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Abstract: Shannon's information (H) has two meanings: information and surprise (Shannon's original term.) This terminology characterizes the dual nature of H: (1) a reduction in uncertainty, and (2) heterogeneity, the enabler of surprise, for there is no information in a heterogeneity continuously homogeneous world. Embracing the dual nature of information/heterogeneity produces common ground between behavioral ecology and its sister fields: landscape, population, community, and evolutionary ecology. In particular, we explore connections between variance and heterogeneity in resources distributions within landscapes and how such heterogeneity facilitates or hinders individuals' to be informed and utilize the appropriate tail of a resource distribution, and the consequences thereof. We examine both short-and long-term consequences of two scenarios informed breeding habitat selection (site fidelity and conspecific prospecting). We emphasize two main conclusions: (1) the ecological role of heterogeneity to enhance the ability to discriminate between options (poor versus good breeding sites) in ecological time, and (2) how landscape heterogeneity feedbacks on the evolution information use when populations are small to ameliorate negative consequences of global change.

Information exists in the novel stimulus [surprise], not the common one, and evolution discovered this very basic truth half a billion years before Shannon. What neurophysiologists call habituation or adaptation occurs because of the evolved imposition of a negative feedback circuit on a neural pathway, deadening the pathway to the common stimulus, yet instantly waking it up when the unexpected occurs, giving it great weight'. -Wirt [START_REF] Atmar | A Profoundly Repeated Pattern[END_REF] INTRODUCTION: In his 1949 paper, entitled "Recent Contributions to The Mathematical Theory of Communication", Warren Weaver proffers a definition of information as "a measure of one's freedom of choice when one selects a message"; or more correctly, the logarithm of the freedom of choice. In this viewpoint, information can be understood as the number of combinations of component parts that are available to be chosen arbitrarily. Freedom to choose, however, is constrained by the 'landscape' of options. Ecologically speaking, Shannon's information is maximized in a homogeneous landscape: individuals have perfect information but no freedom of choice. Hence, in this view, Shannon's index is misleading: individuals should attempt to bias their choices in a manner that maximizes their evolutionary fitness, and this requires heterogeneity.

Shannon's information (H) has also been called 'mean surprise', as the opening quote alludes to. Surprise refers to rarity or unexpectedness: A high quality mate, territory or food patch that instantly wakes up the relevant neural pathways for the individual to take advantage of the encounter. Surprise is intimately relevant to an individuals' ecology. However, referring to Shannon's H as information, rather than surprise severs the link to landscapes. Landscapes are the repositories of heterogeneity, as it were, and they may be replete with surprise, be they landscapes of fear, landscapes of resources or grazing lawns, dispersal corridors, stopover sites, or even the more dynamic and temporary 'landscapes' of prospective mates. In each case, it behooves individuals to be adept at sensing and selecting resources, including space and/or capitalizing on temporal events. This is especially true in resource-poor landscapes, those landscapes famished with respect to surprise: relative monocultures of one or more critical resources where the fortunes of their inhabitants are constrained by the limits of active choice that low heterogeneity offers.

Beyond theses extremes, heterogeneity (the general term for which we denote variance and/or skewness in reference to resource distributions) will often be critical for sustainable population growth and persistence. The mean, after all, quantifies only the central tendency of a distribution, whereas individuals' behavioral, physiological, and developmental 'choices' should utilize the appropriate tail of a resource distribution. This is what it means to be informed, albeit it may be perceived as a unique way to look at the ecology of information that typically uses the jargon of cues, and signal detection theory, or of Bayesian updating with its prior and posterior distributions, not landscapes and scale. Without a doubt, these frameworks are critical to our understanding of organisms' decision-making by providing insights into understanding the consequences of the proximal mechanisms that individuals use to translate the landscape to capitalize on the underlying heterogeneity, be it spatial, temporal, or individual (Box 1). The framework of the ecology of information [START_REF] Sepp Nen | Social information use is a process across time, space, and ecology, reaching heterospecifics[END_REF], Schmidt, 2010) requires both perspectives to be a successful research program. However, the role of heterogeneity (i.e., latent information) is often supplanted in favor of investigating the mechanisms of information acquisition and treatment mechanisms. Therefore, there is the need for greater balance to our scientific focus.

