View metadata, citation and similar papers at core.ac.uk

-

P
brought to you by i CORE

10

11

12

13

14

15

16

Prospecting and dispersal: their eco-evolutionary dynamics
and implicationsfor population patterns

M. M. Delgado™? K. A. Barton®, D. Bonte* and J. M. J. Travis®

Metapopulation Research Group, Department of Barsmés, FI-00014, University of

Helsinki, Finland

“Department of Conservation Biology, Estacion Biatégle Dofiana, C.S.I.C., ¢/

Americo Vespucio s/n, 41092 Seville, Spain

3Institute of Biological and Environmental Sciencgsology Building, University of

Aberdeen, AB24 2TZ, UK

“Terrestrial Ecology Unit, Department of Biology, &tt University, K.L.

Ledeganckstraat 35, 9000, Gent, Belgium

*Author for correspondence (maria.delgado@ helsinki.

provided by Digital.CSIC


https://core.ac.uk/display/36162404?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

© 00 N O O A 0N

N N N NN R P P B R R R R R
A W NP O © 0N O 0l M W N PP O

25
26

ABSTRACT

Dispersal is not a blind process, and evidencedsraulating that individual dispersal
strategies are informed in most, if not all, orgams. The acquisition and use of
information are traits that may evolve across s@acketime as a function of the balance
between costs and benefits of informed dispersalfdrmation is available, individuals
can potentially use it in making better decisidhsyeby increasing their fitness.
However, prospecting for and using information ljkentail costs that may constrain
the evolution of informed dispersal, potentiallythwpopulation-level consequences. By
using individual-based, spatially explicit simutats, we detected clear co-evolutionary
dynamics between prospecting and dispersal movestretégies that differed in sign
and magnitude depending on their respective chkise specifically, we found that
informed dispersal strategies evolve when the cafstformation acquisition during
prospecting are low but only if there are mortatibsts associated with dispersal
movements. That is, selection favours informedelisal strategies when the
acquisition and use processes themselves weremekpensive. When non-informed
dispersal strategies evolve, they do so jointhhwlite evolution of long dispersal
distance because this maximises the sampling Breame cases selection produces
dispersal rules different from those that woulddgimal’ (i.e. the best possible
population performance — in our context quantijivmeasured as population density
and patch occupancy - among all possible individuavement rules) for the
population. That is, on the one side, informed elisal strategies led to population
performance below its highest possible level. Gndther side, un- and poorly
informed individuals nearly optimised populationrfpemance, both in terms of density
and patch occupancy.

Keywords: cost of information; extinction; information; natliselection; perceptual
range; population dynamics
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1. INTRODUCTION

Theory on the evolution of dispersal has almost@gtbeen constructed on the
assumption that individuals have no knowledge effibssible destination patches to
which they might recruit if they emigrate [1-4]. d@ality, many organisms do not make
such blind dispersal decisions; instead, they niegnanvest considerable time and/or
energy in prospecting potential breeding habitatefe deciding on where to settle [5,
6]. Whilst there has recently been a surge of @stein the importance of information
acquisition and use within ecology [7], these ideage yet to be properly integrated
into our understanding of dispersal evolution. Img@oatly, recent developments
incorporating greater realism by modelling dispkasahree stage process (of
departure, transient and settlement [8]) are readktendable to explore the evolution
of prospecting behaviour in the context of displettdare, we take some initial steps to
building up a theory on the joint evolution of halbiprospecting and dispersal, and

evaluate its consequences for the persistencepofigioons.

The field of dispersal evolution has provided clesamples where predictions from
theory have subsequently been tested by empirigistEompetition driving emigration
rates being an excellent example; reviewed indf}), vice versa, where field
observations have resulted in new modelling dioactibeing taken (e.g. density-
dependent emigration; [10]). We suggest here thatasea in which development of
theory lags well behind empirical studies is thatjevolution of prospecting and

dispersal strategies.

