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OUT OF SIGHT, OUT OF MIND? VISUAL OBSTRUCTIONS AFFECT 

SETTLEMENT PATTERNS IN BARN SWALLOWS (HIRUNDO RUSTICA)

Resumen.—Se piensa que la visibilidad de los vecinos influencia el tamaño y la forma del territorio, y que la obstrucción visual 

podría permitir una densidad de anidación mayor dentro de una colonia. Estudiamos los efectos de la visibilidad y cercanía de los vecinos 

sobre los patrones de asentamiento en una colonia de Hirundo rustica utilizando nidos artificiales colocados en filas paralelas en la parte 

inferior de un muelle. Los nidos artificiales fueron ubicados a  cm uno del otro, de modo que la distancia entre los nidos adyacentes 

fuera igual a la de las filas adyacentes. Las filas estaban separadas por los paneles verticales a los que estaban adheridos los nidos. Para una 

golondrina que ocupaba un nido determinado, sólo los nidos que estaban en la misma fila eran visibles, mientras que los nidos en filas 

adyacentes estaban visualmente obstruidos. Comparamos los patrones de ocupación de los nidos observados con los de distribuciones 

esperadas generadas por la disponibilidad total de nidos o de acuerdo a lo que se esperaría si los eventos de ocupación de nidos fueran 

aleatorios. Las golondrinas evitaron ocupar los nidos a  cm de un nido activo sólo si ese vecino era visible; los vecinos visualmente 

obstruidos que se encontraban a la misma distancia no fueron evitados. Los nidos que tenían su vecino visualmente obstruido y a más de 

 cm de distancia fueron ocupados significativamente más de lo esperado por azar. Por lo tanto, los individuos de H. rustica consideran 

tanto la cercanía como la visibilidad de las parejas establecidas para seleccionar sus sitios de anidación en una colonia. 
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¿Ojos que No Ven, Corazón que No Siente? La obstrucción Visual Afecta los Patrones 
de Asentamiento en Hirundo Rustica

AUSTIN N. MERCADANTE1 AND MARK T. STANBACK

Department of Biology, Davidson College, Davidson, North Carolina 28035, USA

Abstract.—Neighbor visibility is thought to influence territory size and shape, and visual obstructions may allow for greater nesting 

density within a breeding colony. We studied the effects of neighbor visibility and neighbor proximity on settlement patterns in a colony of 

Barn Swallows (Hirundo rustica) using artificial nest cups placed in parallel rows on the underside of a pier. Nest cups were placed  cm 

apart so that the distance between adjacent cups matched the distance between adjacent rows. Rows were separated by the vertical panels 

to which the nest cups were attached. To a swallow perched on a cup, cups in the same row were visible but cups in adjacent rows were 

visually obstructed. We compared the observed nest-settlement patterns with expected distributions generated both by calculating cup 

availability and by simulating random settlement events. Barn Swallows avoided settling  cm from an active nest only if that neighbor 

was visible; visually obstructed neighbors at the same distance were not avoided. Nest cups where the nearest neighbor was both visually 

obstructed and  cm away were occupied significantly more often than expected by chance. Barn Swallows thus consider both the 

proximity and visibility of established pairs when choosing nest sites within a colony. Received  July , accepted  December .

Key words: Barn Swallow, coloniality, Hirundo rustica, neighbor distance, nest spacing.
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Colonial living is associated with a variety of costs and ben-

efits (Pulliam , Alexander , Hoogland and Sherman , 

Danchin and Wagner ). Benefits of coloniality can include 

reduced threat of predation (Hamilton ), increased preda-

tor detection and mobbing (Kruuk , Robinson ), and in-

creased foraging efficiency (Brown ). Costs of coloniality can 

include increased blood parasitism and ectoparasitism (Hoi et al. 

, Tella , Raouf et al. ), greater chance of cuckoldry or 

brood parasitism (Møller and Birkhead , Westneat and Sher-

man , Hötker ), and an increase in agonistic encounters 

with conspecifics (Davis and Brown , Stokes and Boersma 

). The same costs and benefits that influence whether to be 

a colonial or solitary breeder can also influence nesting density 

within a given colony.

