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Background
Because random processes, unrelated to site attachment, can generate movement patterns that are biased toward previously visited or occupied locations, null models—the anticipated occupancy of sites based on a random choice of locations, subject to ecological and behavioral constraints—are essential for inferences about site fidelity [1; see also 2, 3, 4, 5].  However, the importance of null models for inferences about nest site fidelity, in particular, is still regularly neglected or overlooked, as others have noted [6, 7].  Indeed, site fidelity is often inferred from an apparent preponderance of individuals that nest at or near a site they used in an antecedent reproduction episode—that is, from a right skewed distribution of distances between the nests of individuals that breed in two consecutive reproduction episodes—and is even pseudo-quantified by the proportion of individuals that renest within some arbitrary distance from the site they previously occupied.  This inadvisable practice has persisted, perhaps, because erroneous conclusions associated with the approach have not been clearly illustrated.  
In this supplement, we first illustrate how some common ecological and behavioral constraints—and even how distance is measured—can impact the expected pattern of distances between the nests of individuals that breed in two consecutive reproduction episodes when, within specified constraints, nest sites are randomly selected.  The examples we develop elucidate how inference errors can arise when site fidelity is judged solely by patterns of site use and are meant to underpin the utility of null models.  The examples are developed in the context of nest site fidelity, but their lessons likewise apply to other forms of site fidelity, such as the site fidelity of foragers [e.g., 8, 9, 10].  In addition, we briefly discuss how the spatial scale over which site fidelity is studied may introduce inference errors.  Finally, we further develop the base null model presented in the main paper to illustrate how additional constraints can be added to null models and show that even these more sophisticated null models fail to replicate the distributions of distances between the nests of male M. dolomieu observed in our study. 

Formulation of Null Models
In this supplement, we used R Version 4.0.5 to explore how common ecological and behavioral constraints may influence the expected distribution of distances between the nests of individuals that breed in two consecutive reproduction episodes—hereinafter referred to as repeat breeders—under a null model [11; for R code used to generate null models for these examples, see Appendix 1].  The selected examples are not meant to capture the nuanced intricacies of real systems, but instead serve to show how random choices under even simplistic conditions can produce distributions of inter-nest distances and other patterns of site use amongst repeat breeders that prima facie imply either the presence or absence of nest site fidelity.  
In typical studies of site nest fidelity, the nest locations of marked individuals in an initial episode of reproduction are mapped.  Then, in a second episode, which generally also involves new breeders, nests are surveyed to ascertain the positions of repeat breeders, and the distance between the paired points for nests of each repeat breeder is computed.  In the scenarios we consider, we suppose that in the first reproduction episode—Episode 1—100 individuals breed and that 50 of these individuals breed again in a second, consecutive episode—Episode 2—when they are joined by 50 new breeders.  The 50 repeat breeders are chosen randomly from the 100 breeders in Episode 1 and, in each episode, individuals are assigned to nest locations randomly, subject to any specified ecological or behavioral constraints.  For each scenario, we provide an illustration associated with one simulation of the scenario and a histogram, based on 1,000 simulations, that summarizes the expected null distribution of inter-nest distances of repeat breeders for a specified null model.

Ecological Constraints
Two ecological constraints are considered: the shape of the landscape and the distribution of nest habitat, which interact to influence the expected null distribution of inter-nest distances of repeat breeders.  In particular, we consider a landscape that is linear, circular or distributed in two discrete, linear patches.  For each landscape, we suppose that nest habitat is either homogeneous, and nests are uniformly distributed on the landscape, or that a core area supports a higher density of nests, so that nests are spatially clumped.

Linear landscape
First, consider a situation in which nests are built on, say, a straight section of an ocean beach or a linear stretch of river shoreline that has a length of 360 arbitrary distance units, where individuals choose nest locations on the same section of beach or shoreline randomly in each of two consecutive reproduction episodes.  In this simple scenario, described in the primary paper, the distribution of inter-nest distances of repeat breeders is expected to be strongly right skewed, whether nests are distributed uniformly or clumped (Figure S1).  In either situation, the pattern of inter-nest distances falsely implies some degree of site faithfulness.

Circular landscape
Next, imagine that nests are constructed around, say, the perimeter of a circular lake (Figure S2).  For this example, we simply wrapped the linear data used to generate Figure S1 end-to-end to create a circle with a circumference of 360 arbitrary distance units.  If we compute inter-nest distances as the chord between the same pairs of points in Figure S1, there now appears to be an overabundance of long between-episode nest distances, the antithesis of site fidelity, as if individuals tend to avoid the positions that they occupied in Episode 1.  The stark contrast between this pattern and that of the previous example provides a clear illustration of how the shape of the landscape itself may have a substantive impact on expectations under a null model, patterns of inter-nest distances when individuals chose sites randomly.
In some circumstances, more than one method might be used to measure the distance between nests.  For instance, the distance between the paired points in this example might be measured as an arc, rather than a chord, perhaps because the center region is for some reason avoided and individual movements are confined to the lake perimeter.  If inter-nest distances in this example are computed as an arc, the histograms appear flat and distinct from the respective chord distances (Figure S2).  Hence, as in this example, our perception of nest site fidelity, when based directly on patterns of inter-nest distances of repeat breeders, can be influenced by how distance is calculated.  How distance is measured will generally be of less concern when an observed distribution is compared to a null model, where observed and simulated distances are calculated by the same method.  In this example, for instance, arc and chord distances are monotonic functions of one another, so either measure provides the same information for comparison to a null model.  But if, say, the nest site fidelity of a fish in a highly convoluted riparian system were of interest, then careful consideration may be required to determine how distance is best measured.

Patchy landscape
In the previous examples, nest habitat was assumed to be spatially continuous on a linear shoreline or around a lake perimeter.  In many situations, suitable nest habitat may instead be found in discrete patches, separated by areas that are unsuitable for nests.  For instance, individuals may breed in island colonies that are, in comparison to distances between nests within a colony, separated by very large distances, as occurs in terns and other sea birds [12].
Here, we portray such a scenario by the removal of the center third of the linear landscape described in Figure S1, so that suitable nest habitat is now located in two discrete patches that are separated by 120 arbitrary distance units.  The null distributions of inter-nest distances in this situation are expected, based on 1,000 simulations, to be bimodal, whether suitable nest habitat is spatially homogeneous or concentrated in one of the two patches (Figure S3).  How such a pattern is interpreted depends, however, on the spatial scale over which site fidelity is measured, as others have emphasized [2, 6, 7, 13, 14; see also 15].  The distribution of distances between  the nests of individuals that bred in the same patch in both reproduction episodes—that is, all inter-nest distances less than 120 arbitrary units—is right skewed and, like the pattern observed for a homogeneous distribution of nest habitat on a single stretch of shoreline, creates the illusion of a choice process that involves some degree of site faithfulness.  But the apparent fidelity to patches and overall site fidelity, as illustrated, is nearly equal to its expected outcome of 0.5.
The influence of scale on our perception of site fidelity is accentuated when nest habitat is concentrated in one of the two patches, where, in this illustration, six of the 13 repeat breeders that originated from the lower density [0, 120] patch in Episode 1 returned to the same patch in Episode 2, an apparent patch fidelity of 0.46 (Figure S3).  Twenty-eight of the 37 repeat breeders that originated from the high density [240, 360] patch returned to the same patch in Episode 2, for an apparent patch fidelity of 0.76.  The overall apparent patch fidelity in this illustration is 0.68.  The expected apparent fidelity to the low-density and high-density patches, and overall, based on 1,000 simulations, are respectively 0.24, 0.75 and 0.62.  Hence, the expected pattern of apparent site fidelity depends, as this example clearly shows, on an interaction between the distribution of nest habitat and the scale over which fidelity is measured.
 