It has been widely acknowledged that the relative importance of different mechanisms by which variability/heterogeneity influences ecology, and types and ranges of scales at which it does, is a fundamental and unifying question in ecology [START_REF] Levin | The problem of pattern and scale in ecology. The MacAuthor award lecture[END_REF], Adler et. al 2001[START_REF] Kuno | Dispersal and the persistence of populations in unstable habitats[END_REF][START_REF] Bascompte | Patchy populations in stochastic environments: critical number of patches for persistence[END_REF], Underwood 2004[START_REF] Armsworth | The impact of directed versus random movement on population dynamics and biodiversity patterns[END_REF][START_REF] Chesson | Sale-transition theory. Its aims, motivation and predictions[END_REF][START_REF] Holyoak | Variance -explicit ecology: A call for holistic study of the consequences of variability at multiple scales[END_REF]. The two themes that [START_REF] Levin | The problem of pattern and scale in ecology. The MacAuthor award lecture[END_REF] referenced in his Robert MacArthur award lecture (1). the development and maintenance of the spatial and temporal patterns and (2) their consequences for the dynamics of populations), remain as relevant as ever. We begin by briefly summarizing two case studies, which stress (1) the potentially critical role that skewness may have in ecological landscapes and communities, and (2) formulating our view of information as an act of partitioning resource distributions. This is not to say that such a view is always appropriate or useful. However, organisms that experience or utilize their world as its 'mean' is almost certainly not adaptive.

Case study 1: Breeding passerines and their nest predators partition enemy-free space: The nests of many passerines are often incidentally encountered (and consumed) by predators searching for primary prey. Three main factors contribute to the rate of predation: (1) the distribution of predators' primary prey, (2) the predators' giving-up density of primary prey as a measure of foraging efficiency, and (3) predators' perceptual scale (Schmidt et. al 1997, Emerson et al. 2012). In particular, a finer perceptual scale hones a predator's foraging activity to only those micropatches of resource 'clumps' that exceed the forager's giving-up density of prey [START_REF] Brown | Patch use as an indicator of habitat preference, predation risk, and Competition[END_REF]). As a consequence, the proportion of space a predator actively utilizes and the quantity of resources it consumes are (generally) inversely related to its perceptual scale (Schmidt andBrown 1996, Schmidt et al. 1997).This case study exemplifies the general conceptual framework we use herein: that of viewing information as the process of partitioning a resource distribution, be it food, space, safety, mates, etc., into acceptable and unacceptable fractions (Fig. 2), while remaining acutely aware that heterogeneity in and of itself is not sufficient to produce information. Individuals must still bias their activity patterns, for instance, which is facilitated through signals, cues, performances, etc. However, heterogeneity among choices constrains or facilitates information use.

Case study 2: Skewness and spatial clustering in avian nest predators lead to bias breeding habitat selection in passerines. The veery (Catharus fuscecens) and ovenbird (Seiurus aurocapilla) avoid nesting in relative hotspots of chipmunk activity [START_REF] Emmering | Variation in coexisting birds to exploit spatial variation in nest predator activity[END_REF]. While previous experimental studies have noted both species avoid nesting near chipmunk vocalizations while making nest site decisions, it is the heterogeneity in chipmunk-poor space that facilitates this behavior. In particular, skewness in the spatial distribution of chipmunk activity is highly variable. In the case of negative skewness, the thin tail on the left (i.e., few sites with low predator activity) results in a concomitant tail of nest success characterized by few sites with high birth rates, that is, positive skewness in nest success/reproductive (also see Rodenhouse 1997, Germain and Arcese 2014).

