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Abstract. Natal dispersal is an important, yet often poorly studied, process in population ecology. Natal 
dispersal can affect population structure and individual fitness. We examined correlates of natal dispersal 
distances of a population of Swainson’s Hawk (Buteo swainsoni) in northern California that has been moni-
tored from 1979 to 2010. We examined the effects of sex, number of offspring fledged, population density, 
primary productivity around a nest site, and annual trends on dispersal from the natal site to the breeding 
site of individuals recruited into the breeding population. Female Swainson’s Hawks dispersed farther than 
males. Natal dispersal was negatively correlated with primary productivity and was positively correlated with 
population density around the nest site. We found no correlation between natal dispersal distance and lifetime 
reproductive success of those individuals recruited into the breeding population, indicating no fitness costs 
of increased dispersal. We examined the potential genetic contributions to dispersal distance by examining 
differences in dispersal distance between full siblings. We found that the dispersal difference between sib-
lings was significantly more similar than would be expected by chance. However, we detected no relationships 
between paternal or maternal natal dispersal distances and natal dispersal of offspring, although sample sizes 
were limited. We conclude that observed similarities in siblings’ natal dispersal distance were likely a result 
of similarities in unmeasured environmental variables rather than of a genetic mechanism of natal dispersal. 
Perinatal conditions seemed to have significant effects on distances offspring dispersed, but increased natal 
dispersal had no apparent consequences on fitness.
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Correlatos y Consecuencias en la Adecuación Biológica de la Dispersión Natal en Buteo swainsoni 

Resumen. La dispersión natal es un proceso importante, aunque usualmente poco estudiado, en ecología 
de poblaciones. La dispersión natal puede afectar la estructura de la población y la adecuación biológica indi-
vidual. Examinamos los correlatos de las distancias de dispersión natal de una población de Buteo swainsoni en 
el norte de California que ha sido monitoreada desde 1979 hasta 2010. Examinamos los efectos del sexo, número 
de pichones que dejaron el nido, densidad poblacional, productividad primaria alrededor de un sitio de nidifi-
cación y tendencias anuales en la dispersión desde el sitio natal al sitio de cría de individuos reclutados en la po-
blación reproductora. Las hembras de B. swainsoni se dispersaron más lejos que los machos. La dispersión natal 
se correlacionó negativamente con la productividad primaria y se correlacionó positivamente con la densidad 
poblacional alrededor del sitio de nidificación. No encontramos una correlación entre la distancia de dispersión 
natal y el éxito reproductivo de toda la vida de aquellos individuos reclutados en la población reproductora, in-
dicando que no hay un costo en la adecuación biológica dado por un incremento en la dispersión. Examinamos 
las contribuciones genéticas potenciales a la distancia de dispersión examinando las diferencias en la distan-
cia de dispersión entre las crías hermanas. Encontramos que la diferencia de dispersión entre los hermanos fue 
significativamente más similar que lo que se esperaría por azar. Sin embargo, no detectamos relaciones entre 
las distancias de dispersión natales paterna o materna y la dispersión natal de las crías, aunque los tamaños de 
muestreo fueron limitados. Concluimos que las similitudes observadas en la distancia de dispersión natal entre 
crías hermanas fueron probablemente el resultado de similitudes en variables ambientales no medidas más que 
un mecanismo genético de dispersión natal. Las condiciones perinatales parecen tener efectos significativos en 
las distancias de dispersión de las crías, pero un aumento en la dispersión natal no tuvo consecuencias aparentes 
en la adecuación biológica.
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INTRODUCTION

Natal dispersal, here defined as the distance moved from 
birthplace to breeding territory, may be fundamental to the 
population ecology (Lidicker 1975) and genetic structure of 
a species (Ehrlich and Raven 1969). However, it is often not 
well studied in natural populations, and its effects on indi-
viduals’ fitness are generally poorly understood (Greenwood 
1980). Natal conditions may play a large role in the distance 
offspring disperse and subsequent fitness of offspring, (e.g., 
by being recruited into a higher-quality breeding territory; 
Newton and Marquiss 1983, Arcese 1989, Byholm et al. 2003). 
Individuals may avoid fitness costs by limiting dispersal (e.g., 
Murray 1967, Greenwood 1980, Waser 1985). Therefore, it is 
important to investigate how perinatal conditions affect dis-
tance of dispersal of offspring to their new territories as well 
as the potential effects on fitness of dispersal distance. 

