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GENERAL ABSTRACT 

Applications of Dispersal Diversity on Food Web Stability Through a Synthesis of Current 

Literature and Observational Study 

Danielle M.B. Mac Rae 

Dispersal is a key mechanism that allows for spatially separated populations to interact across 

space and time. Rates of dispersal have been identified as a key factor shaping the stability of 

ecological communities. Dispersal diversity is the component of diversity that encompasses 

species dispersal abilities, driven by variation in dispersal-linked traits and condition-dependent 

movement behaviours. Frameworks that incorporate spatial dynamics often have not considered 

this source of diversity, opting for simpler methods of accounting for dispersal, but recent 

theoretical research has pushed for explicit inclusion of dispersal diversity within spatially 

structured (meta)communities. In my first chapter I reviewed literature that supports the stabilizing 

role of dispersal diversity and compiled intrinsic and extrinsic sources of variation that could be 

used to monitor stability in a trophic food web. In chapter two I tested whether local dispersal 

diversity predicted local community stability in the marine fish metacommunity of the 

Newfoundland and Labrador shelves, using dispersal trait measurements to quantify dispersal 

diversity and determine its impact on community stability over time. The results from chapter two 

support the stabilizing role of dispersal diversity, and that dispersal diversity can be measured 

applying the same methods as for functional diversity. This research highlights the importance of 

dispersal diversity for community stability, how dispersal diversity can be measured, and provides 

direction for future spatial studies on what traits to consider when accounting for dispersal 

diversity. Incorporating dispersal diversity into spatial models could provide better information to 

decision makers for managing spatially connected regions. 
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General Introduction  

It is well understood that through facilitating spatial interactions dispersal is a key mechanism for 

community stability (Crowley 1981; Bohonak & Jenkins 2003; Berkley et al. 2010; Figueiredo & 

Connolly 2012; Pedersen et al. 2016), however there has been less research on how community 

stability is established through the variation in dispersal behaviours (Bonte & Dahirel 2017; Bani 

et al. 2019; Sperry et al. 2019). Dispersal diversity is an aspect of functional diversity which 

encompasses the spectrum of intrinsic and extrinsic factors that lead to a species dispersal 

potential. There is still much to learn about how to account for and incorporate dispersal diversity 

in spatial models. My thesis attempts to define and summarize dispersal diversity and its role in 

stabilizing trophic interactions (Chapter 1), and then apply this theory to an empirical study system 

using dispersal linked traits to explore the relationship between dispersal diversity and community 

stability (Chapter 2). 

 

In Chapter 1 I defined dispersal diversity and reviewed literature on how dispersal diversity can 

drive stability mechanisms in spatially structured food webs. I outlined intrinsic (individual traits) 

and extrinsic (habitat) sources of dispersal diversity which have been used to monitor community 

stability in theoretical and empirical research. This chapter highlights the multifaceted nature of 

dispersal diversity and its relationship with community stability and summarizes how creating 

variation between trophic levels of interacting species leads to community persistence through 

time.  

 

In Chapter 2 I applied the theory of dispersal diversity to an empirical study system, the 

Newfoundland and Labrador (NF) shelves. I collected measurements of dispersal linked traits and 

https://www.zotero.org/google-docs/?PvVLgP
https://www.zotero.org/google-docs/?PvVLgP
https://www.zotero.org/google-docs/?orIWHD
https://www.zotero.org/google-docs/?orIWHD
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used them to calculate dispersal dispersity. To determine the impact of dispersal diversity on the 

community, I looked at the relationship between the change in community stability and dispersal 

diversity. I found that there is a positive linear relationship between stability and dispersal 

diversity. I also saw that dispersal diversity did not correlate with taxonomic diversity, meaning 

that we are capturing another aspect of diversity by including dispersal in our research.  

 

Chapter 1 looked only at the role of dispersal diversity in stabilizing trophic systems, but there has 

also been research on how dispersal diversity drives stability in competitive systems (Allesina & 

Tang 2012; Figueiredo & Connolly 2012; Aiken & Navarrete 2014). For competitive interactions 

we can still focus on how variation in dispersal supports asynchrony and the intrinsic and extrinsic 

factors that create dispersal diversity. In this way, dispersal diversity could be measured for whole 

food webs to explore more broadly its relationship with stability through multiple types of 

interactions. In Chapter 2 I found that many of the traits which are important for dispersal in 

Atlantic marine fish have not been well documented. Moving forward on this topic more 

investment should go into studies which will fill in missing data, for example through laboratory 

studies to determine species pelagic larval durations. 

 

Overall, my thesis contributes to the growing knowledge of spatial ecology and emphasizes the 

importance of including dispersal variation in spatial research. My first chapter could be used as a 

guide for readers to understand the foundations and sources of dispersal variation, and my second 

chapter is an example of how dispersal traits can be measured and used to calculate dispersal 

diversity for empirical research. More research is still needed to refine the understanding of how 

to use and monitor dispersal diversity in natural communities, a good place to start would be 

https://www.zotero.org/google-docs/?yntZDU
https://www.zotero.org/google-docs/?yntZDU
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including dispersal variation between trophic levels and competing species when simulating data, 

and widely measuring traits to get a full representation of functionality in species.   
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Chapter 1: Dispersal Mediated Community Stability in the Predator-Prey Model 

Danielle M.B. Mac Rae, Jennifer M. Sunday, and Eric J. Pedersen 
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Abstract 

Community stability is driven by patterns of species interactions which in turn depends on trait 

diversity. Dispersal is a widely recognized mechanism for the establishment and maintenance of 

species interactions across different spatial scales, which varies according to dispersal linked traits 

(dispersal diversity). Ecological research involving spatial dynamics i.e., metacommunities and 

trophic food webs, often have not included dispersal diversity when addressing spatiotemporal 

stability. To properly incorporate dispersal diversity in stability studies, we must first identify 

sources of variation in dispersal. Here we reviewed literature on how spatially structured food 

webs can be stabilized by the variation in dispersal responses. We compiled information on 

intrinsic (individual traits) and extrinsic (environmental condition, spatial heterogeneity) sources 

of dispersal variation, and reviewed theoretical studies on different mechanisms for how dispersal 

variation can influence food web stability based on theoretical models. We highlight the 

multifaceted nature of dispersal diversity and demonstrate how variation in dispersal behaviors 

between trophic levels contributes to community stability through asynchronous responses to the 

environment, differential rate of response to disturbance, and differential strength of species 

interactions. 
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Behind the Scenes of Stable Communities 

The tendency of a food web to be stable over time (Holling 1973; Ives & Carpenter 2007) is 

important for the functioning of ecosystems and their provisioning to people. Community 

stability (see Glossary), broadly defined here as the tendency of species abundances to fluctuate 

around an average state (Ives & Carpenter 2007), can be influenced by the number of species 

present in a location as well as the patterns of interactions among them (May 1972, 1974; Allesina 

& Tang 2012; Gellner & McCann 2016; Gravel et al. 2016; Nilsson & McCann 2016). Although 

early models of ecological communities predicted that increased species richness tends to reduce 

community stability (May 1974), subsequent theoretical studies have shown that variation in 

species interactions across space (Allesina & Tang 2012; Gravel et al. 2016), as well as increased 

trait diversity, both within (Bolnick et al. 2011) and across trophic levels (Zhang et al. 2013), can 

stabilize diverse communities. Theoretical and empirical studies that have asked how trait diversity 

influences stability of food webs have primarily focused on the effects of trait diversity on 

consumption, growth, or reproduction (e.g., mandible strength, body size, rates of attack) (Zhang 

et al. 2013; Nilsson & McCann 2016; de Bello et al. 2021). However, organisms’ movement in 

space away from their natal locations (dispersal), a key factor allowing interactions between 

spatially disconnected populations (Bohonak & Jenkins 2003; Pedersen et al. 2016), should also 

be considered. Both community-wide mean dispersal rates between patches and variation in 

dispersal rates among interacting species can play a critical role in stabilizing communities by 

distributing traits that drive patterns of food web interactions (Thompson & Gonzalez 2016; 

Pedersen and Guichard 2016; Pedersen et al. 2016). In this paper, we synthesize and review the 

rapidly growing theoretical literature on different mechanisms by which variation in dispersal 

https://www.zotero.org/google-docs/?9hqW2d
https://www.zotero.org/google-docs/?eEjmB8
https://www.zotero.org/google-docs/?5StPfB
https://www.zotero.org/google-docs/?5StPfB
https://www.zotero.org/google-docs/?7QgWdP
https://www.zotero.org/google-docs/?iUp5J9
https://www.zotero.org/google-docs/?KjyJKq
https://www.zotero.org/google-docs/?B6jXmn
https://www.zotero.org/google-docs/?2wT7TQ
https://www.zotero.org/google-docs/?2wT7TQ
https://www.zotero.org/google-docs/?rqiRR5
https://www.zotero.org/google-docs/?SvudZ2
https://www.zotero.org/google-docs/?SvudZ2
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response (both within and among species) can stabilize spatially structured food webs and examine 

the empirical evidence for ecologically relevant variation in dispersal ability in existing food webs. 

 

To understand how variation in dispersal behavior can impact community stability, first we must 

clarify how dispersal itself is expected to have stabilizing outcomes. In an isolated habitat patch, 

population fluctuation is subject to environmental fluctuation, if habitat quality decreases and 

dispersal in not an option this population will perish. Under the same scenario for a trophic food 

web, predator and prey populations will fluctuate with the environment but also tend to follow 

abundance oscillations, as prey population increases predator abundance will also increase, 

causing a subsequent decrease in prey abundance from increased predation (Moran 1953, Huffaker 

1958, Hastings 2001). In isolation this increased trophic interaction eventually causes the loss of 

both species. If dispersal occurs between connected habitat patches trophic interactions are less 

likely to drive the populations to extinction, as prey will have more opportunities to escape 

predation and increase in abundance (Pulliam 1988). This mechanism is supported through spatial 

averaging of population growth across spatially separated habitat, which results in higher mean 

biomass production  (Ives et al. 2004, Gonzalez et al. 2009). Spatial averaging is a key part of the 

spatial insurance hypothesis, which suggests that in the presence of dispersal, stability can be 

established above the negative impacts of environmental change, and that this mechanism is most 

efficient at intermediate dispersal rates (Loreau et al. 2003).  

 

Huffaker (1958) established the foundation for the importance of variation in dispersal processes 

for stabilizing trophic food webs through his study of multi-patch predator-prey systems using 

mites. While attempting to understand how these populations could persist in nature, he found that 

experimentally inducing a dispersal difference between the predator and prey populations would 
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allow for both populations to persist through asynchronous abundance oscillations (Huffaker 

1958). Between food patches, physical barriers (made of petroleum jelly) impeded predator 

dispersal and wooden posts facilitated prey dispersal. Wooden posts could only be exploited by 

prey who could climb and then drop off the posts to be carried by silken strands through the air 

currents. Dispersal variation between trophic levels facilitated food web stability, by allowing prey 

to colonize new predator-free patches before local populations could be eliminated by predation. 

Since Huffaker’s experiment, theoretical and experimental studies on dispersal mediated stability 

have grown in complexity to push the limits of our understanding of this mechanism.  

 

Dispersal and Spatial Synchrony 

To understand the spatial effects of dispersal, we first must review how dispersal plays a role in 

synchronization. Synchronization occurs when a metacommunity experiences correlated 

fluctuations in abundance (Loreau & de Mazancourt 2008). It is understood that patch synchrony 

increases the chance of extinction, decreasing stability, when all populations experience extreme 

oscillations (Hastings 2001). Community synchrony can be caused by both correlated 

environmental fluctuations, known as the Moran effect (Moran 1953), or could be affected by 

dispersal between populations (Fontaine & Gonzalez 2005; Abbott 2011). Goldwyn and Hastings 

(2008) looked at community synchrony mathematically using a two-patch predator-prey model 

with varying levels of dispersal for both populations. They found that at low dispersal rates the 

metacommunity could avoid synchronization over many generations, highlighting that the rate at 

which dispersal occurs may be important to consider when determining spatial synchrony. 