These two examples illustrate the value of recognizing the risks and opportunities presented by heterogeneity, including effects on population growth rates, persistence, and community structure. Considering population growth rates, [START_REF] Schmidt | Information thresholds and habitat loss and population persistence in breeding birds[END_REF] penned the term cognizant sources to represent populations that are only viable (expected population growth rate, λ > 1 in the absence of immigration) if individuals sufficiently bias their occupancy to source site (λ S >1) to 'make-up' for shortfalls in reproduction from sink sites (λ K < 1). In the absence of this, such populations are dubbed nescient sinks: insufficient information is available to bias breeding habitat use sufficiently to achieve λ >1. This terminology reflects the fact that any heterogenous landscape can be partitioned into two qualitatively distinct groups based on the expected long-term population growth rate (of a closed system) with different outcomes for persistence [START_REF] Schmidt | Information thresholds and habitat loss and population persistence in breeding birds[END_REF]. In particular, there exists a minimum proportion (p*) of individuals occupying source sites for population viability, λ > 1 (Schmidt and Massol 2019):

Notably, p* declines rapidly with increasing (λ S -λ K ), implying that more heterogenous landscapes, all else equal, require less biased habitat use (i.e., less information) for population persistence. Alternately, insufficient information, e.g., low signal-noise ratio, reduced temporal correlation, can revert a cognizant source into a nescient sink.

Together, these four scenarios fall along a gradient representing the minimal amount of information required for population viability: population sink > nescient sink > cognizant source > source. The above results, however, do not incorporate skewness, which, as just noted, may not realistically reflect numerous ecological systems. Therefore, we presently expand our modeling approach by incorporating both landscape skewness and spatial autocorrelation.

Simulation Model of informed agents in skewed and spatially correlated landscapes: We simulated information use by breeding passerines in a heterogeneous landscape in the following way. First, we generated 2,310 landscapes of nesting probabilities corresponding to 10 replicates of 21 skewness values and 11 autocorrelation values. Each landscape consisted of 424 (22×22) breeding sites arranged on a square lattice, and one nesting probability value was assigned to each site following a triangular distribution (see Appendix 2) with theoretical mean equal to 0.383, a theoretical variance equal to 0.015, and theoretical unstandardized skewness allowed to vary among landscapes and take 21 regularly spaced values between -0.001 and 0.001. To generate autocorrelated landscapes with prescribed autocorrelation between nearest neighbors (ρ, allowed to take 11 regularly spaced values between -0.5 and 0.5), we used the 'invIrW' function from the R package 'spdep' to compute the weights matrix resulting from ρ and the neighboring relationships between sites. We generated autocorrelated normal values using this weights matrix, and 484 normally drawn variables, and used quantiles of the triangular distribution to transform normal deviates into values of a random variable following the triangular distribution. The three parameters of the triangular distribution were set in accordance with the prescribed mean, variance, and skewness target values (see Appendix 2). Note that due to sampling, the observed moments of the distribution could differ from the target values.

For each simulated landscape, we generated a population of 200 individuals randomly assigned to individual sites among the 400 sites not on the boundary of the square landscape. Each individual reproduces with a probability equal to the nesting probability of its site and survived to the next time step with probability 0.6. Surviving individuals from the initial population could stay or leave their current nesting site depending on an information use rule based on an assessment of site quality as the average of the nesting probabilities of the focal site and its 8 neighboring sites (using only the 20×20 interior sites allowed each of the sites to have exactly 8 neighbors).

The decision to stay in the site was made when the local average site quality was greater or equal to a prescribed threshold varying between 0 and 1. With a threshold of 0, all individuals stayed where they had previously settled; with a threshold of 1, all individuals left their site. In practice, we recorded decisions and associated metrics for 21 different threshold values, regularly spaced between 0 and 1. Once the decision of each individual at a given threshold had been computed, we could calculate the expected moments of the observed nesting probabilities in the immediate future of the population by assuming all newborns as well as all individuals that left their site would settle in a randomly chosen site not yet occupied.

RESULTS:

Simulation results are depicted using violin plots in Figures 234. Of the four parameters, only mean and skewness vary post-decision to stay or leave (Figs 2 and3).

