices (D, CC, d,,, and (}av[gr) quantify the
position of landscape elements (i.e., nodes and links) in the intact (i.e., static) network. Global indices (D, D4, CC,,, H, LPS¢, ., and H)
characterize the properties of the whole network both in intact form (first row) and after the deletion of each landscape element (one at a
time). Topological indices quantify the landscape graph shown in Figure 1., while topographical indices take into account the estimated
qualities of patches and corridors, presented in Figure 2. Note that according to different indices, the importance rank of landscape elements
differ. For example, considering d,,.,,, node N5 is in the most important position (3.3 is the lowest value, meaning the highest ‘centrality’),
however, looking at a dynamical index, LPS¢, ., we may see that deleting this habitat patch does not decrease seriously the size of the

max>

av?

connected (i.e., non-isolated) metapopulation. (The values suggesting maximal importance are: D =4, CC =0, d,, = 1.8, d,,,,, =3.3,D,, =
1.8,D,, =09,CC,, =0, H=0.123,LPS,_ =15, and H = 6.29.)

with not so many individuals but being in a critical sive. This is to say that the conservation value of both
position within the whole landscape. The loss of more habitat patches and corridors should be assessed in a

individuals may occasionally be less dramatic if gene network context.
flow between the survivors remain much more inten-



Table 2. The rank of landscape elements, according to the sug-
gested importance index.

node/link importance (I)
N3 0,2059
N5 0,151
NI10 0,1486
L3-5 0,1416
L3-10 0,1379
L5-10 0,1359
N8 0,1322
L2-3 0,127
L5-7 0,1185
L7-10 0,1154
L7-8 0,1031
L5-6 0,102
N7 0,1019
L3-4 0,089
L6-8 0,0879
N2 0,0858
L10-11 0,0837
N6 0,0794
L8-9 0,0695
L1-2 0,0511
NI 0,03
N4 0,0297
N9 0,0296
NI11 0,0284

The overall importance (I) of patches and corridors in maintaining
the connectivity of the studied landscape. The habitat patch coded
by N3 is the most important element for connectivity, while the
deletion of patch N11 has the less dramatic effect. The importance
of links is less variable, however, note that the loss of the corridor
L3-5 is more disadvantageous than the loss of 8 patches out of 11.
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