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Figure 1. 1 Study area at Shelburne, VT.  The landscape is a mix of forest, 
agricultural fields, and human development.  Grasslands and row crop are 
indistinguishable from aerial images, and the majority of open areas within this 
landscape were identified on the ground as row crop.  Areas covered by diagonal 
lines are focal fields where demographic information on Bobolinks and Savannah 
Sparrows was collected.  We searched for banded birds in the white-covered 
areas during 2005-2014, and gray-covered areas during 2014.   
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Study Species  

Both study species are grassland obligate, solitary nesting passerines, 

and comprise >92% of the grassland obligate breeding birds in our study system 

(Perlut et al. 2006, Shustack 2004).  These species differ in both migration and 

breeding strategies.  Bobolinks are longer distance migrants, wintering in 

Argentina in South America (Martin and Gavin 1995, Renfrew et al. 2013).  Their 

breeding season in Vermont spans from late-May to late-July, during which a 

female will usually make a single nest attempt, although renesting sometimes 

occurs (Perlut et al. 2006).  Savannah Sparrows are short-distance migrants, 

wintering in the southern United States and Mexico (Wheelwright and Rising 

2008).  The Savannah Sparrow breeding season spans early-May to mid-August, 

and females will make several nest attempts during a single season (Perlut et al. 

2006).  Individuals of both species will begin breeding as one-year-olds and 

attempt to breed each year. 

Agricultural management has strong effects on the reproductive success 

and apparent survival rates of these two species (Perlut et al. 2006, 2008a).  

Average reproductive success and apparent survival are both highest on late-

hayed fields and lowest on early-hayed fields, representing high and low quality 

agricultural habitat, respectively (Perlut et al. 2006).  Each species responds to 

haying differently; Savannah Sparrows stay and immediately renest while 

Bobolinks abandon the field for about two weeks after the field is mowed (Perlut 

et al. 2006). 
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Fieldwork 

We collected breeding and genetic data on Bobolinks and Savannah 

Sparrows at five study fields. Each year during early- to mid-May we passively 

netted adult birds with an array of 20-24 mist nets 1-3 times at each field.  We 

banded all adults with a unique combination of three color bands and one metal 

US Geological Survey (USGS) band and collected a small blood sample (20-60 

µL) from the brachial vein.  Blood was dried onto Whatman disc filter paper and 

stored in a bag with silica desiccation beads. Beginning in mid-May and ending in 

August, we attempted to locate and record GPS coordinates of all nests on all 

study fields.  We determined female association by flushing her from the nest, 

and male association by observation of nestling provisioning and territory 

defense (Wheelwright and Rising 2008).  Paternity was confirmed for a subset of 

individuals through microsatellite analysis (see below).  If an adult associated 

with a nest was unbanded, we attempted to capture it at the nest using mist nets.  

We checked nests every 1-2 day(s).  When the nestlings reached 6-7 days of 

age we banded them with a metal USGS band and collected blood samples.  

 We searched for natal dispersers, identifiable by their single metal band, 

with binoculars each year.  We searched weekly on study fields in all years, and 

searched all fields within a 1.5-km radius of the study fields at least twice during 

2005 to 2014 following methods described in Perlut et al. (2008a) and Fajardo et 

al. (2009; Figure 1.1).  The estimated detection probability under these search 

methods was 0.69 (Perlut et al. 2008a).  In 2014 we used satellite images to 

identify agricultural fields larger than 10 acres within a 10 km radius of the study 
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fields to search; it was impossible to differentiate grassland from row crop from 

these images, so all fields that were possibly grassland were searched once (n = 

88 fields, 1110.11 ha) and all fields that were actually grassland were searched 

at least twice following search methods described by Perlut et al. (2008a; Figure 

1.1).  The increase in search area during 2014 did not substantially change the 

average dispersal distance observed because only four birds total were found in 

the extended search radius and all of these were found <5 km from the study 

fields. When a natal disperser was identified, we recaptured it, gave it a unique 

color band combination, and collected a blood sample.  We also banded their 

mates and found their nests if possible.  We recorded each individual’s GPS 

location of first capture and of their nest if found.   

Data Analysis 

We used two metrics to measure an individual’s level of natal philopatry: 

whether a bird bred on its natal field (natal field philopatry) and its natal dispersal 

distance.  Natal dispersal distance considered only short-distance natal 

dispersers, as our limited resources prevented us from searching areas >3 km 

from our study fields in most years.  Natal dispersal distance was defined as the 

distance between an individual’s natal nest and location of first detected breeding 

attempt, which was either the location of the individual’s first breeding nest or 

location of capture (distances were calculated in meters using the distance tool in 

ArcMap 10.0 (Esri 2011)).  A bird was considered a breeder if their nest was 

found or there was evidence they were attempting to breed, such as territory and 

mate defense for males or a brood patch and signs of egg development for 
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females.  Although some dispersers were not found in the year immediately 

following their hatch (average age at first detection was 1.7 and 1.4 years for 

Bobolinks and Savannah Sparrows, respectively) and their dispersal distance 

may be a result of both natal and breeding dispersal events, we included them in 

the natal dispersal data set.  Both species are known to breed as one-year-olds, 

and 40% of the Bobolink and 17% of the Savannah Sparrow dispersers in our 

study were >1 year old at first detection, so it is possible the dispersal distances 

recorded for these individuals did not reflect initial natal dispersal (Wheelwright 

and Rising 2008, Fajardo et al 2009).  However, these data are likely 

representative of natal dispersal because our measured distances are unlikely to 

change substantially due to breeding dispersal; of the adults in our population 

that underwent breeding dispersal, over 80% returned to the same field, which 

resulted in an average breeding dispersal distance that was 8x lower than the 

average natal dispersal distance (Fajardo et al. 2009).  Nonetheless, because we 

detected 40% of Bobolink dispersers after their first breeding year, we included 

age as an explanatory factor in the Bobolink dispersal distance analysis; we 

compared second-year (SY) to after second-year (ASY) birds to account for 

differences in experience that may have affected dispersal distance.   

