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Summary 

1. Dispersal is essential for species to survive the threats of habitat destruction and climate 

change. Combining descriptions of dispersal ability with those of landscape structure, the 

concept of functional connectivity has been popular for understanding and predicting species’ 

spatial responses to environmental change.  

2. Following recent advances, the functional connectivity concept is now able to move 

beyond landscape structure to consider more explicitly how other external factors such as 

climate and resources affect species movement. We argue that these factors, in addition to a 

consideration of the complete dispersal process, are critical for an accurate understanding of 

functional connectivity for plant species in response to environmental change. 

3. We use recent advances in dispersal, landscape and molecular ecology to describe how a 

range of external factors can influence effective dispersal in plant species, and how the 

resulting functional connectivity can be assessed. 

4. Synthesis. We define plant functional connectivity as the effective dispersal of propagules 

or pollen among habitat patches in a landscape. Plant functional connectivity is determined 

by a combination of landscape structure, interactions between plant, environment and 

dispersal vectors, and the successful establishment of individuals. We hope that this 

consolidation of recent research will help focus future connectivity research and 

conservation. 

 

Key-words  
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The importance of dispersal and connectivity 

Dispersal is a key life-history process, with the movement of individuals or propagules 

impacting populations, species and communities from short-term ecological to long-term 

evolutionary time scales (Nathan et al. 2008; Bonte et al. 2012). Of current interest is the role 

of dispersal during periods of environmental change, particularly anthropogenic habitat 

destruction and climate change (Hampe 2011; McConkey et al. 2012; Baguette et al. 2013). 

Habitat loss results in smaller, fewer and more isolated populations at local, landscape and 

regional scales. A reduction in dispersal between populations can cause them to become 

increasingly affected by the cumulative effects of genetic drift and reduced gene flow, 

resulting in fitness loss and an erosion of genetic diversity. This can leave them less resilient 

to environmental and demographic stochasticity and more likely to go extinct (Leimu et al. 

2006; Vranckx et al. 2012). A lack of dispersal among isolated populations also leads to 

population decline, with a lower chance of populations being rescued or suitable patches 

being (re-)colonised resulting in biodiversity losses (Ibáñez et al. 2014). Dispersal is also 

required for organisms to migrate successfully to more suitable climates in response to 

climate change (Hampe 2011). 

 

By linking dispersal with the physical environment, the concept of connectivity has been 

useful for understanding how, and predicting where, organisms disperse, often in relation to 

environmental change. The connectivity concept was introduced by Taylor et al. (1993) as 

“the degree to which the landscape facilitates or impedes movement among resource 

patches”. Since then, its most enduring development has been the identification of the 

structural and functional components of landscape connectivity. Structural connectivity 

describes the physical aspects of the landscape and the configuration of habitat patches, while 

functional connectivity is defined as “the behavioural responses of an organism to the various 
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landscape elements”, referring to the actual flow of individuals and their genes among habitat 

patches (Tischendorf & Fahrig 2000). This became the prevailing definition which is still 

cited today (Baguette et al. 2013; Aavik, Holderegger & Bolliger 2014). As different species 

can respond differently to a particular landscape structure, functional connectivity is 

necessarily species-specific, and is commonly measured using estimated dispersal distances, 

rates of movement through different categories of land-cover and other active interactions 

with different types of habitat and with the matrix (Calabrese & Fagan 2004; Vogt et al. 2009; 

Watts & Handley 2010).  

 

Integrating landscape structure and effective dispersal 

Understanding how dispersal and landscape interact to determine species occurrences and 

responses to environmental change is extremely valuable. However, researchers are 

increasingly appreciating that there are other factors and processes beyond landscape 

structure that can influence dispersal among habitat patches. For example, the movement 

ecology paradigm, which aims to unify research relating to different types of movement 

across species and scales, considers that a range of external factors can affect how and where 

organisms move (Nathan et al. 2008). Along with the spatial structure of the landscape, paths 

of movement are determined by factors such as climate and the presence of resources, 

mutualistic species or predators, and their interactions with landscape structure and the 

characteristics of the organism in question (Nathan et al. 2008; Vasudev et al. 2015). At the 

landscape scale, many of the external factors affecting movement have been studied in the 

context of the matrix, the variations of which can affect species movement per se, as well as 

influencing immigration into habitat patches through interactions with the biotic and abiotic 

environment (Driscoll et al. 2013). Although it is clear that movement is affected by more 

than landscape structure, external factors such as behaviour of individuals and species 
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interactions have only rarely been considered as components of functional connectivity 

(Bélisle 2005; Betts et al. 2015a), and these factors are largely specific to animals. 