In particular, when spatial autocorrelation is sufficiently high, individuals can exploit information, and by doing so, in moderation, they increase their reproductive success in the next timestep (e.g., annual population growth). This occurs in part by individuals increasing their realized mean nesting probability and decreasing its skewness (i.e., by exploiting the high end of the distribution of nest success and thus increasing the weight of high nesting success values in the distribution). This effect is most efficient when individuals are not overly selective and choose a moderate threshold value, else they prematurely disperse between time steps, with the consequence that they perceive and exploit their habitat near to its 'expected value' rather than capitalizing on the positive deviations about the mean. Similarly, individuals will not be effective if they choose sites too easily (low threshold) and dilute their otherwise positive gains at the tail of the distribution.

The effect of spatial correlation is relatively modest across the entire landscape, resulting in an average increase in Lambda of ~0.10, which may have a significant qualitative and quantitative effect on population growth and persistence (Fig. 5?). In summary: The effect of information use by individuals in our simulations, regardless of strategy used, is to exploit the right-hand side of the distribution of site quality, relative to an uninformed individual. In this manner, skewness becomes less negative as the mass of probability is shifted to higher site quality values through the actions of informed agents biasing their use of the landscape. DISCUSSION: Our modeling of the population growth of informed agents in heterogenous landscapes demonstrates the degree to which habitat heterogeneity can facilitate information use and increase the long-term population growth rate of informed agents. In our model, this increase in growth rate is modest, but also is capable of qualitatively altering the long-term persistence of populations. What our modeling exercise reveals is that 'experienced' heterogeneity in site quality (i.e., as seen by individuals after utilizing information) differs from 'raw' heterogeneity across the landscape. We only implemented a simple rule for processing information, based on closest neighboring site features. However, it is conceivable that much more advanced information-processing mechanisms can and have evolved, thus changing the 'experienced' heterogeneity even more. Looking beyond our simulations, we advocate for advancing the study of information/heterogeneity and spatial autocorrelation for populations in which social information affects the use of sites across a heterogeneous landscape of opportunities.

Advancing this goal may be well served in the short-term by focusing on plasticity and evolutionary responses as a function of heterogeneity [START_REF] Wong | Behavioral responses to changing environments[END_REF].

For example, game theoretic models (Schmidt 2012, Day and Kokko 2014[START_REF] Schmidt | Site fidelity curbs sequential search and territory choice: a game theoretic approach[END_REF] have repeatedly shown that individuals should reduce their level of selectivity with respect to resource exploitation in competition with conspecifics, which favors preempting resources over additional information gathering, as competition for resources intensifies (Day and Kokko 2014, Schmidt 2014). For example, this is played out in the Secretary Problem of optimal stopping or search theory [START_REF] Johnstone | The tactics of mutual mate choice and competitive search[END_REF].

The more limiting a resource becomes, through skewness and variance, the more intense the competition is between consumers for access. This alone is not sufficient to see the benefits of heterogeneity; the latter comes from phenotypic evolution with respect to information-gathering in response to changes in heterogeneity.

For example, in [START_REF] Schmidt | Site fidelity curbs sequential search and territory choice: a game theoretic approach[END_REF] evolutionary sequential sampling game (based on Real 1990) for territory occupancy, the evolutionarily stable strategy (ESS) promotes low information gathering at high population density due to site preemption by competitors. That is, resource preemption produces a tradeoff between spending more time/effort in hopes of encountering a better breeding site mate, etc., versus experiencing a decline in the mean quality of still vacant sites due to competitors with slightly lower minimal acceptance thresholds. As a consequence of the resulting competition for sites, individuals evolve a relatively low minimum quality acceptance threshold, i.e., they are less informed [START_REF] Schmidt | Site fidelity curbs sequential search and territory choice: a game theoretic approach[END_REF][START_REF] Schmidt | Information-mediated Allee effects in breeding habitat selection[END_REF]. Importantly, these dynamics also work in reverse: A small population size relative to the carrying capacity (and concomitantly low risk of preemption), selects for greater informationgathering, thus buffering population fluctuations and minimizing population declines.

Notably, heterogeneity is crucial to these dynamics.

