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Opinion

Abstract

Dispersal plays a key role in shaping spatial patterns of biodiversity, yet its spatial het-
erogeneity is often overlooked in biodiversity analyses and management strategies. Prop-
erly parametrized heterogeneous dispersal networks capture the complex interplay between
landscape structure and species-specific dispersal capacities. This heterogeneity, however,
is recurrently neglected when studying the processes underlying biodiversity variation. To
address this limitation, we present a conceptual framework outlining the primary processes
driving dispersal heterogeneity and its influence on biodiversity. We propose approaches to
parametrize heterogeneous dispersal networks that can be seamlessly integrated into widely
used quantitative frameworks for biodiversity analyses. By considering the architecture of
heterogeneous dispersal networks, we demonstrate how they can inform management strate-
gies aimed at optimising biodiversity conservation.
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Highlights
• Dispersal networks represent the spatial paths allowing individuals to move across land-

scapes, and model how dispersal shapes spatial patterns of biodiversity.

• Irregular patch arrangements and varying dispersal capacities among species generate het-
erogeneity in dispersal networks, which in turn affects α, β and γ diversities.

• Network structure should be considered explicitly in biodiversity analyses to assess the
influence of dispersal.

• Empirical assessments of the influence of heterogeneity in dispersal networks on biodi-
versity variation can reveal dispersal limitation or, conversely, that dispersal tends to
homogenise communities.

• The architecture of dispersal networks can serve useful in determining where and how to
manage connectivity towards meeting landscape biodiversity targets.
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Dispersal is a heterogeneous process within spatial networks
Quantifying and understanding the factors driving spatial patterns of biodiversity has long been
a focus in ecology [1, 2]. This endeavour has gained even greater importance in light of continuing
reshuffling of biodiversity across space due to global environmental changes. Gaining a deeper
understanding of the processes underlying spatial patterns of biodiversity becomes essential for
managing landscapes and supporting biodiversity at multiple levels (α, β, and γ-diversities) and
dimensions (taxonomic, functional, and evolutionary) [3, 4]. Ecological analyses and theories
now recognise that both local coexistence mechanisms [5, 6, 7] and regional processes [8] are
complementary and interact in determining complex spatial patterns of biodiversity [1]. The
intricate interplay between local and regional processes stem from the diverse species responses
to local environmental conditions, from interactions within and among species, and dispersal
(see Glossary) dynamics [2, 9]. Since the emergence of metapopulation and metacommunity
theories, dispersal has been acknowledged as a fundamental process driving biodiversity [1]. Yet,
current models and analyses of biodiversity continue to rely on oversimplified representations of
dispersal dynamics in landscapes, such as simple spatial distance-based models of patch dynam-
ics (Figure 1A). This hinders our ability to accurately quantify complex dispersal dynamics and
effectively address the empirical, theoretical, and conservation challenges confronting ecologists.

Given the inherent challenges with tracking individuals across multiple species in space and
time, spatial quantitative approaches to infer the complexity of dispersal dynamics are needed.
One robust approach is to model the dispersal paths linking habitat patches using graph
theory [10, 11]. In this framework, dispersal networks are depicted as graphs represent-
ing spatial relationships among local communities. Nodes correspond to habitat patches (e.g.,
islands, lakes, forests; habitat patches or simply patches are used interchangeably), and links
correspond to potential dispersal paths, usually weighted by a function (e.g., exponential decay)
of the spatial distances among patches (e.g., [12]). By integrating them into empirical biodi-
versity models, these networks are advancing biodiversity science, enabling us to analyse and
quantify the influence of dispersal dynamics on biodiversity patterns [13, 14].

Dispersal networks, when properly parametrized, have a remarkable ability to capture and
depict the spatially heterogeneous nature of dispersal dynamics within landscapes. Dispersal
heterogeneity means that the dispersal behaviour of individuals, populations, or species is not
constant within any given landscape, giving rise to diverse and non-stationary influences [15]
on ecological processes and resulting biodiversity patterns. This heterogeneity arises from the
interplay between two key components, namely structural and biological (or functional) [11, 16-
18] (Figure 1). The structural component relates to the non-uniform and irregular distribution of
habitat patches across the landscape [16]. Dispersal tends to be more prominent among patches
that are geographically close. As such, it can be assumed that the physical component of
dispersal networks is shared among species, irrespective of variations in their dispersal rates
and dispersal capacities. In contrast, the biological component encompasses variation in
dispersal capacities among species, which exhibit significant heterogeneity in their propensity to
disperse and abilities to successfully immigrate. For instance, when comparing two landscapes
forming structurally similar dispersal networks (Figure 1A and 1C, or 1B and 1D), the biological
component of dispersal heterogeneity (i.e., differing capacities of species to disperse) can lead
to distinct biodiversity patterns, despite their similarity in patch distributions. The resulting
interactions between structural and biological components lead to substantial heterogeneity in
dispersal dynamics among local communities (Figure 1D) [11, 16].
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Heterogeneity in species dispersal capacities