Suggestions for the assessment of functional connectivity are still generally based on 

coupling movement and landscape structure only (Vogt et al. 2009; Watts & Handley 2010; 

Luque, Saura & Fortin 2012). 

 

In addition to the movement of an individual, there are other stages of dispersal that can be 

affected by landscape structure and external factors, with consequences for functional 

connectivity. Dispersal can be split into three distinct phases comprising [1] departure, [2] 

transfer (or movement) and [3] arrival (Bonte et al. 2012). Therefore, processes occurring 

pre- and post-transfer in the habitat patches connected by species movement are also 

important in determining functional connectivity. As advances in molecular ecological 

methods and a reduction in costs mean that we can increasingly measure exactly how 

populations are connected in space (Luque et al. 2012; Baguette et al. 2013), it is important 

that we understand mechanistically the full range of factors and processes that lead to 

successful dispersal across landscapes. Therefore, it is vital that the functional connectivity 

concept considers how dispersal is affected by both landscape and other external factors, and 

that all stages of the dispersal process are included explicitly. With a focus on plant species, 

we draw upon recent work in the dispersal and connectivity literature to show how 

interactions between organism, landscape and dispersal affect functional connectivity in 

space and time, and how methodological advances can be used for its assessment. 

 

Plant functional connectivity 

We define plant functional connectivity as the effective dispersal of propagules or pollen 

among habitat patches in a landscape. Functional connectivity has generally been considered 
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in terms of individuals of species actively responding to landscape structure, which is 

generally only applicable to mobile animals. For most plant species, dispersal involves the 

transfer of propagules (such as seeds, spores, bulbs and other plant fragments) and/or pollen 

via biotic and abiotic vectors. Therefore, plant functional connectivity can change not only as 

a result of a modification of landscape structure, but also with changes in the type, behaviour 

or abundance of dispersal vectors, or the plants’ ability to use these vectors. Further, for 

functional connectivity to be realised, the dispersal of propagules and pollen must be effective 

(Schupp, Jordano & Gómez 2010). This means seeds must not only arrive (following seed 

dispersal) or be produced (following pollen dispersal), but must also result in the 

establishment of a new adult plant. From a genetic perspective, resulting individuals must 

also reproduce for their genes to be integrated into the population. As a consequence, plant 

functional connectivity depends on processes at both source and recipient habitat patches and 

in the matrix, as well as on the characteristics and behaviour of relevant dispersal vectors of 

propagules and pollen (Figure 1). In their application of the movement ecology paradigm to 

plants, Damschen et al. (2008) added seed dispersal vector identity to landscape structure as 

an additional factor influencing plant movement. In the following sections, we describe 

explicitly how dispersal by different vectors of seeds and pollen are affected by and interact 

with factors both dependent on, and independent of, landscape structure, and how this 

dispersal then leads to functional connectivity. 

 

Connectivity through seed dispersal 

Studies of functional connectivity in plants very often focus on the dispersal of seeds between 

isolated habitat patches (e.g. Rico, Boehmer & Wagner 2012; Mueller et al. 2014). At the 

source population, seed production is an important determinant of the amount of dispersal, 

and is governed by pollination, resource availability and a range of environmental conditions, 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

which can vary with or independently of landscape change (Soons & Heil 2002). The 

abscission of seeds from parent plants, as well as their transfer across the landscape and 

arrival in recipient habitats can occur biotically and abiotically. We describe these separately 

below, although the majority of plant species can be dispersed by multiple vectors (Ozinga et 

al. 2004). 