Goldwyn and Hastings (2009) studied synchrony with a predator-prey model, this time accounting 

for spatial heterogeneity. They found that weak dispersal plus spatial heterogeneity further 

decreases the chance of synchronization (Goldwyn & Hastings 2009; Leng et al. 2010). Under this 

https://www.zotero.org/google-docs/?JbHIE5
https://www.zotero.org/google-docs/?JbHIE5
https://www.zotero.org/google-docs/?YzZKkP
https://www.zotero.org/google-docs/?7tZ3hX
https://www.zotero.org/google-docs/?vPKBFA
https://www.zotero.org/google-docs/?XwpCB5
https://www.zotero.org/google-docs/?ibEJIO
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scenario dispersal is limited and spatially variable, decreasing the number of individuals from each 

species that can move patches successfully and decreasing the rate of predation.   

 

Contrasting previous research, Fox et. al (2011) empirically demonstrated the synchronizing 

impact of short distance dispersal for a whole metapopulation. They performed experiments on a 

two species trophic community where they manipulated the occurrence of short-distance dispersal 

and environmental heterogeneity to determine which factor contributed to synchrony. Prey 

synchrony was increased both by short-distance dispersal, uniformly across the metapopulation, 

and by the Moran effect, which decayed with distance. This research highlights that even at low 

levels of dispersal spatially separated patches can easily be synchronized. Furthermore, in 

metapopulations that are already synchronized due to environmental synchronization or 

enrichment from high resource availability, dispersal fails to counter extinction risk (Laan & Fox 

2020).  

 

Dispersal has both synchronizing and stabilizing properties which occur simultaneously (Abbott 

2011). The degree of environmental fluctuation and rate of dispersal can indicate whether the 

system is headed towards synchrony or asynchrony (Hayes & Anderson 2018).  Although we must 

recognize the multifaceted nature that dispersal has for spatial dynamics, here we will focus on the 

mechanisms by which dispersal variation supports stability. 

 

Stability Mechanisms and a Role for Dispersal Variation 

Variation in traits among individuals have been found to increase food web stability by three major 

mechanisms (Ives & Carpenter 2007; Loreau & de Mazancourt 2013; Hammond et al. 2020),. 

First, asynchronous responses to environmental fluctuation allows species with similar niches to 

https://www.zotero.org/google-docs/?ueYYBc
https://www.zotero.org/google-docs/?AwkKsf
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persist and compensate for similar functions by separating populations spatially or temporally 

(Loreau & de Mazancourt 2008). Asynchrony between spatially connected communities can be 

facilitated through asymmetric dispersal, a form of dispersal variation where species have 

unequal dispersal responses to the same environmental cues (Salomon et al. 2010; Aiken & 

Navarrete 2014). Second, different rates of responses to environmental perturbations can stabilize 

food webs by decorrelating abundance fluctuations among species across time. To the extent that 

dispersal influences such response rates (e.g. passive versus active dispersal), variation in dispersal 

can stabilize the temporal change in food webs as the species rate of response would not be 

simultaneous. The third stabilizing mechanism comes from variation in the strength of species 

interactions across species in a food web, and between locations in a landscape (Gellner & McCann 

2016; Nilsson & McCann 2016). Dispersal affects both how species interact within a food web 

and with the landscape, e.g. dictating species’ ability to forage, draw resources, find mates, and 

escape predation, and the variation in dispersal ability between species will affect the strength of 

these interactions (Crowley 1981; Urban et al. 2013). Huffaker's (1958) experiment with mites as 

explained above is an example of how through dispersal variation prey could use their landscape 

to find spatial refuges, decreasing predation interactions which stabilized this system (Huffaker 

1958). Each mechanism for stability can be supported through the variation in dispersal ability, 

but the sources of dispersal variation and how these influences spatial patterns must be considered 

to understand the stability of communities over time. 

 

There are three components that influence patterns of dispersal across landscapes: 1) the dispersal 

rate (i.e., the probability of a given individual to move from one site to a different site in a given 

period of time), 2) dispersal distance (i.e., how far individuals travel when dispersing), and 3) 

landscape connectivity (i.e., the ease or resistance of movement between habitat patches based on 

https://www.zotero.org/google-docs/?VKTlI7
https://www.zotero.org/google-docs/?wh2SX3
https://www.zotero.org/google-docs/?wh2SX3
https://www.zotero.org/google-docs/?JDGugI
https://www.zotero.org/google-docs/?JDGugI
https://www.zotero.org/google-docs/?7V3pOx
https://www.zotero.org/google-docs/?YnuAg7
https://www.zotero.org/google-docs/?YnuAg7
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the landscape). Each of these three dispersal components are subject to variation within and among 

species (Ronce & Clobert 2012; Stevens et al. 2013; Bonte & Dahirel 2017; Jacob et al. 2019), 

and across ecological conditions (e.g., the dispersal rate of a species out of a site might vary as a 

function of population density or organism condition). We refer to variation among any of these 

three components within communities as dispersal diversity. Dispersal diversity has been shown 

to be stabilizing for both competitive (Berkley et al. 2010; Figueiredo & Connolly 2012; Aiken & 

Navarrete 2014; Pedersen & Guichard 2016) and predator-prey communities (Huffaker 1958; 

Pedersen et al. 2016; Gross et al. 2020). Berkeley et al. (2010), Figueiredo and Connolly (2012), 

and Aiken and Navarrete (2014) all found that differing dispersal patterns between competitors 

can establish coexistence due to a spatial storage effect (Warner & Chesson 1985). Similarly, 

Pedersen and Guichard (2016) found that intraspecific aggregation of propagules during dispersal 

(a specific dispersal pattern that many individual dispersing larvae follow) supports coexistence, 

as it increases the chance of conspecific interaction after dispersal which reduces negative 

interactions from strong interspecific competitors. Pedersen et al. (2016) and Gross et al. (2020) 

manipulated the rates of dispersal in model food webs and found that variation of dispersal rates 

among trophic levels leads to higher community stability. Rather than a hierarchical increase in 

dispersal, they found that a combination of both weak, strong, and intermediate levels of dispersal 

led to higher stability systems.   

 

Dispersal diversity originates from the interaction of individual traits (intrinsic factors) with 

characteristics of the local environment (extrinsic factors) (Matthysen 2012; Starrfelt & Kokko 

2012). Over the next two sections we review different sources of dispersal diversity, and how they 

can lead to more stable food webs.  Section one will address the species-specific (intrinsic factors) 

sources of dispersal variation, including phenotype-dependent and condition-dependent dispersal. 

https://www.zotero.org/google-docs/?hsw7da
https://www.zotero.org/google-docs/?5ziBih
https://www.zotero.org/google-docs/?5ziBih
https://www.zotero.org/google-docs/?cQyuA0
https://www.zotero.org/google-docs/?cQyuA0
https://www.zotero.org/google-docs/?BcxM4w
https://www.zotero.org/google-docs/?Mh1QZm
https://www.zotero.org/google-docs/?Mh1QZm
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Section two addresses variation that arises from the interaction between dispersal and spatial 

heterogeneity (extrinsic factors).  

 

1. Intrinsic Sources of Dispersal Diversity  

Individuals of the same population, or between populations of the same species, can exhibit 

dispersal variation dependent on natural variation that exists within morphological, physiological, 

and behavioral characteristics. This is known as phenotype-dependent dispersal (Clobert et al. 

2009; Baguette et al. 2012). This concept has also been referred to as condition-dependent 

dispersal (Nanninga and Berumen 2014), however the latter terminology begets confusion as 

‘condition-dependent dispersal’ has been simultaneously used to describe both the internal state of 

an organism and the external conditions that they experience (Bowler & Benton 2005; Bonte et al. 

2012; Nanninga & Berumen 2014). For consistency, we will refer to all dispersal diversity 

originating from traits as phenotype-dependent dispersal.  

 

We use the term Condition-dependent dispersal (Clobert et al. 2009) to describe dispersal 

diversity originating from the external conditions that influence species dispersal behaviour e.g., 

density dependence, competition, foraging opportunities, and habitat quality. Another term seen 

frequently in dispersal literature is ‘adaptive dispersal’ when specifically focused on the tendency 

to disperse from lower-fitness habitats to higher-fitness habitats (Duckworth 2008; Abrams & 

Ruokolainen 2011; Ruokolainen et al. 2011; Cressman & Křivan 2013; Wang & Zou 2016). 

Adaptive dispersal requires spatial information processing, defined as the cognitive ability of an 

organism to perceive, and make decision-based movements throughout their environment 

(Guzman et al. 2019). Adaptive dispersal behavior is a sub-set of condition-dependent dispersal 

according to the previously stated definition and will be included in the review of condition-

https://www.zotero.org/google-docs/?kNIjFj
https://www.zotero.org/google-docs/?kNIjFj
https://www.zotero.org/google-docs/?8ct4HY
https://www.zotero.org/google-docs/?8ct4HY
https://www.zotero.org/google-docs/?6pdTqo
https://www.zotero.org/google-docs/?9uyMPu
https://www.zotero.org/google-docs/?9uyMPu
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dependent dispersal. Here we will review research that supports the stability benefits of phenotype-

dependent and condition-dependent dispersal. 

 

Phenotype-dependent dispersal diversity 

Phenotype-dependent dispersal describes how different individuals within a population have 

variable probability of dispersal (Clobert et al. 2009; Cote et al. 2010), emerging from differences 

in dispersal-linked traits (Nanninga & Berumen 2014). Individual-level dispersal differences can 

have important implications for large scale community stability (Catalano et al. 2020; Sullivan et 

al. 2021). A dispersal kernel is one method to describe this variation, accounting for the probable 

distribution of dispersal distances away from a source location (Nathan et al. 2012; Pinsky et al. 

2017). Guzman and Srivastava (2020) applied species-specific dispersal kernels in a community 

dynamic model with predator-prey interactions and found that variable dispersal within-species 

allowed for differential space use between the predator and prey, leading to persistence of predator-

prey populations. This form of dispersal diversity can increase stability because alternative 

dispersal strategies, such as varying dispersal rates, within a species can ensure prey population 

survival by allowing different responses to perturbation (i.e. a portfolio effect; Schindler et al. 

2010). In brief, this effect occurs because in a population with a diversity of traits, at least some 

individuals might have traits that allow them to adjust their dispersal response to improve fitness 

when environmental conditions change (Clobert et al. 2012b; Cote & Clobert 2012).  

 

The importance of phenotype-dependent dispersal has also been demonstrated for competition-

colonization trade-offs, allowing species that are weak competitors to coexist with strong 

competitors if weaker competitors are able to disperse across longer distances or can reach empty 

patches more readily (Calcagno et al. 2006).  

https://www.zotero.org/google-docs/?5ISU47
https://www.zotero.org/google-docs/?RvSqQm
https://www.zotero.org/google-docs/?7kDAzr
https://www.zotero.org/google-docs/?7kDAzr
https://www.zotero.org/google-docs/?D3TwpN
https://www.zotero.org/google-docs/?D3TwpN
https://www.zotero.org/google-docs/?kfZtk0
https://www.zotero.org/google-docs/?kfZtk0
https://www.zotero.org/google-docs/?T8wLzL
https://www.zotero.org/google-docs/?eVPQ9j
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Condition-dependent dispersal diversity 

Condition-dependent dispersal arises from the interaction between phenotype-dependent dispersal 

and local conditions. Dispersal is ‘random’ when the fraction of individuals dispersing, their 

dispersal distances, and which patches they move to, do not vary with location conditions. 

Condition-dependent dispersal occurs when dispersal propensities depend on local conditions such 

as density of conspecifics, competitors, predators, habitat quality, or resource availability 

(Fronhofer et al. 2015).  

 

Filotas et al. (2008) simulated density-dependent dispersal for a multi-patch predator-prey model, 

specifically including resource availability and inter/intraspecific competition scenarios, which 

they termed ‘community-driven’ dispersal. Individual fitness ranged from low to high under 

different scenarios which determined the level of dispersal that occurred in their condition-

dependent model. When compared to a model using density-independent dispersal, the density-

dependent model allowed for a more complex metacommunity when the fitness, and therefore the 

dispersal, of individuals varied around intermediate values. As such, this mechanism may be an 

important stabilizing factor in natural food webs (Bowler & Benton 2005).  