These conclusions are shared with Sih et al. (2010); the main difference between these authors' approaches is largely the selective emphasis on proximate causation (Sih et al. 2010) versus ultimate causation, i.e., landscape heterogeneity. Greater integration between these two frameworks will benefit the disciplines of behavioral, population and landscape ecology. For instance, variation among individuals to produce signals that honestly advertise their quality must have an ultimate source. For Zahavi (1975), the source of honesty in animal communication is based on true differences among individuals' qualities that are on display during social exchanges, such as mate choice. We can extend Zahavi's ideas to consider honest 'signaling' derived ultimately from the landscape itself, such as an 'honest' reproductive performance of a breeding bird who placed her nest a particular spit of land in an oak forest, raising four nestlings whose begging calls inadvertently 'signal' the value of her nest location to eavesdropping conspecifics. In other words, information can generally be traced back to local heterogeneity within landscapes. The difference in these two perspectives is simply the assumed level of causation: the cue/signal versus landscape heterogeneity.

Regardless of which level is chosen, it is the relative homogeneity of the resource distribution that represents a primary threat to individuals' abilities to discriminate [START_REF] Sih | Understanding variation in behavioral responses to human-induced rapid environmental change: A conceptual overview[END_REF][START_REF] Schmidt | Information-mediated Allee effects in breeding habitat selection[END_REF].

Conserving surprise and information in the Anthropocene: What conservation practices, based on the concepts of surprise and information, may benefit individuals and populations? We again point to noted positive impacts of heterogeneity, in this case on evolutionary processes. In the evolutionary game of territory acquisition [START_REF] Schmidt | Information-mediated Allee effects in breeding habitat selection[END_REF], the authors extended their analyses to scenarios of environmental changes (ecological, behavioral, and demographic) that are likely to be represented, albeit incompletely, in a rapidly changing world. These included the loss of high-quality habitat, declines in reproductive success and/or adult survival, after which, the authors reexamined population densities with and without phenotypic change (plasticity or evolutionary). In each case, populations of informed individuals incurred a lower rate of decline in population size and staved off extinction in the deteriorating environment.

In large part, this was due to the much-reduced vulnerability to extinction through the influence of heterogeneity on individuals' information states as noted earlier. The greatest risk to extinction or dramatic population declines in the model were not due to declines in demographic variables, such as fecundity and survival or declines in mean habitat quality. Rather, the authors concluded that the risk [of extinction] was greatest under relative homogeneity in signals across site quality that failed to effectively differentiate good sites and poor sites within landscapes. Sih et al. (2010) refer to this as discriminability: how effectively individuals are at distinguishing between two or more environmental states. The concept of discriminability may be an especially fruitful direction for ecologists to further explore in empirical systems. For example, discriminability can decline as the result of the convergence of the means of two disparate distributions or widening variances, or both.

Clearly, information, is only as effective as temporal variability allows (Doligez et al. 2003[START_REF] Schmidt | Site fidelity in temporally correlated environments enhances population persistence[END_REF][START_REF] Wong | Behavioral responses to changing environments[END_REF], Mitchell et. al 2019). Agents in the simulation model presented here use observed personal or conspecific observations of current or expected reproductive success to infer high-quality breeding locations.

However, altered patterns of temporal state transitions (e.g. a decrease in the temporal autocorrelation of site quality) not only discounts the value of past experiences to anticipate the future, but the long-term equilibrium of landscape heterogeneity may also shift (e.g. if more transitions to low site quality occur than before without an increase in the frequency of transitions to high quality, sites will be more likely to be of low quality), and in, turn, may create novel conditions across both time and space for individuals and populations.

As noted earlier, skewness can expose populations to 'Black swan' effects [START_REF] Taleb | The Black Swan: Second Edition: The Impact of the Highly Improbable[END_REF]) in which habitat change or destruction may disproportionately affect the low volume of high-quality sites and rapidly extinguish a population. This will be particularly consequential if cognizant source populations are down-graded to nescient sinks, or if information declines produce information-mediated Allee effects [START_REF] Jackson | The effect of social facilitation on foraging success in vultures: a modelling study[END_REF][START_REF] Schmidt | Information thresholds and habitat loss and population persistence in breeding birds[END_REF]. The latter is especially pertinent to persecuted social species that preserve information in cultural hubs, such matriarchs and patriarchs [START_REF] Laren | Ecological Knowledge, Leadership, and the evolution of menopause in killer whales[END_REF]. The effects of information use under declining group size can manifest in other ways. For instance, decision-making in small social groups tend to average opinions among members [START_REF] Couzin | Effective leadership and decision-making in animal groups on the move[END_REF], whereas large groups are more likely to develop a consensus. These different outcomes have similarities to partitioning (of ideas in this case) that we have used throughout. If consensus decision-making tends to produce better outcomes for individuals in the group, then the effectiveness of social decisionmaking may be influenced by group size, i.e., cultural information Allee effect [START_REF] Schmidt | Information-mediated Allee effects in breeding habitat selection[END_REF].