Species per link Species per link3 3 2 1

Figure 1: Dispersal network heterogeneity emerges from the interaction between landscape structure and species
variations in dispersal capacities. Two factors interact to determine dispersal network heterogeneity: the

irregularity of patch arrangements within landscapes and variations in species dispersal capacities. Vertical axis:
from regular (A, B) to irregular (C, D) patch arrangements. On the left side, grassy habitat patches are

represented in light green within a homogeneous landscape matrix (light brown). In the corresponding networks,
the black dots represent the centroids of these habitat patches. Horizontal axis: from equal (A, C) to varying

(B, D) species dispersal capacities. The length of the arrows is proportional to species dispersal distances. Link
colours represent the number of species that can disperse through each path (ranging from 1 to 3). The shortest

links can be covered by all three species (dark links), the longest by only one species (blue links), and the
intermediate links by the two best dispersers (red links). The combination of these two structural and biological

components (D) leads to heterogeneous dispersal networks with complex structures.
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Heterogeneous dispersal networks underlie biodiversity variation
Heterogeneity in dispersal networks shapes biodiversity in metapopulations and metacommu-
nities (Figure 2). Given that the time needed for a given species to spread across a network
of patches depends on the interaction between structural and biological components, dispersal
heterogeneity affects biodiversity dynamics [18-21]; and vice-versa. Assuming, for instance, that
species are equivalent (i.e., neutral communities), the response of α diversity to dispersal rates
depends on the topology of dispersal networks [12, 22]. Although α diversity is maximised
at intermediate dispersal rates, these rates depend on how species can move along the links of
dispersal networks. Even when dispersal capacities are assumed equal across species (for sim-
plicity), the topology of heterogeneous dispersal networks supports higher levels of β-diversity
than homogeneous ones (Figure 2C).

Heterogeneity in dispersal networks also affects biodiversity patterns when processes other
than dispersal, including species responses to local environmental conditions and competitive
interactions, affect community compositions [23-24]. In landscapes characterised by contrasted
environmental conditions across patches, limited dispersal hinders the ability of species to
track their optimal environmental conditions [25-26]. Conversely, under competitive dynamics
in less contrasted environments, when dispersal is not limited, the strongest competitors tend to
dominate and homogenise local communities due to mass effects. Taken together, the structure
of dispersal networks affects the dispersal rate at which a shift occurs between (i) a sub-optimal
environmental selection limited by dispersal and (ii) a community homogenisation through
dispersal (Figure 2) [27]. Thus, dispersal heterogeneity moderates the relative isolation of pop-
ulations and communities, modulating environmental selection and species interactions.

Theoretical and empirical works demonstrate the influence of heterogeneous dispersal net-
works on biodiversity patterns (including our Figure 2). Single-species lab experiments con-
ducted in micro- and mesocosms reproduced the theoretically expected effects of dispersal het-
erogeneity on population dynamics and spatial distributions [18-19, 28-29]. At the community
level, riverine ecosystems have been the most studied and provide consistent empirical evidence
for the effects of heterogeneous dispersal dynamics on biodiversity [30-34, see 23 for an example
in another system]. Given the tree-like hierarchical nesting of streams within watersheds, they
are prone to generating complex interactions between dispersal dynamics, local environmental
conditions, and species interactions. In the next section, we demonstrate how heterogeneous
dispersal networks can be estimated and integrated into biodiversity analyses.
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Heterogeneity in species dispersal capacities

Figure 2: Dispersal heterogeneity underlies biodiversity variation. Respective levels of α (dark grey area), β
(light grey area), and γ diversities (sum of α and β, represented by the total dark and light grey area); and their
hypothetical responses to increases in dispersal rates in homogeneous (A) and heterogeneous (B, C, D) dispersal
networks. When dispersal rates increase, communities usually shift from being affected by dispersal limitation to
maximising α diversity when species can optimally track resources. In the former case, communities eventually

become homogenised when dispersal is not limited, and strong competitors tend to dominate. In a homogeneous
dispersal network (A), α diversity is maximised at a dispersal rate rA