Accumulation of empirical evidence demonstrates tihganisms condition their
dispersal strategy on informative cues from therenment at the different stages of
the dispersal process, from departure to settlesest[9, 11, 12] for extensive
reviews). As such, it has become clear that mausgtsl to integrate this information use
in order to predict spatial dynamics in a realisti@nner [8]. Several factors might
influence an organism’s tendency to leave andtitesen a given patch. For example,
density dependent dispersal models have founcethagrating individuals may be
sensitive to habitat quality [13], to patch sizé][ar to the presence of conspecifics [4,
15] in their local patches. Ruxton and Rohani p@8te the first to introduce the
concepts of fitness-dependent dispersal to hightigdt other environmental factors

(e.g. carrying capacity) at sites that an individisits during transience are expected to
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influence individuals’ decisions about whether éttle. In their model, individuals
moved between patches until they found a patchitdlsle quality, thereby generating
variation in dispersal distance strategies andtisequent dispersal kernel. In
common with almost all models to date on contextetelent dispersal, these
aforementioned models assume that individuals rtfae decisions based on perfect
knowledge of the local conditions. Thus, there tsxésclear dichotomy between the
many models that assume context-independent (inel & no information) processes
and those that have incorporated context-deperadsniming perfect information on,

for example, local density.

In reality, whilst individuals are likely to acqeiand use information in order to reduce
the costs of uncertainty and thus make more adagispersal decisions [11, 16], they
will have neither the ability nor the time to acguperfect information. Thus, there is a
pressing need to develop a greater body of thdémtydonsiders how dispersal evolves
when individuals have access to imperfect infororgtand additionally to ask how
much time and/or energy individuals should be $eteto invest in gaining and using
information for dispersal decisions. To date, ordyy few modelling studies attempted
to deal explicitly with how information should infnce the nature of evolved dispersal
strategies. Schjgrring [17] was, to our knowledbe,first to develop an optimality
model that explicitly considered the use of infotim@ as an important factor for
individual-decision making during dispersal. Shaaduoded that when high-quality
habitats are sparse, information is predictable teee and survival rate is high,
prospecting strategies maximise fecundity. Moremdy, it has been demonstrated that
because dispersal is a costly process, non-infoemagration strategies may lead to
higher dispersal rates relative to informed stig®efl8]. In a recent paper, the extent to
which individuals invest in acquiring informatioarfmaking an emigration decision is
also allowed to evolve [19]. Slightly informed déspal strategies are always selected
for, except in highly unpredictable environmentswlthere is no investment in
information acquisition. Importantly, selectionebrfavours investment in acquisition
of high-precision information, and the propensgyrtvest in information acquisition is
greatest in predictable environments when the &ssolccost was low [19]. However, it
is unclear whether this result emerges, at legsait) because individuals were only

able to acquire information on their natal patcfobemaking their emigration decision.
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Likewise, previous empirical and theoretical stgdiave shown that natural selection
acting at the individual level may promote traltattare advantageous for individuals
but which can have negative effects on the poprdtieviewed in [20]). A high chance
to enhance individual fitness tends to favour atination to prospect, insofar as
prospecting can be achieved without much cost32].,However, when prospecting is
costly (e.g. in time and/or energy; [22]), indivadsi may be selected to sample habitats
at levels that differ from what would be ideal faopulation performance. This
discrepancy between individual and population ev&kexpected to be strong when
costs of information acquisition and use are higth laence, there is potential for
considerable tension between selections operatimglizidual and lineage level (often
termed the metapopulation level effect; [23]). TBted while examples have shown that
the use of information in dispersal decisions carither beneficial or detrimental at
the population level [13, 24], general theory orewlnformation acquisition and use

lead to positive or negative population consequermstill lacking.

Here, our first objective was to quantify expligitiow information acquisition
(including spatial extent of patch quality assegsinand use (i.e. how individuals
weight the information on patch quality and preddrdistribution of dispersal distances
to decide where to settle) influence the evolutbdispersal strategies. Using an
individual-based, spatially explicit simulation nebdwe allow these two quantitative
traits to experience different selection pressagea function of different costs and
trade-offs in a range of environments with diffarimvels of spatio-temporal
stochasticity. Second, by looking at both patchupemcy and population size, we
addressed our attention to the population consegsenf the evolved individual
informed strategies to examine whether and undet wdnditions natural selection
may produce individual prospecting rules that migbtt maximize the population

performance.
2. METHODS

To study the evolution of informed dispersal stysée and examine their population
consequences, we modelled the population and emoéuty dynamics of annual
organisms dispersing in a two-dimensional, contirsypatchy landscape. Choice of the
breeding site is done according to information alpatch quality and individual

genetically determined preferences. We considesifsgedly prospecting by individuals
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for a potential breeding site. Depending upon tretesgy adopted, we assumed that
some individuals prospect for breeding sites as s@athey depart from a natal patch.
Then the subsequent decision on where to settlesuféisient in terms of providing
dispersal distance. In other cases, selectionymessnay act to favour greater dispersal
distances. In this case, the process of prospeatidgettling was supplemented by an

additional, potentially less-informed, displacemiain the natal patch.