 

In predator-prey dynamics it has been shown that adaptive movement supports stability 

(asynchrony) more so than random movement (Abrams & Ruokolainen 2011; Cressman & Křivan 

2013; Wang & Zou 2016). Fryxell and Lundberg (1993) studied the role of adaptive dispersal in 

predator-prey models, showing how adaptive local predator dispersal can maximize community 

stability by decreasing the temporal variability of predator population densities (Fryxell & 

Lundberg 1993). Predators exhibit adaptive dispersal if they consistently move to the patch with 

https://www.zotero.org/google-docs/?FXVL2c
https://www.zotero.org/google-docs/?TR0JoL
https://www.zotero.org/google-docs/?T1TWWj
https://www.zotero.org/google-docs/?T1TWWj
https://www.zotero.org/google-docs/?J2WkJ0
https://www.zotero.org/google-docs/?J2WkJ0
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the highest abundance of prey resources. This tends to reduce predation pressure (interaction 

strength) on low-prey-abundance patches, desynchronizing predator-prey oscillations and 

reducing the chance of prey extirpation in these patches. This contrasts with purely random 

dispersal assumed in many metacommunity models, where large-scale dispersal patterns are 

unaffected by the combination of behavioral decisions and local conditions (Guzman et al. 2019; 

Thompson et al. 2020). In the case of metacommunities with three or more patches, random 

movement can also allow for asynchrony between patches. When considering spatial 

heterogeneity, random movement can increase stability at very high or very low heterogeneity, 

whereas adaptive movement stabilizes populations at moderate heterogeneity (Ruokolainen et al. 

2011). 

 

The effect of long-term predation can also drive coexistence between competing populations of 

prey, as predators can shift their use of prey resources subsequently controlling the prey density, 

driving down mean interaction strengths within the community (Karakoç et al. 2020). This 

supports dispersal as a stabilizing mechanism through achieving a combination of weak and strong 

species interactions at different spatial scales for predator-prey relationships (Mchich et al. 2007; 

Xiao et al. 2010; Flaxman et al. 2011; Massol et al. 2011).  

 

An empirical study from Baines et al. (2014) looked at condition-dependent emigration rates of 

prey species as a function of competition and predation. This study showed that the effect of 

predation on dispersal was dependent on prey population density; to balance the cost of dispersal, 

competition, and predation risk, prey were more likely to emigrate at intermediate population 

density. Predation pressure and population density generated variability in prey dispersal as 

individuals responded to the cost associated with being consumed versus competing for resources. 

https://www.zotero.org/google-docs/?I36WEl
https://www.zotero.org/google-docs/?I36WEl
https://www.zotero.org/google-docs/?tfFrXX
https://www.zotero.org/google-docs/?tfFrXX
https://www.zotero.org/google-docs/?KvcSHy
https://www.zotero.org/google-docs/?hkqX50
https://www.zotero.org/google-docs/?hkqX50
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This highlights the importance of including species-interactions into dispersal models, as 

differential strengths of interactions across spatial scales will impact dispersal outcomes (Pillai et 

al. 2012). The process of condition-dependent dispersal helps desynchronize predator-prey 

oscillations at larger spatial scales, reducing the interaction strength of predation. A similar study 

performed by Brown et al. (2020) focused on predator condition-dependent dispersal in a system 

with two species of lady beetle predators, an aphid prey, and the yucca plant as a resource or habitat 

patch. The experiment was performed in a patchy heterogeneous landscape, and they found a 

strong stabilizing effect due to a sub-optimal foraging behavior by predators caused by over-

dispersing (Brown et al. 2021). Predator dispersal rates depended not only on prey density, but 

also on interactions between the two predator species. Lady beetles choose foraging patches where 

there were already predators of either species present but would also disperse more often out of 

patches to avoid competition. Seen in many of these examples, intrinsic dispersal characteristics 

rely heavily on spatial heterogeneity to achieve the full outcome of dispersal variation within 

trophic food webs.  

 

2. Extrinsic Sources of Dispersal Diversity 

Species at different trophic levels of a food web may interact at different spatial scales (Guzman 

et al. 2019), exposing them to different levels of spatial heterogeneity. When looking at the 

predator-prey interaction, environmental heterogeneity and other external drivers play an 

important role in establishing stability by creating variation in the timing or distance of dispersal 

(Holt 1984; Della Rossa et al. 2013; Blasius et al. 2020). Certain landscape features may impede 

dispersal of some species, facilitate movement of others, and provide areas of spatial refugia to 

temporarily escape predation (Clobert et al. 2009). Some predators may be slower dispersing than 

their prey; the interaction of spatial heterogeneity on species specific dispersal traits is what 

https://www.zotero.org/google-docs/?pBVyKj
https://www.zotero.org/google-docs/?pBVyKj
https://www.zotero.org/google-docs/?8zNr92
https://www.zotero.org/google-docs/?Ev13O6
https://www.zotero.org/google-docs/?Ev13O6
https://www.zotero.org/google-docs/?nWR3Tj
https://www.zotero.org/google-docs/?WjnHST
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enabled prey survival in Huffaker's 1958 experiment. The ability of prey to disperse more quickly 

than their predators in this environment decreased the strength of the two species' interaction, i.e., 

reduced the per-capita rate of predation. Diffuse species interactions, supported by spatial 

heterogeneity acting on variation in dispersal, tend to be stabilizing (Wilson 1992; Gellner & 

McCann 2016). As  Huffaker (1958) showed, a strong stabilizing effect in a heterogeneous 

environment emerges as prey are able to persist through the rescue-effect mechanism and slow-

dispersing predators are less likely to experience local extinction caused by prey overconsumption 

(Crowley 1981; Gross et al. 2020).  

 

When a natural environment is interrupted, through homogenization or connectivity loss, this can 

have a destabilizing effect on the residing community. A recent case study from Koranyi et al. 

(2021) assessed the predation rate of multiple predators on a single prey across an urbanized 

gradient. The study showed that predators with lower dispersal capability (found in natural areas) 

had higher consumption rates, which kept prey at a low population density (Korányi et al. 2021). 

Predators with long distance dispersal capability were found at higher abundances in urban areas, 

which correlated with increased prey population density, indicating that these species were less 

efficient predators. Prey populations were able to grow due to low predation, as the more efficient 

predators were dispersal limited. This research highlights the effects of environmental 

heterogeneity on the strength of species interactions through environmental filtering of dispersal 

diversity. Land-use changes that reduce the connectivity of habitat for low-dispersal predators can 

lead to unchecked prey populations in disturbed habitats, destabilizing community interactions. 

This has implications in natural pest control, as from the Koranyi et al. (2021) example, aphids in 

uncontrolled urban populations were over-consuming their resources. 

 

https://www.zotero.org/google-docs/?Jhp5eb
https://www.zotero.org/google-docs/?Jhp5eb
https://www.zotero.org/google-docs/?Q0Vpnv
https://www.zotero.org/google-docs/?mIulGF
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Temporal fluctuations in spatial heterogeneity can impact dispersal variability. This is best 

understood through examples of stochastic dispersal, where connectivity patterns between patches 

in a landscape vary randomly over time due to  e.g., variation in wind or ocean currents (Siegel et 

al. 2008). Siegel et al. (2008) describes how in a coastal marine system sedentary adult fish will 

spawn pelagic larvae which are aggregated into groups  by  ocean currents during dispersal, 

leading to intraspecific aggregation in larval settling locations. This stochastic aggregation process 

leads to spatiotemporal variability in dispersal patterns that affect larval connectivity and 

recruitment, which in turn can reduce interspecific competition and predation interaction strength 

relative to intraspecific competition strength (Berkley et al. 2010; Pedersen & Guichard 2016). 

These transient differences in connectivity among species can result in long-term changes in 

species dynamics. Dispersal variation combined with spatial heterogeneity and natural 

spatiotemporal fluctuations works to promote asynchrony in food webs, establishing weak species 

interactions that together support and maintain community stability.  

 

Concluding Remarks 

Dispersal connects interacting populations across space and the variation in these connections have 

an important influence on species interactions. The study of dispersal, spatial dynamics, is vital to 

understanding how complex systems are formed in nature (Leibold et al. 2004), as local 

communities are linked via dispersal, hence each species’ dispersal ability can facilitate or reduce 

species interactions across different spatial scales. Dispersal variation can arise from innate factors 

such as morphology and spatial information processing, or extrinsic factors from time of dispersal 

and landscape heterogeneity. Between trophic levels this is a well-understood phenomenon 

(Pedersen et al. 2016), yet dispersal rates are generally assumed to be identical among species of 

the same trophic level in metacommunity models (Loreau et al. 2003; Thompson et al. 

https://www.zotero.org/google-docs/?SlERve
https://www.zotero.org/google-docs/?SlERve
https://www.zotero.org/google-docs/?GrQbT7
https://www.zotero.org/google-docs/?CqZVpJ
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2020).  Typically only one life stage of a species is assessed as their dispersal stage - for example 

larvae in marine systems (Edwards et al. 2007), and by neglecting the potential dispersal at other 

stages, stability from dispersal diversity may be overlooked. As species are lost from a system, 

without accurate knowledge of that species’ interactions within the community it may be hard to 

determine how this would affect stability. It may have been that their dispersal facilitated an 

interaction between populations contributing to persistence, and if this connection is not accounted 

for, its loss could lead to larger repercussions in food web stability than realized.  

 

It is important to note that a community should be able to withstand a certain level of loss before 

repercussions are reflected in ecosystem services, known as ecological resilience (Gunderson 

2000). To understand which dispersal interactions have the most weight or importance for food 

web stability, communities must be studied thoroughly. However, for modeling purposes including 

all possible variations would require endless data collection and processing power. Realistic and 

attainable dispersal variation of focal species should be used when studying community, 

metacommunity and ecosystem level processes that focus on stability and spatiotemporal 

interactions. The degree of complexity to be included will be specific to the question being asked. 

Additionally, a framework for studying variation in dispersal ability needs to be laid out, so that 

specific strategy can be employed consistently across spatial research. Progress on this topic will 

not be made if theoretical research continues to use simple dispersal methods (random, 

spontaneous, density-independent, ubiquitous) in their models.  

 

This review focused only on the predator-prey interaction of a trophic community; however most 

natural communities will be composed of a range of types of interactions. The stability mechanism 

of dispersal is also prevalent in coexistence models (Berkley et al. 2010; Figueiredo & Connolly 

https://www.zotero.org/google-docs/?v3DOUI
https://www.zotero.org/google-docs/?P8IM6l
https://www.zotero.org/google-docs/?P8IM6l
https://www.zotero.org/google-docs/?uaxITA
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2012; Aiken & Navarrete 2014), and is even recognized at ecosystem level processes (Allesina & 

Tang 2012; Gravel et al. 2016; Thompson & Gonzalez 2016). When assessing the stability of a 

natural community both competitive and predation interactions should be considered at the 

species-specific level. Other approaches to stability have looked at functional diversity of the 

community, where an overlap in species functions contributes to maintenance of ecosystem 

services (Ricotta et al. 2016; Malaterre et al. 2019). This approach uses individual species traits to 

determine how they interact with their biotic and abiotic surroundings. 

 

We propose that dispersal diversity can be measured using the same methods used for functional 

diversity, by measuring on the intraspecific traits which lead to an organism's ability to disperse, 

phenotype-dependent dispersal (i.e. wing, body size, propagule pressure) (Petchey & Gaston 2006; 

Suding et al. 2008). One example of ongoing research into dispersal trait diversity is the study of 

dispersal syndromes, which are described by patterns of covariation in morphological, behavioral, 

and life history traits that lead to dispersal (Ronce & Clobert 2012). These recent efforts to include 

more information on natural dispersal variation under new scopes is advancing the field of 

community stability. Traits which facilitate dispersal will be specific to the species or taxa of 

interest and ideally will be measurable and comparable to other species in the same system, one 

way this can be made possible is by calculating an index of trait diversity such as functional 

diversity. Measuring traits to determine dispersal ability has been used in functional diversity 

research as a proxy for biodiversity change, on birds (Sol et al. 2020), and for observing global 

and local connectivity patterns (Bradbury et al. 2008). Dispersal traits have even been used to 

monitor metapopulation stability through mathematical models (Bani et al. 2019). We hypothesis 

https://www.zotero.org/google-docs/?uaxITA
https://www.zotero.org/google-docs/?xeStTx
https://www.zotero.org/google-docs/?xeStTx
https://www.zotero.org/google-docs/?Q6B0tn
https://www.zotero.org/google-docs/?FOjC2l
https://www.zotero.org/google-docs/?FOjC2l
https://www.zotero.org/google-docs/?3Zf9li
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that variation in dispersal traits could be used as a reasonable proxy to calculate dispersal diversity 

relationship with community stability which we will explore in chapter two of this thesis.  