Behavioral Constraints
The previous examples illustrated the sensitivity inter-nest distances of repeat breeders to the landscape and the distribution of suitable nest habitat under a null model.  Behavior also influences how nests are distributed.  Here, we modify selected previous examples to demonstrate some potential impacts of three behavioral constraints—territoriality, individual mobility, and habitat preferences—on expectations of inter-nest distances of repeat breeders under a null model.

Territoriality
First, consider how territoriality might influence the inter-nest distances of repeat breeders, where we again suppose that individuals nest on a linear landscape of 360 arbitrary units.  For simplicity, imagine that all individuals build a nest at the center of an exclusive linear territory, where territory size—length—is invariant amongst breeders.  The result is a distribution of nests within each reproduction episode that is relatively evenly spaced (Figure S4).  The impact of territoriality on inter-nest distances, however, appears to be minimal when the histograms generated under this scenario are compared with those in Figure S1.

Individual mobility
Next, consider how restrictions on mobility can alter expectations of inter-nest distances of repeat breeders when, as in Figure S3, suitable nest habitat is located in two linear, discrete patches separated by 120 arbitrary distance units.  Here, the movement of individuals is assumed to be limited, such that the inter-nest distance of a repeat breeder between reproduction episodes is constrained to no more than 240 distance units.  In comparison to when movement is unrestricted, as depicted in Figure S3, the distribution is truncated and the right skewed portion of the distribution associated with individuals that remained in a patch is amplified (Figure S5).  Indeed, the patch and overall fidelity when mobility is limited and suitable nest habitat is homogeneously distributed have an expectation, based on 1,000 simulations, of 0.69, an increase of 0.19 over conditions in which movement is unrestricted.  When habitat is clumped the apparent faithfulness of individuals to the higher density patch is expected to be 0.83 and the expected return of repeat breeders to the lower density patch is just 0.39, with an overall expected patch fidelity of 0.72.  The impact of limited mobility is an apparent increase in nest site faithfulness. 


Habitat preferences
Lastly, consider a situation in which nests are built on a linear shoreline of 360 arbitrary distance units, where suitable nest habitat is divided into two types, one preferred over the other, with 50 nests of each type in Episode 1 and 2.  In a null model, a nest preference is reflected in the order in which nests are assigned, preferred nests before nests that are less preferred.  Hence, the impact of preferences on the distance between nests of repeat breeders will be most pronounced when they have an access advantage—that is, breed earlier than new breeders—to sites that are preferred.  Here, we suppose that repeat breeders have an access advantage in both reproduction episodes, where the probability that a repeat breeder is assigned to a nest is five times that of a new breeder, as might occur when repeat breeders are, say, larger than new breeders (Appendix 2).  The effect of this advantage is to bias the assignment of repeat breeders to nests that are preferred.
The relevant references against which to compare results for this scenario are the histograms in Figure S1.  There is no impact of nest preferences on the distribution of inter-nest distances of repeat breeders when preferred and less preferred sites are distributed homogeneously on the landscape in both reproduction episodes (Figure S6).  When preferred nests are spatially clumped, however, priority access to nests by repeat breeders produces a notable, strong right skew in the distribution of inter-nest distances due to their consistent use of space across reproduction episodes.  Indeed, the potentially deceitful patterns that can be generated by a combination of habitat preferences, patchiness of preferred sites and priority access to sites by repeat breeders caution strongly against inferences about site faithfulness based solely on point patterns, without reference to a null model. 

Further Cautions
The examples we developed uncover potential pitfalls associated with conjectures about site fidelity based solely on the distribution of distances between the nests of repeat breeders.  Indeed, when distributions of inter-nest distances are not compared to a null model, hypotheses about the occurance of site fidelity may be falsely accepted or rejected.  In some analyses, site fidelity might be inferred from a comparison of inter-nest distances between groups of individuals, where lack of reference to a null model may seem inconsequential.  For instance, a win-stay, lose-shift strategy might be investigated, with the expectation that the distances between nests of individuals that breed successfully will be shorter—higher site fidelity—than those of individuals that are unsuccessful [25].  Likewise, foragers, like seabirds, may exhibit high site fidelity to areas in which abundant food is found [26, 27, 28; but see 9].  Alternatively, the overall variation in site fidelity within and among breeders or foragers might be contrasted, where higher between-individual than within-individual variation in site use is predicted when individuals are site faithful [29].
The examples we developed show that these approaches too are susceptible to inference errors when site-use patterns are not compared against a null model.  For instance, if nest habitat is patchy and concentrated, say, in a core area where nests tend to be successful, then a null model in which individuals are assigned randomly to sites within and between patches can produce a pattern of site use that appears to reflect a win-stay, lose-shift strategy.  The null model we devised for two patches, with nest habitat consistently, spatially clumped in one of the patches illustrates this very pattern: the expected patch fidelity of individuals with nests in the less dense patch in their first reproduction episode, where nest success may be poor, was 0.24, while the patch fidelity of individuals to the higher density, potentially higher quality patch was 0.75 (Figure S3).  If suitable nest habitat is patchy, and individual mobility is limited, inferences based on within and between individual variability in site use may likewise benefit from null model safeguards (Figure S5).

Application: More Sophisticated Null Models for M. dolomieu

For some systems, like ours, it is advisable to consider constraints on behavior that are not inherently imposed by the recontre-based procedure that we used to construct null models in the main paper.  For instance, female M. dolomieu appear to preferentially spawn with males that build nests on coarse substrates, and egg survival in coarse substrate nests is often higher than in other types of nests [16, 17].  Hence, areas of the littoral zone composed of coarse substrates are likely preferred as locations for nests by male M. dolomieu.  Recently used nests might also be preferred because of the potential consistency of good nest locations across years [18, 19].  The cost to excavate recently used nests may also be lower than construction costs for new nests.  Indeed, a preference for suitable, recently used nests could, in principle, contribute to shorter distances between the nests of repeat breeders when nests are spatially clumped.  Physical attributes, like body size, may also constrain when in a season an individual is able to breed, as in M. dolomieu, and because repeat breeders are generally older and larger than new breeders, they may often have an access advantage to nests over new breeders [see 16, 20, 21, 22, 23].  

Null models
Nests in our dataset were categorized dichotomously as coarse or other and as new or recently used.  Nests were classified as coarse if the substrate that covered the largest area of the bottom of the nest was composed of rock material 1 cm or larger in diameter [16].  Nests were defined as recently used in year t + 1 if a permanent marker of a nest used in year t was located within 1 m of the nest perimeter.  Nests categorized as coarse or recently used were presumed to be preferred for the reasons we already mentioned.  
To construct preference-based null models, we assigned preferred sites before other sites and constrained access to nests—the probability that a male was chosen and assigned to a nest—such that repeat breeders were never at a disadvantage to new breeders.  This access asymmetry was imposed because in Pallette Lake repeat breeders tend to be larger than new breeders and, as observed in other systems, larger males tend to spawn earlier in a season than smaller males [22, 23].  In particular, we evaluated each preference-based null model under four access constraints, where repeat breeders and new breeders had equal access to sites or repeat breeders were two, five or 10 times as likely to gain access to a nest than new breeders (Appendix 2).
In each year, a few parental males were not captured, as indicated in Table 1 of the main paper.  For the basic null model, their status as a new or repeat breeder had no impact on the nests to which known-status individuals were assigned and, hence, had no impact on simulated distances between the nests of repeat breeders.  But the status of males that were not captured could impact nest assignments under null models that involve preferences and priority access to nests by repeat breeders.  For consistency, uncaptured parental males were designated as repeat breeders in proportion to the ratio of repeat breeders amongst captured males in each year for all models, the base model included, and were assigned to a nest in accordance with any imposed preference or access rules.  The straight-line distance between the nest assigned to each known repeat breeder in year t + 1 and the nest the individual actually occupied in year t was then computed and, as in the main paper, for each pair of years, 1,500 null inter-nest distance distributions were generated for comparison with the distribution that was observed.  For each simulated distribution, we also recorded the number of repeat breeders assigned to the nest they previously occupied, as in the main paper, and the proportions of coarse substrate or recently used nests occupied by repeat breeders.