Moddl structure

The dispersal event is divided into two steps,esponding to the prospecting and the
settlement phases. In the first step, the individgaesses the quality of the patches
surrounding its natal patch within its preferredpdirsal range (i.e. dispersal kernel; as
explained in the previous section; Fig. 1). Insleeond step, the individual selects its
target patch and moves into it (Fig. 1 and FigTR)js settlement decision is based upon
the gathered information about patch quality coraBiwith the individual preference

for dispersal distance (Fig. 2).

The landscape consists of 1000 circular habitathest of unit radius, randomly
distributed over a square area of size 2000x20@6 (so average nearest-neighbour
distance to patch is about 11.3 units). The patehity varies spatially due to variation
in the carrying capacity, and temporally, due targes in the local population size.
The patches’ carrying capacitié§, were normally distributed around the mean of 50,

with standard deviation of 10 (or zero if negativenbers occurred).

Information acquisition

The ability of individuals to acquire informatios determined in our model by:

(1) their perceptual ranga, restricting the individual’s ability to acquireformation
about the locations of potential patches; and

(2) their preferred dispersal kernel, which is deiieed by the preferred dispersal
distance and the variance around it. This kerrsltbe total spatial extent over which
an individual acquires information (see Fig. 1). Wedelled the preference of
individual for a patch as a Gaussian functiont alows for easy manipulation of the
preference area through the mean distance anxité@ste
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whered;; is the distance to the patcfrom individualj, r; is the individual’s most
preferred distance, andis the deviation of the preference. Thereforejniévidual

preference kernel is defined by two parametensdo (see Fig. 2).

We assumed individuals acquire information withinaaea comprising approximately
95% of its preference (i.e. the area under theepeaete curve, withig: 20; fromr;).

This prospecting area thus increases both witem increase (Fig. 1). As the
individual travels over this potential region faspersal, it collects information on the
quality of the patches within its perceptual ranfjee perceptual range)(determines
the searching efficiency, and, consequently, thedtory length (duration of the
prospecting movement; see Fig. 2). One of the gistphovement strategies to cover
such a ring-shaped or circular area is spirallingyhich the prospecting individual
moves in a straight line from the natal patch atdlstance of the perception from the
inner radius of the ring and circles around incirgaghe radius by twice the perceptual
range after completing each round (see Fig. 1 apd2l. Assuming such a trajectory in
our model, we can approximate the length of théa pateded to cover the whole
prospecting area to be explored by individuas

2a

1= (4000 A0) 25420 = (211 + 2

lj = (16ro/a) — 40 + 2r, for = 20j, )
L=2(r+ 2(7]-)2/a]-, forr; < 20;

where the proportion of prospecting area (delimiigdhe two radip; andp,,) to the
area that can be perceived from a single locabbradius of perceptual rangg is
multiplied by the distance made between two sargpboations 2a), and twice the
inner radius is added to account for the way frbertatal patch and to the selected

target patch (see Fig. 1). The lower boungis 7; — 20; whenr; = 20; orp;, =

0 whenr; < 20;, and upper bound g, = 7; + 20; from the natal patch.
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I nformation use

Individuals leave their natal patches with a comispaobability of 0.2. It is worth noting
here that in each of the simulated scenarios (sksvifor more details), the evolved
emigration rate was mostly below 0.2 (Fig. 3). Thaws choice of this specific fixed
emigration probability yield results close to thees expected with this trait evolving.
Once moving, the dispersers suffer mortality wign-pnit length probability.. The
probability of survival from departure to settlerheso including prospecting
movements, i$= (1 -,u)', wherel is the total path length. We assumed that the
development of perceptual abilities entails a pasd in fecundity g, based on
previous evidence on dispersal costs and theietodi$ against other life-history
characteristics [12]. Thus, development of bothendéspersal range and perceptual
range is penalized by their costs (Fig. 4; [8, 1B])addition, given that individuals with
a short perceptual range need to make more spired tompare to individuals with
large perceptual range in order to cover the saweg they are exposed to higher
mortality risk. Therefore, the cost of large prederdispersal area is paid in mortality

rather than fecundity when perceptual range islsmal

After the prospecting has been completed, the iddal moves to the target patch. The
choice of the settlement/target patch was basdteoperceived patch quality, within

the preferred dispersal range, and an individyakderencep, towards certain

dispersal distance (see equation 1). The qualitf/a patch was assessed as its
‘underpopulation’ (i.e. the remaining capacity)daralculated as the difference between
the patch’s carrying capaciti(ij and its current population sizi). Weightsp; ;¢ were
used as selection probabilities for the targethpdfao patches were present within the
individual’'s preferred dispersal range, we assuthatithe individual died. Once the
target patch was selected, the individual setttes. ®hen all individuals settle (or die

in the process of dispersal), they reproduce.