 

When environmental conditions change some species’ distributions can shift and redistribute in 

space if they can adequately disperse, while others may experience local extinctions (Lenoir et al. 

2008, 2020; Pecl et al. 2017). Such population changes in space over time can disrupt interspecific 

interactions that might be important for stability and therefore ecosystem services (Urban et al. 

2013; Pecl et al. 2017; Thompson & Gonzalez 2017; Thompson et al. 2017). Community models 

used to project how communities will change under environmental stress generally assume that all 

species disperse at the same rate (Leibold et al. 2022). Better quantification of variation in 

dispersal traits in natural ecosystems is needed to determine the extent to which dispersal diversity 

contributes to ecosystem stability, and will help managers identify how environmental pressures 

or other perturbations might affect dispersal diversity. Incorporating the stabilizing effects of 

dispersal diversity into community models will also help assess long-term effects on community 

stability due to landscape changes such as roads, farms, or water transit. Although dispersal and 

predator-prey interactions are only some of the pieces required for the community stability puzzle, 

understanding this relationship is an essential building block for research to come. 
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Glossary  

Adaptive dispersal: Dispersal behavior is considered adaptive when fitness-affecting 

environmental conditions influence the choice of individual organisms to disperse (Bernstein et 

al. 1991).  

Asymmetric dispersal: Dispersal patterns are not equal between patches of dispersing 

individuals, under the same environmental conditions (Salomon et al. 2010). 

Asynchronous:  Uncorrelated, or opposite, fluctuation in species responses to the environment 

across spatially connected patches (Loreau & de Mazancourt 2008).   

Community stability: The temporal variation around an average value, could be for population 

abundances, community composition, or other ecosystem properties. Community stability can be 

monitored through spatial and temporal fluctuations in ecosystem services, population 

abundances, and community composition (Ives & Carpenter 2007).  

Condition-dependent dispersal: Dispersal diversity originating from the external conditions that 

influence species dispersal outcomes e.g., density dependence, competition, foraging 

opportunities, and habitat quality (Clobert et al. 2009).  

Dispersal: The movement of an individual away from their natal site (Clobert et al. 2012a). 

Dispersal diversity: Encompasses all possible variation in dispersal related traits, which are traits 

that in someway support the individual’s propensity to disperse.  

Phenotype-dependent dispersal: Dispersal variation dependent on natural variation that exists 

within morphological, physiological and behavioral characteristics (Clobert et al. 2009). 

Random dispersal: Dispersal which is independent of location conditions and decision-making 

(Abrams & Ruokolainen 2011). 

https://www.zotero.org/google-docs/?UOGYS1
https://www.zotero.org/google-docs/?UOGYS1
https://www.zotero.org/google-docs/?0U4Mce
https://www.zotero.org/google-docs/?YkySo8
https://www.zotero.org/google-docs/?cgTSGY
https://www.zotero.org/google-docs/?ejIa70
https://www.zotero.org/google-docs/?kYfQNV
https://www.zotero.org/google-docs/?vzwQrx
https://www.zotero.org/google-docs/?8tIGle
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Rescue effect: The prevention of local extinction due to immigration from another location 

(Pulliam 1988). 

Ecological resilience: When referring to resilience, we use Holling’s concept of ecological 

resilience, which recognizes that a system can have multiple stable-states; a community that is 

ecologically resilient to some perturbation can withstand a large degree of that perturbation without 

switching state (Holling 1973).   

Synchronous: Correlated fluctuations in species response to the environment over space and 

time (Loreau & de Mazancourt 2008). 
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Abstract 

To understand and predict how regional diversity changes under directed environmental pressure, 

there needs to be more focus on monitoring broad-scale spatially connected communities 

(metacommunities). While the importance of dispersal behaviours in shaping community 

dynamics has long been recognized, much less is known about how variation among species in 

dispersal rates may affect community stability and complexity. Theoretical and experimental 

metacommunity studies have shown that functional diversity in dispersal types (i.e.  dispersal 

diversity), can act to desynchronize population fluctuations, and may be as important for 

stabilizing community dynamics at landscape scales. Here we test the hypothesis that communities 

with greater dispersal diversity have greater stability in biomass over time. We quantified 

functional variation in dispersal-linked traits of groundfish species across space and time of the 

Newfoundland and Labrador (NL) shelves from 1995 to 2017. Local communities with higher 

dispersal diversity, measured using functional evenness, tended to be more stable over five-year 

intervals. This relationship held even after controlling for local taxonomic diversity as measured 

by effective species number. Our findings provide support for the hypothesis that dispersal 

diversity increases stability, suggesting this variable is a useful measure of metacommunity 

function and monitoring under environmental pressure. 
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Introduction 

The importance of dispersal is widely understood as essential to the maintenance of 

metacommunity and community dynamics, because intermediate rates of dispersal can stabilize 

interspecific competition and predator-prey systems by desynchronizing population dynamics 

across space (Leibold et al. 2004, 2017; Convertino et al. 2009; Berkley et al. 2010; Chisholm et 

al. 2011; Figueiredo & Connolly 2012; Aiken & Navarrete 2014; Pedersen & Guichard 2016; 

Hayes & Anderson 2018; Pedersen et al. 2020; Thompson et al. 2020; Jiang et al. 2021). Dispersal, 

defined by the movement of an organism away from its natal site (Matthysen 2012; Bonte & 

Dahirel 2017), can also affect community response to environmental change (Travis et al. 2013; 

Thompson & Gonzalez 2016, 2017).  

 

Metacommunity research has generally assumed dispersal to be equal across species (Pedersen et 

al. 2016; Guzman et al. 2019). Dispersal in marine systems is often treated as a specific event or 

occurrence at one point in a species’ life cycle, typically during the larval stage (Suthers & Frank 

1991; Bowler & Benton 2005; Kinlan et al. 2005; Lester & Ruttenberg 2005; Shanks 2009; 

Berkley et al. 2010), but adult dispersal also has a role in lifetime dispersal efforts (Sunday et al. 

2015). Further, metacommunity models typically assume either that dispersal rates are identical 

among species, or that rates increase with trophic level (Pedersen et al. 2016; Guzman et al. 2019; 

Thompson et al. 2020). However, this generalizes movement behaviors and ignores species-

specific adaptations in dispersal that may play an important role in supporting community stability. 

Variation in dispersal behaviour (hereafter referred to as dispersal diversity) can lead to stability 

through the cumulative effect of offset oscillations between predators and their prey and/or 

spatially asynchronous dispersal patterns between competitors (see Chapter 1) (Huffaker 1958; 

Pedersen & Guichard 2016; Thompson & Gonzalez 2016).  

https://www.zotero.org/google-docs/?NlQKkp
https://www.zotero.org/google-docs/?NlQKkp
https://www.zotero.org/google-docs/?NlQKkp
https://www.zotero.org/google-docs/?TZBBgA
https://www.zotero.org/google-docs/?TZBBgA
https://www.zotero.org/google-docs/?qMEbeT
https://www.zotero.org/google-docs/?qMEbeT
https://www.zotero.org/google-docs/?BrkP25
https://www.zotero.org/google-docs/?BrkP25
https://www.zotero.org/google-docs/?RYNVIn
https://www.zotero.org/google-docs/?RYNVIn
https://www.zotero.org/google-docs/?RYNVIn
https://www.zotero.org/google-docs/?hE9DvP
https://www.zotero.org/google-docs/?hE9DvP
https://www.zotero.org/google-docs/?rRF2Ez
https://www.zotero.org/google-docs/?rRF2Ez
https://www.zotero.org/google-docs/?TgxnLq
https://www.zotero.org/google-docs/?TgxnLq
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A well-known example of the effect of dispersal diversity on community stability comes from 

Huffaker’s (1958) predator-prey experiments using mites. His experiment consisted of predator 

and prey mites interacting across a landscape of patches (partially exposed oranges arranged on a 

tray) separated by petroleum jelly dispersal barriers. He showed that predator and prey populations 

were only able to coexist across the landscape when he manipulated the experimental landscape 

so that each species dispersed at different rates between habitat patches. By introducing a small 

wooden post at each dispersal barrier, prey mites were able to float across to new habitat patches 

(oranges) using an adaptation not present in predators. This allowed prey to escape predation and 

repopulate new habitat patches. This experiment provides empirical evidence that variation in 

dispersal rates among species can facilitate coexistence and stability within a trophic 

metacommunity.  

 

If dispersal diversity does increase community stability, we might be able to use proximal 

functional traits that affect dispersal behaviour as an indicator of stability (or resilience) and fold 

this into biodiversity monitoring. Previously explored proximal traits for dispersal behaviour 

include morphological and behavioral traits that affect a species’ ability to disperse (Clobert et al. 

2009; Cote & Clobert 2012; Ronce & Clobert 2012; Stevens et al. 2013; Jacob et al. 2019), 

throughout different life stages (Luiz et al. 2012, 2013). For example, a fish species with a pelagic 

larval stage (larval morphological trait) is expected to disperse farther than one fish with a demersal 

(i.e., bottom-associated) larval stage. However, dispersal traits can vary in their strength of 

association to dispersal and are different in terrestrial and marine environments. As such, the 

accumulation of traits and their contribution to dispersal could be used together allowing us to 

estimate dispersal diversity among groups of species. 

https://www.zotero.org/google-docs/?UGAcpW
https://www.zotero.org/google-docs/?UGAcpW
https://www.zotero.org/google-docs/?vtWJCl
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Substantial interspecific variation in dispersal ability has been shown in plant (Sperry et al. 2019), 

macroinvertebrate (Jiang et al. 2021), bird  (Sol et al. 2020), and aquatic communities (Rodríguez 

2002; Bradbury et al. 2008; Radinger & Wolter 2014) both within and between trophic levels, yet 

accounting for dispersal diversity to monitor and predict stability in marine metacommunities has 

gone mostly underexplored (Kinlan & Gaines 2003; Heino et al. 2015). A study from Bani et al. 

(2019) used mathematical models and simulated dispersal traits to predict marine metapopulation 

growth and stability, finding that variation in pelagic larval duration would impact population 

stability outcomes. However, no studies to our knowledge have used empirically measured 

dispersal trait data to determine stability outcomes for a temperate marine metacommunity.  

 

Although dispersal diversity can theoretically increase stability of communities, little work has 

gone into testing this relationship (Thompson & Gonzalez 2016, 2017). Here we use a time series 

of marine groundfish assemblages from the Newfoundland and Labrador (NL) shelf bioregion in 

Atlantic Canada to test the hypothesis that dispersal diversity increases community stability in a 

region undergoing change. This region has undergone extensive changes in community 

assemblage since the 1950’s due to high fishing pressure, and has been consistently monitored 

since (Myers et al. 1997; Chadwick et al. 2007; Hutchings 2011; Pedersen et al. 2017, 2020; 

Bernier et al. 2018). The early 1990’s groundfish collapse led to a region-wide regime shift, fish 

stocks decreased and invertebrate biomass increased, which to this day has not fully recovered to 

pre-collapse state making this a prime study site for monitoring stability (Pedersen et al. 2020).   

 

https://www.zotero.org/google-docs/?0O7hXh
https://www.zotero.org/google-docs/?3xgoC3
https://www.zotero.org/google-docs/?gjvg6L
https://www.zotero.org/google-docs/?U37lcT
https://www.zotero.org/google-docs/?U37lcT
https://www.zotero.org/google-docs/?52xRDV
https://www.zotero.org/google-docs/?p1iQyy
https://www.zotero.org/google-docs/?z5YZ3j
https://www.zotero.org/google-docs/?z5YZ3j
https://www.zotero.org/google-docs/?9g7383
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We identify the effect of dispersal diversity against the effect of taxonomic species diversity by 

comparing effects of each on community stability and asking how dispersal diversity correlates 

with taxonomic diversity. We defined dispersal diversity as the accumulation of dispersal profiles 

in a community revealed through morphological or behavioral traits linked to dispersal potential, 

following the same techniques used for functional diversity (de Bello et al. 2021). Community 

stability was defined as the inverse of temporal fluctuation in biomass across the region. Under the 

hypothesis that dispersal diversity increases stability, we expected to see a decrease in the temporal 

fluctuation in biomass in communities with greater dispersal diversity, over and above any 

relationship between species diversity and stability. If identifiable, the dispersal-stability 

relationship can be monitored and used to predict future fluctuations in biomass for this region. 

