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ABSTRACT.--- Former landfills have long been recognized as a potential source of early 1 

successional habitat for wildlife, but their use by migrating grassland and shrubland songbirds 2 

has yet to be studied. We estimated mass change rates of five grassland and shrubland songbird 3 

species during autumn stopovers at a reclaimed landfill in New Jersey to assess the quality of a 4 

former landfill as a stopover habitat. We also examined minimum length of stay, age ratios, and 5 

age differences in body mass and fat scores. Regressions of capture time and body mass were 6 

statistically significant and indicated gains of 0.8-1.2% of average body mass/hr in Savannah 7 

Sparrows (Passerculus sandwichensis), Lincoln’s Sparrows (Melospiza lincolnii), and Palm 8 

Warblers (Setophaga palmarum), but coefficients of determination were weak (< 0.06). White-9 

crowned Sparrows (Zonotrichia leucophrys leucophrys) and Indigo Buntings (Passerina cyanea) 10 

did not gain significant mass. Minimum length of stay based upon recaptures ranged from an 11 

average of 4.7 d in Savannah Sparrows to 10.1 d in Indigo Buntings. Adults did not have higher 12 

mass gain rates, body mass, or fat scores than immature birds in any species, with the exception 13 

of adult Savannah Sparrows being heavier than immatures in one year. The age ratio was 14 

significantly skewed towards immatures in all species except the Indigo Bunting, in which the 15 

opposite pattern occurred. Food availability at our site may have been poor and limited the 16 

ability of birds to gain mass, or it is possible that time is not as important of a currency to these 17 

species at this stage of their migration as energy minimization and predator avoidance are. 18 

Considering the low temporal pressure and slow pace of autumn migration relative to spring, 19 

these autumn migrants might be using the landfill for rest, energy maintenance, and predator 20 

avoidance more so than rapid and substantial fuel deposition. The independence of mass change 21 

rate and energetic condition from age suggests that there were no age differences in dominance 22 

or foraging ability in these species that affected their ability to refuel during stopover. 23 

Key words: brownfields, early successional habitat, habitat restoration, migration, refueling. 24 
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Many species of birds that inhabit grasslands, shrublands, and other early successional, 25 

disturbance-dependent habitats are in steep decline in the northeastern United States, as fire 26 

suppression, abandonment of agriculture, and other changing land use patterns over the past 27 

century have reduced habitat availability (Norment 2002, Shriver et al. 2005, Sauer and Link 28 

2011). This has prompted a strong response from some agencies and conservation organizations 29 

to protect and create new breeding habitat for these species in an effort to reverse population 30 

trends (Vickery and Herkert 2001, Norment 2002, Shriver et al. 2005). Much less attention has 31 

been paid to meeting the habitat requirements of grassland and shrubland birds during migration, 32 

and we also know little to nothing about the stopover biology of the majority of these species. 33 

Stopover habitats in which birds can rest and refuel are critical for successful migrations 34 

(Mehlman et al. 2005, Kirby et al. 2008). As for other groups of migratory birds (Moore et al. 35 

1995, Mehlman et al. 2005, Kirby et al. 2008, Sheehy et al. 2011), successful conservation of 36 

migratory grassland and shrubland bird species will partly depend on the conservation of suitable 37 

stopover habitat throughout their migration routes and a sound understanding of the biology and 38 

habitat requirements of these species during their migrations.  39 

Restored or naturally revegetated landfills have been advocated as a potential source of 40 

habitat for grassland, shrubland, and early successional forest wildlife, particularly in urban and 41 

industrial areas where large open spaces are often extremely limited (e.g., Davis 1989, Watson 42 

and Hack 2000, Tarrant et al. 2013). However, the ability of reclaimed landfills to support 43 

productive and diverse communities of birds or other wildlife has not been well studied 44 

