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For centuries biologists have been intrigued by the wide variation in range sizes
among species. While some species occupy almost all of Earth’s terrestrial or marine
area, others are only found in single freshwater springs or on small, isolated islands
(Brown et al. 1996). In general, these narrow-ranged species also have smaller population sizes (Gaston 1996, Gaston et al. 1997) and are under greater risk of extinction
(Johnson 1997, Gaston & Fuller 2009, Ripple et al. 2017). Therefore, understanding
the factors that drive variation in range size is crucial for better management plans
and conservation efforts.
Ultimately, only a few ecological processes should be important in determining a species range size: dispersal to a new habitat, successful colonization of that
habitat and (avoidance of) local extinctions (Hanski 1982, Gaston & He 2002, Holt
& Gomulkiewicz 1996, MacArthur & Wilson 1967, Brown & Kodric-Brown 1977).
On a more local scale, this can be seen as the different factors that affect population
size, summarized by a single population equation Nt+1 = Nt + b – d + i – e, where N
is the population size at a given locality, t is time, b is birth, d is death, and i and e are
immigration and emigration respectively (Gaston 2009). Dispersal is a logical unifying process that relates to all these parameters as it not only affects population sizes
through demographic rescue, but also by bringing genetic variation that can affect
the birth and deaths parameters through local adaptation.
Dispersal can be defined as the combination of all movements of individuals or
propagules with consequences for gene flow across space (Ronce 2007), which can
be seen as an emergent property of a multi-stage process that consists of three stages:
departure, transfer and settlement (Clobert et al. 2009, Bonte et al. 2012). Dispersal
is one of the most remarkable processes affecting species range sizes acting at several spatial and temporal scales, from local eco-evolutionary dynamics to large scale
biogeographical and macroecological patterns. All organisms, including those that
are generally considered as ‘sedentary’, move during at least part of their life cycle.
For example, plants disperse through seeds while corals can disperse large distances
during their early life stages through pelagic larvae. Many organisms disperse either
actively, passively (through e.g. wind, water or other organisms) or both. Although
dispersal might be the intended outcome of traits selected for dispersal per se, it can
also be a by-product of traits being selected for other reasons than dispersal (Burgess et al. 2015). Irrespective of whether the causes of dispersal are a by-product or
not, the net displacement resulting from the combined effects of all the different
5

Figure 1 Different mechanisms affecting range size.
Icons of fish and corals were adapted from Agne Alesiute of the Noun Project
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dispersal-related traits can have important ecological and evolutionary consequences. Dispersal kernels are therefore a relatively simple way to describe the complexity
of dispersal, combining short and long-distance movements. While short distance
movements are important for determining distribution of genes within a habitat and
can lead to population dynamics, long-distance movements, which are typically the
tail of the dispersal kernel, can bring individuals to other populations of the same
species, or to still uncolonized habitats (Fig. 1). Although successful dispersal can
only occur when movement eventually results in settlement, long-distance movements may have important implications for a species’ range size.
Firstly, when an individual moves to a yet uninhabited area and manages to survive and reproduce, it will expand its species range by settling and colonizing a new
habitat. Secondly, new populations located on the border of the species range, likely
also outside their niche range (due to spatial autocorrelation), often have difficulty
coping with local conditions: their deaths surpass their births, they have smaller
population sizes, hence they are more affected by demographic stochasticity and are
therefore at higher risk of local extinction. These populations are also highly affected
by Allee effects and genetic drift, a reduction in adaptive potential because of a lack
of genetic variation. No or little immigration into these populations can limit range
expansion. However, a few more immigrants arriving to these already (recently)
occupied patches can have a direct positive effect by increasing the local population
size, decreasing the chance of local extinctions and therefore increasing the chance
of population establishment (demographic rescue effect) (Kubisch et al. 2014).
Thirdly, in absence of habitat choice (due to for instance lack of cognitive abilities,
no developed sensory system, inability to direct dispersal), dispersing individuals
might arrive to a variety of habitats with different characteristics than the habitat of
origin. Thus, in order to successfully colonize these new habitats, immigrants need
to adapt to the new local conditions. Conditions, in terms of food, (micro-) climate,
competitor species or predators, along the range borders might be considerably different than conditions in the core of the distribution (Fig. 1). Adaptation would be
particularly important at the borders of the species’ range, therefore directly affecting range expansion (Holt & Keitt 2005). Note that this will apply especially if the
borders are far from the core of the range distribution; otherwise individuals can
be preadapted (Bell & Gonzalez 2011). The arrival of new individuals brings new
genetic variation into the population. The raw material for natural selection to act
is therefore of crucial importance for adaptation of an establishing population to
the local conditions and thus to maximize its longer-term survival (Holt & Gomulkiewicz 1996). Fourthly, although the arrival of new individuals might increase the
population’s genetic variation thereby promoting adaptation, dispersal can also have
the opposite effect. Newly arrived individuals might have genes that are less adapted
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to local conditions than individuals that already arrived multiple generations ago,
causing genetic load: a large influx of maladapted individuals to the borders of the
species range coming from populations closer to the center of the range might hinder adaptation along the borders thus constraining range expansion.