 

Methods 

Study Area 

The region of interest in this study is the NL shelves bioregion, located on the Canadian Atlantic 

coast (Figure 1). The abundance and composition of the groundfish community in this region has 

changed substantially several times in the past three decades (DFO 2009; Pedersen et al. 2017). 

This region is considered a distinct ecological zone, based on oceanographic and bathymetric 

characteristic similarities and marine community structure. Divisions within this region have been 

described by the Northwest Atlantic Fisheries Organization (NAFO) which are used for 

community monitoring (Bernier et al. 2018) and within these divisions smaller stratum boundaries, 

used to structure community sampling (Chadwick et al. 2007), have been designated by Fisheries 

and Oceans Canada (DFO) based on bathymetry and spatial location. The benthic community is 

sampled annually in the spring (NAFO divisions 3LNOP since 1971) or fall (NAFO Divisions 2J 

and 3K since 1977) by DFO via a random depth-stratified multi-species bottom trawl survey 

https://www.zotero.org/google-docs/?Rt6dHC
https://www.zotero.org/google-docs/?02Wv8p
https://www.zotero.org/google-docs/?TKJNYS
https://www.zotero.org/google-docs/?Cyddj7
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(Chadwick et al. 2007). In our study we did not use data from NAFO divisions 2GH as these areas 

have not been monitored consistently in our data set. Surveys used Campelen shrimp trawls with 

a standardized tow length of 15 minutes at 3.0 knots, organisms were identified to species level 

when possible and weighed in kilograms. The number of sites sampled within a stratum are 

allocated as a function of stratum surface area and chosen randomly prior to the trawl survey 

(Chadwick et al. 2007). In this project we used species-specific biomass from the Newfoundland 

and Labrador shelves trawl surveys collected during surveys from 1995 to 2017.   

 

We estimated trawl-specific biomass density of each species in the trawled area by dividing the 

biomass in the trawl by the area swept by the gear (i.e., the wingspread of the trawl net times the 

length of the trawl net, measured in km2). We then aggregated data to the stratum level for each 

year by calculating the average species-specific biomass density from all trawls in a stratum for a 

given year. This gave us a total of  275 distinct strata in which we can quantify annual dispersal 

diversity and stability across the 23-year time series (Chadwick et al. 2007; Pedersen et al. 2020). 

 

Dispersal Traits 

We identified dispersal traits for marine fish species that had high coverage in our data searches 

and were deemed sufficiently related to dispersal behaviour. Studies of dispersal in marine 

organisms have largely focused on dispersal of the larval stage of fishes and invertebrates 

(Johannesson 1988; Bradbury & Snelgrove 2001; Grüss et al. 2011; Almany et al. 2013; Gary et 

al. 2020). Pelagic larval duration (PLD), vertical migration, and larval length are often cited as 

important traits determining larval dispersal (Johannesson 1988; Suthers & Frank 1991; Graham 

& Sebens 1996; Grantham et al. 2003; Fiksen et al. 2007; Bradbury et al. 2008; Shanks 2009). 

However, dispersal traits from other stages in the life cycle are likely important for overall 

https://www.zotero.org/google-docs/?GxcD09
https://www.zotero.org/google-docs/?ZNC6dJ
https://www.zotero.org/google-docs/?gWwYNb
https://www.zotero.org/google-docs/?VMJkix
https://www.zotero.org/google-docs/?VMJkix
https://www.zotero.org/google-docs/?RFFE3u
https://www.zotero.org/google-docs/?RFFE3u
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dispersal potential within a species or population (Berkley et al. 2010; Grüss et al. 2011; Luiz et 

al. 2013; Aiken & Navarrete 2014; Radinger & Wolter 2014; Sunday et al. 2015; Martins et al. 

2017). Traits that have an association with movement and lifetime dispersal potential were 

supported with literature-based evidence before collecting data (refer to Table 1 for complete list 

of traits and supporting evidence). 

 

After identifying a long list of possible dispersal traits for the taxa of interest we then identified 

the subset of species for which the specific traits had been measured in the scientific literature. 

Many fish and invertebrate species found in the NL shelf survey were not consistently identified 

to species-level in the trawl data or were missing detailed dispersal trait data; we excluded these 

species from our analysis. We extracted fish community data from Rfishbase (Froese & Pauly 

2022) for any species located in the Northwest Atlantic that was referenced on the DFO trawl data 

to narrow down the community to well monitored and identifiable species, assuring that biomass 

data was available for the whole community. The final species list included 98 fish species. 

Dispersal traits that were missing a large amount of data, specifically larval length, pelagic larval 

duration, and average movement distance, were searched for through directed literature searches. 

Efforts often resulted in only a few extra measurements gathered as larval traits are not well studied 

in North Atlantic marine species. We only included traits with at least 60% of completed data in 

analyses of functional diversity, resulting in 10 dispersal traits (Table S1). The final dispersal traits 

were morphological and behavioral leading to mixed numerical and categorical data. 

 

Measuring Dispersal Diversity  

All statistical analyses were performed in R statistical software version 4.1.2 (R Core Team 2022). 

Trait data was transformed into a distance matrix (species x trait) using Gower's dissimilarity 

https://www.zotero.org/google-docs/?80Rnwl
https://www.zotero.org/google-docs/?80Rnwl
https://www.zotero.org/google-docs/?80Rnwl
https://www.zotero.org/google-docs/?QEaF1Q
https://www.zotero.org/google-docs/?QEaF1Q
https://www.zotero.org/google-docs/?DnyXDL
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coefficient, calculated using the gowdis function from the FD package. We chose this coefficient 

because it can handle our mixed data types and tolerates missing data by giving it a weight of 0 

and returns an index value to represent trait differences between species. (Laliberté & Legendre 

2010; Laliberté et al. 2014). We approached dispersal diversity in two ways. First, we clustered 

species based on their dispersal traits into dispersal groups, and second, we looked at the evenness 

of trait distributions within and between local communities based on species abundances. We used 

the dispersal group method to determine if there are general trends in dispersal profiles within 

marine communities and to see how these trends are reflected in the biomass (functional over 

redundancy (Mouillot et al. 2014)). Dispersal trait evenness was our measure of dispersal diversity 

for comparing how well-distributed traits are in the regional species pool and how diversity affects 

community stability. 

  

1. Dispersal Groups 

We used the Gower’s distance matrix to perform hierarchical clustering, ran using the hclust 

function in the stats package, with the unweighted pair group method and algorithmic mean 

(UPGMA) with no traits weighted (Podani & Schmera 2006; Legendre & Legendre 2012). We 

chose this clustering method because it is robust and recommended as a standard technique, along 

with Gower’s coefficient, when calculating functional diversity indices (Podani and Schmera 

2006).  We predicted how many clusters should be used to group the data using the silhouette 

width, calculated by the silhouette function in the cluster package (Rousseeuw 1987), a measure 

of the degree of dissimilarity between objects in a cluster compared to this measure computed for 

the next cluster (Borcard et al. 2018). To visualize the distance between species separated by their 

trait values we ran a PCoA ordination where vectors represent traits and points represent species. 

We ran the ordination using the cmdscale function from the stats package (Gower 1966).   

https://www.zotero.org/google-docs/?Z71UE4
https://www.zotero.org/google-docs/?Z71UE4
https://www.zotero.org/google-docs/?ny11fH
https://www.zotero.org/google-docs/?waBBsv
https://www.zotero.org/google-docs/?8Z2iYk
https://www.zotero.org/google-docs/?CYGnoN
https://www.zotero.org/google-docs/?zCIcLf
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2. Dispersal Trait Evenness  

We calculated dispersal diversity with a distance-based framework which used species trait values 

and abundances to compute multidimensional functional diversity, using the dbFD function in the 

FD package (Laliberté et al. 2014). Functional diversity is a trait-based approach which measures 

the contribution of each species in a community to the ecosystem function (Malaterre et al. 

2019).  Although there are many measures for calculating functional diversity, due to time 

constraints we focused on functional evenness (FEve) to quantify dispersal diversity, defined as 

evenness of trait distribution in trait space weighted by the occurrence of the trait (species biomass 

density) (Villéger et al. 2008). This index has a range of zero to one, with zero corresponding to a 

completely uneven community where a single species or trait dominates, and one corresponding 

to a community where all trait values present are equally represented in the community. We chose 

FEve because it was simple to interpret, a higher index value reflects increased dispersal diversity, 

and has been demonstrated to be independent of species richness, the other diversity measure 

looked at for this project.   

 

Taxonomic Diversity 

We quantified taxonomic diversity in each stratum in each year by calculating the effective species 

number (based on the exponential of Shannon diversity, i.e. the Hill number when q=1; Chao & 

Ricotta 2019) The Shannon index considers the richness and the relative proportion of species 

abundance of each community, taking the exponential of the Shannon index returns the 

community’s estimated effective species number. Effective species numbers are less sensitive to 

the presence or absence of very rare species relative to species richness, allowing us to compare 

across the regional species pool (Chao et al. 2014).  

https://www.zotero.org/google-docs/?4W1ZZ3
https://www.zotero.org/google-docs/?6XUdPn
https://www.zotero.org/google-docs/?6XUdPn
https://www.zotero.org/google-docs/?6TAi0N
https://www.zotero.org/google-docs/?8RKSBe
https://www.zotero.org/google-docs/?8RKSBe
https://www.zotero.org/google-docs/?ApFhWf
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Correlation between Dispersal Diversity and Effective Species Number 

To visualize patterns in the spatiotemporal relationship between taxonomic diversity and the 

dispersal groups we looked at the change of each. We calculated effective species number for 

dispersal groups to make the two measures comparable. We also wanted to know if there was a 

correlation between effective species number and dispersal diversity. We scaled the values of both 

diversity measures to make interpretation easier. Using a correlation test we determined if there 

was a linear relationship between taxonomic species diversity (as measured by effective species 

number) and functional dispersal diversity (as measured by FEve) to identify if local dispersal 

diversity was predictable from local taxonomic diversity. We were also interested to see how 

dispersal diversity compared to taxonomic diversity in the region, as species diversity is most often 

used to monitor biodiversity leading to management decisions. 

 

Community Stability 

We defined community stability as the inverse of the temporal fluctuation in total community 

biomass (kg/km2) at a given location (1), where minimal change in biomass (low fluctuation) 

indicates a more stable community (Ives & Carpenter 2007). We calculated stability for each 

stratum by summing the biomass densities of all species present in the stratum in each year, and 

then taking the standard deviation of the community biomass over time in each stratum within a 

fixed period. We took the inverse of the standard deviation and then log-transformed these values. 

𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = 𝐿𝑜𝑔(𝑆𝐷 (
𝑘𝑔

𝑘𝑚2)
−1

)  (1) 

 

Community Stability and Diversity 

https://www.zotero.org/google-docs/?RUsFMJ
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We split our 23-year time series into four 5-year bins and a final bin with the remaining 3 years. 

This was meant to balance the relevant change in biomass that could occur through time while 

maximizing the number of data points we could use for analysis. 

 

To test if community stability increases as a function of  dispersal diversity or taxonomic diversity 

(2), we ran a multiple regression with both measures using a generalized additive model (GAM) 

in the package mgcv (Wood 2011), with the models as follows:  

 

𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 ~ 𝑠𝑐𝑎𝑙𝑒𝑑(𝐹𝐸𝑣𝑒) + 𝑠𝑐𝑎𝑙𝑒𝑑(𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑛𝑢𝑚𝑏𝑒𝑟) + 𝑠(𝑡𝑖𝑚𝑒 𝑏𝑖𝑛) +

𝑠(𝑠𝑡𝑟𝑎𝑡𝑢𝑚)    (2) 

 

We calculated the mean values for dispersal diversity (FEve) and taxonomic diversity (effective 

species number) over the same time intervals as community stability for a total of five time points 

per stratum. We then z-score transformed both variables to that they could be interpreted on the 

same scale. We accounted for temporal autocorrelation using a random effect smoother, s(time 

bin), with six basis functions. We accounted for residual spatial autocorrelation using a spatial 

smooth term, s(stratum), with 200 basis functions, built using a Markov random field smoother, 

with an Intrinsic Conditional Autoregressive penalty (ICAR;(Rue & Held 2005)) that smooths 

estimated standard deviations for neighbouring strata toward one another. We used a gaussian 

distribution to fit the data and our method for estimating smoothing parameters was REML. 