Ecologists, wildlife managers, and conservation biologists do have some ability to manage information (e.g., see [START_REF] Fletcher | Does attraction to conspecifics explain the patch-size effect? An experimental test[END_REF][START_REF] Farrell | Conspecific cues and breeding habitat selection in an endangered woodland warbler[END_REF], as well as identifying keystone information providers [START_REF] Dolby | Benefits to satellite members in mixed-species foraging groups: an experimental analysis[END_REF]Grubb 1998, Hetrick andSieving, Meise et. al 2019). However, formidable challenges remain. As noted by [START_REF] Dicke | Chemical ecology from genes to communities: integrating 'omics' with community ecology[END_REF] and others [START_REF] Hay | Marine Chemical Ecology: Chemical Signals and Cues Structure Marine Populations, Communities, and Ecosystems[END_REF][START_REF] Vos | Infochemicals structure marine, terrestrial and freshwater food webs: Implications for ecological informatics[END_REF], infochemical webs are vastly more complex than food webs, and yet, olfaction is only one of multiple sensory systems that organisms may utilize to gain information, let alone the challenges in incorporating other aspects of organisms' lives, such as culture. Moreover, many novel info-chemicals may indirectly harm organisms in cryptic ways that are difficult to anticipate or quantify, and unfortunately, the current rate at which ecologists discover new examples of information disruption is rapidly outpacing our ability to manage such threats.

For example, the threatened status of old-world vultures generate informationmediated Allee effects based on the behavior of conspecifics and congeners to utilize the conformation changes in soaring patterns of vultures (proximate cues) that inform both con and heterospecifics to the location of dead cattle [START_REF] Jackson | The effect of social facilitation on foraging success in vultures: a modelling study[END_REF]. As a consequence, this produces disruption in ecosystem services that vultures provide, i.e., the removal of carcasses, which, in turn, fuels an increase in rabies and loss of human life, particularly in India subcontinent (Sekercioglu et al. 2016). In this example, it is proximate cues, rather than the landscape per se, which initiate the ecological consequences. Contrast this with Roeleke et al. ( 2020) who concluded that landscape structure (ultimate cues) influences the use of social information (i.e., feeding buzzes produced by insectivorous bats) to varying degrees depending on the structural properties of the landscape. Again, the authors conclude the possibility of informationmediated Allee effects, stating that: a minimum density of prey-searching conspecifics might be necessary for a local populations to 'ensure' sufficient prey-search efficiency' when prey is scarce and patchily distributed [START_REF] Jackson | The effect of social facilitation on foraging success in vultures: a modelling study[END_REF], thus making local populations vulnerable to landscape simplification, irrespective of the landscape type.

In conclusion, our investigations into informed habitat selection in heterogeneous landscapes, exemplified by these two examples, take us full circle: Information and heterogeneity are intimately entwined. [START_REF] Tews | Animal species diversity is driven by habitat heterogeneity: The importance of keystone stuctures[END_REF] go as far as using the term keystone structure in reference to heterogeneity that 'determines species diversity by its presence'. We have expanded on this perspective herein to include consequences of heterogeneity to population growth, persistence, and, briefly, discussed some evolutionary consequences of heterogeneity to point out the myriad ways that information use in heterogenous landscapes is critical to conserving ecological systems.