 We developed a priori mixed-effect models to investigate how intrinsic, 

social extrinsic and environmental extrinsic proximate factors on the natal field 

influenced natal dispersal distance and natal field philopatry.  We investigated 

the following factors based on previous studies of passerine natal dispersal and 

philopatry and knowledge of our study system: intrinsic factors: sex and fledge 
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date (FD); social factors: average number of fledglings per female (i.e., 

reproductive success) on the natal field during the year before an individual 

settled (RS), number of females per hectare (i.e., breeding density) on the natal 

field during the year before an individual settled (BD), and presence/absence of 

opposite-sex relatives on the natal field the year of settlement (OSR); and 

environmental factors: management scheme of the natal field (MT) and 

proportion of the natal field’s edge that consisted of hedgerow (EDGE) 

(Greenwood 1980, Pärt 1990,Wheelwright and Mauck 1998, Pärt and Doligez 

2003, Hansson et al. 2003, Nocera et al. 2006, Clobert et al. 2009, Fajardo et al. 

2009, Perkins et al. 2013).  We developed four sets of models, one for each 

species’ natal dispersal distance and natal field philopatry.   

The natal dispersal model sets for both species consisted of linear mixed-

effect models that included the following random effects: hatch year (YR) to 

account for environmental variability, and hatch field (HF) and breeding field (BF) 

to account for temporal and spatial effects.  The global model for Bobolink natal 

dispersal distance included sex, FD, MT, AGE, and AGE*FD as fixed effects, 

while the global model for Savannah Sparrows included sex, FD, and MT.  Social 

and other environmental factors were not included in the dispersal distance sets 

after we determined their heterogeneity across the landscape would make their 

potential effects on dispersal distance nonlinear. The null models for both 

dispersal distance sets contained only the random effects, and the rest of the 

models in each set contained the three random effects and some combination of 

the fixed effects.  When the global model was run to assess fit to the data for 
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each species, the random effects hatch year and hatch field explained zero 

variance so they were dropped from all subsequent models (Bates 2010). The 

final dispersal distance model sets contained 14 and 8 models for Bobolinks and 

Sparrows, respectively (Appendix A).  

The model sets for natal field philopatry contained generalized linear 

mixed-effect models that all included the random effect hatch year.  The Bobolink 

global model included sex, FD, AGE, RS, BD, OSP, MT, AGE*RS, AGE*FD as 

fixed effects, while the Savannah Sparrow global model included sex, FD, BD, 

OSP, MT, and EDGE as fixed effects.  The random effect hatch year explained 

zero variance in the global model for each species and was therefore dropped 

from all subsequent models.  Once hatch year was dropped, the models retained 

only fixed effects and became logistic regression models.  The null model 

contained no explanatory variables (i.e., just the y-intercept) while all other 

models contained some combination of the y-intercept and at least one of the 

explanatory variables included in the global model for each species.  The final 

natal field philopatry model sets contained 24 and 20 models for Bobolinks and 

Savannah Sparrows, respectively (Appendices 3 and 4).  

We ranked models using conditional AIC (AICc) values for small sample 

sizes, and calculated ∆AICc and AICc weights (ωi) (Burnham and Anderson 2002).  

Models were considered biologically significant if ∆AICc ≤ 2 relative to the best 

model.  We calculated regression coefficient estimates and their 95% confidence 

intervals only for factors included in biologically significant models.  If a factor 

was included in more than one biologically significant model we calculated 
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model-averaged estimates.  Individual factor effects, as reflected in their 

regression coefficients, were considered biologically significant if their 95% 

confidence intervals did not include zero.  We ran all statistical analyses in R 

version 3.1.3 (R Core Team 2014).  We ran mixed-effect models using the “lme4” 

package, and calculated AICc values using the package “AICcmodavg” (Bates et 

al. 2014, Mazerolle 2015).   

  We examined the relative influence of genetic effects on natal dispersal 

distance by estimating narrow-sense heritability (additive genetic variance 

divided by phenotypic variance, VA/VP) for each species.  All variance 

components and heritability estimates were calculated using linear mixed-effects 

‘animal models’ in WOMBAT software (Meyer 2006, Wilson et al. 2010).  

Pedigree construction was complicated by extra-pair paternity (EPP), which 

occurs in both study species (Bollinger and Gavin 1991, Perlut et al. 2008b).  We 

determined Savannah Sparrow pedigrees with microsatellite molecular marker 

data (see below), and were thus able to identify the genetic father of 43 of the 95 

(45%) natal dispersers.  EPP was high (62% of individuals with known genetic 

fathers), confirming the necessity of paternity testing for pedigree construction. 

We had insufficient resources to conduct genetic analyses for Bobolinks and do 

not know the EPP rate in this population, so we constructed Bobolink pedigrees 

using only known mother-offspring relationships.  Additionally, there were not 

enough maternal siblings within either species’ dataset to estimate maternal 

effects.  The final animal model for each species contained the random effects of 

animal (VA) and breeding field (VBF). 