(Harrison and Davies 2002, Rahman et al. 2011, Tarrant et al. 2013). We are unaware of any 45 

research on the use of reclaimed landfills by migrating birds in particular, and it is unknown 46 

whether former landfills can provide migrants with suitable stopover habitat. Our objective was 47 

to estimate the mass change rates and stopover durations of autumn migrants at a recently closed 48 
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landfill to gauge the quality of the site as stopover habitat for grassland and shrubland songbirds 49 

and add to what little is known about the stopover biology of these species in general. We also 50 

examined age ratios and age differences in body mass and fat scores to investigate whether 51 

immature birds significantly outnumbered adults and if adults were in better energetic condition, 52 

as is sometimes observed among migrating forest songbirds. 53 

METHODS 54 

Study Site and Data Collection.---We studied birds at the Erie Landfill, an approximately 55 

17.5-hectare former landfill located along the Hackensack River in North Arlington, New Jersey, 56 

USA (40° 47' 24.3" N, 74° 06' 57.0" W). The landfill was closed to operations in 2005 and 57 

capped in 2006. In the years since, it has naturally become vegetated mostly by non-native 58 

plants. Mugwort (Artemisia vulgaris) is overwhelmingly dominant in most areas, and other 59 

abundant plant species on the site include eastern cottonwood (Populus deltoids), black locust 60 

(Robinia pseudoacacia), common reed (Phragmites australis), foxtail grass (Alopecurus sp.), 61 

and common sunflower (Helianthus annuus).  62 

We used 9 mist nets (12 x 2.6 m) to passively capture birds at the site 5 d per wk, weather 63 

permitting, from 30 August to 20 November, 2011 to 2013. The nets were opened at sunrise and 64 

checked hourly for 8 hr unless weather conditions forced earlier closure. All captured birds were 65 

banded with a U.S. Geological Survey aluminum leg band, sexed based on plumage 66 

characteristics when possible, assigned to an age class of hatching-year (immature) or after-67 

hatching-year (adult) based on degree of skull pneumatization and/or plumage characteristics 68 

when possible (Pyle 1997), measured (unflattened wing length to 1 mm), fat-scored on a 6-point 69 

scale (Helms and Drury 1960, Seewagen 2008), weighed to the nearest 0.1 g on a digital balance, 70 

and then released.  71 
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Statistical Analyses.---We focused our analyses on five songbird species that are 72 

associated with grasslands, shrublands, or other open habitats: Savannah Sparrow (Passerculus 73 

sandwichensis), Lincoln’s Sparrow (Melospiza lincolnii), White-crowned Sparrow (Zonotrichia 74 

leucophrys leucophrys), Palm Warbler (Setophaga palmarum), and Indigo Bunting (Passerina 75 

cyanea). These species were chosen also because they are medium- or long-distance migrants 76 

(Ammon 1995, Chilton et al. 1995, Payne 2006, Wheelwright and Rising 2008, Wilson 2013), 77 

either uncommonly or do not at all nest or overwinter in the area (Fowle and Kerlinger 2001, 78 

McGowan and Corwin 2008, Boyle 2011), and were captured in numbers that we considered to 79 

be sufficient for our statistical analyses (n > 50). 80 

We estimated mass change rates based on the relationship between body mass and time 81 

of capture (expressed as hours since sunrise) (Winker et al. 1992, Seewagen et al. 2011, Horton 82 

and Morris 2012, Ware et al. 2015). We tested this relationship in each species by first using 83 

general linear models (GLMs), with body mass as the dependent variable, time of capture and 84 

age as independent variables, and an interaction term between time of capture and age to identify 85 

potential age differences in mass change rates (Jones et al. 2002). When the interaction term was 86 

significant, we ran separate linear regressions of body mass and time of capture for the two age 87 

groups to measure age-specific rates of mass change. Otherwise, or if sample size was small for 88 

one or both age groups (n < 25), we combined age groups for calculating overall mass change 89 

rates. Body mass was adjusted to wing length before all analyses using a scaled mass model (Eq. 90 

2 in Peig and Green 2009) unless a linear regression of these two variables was non-significant 91 

(Seewagen et al. 2011, Seewagen and Guglielmo 2011, Holzschuh and Deutschlander 2016).  92 