Reproduction (population model)

Individuals that successfully settled, give bihatnumber of offspring described by

equation:

N; = Poisson </1 - %) 3)

@
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wherel is the mean, population-wide, number of offsprvitgen no costs incurred,is
the perceptual range, agdis the cost of (developing) perceptual ability,doia
decreased fecundity (see upper panel in Fig. 4)ltadlie immediately after
reproduction and then juveniles compete. If the Ip@inof juveniles ) in a patch

exceeds the carrying capacii), juveniles suffer mortality with probabilityg;J;-1.

Simulations

(a) Prospecting and dispersal: their eco-evolutipndynamics

In order to quantify explicitly how information aaigition and use influence the
evolution of dispersal strategies, we run diffe@mulations allowing all individual
traits considered (i.e. perceptual rargereferred dispersal distancand its range)

to evolve by varying costs of fecundigy(from 0.001 to 0.01) and costs of movement
(from 0.00001 to 0.01) between simulations. In ¢hegolutionary simulations,
offspring inherited the three genetic parametars éndo) that determined these traits
asexually from their haploid parent with a 1% prhaibey of a mutation (i.e. probability
that a mutation occurs in a whole ‘genome’ is 1% anly one mutation at a time
happens). We run simulations for 5000 generatiodsracorded all values of the
evolved traits, as well as the resulting phenotyjee length of prospecting trajectory
and actual dispersed distance). The duration oéw&utionary simulations was chosen

after initial examination of transient dynamics.
(b) Prospecting and dispersal: their implicatiorr fmpulation patterns

We next turn our attention to the population les@hsequences for the different
informed dispersal strategies evolved. Examinirgetolved informed dispersal rules
on their own does not provide the information regaito assess relative population-
level performance, because they do not containnmétion on how efficiently the
population would have performed under informed elispl rules other than those that
did evolve. We thus next conducted two sets of ktans, where we fixed and
combined both cost of mortality and fecundjty ffom 0.001 to 0.01) and fecundity, (
from 0.001 to 0.01), assuming a patch extinctide @ of 15%.

For the first set, we fixed all the individual ta{i.e. assuming no evolution), and ran a
simulation for 250 generations for each combinatibperceptual range (15 values

ranging from 0 to 50) and preferred dispersal dista(15 values ranging from 5 to
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100), performing 15 replicates for each. We didvasy preferred distance range, the
values = 5 was common to all simulations. At the endaxdresimulation, we recorded

population performance, measured as both patchpaocy and population size.

For the second set, we ran 20 replicates for 5@d@mtions, with the same
combinations of costs mentioned above, but we @tbthe genetic parameters to
evolve. We recorded evolved values of perceptuajeand preferred dispersal distance
(preferred distance range was again fixed) to emamwihether evolved informed
dispersal strategies produced by individual-leeétction differ from that which

maximise patch occupancy or population size.

The model was implemented in a C++ language (satode and binaries are available

upon request), and the output was analysed usgmvRonment [25].
3. RESULTSAND DISCUSSION
Prospecting and dispersal: their eco-evolutionary dynamics

To date, there has been substantial progress immgbeyond the most commonly
made assumptions of e.g. density-independent etignaates [26-28] towards models
that represent the different stages of dispergaiatty [8] and incorporate assessment
of habitat quality [19, 29]. Yet, there remainsreowledge gap in terms of how
organisms should evolve strategies to acquire aerdnformation in order to make
informed dispersal decisions. Here, by developingpael that allows both perceptual
range and preferred dispersal kernel to jointlylevave provide some important

insights into the evolution of informed dispersal.