Analyses 
The match between null model derived inter-nest distances for repeat breeders and observed distributions was evaluated by the same two approaches used in the main paper.  In addition, we used the results from null models to investigate our assumptions about site preferences.  Because repeat breeders should be distributed in proportion to the abundance of nests of different types when no preferences are exhibited, the proportion of nests occupied by repeat breeders should be identical for all nest types (Appendix 3).  If, on the other hand, repeat breeders exhibit a preference for nests classified as recently used or coarse, as we supposed in our preference-based null models, and they have priority access to these nests, then the proportion of these nests occupied by repeat breeders in a given year should be high in comparison to their respective alternative types, new and other.  Paired t tests were used to compare occupancy proportions for nests of different types, with the null hypothesis that the difference between yearly, paired proportions between any two nest types, averaged over all years is zero [24; Appendix 3].  

Results
The majority () of nests in each season were constructed on coarse substrate and about half () of all nests had been used the previous year (Table S1).  The proportion of coarse substrate nests occupied by repeat breeders in years 2002-2009 ranged between 0.35 and 0.70 ().  The other substrate nests were occupied by repeat breeders somewhat less frequently, in parital support of our assumption that coarse substrate nests are preferred (; paired ).  However, the proportion of coarse substrate, recently used nests occupied by repeat breeders () was no higher than that of other substrate, recently used nests (; paired ) and no higher for coarse substrate, new nests () than for other substrate, new nests (; paired ).
Nest site occupancy by repeat breeders provided much stronger support for our assumption that recently used nests are preferred.  The proportion of recently used nests occupied by repeat breeders ranged between 0.5 and 0.76 (; Table S1).  The proportion of new nests occupied by repeat breeders was significantly lower (; paired ).  In addition, the proportion of recently used, coarse substrate nests occupied by repeat breeders () was far higher in comparison to new, coarse substrate nests (; paired ) and higher for recently used, other substrate nests () than for new, other substrate nests (; paired ).
The base null model replicated observed proportions of coarse substrate nests occupied by repeat breeders in five of the eight years even though no substrate preference was imposed, which suggests that the presumptive preference for coarse substrate nests is not especially powerful (Table S2).  The proportion of recently used nests occupied by repeat breeders was matched by results of the base null model in just two years.  Notably, the simulated proportions for the other six years were much smaller than those we observed, which provides further evidence that suitable sites that had been used in the previous year are preferred over suitable sites that were not recently used.  
The preference-based null models better matched both the proportion of coarse substrate and recently used nests occupied by repeat breeders.  In particular, the introduction of a preference for recently used nests and differential access to nests by repeat breeders into the base null model reproduced the observed proportion of recently used nests occupied by repeat breeders in every year and in seven of the eight years simultaneously replicated the proportion of coarse substrate nests occupied by repeat breeders (Table S3).  The preference-based null models nonetheless performed no better than the basic null model with regard to the replication of distances between the successive nests of repeat breeders (Table S4, S5).  Each of the 48,000 two-sample Kolmogorov-Smirnov tests resulted in a rejection of the null hypothesis that the simulated and observed distributions are identical at a significance level of  = 0.001.  The lack of fit between the base null model, developed in the main paper, or any of these more sophisticated null models and the observed inter-nest distances of repeat breeders provides persuasive evidence that at least some males in the study population exhibited site fidelity.
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FIGURES
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Figure S1.  Relationship between the distribution of suitable nest habitat and inter-nest distances of repeat breeders when individuals choose nest locations randomly on a hypothetical, linear shoreline of length 360 arbitrary units in two reproduction episodes.  Dot plots show 100 randomly chosen points—nest locations—in the interval [0, 360] when (top) suitable nest habitat is uniformly distributed or (bottom) clumped, with 50 of the 100 sites in the interval [135, 225].  The upper and lower rows represent the sites occupied in Episode 1 and Episode 2, respectively and solid dots show the nest locations of the 50 repeat breeders in Episode 2.  Lines project back to their respective nest locations in Episode 1.  Histograms summarize the expected frequencies ( of inter-nest distances, based on 1,000 simulations, between paired nest locations of repeat breeders in Episodes 1 and 2.
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Figure S2.  Relationship between the distribution of suitable nest habitat and inter-nest distances of repeat breeders in two reproduction episodes when individuals choose nest locations randomly on a circular landscape with a circumference of 360 arbitrary units.  Points are identical to those in Figure S1, where the linear landscape is now wrapped into a circle with a circumference of 360 arbitrary units.  For clarity, nest locations are shown only for repeat breeders.  The solid dots are locations of repeat breeders in Episode 2.  Lines—chords—trace back to their nest locations, the open dots, in Episode 1.  Histograms summarize the expected frequencies ( of inter-nest distances, based on 1,000 simulations, between the paired nest sites of repeat breeders in Episodes 1 and 2, where distance is measured as the chord or the shortest arc around the circle perimeter that connects their nest positions.
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Figure S3.  Relationship between the distribution of suitable nest habitat and inter-nest distances of repeat breeders between two reproduction episodes when individuals choose nest locations randomly from two patches 120 arbitrary units in length on a linear stretch of shoreline 360 units in length, where patches are separated by 120 units.  Dot plots show 100 randomly chosen points—nest locations—in the intervals [0, 120] and [240, 360] when (top) suitable nest habitat is uniformly distributed in the two intervals or (bottom) concentrated in one of the patches, with 75 of the 100 sites in the interval [240, 360].  Dots in the upper and lower rows represent nest sites in Episode 1 and Episode 2 and solid dots indicate the nest locations of the 50 repeat breeders in Episode 2.  Lines project back to their nest locations in Episode 1.  Histograms summarize the expected frequencies ( of distances, based on 1,000 simulations, between nest locations of individual repeat breeders in Episodes 1 and 2.
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Figure S4.  Inter-nest distances of territorial repeat breeders, where individuals choose nest locations randomly in two reproduction episodes on a shoreline of 360 arbitrary units.  Dot plots show 100 random points—nest locations—on the interval [0, 360] when suitable nest habitat is uniformly distributed or clumped, with 50 of the 100 sites in the interval [135, 225] in Episode 1 and Episode 2.  No nests are closer than 1 arbitrary unit due to territoriality.  The solid dots are the nest locations of the 50 repeat breeders in Episode 2.  Lines trace back to their nest locations in Episode 1.  Histograms summarize the expected frequencies ( distances, based on 1,000 simulations, between the paired nest locations of individual repeat breeders in Episodes 1 and 2.
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Figure S5.  Inter-nest distances of repeat breeders between two reproduction episodes when individuals choose nest locations randomly from two patches 120 arbitrary units in length on a linear stretch of shoreline 360 units in length, where patches are separated by 120 units and individual movements are limited, such that the distance between nests can be no farther than 240 arbitrary units.  Dot plots show 100 randomly chosen points—nest locations—in the intervals [0, 120] and [240, 360] when suitable nest habitat is uniformly distributed or clumped, with 75 of the 100 sites in the interval [240, 360].  Dots in the upper and lower rows represent nest sites in Episode 1 and Episode 2 and solid dots indicate the nest locations of the 50 randomly chosen repeat breeders in Episode 2.  Lines project back to their nest locations in Episode 1.  Histograms summarize the expected frequencies ( of inter-nest distances, based on 1,000 simulations, between nest locations of individual repeat breeders in Episodes 1 and 2.
[image: ]

Figure S6.  Relationship between the distribution of nest habitat on a hypothetical stretch of linear shoreline 360 arbitrary units in length and inter-nest distances of repeat breeders when individuals exhibit habitat preferences and repeat breeders have an access advantage to nests.  Dot plots show 100 randomly chosen points—nest locations—when 50 preferred sites are uniformly distributed in the interval [0, 360] or clumped in the interval [135, 225].  Dots, the less preferred sites, and triangles, the preferred sites, in the upper and lower rows represent the locations of nests occupied in Episode 1 and Episode 2.  Filled dots and triangles are the nest locations of the 50 randomly chosen repeat breeders in Episode 2.  Lines project back to their nest locations in Episode 1.  Histograms summarize the expected frequencies ( of distances, based on 1,000 simulations, between nest locations of individual repeat breeders in Episodes 1 and 2.