We estimated minimum length of stay among recaptured birds by subtracting the date of 93 

first capture from the date of last capture, while recognizing that the minority of individuals that 94 

were recaptured may not have been representative of all birds (Winker et al. 1992), and that 95 
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initial and final captures may not have occurred on the date of arrival and departure, respectively 96 

(Cherry 1982, Yong and Finch 2002). We report this information with the intent to provide only 97 

a general indication of whether birds were quickly departing the study site perhaps in search of 98 

more natural, less disturbed habitat elsewhere, or remaining onsite for a more extended stopover. 99 

We also used time between recaptures to investigate with a Mann-Whitney U-test age 100 

differences in minimum length of stay in the Savannah Sparrow, which was the only one of our 101 

study species with adequate numbers of recaptures (n = 109) for comparison. 102 

We used chi-square tests to compare the ratio of immature to adult birds in each species 103 

and compared fat scores between age groups using Mann-Whitney U-tests (Hailman 1965). Age 104 

differences in body mass were determined from the significance of age as an independent 105 

variable in the GLM. In the analyses of mass change rates, age ratios, and fat scores, the data 106 

were pooled across the three study years for each species except for the Savannah Sparrow, 107 

which had an exceptionally large total sample size (n > 1500). Savannah Sparrow was examined 108 

in each year independently to reduce statistical power and inflation of the significance of effects. 109 

Analyses were performed using SYSTAT v. 12 and results were considered significant when P ≤ 110 

0.05.  111 

RESULTS 112 

The relationship between body mass and capture time was dependent on age in Palm 113 

Warblers (F1,486 = 5.62, P = 0.018) but not in Indigo Buntings (F1,120 = 1.29, P = 0.26) or in 114 

Savannah Sparrows in 2011 (F1,653= 2.17, P = 0.14), 2012 (F1,354 = 1.35, P = 0.25), or 2013 115 

(F1,528 = 2.74, P = 0.10). We did not test for age effects on mass change rate in Lincoln’s 116 

Sparrows or White-crowned Sparrows because of small sample sizes of adults (n = 21 and 20, 117 

respectively).  118 
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Immature Palm Warblers showed significant mass gains over time, whereas adults did 119 

not (Table 1). Across age groups, Lincoln’s Sparrows gained significant mass while there was no 120 

evidence of hourly mass changes in Indigo Buntings and White-crowned Sparrows during the 3 121 

yr study period or in Savannah Sparrows in 2011 and 2013 (Table 1). Capture time also 122 

explained little variation in body mass in Savannah Sparrows in 2012 (r2 = 0.02) even though the 123 

relationship was statistically significant because of the large sample size (Table 1). In groups 124 

with a significant relationship between body mass and time of capture, hourly mass change rates 125 

ranged from 0.11-0.21 g (Table 1) and represented 0.8-1.2% of their average body mass. 126 

However, coefficients of determination were very low in all cases (Table 1). 127 

Excluding same day recaptures, recapture rates ranged from 3.2% in Palm Warblers to 128 

18.5 % in Lincoln’s Sparrows. Minimum length of stay averaged the highest in Indigo Buntings 129 

and the lowest in Lincoln’s Sparrows, and was highly variable among individuals within each 130 

species (Table 2). Recaptured immature Savannah Sparrows stayed an average of 0.9 d longer 131 

than adults, but the difference was not significant (U = 1197, P = 0.24). 132 

The age ratio was significantly skewed towards immatures in all species except the 133 

Indigo Bunting, in which the opposite pattern occurred (Table 3). Fat scores were generally low, 134 

with all species having a median fat score of only 0 or 1, and they did not differ between 135 

immatures and adults in any species (Table 4). Body mass also did not differ between age groups 136 

in any species with the exception of Savannah Sparrows in 2013, when adult birds were 137 

significantly heavier than immatures (Table 4). 138 

 139 

DISCUSSION 140 

 141 

The stopover biology of grassland and shrubland songbirds is poorly understood relative 142 

to that of forest songbirds, and we are unaware of any previous study of grassland and shrubland 143 
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bird usage of a former landfill as stopover habitat. Here, among five species of songbirds that are 144 

associated with grasslands, shrublands, or other open habitats, we found little evidence of diurnal 145 

mass gains at our reclaimed landfill study site. We also found no indication that stopover 146 

refueling ability or energetic condition were superior in adults, unlike what is sometimes 147 

observed in forest songbirds during autumn migration (Woodrey 2000). Food availability may 148 

have been poor at the site and constrained the ability of birds to gain mass, or it is possible that 149 

time may not be an important currency to these species at this stage of their migration relative to 150 

energy minimization and predator avoidance (sensu Alerstam and Lindström 1990, Hedenström 151 