There is now a consensus that information afféest/olution of dispersal strategies
[17-19, 30]. These previous studies used diffeasstimptions about the type of
information (including spatial extent and precigitimat an individual makes use of, and
then analysed how different situations might infice the evolution of informed
dispersal strategies. However, individuals nedittsbupdate their perception of the
biotic and abiotic environments (i.e. informatiayaisition; [31, 32]) either from their
own experience [33] or from observing the gainaot@d by conspecifics [34-36]. Only
then, they should be able to compare differentradieves and thus benefit to increasing
their likelihood of choosing the best-matching eigal strategy (i.e. information use).

10
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Doing so might entail costs, however, because iddals must redirect valuable
resources, including energy and time to informagathering at the expense of other
basic biological demands [32]. Here, we clearly destrate the emergence of co-
evolutionary dynamics between prospecting and dssppenovement strategies, which
differed in sign and magnitude depending on thespective costs (Fig. 5). The results
were qualitatively robust to the emigration prolugii.e. similar patterns for the
evolution of informed dispersal strategies evolwdeen considering different
emigration rates (50% and 80%), as well as whealleaved this trait to evolve (results

not shown).

On the one hand, selection always aims to maxithiséndividual’s chances of
reproduction, which in our model is primarily detened by survival during
prospecting. The duration of prospecting movemasiriplemented in our model) can
be much longer for those individuals that need &kensome spiral turns in order to
cover the whole prospecting area (i.e. when prefemean dispersal distance is long;
Fig. 2) compared to those individuals which judiofe a straight line from the natal to
the selected patch (i.e. when they are able teeparenost of the potential dispersal
area; Fig. 2). Thus, it was at this stage wheret m@sortunity for evolutionary cost-
cutting occurred. On the other hand, selectiondeadavour large dispersal distance
(i.e. large margin for freely choosing the bestliguaatch). This was generally
achieved by expanding the preferred distance vegig), and therefore there was a
strong correlation betweenand the realised dispersal distance (Fig. 5).eQuit
obviously, prospecting length decreased when isangamortality risk during
movements, but we also observed that it increasedincreasing cost of perceptual
range (Fig. 5). Yet, cost of perceptual range hawmderately lower effect on dispersal
distance compared to mortality cost.

Depending on the relative costs of movements anckp&ual range, selection
minimized each of these traits, compensating tffieidecy of one trait by the other.
For instance, as moving became increasingly rifteypreferred distance variance
decreased, but simultaneously a large perceptngeravolved. This allowed
minimising the duration of prospecting while sp#rmitting individuals to move a
reasonably large dispersal distance (Fig. 5). Thadarge perceptual ranges evolved
only when the cost of its development was low ahémmovement during dispersal
was relatively costly (Fig. 5). This finding is line with the few empirical studies

11
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because perceptual range has been linked to maeygtasof dispersal, including the
choice of search strategy and the movement behaglioing dispersal, which is
directly related to individual's effectiveness iding new habitat patches [37]. A well-
developed perception of habitat patches by indadsishould lead to more efficient,
oriented movements that can reduce the time andrtbigy spent in risky environment
during dispersal [38], and influence the abilityéspond to habitat disturbance and
fragmentation [39]. As informed individuals are@bb make firmer decisions as a
function of the current state of the biotic andadilbienvironment, they are expected to
enhance their fitness [21, 32]. However, sinceenbihg information usually entails
costs, including committing time, energy or the asbodily resources at the expense
of other biological demands such as growth or r@pcton [22], selection should only

favour the acquisition of information when its valexceeds the costs of its use [33].

When cost of information acquisition are high, aosdsequently a limited perceptive
range evolves (Fig. 5), individuals can be selettanove to a long distance and
prospect narrow area at that distance, makingojustprospecting round (as depicted in
the lower left panel of Fig. 2). Such a strategpimises information acquisition and
mortality costs, still allowing individuals to maain sufficient environmental sampling
for good quality patches. Therefore, dispersersggsing low perceptual range are still
likely to detect particularly good patches (eiteerpty or well below carrying capacity).
In some cases, overreliance on cues can be cbathttracts individuals into sink
habitats where they have little chance of breedimgessfully (ecological traps; [40]).
For example, in species where dispersal is at fgasly based on copying conspecifics,
informational cascades can occur if the copied Webais occasionally wrong [22].
Under certain conditions (e.g. high density habitaaiding to poor individual success;
[41]), it might be therefore beneficial to evolvéoag-distance dispersal strategy as
opposed to simply increasing ones perceptual raffyeobserved selection for long
dispersal distances when individual perceptualeasdow has important consequences
for population viability, given that for a populati divided into patches of suitable
habitat, and where each patch has a finite lifetbmcause of random events like local
extinctions, long dispersal distance events areiaktor its persistence [40, 41]. In
addition, short-range prospecting evolving by anmgprtality costs will increase local
competition since all individuals will choose tdtiein a patch within a small area
around their natal patch. Increasing dispersahdcst should result in a lower saturation