Swallows (Hirundinidae) have been extensively studied with 

respect to their varying degrees of coloniality. Although Tree 

Swallows (Tachycineta bicolor) are considered solitary breeders 

(Snapp ), they nest at sufficiently high densities that arriv-

ing pairs choose nest sites that maximize their distance from es-

tablished pairs (Muldal et al. , Dunn and Hannon ). At 

the other extreme, Cliff Swallows (Petrochelidon pyrrhonota) are 

colonial breeders that can nest within centimeters of each other 

(Brown and Brown ) and do not avoid close neighbors (Meek 

and Barclay , Brown and Brown ).
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Barn Swallows (Hirundo rustica) can nest either solitarily or 

colonially, with inter-nest distances of  to  m (Grzybowski ; 

Møller , ), which is intermediate to the inter-nest dis-

tances of Cliff and Tree swallows. For Barn Swallows, the potential 

costs of small inter-nest distances are numerous: ectoparasite loads 

increase with nesting density (Møller et al. ), intraspecific nest 

parasitism (egg dumping) increases when neighbors settle close 

together in both space and time (Møller ), and territorial males 

can harass close neighbors (Møller , ). Although aggres-

sion associated with mate guarding declines once females begin to 

incubate (Møller , ), established males continue to seek 

extrapair copulations with later-breeding females (Møller b), 

and nearest neighbors are the most likely to be cuckolded (Møller 

, Saino et al. ). Possible benefits of Barn Swallow colonial-

ity include increased predator vigilance and mobbing (Snapp , 

Shields a) and enhanced foraging (as in Cliff Swallows; Brown 

). These benefits, however, would likely not increase at greater 

nest densities, whereas several of the costs (e.g., ectoparasitism and 

cuckoldry) would likely increase with smaller inter-nest distances. 

Although some of the Barn Swallow’s settlement patterns enhance 

individual fitness (e.g., settling in the presence of old nest cups; 

Safran , ), the costs of colonial living are high (Møller 

a), and many may breed in a colony for lack of a better alter-

native (Shields and Crook ). Barn Swallows nevertheless tend 

to nest in a large-scale clumping pattern even when potential nest 

sites are not limiting (Fujita and Higuchi ).

Both behavioral evidence (Brown and Hoogland , Med-

vin and Beecher ) and historical evidence (Brown and Brown 

) indicate that Barn Swallows in North America have under-

gone a dramatic shift from semi-solitary cave- and cliff-dweller 

to colonial human-commensal in the span of  years. Because 

visual obstructions have been shown to affect territory size, shape, 

and/or behavior in reptiles (Eason and Stamps ), fish (Basquill 

and Grant , Imre et al. ), birds (Eason and Stamps ), 

and mammals (Arenz and Leger ), understanding the three-

dimensional nature of a territory may be a key factor when study-

ing neighbor avoidance and colony density. Barn Swallows often 

have the opportunity to nest close to, but not within view of, neigh-

boring nests; specifically, Barn Swallows frequently nest on and 

around beams, girders, and panels that obstruct their view of con-

specific nests (Møller ). Fujita and Higuchi () provided 

the first evidence that Barn Swallows build nests on beams hidden 

from conspecifics more frequently than expected at random and 

that Barn Swallows nest in greater numbers in barns with ceiling 

obstructions than in barns without obstructions. Barn Swallows 

are therefore the ideal subject to test how physical obstructions in 

a territory can change the way that an individual reacts to neigh-

bors in the colony.

We placed artificial Barn Swallow nest cups at regular in-

tervals on visually obstructing panels to test whether individu-

als avoided neighbors on the basis of the latter’s visibility and/or 

proximity to a potential nesting location. By using evenly spaced 

artificial cups, we were able to make potential neighbors equidis-

tant in either a visually obstructed or unobstructed direction, in 

contrast to prior studies in which visually obstructed neighbors 

also tended to be farther away (Fujita and Higuchi ). Further-

more, by using artificial nest cups, we were able to reduce the po-

tentially confounding effects of variation in a male’s contribution 

to nest building and variation in cup thickness or cup volume, en-

abling observation of preferred nesting location without the en-

ergetic and temporal costs of nest construction (see Møller , 

; Soler et al. ; Safran ). Nesting locations with visual 

obstructions may also have been chosen in previous studies sim-

ply because corners and three-dimensional structures potentially 

offer greater structural support when Barn Swallows construct 

new nests (Tumlison ). We saturated a Barn Swallow colony 

with artificial nest cups to eliminate the need to build new nests, 

thereby controlling for any potential structural benefits of nesting 

in a specific location.