 

Results 

Dispersal groups 

https://www.zotero.org/google-docs/?CoXF3y
https://www.zotero.org/google-docs/?ISPrGI
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We determined the optimum number of dispersal groups from our clustering algorithm to be 37 

groups, however there was little change in silhouette width from 25 to 50 grouping indicating that 

the separation between 25 clusters to 50 clusters was not significantly different. For this reason, 

we chose to proceed with 25 dispersal groups as the lowest number of clusters in this range (Figure 

S1). Even with 25 dispersal groups, there were four groups that consisted of only a single species 

(singletons) and only 13 dispersal groups containing 3 or more species (Table S2 provides the 

breakdown of traits characterizing each dispersal group). The PCoA shows general trends of the 

species clusters overlaid with trait vectors (Figure 2). The first two PCoA axes explained 65% of 

the variation between species. Traits that were most involved in predicting clusters included larval 

strategy, adult body shape and adult position in the water column (Figure 2). 

 

Correlation between Dispersal Diversity and Taxonomic Diversity 

Dispersal diversity showed no significant correlation with taxonomic diversity (Pearson 

correlation coefficient = 0.0037, with 95% confidence interval [-0.048 ,0.055], p-value = 0.89, 

based on 1436 samples) (Figure S2). Looking at the spatiotemporal patterns of taxonomic diversity 

and dispersal groups, we could see that areas of high and low diversity of the two measures 

fluctuated similarly over time across strata (Figure S3).  

 

Diversity and Community Stability  

Community stability, as previously defined, had a strong positive relationship to dispersal diversity 

as measured by FEve, where stability is 11% higher for every 1 SD increase in FEve  (Estimated 

slope = 0.11 with 95% confidence interval [0.043 ,0.18], R-sq.(adj) = 0.56, p-value = 0.0012) 

(Figure 3). This corresponds to biomass stability being higher in strata with high dispersal 

diversity. Stability across strata also showed a strong positive relationship with species diversity, 
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where stability is 50% higher for every 1 SD increase in effective species number (Estimate 

coefficient 0.50 with 95% confidence interval [0.43 ,0.57], R-sq.(adj) = 0.56, p-value = 2e-16) 

(Figure 3). 

 

Discussion  

We demonstrated notable spatial and temporal variation in dispersal diversity occurred across the 

Newfoundland and Labrador shelf. This variability significantly predicted local stability in 

biomass, with higher-diversity strata showing lower variation on average biomass across 5-year 

intervals. We showed that dispersal diversity is not just an indicator of taxonomic diversity, as we 

did not find a strong correlation between taxonomic diversity (as measured by effective species 

number) and dispersal diversity (as measured by trait evenness) across space. Finally, we found 

that grouping species into dispersal profiles based on dispersal traits was not a useful method for 

identifying dispersal diversity in this system.  

 

We hypothesized that areas with higher dispersal diversity would have increased local stability. 

Indeed, we found a decrease in biomass fluctuation when the local community had higher dispersal 

diversity across the region (Figure 3), consistent with this hypothesis. We also saw a strong 

relationship between stability and taxonomic diversity across the region. This result was not 

surprising as it is likely that there are many facets of diversity playing a role in maintaining 

community stability. The weak correlation between dispersal diversity and taxonomic diversity 

indicates that dispersal diversity is capturing another aspect of diversity in this region that may be 

overlooked when just using species diversity to monitor the region (Figure S2). For example, some 

communities (ex. Stratum 957) had low species diversity but a well-balanced representation of the 
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dispersal traits leading to higher dispersal diversity than other communities (ex. Stratum 732) with 

high species diversity but where certain dispersal traits dominate. 

 

Variation in dispersal was not accurately captured by dispersal clusters, except perhaps at the 

broadest level. We expected to see more distinct clusters because of the potential for general 

dispersal syndromes that have been identified for other study systems (Clobert et al. 2009; Cote & 

Clobert 2012; Stevens et al. 2013). If dispersal traits can be grouped in a predictable pattern this 

could help identify redundancy or rarity in dispersal response. Identifying dispersal syndromes 

could also potentially be used to assume dispersal traits of less well studied species. We saw a 

pattern of shared traits between adult position in the water column and larval strategy at the 

broadest level of our dispersal clustering, most strongly associated with the larval strategies; 

demersal, direct, or pelagic. This indicates that the position of adults in the water column (i.e., 

demersal or pelagic) could be used to identify the larval strategy of their offspring. Position in the 

water column is also a trait that can be used to determine the trophic position of the species. 

Similarly, many of the traits identified for dispersal could be used to predict other functions, as 

dispersal is only one aspect of functional diversity. Dispersal diversity proved to be difficult to 

measure for the majority of our marine fish species, which lack broad and detailed traits 

measurements.  

 

Conclusions about spatial variation in dispersal diversity, and the potential existence or not of 

distinct trait clusters, depended heavily on the few dispersal-linked traits for which we could find 

good data coverage. Specifically under-represented in the data included adult dispersal distances, 

larval length, pelagic larval duration (PLD), and rafting (extent to which propagules tend to clump 

or aggregate in dispersal). Although identified as important dispersal traits, they are difficult to 

https://www.zotero.org/google-docs/?pIb65V
https://www.zotero.org/google-docs/?pIb65V
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measure because of the turbulent nature of marine habitat and small size of larvae. Due to the lack 

of data for these traits, it is unlikely that the assumed dispersal groups in this project would provide 

insight into the dispersal ability of those species which are understudied. The dispersal groups here 

were not well defined but looking at how species are distributed along trait vectors in the PCoA 

does indicate room to explore this concept further with more dispersal trait measurements.   

 

Our results are a starting point for testing the relationship between dispersal diversity and 

community stability, but further exploration is warranted. For example, we have only looked at 

one dimension of stability with one aspect of functional diversity, upon further investigation of 

stability and diversity measurements other relationships could arise. We did not compare different 

methods for calculating the distance matrix, dispersal diversity, or community stability, for which 

there are numerous other options for these analyses, however we did choose our methods based on 

their flexibility to accommodate our mixed data. The addition of community composition 

monitoring (measuring the change in abundance for each species within a community) could 

provide insight into the stability benefits of dispersal diversity in a region where there have been 

large-scale shifts in community assemblages, like the Newfoundland and Labrador shelves 

(Pedersen et al. 2020). Additionally, when looking at the change in stability between time periods 

of our results, there was not a clear trend for stability to remain consistent through time within 

strata, but instead varied across time. The non-linear variation overtime in stability was not 

explored in our project and warrants further exploration. Consequently, it is unlikely that we could 

use the results of our diversity stability relationships to predict future stability outcomes in this 

system. 

 

https://www.zotero.org/google-docs/?6Y0rP9
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External stressors of marine ecosystems, such as overfishing and rising ocean temperature, can 

result in biodiversity decline or the redistribution within community structure (Walther et al. 2002; 

Parmesan & Yohe 2003; Perdomo et al. 2012; Pedersen et al. 2020). Species redistribution can 

negatively impact community stability, the maintenance of which is essential for providing 

ecosystem services to society. Variation in dispersal rates, or intermediate dispersal, has been 

identified as a critical component for maintaining stability and increasing multifunctionality within 

interacting communities, a consistent finding across dispersal stability literature (Allesina & Tang 

2012; Clobert et al. 2012; Gravel et al. 2016; Thompson & Gonzalez 2016). Taking this a step 

further, dispersal diversity is one aspect of multifunctionality which can increase local and regional 

stability by desynchronizing population oscillations (see Chapter 1). 

 

Under directed environmental change, such as rising ocean temperatures (Bernier et al. 2018), 

species with higher capacity for rapid and long-distance dispersal are thought to shift their ranges 

more quickly with climate change at the leading range edge (Nye et al. 2009; Kortsch et al. 2015; 

Sunday et al. 2015). This phenomenon has been empirically shown in hundreds of studies (see 

review by Lenoir et al. 2020) where poleward range shifts were observed temporally as ocean 

temperatures increased. Climate change range shifts might therefore select for species with high 

dispersal abilities, potentially reducing overall dispersal diversity. This in turn will reduce 

dispersal diversity which our results show could lead to reduced community stability.  

 

Including dispersal diversity in monitoring programs could provide valuable information on 

changes in stability. Moving forward, we suggest that metacommunity studies interested in 

monitoring stability should consider dispersal diversity when trying to capture and determine 

changes in diversity. Some study systems have more readily available information on dispersal 

https://www.zotero.org/google-docs/?cQUjSw
https://www.zotero.org/google-docs/?cQUjSw
https://www.zotero.org/google-docs/?ivhKx0
https://www.zotero.org/google-docs/?ivhKx0
https://www.zotero.org/google-docs/?lv65sB
https://www.zotero.org/google-docs/?MMNxID
https://www.zotero.org/google-docs/?MMNxID
https://www.zotero.org/google-docs/?T9XF6Z
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traits of species (i.e. grasses Sperry et al. 2019; birds Sol et al. 2020; freshwater macroinvertebrates 

Jiang et al. 2021), generally due to the ease of measuring traits of interest either in field or 

laboratory studies. In the case of temperate marine fish, larval length and pelagic larval duration 

measurements could be taken using laboratory or hatchery studies. This could increase the 

robustness of dispersal diversity measurements in this system and its influence on community 

stability. With better representation of dispersal traits for species in the NF shelves, we could 

continue to investigate how dispersal diversity impacts other aspects of community stability, such 

as change in community composition, in this study system which has undergone extensive change 

over the past few decades. Importantly, continuing to study dispersal diversity could help 

researchers develop strategies to predict spatiotemporal changes in ecosystem function and 

services. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.zotero.org/google-docs/?bR0v0k
https://www.zotero.org/google-docs/?bR0v0k
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Figure 1: A) map of the Northwest Atlantic Ocean, black lines separating NAFO divisions. The Newfoundland and Labrador shelves 

are shaded in purple. B) bathymetry map for the Newfoundland and Labrador Shelves showing the strata used in the analysis (this 

excludes NAFO divisions 2G and 2H). Each stratum is outlined in grey and color represents the average area depth (darker colors are 

deeper waters). 
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Figure 2:  PCoA of the gower’s distance matrix, where each grey point is a species and vectors 

(red arrows) represent dispersal traits. The longer the vector the stronger the relationship between 

that dispersal trait and the species distribution in trait space. Ellipses encircle 9 of the 25 dispersal 

groups which had enough data points to create an ellipse. 
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Figure 3: Performed in separate regressions, the left panel shows the effect of dispersal diversity, measured by trait evenness, on 

community stability (red regression line with 95% confidence intervals) and right panel shows the effect of taxonomic diversity, 

measured by effective species number, on community stability (blue regression line with 95% confidence intervals) across the strata of 

the Newfoundland and Labrador Shelves from  1995-2017. Each point is a stratum, stability is measured as the log, inverse-standard 
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deviation in biomass change over 5-year intervals and the average value of the respective diversity metrics are measured for the same 

time period. 

Table 1: Marine fish dispersal-linked traits, including the definition and justification for being considered toward dispersal ability. 

Trait Description Justification 

Latitudinal 

range 

Maximum and minimum latitude of a 

species range. 

The latitudinal range of a species is correlated with their biotic and 

abiotic tolerances. A broader range indicates more versatility 

(Hengeveld 1990) and may indicate better strategies for long distance 

dispersal. 

Depth range Maximum and minimum depth a species 

inhabits, as well as their common depth 

range.  

Position in the water column can contribute to how much individuals 

are affected by ocean currents and indicate population connectivity by 

mode of dispersal (Hilário et al. 2015). 

  

Mobility type The ability of the adult phase of the species 

to disperse actively (swimming) or is 

anchored in place (sessile). 

Adult mobility has a direct effect of range expansion (Sunday et al. 

2015) and therefore has a direct effect on a species dispersal capability. 

Dispersal in the adult phase can increase dispersal potential (Martins et 

al. 2017). 

Body length The average body length of adult 

individuals. 

Larger adult body sizes have been positively correlated with farther 

dispersal (Radinger & Wolter 2014). 