TABLES

Table S1.  Number of nests by category (coarse substrate or other; recently used or new) in which females spawned and occupancy rates by repeat breeders, 2002-2009.  Margin totals are in bold.

	
	
	Occupancy

	
	
	Total
	
	Repeat breeders

	Year
	
	Recent
	New
	
	
	Recent
	New
	

	2002
	Coarse
	92
	90
	182
	
	47
	18
	65

	
	Other
	20 
	39
	59
	
	9 
	5
	14

	
	
	112
	129
	
	
	56
	23
	

	
	
	
	
	
	
	
	
	

	2003
	Coarse
	114 
	98
	212
	
	76
	42
	118

	
	Other
	31
	25
	56
	
	20
	4
	24

	
	
	145
	123
	
	
	96
	44
	

	
	
	
	
	
	
	
	
	

	2004
	Coarse
	145 
	109
	254
	
	86
	36
	122

	
	Other
	21
	54
	75
	
	9
	15
	24

	
	
	166
	163
	
	
	95
	51
	

	
	
	
	
	
	
	
	
	

	2005
	Coarse
	116 
	51
	167
	
	85
	32
	117

	
	Other
	31
	44
	75
	
	17
	25
	44

	
	
	147
	95
	
	
	102
	57
	

	
	
	
	
	
	
	
	
	

	2006
	Coarse
	99
	54
	153
	
	69
	21
	90

	
	Other
	31
	30
	61
	
	22
	15
	37

	
	
	130
	84
	
	
	91
	36
	

	
	
	
	
	
	
	
	
	

	2007
	Coarse
	57
	65
	122
	
	41
	40
	81

	
	Other
	17
	31
	48
	
	17
	20
	37

	
	
	74
	96
	
	
	58
	60
	

	
	
	
	
	
	
	
	
	

	2008
	Coarse
	82
	75
	157
	
	63
	29
	92

	
	Other
	18
	36
	54
	
	10
	6
	16

	
	
	100
	111
	
	
	73
	35
	

	
	
	
	
	
	
	
	
	

	2009
	Coarse
	127 
	41
	168
	
	85
	17
	102

	
	Other
	24
	23
	47
	
	18
	13
	31

	
	
	151
	64
	
	
	103
	30
	





Table S2.  Proportions of coarse substrate nests (CSN) and recently used nests (RUN) occupied by repeat breeders and simulated proportions under the base null model.  The observed (O) values of statistics not in an extreme tail of the distribution of simulated statistics are indicated in bold.  Expected (E) values are based on 1,500 simulations under the basic null model.  Ω is the frequency of the 1,500 simulated proportions that deviated more in absolute value from E than the difference between E and O.

	
	CSN
	
	RUN

	Year
	O
	E
	Ω
	
	O
	E
	Ω*

	2002
	0.36
	0.33
	0.1073
	
	0.50
	0.33
	< 0.0007

	2003
	0.56
	0.53
	0.0960
	
	0.66
	0.53
	< 0.0007

	2004
	0.48
	0.44
	0.0187
	
	0.57
	0.44
	< 0.0007

	2005
	0.70
	0.61
	0.0367
	
	0.69
	0.61
	0.1480

	2006
	0.59
	0.59
	0.8820
	
	0.70
	0.59
	< 0.0007

	2007
	0.66
	0.68
	0.4487
	
	0.76
	0.68
	0.0713

	2008
	0.59
	0.51
	0.0007
	
	0.73
	0.51
	< 0.0007

	2009
	0.61
	0.62
	0.6060
	
	0.68
	0.62
	0.0047



* Ω < 0.0007 indicates that the observed proportion was not contained in the distribution of proportions generated in 1,500 simulations.


Table S3.  Expected proportions (E) of coarse substrate nests (CSN) and recently used nests (RUN) occupied by repeat breeders when null models include a preference for either CSN or RUN.  Expected proportions are means based on 1,500 simulations under four nest access constraints (Bias: 1, 2, 5, 10).*  Bolded E are the means of simulated distributions in which the observed proportion was contained.**

	
	
	Preference

	
	
	CSN
	
	RUN

	
	
	CSN
	
	RUN
	
	CS
	
	RUN

	Year
	Bias
	E
	Ω
	
		E
	Ω
	
	E
	Ω
	
	E
	Ω

	2002
	1
	0.34
	0.4073
	
	0.33
	< 0.0007
	
	0.32
	0.1233
	
	0.34
	< 0.0007

	
	2
	0.40
	0.0020
	
	0.35
	< 0.0007
	
	0.34
	0.2553
	
	0.45
	0.1293

	
	5
	0.43
	< 0.0007
	
	0.36
	< 0.0007
	
	0.35
	0.5747
	
	0.58
	0.0033

	
	10
	0.43
	< 0.0007
	
	0.36
	< 0.0007
	
	0.35
	0.8207
	
	0.66
	< 0.0007

	
	
	
	
	
	
	
	
	
	
	
	
	

	2003
	1
	0.59
	0.0020
	
	0.53
	< 0.0007
	
	0.53
	0.0953
	
	0.59
	0.0033

	
	2
	0.64
	< 0.0007
	
	0.53
	< 0.0007
	
	0.53
	0.0727
	
	0.68
	0.4047

	
	5
	0.67
	< 0.0007
	
	0.53
	< 0.0007
	
	0.53
	0.0227
	
	0.79
	< 0.0007

	
	10
	0.67
	< 0.0007
	
	0.53
	< 0.0007
	
	0.53
	0.0107
	
	0.85
	< 0.0007

	
	
	
	
	
	
	
	
	
	
	
	
	

	2004
	1
	0.50
	0.0447
	
	0.47
	< 0.0007
	
	0.45
	0.0500
	
	0.50
	0.0133

	
	2
	0.55
	< 0.0007
	
	0.49
	< 0.0007
	
	0.47
	0.3480
	
	0.61
	0.1373

	
	5
	0.57
	< 0.0007
	
	0.50
	0.0047
	
	0.48
	1.0000
	
	0.73
	< 0.0007

	
	10
	0.57
	< 0.0007
	
	0.50
	0.0040
	
	0.49
	0.3213
	
	0.80
	< 0.0007

	
	
	
	
	
	
	
	
	
	
	
	
	

	2005
	1
	0.66
	0.0440
	
	0.66
	0.1793
	
	0.66
	0.0460
	
	0.66
	0.1620

	
	2
	0.72
	0.4027
	
	0.68
	0.5833
	
	0.67
	0.1860
	
	0.73
	0.2120

	
	5
	0.79
	< 0.0007
	
	0.70
	0.8753
	
	0.69
	0.6360
	
	0.80
	< 0.0007

	
	10
	0.83
	< 0.0007
	
	0.71
	0.4047
	
	0.70
	1.0000
	
	0.84
	< 0.0007

	
	