12
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rate of the environment and an overall increasprbriction success. This competition
effect would possibly have been different if we \bliave considered directional
dispersal, i.e. the individual chooses an initiéction and prospect the area located in
that direction. Such pre-selection of the searchimg would reduce costs of
movements, allowing the evolution of large dispkdsstances, also diversifying the
choice of settlement site among individuals. Moexpdepending on the spatiotemporal
variability of the landscape, we expect the stremdtselection for the spatial extent in

which individuals choose a breeding site to vary.

Prospecting and dispersal: their implications for population patterns

Previous studies have demonstrated that the perdapinge of dispersing animals
directly affects spatial patterns and biologicalgasses at multiple spatio-temporal
scales, by influencing the probability of detectimeyv patches, as well as the duration
of searches [39, 42, 43]. Pe"er and Kramer-ScHadttheoretically demonstrated that
population connectivity was enhanced if large petneal range was assumed. However,
more information does not always mean better pajpngerformance [24]. Given the
various costs of information acquisition and usthatlevel of individual, the
motivation of individuals to sample environmenarsindividual trait that under certain
condition might not evolve to produce optimal babav at the population level [20].
We observed that while informed dispersal stratelgid to population performance
below its highest possible level (Fig. 6A), un- gwbrly informed individuals nearly
optimised population performance, both in termdeisity and patch occupancy (Fig.
6B). We assumed that the time individuals spergraspecting is directly correlated
with the distance moved. Therefore, if an individuas very low perceptual range it has
to move around to find sites which results in acgggehaving a more uniform
distribution. These results are in line with Vuilleier and Perrin [24], and are likely
explained by the fact that individuals with no/shparceptual range are unable to find
available patches easily. Therefore, they havedoch more extensively, even though
this yields a high mortality, which results in manetimal population performance.
Indeed, another study has demonstrated that, wedin conditions, individuals may
even decide to ignore information on the proxinotynon-natal patches, thereby
moving further than strictly necessary [30]. Thésa positive effect on connectivity

but reduces individual lifetime reproduction susesd thus these studies highlight an

13
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important potential discrepancy between differegiaaizational levels of selection

(reviewed in [20]).

This discrepancy between the individual and theufadmn good is also evident when
both information acquisition and use are very godtlg. 6C). Under these conditions,
we observed individuals to still evolve their pgrteeal range and dispersal distance
despite high immediate costs at the individual l¢&&y. 6C). This pattern evolved here
under conditions where the population is at thekoaf extinction because considering
the same costs but increasing patch extinction(fiaim 15% to 20%) lead to
population extinction (results not shown). A numbgfactors are known to influence
how much an individual invests in dispersal [2]edreing the probability of success in
a dispersal attempt. A high chance of success tendsour the evolution of dispersal
rate, insofar as dispersal can be achieved wittmuah cost. However, the finding of
selection for information acquisition and use wh&persal is increasingly risky is
another expected evolutionary outcome, which idaempd as a response to severely
lowered patch occupancy due to decreased disparsedss. Under these conditions
(i.e. a small nonzero probability of success inspersal attempt), dispersal survival is
difficult, but this is balanced by the few successlispersers having a high probability
to find excellent habitat (i.e. ‘unsaturated’) whioffers good breeding prospects. Even
though the dispersal strategy emerged under thelassvfavourable conditions might
not be the one maximising the long-term persistefdke population [26], such
evolutionary response will still enhance its peesise.