 

Biotic seed dispersal 

Biotic dispersal over the distances required to transport seeds between habitat patches 

generally involves the attachment to (epizoochory), ingestion by (endozoochory) or caching 

by (synzoochory) animals. As such, functional connectivity for plants is affected by how 

other organisms respond to (changes in) landscape structure, or by changes in the interaction 

between plant and vector (McConkey et al. 2012). Following seed production, functional 

connectivity through biotic dispersal first depends on the presence of dispersers that ingest or 

deliberately move the seeds, or to which seeds become attached. Animal dispersers then 

determine the potential for functional connectivity through their movement and behaviour 

(Jansen et al. 2012; González-Varo, López-Bao & Guitián 2013). This movement and the 

subsequent detachment or deposition of seeds (behaviourally-determined or otherwise) can in 

turn be influenced by landscape structure. For example, linear landscape elements and 

variation in matrix quality can affect movement in seed-dispersing animals (Magrach, 

Larrinaga & Santamaría 2012; Suárez-Esteban, Delibes & Fedriani 2013), and habitat 

selection can cause non-random seed deposition in particular landscape elements (directed 

dispersal; Carlo et al. 2013). In these cases, changes in landscape structure would be expected 

eventually to affect functional connectivity. However, biotic seed dispersal can also be 

affected by other factors. For example, changes in climate (Mokany, Prasad & Westcott 

2014), hunting practices (Markl et al. 2012) and the introduction of non-native dispersal 
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vectors (Traveset & Richardson 2014) can all influence seed dispersal indirectly via effects 

on – and interactions between - the populations of animal dispersers. These factors can 

interact with landscape structure but can also occur independently, affecting the quality of 

seed dispersal (Schupp et al. 2010), and as a consequence the potential for functional 

connectivity. 

 

Humans act as another biotic dispersal vector, being able to disperse seeds over long 

distances. Seeds can become attached to clothing, vehicles or goods, and subsequent dispersal 

at different scales is determined by landscape and patterns of movement (Niggemann et al. 

2009). In addition, humans can manipulate patterns of functional connectivity through the 

transportation of other biotic dispersers such as grazing livestock between isolated habitat 

patches, without associated changes in structural connectivity (Rico et al. 2012). 

 

Abiotic seed dispersal 

Beyond gravity, abiotic dispersal vector occurs mainly via wind and water. For species 

transported by wind, abscission is partially controlled by wind speed and turbulence, as well 

as temperature (Maurer et al. 2013). Unlike biotic dispersal, whereby seeds of very different 

morphologies are able to disperse long distances (Bullock et al. 2017), long-distance seed 

dispersal by wind is associated with seeds that are released relatively high in the vegetation 

and those which fall slowly (Tackenberg, Poschlod & Bonn 2003). Once airborne, vegetation 

structure, landscape configuration and topography can all affect the distance and direction 

seeds disperse across the matrix (Damschen et al. 2014; Trakhtenbrot, Katul & Nathan 2014). 

Projected changes in temperature and wind speeds associated with future climate change, 

along with interactions with habitat fragmentation are also expected to affect seed dispersal 

patterns and consequently the functional connectivity of populations at landscape and larger 
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spatial and temporal scales (Soons, Nathan & Katul 2004; Kuparinen et al. 2009; Bullock et 

al. 2012). As with biotic dispersal, directed dispersal to suitable sites can also occur via 

abiotic vectors, particularly water (Soons et al. 2017). Exactly where these seeds arrive is 

generally determined by longer-term flow patterns in channels, tides and oceanic currents 

(Vargas et al. 2014; Favre-Bac et al. 2016), which could vary in response to future changes in 

landscape and climate. 