2008).  152 

The rate at which birds recover body mass has been used as an indicator of absolute 153 

stopover habitat quality (e.g., Seewagen and Slayton 2008, Craves et al. 2009), but this generally 154 

assumes that migrants are operating under a time minimization strategy that favors refueling at or 155 

near the maximum rate allowed by the conditions at the site. Optimal migration theory posits that 156 

birds may use alternate strategies in which the minimization of energy expenditure and predation 157 

risk are prioritized over the minimization of time taken to reach their destination (Hedenström 158 

2008). These alternate strategies are likely to be common during autumn when selection 159 

pressures for, and the benefits of, early arrival at the destination are lesser than those experienced 160 

by migrants during spring (Schmaljohann et al. 2012, Nilsson et al. 2013). The lower pressure 161 

for time minimization during autumn manifests in a slower pace of migration than during spring 162 

(McKinnon et al. 2013), including less rapid and extensive refueling (Seewagen et al. 2013). We 163 

therefore cannot conclude that because we did not detect mass gains in most cases, the reclaimed 164 

landfill offers poor conditions for refueling. It is equally possible that the birds we studied are 165 

using the landfill site during autumn for rest, energy maintenance, and predator avoidance more 166 

so than rapid and substantial fuel deposition.  167 
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In cases where we did find a relationship between body mass and time of day, the rates of 168 

mass gain were comparable to, and often higher than, the few reports of spring or autumn mass 169 

changes by these species in more natural habitats. For example, the 1.1% of average total body 170 

mass per hour gained among immature Palm Warblers at the Erie Landfill is similar to the 0.6-171 

1.3% of average lean body mass gained per hour during autumn stopovers at three sites along 172 

Long Point, Ontario, Canada (Dunn 2001) and the 0.99% of average lean body mass gained per 173 

hour during spring stopovers along Braddock Bay, New York (Bonter et al. 2007). Lincoln’s 174 

Sparrows, which gained 1.2% of average total body mass per hour at the Erie Landfill, gained 175 

0.3-1.1% of average lean body mass per hour during autumn stopovers at multiple sites across 176 

Canada (Dunn 2002) while showing no significant hourly changes in mass along Braddock Bay, 177 

New York during spring (Bonter et al. 2007) or in central New Mexico during spring or autumn 178 

(Yong and Finch 2002). Savannah Sparrows, which gained 0.8% of average total body mass per 179 

hour at the Erie Landfill in 2012 also showed no significant hourly changes in mass during 180 

spring or autumn stopovers in central New Mexico (Yong and Finch 2002). 181 

More than 10 percent of Indigo Buntings, Lincoln’s Sparrows, and White-crowned 182 

Sparrows were recaptured during their stopovers at the Erie Landfill, often multiple days after 183 

their initial capture. Minimum length of stay also averaged several days in Palm Warblers and 184 

Savannah Sparrows, although the lower recapture rates in these species question the extent to 185 

which the behavior of the recaptured individuals was representative of that of the many more 186 

birds that were captured only once. Nevertheless, we documented many birds using the landfill 187 

for extended stopovers, possibly indicating that the site was meeting their resource requirements. 188 

The minimum length of stay of White-crowned Sparrows averaged higher at the Erie Landfill 189 

than at a site in rural Maine during spring and autumn (Cherry 1982), but much lower than along 190 

the Rio Grande in central New Mexico (spring and autumn combined; Yong and Finch 2002). 191 
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Minimum length of stay in Savannah Sparrows and Lincoln’s Sparrows was also much shorter at 192 

the Erie Landfill than in central New Mexico (Yong and Finch 2002), but comparisons may not 193 

be appropriate because of the distinctiveness of, and differences between, eastern and western 194 