4. CONCLUSIONS

An increased understanding of the co-evolutiongrnadics between prospecting and
dispersal is of crucial importance in linking inlual behaviour to population
dynamics and distribution. Some early theoretitadies have already investigated the
consequences of cognitive abilities on several nti@nd properties of populations. Thus
far, these studies were based on the rather gessaimption of an information-free
world or have simply incorporated perceptual raag@ distance from which habitat
patches can be recognized. Empirically, studiesemdthg the possible trade-off
between costs and benefits of developing diffepenteptual ranges are still lacking.
Yet, if information is available, of a certain gifyaland predictable over space and time,

the individual-level decisions to acquire and ugermation are traits under selection
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that may have important consequences for the pensis and dynamics of ecological
systems [7]. Our contribution goes beyond previwask by (1) jointly considering
information acquisition and use as evolving treiet vary across space and time as a
response to the balance between costs and beaetits individual level; and (2)
evaluating the population-level success of thevmainformed dispersal rules. We
have shown that, under certain conditions, therméion acquisition and use that
evolves (due to the balance between risks and ibeéinformation acquisition and
use at the individual level) may not be those thakimise the population abundance or
patch occupancy. There is a need to increase adafnental understanding of how
information use evolves in the context of dispebsddaviours at each of three stages of
dispersal [8]. Here we fixed the emigration proligband an obvious extension is to
integrate ideas presented here with those explamfiogmation and emigration
decisions [19]. Ultimately, gaining a more sopluated understanding and capability
for modelling informed dispersal promises to impgraur ability to predict and manage
how species will respond to multiple environmeitanges.
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FIGURE LEGENDS

Fig. 1L Schematic representation of dispersal in the m@dglper) Individual is
characterized by its preferred dispersal distanbeifig a most preferred distance, and
the preference decreases asymptotically with distéromr, the ring-shaped region
within the distances set oyt 20 from natal patch represents roughly the 95%
‘preference interval’ (i.e. the area with 95% prioitity of dispersing assuming equal
guality of homogeneously distributed patches withim which case it is equivalent to
dispersal kerng| and perceptual range (a). (Lower) Individual graies from the natal
patch and explores the potential dispersal areagtheof the exploration path depends
on the size of the perceptual rangeherea is two times smaller than the range of
favoured distances, so the individual must travétegerimeter at least twice to cover
the whole area). Eventually the individual selecigatch and moves there in order to

settle.

Fig. 2. Prospecting behaviour as implemented in the maaividual preferred
dispersal distance follows a Gaussian distributwith meanr and standard deviatian
(represented by the intensity of black colourd; eind side of the upper plots) from the
natal patch (marked as star) and patch quEli#yN (represented by colour intensities;
middle figure of the upper plots) are combineddiigd patch selection probabilities
(right hand side of the upper plots). The searclmg constitutes the 95% of the area
under the preference curve, delineated in the égwith dashed circles. The searching
area and the distribution of preferred dispersstiagices vary as a function of the mean
and standard deviatian(lower three panels). When- 25 > a (a being the perceptual
range), the individual moves away from the natétipdefore starting to prospect,
otherwise the searching area is within a circleerEthough the searching area may be
of the same size for different valuesrahdo, the distribution of the preferred dispersal
distance may be different, as depicted by a twoedsional cross-section showing the
distribution of the preference for dispersal distaat the bottom of the plots. The right
hand side panel of the figure shows the relatignbbiween the perceptual rangg (
path lengthl(, and the survival related to fis(). Individuals with low perceptual

range need to make more spiral turns in order vercthe same searching area (shaded).
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Therefore, there is a trade-off between developifayge perceptual range (at a cost of

fecundity) and longer prospecting path (at the obstortality).

Fig. 3 Characteristics of prospecting and dispersal ebaleng the movement
mortality gradient, under three different costpefceptual range. The phenotype (i.e.
actual length of prospecting trajectory and redlidespersal distance) results from the
genetic parameters: preferred mean distance, lianez, and perceptual range.

Fig. 4 Trade-offs applied in the model: (A) between thplersation range of
surrounding patches and fecundipyi¢ the cost of perceptual range paid in fecundity,
A = 1), (B) between dispersal distance and sur{ivéd movement mortality).

Fig. 5. Evolved emigration probabilities as a fumectof movement mortality and under

three different costs of perceptual range.

Fig. 6. Colours represent population size and proportigmatch occupancy (from dark
grey — low, to white — high) as a result of simiglas where individuals were forced to
acquire (i.e. perceptual range; y-axis) and disparsertain distance (i.e. preferred
dispersal distance; x-axis). Costs in fecundiyand in mortality £) were fixed at (A)
¢: 0.001,u: 0.001; (B)p: 0.01,4: 0.001; and (Cy: 0.01;u: 0.01. We assumed patch
extinction rate €) of 15%. Black dots indicate the informed dispessaategy favoured
by natural selection. Hatching denote parts of ppatar space where population went
extinct before 5000 generation.
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