Two decades after the Nobel laureate, Paul Crutzen, popularized Eugene Stoermer's phrase, the Anthropocene, we are presently confronted with the loss of genetic information (i.e., biodiversity), ecological information (including culture), and, unless we heed Robert Holt's (2007) warning, "the loss of a "sensuous dimension to biophilia (Wilson, 1984) that motivates people to care about saving nature". Michael

McCarthy's book, The Moth Snowstorm: Nature and Joy (2015) is a plea to reverse the latter: "Nature has many gifts for us, but perhaps the greatest of them all is joy; the intense delight we can take in the natural world, in its beauty, and in the sense wonder it instills us".
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Integrating this PDF leads to the following cumulative distribution function (CDF), noted F:
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Equation ( 2) can also be inverted piecewise to obtain values of the random variable as a function ( ) X q of the corresponding quantile q:
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The moments of this distribution can be simply written as m, v and s (for mean, variance and unstandardized skewness):
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From equations ( 4) and ( 5), it is possible to deduce equations yielding a and b as functions of m, v and c:
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The solutions given in equations ( 7a) and (7b) exist if and only if the term in the square root is positive, i.e., when:
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For the distribution to satisfy ecological assumptions, we need to have:
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Inequalities ( 9) thus can translate into inequalities on m, c and v:
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In passing, verifying inequality (10c) ensures that inequality (8) is verified.

We also have to note that inequalities (10a) and (10c), or (10b) and (10c), can be combined to give equivalent inequalities between c and m:
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Plugging the values of a and b given in equations ( 7a) and (7b) into the expression of s found in equation ( 6), we obtain a new equation for s:
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Solving equation ( 12) to find c as a function of s, m and v is equivalent to finding solutions of the following degree 3 polynomial of X c m   between -m and 1-m: 
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, we deduce that the strictest condition on s > 0 for the existence of an admissible condition when
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The alternative to inequality ( 16) is thus
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In both cases, the root of P is negative. Combined with inequality (10c), this means that 2 m v c m    .

When s < 0, the same reasoning applies and proves that we must have either
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Finally, we need to rewrite inequalities (8) and ( 9
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which can be construed as ( ) 0 R X  where R is the degree 2 polynomial given by
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20) Similarly, inequality (9) can be rewritten as: 
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  2 8 1 v m   . For R X such that   0 R R X  , we find that 3 2 2 6 R R R R X mX vX X m    (23) so that   2 2 3 1 1 0 6 0 R R R P X mX m s vm m X s       (24) 
We recognize inequality (16), i.e.   0 R P X  is equivalent to inequality (16). Moreover, developing the expression of the roots of R:

  2 3 2 8 1 R v X m m           (25),
we can show that, when R has real roots, its larger root R X  is always greater than 2v .

In the same way, for T X such that   0 Here we recognize inequality (18), i.e.   0 T P X  is equivalent to inequality (18). The full expression of the roots of T is:

    2 1 1 3 1 2 8 T X m v m                  (28) 
Thus, when T has real roots, its smallest root T X  is always less than 2v  . Getting back to the case when s > 0, the conditions on X P = cm, v, m and s imposed by inequalities (14-16) are:

  2 0 6 10 m s v m    (29a) 2 6v m  (29b) 2 0 P v X    (29c) 
Because of equation ( 24) and inequality (16), we know that   0 R X  for the roots of polynomial R. If R has real roots, then the largest root R X  is greater than 2v and the smallest one R X  is located where P is positive. However, it can be shown that . If inequalities (29a) and (29b) are verified, then the smaller root of R is necessarily lower than the admissible root of P, which means that inequality (9) is not verified. Thus, this means we must have

3/2 2 2 0 5 s v   (30a)   2 6 10 m s v m   (30b) 2 2 m v  (30c)   2 1 8 m v   (30d) 
Inequality (30c) allows the existence of an admissible solution that does not verify inequality ( 16), inequality (30b) ensures that ( ) 0 R P X   and inequality (30a) follows from inequality (14). Inequality (30c) also ensures that

2 R X v   
, so that R X  must necessarily be greater than P X . Finally, inequality (30d) is the result of inequality (11b), which entails that an admissible P X must be larger than ( 1) / 2 m 