	
	
	
	
	
	
	
	
	
	
	

	2006
	1
	0.60
	0.2540
	
	0.59
	0.0007
	
	0.59
	0.8827
	
	0.60
	0.0007

	
	2
	0.67
	< 0.0007
	
	0.61
	< 0.0007
	
	0.60
	0.5253
	
	0.68
	0.4780

	
	5
	0.74
	< 0.0007
	
	0.62
	0.0013
	
	0.61
	0.2913
	
	0.77
	0.0120

	
	10
	0.79
	< 0.0007
	
	0.62
	0.0007
	
	0.61
	0.1393
	
	0.81
	< 0.0007

	
	
	
	
	
	
	
	
	
	
	
	
	

	2007
	1
	0.69
	0.2540
	
	0.68
	0.0940
	
	0.68
	0.4647
	
	0.69
	0.1293

	
	2
	0.75
	< 0.0007
	
	0.70
	0.1767
	
	0.69
	0.3587
	
	0.77
	0.7353

	
	5
	0.82
	< 0.0007
	
	0.71
	0.1847
	
	0.69
	0.2500
	
	0.85
	0.0053

	
	10
	0.86
	< 0.0007
	
	0.72
	0.2740
	
	0.69
	0.1727
	
	0.89
	< 0.0007

	
	
	
	
	
	
	
	
	
	
	
	
	

	2008
	1
	0.52
	0.0020
	
	0.52
	< 0.0007
	
	0.51
	< 0.0007
	
	0.52
	< 0.0007

	
	2
	0.59
	0.7127
	
	0.54
	< 0.0007
	
	0.52
	0.0027
	
	0.63
	0.0040

	
	5
	0.67
	< 0.0007
	
	0.56
	< 0.0007
	
	0.53
	0.0027
	
	0.76
	0.3327

	
	10
	0.69
	< 0.0007
	
	0.56
	< 0.0007
	
	0.54
	0.0107
	
	0.83
	< 0.0007

	
	
	
	
	
	
	
	
	
	
	
	
	

	2009
	1
	0.69
	< 0.0007
	
	0.64
	0.0333
	
	0.63
	0.1720
	
	0.69
	0.7627

	
	2
	0.73
	< 0.0007
	
	0.65
	0.0820
	
	0.64
	0.0527
	
	0.74
	0.0020

	
	5
	0.77
	< 0.0007
	
	0.66
	0.2353
	
	0.65
	0.0007
	
	0.80
	< 0.0007

	
	10
	0.79
	< 0.0007
	
	0.67
	0.2593
	
	0.66
	< 0.0007
	
	0.84
	< 0.0007



*Bias: 1, 2, 5 and 10 indicate that repeat breeders were equally, twice, five or ten times as likely to be assigned to a nest as a new breeder.
** The observed proportions for each year are found in Table S2.  Ω < 0.0007 indicates that the observed proportion was not contained in the distribution of proportions generated in 1,500 simulations.
Table S4.  Expected inter-nest distance statistics based on 1,500 simulations in which a preference for coarse substrate nests was imposed.  Bolded values of variances indicate that the observed variance of distances was contained in the distribution of the 1,500 simulated variances (Ω > 0.05).*  Bias is the nest access advantage given to repeat breeders, where one indicates that repeat and new breeders had equal access to nests.**  Proportion indicates the frequency of repeat breeders expected to occupy the same exact location in consecutive years.

	
	
	Statistics

	Episodes
	Bias
	Mean
	Median
	Variance***
	Skew
	Kurtosis
	Proportion

	2001-2002
	1
	585
	630
	89,260
	-0.27
	1.92
	0.0009

	
	2
	582
	624
	88,823
	-0.27
	1.93
	0.0009

	
	5
	579
	622
	88,774
	-0.27
	1.92
	0.0010

	
	10
	580
	623
	88,755
	-0.27
	1.92
	0.0010

	
	
	
	
	
	
	
	

	2002-2003
	1
	582
	622
	91,375
	-0.23
	1.87
	0.0004

	
	2
	580
	618
	91,430
	-0.23
	1.86
	0.0003

	
	5
	578
	616
	91,372
	-0.22
	1.86
	0.0004

	
	10
	579
	615
	91,386
	-0.23
	1.86
	0.0004

	
	
	
	
	
	
	
	

	2003-2004
	1
	570
	607
	86419
	-0.21
	1.91
	0.0003

	
	2
	567
	601
	85987
	-0.20
	1.92
	0.0003

	
	5
	565
	598
	86089
	-0.20
	1.91
	0.0004

	
	10
	564
	597
	86283
	-0.20
	1.91
	0.0004

	
	
	
	
	
	
	
	

	2004-2005
	1
	582
	630
	86338
	-0.27
	1.96
	0.0003

	
	2
	583
	632
	85869
	-0.28
	1.97
	0.0003

	
	5
	582
	629
	85101
	-0.28
	1.97
	0.0003

	
	10
	581
	628
	85123
	-0.28
	1.97
	0.0003

	
	
	
	
	
	
	
	

	2005-2006
	1
	590
	640
	86891
	-0.31
	2.00
	0.0009

	
	2
	588
	639
	85979
	-0.30
	1.99
	0.0009

	
	5
	585
	633
	85448
	-0.30
	1.99
	0.0010

	
	10
	583
	630
	85079
	-0.30
	1.98
	0.0010

	
	
	
	
	
	
	
	

	2006-2007
	0
	584
	630
	85172
	-0.28
	2.00
	0.0005

	
	2
	579
	624
	84358
	-0.27
	1.99
	0.0005

	
	5
	577
	622
	83616
	-0.27
	1.98
	0.0003

	
	10
	576
	618
	83190
	-0.26
	1.98
	0.0004

	
	
	
	
	
	
	
	

	2007-2008
	1
	561
	600
	84127
	-0.22
	1.93
	0.0014

	
	2
	558
	593
	83784
	-0.21
	1.91
	0.0017

	
	5
	556
	589
	83526
	-0.21
	1.90
	0.0015

	
	10
	555
	587
	83238
	-0.21
	1.90
	0.0017

	
	
	
	
	
	
	
	









Table S4 (continued)

	
	
	Statistics

	Episodes
	Bias
	Mean
	Median
	Variance***
	Skew
	Kurtosis
	Proportion

	2008-2009
	1
	560
	600
	83134
	-0.26
	1.90
	0.0017

	
	2
	558
	598
	83332
	-0.25
	1.89
	0.0016

	
	5
	555
	595
	83386
	-0.25
	1.88
	0.0017

	
	10
	554
	592
	83460
	-0.24
	
	1.87
	0.0017



* The observed values of statistics are found in Table 2 of the primary paper.
** Please see Appendix 2 for a precise definition of the nest access advantage to repeat breeders.
*** The observed values of all distance statistics, except the variance, were not contained in any of the 1,500 simulated distributions generated for each access bias (Ω < 0.0007).  The row-wise Ω for bolded variances are 0.4800, 0.4967, 0.5067, 0.5307 (2001-2002); 0.4733, 0.5233, 0.4847, 0.4647 (2003-2004); and 0.1973, 0.2080, 0.2533, 0.2720 (2004-2005).

Table S5.  Expected inter-nest distance statistics based on 1,500 simulations in which a preference for recently used nests was imposed.  Bolded values of variances indicate that the observed variance was contained in the distribution of the 1,500 simulated variances (Ω > 0.05).*  Bias is the nest access advantage given to repeat breeders, where one indicates that repeat and new breeders had equal access to nests.**  Proportion indicates the frequency of repeat breeders expected to occupy the same exact location in consecutive years.