αmax
, and the maximum γ diversity is γA

max.
When dispersal networks are heterogeneous due to either variations in dispersal capacities (B) or landscape

structure (C), α diversity is maximised at a higher dispersal rate [12, 27]. When the two sources of heterogeneity
interact (D), the dispersal rate is higher than expected from the combined (additive) effects observed in the cases
B and C (rD

αmax
). This interaction also leads to higher γ diversity (γD

max in case D) [24]. The red horizontal and
vertical lines represent the maximum γ diversities (γA

max, γD
max) and the dispersal rate maximising α diversity

(rA
αmax

, rD
αmax

), respectively, observed in the two extreme cases A and D. The networks on top of each plot are
replicated from Figure 1 to illustrate further the effects of dispersal network heterogeneity in each case.

6



Building and integrating heterogeneous dispersal networks into
biodiversity analyses
Within a single metacommunity, ecologists examine response and predictor variables at both
the community level (α diversity) and the between-community level (β diversity). Despite the
plethora of spatial methods used in biodiversity analyses, ecologists often fail to fully acknowl-
edge their underlying assumptions about dispersal network characteristics. An example is the
widely studied pattern of distance decay of similarity [35-36] that explores the spatial structure
of β-diversity and community assembly by using complete pairwise geographic distance matrices
derived from spatial coordinates of local communities. Complete distance matrices assume that
there is no heterogeneity in dispersal dynamics as all patches are connected. Heterogeneity is
overlooked even when it is considered, such as in the commonly used spatial eigenvectors
that involve the truncation of a geographic distance matrix. This truncation process, seen as
a simple analytical step, actually enhances the complexity of the spatial graph, allowing for the
representation of some level of heterogeneity in dispersal networks.

Because different α and β diversity indices emphasize different ecological aspects (e.g., domi-
nance, evenness, or simple taxonomic composition), one can contrast different hypotheses about
dispersal heterogeneity and estimate which one(s) best fits the ecological patterns and processes
captured by these indices. These hypotheses can be contrasted by parametrizing dispersal net-
works with varying degrees of heterogeneity. The parameterization of heterogeneous dispersal
networks is based on differential weights that are given to both structural and biological com-
ponents of dispersal, that are assumed and/or informed by prior knowledge and empirical data.

There are two main steps involved in modelling heterogeneous dispersal networks as spatial
graphs: (i) modelling the topology of the network and (ii) modelling the strength of dispersal
among interconnected local communities [37]. The first step identifies interconnected patches
via dispersal, whereas the second involves determining variation in dispersal probabilities among
patches for one or multiple species. Network topologies are represented by a pairwise matrix of
connections between patches. They are usually depicted as an incomplete graph and its adja-
cency matrix, where connected pairs of communities (nodes) are represented by 1s (i.e., graph
links), while zeros represent disconnected pairs (i.e., links removed after graph pruning). Usu-
ally, pairs of patches separated by geographic distances smaller than a given distance threshold
remain connected (i.e., are given a value of 1). Threshold-based pruning can uncover the under-
lying structure of dispersal networks, including the spatial scales at which landscape structure
imposes heterogeneities in dispersal networks [16, 38]. While a priori pruning removes links in
dispersal networks based on hypotheses about dispersal heterogeneity, a posteriori pruning uses
empirical data to determine optimal topologies fitting the observed data. However, inferring
the topology of dispersal networks from empirical data remains challenging and even if feasible,
these topologies may not reflect well complex dispersal dynamics in space and time [39-43].

The resulting topological matrix can be further refined by weighting the links among patches
as distance functions (e.g., exponential) or dispersal probabilities. Dispersal probabilities can
vary among species for a given link, which can also be assessed empirically from distributional
data or by considering known dispersal capacities of species. Iterative processes such as simulat-
ing annealing and approximate Bayesian computation can be employed to test varying weights
and assess which resulting heterogeneous networks maximise spatial patterns of α and β diver-
sity. Manipulating weights of topological matrices to represent dispersal probabilities remains
computationally challenging [42], particularly considering the multiple ways in which species
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may vary in their dispersal capacities; and that the same species may vary in dispersal capacity
across the landscape (a case not depicted in Figure 1 for simplicity). For instance, one may con-
sider whether a single community-based, multiple single-species heterogeneous networks, or a
consensus network based on the latter is more robust. Computing species-specific heterogeneous
networks, for example, can estimate whether the influence of dispersal network heterogeneity
arises mostly from landscape structure or from its interaction with varying dispersal capacities.