METHODS

Study site.—We conducted the study at an established Barn Swal-

low colony under a concrete pier on Lake Norman, in south-central 

North Carolina (  N,   W). Prior to the study, we scraped 

all old nests from the concrete and attached artificial nest cups 

(American Artifacts, Taneytown, Maryland) onto the west side of 

the -cm-thick vertical concrete panels that extend downward 

 cm from the underside of the pier (see Fig. ). From  to 

, cups were arranged in three rows (labeled “east,” “center,” and 

“west”) of  cups at -cm intervals. Each row of cups was also 

 cm from the adjacent row. Our cup arrangement placed mul-

tiple cups within the previously recorded Barn Swallow territory 

size of  m during pair formation and  m during incubation 

(Møller ), and neighboring cups were closer than the recorded 

average inter-nest distances of  to  m (Brown and Brown ). 

Nest cups were cleaned prior to the start of each breeding season.

In each year of the study (–), from April through 

May, we checked the contents of nest cups weekly from a boat, us-

ing a handheld mirror to check for nest lining, eggs, or chicks to 

determine settlement order. To avoid ambiguity associated with 

estimating nesting initiation, we defined a nest as being active 

only when we observed eggs in the nest cup. Most nests were ini-

tiated in a -week period each spring, but we continued to moni-

tor the colony for new nests until the first appearance of a second 

FIG. 1. Underside of pier at Lake Norman, North Carolina, with artificial 
Barn Swallow nest cups. Vertical panels separate adjacent rows. Cups are 
not drawn to scale.
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clutch from an early successful pair. Second nesting efforts were 

often in the same nest cup; therefore, we limited our data to the 

first nesting attempts in each season.

For each settling pair of Barn Swallows, we categorized the 

available cups with respect to their proximity to the nearest active 

Barn Swallow nest. If the nearest active nest was in the adjacent 

cup ( cm), the cup was classified as “near.” If the nearest active 

nest was farther than the adjacent cup (  cm), the cup was clas-

sified as “far.” We also categorized cups with respect to the visibil-

ity of the nearest active nest. If the nearest active nest was in the 

same row, the cup was classified as “visible.” If the nearest active 

nest was in a different row, the cup was classified as “nonvisible.” 

Combining proximity and visibility gave four categories for avail-

able nest cups: visible near, visible far, nonvisible near, and non-

visible far (Fig. ). We made a fifth category, “equal,” for cups that 

were equidistant from an active nest in the same row (visible) and 

an active nest in a different row (nonvisible).

Settlement patterns.—To determine whether Barn Swallows 

avoided nesting near synchronous neighbors, we compared the 

distances to the nearest synchronous neighbor (overlapping egg-

laying period) and the nearest asynchronous neighbor (non-over-

lapping egg-laying period) (following definitions in Møller ). 

We considered neighbors synchronous if the last egg date of the 

first pair was the same day or after the first egg date of the sec-

ond pair. Asynchronous pairs did not have overlapping egg-laying 

dates. We compared how often nests had a closer synchronous or 

asynchronous neighbor to the number of synchronous and asyn-

chronous nests in the colony when the pair settled.

To test the effects of visibility and proximity of neighbors on 

individual Barn Swallow settlement preferences, we determined 

the category of each chosen cup and added the total number of 

nests that were established in each cup category across the  years 

of the study. We then compared the observed rate of cup-cate-

gory use with two different expected category uses based on the 

assumption of random settlement. First, for each new nest we a

posteriori counted the number of cups in each category that were 

available for each new nest to calculate the probability that the 

nest would have occurred in a given category simply as a result of 

differential availability of cup categories. Second, we used a Monte 

Carlo simulation of , nesting years (, simulations per 

year of our study because of the different number of nests per year) 

using the random-number generator in Microsoft EXCEL to ran-

domly select cups for each simulated year of settlement. These two 

methods for generating random cup use have potentially different 

applications. Calculating cup availability allows us to control for 

early-settling pairs potentially altering the number of cups avail-

able in each category for later-settling pairs. The Monte Carlo sim-

ulation allows us to generate an expected distribution of nest-cup 

use for each category.

Barn Swallows are known to have high colony fidelity (Shields 

b, Safran ; see below). To avoid the potential pseudorep-

lication of the same individuals nesting in the same location for 

multiple years, we conducted a conservative secondary analysis 

of nest-settlement patterns. In this analysis we eliminated a nest 

from our calculations if the same nest cup was occupied the prior 

year. We also compared the settlement order of cups that were oc-

cupied in consecutive years to determine whether specific cups 

were preferred in the same order for multiple years in a row, which 

could potentially confound analysis of neighbor-avoidance.