Several factors have been thought to play a role in natal 
dispersal. First, the natal-dispersal hypothesis suggests natal 
dispersal may be integral to avoiding inbreeding (Dobson and 
Jones 1985, Johnson 1986, Pusey 1987). In fact, natal dispersal 
often tends to be farther in one sex, decreasing the potential 
for siblings to mate (Clarke et al. 1997, Forero et al. 2002, 
Pasinelli et al. 2004). In addition, optimizing outbreeding may 
increase overall fitness (Shields 1982). Other factors, such as 
territory quality, may influence natal dispersal. For example, 
individuals that fledge from higher-quality sites disperse less, 
which may result from those individuals trying to recruit into 
a higher-quality breeding site (Newton and Marquiss 1983, 
Brown and Brown 1992, Spear et al. 1998). 

In contrast, the resource-competition hypothesis sug-
gests that individuals in areas with increased competition for 
resources or nesting sites should disperse farther to reduce 
intraspecific competition (Greenwood et al. 1979, Waser 1985, 
Nilsson 1989). Thus individuals of species with high sur-
vival and philopatry to breeding sites (i.e., species with little 
predicted change in successive years) should disperse farther 
to attempt to find areas of lower population density, thereby 
reducing competition for resources.

It is also unclear how genetics may play a role in natal dis-
persal. While it has long been hypothesized that there could be 
a genetic component (Howard 1960, Greenwood et al. 1979, 
Newton and Marquiss 1983), few studies have quantitatively 
analyzed environmental versus genetic components of natal 
dispersal (but see Forero et al. 2002, Pasinelli et al. 2004). 
If there is a genetic component to natal dispersal, we would 
predict that siblings of the same sex should disperse similar 
distances. 

Fitness costs related to dispersal are hypothesized to come 
from a number of factors, such as increased costs of movement, 
an inability to use resources effectively, or a reduced knowledge 
of predators (Johnson and Gaines 1990). Despite the hypoth-
esized costs of natal dispersal (e.g., Bengtsson 1978, Green-
wood 1980), the consequences of varying dispersal distances 

are unclear. Some evidence has shown that individuals that dis-
perse farther recruit at older ages (Spear et al. 1998), reproduce 
at a lower rate (Newton and Marquiss 1983), or even have lower 
lifetime production of fledglings (Pasinelli et al. 2004). How-
ever, the current evidence for fitness consequences related to 
dispersal are equivocal (e.g., Arcese 1989). 

We examined potential genetic correlations of natal 
dispersal and effects of varying dispersal distances on fitness 
in Swainson’s Hawk (Buteo swainsoni). Distances of natal 
dispersal of Swainson’s Hawks can be large, with some 
individuals traveling 320 km from their natal site to their 
breeding territory (England et al. 1997). Generally, however, 
individuals disperse considerably shorter distances. In a 
previous study of this population, Woodbridge et al. (1995) 
found that natal dispersal was 8.2 km (range 0–18.1 km) with 
no significant differences between males and females. 

We predicted that natal dispersal should be inversely cor-
related with measures of territorial quality, with individuals 
fledging in good condition recruiting closer to natal territories 
of higher quality (Arcese 1989, Byholm et al. 2003). Condi-
tions of the natal territory can affect an individual’s fitness 
(Briggs et al., unpubl. data), so we predict a positive corre-
lation between the quality of the natal and breeding habitat, 
as individuals that fledge from high-quality sites should also 
be of relatively high quality and thus be able to compete for 
higher-quality breeding sites. 