Once a heterogeneous dispersal network has been built, it can be integrated into biodiversity
analyses in various ways. Centrality metrics can explain variation among local communities
in α diversity [31]. Similarly, participation coefficients can estimate the role of each patch in
serving as hubs of dispersal between sub-networks of patches, or the spread of invasive species
[16]. When analysing β diversity, the focal response variable becomes the compositional vari-
ation (turnover) among local communities. In this case, heterogeneous dispersal networks can
be decomposed into spatial eigenvectors, employing techniques such as the widely used Moran’s
Eigenvector Maps [37]. The resulting eigenvector maps can then be used as predictors when em-
pirically modelling variation in β biodiversity among local communities (as well as α diversity).
Proposing different heterogeneous dispersal network and their related eigenvector maps allows
determining the levels of dispersal heterogeneity in the network that best fits with variation in
α and β diversity.

Finally, at the regional scale, assessing the influence of different dispersal network structures
on γ diversity is possible when data are available for multiple sets of metacommunities (or sub-
metacommunities within a large one). In this case, various metrics describing the complexity
or connectivity of heterogeneous networks can be used, including modularity indices [16, 38],
algebraic connectivity [20] or other spectral properties of networks [10, 44].
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Box 1: Dispersal network heterogeneity provides new insights on the SLOSS
debate

A long-lasting debate in ecology, called the SLOSS (Single Large vs Several Small)
debate [55-56], revolves around the hypothesis that few large habitat patches can host more
species than several smaller patches for the same total area. To test this hypothesis, two
species accumulation curves are built to compare species richness per area unit between
accumulated sampled areas in large-to-small and small-to-large patches. If the cumulative
species richness increases more rapidly when the accumulated sampled areas are in several
small patches, it suggests that these small patches include more species than large patches
for the same total area (or vice-versa). Considering heterogeneity in dispersal networks
could bring some consensus to this debate as it may act as a confounding factor in SLOSS
analyses. This is because isolation and patch size may be correlated or not, depending on
landscape structure and variation in dispersal capacities. To consider dispersal heterogeneity
in species accumulation curves, we introduce the SCSI (Several Connected versus Several
Isolated patches) framework. In this framework, species accumulation curves are built by
adding patches starting either from the most connected patches and moving towards more
isolated ones in the dispersal network, or vice-versa. When dispersal is limited, sampling an
equal number of areas in well connected patches should result in a higher number of species
compared to than the same number in isolated patches, regardless of patch sizes. Indeed,
when species cannot effectively track suitable patches, the most connected patches in the
dispersal network are expected to harbour a higher number of species. The area between the
two curves estimates the strength of network heterogeneity influence on diversity patterns.
If the accumulation curve drawn by adding patches from the most isolated to the most
connected ones overlaps or stands above the reverse curve, it suggests that dispersal is not
limited. In this case, dispersal heterogeneity plays a role in preventing isolated patches from
being colonised solely by the strongest competitors. Note that varying levels of network
heterogeneity can also be considered while estimating the optimal number of patches to
preserve for maximising species richness. Our framework serves to (i) assess the influence of
dispersal network heterogeneity on diversity patterns and (ii) distinguish between dispersal
limitation and unrestricted dispersal. Its use could lead to a consensus in the SLOSS debate
because the contribution to biodiversity of several small patches versus few large patches
may depend on the complexity of the networks that connect them through dispersal.

9



From connected to isolated

Dispersal is limited

Netw
ork 

hete
roge

neit
y in

flue
nce

Netw
ork 

hete
roge

neit
y in

flue
nce

Dispersal is not limited

Patch 1

Patch 1

Patch 30

Patch 30

From isolated to connected

Number of patches

Ac
cu

m
ul

at
ed

 sp
ec

ies
 ri

ch
ne

ss

A B

From connected to isolated
Patch 30

Patch 30

Patch 1

Patch 1

From isolated to connected

Number of patches

Ac
cu

m
ul

at
ed

 sp
ec

ies
 ri

ch
ne

ss

C

Figure I: A framework to empirically assess the effects of network heterogeneity on species diversity. A)
Hypothetical heterogeneous dispersal network with 30 patches, exhaustively sampled to generate community

data (i.e., species compositions at each patch). Numbers indicate the rank of each patch in terms of
geographical centrality (closeness): largest values indicate patches that are the closest to all the other patches in
average, (i.e., most connected), whereas lowest values indicate the most isolated patches. B) Dispersal is limited

and prevents species from tracking optimal conditions through the network. For a given number of sampled
patches, the accumulated species richness is higher when considering several well-connected patches than several
isolated patches. C) Dispersal is not limited, leading the strongest competitors to dominate across most patches.
In this case, the accumulated species richness should be higher when considering the most isolated patches, i.e.,
less reachable by the strongest competitors. In B) and C), the area between the curves represents the influence
of dispersal network heterogeneity on diversity variation. These relationships are hypothetical. We assume that

equal areas are sampled within each sampled patch.