	
	
	Statistics

	Episodes
	Bias
	Mean
	Median
	Variance***
	Skew
	Kurtosis
	Proportion

	2001-2002
	1
	586
	631
	89418
	-0.27
	1.92
	0.0008

	
	2
	583
	627
	89850
	-0.27
	1.92
	0.0010

	
	5
	582
	628
	89189
	-0.28
	1.92
	0.0014

	
	10
	580
	627
	89043
	-0.28
	1.93
	0.0016

	
	
	
	
	
	
	
	

	2002-2003
	1
	582
	621
	91710
	-0.23
	1.87
	0.0004

	
	2
	580
	619
	91627
	-0.22
	1.86
	0.0005

	
	5
	579
	617
	92213
	-0.22
	1.85
	0.0006

	
	10
	578
	615
	92248
	-0.22
	1.85
	0.0006

	
	
	
	
	
	
	
	

	2003-2004
	1
	575
	614
	87524
	-0.22
	1.92
	0.0004

	
	2
	573
	611
	88260
	-0.21
	1.90
	0.0004

	
	5
	571
	608
	89266
	-0.20
	1.88
	0.0005

	
	10
	570
	606
	89718
	-0.20
	1.87
	0.0006

	
	
	
	
	
	
	
	

	2004-2005
	1
	583
	632
	86291
	-0.28
	1.97
	0.0003

	
	2
	582
	631
	86449
	-0.28
	1.96
	0.0003

	
	5
	581
	628
	86389
	-0.27
	1.95
	0.0004

	
	10
	580
	628
	86129
	-0.27
	1.95
	0.0003

	
	
	
	
	
	
	
	

	2005-2006
	1
	591
	642
	87018
	-0.31
	1.99
	0.0009

	
	2
	592
	642
	87181
	-0.31
	1.99
	0.0010

	
	5
	593
	643
	87387
	-0.31
	1.99
	0.0011

	
	10
	592
	641
	87566
	-0.30
	1.98
	0.0013

	
	
	
	
	
	
	
	

	2006-2007
	0
	583
	629
	85158
	-0.28
	1.99
	0.0005

	
	2
	584
	631
	85256
	-0.28
	2.00
	0.0006

	
	5
	584
	630
	86222
	-0.28
	1.98
	0.0007

	
	10
	584
	631
	86175
	-0.28
	1.99
	0.0007

	
	
	
	
	
	
	
	

	2007-2008
	1
	561
	598
	84444
	-0.22
	1.93
	0.0016

	
	2
	559
	593
	84255
	-0.21
	1.92
	0.0019

	
	5
	555
	589
	84509
	-0.19
	1.91
	0.0022

	
	10
	552
	583
	84873
	-0.18
	1.90
	0.0025

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	









Table S5 (continued)

	
	
	Statistics

	Episodes
	Bias
	Mean
	Median
	Variance***
	Skew
	Kurtosis
	Proportion

	
	
	
	
	
	
	
	

	2008-2009
	1
	561
	602
	83371
	-0.25
	1.91
	0.0018

	
	2
	561
	602
	83400
	-0.26
	1.91
	0.0020

	
	5
	559
	600
	83868
	-0.25
	1.90
	0.0021

	
	10
	560
	601
	83697
	-0.25
	
	1.91
	0.0024



* The observed values of statistics are found in Table 2 of the primary paper.
** Please see Appendix 2 for a precise definition of the nest access advantage to repeat breeders.
*** The observed values of all distance statistics, except the variance, were not contained in any of the 1,500 simulated distributions generated for each access bias (Ω < 0.0007).  The row-wise Ω for bolded variances are 0.4860, 0.4633, 0.4947, 0.5033 (2001-2002); 0.3820, 0.3373, 0.2253, 0.2153 (2003-2004); and 0.2080, 0.1807, 0.1793, 0.2023 (2004-2005).




Appendix 1
Here, we provide the essential R code used to generate null distributions of inter-nest distances in our examples.  The initial step was to set the seed so that numbers could be replicated.

set.seed(1) # use this seed to exactly reproduce the results

Ecological Constraints
Linear landscape
For the situation depicted in Figure S1 and Figure 1 of the main paper, where suitable habitat is uniformly distributed on a line in two reproduction episodes, we drew two sets of 100 points between 0 and 360 from a uniform distribution and assigned the points randomly to 100 individuals in Episode 1 (x1) and Episode 2 (x2) where 50 arbitrarily chosen individuals from Episode 1 were designated as repeat breeders and randomly assigned to a location in Episode 2.  The code we used is

df_Episode_1 <- data.frame(x1 = runif(100, 0, 360), Repeat_breeder_1 = sample(c(rep(1, 50), rep(0, 50)), 100, replace = FALSE))
df_Episode_2 <- data.frame(x2 = runif(100, 0, 360, Repeat_breeder_2 = sample(c(rep(1, 50), rep(0, 50)), 100, replace = FALSE))

The data frames were then subset to include only repeat breeders (Repeat_breeder_1 == 1, Repeat_breeder_2 == 1) and their randomly assigned positions (x1, x2) were extracted.  The code that corresponds to df_Episode_1 is

df_1 <- subset(df_Episode_1, Repeat_breeder_1 == 1)
x1 <- df_1$x1

The absolute difference between the paired points (x1, x2) was then computed to determine inter-nest distances:

inter_nest_distance <- abs(x2 - x1) # compute distances

To simulate a situation in which nests are clumped in the interval [135, 225] we needed to sample 50 positions uniformly from [0, 135] and [225, 360].  The code here is written so that any two intervals [a, b] and [c, d] (a < b < c < d) might be explored, where for Figure 1 of the main paper we used a = 0, b = 135, c = 225 and d = 360 to generate the 50 points:

# episode 1 [0, 135] and [225, 360]
y <- runif(1, a, b - a + d - c) # pick a number [0, 270]
  
if(y < (b - a)) { # if the number is less than 135 assign that position
  x1 <- a + y
} else { 
  x1 <- c + y - (b - a) # if y >= 135 assign position 225 + (y – 135)
}
  
while (length(x1) < 50) { # add 49 more points to x1
  y <- runif(1, a, b - a + d - c)
    
  if(y < (b - 0)) {
    x <- a + y
  } else {
      x <- c + y - (b - 0)
  }
  x1 <- append(x1, x)
}

Next, we appended 50 randomly chosen positions in the clumped interval [135, 225] to x1

# episode 1 [135, 225]
while (length(x1) < 100) {
  x <- runif(1, 135, 225)
  x1 <- append(x1, x)
}

and created a data frame as before:

df_Episode_1 <- data.frame(x1, Repeat_breeder_1 = sample(c(rep(1, 50), 
rep(0, 50)), 100, replace = FALSE))

The data frame was then subset as already described and the x1 positions for repeat breeders were extracted.  (This procedure imposed an order on the points in x1—points in the interval [135, 225] occur after points in the other two intervals—but because Repeat_breeder_1 was randomly ordered there was no need to shuffle x1 before the data frame was created.)  The same procedures were used to generate df_Episode_2 and positions (x2) of repeat breeders in Episode 2, and the distances between the nests of designated repeat breeders were computed as earlier.  This code was looped 1,000 times to generate the histograms in Figure S1 and Figure 1 of the main paper.