METHODS

Surveys for Swainson’s Hawks breeding the Butte Valley of 
California (41° 49′ N, 122° 0′ W) began in 1979. During these 
initial surveys, breeding adults were trapped and marked with 
unique plastic numeric color bands to identify each bird in-
dividually; nestlings were banded with U.S. Geological Sur-
vey (USGS) metal bands. Nestlings that were later recruited 
into the breeding population were then trapped and given an 
additional unique color band. Hawks were trapped with a 
dho-gaza with a Great Horned Owl (Bubo virginianus) as a 
lure (Bloom et al. 1992) or a bal-chatri with a mouse or spar-
row as a lure. Partial surveys continued in the valley through 
1986. In 1987, the surveys were expanded to include a census 
of the population of the entire valley floor. The population was 
monitored intensively through the late 1990s. From 1999 to 
2010 the survey effort varied with the number and experience 
of field technicians; however, each year we attempted to cen-
sus the valley floor completely. Despite variation in survey ef-
fort, we have not observed any differences by habitat type in 
probability of detection of individuals (Briggs 2007).

Surveying the valley floor by vehicle and on foot, we 
observed adults during the breeding season for signs of mating 
behavior (e.g., undulating flight, copulation, nest building). The 
high density of roads, facilitated by the agricultural nature of 
the valley, allowed much of the surveying to be from vehicles, 
which helped minimize disturbance of breeding pairs. Once we 
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identified a pair we observed it until we located its nest.  To avoid 
nest abandonment we did not approach nest trees until a week 
after the mean date of hatching (June 16) (Woodbridge 1991). 
We banded nestlings at ≥3 weeks of age, but in most years of the 
study, to limit time spent at the nest site, did not age and mea-
sure most of them. We considered chicks fledged once they had 
reached at least 80% of the age at fledging (Steenhof 1987) and 
individuals recruited when they were caught in subsequent years 
or their aluminum band was read through a spotting scope.

Using digital ortho quarter-quads with a 1-m resolution, 
we calculated natal dispersal distance in ArcMAP 9.3 by plot-
ting nest locations. Natal dispersal distance was calculated as 
the distance from the natal site to the site where an individual 
was first recorded breeding, identified by behavior (e.g., copu-
lation, nest building, nest defense). If a recruited individual 
was trapped and could not be assigned to a nest site it was ex-
cluded from this analysis.

We assessed territory quality by productivity and occu-
pancy. A territory’s productivity was the average number of 
fledglings produced per attempted nest over the course of the 
study (Newton 1989, Sergio and Newton 2003). Therefore, if 
a territory was not located or was unoccupied in a given year, 
we excluded that year from the calculation of the territory’s 
average productivity. The second method used the proportion 
of years a territory was occupied. We summed the number of 
years a territory was occupied once it was first discovered, 
giving an overall occupancy rate (Newton 1989). As the pop-
ulation has grown since the beginning of the study (Briggs 
2007), we could not simply divide the number of years a ter-
ritory was occupied by the number of years in the study, be-
cause some territories were not discovered until many years 
later, and new territories are discovered almost every year. 
Therefore we instead counted the number of years once a 
territory was initially discovered and used the proportion of 
years a territory was occupied once it was first discovered 
active, providing a metric of territory quality. 

We used a surrogate of prey availability as a measure of an-
nual differences in territory quality. As our study area is in the 
Great Basin ecoregion (Franklin and Dyrness 1973), irrigated 
crops, particularly alfalfa, provide a good index of prey avail-
ability (Woodbridge 1991, Whisson et al. 1999). The normal-
ized differential vegetation index (NDVI) measures the overall 
greenness of a landscape (i.e., the quantity of chlorophyll) and 
can be considered an index of primary productivity (Chen and 
Brutsaert 1998). We calculated the NDVI by using Landsat 4 
or 5 imagery from the USGS for all scenes in which data were 
available (i.e., where cloud cover allowed for a clear view of the 
study area). To average each territory’s NDVI each year, we 
took the average NDVI value within 500 m of the nest site in 
each scene in which information was available, then averaged 
these values over the breeding season (i.e., May –August). 