, so we must have 

m v m v s          (32a)   2 2 1 min , 2 8 m m v           (32b) 
In the same vein, it is easy to show that the conditions on m, v and s allowing the existence of an admissible solution when s < 0 are: 33b) 

    2 3/2 1 2 min 0, 6 1 0 2 5 1 m v s v m                 (33a)   2 2 1 min , 2 8 m m v           ( 

Figure 1A :

 1A Figure 1A: Conceptual diagram of partitioning a resource distribution, in this case breeding site quality (i.e., probability of nest success) into source sites (S>1) and sink sites (K<1), where Lambda represents the long-term population growth rate at equilibrium. The filled sections depict 'gains' in realized lambda though due to variance and or skewness.Figure 1B: Four

  Figure 1B: Four distributions of site quality for simulated distributions that varied in mean (green bar), variance, and skewness. The two red bars indicate the corresponding means of acceptable and unacceptable sites as determined by the acceptance threshold value (black bar).

Figure 2 :

 2 Figure 2: Differences between values experienced after vs. before the decision to leave or stay using conspecific attraction. Violin plots represent the distribution of values obtained from simulations with prescribed autocorrelation parameter ρ = 0.5 and shown for 6 decision thresholds. Abscissas refer to the value of the decision threshold: when the average of the nesting probability (p) observed in the focal site and its eight neighbors is strictly lower than the threshold, individuals leave their site; otherwise, they stay. By panel, difference in (a) mean nesting probability, (b) variance of nesting probability, (c) standardized skewness of nesting probability across the landscape experienced by individuals, and (d) difference in population growth (λ) between the first step of the simulation and the second of the parameters (after decision-making and settlement of fledglings). Note that the expected values of the parameters are not appreciably altered by our transformation using the Triangle distribution.

Figure 3 :

 3 Figure 3: Differences between values experienced after vs. before the decision to leave based on conspecific performance (focal site and its eight nearest neighboring sites. Violin plots represent the distribution of values obtained from simulations with prescribed autocorrelation parameter (ρ = 0) shown for 6 decision thresholds. Abscissas refer to the value of the decision threshold: when the average of the nesting probability (p) observed in the focal site and its eight neighbors is strictly lower than the threshold, individuals leave their site; otherwise, they stay. By panel, difference in (a) mean nesting probability, (b) variance of nesting probability, (c) standardized skewness of nesting probability across the landscape experienced by individuals, and (d) difference in population growth (λ) between the first step of the simulation and the second on (after decision-making and settlement of fledglings).

Figure 4 :

 4 Figure 4: The effect of spatial autocorrelation on the expected first three statistical moments panela-c) and Lambda. Violin plots represent the distribution of values obtained from simulations with decision threshold set at 0.35. Abscissas refer to the value of the spatial autocorrelation parameter (ρ, only 6 values represented on the plots). By panel, difference in (a) mean nesting probability, (b) variance of nesting probability, (c) standardized skewness of nesting probability across the landscape experienced by individuals, and (d) difference in population growth (λ) between the first step of the simulation and the second one (after decision-making and settlement of fledglings).
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  inequality (30d). If all inequalities (30) are verified, the conditions on m, v and s allowing the existence of an admissible solution when s > 0 are:

  22)Both R and T have positive leading terms, which means they become positive when X is not comprised between their roots, if they exist. Polynomial R has real roots if and only

	if	8v m 	2	while polynomial T has real roots if and only if

Appendix 1: Simulation methods

(i) Creating a landscape of heterogeneous site quality

To simulate the landscape, we choose to use a triangular distribution of site quality. The triangular distribution is defined by its probability distribution function (PDF) which is given by two straight lines, the first one increasing from (a,0) to (c,2/(b-a)), and the second decreasing from (c,2/(b-a)) to (b,0). This PDF, noted f, can be written as: 0

Application:

Taking m = 0.383 and v = 0.015. This implies 0.00103923 0.00103923 s   

We choose to explore 21 values of s from -0.001 to 0.001 with an increment of 0.0001. This entailed exploring values of c between 0.238051 and 0.527949, with values of c obtained from solving equation ( 12).