The spatial configuration of the habitat may also play a role in how dispersal
affects range expansion and range sizes. Because optimal habitat is generally not
continuously distributed (and can vary in size), the more discontinuous (or fragmented) the habitat is, the higher the isolation between habitats and the lower the
immigration rates (or dispersal between habitats). This will obviously not only affect the colonization and extinction of new habitats (MacArthur & Wilson 1967)
but also, via the loss/absence of demographic and evolutionary rescue, impacts the
capacity of populations to adapt to them (Holt & Gomulkiewicz 1997, Garant et al.
2007, Bolnick & Nosil 2007, Blanquart et al. 2012, Hufbauer et al. 2015). In addition,
the community context, e.g. species interactions, can also affect the capacity to successfully colonize new habitat and might also affect the capacity of populations for
adaptation. Competition can reduce population sizes, increase the chances of local
extinction, and ultimately maintain or expand the range, thus setting limits to range
size (Price & Kirkpatrick 2009).
The obvious importance of dispersal for several aspects of species range sizes,
i.e. colonization, survival and adaptation, is widely acknowledged. Research on understanding the determinants of range sizes has, however typically focused on examining more proximate causes, using highly correlative approaches. For example,
researchers have linked species’ characteristics such as body size, ecological generality, diet, social behaviour, foraging strategy, and latitudinal location to range size
variation (Gaston 2003, Lester et al. 2007, Lester & Ruttenberg 2005, Ruttenberg &
Lester 2015, Luiz et al. 2013). Dispersal is correlated to all these traits, which is why
they are used as a proxy. Whether the positive relationship is the result of these traits
being selected for dispersal benefits per se (e.g. avoid kin competition) or whether
dispersal is a by-product of these traits being selected for other reasons will depend
on the taxa studied. Generally, dispersal in marine taxa is a by-product of selection
on life-history traits for other reasons (Burgess et al. 2015). All these traits might be
related among them forming a whole dispersal syndrome. While useful as a first step
in explaining range sizes, such correlative studies provide little direct insight into the
processes that drive range sizes.
In this thesis, I study the various mechanisms by which dispersal drives colonization, local extinctions, local adaptation and, ultimately, range sizes, using a wide variety of approaches. Firstly, I used evolutionary experiments to investigate how dispersal
drives the local adaptation and survival of organisms to a new habitat, and how the
effects of dispersal are mediated by habitat size and by the competition with a locally
8
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co-occurring species (Chapters 2 & 3). For these studies, I used the two-spotted spider mite Tetranychus urticae Koch, 1836 (Acari, Tetranychidae) as a model organism.
Tetranychus urticae, besides its agricultural and economic importance (Hoy 2011), has
been shown to be an ideal model for mesocosm experiments on adaptation (Gould
1979, Fry 1990, Agrawal 2000, Egas & Sabelis 2001, Magalhaes et al. 2007, Kant et al.
2008, Bonte et al. 2010, Alzate et al. 2017), evolution of dispersal (Bitume et al. 2011,
Bitume et al. 2014) and range expansion (van Petegem et al. 2016, van Petegem et al.
2017). Its biology and genome are well-known (Grbic et al. 2011); it has small body
size and short generation times (around 13 days in our experiments).
Secondly, I used a mechanistic model to understand how dispersal drives range
size distributions of reef fishes, both among and within dispersal guilds (Chapter 4). Thirdly, using a correlation study I explored how important dispersal is
compared to other factors in driving range size (Chapter 5), using reef fishes as
a model organism. Reef fishes are an ideal system to study biogeographical and
large-scale diversity patterns. As they are among the most diverse taxa, they allow
statistical tests of variation in ranges by examining variation in several traits. Reef
fishes constitute the most diverse taxa of vertebrates, thus exhibiting a large variation on distributions and range sizes. Their biology, many life history traits and
their distribution are well-known and widely available in the literature or databases (e.g. STRI, fishbase, IOBIS).

THESIS OVERVIEW
In Chapter 2 “Experimental island biogeography demonstrates importance of island size
and dispersal for the adaptation to novel habitats” I integrated island biogeography
theory with evolutionary experiments in order to understand how island size and
dispersal jointly drive colonization, extinction and adaptation. The theory of island
biogeography describes how habitat isolation and size interactively determine various macroecological patterns, and most notably, biodiversity. Historically, this subfield focused on ecological patterns (e.g. species-area relationships) and processes
(such as colonization and extinction), but it is now increasingly recognized that to
fully understand biodiversity patterns, an evolutionary perspective should be taken. For example, the local conditions on different ‘islands’ are never completely the
same, and therefore populations on recently colonized islands need to adapt to local
conditions to reach high population sizes and minimize extinction risk.