STATISTICAL ANALYSES

To correct for bias arising from incomplete sampling of the 
study area, we used a modified version of the method of Baker 

et al. (1995) and Sharp et al. (2008) to estimate natal dispersal. 
Briefly, we estimated a dispersal distribution and found that 
a gamma distribution described dispersal distance for both 
males and females, and we calculated separate curves for each 
sex. From this distribution we generated 50 000 dispersal 
distances for both males and females. We randomly generated 
a dispersal direction from a uniform distribution from a 
randomly chosen nest location observed within the study area. 
From that we calculated the recruits’ potential breeding site. 
We excluded points that fell within unsuitable habitat and gen-
erated a new dispersal distance and directions until we simu-
lated 50 000 dispersals. We defined unsuitable habitat as areas 
with pine- or fir-dominated forest >2 km from open sage-
brush, agriculture, or lakes. We then calculated the number 
of dispersals outside the study area and calculated probability 
of detection of dispersal. We then corrected for observation 
bias to create an unbiased estimate of natal dispersal (Baker 
et al. 1995).

We examined relationships between conditions at the nest 
site and natal dispersal distance by regressing natal site qual-
ity (i.e., both average fledging number and occupancy rate), 
year fledged, number of nestlings, NDVI within 500 m of the 
nest site, habitat quality, and average distance to the 3 near-
est neighbors (i.e., an index of nest density) against the log-
transformed natal dispersal distance. We used the log of natal 
dispersal distance to help normalize residuals of the regres-
sion. We used a generalized linear mixed model (GLMM) us-
ing the lme4 package (Bates and Maechler 2009) in R 2.10.1 
(R Development Core Team 2009) to account for potential 
pseudoreplication by including year of the study and natal site 
as random factors in the analysis. We used Akaike’s informa-
tion criterion (AIC) to assess model fit (Akaike 1973), using 
model weights to calculate model-averaged regression esti-
mates, and calculating the sums of the model weights (Σwi) 
to assess the relative importance of each variable (Burnham 
and Anderson 2002). Higher Σwi indicates greater propor-
tional representation in the top models and higher support for 
a given model term. 

We used a GLM in R 2.10.1 to regress lifetime reproductive 
success (LRS) against the log-transformed dispersal dis-
tance for both males and females. We used a quasi-Poisson 
distribution to account for overdispersion of LRS (i.e., vari-
ance was greater than the mean). We censored individuals 
observed within the last 3 years of the study and those known 
to have been missed for ≥2 years over the course of study to 
exclude individuals whose LRS value was biased low either 
because of low detection or because the bird was still breed-
ing. Similarly, we regressed quality of the natal territory 
against that of breeding territory. We measured overall ter-
ritory quality with a principal components analysis (PCA) 
of territory occupancy and territory productivity and tak-
ing the first principal component as the measure of territory 
quality. The PCA takes correlated variables and finds a linear 
combination that reduces the number of variables and elimi-
nates multicollinearity (Zuur et al. 2007).  The first principal 
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component describes most of the variation in highly correlated 
variables.  

Finally, we examined potential genetic contributions to dis-
persal distance in several ways. First we examined the influence 
of parents on the dispersal distance of siblings versus that of un-
related young by treating each unique pair as a random effect 
in a GLMM and assessing model fit. We assigned each pair a 
unique number each year if the identity of one or both parents 
was unknown. If young of the same parents dispersed similar 
distances, the identity of the pair would be a significant predictor 
of dispersal distance of the young. Next we examined relation-
ships between distances of natal dispersal of breeding adults and 
their offspring with a GLM regressing natal dispersal distance 
of offspring against natal dispersal distance of their parents. As 
males and females may affect their offspring differently, we ana-
lyzed the sexes separately. When more than one offspring per 
breeding male was recruited, we used the average value of his 
offspring to regress against the parental dispersal distance. We 
performed the same procedure for breeding females. Finally, in 
cases where we knew the natal dispersal distances of both par-
ents and their recruited offspring we averaged the natal disper-
sal distance of the parents and regressed it against that of the 
offspring. All results are given as means ± SE.