Circular landscape
The boundaries [0, 360] were purposely chosen so that points could also be envisioned as locations in units of degrees on the perimeter of a circle with a circumference of 360 arbitrary units, equal in length to our imaginary stretch of beach or river.  To wrap the points used in Figure 1 of the main paper onto a circle with a circumference of 360 units, as we did in Figure S2, we converted x1 and x2, now viewed as degrees, into x and y coordinates on the perimeter of the circle:

radius <- 360/(2*pi) # radius of circle with circumference 360 units

df_Episode_1$x_1 <- radius*cos(x1*pi/180) # find x coordinate of x1
df_Episode_1$y_1 <- radius*sin(x1*pi/180) # find y coordinate of x1
df_Episode_2$x_2 <- radius*cos(x2*pi/180) # find x coordinate of x2
df_Episode_2$y_2 <- radius*sin(x2*pi/180) # find y coordinate of x2

The straight-line, chord distances between the paired points were then computed as

chord <- sqrt((df_Episode_2$x2 - df_Episode_1$x1)^2 + (df_Episode_2$y2 - df_Episode_1$y1)^2)

To compute the minimum arc distance between two points, we first used

theta <- acos(1 - chord^2/(2*rad^2)) 

to determine the angle between points (in radians) and then computed the arc as

arc <- rad*theta

The arc here is the shortest distance that connects two points around the circle and, hence, cannot exceed 180 arbitrary units.

Patchy landscape
The code used to simulate the patchy landscape in Figure S3, where nests are located in the intervals [0, 120] and [240, 360], is virtually identical to the code used to generate Figure 1 of the main paper.  To generate a uniform distribution of nests for x1 (or x2) over the two patches, we borrowed the code used earlier to clump nests in the interval [135, 225], where habitat boundaries were set to a = 0, b = 120, c = 240 and d = 360 to sample 100 numbers.  To generate positions for the situation with 75 nests clumped in the interval [240, 360] we used

x1 = sample(c(runif(25, 0, 120), runif(75, 240, 360), 100, replace = FALSE)

Behavioral Constraints
Here, we provide the essential code for the three behavioral constraints we considered.  Histograms were generated by 1,000 iterations of the code in each of the cases.

Territoriality
In this scenario, depicted in Figure S4, we again supposed that nests are constructed on a linear stretch of shoreline of length 360 arbitrary units, where in both reproduction episodes at least 1 arbitrary unit separated all nests.  
To simulate a situation in which nests are uniformly distributed in Episode 1, we first picked a random location on the line:

x1 <- runif(1, 0, 360) # sample random number from [0, 360]

Next, we appended 99 numbers in the interval [0, 360] to x1 with the restriction that each added number was at least 1 arbitrary unit from all other points in x1:

while (length(x1) < 100) {
   x <- runif(1, 0, 360) # sample random number from a uniform distribution [0, 360]
   d = abs(x1 - x) # absolute distance between chosen number and points in x1
    
   if (min(d) >= 1) { # add the chosen number if >= 1 from all other nests
     x1 <- append(x1, x)
   }
}

Then, as before, the data frame df_Episode_1 was generated and x1 was extracted for repeat breeders.  The same procedures were used to create the data frame for Episode 2 and, as earlier, the distances between paired points of repeat breeders were computed.  
To simulate a situation in which individuals are territorial and nests are clumped in a core area, we simply added the restrictions on d, as just shown, to the code we used earlier to clump nests, without territoriality, in the interval [135, 225].

Limited mobility
In this scenario, depicted in Figure S5, we adapted our straight-line, two-patch model, where individual movement was limited such that the maximum distance between the nests of an individual repeat breeder was constrained to not farther than 240 arbitrary units.  For the situation in which nests are uniformly distributed on the intervals [0, 120] and [240, 360], the data frame for Episode 1 (df_Episode_1) was constructed exactly as it was for the patch model described earlier.  In Episode 2, the movement restriction constrained where the 50 nests of the repeat breeders could be located, while the locations of nests of new breeders were unrestricted.  The code used to assign the 50 new breeders in Episode 2 is identical to that used for Episode 1.  To assign repeat breeders to nests in Episode 2 (x2) and restrict movement so that the two nests of each individual are not more than 240 arbitrary units apart, we iterate through df_Episode_1, renamed here to df to save space: 

for (i in 1:nrow(df)) {

  if (df[i, "x1"] <= 120) { # fist location is in patch 1 [0, 120]
    # choose location in patch 1 or between 240 and first location + 240
    y <- runif(1, 0, 120 - 0 + (df[i, "x1"] + 240) - 240) 
        
    if (y < (120 - 0)) { # if y is in patch 1 [0, 120]
      df[i, "x2"] = 0 + y # assigned location is y
    } else {
      df[i, "x2"] = 240 + y - (120 - 0) # y > 120 and assign to y + 240
    } 
  }
  else { # fist location is in patch 2 [240, 360]
    # choose location in patch 2 or between first location – 240 and 120 
    y <- runif(1, 0, 120 - (df[i, "x1"] - 240) + 360 - 240) 
      
    if (y < (120 - (df[i, "x1"] - 240))) { # y is in patch 1
      df[i, "x2"] = (df[i, "x1"] - 240) + y # assigned location in patch 1
    } else { # y is in patch 2
      df[i, "x2"] = 240 + y - (120 - (df[i, "x1"] - 240)) # assigned point
    }
  }
}

The inter-nest distances are then computed as the absolute difference between the data frame columns x1 and x2.
	To simulate a situation in which nest habitat is clumped, with 25 nests in the interval [0, 120] and 75 nests in the interval [240, 360], we needed to modify this code to restrict how many individuals were assigned to the two patches.  The assignment of individuals to nests in Episode 1 was simple:

df_Episode_1 <- data.frame(x1 = sample(c(runif(25, 0, 120), runif(75, 240, 
360)), 100, replace = FALSE), Repeat_breeder_1 = sample(c(rep(0, 50), 
rep(1, 50)), 100, replace = FALSE))

For convenience, we used the column Repeat_breeder_1 to control the order in which new and repeat breeders were assigned to nest locations in Episode 2 and simply added a column (x2) to the data frame to indicate positions.  (The x1 and x2 for rows of  df_Episode_1 assigned to new breeders in Episode 1 (Repeat_breeder_1 == 0) are not paired and x2 simply denotes the location of new breeders in Episode 2.)  The first step was to set the number of occupants of the two patches to zero in Episode 2:

patch_1 = 0
patch_2 = 0

Then, we modified the code for the situation in which nests were uniformly distributed in the two patches so that patch occupancy could be controlled, where, to save space, the data frame is again renamed to df:

for (i in 1:nrow(df)) { # iterate through rows of df
    
  if (df[i, "Repeat_breeder_1"] == 0) { # row corresponds to new breeder
    if (patch_1 < 25 & patch_2 < 75) { # neither patch is full
      y <- runif(1, 0, 120 - 0 + 360 - 240) # pick number between 0 and 240
        
      if (y < (120 - 0)) { # y is less than 120
        df[i, "x2"] = 0 + y # chosen location is y
      } else {
        df[i, "x2"] = 240 + y - (120 - 0) # y > 120 and point is y + 120
      }
    }  
    else if (patch_1 == 25) { # patch 1 is full
      df[i, "x2"] = runif(1, 240, 360) # choose random location in patch 2
    }
    else {
      df[i, "x2"] = runif(1, 0, 120) # patch 2 full, choose point in patch 1
    }
  }
    
  if (df[i, "Repeat_breeder_1"] == 1) { # row of a repeat breeder
    if (patch_1 < 25 & patch_2 < 75) { # neither patch is full
      if (df[i, "x1"] <= 120) { # fist location is in patch 1
        # choose location in patch 1 or between 240 and first location + 240
        y <- runif(1, 0, 120 - 0 + (df[i, "x1"] + 240) - 240)