  

Arrival and establishment 

For functional connectivity to be realised, seeds do not only have to arrive at the recipient 

habitat, they must also establish and grow into adult plants, which is an important bottleneck 

(Uriarte et al. 2010; Hampe 2011). The presence of microsites such as rock debris, anthills or 

animal burrows has been found to promote such establishment and complete the process of 

functional connectivity (Rico et al. 2012). For biotically-dispersed species, suitable 

establishment microsites can be created through disturbance by the seed-dispersing animal 

(Faust et al. 2011). Secondary dispersal by ants (myrmecochory) and seed caching animals of 

seeds that have already been dispersed across a landscape by other biotic and abiotic vectors 

can also improve the potential for establishment in a new patch (Vander Wall 2003; Gallegos, 

Hensen & Schleuning 2014). On the other hand, seed predation occurring either pre- or post-

dispersal can negatively affect functional connectivity, and is related to conditions in the site 

and surrounding landscape (Orrock & Damschen 2005). 

 

Connectivity through pollen flow 

The exchange of pollen offers another way by which genes can be moved between distinct 

plant populations. Because conspecifics need to be present and flowering at the recipient 

patch to ensure functional connectivity, dispersal of pollen contributes solely to the 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

persistence of plant species where they already occur, potentially preventing inbreeding 

depression and harbouring among-population adaptive genetic diversity (Keller & Waller 

2002; González-Varo et al. 2010). Like seeds, pollen can be dispersed abiotically by wind 

and water, or biotically via animals (mainly insects but also a range of vertebrate species; 

Ollerton, Winfree & Tarrant 2011). 

 

For plant species dependent on biotic pollination to produce seeds, functional connectivity 

depends to a large extent on pollinator identity, density and behaviour. Pollinator movement 

and successful pollination are influenced by habitat composition and landscape configuration, 

including the presence of habitat corridors (Townsend & Levey 2005; Hadley & Betts 2012). 

Some plant species are even able to control pollination through recognition of avian 

pollinator species (Betts, Hadley & Kress 2015b). Pollinator movement can be influenced not 

only directly by landscape factors, for example insect pollinators also interact with other 

factors such as wind speed and direction (Ahmed et al. 2009). The presence of pollinators in 

a landscape can also be affected by climate-driven phenological changes (Kudo & Ida 2013) 

or shifts in the pollinator community through extinction, immigration or invasion. The loss of 

a single pollinator species can reduce seed production through modifying the foraging 

behaviour of other pollinators (Brosi & Briggs 2013), while the competitive displacement of 

different types of native by non-native pollinators can reduce plant fitness by increasing self-

pollination and by creating hybrids between related non-native and native plants (Morales & 

Traveset 2008; Morales et al. 2013). 

 

The dispersal of pollen by wind is thought to have evolved such that pollen flow is facilitated 

where pollen or pollinator limitation is a potential issue, such as in areas with sparse plant 

occurrences (Culley, Weller & Sakai 2002). Like seed dispersal, the transfer of pollen among 
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plant populations by wind is affected by landscape structure (Shohami & Nathan 2014). It 

might also be expected that like wind-dispersed seeds, longer-term and larger-scale patterns 

of pollen flow might be affected by climate change influencing wind speed and turbulence, 

and their resulting interactions with landscape structure. For abiotic pollen dispersal by water, 

the distance and direction of pollen transfer depends mainly on water flow and currents. 

Following successful pollen transfer by either biotic or abiotic means, plant functional 

connectivity depends on appropriate conditions for pollination and seed production in the 

recipient patch, and later establishment following local or among-patch seed transfer. 

 

Seed banks and functional connectivity 

The potential for some plant species to persist in seed banks means that the realisation of 

functional connectivity can be delayed for long periods of time following seed arrival (Figure 

2a), or seed production following among-patch pollen flow (Figure 2b). For these species, 

persistent seed banks can be important for allowing populations to survive periods of 

unsuitable environmental conditions (Snyder 2006), and provide a useful strategy to retain 

the potential for connectivity when establishment is not immediately possible. Some seed-

banking plant species require a specific environmental cue (such as fire) to break dormancy 

for the eventual realisation of functional connectivity. The potential to persist in a seed bank 

is a useful strategy, but it also provides a challenge for understanding patterns of functional 

connectivity based solely on the observation and analysis of established plant populations 

(Rico et al. 2012; Aavik et al. 2013). Seed bank persistence through periods of environmental 

unsuitability might also be regarded as functional connectivity, where the transfer stage of 

dispersal corresponds to transfer through time rather than space (Figure 2c). Like functional 

connectivity in space, such dispersal in time can promote genetic diversity (Honnay et al. 