Here I present the results of an evolutionary experiment to examine the joint
effects of island size and dispersal on the adaptation of the two-spotted spider mite
9
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(Tetranychus urticae) to islands with novel, challenging conditions. The mainland
population was maintained on bean plants, from which female mites were transferred to tomato plant islands, which differed in their size (number of plants) and
in the number of immigrants (dispersal success) they received from the mainland.
My experiments show that both island size and dispersal have positive effects
on population colonization and on local adaptation, while reducing extinction risk.
Populations on small islands are the most affected by extinction but can be demographically rescued by increasing dispersal. However, these populations are never
able to adapt, as they lack the genetic variation necessary for local adaptation. Evolutionary rescue by new immigrants is only possible when populations are sufficiently
large. Thus, in medium-sized and large islands where colonization is faster and extinction rates are lower, dispersal increased local adaptation.
This study provides important insights into how fragmentation and habitat loss
affect population establishment and survival, and how this is driven by the ability of
populations to adapt to local conditions. This study thus provides a key next step in
incorporating microevolutionary processes into island biogeography theory.
In Chapter 3 “Interspecific competition counteracts negative effects of dispersal on adaptation of an arthropod herbivore to a new host” I ask how fast open populations can
adapt to newly colonized habitats when at the same time they have to face interspecific competition. As populations are generally spatially structured while keeping
some level of connectivity between them and in addition they often coexist with
other species, competition and dispersal can highly affect eco-evolutionary dynamics. So far, no other study has experimentally investigated the joint effects of both
factors in driving local adaptation.
I provide experimental evidence of the diverse effects of dispersal and interspecific competition on the adaptation process of the two-spotted spider mite to a new
challenging host plant. I show that there is a negative relationship between dispersal
and adaptation in a no-competition scenario and that competition can counteract
the negative effects of dispersal by exerting stronger selection that reduces genetic
load. Furthermore, I show that competition has a negative effect on population demography, decreasing population size and increasing extinction chance. Dispersal,
however, reduces extinction chance allowing populations to persist long enough to
start the adaptation process.
This study sheds light on how the ecological context determines species adaptation to novel habitats, particularly relevant in the current scenario of rapid environmental changes. We need to consider both the community context and habitat
connectivity when studying local adaptation and the potential of species to adapt to
environmental change.
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In Chapter 4 “A simple spatially explicit neutral model explains range size distribution of reef fishes” I shed light on a long-standing question that has fascinated
ecologists for decades: what drives the impressive variation in range sizes among
species? One of the most obvious explanations for this is that it is driven by variation in species’ dispersal ability, which should be particularly important for species that live in highly fragmented habitats, such as reef fishes. However, empirical
evidence for a positive relationship between dispersal and range size in reef fishes
remains scarce (but see chapter 5), casting doubt on the role of dispersal in shaping this variation.
Using a spatially explicit neutral model, we show that stochastic birth, death,
speciation and dispersal events alone can accurately explain empirical range size
distributions for six different dispersal guilds of tropical reef fishes. Importantly,
variation in range size distributions among guilds are explained by just differences
in dispersal ability. Guilds with the highest dispersal ability contain the highest proportion of species with large ranges.
Our study thus supports the theoretically expected, but empirically much debated, hypothesis that dispersal promotes range size. Hence, a simple combination
of neutral processes and guild-specific dispersal ability provides a general explanation for both within- and across-guild range size variation.
Chapter 5 “Dispersal-related traits explain variation in geographic range size of reef
fishes in the Tropical Eastern Pacific” deals with a long-standing question about the
main drivers of range sizes in reef fishes. Even though dispersal seems like an obvious determinant of range size for organisms that live in fragmented and isolated
habitats, a general consensus for its role remains elusive, due to mixed empirical
evidence so far. Reef fishes are considered as a model system in marine biogeography. To date, there is no consensus on the role of dispersal as a determinant of range
sizes in many marine taxa because of (1) difficulties in quantifying ranges and (2)
the usually narrow focus on dispersal in single life stages (usual the larval phase).
Furthermore, many earlier studies were based on incomplete and biased datasets in
terms of the number of species and their biology.
Here I overcome these problems by collating a data set of all reef-associated fishes of
the Tropical Eastern Pacific (566 species) and by including dispersal during the egg,
larval and adult stage in our analysis, in addition to several other traits potentially responsible for range size variation. The results demonstrate the theoretically expected, but empirically elusive positive effect of dispersal on geographical range size.
In chapter 6 I provide a general discussion that integrates the several insights gained
by putting together outcomes from these studies and delineate future directions.
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