RESULTS

Over the 32 years of the study we trapped 117 breeding Swain-
son’s Hawks that were originally banded as nestlings (i.e., 
had a known natal dispersal distance). Three individuals that 
were banded and fledged outside the study area were detected 
breeding in the study area, and one individual fledging in the 
study area was detected breeding outside the study area. The 
mean productivity of a territory was 1.38 ± 0.03 fledglings for 
all territories over the course of the study, and average terri-
tory occupancy across the study was 0.51 ± 0.02. The average 
territory has been monitored for 17.5 ± 0.7 years. 

Natal dispersal ranged from 0.1 to 28.0 km for males  
(n = 71) and from 0.2 to 46.0 km for females (n = 46). The 
mean natal dispersal distance of females (11.1 ± 1.1 km) was 
significantly greater than that of males (8.3 ± 0.7 km; Σwi = 
1.0; Fig. 1; Table 1). Unbiased estimates of natal dispersal 
were 9.5 km and 15.1 km for males and females, respectively.

There was a negative relationship between dispersal 
distance and primary productivity around the nest site (i.e., 
NDVI; Σwi = 1.0) and strong evidence of an interaction be-
tween sex and primary productivity, with females from more 
productive territories recruiting closer to the natal site than 
males (Fig 2; Σwi = 1.0). There also was a strong negative 
correlation between the average distance of the closest three 
nearest neighbors and natal dispersal distance (Σwi = 1.0). For 
example, when average nearest-neighbor distance decreased 
by 1000 m, average natal dispersal increased by 150 m.

The first principal component of the PCA of terri-
tory occupancy and territory productivity explained 91% of 

the variation of the two variables. There was no correlation 
between quality of natal territory and breeding territory of 
recruited offspring in either site occupancy (P = 0.16, n = 117) 
or site productivity (P = 0.56, n = 117). Similarly, there was no 
correlation between LRS (mean = 6.0 ± 0.7) and dispersal dis-
tance for males (n = 35, P = 0.29) or females (n = 29, P = 0.32). 

TABLE 1. Relative fit of models to the distance of natal disper-
sal of Swainson’s Hawks banded from 1979 to 2010 in Butte Valley, 
California. 

Modela ΔAIC wi Deviance

Sex × PP + DNN 0b 0.63 185.5
Sex + PP + DNN 1.2 0.35 186.8
Sex + fledge + PP + DNN 6.7 0.02 186.6
Sex + PP 14.2 0.00 219
Sex + fledge + PP + DNN + year 14.9 0.00 186.5

aVariables are offspring sex, primary productivity (PP), average dis-
tance of 3 nearest neighbors (DNN), number of fledglings (fledge) 
produced and year of fledging (year); wi is the Akaike weight of the 
model (Burnham and Anderson 2002).
bMinimum value of AIC = 219.0.

FIGURE 1. Distances dispersed by male (A) and female (B) Swain-
son’s Hawks from their natal site to their first breeding site in Butte 
Valley, California, 1979–2010. Gray bars, observed distances; black 
bars, distances corrected for bias (see text). The solid line is the gamma 
distribution used to approximate the distribution of natal dispersal.
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Of parents that recruited >1 fledgling we observed 64 off-
spring from 25 unique parental pairs. Differences in disper-
sal distance between siblings (2665 ± 275 m) were significantly 
lower than those between unrelated young (7894 ± 533 m). There 
was strong evidence that a pair’s identity predicted dispersal dis-
tances of their young, and the AIC score from adding identity 
of the pair was 68.1 AIC units lower than that in the best model 
without it (Table 1). In contrast, there was no correlation between 
maternal (n = 11) dispersal and dispersal of either male or female 
offspring (P = 0.85 and 0.86, respectively). Neither in our GLM 
was there a correlation between paternal (n = 17) natal dispersal 
and average natal dispersal of offspring for male or female off-
spring (P = 0.47 and 0.64, respectively; Fig. 3A). Similarly, there 
was no correlation between average natal dispersal of parents and 
that of their offspring (n = 5, P = 0.70; Fig. 3B). 