2008; Falahati-Anbaran, Lundemo & Stenøien 2014). However, just as anthropogenic 
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environmental change can affect functional connectivity through its effects on abiotic and 

biotic dispersal vectors, climate change and nitrogen deposition can also have negative effects 

on seed bank survival, reducing the potential for delayed colonisation independent of 

landscape processes (Ooi 2012; Basto et al. 2015). 

 

Assessing plant functional connectivity 

The multitude of different factors affecting the functional connectivity of plant species means 

that its assessment is challenging. The expanding field of landscape genetics is extremely 

valuable for understanding how populations are functionally connected in space and time 

(Luque et al. 2012; Baguette et al. 2013). However, recent advances in a range of other 

methods such as dispersal modelling and pollination network analysis could also be very 

useful in shedding light on specific interactions between dispersal, landscape and other 

relevant factors, and for gaining a broad understanding of functional connectivity for groups 

of species or communities. Below, we discuss some recent methodological advances, which 

we expect will facilitate future research in the field. 

 

Landscape genetics 

As functional connectivity is ultimately concerned with gene flow in time and space, 

landscape genetics provide a useful methodological toolbox to measure realised connectivity 

by explicitly incorporating spatial information to investigate gene flow in a landscape 

(Holderegger et al. 2010; Dyer 2015a; Figure 3). Empirical genetic studies have shown that 

extant plant populations are functionally connected at the landscape and regional scales 

largely as a result of pollen flow (Dick et al. 2008), while seed dispersal has a larger impact 

at the local scale by creating fine-scale genetic structure (Epperson 2007; Rico & Wagner 

2016). Understanding the role of landscape features in determining genetic structure is 
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essential for understanding plant functional connectivity. Comparing landscape metrics with 

the FST estimate of genetic differentiation (Slatkin 1987) as a proxy for gene flow is one 

method of doing so. For instance, landscape-scale gene flow in the grassland plant Lychis 

flos-cuculi is restricted by forest cover, while measures of grassland structural connectivity 

have no effect (Aavik et al. 2014). Using a molecular approach in this way shows that 

structural connectivity should not be automatically equated with functional connectivity. 

However, a concern regarding indirect measures of gene flow such as FST  is that they are 

integrated measures of historical functional connectivity over several generations and thus are 

not likely to capture contemporary landscape changes (Holderegger et al. 2010; Aavik et al. 

2014; Epps & Keyghobadi 2015). 

 

In contrast, direct approaches such as parentage analyses that estimate gene flow over one or 

few mating events offer great potential since they reveal how gene flow is related to the 

current landscape (Jones et al. 2010; Moran & Clark 2012). Specifically, paternity analyses 

evaluate effective pollen dispersal by comparing the genotype of the mother plant and the 

offspring to a pool of potential fathers to assign the most likely father. This can in turn be 

linked to landscape features, as done by Kamm et al. (2010), who found that open areas 

enhanced pollen-mediated gene flow for two isolated populations of the insect-pollinated 

forest tree Sorbus domestica. A useful approach that does not require sampling the potential 

fathers is the analysis of pollen pool structure. This method compares the genotypes of 

mothers scattered across the landscape along with their offspring to estimate the effective 

number of pollen donors, effective mating neighbourhood size and effective pollen dispersal 

kernels (Smouse et al. 2001; Sork et al. 2002). Creating a pollination network from this 

information can then be used to link paternal genetic connectivity to landscape features such 

as matrix quality (Dyer et al. 2012), and to quantify how between-site and at-site habitat 
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characteristics differentially influence vector movements (DiLeo et al. 2014; Dyer 2015b). 