Statistical analyses.—We used a chi-square test for good-

ness of fit and a nonparametric Kruskal-Wallis test to detect 

any bias toward settling in specific rows. We used a chi-square 

test for goodness of fit to compare the rate that swallows nested 

closer to a synchronous neighbor with the expected rate based on 

the proportion of nesting pairs in the colony that were synchro-

nous with each settling pair. We compared the observed num-

ber of nests in each cup category to the expected number based 

on nest-cup availability using chi-square tests for goodness of fit. 

We used a two-tailed Z-test to compare the observed number of 

nests in each cup category to expected distributions generated by 

the ,-iteration Monte Carlo simulations. We compared the 

settlement order of cups that were occupied for consecutive years 

using a Spearman rank correlation. For all statistical analyses, α 

.. Values are presented as means  SD.

RESULTS

Cup occupancy.—We observed  Barn Swallow nests in our col-

ony during the -year study. Throughout the study, total cup oc-

cupancy rates were low (, %; , %; , %; , 

FIG. 2. Diagram of categories of available Barn Swallow cups in relation to the nearest active nest. “Visible” cups are in the same row as the nearest 
active nest. “Nonvisible” cups are in a different row than the nearest active nest. “Near” cups are 61 cm from the nearest active nest. “Far” cups are 61 cm 
from the nearest active nest. “Equal” cups are equidistant from the nearest “visible” and “nonvisible” nests.
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%; , %); thus, multiple nest cups were available to late 

breeders each year. There was no significant difference in occu-

pancy of rows (.% east; .% center; .% west) (   ., df  ,

P  .) or in the order in which rows were settled (average rank 

order: . east; . center; . west) (Kruskal Wallis: H


 ., 

P  .). Of the  nest cups available each year, only  cups (.%) 

contained a nest for all  years and  cups (%) contained a nest 

for ≤ years during the -year study.

Inter-nest distances.—The average distance between a nest 

and the nearest active neighbor at settlement was .  . m 

(n  ), which was significantly greater than the .  . m pre-

dicted by random nesting (z  ., P  .). Chosen cups were, on 

average, only .  .% (n  ) of the maximum available inter-

nest distance (Fig. ). Barn Swallows chose the cup with the maxi-

mum neighbor distance only .% of the time (n  ). At the end 

of the season, nearest-neighbor distances (i.e., distance between 

closest occupied cups) were .  . m (n  ).

Effects of neighbor proximity and visibility on cup use.—The 

number of cups chosen from each category differed significantly 

from the number of cups available (   ., P  .; Fig. ) 

and from the random cup use predicted by Monte Carlo simula-

tions (   ., P  .; Fig. ). Specifically, more of the cups 

with nonvisible neighbors were occupied than expected, and fewer 

of the cups with visible neighbors were occupied than expected. 

We found no significant difference between the random categori-

cal cup use generated from category availability and Monte Carlo 

simulation (   ., P  ., df  , n   for all tests; Fig. ).

Assuming that cups were used in proportion to their avail-

ability, Barn Swallows nested in cups with a far neighbor signifi-

cantly more often than in cups with a near neighbor (Table A). 

Barn Swallows were also far more likely to avoid cups with a visible 

nearest neighbor than if the nearest neighbor’s cup was visually 

obstructed (Table B). When neighbor proximity was held con-

stant at  cm (immediately adjacent neighbors), Barn Swallows 

avoided nesting next to visible neighbors and more often nested 

adjacent to a nonvisible neighbor (Table C). Barn Swallows did 

not settle closer to asynchronous neighbors than synchronous 

neighbors more often than would be expected (Table D). Imme-

diately adjacent neighbors ( cm apart) did not differ from ran-

dom in the number of synchronous versus asynchronous adjacent 

neighbors (Table E).

Barn Swallows settled in a cup in the visible near category 

eight times during our study, which was fewer than all but one of 

TABLE 1. Comparisons of Barn Swallow occupancy in nest cups with re-
spect to the visibility, proximity, and synchronicity of the nearest active 
nest at Lake Norman, North Carolina. Expected occupancy rates were 
calculated on the basis of the number of unoccupied cups remaining in a 
category for each settling pair. See text for description of cup categories

Comparison Observed Expected 2a P

A Near 33 47.0 8.07 0.005
Far 64 50.0

B Visible 17 40.9 25.95 0.0001
Nonvisible 72 48.1

C Visible near 8 18.3 21.57 0.0001
Nonvisible near 17 6.7

D Synchronous closest 41 36.8 0.82 0.36
Asynchronous closest 46 50.2

E Synchronous adjacent 9 14.4 3.51 0.06
Asynchronous adjacent 25 19.6

adf  1.