DISCUSSION

We found significant correlations between conditions at a 
natal site and dispersal distance within our study area. In-
creased primary productivity correlated well with individu-
als, particularly females, dispersing closer to their natal site. 
Evidence for males recruiting closer to the nest site because of  
higher primary productivity of the natal territory was consid-
erably more equivocal. As primary productivity in this area is 
correlated with abundance and availability of prey (C.W.B., 
unpubl. data; Woodbridge 1991), it is reasonable to suspect 
that females prefer to nest closer to natal sites with more prey 
abundance or better habitat (Arcese 1989, Byholm et al. 2003), 
especially when high-quality habitat is spatially clumped, as 
it is in our study area (Woodbridge 1991). Nest survival is 
higher in areas with high NDVI (C.W.B., unpubl. data). Thus, 
for females in a spatially heterogeneous environment, recruit-
ing closer to high-quality sites may be a strategy to maximize 
LRS and fitness. In contrast, males may try to recruit as close 

as possible to their natal site in any case so that increases in 
natal primary productivity have relatively little effect on their 
ability to recruit closer to that site. 

When comparing dispersal distances of siblings, we found 
strong evidence of positive correlations between dispersal 
distances of siblings, which suggests a genetic component of 
natal dispersal distance (Forero et al. 2002). In parent/offspring 
regressions, however, we found no correlations between natal 
dispersal distances of parents and those of offspring, regard-
less of the metric used (i.e., maternal effects, paternal effects, or 
average parental effects), suggesting that there is no significant 
genetic component of natal dispersal in Swainson’s Hawk. The 
species’ high fidelity to breeding sites (Woodbridge et al. 1995) 
means that nestlings of the same pair are likely to be reared in 
similar conditions. Although we were able to find substantial 
correlations within territories and among siblings, it seems 
more likely that the relationship between siblings arises as a re-
sult of our inability to adequately describe the characteristics 

FIGURE 3. Relationship between (A) paternal (black diamonds) 
and maternal (gray circles) dispersal distances from natal site to 
breeding site and the average distance of their offspring’s disper-
sal from natal site to breeding site for Swainson’s Hawks breeding 
in Butte Valley, California, 1979–2010. There were no significant 
relationships between natal dispersal of parents and of offspring. (B) 
Average natal dispersal of both mother and father compared to the 
average natal dispersal of their offspring.

FIGURE 2. Distance dispersed by male and female Swainson’s 
Hawks from their natal site to their first breeding site in Butte Valley, 
California, in relation to the average primary productivity (measured 
by NDVI) within 500 m of their natal site. Thin dashed lines represent 
95% confidence interval for males, dotted lines that for females.
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of a site that influence dispersal. If we could determine other 
environmental factors influencing dispersal distance we should 
be able to remove the correlation of siblings’ dispersal distance.

Although an experiment involving swapping offspring 
between nests is necessary to disentangle environmental from 
parental/genetic effects on dispersal distance rigorously, our 
results demonstrate it is unlikely that such an experiment 
would find a simple genetic component of dispersal in this 
species.  Rather, interactions of genotype with the environ-
ment may play a role in dispersal decisions of offspring. This 
is evidenced by the lack of parent–offspring relationships in 
dispersal distance that we would expect from a simple genetic 
component.  These results call for caution when only sib-
lings are used to examine the influences of genetics on natal 
dispersal distances. Forero et al. (2002) compared dispersal 
distances of siblings and unrelated young, found a significant 
correlation between siblings, and concluded it was evidence 
of genetic determination of dispersal distance. However, 
our results suggest that environmental variation, rather than 
genetics or avoidance of inbreeding, is the primary driver of 
correlations in natal dispersal distances within a brood. Al-
though dispersal distances of siblings raised in different years 
were similar, these results may be explained by offspring ex-
periencing similar environmental conditions, as a result of the 
high site fidelity of breeding adults (Woodbridge et al. 1995). 
Thus when only siblings raised in a similar environment are 
compared, observed correlations may be due to unmeasured 
environmental variation rather than to inheritance. 