Heterogeneous dispersal networks for biodiversity management
The analysis of heterogeneous dispersal networks can guide biodiversity management strategies
by optimizing connectivity management approaches aimed at identifying areas where spatial
connectivity effectively supports long-term biodiversity conservation objectives [45-48]. More
specifically, management strategies need to recognise that dispersal effects on biodiversity be-
come increasingly scale and context-dependent when humans rewire dispersal networks by mod-
ifying habitats or introducing strongly competitive species [49]. Because of dispersal heterogene-
ity, the processes underlying biodiversity maintenance may vary among sets of spatial clusters
of local communities that are, themselves, connected in varying degrees. As such, increases in
dispersal rates can have both positive and negative effects on regional biodiversity. Clusters of
habitat patches that exhibit stronger internal connections in contrast to connections with other
sets of patches are referred to as modules in the graph theory literature [16]. These modules
can serve as the basis for a relevant delineation of management area units for single species as
they underly population synchronicity [47, 50] (Figure 3).

By building modules in which dispersal is more homogeneous and frequent, modularity of-
fers potential solutions to address two common challenges faced by biodiversity managers. First,
they assist in defining the spatial scale at which management efforts should be focused. Second,
by aligning management strategies with the scale dictated by modularity, it is possible to make
management strategies more context-dependent (Box 1 and Figure 3). Modules are, by design,
sets that maximise the ratio between intra- and inter-module connectivity, allowing determining
the patterns in species distributions that are due to dispersal heterogeneity. As such, if disper-
sal is limited, enhancing habitat connectivity among modules becomes critical to smooth the
isolation gradient arising from network heterogeneity (Figures 2 and 3). Conversely, if dispersal
is not limited and tends to homogenise communities by making most patches accessible (e.g., to
strong competitors; Figures 2 and 3), then connectivity should be decreased via management.
The module scale becomes then the most relevant scale for decision-making management strate-
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gies. It should be noted that in this context, decreasing connectivity entails managing specific
areas to disrupt dispersal flow for target species, while simultaneously providing habitats for
other species that do not rely on the same dispersal networks.
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Figure 3: Analysing the modularity of heterogeneous dispersal networks to set the scale of management
strategies maximising landscape γ diversity. The links of the dispersal network connect the centroids of forest

habitat patches. Modularity analyses reveal three main modules at the center of the study area (cf. map
legend). When dispersal is limited (A, right panel), a sensible conservation objective would consist in increasing
habitat connectivity among modules to simultaneously increase module mean α diversity and decrease among
module β diversity. This would allow dispersal limited specialist species to better track resources and colonise
new patches within modules. When dispersal is not limited (B), decreasing connectivity among modules would
allow less competitive species to locally dominate, thereby increasing all components of species diversity (α, β,

γ). Habitat patches represent coniferous forest patches in the Laurentian Forest (Québec, Canada). Other
smaller modules are not displayed for the sake of clarity. Spatial data source: Natural Resources Canada.

Concluding remarks
Dispersal networks are heterogeneous by nature as dispersal involves multiple species moving
across heterogeneous landscapes. Dispersal heterogeneity has widespread effects on multiple
levels and dimensions of biodiversity and sets the scale at which the strongest influences due to
dispersal are relevant and observed. Considering the influence of network heterogeneity on bio-
diversity variation is key for understanding and predicting biodiversity dynamics and designing
effective management strategies. However, our understanding of the complexity emerging from
dispersal processes is hindered by numerous knowledge gaps (see Outstanding questions). Here,
we focused on the potential interactions between landscape structure and dispersal capacities
that lead to heterogeneous dispersal networks, and how we can study their influences on spatial
variation in biodiversity. Although we have outlined and proposed methods to incorporate het-
erogeneous dispersal networks into biodiversity analyses, we urge for continued methodological
advances in this area. Devising methods to accurately capture dispersal heterogeneity arising
from the interactions between structural and biological components is also key in improving our
ability to infer processes from patterns in ecology. These advancements can significantly benefit
from the availability of recently accessible empirical dispersal data [51], alongside the use of
telemetry, individual tracking, and genetic data.
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Heterogeneous dispersal networks are expected to influence a wide range of biodiversity
responses. The approaches covered here can be directly embedded into analyses of species abun-
dance distributions [52-53], functional diversity patterns [31], and evolutionary processes [54],
among others. Additionally, managers often face the challenge of designing optimal manage-
ment strategies for multiple species that move through potentially semi-independent dispersal
networks. Integrating dispersal heterogeneity into the complexity of decision-making requires
practical solutions, and recent advances in multi-layer network approaches are promising in
addressing further these methodological gaps [10].
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Outstanding questions
• How can we effectively disentangle the respective influences of landscape structure varia-