FIG. 4. Barn Swallow use of artificial nest cups in five categories of 
visibility and proximity with regard to the nearest active nest at Lake 
Norman, North Carolina. Vertical lines represent 95% confidence inter-
vals for the computer simulation. Overall observed cup use differed sig-
nificantly from both expected cup use based on Monte Carlo simulation 
and expected cup use based on cup availability. There was no significant 
difference between expected cup use based on Monte Carlo simulation 
and expected cup use based on cup availability.

FIG. 3. Sequential nearest-neighbor distances in a Barn Swallow colony, 
showing distance to the nearest active nest for the nest cup that was cho-
sen (filled circle), the synchronously unoccupied cup with the maximum 
distance to the nearest active nest (open circle), and the nearest-neighbor 
distance predicted when settlement patterns were randomized in a Monte 
Carlo simulation (gray line). Circles represent means across multiple years 
 SE. Sample size is written above each circle.
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our , simulations (observed [O]  , expected [E]  .  ., 

z  –., P  .). Similarly, we observed  Barn Swallow nests 

in the nonvisible far category, which was greater than all but one 

of our , simulations (O  , E  .  ., z  ., P  .). 

Although the  observed nests established in the nonvisible near 

category tended to be more than occurred during simulations, the 

difference was not significant (O  , E  .  ., z  ., P

.). Likewise, although the nine observed nests in the visible far 

category and the eight observed nests in the equal category tended 

to be fewer than what was predicted by the simulations, the differ-

ences were not significant (O  , E  .  ., z  –., P  . 

and O  , E  .  ., z  –., P  ., respectively).

When we eliminated nest cups that were occupied for con-

secutive years, our sample size was reduced to  nests; however, 

we detected the same settlement patterns. Overall cup occupancy 

differed from random settlement based on cup availability ( 

., df  , P  ., n   nests). Barn Swallows avoided cups 

with visible near neighbors (O  , E  .  ., z  –., P

.) and nested in greater numbers than expected in cups with 

nonvisible far neighbors (O  , E  .  ., z  ., P  .). 

There was no significant difference between the observed and the 

expected numbers of nests occurring in the categories of nonvis-

ible near neighbors (O  , E  .  ., z  ., P  .), visible 

far neighbors (O  , E  .  ., z  –., P  .), and cups equi-

distant between visible and nonvisible neighbors (O  , E  . 

., z  ., P  .). There was no association between rank in the 

first year and rank in the second year for cups that were occupied 

in consecutive years (ϱ  ., P  ., n  ).

DISCUSSION

Both neighbor proximity and visibility influenced the settlement 

patterns of Barn Swallows in our colony, but neighbor visibility 

had the larger effect. Barn Swallows avoided settling immediately 

adjacent to visible active nests. Cups with near neighbors ( cm) 

were avoided in favor of cups with far neighbors (  cm). When 

we limited our analysis to nests with immediately adjacent neigh-

bors ( cm), we found more nonvisible neighbors than visible 

neighbors when random settlement patterns predicted the oppo-

site (Fig. ). Monte Carlo simulations demonstrated that cups with 

visible near neighbors were strongly avoided, cups with nonvis-

ible near neighbors were not avoided, and cups with nonvisible far 

neighbors were occupied more often than expected. We found the 

same settlement patterns when we eliminated nest cups that were 

occupied in the previous year.

Interestingly, the visual obstruction provided by the concrete 

panels obstructed the view of neighboring nests only when the bird 

was on the nest cup; individuals could easily see cups in adjacent 

rows when departing the nest. Moreover, pairs could undoubtedly 

hear the vocalizations of pairs in adjacent rows. From a proximate 

standpoint, it is possible that aggression or avoidance behavior in 

Barn Swallows requires a certain level of visual stimulation that 

neighbors in visually obstructed locations do not provide.

In our Barn Swallow colony, visual obstructions and artificial 

nest cups seem to have allowed for increased nesting density. When 

measured at time of settlement (as in Brown and Brown ), % 

and % of nests were established  cm or within  m of a conspe-

cific nest, respectively. When measured as the distance between 

active pairs after all individuals have settled (as in Grzybowski 

, Møller ), % of nests had a nearest-neighbor distance of 

 cm and % of nests had a nearest-neighbor distance less than 

 m. Contrastingly, Grzybowski () reported a mean distance of 

. m between active pairs. Møller () had a majority of nests 

with a nearest-neighbor distance of – m, and fewer than % 

were within  m of a neighboring nest. Although colony sizes of 

up to  breeding pairs have been reported on one artificial breed-

ing structure (Ball ), few natural sites could accommodate  

pairs of Barn Swallows in a .-m area as in our colony.