Body shape 

  

Lateral body shape and cross section of 

species at the adult stage. 

Body shape can indicate species level swimming ability (Videler & 

Wardle 1991; Wardle et al. 1995) which is important for dispersal at 

the adult stage. 

https://www.zotero.org/google-docs/?Jn5y4L
https://www.zotero.org/google-docs/?DvXs8d
https://www.zotero.org/google-docs/?KXBJ9d
https://www.zotero.org/google-docs/?KXBJ9d
https://www.zotero.org/google-docs/?KXL9wU
https://www.zotero.org/google-docs/?KXL9wU
https://www.zotero.org/google-docs/?H0ZyH1
https://www.zotero.org/google-docs/?BcKdBT
https://www.zotero.org/google-docs/?BcKdBT
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Spawning 

time 

Time of the year when mature individuals 

reproduce and release spawn. 

Stochastic spawning could lead to competition avoidance for 

propagules (Berkley et al. 2010; Aiken & Navarrete 2014) and larval 

dispersal via ocean currents can differ throughout the year based on 

ocean and wind patterns (Edwards et al. 2007). 

Fecundity The average relative or absolute number of 

offspring a female will produce during a 

single reproductive event. 

More offspring into the environment can lead to a greater chance of 

survival and increase dispersal potential (Warner & Chesson 1985). 

  

Larval 

strategy 

Larvae can have a high dispersal potential 

either as lecithotrophic or planktotrophic, 

or a form of direct development that has a 

low dispersal potential. 

The type of larvae produced can greatly impact dispersal potential, 

direct development (brooded or crawlers) will have a lower dispersal 

potential then pelagic or free-swimming larvae (Grantham et al. 2003). 

However, species with brooded larvae have been seen to be more 

effective colonizers (Johannesson 1988).. 

Pelagic Pelagic vs. demersal spawning/hatching 

species. 

Demersal hatching species tend to have lower dispersal potential than 

pelagic hatching species (Suthers & Frank 1991). Planktonic larvae 

tend to disperse farther and more uniformly carried by ocean currents 

(Almany et al. 2013). 

Pelagic larval 

duration 

(PLD) 

The length of time larvae will remain in the 

pelagic zone before settling. Usually 

determined on the size of their yolk sac. 

The length of time a larva can stay in the pelagic before settling will 

reflect the dispersal potential (Graham & Sebens 1996; Bradbury et al. 

2008). Trends show that short PLD and long PLD happen to disperse 

less far than intermediate PLD (Shanks 2009). 

Dispersal 

distance 

The distance traveled away from the natal 

site by the dispersal stage of a species life 

cycle. 

Dispersal distances can vary widely in a population. Dispersal kernels 

are the shape that a population creates from dispersing, constructed 

from propagules, to determine the most probable distance they will 

disperse from a given location (Edwards et al. 2007; Pinsky et al. 

2017). The minimum, maximum and average distances can all provide 

important information on how populations are connected via dispersal. 

https://www.zotero.org/google-docs/?Agt8jk
https://www.zotero.org/google-docs/?jK2S0p
https://www.zotero.org/google-docs/?bwjQPH
https://www.zotero.org/google-docs/?GumcK8
https://www.zotero.org/google-docs/?w24ay5
https://www.zotero.org/google-docs/?fQ2tC4
https://www.zotero.org/google-docs/?LmpB9x
https://www.zotero.org/google-docs/?kmd5q4
https://www.zotero.org/google-docs/?kmd5q4
https://www.zotero.org/google-docs/?c428MG
https://www.zotero.org/google-docs/?idNxqX
https://www.zotero.org/google-docs/?idNxqX
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Larval length Average length of larvae upon hatching. Smaller larvae upon hatching tend to travel farther, they typically have 

larger yolk sacs allowing them to survive in the water column for 

longer (Suthers & Frank 1991) and are more easily carried away by 

ocean currents. 

Rafting Clumping or aggregation of larvae or 

adults that disperse as a unit, usually by 

ocean currents. 

Aggregations of larvae tend to have better dispersal potential as they 

settle together which is better for establishment (Pedersen & Guichard 

2016). 

Vertical 

Movement 

Movement of individuals up and down the 

water column, perhaps daily. 

Vertical migration of larvae for feeding can subject them to variable 

current force leading to stochastic dispersal (Suthers & Frank 1991). 

Diel vertical migration is also important for survival and growth, as 

light and predation is variable at different depths (Fiksen et al. 2007). 

https://www.zotero.org/google-docs/?EpsB6k
https://www.zotero.org/google-docs/?uwXQdt
https://www.zotero.org/google-docs/?uwXQdt
https://www.zotero.org/google-docs/?JxEYwL
https://www.zotero.org/google-docs/?WtE5LL
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General Conclusion 

It is well understood that through facilitating spatial interactions dispersal is a key mechanism for 

community stability (Crowley 1981; Bohonak & Jenkins 2003; Berkley et al. 2010; Figueiredo & 

Connolly 2012; Pedersen et al. 2016), however there has been less research on how community 

stability is established through the variation in dispersal behaviours (Bonte & Dahirel 2017; Bani 

et al. 2019; Sperry et al. 2019). Dispersal diversity is an aspect of functional diversity which 

encompasses the spectrum of intrinsic and extrinsic factors that lead to a species dispersal 

potential. There is still much to learn about how to account for and incorporate dispersal diversity 

in spatial models. My thesis attempts to define and summarize dispersal diversity and its role in 

stabilizing trophic interactions (Chapter 1), and then apply this theory to an empirical study system 

using dispersal linked traits to explore the relationship between  dispersal diversity and community 

stability (Chapter 2). 

 

In Chapter 1 I defined dispersal diversity and reviewed literature on  how dispersal diversity can 

drive stability mechanisms in spatially structured food webs. I outlined intrinsic (individual traits) 

and extrinsic (habitat) sources of dispersal diversity which have been used to monitor community 

stability in theoretical and empirical research. This chapter highlights the multifaceted nature of 

dispersal diversity and its relationship with community stability and summarizes how creating 

variation between trophic levels of interacting species leads to community persistence through 

time.  

 

In Chapter 2 I applied the theory of dispersal diversity to an empirical study system, the 

Newfoundland and Labrador Shelves. I collected measurements of dispersal linked traits and used 

them to calculate dispersal dispersity. To determine the impact of dispersal diversity on the 
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community, I looked at the relationship between the change in community stability and dispersal 

diversity. I found that there is a positive linear relationship between stability and dispersal 

diversity. I also saw that dispersal diversity did not correlate with taxonomic diversity, meaning 

that we are capturing another aspect of diversity by including dispersal in our research.  

 

Chapter 1 looked only at the role of dispersal diversity in stabilizing trophic systems, but there has 

also been research on how dispersal diversity drives stability in competitive systems (Allesina & 

Tang 2012; Figueiredo & Connolly 2012; Aiken & Navarrete 2014). For competitive interactions 

we can still focus on how variation in dispersal supports asynchrony and the intrinsic and extrinsic 

factors that create dispersal diversity. In this way, dispersal diversity could be measured for whole 

food webs to explore more broadly its relationship with stability through multiple types of 

interactions. In Chapter 2 I found that many of the traits which are important for dispersal in 

Atlantic marine fish have not been well documented. Moving forward on this topic more 

investment should go into studies which will fill in missing data, for example through laboratory 

studies to determine species pelagic larval durations. 

 

Overall, my thesis contributes to the growing knowledge of spatial ecology and emphasizes the 

importance of including dispersal variation in spatial research. My first chapter could be used as a 

guide for readers to understand the foundations and sources of dispersal variation, and my second 

chapter is an example of how dispersal traits can be measured and used to calculate dispersal 

diversity for empirical research. More research is still needed to refine the understanding of how 

to use and monitor dispersal diversity in natural communities, a good place to start would be 

including dispersal variation between trophic levels and competing species when simulating data, 

and widely measuring traits to get a full representation of functionality in species.   
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Appendix A: Supplementary Material 

Figure S1: Hierarchical clustering of the marine fish community by dispersal trait values, using the unweighted pair group method and 

algorithmic mean (UPGMA). The y-axis is the height indicating the distance between clusters, and the red line cuts the dendrogram into the 

25 identified clusters. 
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Figure S2. Correlation between effective species diversity and dispersal diversity, averaged over five year intervals from 1995-2017, shown 

in blue with the 95% confidence intervals represented in grey. 
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Figure S3. Top panel shows taxonomic diversity (lighter color represents areas of higher diversity), measured by effective species number, 

per stratum every five years from 1995 until 2015. Bottom panel shows dispersal groups (lighter color represents areas of higher diversity), 

measured by effective species number for each group, per stratum every five years from 1995 until 2015.  
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Table S1: Data distribution for measured fish dispersal traits. 

Trait  Trait 

Class 

n 

missing  

Complete 

rate (%) 

Level 

count 

Top levels Numeric 

mean 

Numeric 

SD 

Anadromous/Catadromous  Factor 53 45.9 3 oceanodromous: 35, non: 6, 

anadromous: 4 

NA NA 

BodyShape*  Factor 0 100 5 elongated: 48, fusiform:20, 

eel-like:11, other:11 

NA NA 

Demersal/Pelagic*  Factor 0 100 6 demersal: 34, bathyd: 23, 

bathyp: 20, bentho: 15 

NA NA 

FecundityType  Factor 62 36.7 3 absolute: 26, litter: 6, 

relative: 4 

NA NA 

LarvalStrategy*  Factor 0 100 3 pelagic: 58, demersal: 23, 

direct: 17 

NA NA 

LarvalVertical  Factor 71 27.8 2 no: 25, yes: 2 NA NA 

Mobility*  Factor 0 100 1 active: 98 NA NA 

Rafting  Factor 71 27.8 2 no: 25, yes: 2 NA NA 
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Schooling  Factor 59 39.8 9 both: 18, shoal: 7, school: 6, 

bot: 2 

NA NA 

SpawningSeason  Factor 58 40.8 5 spr: 11, sum: 11, win: 10, 

fal: 6 

NA NA 

WeightFemale  Factor 94 4.1 4 ?41: 1, 250: 1, 450: 1, 500: 1 NA NA 

AvePLD  Numeric 91 7.1 NA NA 9.8e+01 5.3e+01 

AverageDispersal  Numeric 93 5.1 NA NA 6.4e+01 6.8e+01 

Brack*  Numeric 0 100 NA NA 1.9e-01 4.0-01 

CommonLength  Numeric 63 35.7 NA NA 4.9e+01 3.4e+01 

CommonLengthF  Numeric 92 6.1 NA NA 7.1e+01 3.2e+01 

DepthRangeDeep*  Numeric 0 100 NA NA 1.6e+03 1.3e+03 

DepthRangeShallow*  Numeric 0 100 NA NA 1.1e+02 1.8e+02 

FecundityMax  Numeric 67 31.6 NA NA 9.7e+05 3.0e+06 

FecundityMean  Numeric 89 9.1 NA NA 1.1e+05 3.1e+05 

FecundityMin  Numeric 66 32.7 NA NA 1.8e+05 4.4e+05 

Fresh*  Numeric 0 100 NA NA 5.1e-02 2.2e-01 
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LarvalLength  Numeric 60 38.8 NA NA 2.7e+01 7.3e+01 

Length*  Numeric 0 100 NA NA 8.2e+01 7.1e+01 

LongevityWild  Numeric 60 38.8 NA NA 3.4e+01 6.2e+01 

MaxDispersal  Numeric 95 3.1 NA NA 1.0e+02 7.2e+01 

MaxPLD  Numeric 90 8.1 NA NA 2.1e+02 2.0e+02 

MinDispersal  Numeric 96 2.0 NA NA 5.2e+01 5.9e+01 

MinPLD  Numeric 90 8.1 NA NA 2.9e+01 1.4e+01 

Saltwater*  Numeric 0 100 NA NA 1.0e+00 0 

Weight  Numeric 62 36.7 NA NA 4.3e+04 1.4e+05 

*Traits with at least 60 percent of trait measurements available, used for analysis of functional diversity (n = 10).  
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Table S2: Breakdown of traits characterizing the 25 dispersal clusters identified by hierarchical clustering using the unweighted pair group 

method and algorithmic mean (UPGMA). 