        if (y < (120 - 0)) { # y is in patch 1
          df[i, "x2"] = 0 + y # assigned location is y
        } else {
          df[i, "x2"] = 240 + y - (120 - 0) # assigned point in patch 2     } 
      }
      else { # fist location is in patch 2
        # choose location in patch 2 or between first location – 240 and 120 
        y <- runif(1, 0, 120 - (df[i, "x1"] - 240) + 360 - 240)

        if (y < (120 - (df[i, "x1"] - 240))) { # y is in patch 1
          df[i, "x2"] = (df[i, "x1"] - 240) + y # assigned location is y
        } else {
          df[i, "x2"] = 240 + y - (120 - (df[i, "x1"] - 240)) # point chosen
        }
      }
    }
    else if (patch_1 == 25) { # patch 1 is full
      if (df[i, "x1"] <= 120) { # fist location is in patch 1
         # choose random location in patch 2 within 240 limit

        df[i, "x2"] = runif(1, 240, df[i, "x1"] + 240) 
      } else { # nest in Episode 1 in patch 2
        df[i, "x2"] = runif(1, 240, 360) # choose random location in patch 2
      }
    }
    else { # patch 2 is full
      if (df[i, "x1"] <= 120) { # fist location is in patch 1
        df[i, "x2"] = runif(1, 0, 120) # choose random location in patch 1
      } else { # first nest in patch 2
        # choose random location in patch 1 within limit of 240
        df[i, "x2"] = runif(1, df[i, "x1"] - 240, 120) 
      }
    }
  }
    
  if (df[i, "x2"] <= 120) { # update patch 1 occupancy
    patch_1 = patch_1 + 1
  }
  else { # update patch 2 occupancy
    patch_2 = patch_2 + 1
  }
}

The data frame was subset to include only rows for repeat breeders (Repeat_breeder_1 == 1) and the absolute distance between x1 and x2 was then computed.

Habitat preferences
In this scenario, depicted in Figure S6, we again used our shoreline model, where now two types of nests in equal abundance were envisioned, one type preferred over the other.  Here, individuals were assigned to nests in a first come, first served procedure, repeat breeders had an access advantage over new breeders and individuals were not assigned to nests of the less preferred type until all nests of the preferred type were occupied.
The first step was to determine the order in which new breeders and repeat breeders gained access to nests in Episode 1, where the probability p that an individual repeat breeder was chosen was always five times that of a new breeder, q (Appendix 2).  The code we used to control these probabilities and the order of assignments of new (Repeat_breeder_1 == 0) and repeat breeders (Repeat_breeder_1 == 1) to 50 preferred nests, which were uniformly distributed on the landscape, was:  

Number_repeat_breeders_1 = 50 # set number of future repeat breeders, R
Number_new_breeders_1 = 50 # set number of new breeders, N
Higher_quality_nest_assignments_1 <- vector() # empty vector

# assign N and R to preferred nests, with p = 5q
for (i in 1:50) { # fill 50 preferred nests
  draw = runif(1, 0, 1) # draw a random number [0, 1]
  p = 1/(Number_repeat_breeders_1 + Number_new_breeders_1/2) # set probably
    if (draw <= p*Number_repeat_breeders_1) { # R gets preferred nest
      Higher_quality_nest_assignments_1 <-
 		c(Higher_quality_nest_assignments_1, 1)
      Number_repeat_breeders_1 = Number_repeat_breeders_1 - 1 # reduce R
    }
    else { # otherwise, assign N to a high quality nest
      Higher_quality_nest_assignments_1 <- 
            c(Higher_quality_nest_assignments_1, 0)
      Number_new_breeders_1 = Number_new_breeders_1 - 1 # reduce N
    }
}

Next, we assign the remainder of the individuals to less preferred nests and generate a uniform distribution of nest locations.  (Note that the order of assignment does not matter.)  The code is:

# fill 50 less preferred nests with remainder of R and N
Lower_quality_nest_assignments_1 <- sample(c(rep(1, 
       Number_repeat_breeders_1), rep(0, Number_new_breeders_1)), replace = 
       FALSE)

x1 <- runif(100, 0, 360) # uniform distribution of nest locations

Now, we stack the assignment vectors to create Repeat_breeder_1 and create a data frame df_episode_1 to indicate which males were assigned to preferred nests.  Finally, we subset the data frame to isolate repeat breeders, df_1:

df_episode_1 <- data.frame(x1, Repeat_breeder_1, quality_1 = c(rep(1, 50), 
rep(0, 50))) # create data frame with first 50 nests preferred
df_1 <- subset(df_episode_1, Repeat_breeder_1 == 1) # subset for R
  
The same code was used to generate a complimentary data frame df_episode_2 for Episode 2.  Because repeat breeders that were assigned to the preferred (less preferred) nests all appear at the top (end) of the x1 and x2 columns of df_1 and df_2 it was necessary to shuffle df_1 or df_2 before the rows of points were paired.  To do this we randomly sampled the rows of df_2 and reordered the data frame:

Index_repeat_2 <- sample(nrow(df_2), 50, replace = FALSE)
df_2 <- df_2[Index_repeat_2, ] # re-order data frame
  
The absolute difference between x1 and x2 was then computed.   
For a situation in which 50 preferred nests are clumped in the interval [135, 225] in Episode 1, with 50 less-preferred nests distributed uniformly in the intervals [0, 135] and [225, 360], the code is identical, expect for how x1 and x2 were generated.  For x1 and x2 we first sampled the 50 preferred nests.  The code for x1 is:

# episode 1 [135, 225]
x1 <- runif(50, 135, 225)

The code used to draw 50 points from the two intervals [0, 135] and [225, 360] is identical to the code we used for the clumped scenario in Figure 1 of the main paper.



Appendix 2
Here, we show how the order in which repeat and new breeders are assigned to nests can be controlled so as to maintain a constant, fixed access advantage for repeat breeders.  Let  equal the total number of breeders, with  repeat breeders and  new breeders, and suppose that the individuals in the two groups have respective assignment probabilities  and .  If all breeders have equal access to nest sites, then at any instant  and .
These relations can be used to adjust  and  to introduce an access advantage to nests by repeat breeders.  If repeat breeders are, for example, twice as likely to gain access to a nest than new breeders, then  and .  Hence, the probability that any particular repeat breeder will be assigned to a nest is .  To control the assignment of individuals to nests, we draw a random number  from a uniform [0, 1] distribution and if  a repeat breeder is randomly chosen and randomly assigned to a nest, subject to any constraints.  Otherwise, a new breeder is assigned.  The number of repeat breeders or new breeders is then decreased by one and  is recalculated with the revised  or  to maintain the access advantage .  In our analyses of preference-based null models we imposed , ,  and  and refer to the access afforded to repeat breeders as an access bias that equals the  coefficient (i.e., 1, 2, 5 or 10).


Appendix 3
If nests of different types are chosen randomly, then nest occupancy by repeat breeders should be in proportion to the abundance of the different nest types.  For instance, if there are R repeat breeders and n nest types, with abundances , where , then the proportion of repeat breeders expected to occupy nests of type i is .  If nests of type i are preferred and repeat breeders have an access advantage to preferred nests, then the observed proportion of repeat breeders on type i nests should be larger than .
When there are more than two nest types it is useful, for comparative purposes, to focus on the proportion of nests of a particular type that are occupied by repeat breeders, say , rather than on the proportion of repeat breeders that occupy nests of type i.   The expected proportion of nests of any type i that will be occupied by repeat breeders if sites are chosen randomly is .  Because this proportion is a constant and independent of nest type, the expected difference between proportions of nests of any two types i and j occupied by repeat breeders when there are no nest type preferences is zero.  This result was the foundation of our analyses of nest preferences with paired t tests.  In particular, the yearly, paired  when averaged across all years of the study should yield a paired t = 0 if nests of type i and j are equally preferred.
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