 

Seed dispersal, on the other hand, is evaluated genetically through maternity analysis. This 

allows the quantification of seed dispersal distances and direction, as well as the dispersal 

effectiveness of available vectors (Jones & Muller-Landau 2008; Robledo-Arnuncio et al. 

2012). By genotyping the maternally-inherited endocarp (which in some species is 

transported with the seed) of dispersed seeds and relating it to the source ‘mother’ tree, 

Jordano et al. (2007) were able to identify how animal seed dispersers differentially deposited 

seeds of the same species over different distances and into different habitat types. Using these 

methods to measure contemporary gene flow, it is possible to assess the effects of landscape 

structure and dispersal vectors on relative contributions of pollen- and seed-dispersal to 

functional connectivity. While such analyses require large genetic resources due to the large 

numbers of offspring and potential parents required to be sampled at the landscape, the 

ongoing developments and reduction in costs of molecular techniques will facilitate the 

transition of studying a single species and a single landscape to multiple co-occurring species 

in a landscape or one species in replicate landscapes. This will aid the understanding of how 

different stages and processes involved in functional connectivity relate to genetic structure 

across landscapes and will be important to generate more accurate predictive models for 

conservation and management in the light of rapid environmental change.  

 

Seed dispersal 

The transfer stage of dispersal has typically been most studied, and several recent advances 

have the potential to improve the understanding of this critical phase. For biotic dispersal, the 

identification of vectors following dispersal by ingestion is now possible thanks to DNA 

barcoding (González-Varo, Arroyo & Jordano 2014), and the prediction of seed detachment 
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from animal fur has been generalised by Bullock et al. (2011). When the vector is known, the 

distance and direction of biotic dispersal from a known source can be measured using stable 

isotopes following the isotope marking of parent plants (Carlo et al. 2013). These advances in 

the measurement of dispersal can be used to improve the modelling of dispersal kernels, 

which can be represented by statistical fitting of functions to detailed dispersal data (Bullock 

et al. 2017), and the dispersal process can be modelled mechanistically (Nathan et al. 2011). 

As connectivity represents the combination of landscape and dispersal ability, understanding 

how landscape structure affects dispersal kernels is important. Indeed, Cortes & Uriarte 

(2013) suggested that the behavioural responses of animals to habitat and landscape structure 

is a key element for determining the distance and direction of biotic dispersal. For abiotic 

dispersal, recent developments have opened the possibility of modelling wind dispersal in 

relation to landscape structure (Trakhtenbrot et al. 2014). While these issues are important in 

understanding and predicting how dispersal kernels are influenced by a changing 

environment, such models are generally only concerned with the transfer stage of seed 

dispersal. Seed production, seed predation, seed banking, the presence of germination 

microsites and germination ability are also important determinants for functional connectivity 

(Soons & Heil 2002; Orrock & Damschen 2005; Rico et al. 2012), and should be 

incorporated into future mechanistic models.  

 

An exciting implication of recent developments in both dispersal modelling and landscape 

genetics is the potential for molecular data regarding functional connectivity to be used to 

validate and improve mechanistic dispersal (including pollen) models, facilitating a more 

accurate understanding of current functional connectivity following recent environmental 

change, as well as its prediction under different future scenarios. This is of great relevance, as 

assessing to what extent the interplay between gene flow and selection might enable plant 
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species to adapt effectively to rapid environmental changes remains a major challenge 

(Holderegger et al. 2010). 

 

Pollen flow 

Spatial patterns of biotic pollen flow have often been investigated by mapping pollination 

networks. However, it is only recently that researchers have looked beyond the direct transfer 

of pollen between flowering conspecifics, even though most biotically-pollinated plants are 

visited by many pollinators, which in turn visit a wide array of plant species. By identifying 

the diversity of pollen grains on stigmas in plant communities (Fang & Huang 2013), or by 

building theoretical networks between plant species sharing known pollinators (Padrón, 

Nogales & Traveset 2011), the transfer of pollen between individuals of different species 

(interspecific pollen transfer) can be assessed. Interspecific pollen transfer can lead to 

positive interactions due to increased pollinator attraction, but also to negative interactions by 

potentially reducing the effectiveness of pollen transfer between conspecifics (Morales & 

Traveset 2008). Understanding these interactions between plant species and their mutual 

pollinators can be valuable for assessing how changes in pollinator abundances due to 

changes in landscape structure or the introduction of non-native plants or pollinators can 

affect plant functional connectivity for individual species or at the community level.  