Species Name Species 

Code 

BodyShape Fresh Brack Saltwater Demers Pelag Depth Range 

Shallow 

Depth Range 

Deep 

Length Mobility Larval 

Strategy 

Cluster 

ID 

Alepisaurus ferox Ale_fer elongated 0 0 1 bathypelagic 0 1830 215 Active pelagic 1 

Antimora rostrata Ant_ros elongated 0 0 1 bathypelagic 350 3000 75 Active pelagic 1 

Arctozenus risso Arc_ris elongated 0 0 1 bathypelagic 0 2200 30 Active pelagic 1 

Argentina striata Arg_str elongated 0 0 1 bathypelagic 100 600 24 Active pelagic 1 

Bathypterois dubius Bat_dub elongated 0 0 1 bathypelagic 500 3237 13 Active pelagic 1 

Chauliodus sloani Cha_slo elongated 0 0 1 bathypelagic 200 4700 35 Active pelagic 1 

Coryphaenoides rupestris Cor_rup elongated 0 0 1 bathypelagic 180 2600 110 Active pelagic 1 

Halargyreus johnsonii Hal_joh elongated 0 0 1 bathypelagic 450 3000 56 Active pelagic 1 

Micromesistius poutassou Mic_pou elongated 0 0 1 bathypelagic 150 3000 55.5 Active pelagic 1 

Nansenia groenlandica Nan_gro elongated 0 0 1 bathypelagic 0 1400 24.5 Active pelagic 1 

Xenodermichthys copei Xen_cop elongated 0 0 1 bathypelagic 100 2650 31 Active pelagic 1 

Alosa pseudoharengus Alo_pse fusiform / 

normal 

1 1 1 pelagic-neritic 5 145 40 Active demersal 2 

Myoxocephalus 

quadricornis 

Myo_qua fusiform / 

normal 

1 1 1 demersal 0 100 60 Active demersal 2 

Amblyraja hyperborea Amb_hyp other 0 0 1 bathydemersal 92 2925 112 Active demersal 3 

Amblyraja jenseni Amb_jen other 0 0 1 bathydemersal 165 2550 74.25 Active direct 3 

Bathyraja spinicauda Bat_spi other 0 0 1 bathydemersal 140 1463 170 Active direct 3 

Malacoraja senta Mal_sen other 0 0 1 bathydemersal 450 1570 70 Active direct 3 

Rajella bathyphila Raj_bat other 0 0 1 bathydemersal 600 2300 90 Active direct 3 

Rajella fyllae Raj_fyl other 0 0 1 bathydemersal 170 2050 60 Active direct 3 

Rajella lintea Raj_lin other 0 0 1 bathydemersal 150 2117 123 Active direct 3 

Amblyraja radiata Amb_rad other 0 1 1 demersal 5 1540 105 Active direct 4 

Malacosteus niger Mal_nig other 0 1 1 bathydemersal 46 914 61 Active direct 4 

Ammodytes dubius Amm_dub elongated 0 0 1 demersal 0 108 25 Active demersal 5 

Anarhichas lupus Ana_lup elongated 0 0 1 demersal 1 600 150 Active demersal 5 
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Anarhichas minor Ana_min elongated 0 0 1 demersal 25 600 180 Active demersal 5 

Aspidophoroides 

monopterygius 

Asp_mon elongated 0 0 1 demersal 0 695 22 Active demersal 5 

Gymnocanthus tricuspis Gym_tri elongated 0 0 1 demersal 0 320 56 Active demersal 5 

Myoxocephalus 

octodecemspinosus 

Myo_oct elongated 0 1 1 demersal 1 190 46 Active demersal 5 

Zoarces americanus Zoa_ame elongated 0 1 1 demersal 0 388 110 Active demersal 5 

Anarhichas denticulatus Ana_den elongated 0 0 1 benthopelagic 60 1700 180 Active pelagic 6 

Argentina silus Arg_sil elongated 0 0 1 bathydemersal 140 1440 70 Active pelagic 6 

Lipogenys gillii Lip_gil elongated 0 0 1 bathydemersal 400 2000 50 Active pelagic 6 

Macrourus berglax Mac_ber elongated 0 0 1 benthopelagic 100 1000 110 Active pelagic 6 

Nezumia bairdii Nez_bai elongated 0 0 1 benthopelagic 16 1000 40 Active pelagic 6 

Notacanthus chemnitzii Not_che elongated 0 0 1 benthopelagic 125 3285 120 Active pelagic 6 

Phycis chesteri Phy_che elongated 0 0 1 benthopelagic 90 1500 42 Active pelagic 6 

Anoplogaster cornuta Ano_cor short and / or 

deep 

0 0 1 bathypelagic 2 4992 18 Active pelagic 7 

Ceratias holboelli Cer_hol short and / or 

deep 

0 0 1 bathypelagic 400 4400 16 Active pelagic 7 

Cryptacanthodes maculatus Cry_mac short and / or 

deep 

0 0 1 bathypelagic 0 3085 7.3 Active pelagic 7 

Aphanopus carbo Aph_car eel-like 0 0 1 bathypelagic 200 2300 151 Active pelagic 8 

Nessorhamphus ingolfianus Nes_ing eel-like 0 0 1 bathypelagic 0 1800 59.8 Active pelagic 8 

Serrivomer beanii Ser_bea eel-like 0 0 1 bathypelagic 0 6000 78 Active pelagic 8 

Apristurus profundorum Apr_pro elongated 0 0 1 bathydemersal 1100 1750 54.2 Active direct 9 

Centroscymnus coelolepis Cen_coe elongated 0 0 1 bathydemersal 180 2250 107 Active direct 9 

Centroscyllium fabricii Cen_fab elongated 0 0 1 bathydemersal 128 3700 120 Active direct 9 

Harriotta raleighana Har_ral elongated 0 0 1 bathydemersal 200 3100 120 Active direct 9 

Hydrolagus affinis Hyd_aff elongated 0 0 1 bathydemersal 300 3000 130 Active direct 9 

Rhinochimaera atlantica Rhi_atl elongated 0 0 1 bathydemersal 200 1500 140 Active direct 9 

Aspidophoroides olrikii Asp_olr elongated 0 1 1 demersal 0 632 8.6 Active pelagic 10 

Boreogadus saida Bor_sai elongated 0 1 1 demersal 0 1383 40 Active pelagic 10 

Brosme brosme Bro_bro elongated 0 0 1 demersal 18 1000 120 Active pelagic 10 

Enchelyopus cimbrius Enc_cim elongated 0 0 1 demersal 20 650 41 Active pelagic 10 

Gymnelus viridis Gym_vir elongated 0 0 1 demersal 0 556 30 Active pelagic 10 
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Hemitripterus americanus Hem_ame elongated 0 0 1 demersal 2 180 64 Active pelagic 10 

Leptoclinus maculatus Lep_mac elongated 0 0 1 demersal 2 607 20 Active pelagic 10 

Merluccius bilinearis Mer_bil elongated 0 0 1 demersal 55 914 76 Active pelagic 10 

Chiasmodon niger Chi_nig elongated 0 0 1 pelagic-oceanic 700 2745 25 Active pelagic 11 

Scomber scombrus Sco_sco elongated 0 0 1 pelagic-oceanic 0 30 50 Active pelagic 11 

Clupea harengus Clu_har fusiform / 

normal 

0 1 1 benthopelagic 0 364 45 Active demersal 12 

Gadus macrocephalus Gad_mac fusiform / 

normal 

0 1 1 demersal 10 1280 119 Active demersal 12 

Myoxocephalus aenaeus Myo_aen fusiform / 

normal 

0 1 1 demersal 1 357 18 Active demersal 12 

Myoxocephalus scorpius Myo_sco_

2 

fusiform / 

normal 

0 1 1 demersal 0 451 60 Active demersal 12 

Cryptopsaras couesii Cry_cou eel-like 0 0 1 demersal 1 110 97 Active pelagic 13 

Lumpenus lampretaeformis Lum_lam eel-like 0 0 1 demersal 30 373 50 Active demersal 13 

Cyclopterus lumpus Cyc_lum short and / or 

deep 

0 0 1 benthopelagic 0 868 61 Active pelagic 14 

Glyptocephalus cynoglossus Gly_cyn short and / or 

deep 

0 0 1 demersal 18 1570 60 Active pelagic 14 

Hippoglossus hippoglossus Hip_hip short and / or 

deep 

0 0 1 demersal 10 3000 82.6 Active pelagic 14 

Limanda ferruginea Lim_fer short and / or 

deep 

0 0 1 demersal 27 364 64 Active pelagic 14 

Pseudopleuronectes 

americanus 

Pse_ame short and / or 

deep 

0 0 1 demersal 5 143 64 Active pelagic 14 

Dipturus laevis Dip_lae other 0 0 1 demersal 0 750 163 Active demersal 15 

Leucoraja ocellata Leu_oce other 0 0 1 demersal 0 120 110 Active direct 15 

Gadus morhua Gad_mor fusiform / 

normal 

0 1 1 benthopelagic 0 600 200 Active pelagic 16 

Scomberesox saurus Sco_sau fusiform / 

normal 

0 1 1 pelagic-neritic 0 1000 60 Active pelagic 16 

Gasterosteus aculeatus Gas_acu fusiform / 

normal 

1 1 1 benthopelagic 0 100 11 Active pelagic 17 

Hippoglossoides platessoides Hip_pla fusiform / 

normal 

0 0 1 demersal 50 2000 470 Active pelagic 18 

Leptagonus decagonus Lep_dec fusiform / 

normal 

0 0 1 benthopelagic 127 1880 44 Active pelagic 18 

Lophius americanus Lop_ame fusiform / 

normal 

0 0 1 demersal 0 800 120 Active pelagic 18 
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Melanogrammus aeglefinus Mel_aeg fusiform / 

normal 

0 0 1 bathypelagic 0 800 2.9 Active pelagic 18 

Melanostigma atlanticum Mel_atl fusiform / 

normal 

0 0 1 demersal 10 450 112 Active pelagic 18 

Merluccius albidus Mer_alb fusiform / 

normal 

0 0 1 bathydemersal 80 1170 40.6 Active pelagic 18 

Polymixia lowei Pol_low fusiform / 

normal 

0 0 1 demersal 37 364 130 Active pelagic 18 

Reinhardtius 

hippoglossoides 

Rei_hip fusiform / 

normal 

0 0 1 benthopelagic 1 2200 110 Active pelagic 18 

Sebastes mentella Seb_men fusiform / 

normal 

0 0 1 bathypelagic 300 1441 77.5 Active pelagic 18 

Sebastes norvegicus Seb_nor fusiform / 

normal 

0 0 1 pelagic-oceanic 100 1000 100 Active pelagic 18 

Urophycis tenuis Uro_ten fusiform / 

normal 

0 0 1 demersal 100 1000 133 Active pelagic 18 

Lycodes esmarkii Lyc_esm elongated 0 0 1 bathydemersal 143 1090 75 Active demersal 19 

Lycodes reticulatus Lyc_ret elongated 0 0 1 bathydemersal 18 930 36 Active demersal 19 

Ulvaria subbifurcata Ulv_sub elongated 0 0 1 benthopelagic 0 55 18 Active demersal 19 

Lycodes vahlii Lyc_vah eel-like 0 0 1 bathydemersal 39 1200 52 Active demersal 20 

Myxine glutinosa Myx_glu eel-like 0 0 1 benthopelagic 20 1200 95 Active demersal 20 

Mallotus villosus Mal_vil elongated 1 1 1 pelagic-oceanic 0 725 20 Active pelagic 21 

Melamphaes simus Mel_sim elongated 0 0 1 bathypelagic 400 1853 15 Active demersal 22 

Petromyzon marinus Pet_mar eel-like 1 1 1 demersal 1 4099 120 Active demersal 23 

Polyacanthonotus rissoanus Pol_ris eel-like 0 0 1 bathydemersal 500 2800 9.5 Active pelagic 24 

Simenchelys parasitica Sim_par eel-like 0 0 1 bathydemersal 100 3000 61 Active pelagic 24 

Synaphobranchus kaupii Syn_kau eel-like 0 0 1 bathydemersal 120 4800 100 Active pelagic 24 

Somniosus microcephalus Som_mic elongated 0 1 1 benthopelagic 0 2992 427 Active direct 25 

Squalus acanthias Squ_aca elongated 0 1 1 benthopelagic 0 1460 95 Active direct 25 

 