Because coloniality has few benefits and many costs for Barn 

Swallows (Snapp , Møller a, Shields and Crook , 

Shields et al. ), one might assume that decreasing inter-nest 

distances would magnify some of these costs. For example, be-

cause Barn Swallows engage in extrapair copulations (Smith et al. 

, Saino et al. , Safran et al. ), a decrease in inter-nest 

distance could increase the chance of cuckoldry or the costs of 

preventing it for later-nesting birds (Møller ; but for an inter-

specific analysis, see Westneat and Sherman ). The threat of 

intraspecific brood parasitism would also select against high-

density nesting because Barn Swallows with near neighbors are more 

likely to suffer nest parasitism than those with farther neighbors 

(Møller ). Nonetheless, Barn Swallows in our colony did not 

show evidence of avoiding synchronous neighbors in favor of asyn-

chronous neighbors to avoid the greatest threat of brood parasit-

ism. Ectoparasites constitute a significant cost of small inter-nest 

distances (e.g., Brown and Brown ), and thus an important 

reason to avoid close neighbors. It is possible that the ectopara-

sitic threat of adjacent visually obstructed nests is similar to the 

threat posed by more distant nests because an ectoparasite would 

have to crawl an extra distance along the panel that separates the 

nests. However, if ectoparasites can move by traveling on adults 

and fledglings that occasionally land on occupied cups (as in Bates 

, Czechowski and Zduniak ), any close neighbor could 

pose an ectoparasitic threat, regardless of visibility.

One possible benefit to nesting in a visually occluded location 

is a reduced number of agonistic interactions. Direct visual contact 

may stimulate aggressive behavior from territorial neighbors, and 

fewer agonistic interactions can potentially reduce stress over the 

duration of the breeding season. Consequently, although nearby 

nonvisible neighbors may constitute a fitness threat, Barn Swallows 

in our colony showed evidence of avoiding only visible neighbors.

Because we did not individually identify nesting birds, we 

cannot make statements on individual cup fidelity among Barn 

Swallows in our colony. Nest-site fidelity can have important re-

productive consequences, such as the risk of being victimized 

by brood parasites for multiple years (Hauber , Hoover and 

Hauber ). Although Barn Swallows have been noted for hav-

ing high site fidelity (Shields b, Safran ), nest-cup reuse 

within a colony is considerably lower than colony fidelity. Shields 

(b) found between-season colony fidelity to be as high as % 

for female Barn Swallows, but nest-cup fidelity to be only % for 

the same females. A high density of permanent artificial nest cups 

may attract new breeding pairs to a colony in the same way that 

colonies with old nests attract more breeding Barn Swallows than 

colonies without old nests (Safran ). In a series of experimen-

tal manipulations of Barn Swallow nests, Grzybowski () found 

that a female’s ability to find her own nest after it was displaced 
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was reduced if identical replacement nests were placed nearby. A 

high density of permanent nest cups may similarly reduce an in-

dividual Barn Swallow’s ability to find and use the same cup over 

multiple years. Because nesting in established cups eliminates the 

time and effort required to build a new cup (Soler et al. ), a 

surplus of artificial nest cups in a colony may also reduce the ben-

efit of reusing the same nest cup, as has been shown for certain 

cavity-nesting species (e.g., Stanback and Rockwell ). The ab-

sence of an association between rank-order use of cups in one year 

and the next for cups that were used in consecutive years further 

indicates that preferences for particular positions in the colony 

were not associated with nesting date.

Colonial species have to balance the cost of nesting near con-

specifics with the benefits of group breeding; maximizing nearest-

neighbor distances within a colony can help mediate the costs for 

colonial breeding species (Hill et al. ). The complexity of the 

local habitat can influence territory size and shape (Imre et al. ), 

and decreased visibility of conspecifics can allow for increased 

breeding densities in some species (Burger and Gochfeld , 

Rogillio , Good ). Understanding the “rules” by which 

individuals space themselves within a three-dimensional environ-

ment can provide insight into the hierarchical importance of the 

multiple variables that influence nest-site selection, especially for 

colonial species that nest in structurally complex habitats.
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