 

Plant functional traits 

While other recent advances can be useful for an improved understanding of a certain stage 

of plant functional connectivity, the use of functional traits provides the potential for some 

generalisation of plant functional connectivity across plant communities within a landscape. 

For some dispersal mechanisms it is by now well-established which functional traits 

determine seed dispersal potential. Dispersal across landscapes by wind is dependent on 
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relative plant height and appropriate seed traits (Tackenberg et al. 2003; Nathan et al. 2011). 

Similarly, seed buoyancy is important for predicting dispersal in water (Soons et al. 2017; 

Carthey et al. 2016), and different traits are associated with dispersal by animals via 

attachment and ingestion (Albert et al. 2015). Yet, some functional traits (such as buoyancy 

or capacity to survive gut passage) are notoriously difficult to quantify in a consistent way for 

large numbers of species. Currently, coarse distinctions between species’ dispersal capacities 

can be estimated from plant functional traits (Thomson et al. 2010; Tamme et al. 2014), 

although future work on standardized measurements of important traits such as buoyancy and 

seed gut passage survival will be critical for generalizations regarding the effects of 

environmental changes on dispersal and connectivity. Furthermore, the importance of 

establishment and variation in site conditions means that traits related to both competition 

and dispersal are found to interact with landscape structure to determine species turnover 

following environmental change (Hemrová & Münzbergová 2015; Auffret et al. 2017). 

Understanding which traits relate to specific environmental changes and to the whole 

dispersal process offers a potential way forward to predicting how the functional connectivity 

of whole plant communities will respond to future changes or management interventions. 

 

 

Concluding remarks 

Plant functional connectivity, here defined as the effective dispersal of organisms across a 

landscape, has a huge impact on ecological responses to environmental change. For plants, 

the realisation of functional connectivity involves the dispersal of both propagules and pollen 

by biotic or abiotic vectors, and includes the production of seeds and pollen at the source 

patch as well as the successful establishment of new individuals at the recipient patch. The 

different stages of effective dispersal are all affected by landscape, as well as a range of 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

external and their interactions. Despite this complexity, recent methodological advances in 

landscape genetics, mechanistic dispersal modelling and ecological network analysis can help 

us understand how environmental change affects how and where plants move across 

landscapes. We hope researchers and managers working with functional connectivity will 

continue to consider landscape-dependent and landscape-independent factors affecting 

dispersal, as well as all stages of the dispersal process (Figure 1), for the benefit of future 

research and conservation.  
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Figure 1.  

Landscape factors can be important determinants of plant functional connectivity, but their 

influence extends well beyond connecting structures in the landscape. The landscape's 

influence is always mediated by the plant species or dispersal vector, while fluctuations or 

changes in the transfer of seed and pollen dispersers as well as long-term climate change can 

alter functional connectivity without an associated change in landscape structure. The 

functional traits of the plant species of interest determine the likelihood of dispersal by 

different vectors, as well as establishment or eventual seed dormancy. Most factors are 

common between functional connectivity by seed dispersal and pollination, although 

effective pollination also depends on the presence of conspecifics and the production of seeds 

following pollination (denoted by p). 
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Figure 2. 

The potential role of seed banks in plant functional connectivity. Seed dormancy (clock 

indicates time passing) in the recipient habitat following the dispersal of pollen (a) or seeds 

(b) in the recipient habitat patch can delay the realisation of functional connectivity in space. 

The dormancy of seeds produced within the source population can be considered to 

“connect” populations in time, buffering temporal environmental heterogeneity (c). 

 

Figure 3.  

Conceptual model relating different spatial landscape processes to genetic estimates and the 

appropriate molecular ecological methods for quantifying plant functional connectivity. 
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