tion in species dispersal capacities on metacommunity diversity patterns, considering the
heterogeneity in dispersal networks?

• At which spatial scale should we assess the influence of dispersal heterogeneity on biodi-
versity when species have different dispersal capacities? How can we parametrize (infer)
dispersal network structure from empirical data?

• Can we enhance predictions of the effects of land use change effects on biodiversity patterns
by considering species-specific changes in dispersal network heterogeneity?

• Which graph-based methods most accurately capture the influence of dispersal heterogene-
ity on species diversity patterns? How can we enhance existing methods to make them
more scale- and context-dependent?

• Can our Several Connected vs Several Isolated (SCSI) empirical framework improve our
understanding of the effects of dispersal on biodiversity? And can it help to resolve the
long-standing debate surrounding the Single Large or Several Small (SLOSS) conservation
strategies?

• How can we design optimal management strategies when species share different levels of
dispersal heterogeneity within a landscape?
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Glossary
Centrality metrics: metrics measuring the importance of a node given its position in a spatial

graph. Includes degree, closeness, betweenness or eigenvector centrality indices, among
other metrics.

Dispersal: movement of an individual or propagule from its natal patch to another patch,
eventually followed by reproduction and gene flow.

Dispersal capacity: propensity and ability of individuals and propagules to disperse, deter-
mined by several life-history traits.

Dispersal heterogeneity: dispersal is spatially heterogeneous when the number of dispersers
between pairs of patches is not constant across the landscape even when dispersal rates
are constant.

Dispersal limitation: refers to the situation in which all species cannot be present in all
patches.

Dispersal network: a spatial network is formed by patches exchanging individuals and propag-
ules through dispersal, represented as a graph whose nodes are patches connected by dis-
persal paths (links).

Dispersal path: spatial path used by individuals or propagules while dispersing.

Dispersal rate: rate at which individuals from a particular patch leave that patch to disperse,
regardless of the distance they cover during dispersal.

Environmental selection: process by which species composition of local communities is in-
fluenced by local environment.

Graph theory: field within combinatorial mathematics that focuses on the study of networks
and their representation as graphs.

Network/graph: a network is composed of interacting nodes (e.g., via dispersal) and is com-
monly represented as a graph, which consists of discrete nodes connected by links.

Mass effects: situation in which dispersal is not limited, and a high influx of dispersers can
override local competitive dominance.

Metacommunity: a set of local communities consisting of interacting species, which are con-
nected through dispersal.

Metapopulation: set of local populations of a single species, which are connected through
dispersal.

Modularity: graph’s property where subsets of nodes are densely interconnected within each
subset, with fewer connections to nodes outside. It serves as both an index to measure
this pattern and a criterion for optimising the partitioning of graphs into modules.

Non-stationary: variation in the nature and intensity of a process (e.g., dispersal) over space.
It is akin to spatial heterogeneity.

Participation coefficient: quantifies the level of connectivity of a node to other nodes across
multiple modules. It identifies nodes that play an important role in promoting large-scale
graph connectivity.
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Patch: discrete spatial entity that supports a population or community and contains the neces-
sary resources needed for species to fulfil their life cycle requirements. Individuals within
and between species are assumed to interact, and population dynamics are assumed syn-
chronous.

Topology: overall structure of connections within a network, which is typically represented by
graph links. It describes the patterns of relationships and connectivity among nodes in a
network.

Truncation/pruning: process of removing links from a graph. It involves eliminating specific
connections between nodes, which can alter the structure and connectivity of the graph.

Spatial eigenvectors: eigenvectors obtained through the diagonalisation of a quantitative ma-
trix describing a spatial network.
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