Like those of other studies that examine recruitment of 
offspring, our analyses are subject to problems due to the lim-
ited spatial scale of the study area. Our analyses may be biased 
because of our inability to detect individuals outside the study 
area. We know that some individuals disperse outside the study 
area (Woodbridge et al. 1995) and that individuals from outside 
the study area have immigrated into the area, so emigration 
from the population may not be insignificant. In other parts of 
their breeding range Swainson’s Hawks have been observed 
dispersing as much as 320 km (England et al. 1997). Thus the 
correlation we demonstrate may not entirely represent the true 
relationships with dispersal, and our conclusions are limited be-
cause of the limited scope and nature of our study area and our 
inability to reliably detect individuals outside the study area. 
However, we cannot determine the number of individuals that 
emigrated or the distance they emigrated. We also could not 
test for effects of date of hatching on this population because for 
most of the study these data were unavailable. 

While we were unable to account for individuals that dis-
persed outside the study area, it is notable that we still found pat-
terns in dispersal distance, particularly in males, for which our 
estimate of unbiased natal dispersal was similar to the observed 
distance. Because of several factors, however, fitness costs may 
occur at scales greater than the one we could measure. First, 
there may indeed be no correlation between the quality of natal 
and breeding sites, meaning that in Swainson’s Hawk, in which 

the period of parental care is much shorter than the period in 
which a bird is a juvenile or subadult (England et al. 1997), an 
individual’s quality may not be inherited genetically or socially. 

Contrary to results published previously on this population 
(Woodbridge et al. 1995), we found sex differences in natal dis-
persal distances, with females dispersing an average of 5.6 km 
farther than males over the course of the study. The disparity 
in results is likely a function of sample size. Since this popula-
tion has grown since the beginning of the study (Briggs 2007), 
increasing from 31 nests in 1986 at the time of the first census 
to 84 nests in 2010, it is possible that this difference may have 
arisen in response to the population’s growth and increased 
density (i.e., density-dependent dispersal). However, we did not 
find interaction between sex and year of the study (Σwi = 0.0) or 
an interaction between sex and nearest-neighbor distance (Σwi =  
0.0), so we do not believe this is likely. In contrast, individu-
als that fledged in areas where the nearest neighbors were closer 
tended to disperse farther, providing support for the concept of 
density-dependent dispersal (Greenwood et al. 1979, Nilsson 
1989). While we attempted to find all nests in the study area each 
year beginning in 1986, we are unlikely to have been completely 
successful in any given year because of logistic constraints and 
an inability to access some private lands. For example, in 2010 
we located 84 nests and suspected 5 additional nests not con-
firmed because of land-access issues. Thus average distances 
between neighbors may be biased high. This bias is likely to be 
small in most years because of Swainson’s Hawk’s conspicu-
ous behavior and preference for open habitats. Despite potential 
noise in the dataset, we found a strong correlation between natal 
dispersal and distance of the nearest neighbor to the natal nest. 

While the relationship between number of offspring 
produced and dispersal distance can be positive and related 
to habitat quality (Stacey and Ligon 1987, Pärt 1991) or nega-
tive to avoid inbreeding (Pusey 1987), we found no correlation 
between number of offspring fledged and the distance of natal 
dispersal of those offspring. This result provides evidence that 
natal dispersal may not be related to avoidance of inbreeding, 
as individuals from nests producing more offspring should 
disperse farther to avoid mating with siblings (Pärt 1991). 

Despite spatial limitations due to the constraints of the 
study area we were able to find significant differences between 
natal dispersal distances of Swainson’s Hawks according 
to conditions of the natal habitat. Specifically, we found a 
correlation between females’ natal dispersal distance and pri-
mary productivity of the natal site.  In addition, we found that 
Swainson’s Hawk follows a pattern like that of many other 
bird species with females dispersing farther than males. 
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