North American migration systems (Kelly and Hutto 2005). We are not aware of any other 195 

reports of autumn stopover durations of our study species in eastern North America.  196 

Among forest songbirds, immature birds can be socially subordinate to adults and 197 

sometimes show poorer foraging ability, poorer food selection, and less efficient nutrient 198 

assimilation (Hume and Biebach 1996, Woodrey 2000, Moore et al. 2003). Immatures of these 199 

species are consequently found to sometimes have smaller fuel loads and longer stopovers during 200 

migration (Woodrey 2000, Morris et al. 1996, Moore et al. 2003, Mackenzie 2010), yet it is 201 

rarely demonstrated that adults actually refuel at a faster rate (see Seewagen et al. 2013 for 202 

discussion). Here too, among five species of birds that are associated with grassland and 203 

shrubland habitats, we did not find any evidence of greater refueling performance by adults than 204 

immatures. We also found no difference between adults and immatures in the size of their fat 205 

stores or their body mass (with the exception of Savannah Sparrows in one of the three study 206 

years), and we found no age difference in minimum stopover duration in the one species we were 207 

able to investigate. This may mean that by the start of their autumn migration, there are no longer 208 

any age differences in dominance or foraging ability in our study species that would affect their 209 

ability to refuel during stopover. Indeed, Wheelwright and Templeton (2003) found that 210 

immature Savannah Sparrows are less efficient foragers than adults during the post-fledging 211 

period, but are able to forage as well as adults by the time they depart on autumn migration. 212 

The immature-skewed age ratio that we observed in four out of our five study species is 213 

consistent with what is often found among forest songbird migrants at autumn stopover sites 214 

(Robbins et al. 1959, Murray 1966, Ralph 1981, Morris et al. 1996). In coastal areas (such as our 215 
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site) this has been suggested to be the result of immatures migrating closer to coasts than adults 216 

(Ralph 1981). However, age ratios among migrating forest songbirds can be just as heavily 217 

skewed towards immatures in inland areas (Dunn and Nol 1980, Rimmer and McFarland 2000, 218 

Mills 2016). Based on known fecundity and survival rates of migratory forest songbirds, Mills 219 

(2016) found the proportion of immature birds captured at autumn migration banding stations to 220 

be too implausibly high to be an indication of true population age structure, and suggested 221 

instead that it was an artifact of sampling biases. This may also hold true for shrubland and 222 

grassland songbirds; at our study site, longer stopovers or other attributes of immature birds may 223 

have made them more likely to be captured than adults (Mills 2016) and partly accounted for the 224 

skewed age ratios among our study species.  225 

In conclusion, we found a recently reclaimed landfill being used by an abundance of 226 

grassland and shrubland songbirds in a heavily urbanized and industrialized region where 227 

alternative stopover habitat for these species is limited. Although we did not observe strong 228 

trends of increasing body mass during the morning hours, there was no evidence to suggest that 229 

the landfill we studied is an energy sink where birds lose mass. Former landfills, mining fields, 230 

and other such areas that have been reclaimed following human disturbances have the potential 231 

to provide an important source of habitat for rest and energy maintenance for these species 232 

during migration, as other sources of open, early successional habitats continue to decline. 233 

However, additional research on the stopover biology of grassland and shrubland bird species at 234 

a variety of reclamation sites and in multiple geographic regions will be needed to 235 

comprehensively understand the value of reclaimed landfills as stopover habitat for these 236 

declining groups of birds. In addition, a commitment by landowners to maintain such sites in an 237 

early successional stage is required for the sites to be able to provide appropriate habitat for these 238 

species over long time periods. 239 
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TABLE 1. Hourly mass change rates (± SE) of songbirds during autumn stopovers at a reclaimed 

landfill in the New Jersey Meadowlands, 2011-2013. 

Species Year Age n r2 P g/hr 

Palm Warbler 2011-2013 Immature 264 0.050 <0.001 0.11 ± 0.03 

  

Adult 226 0.001 0.73 

 
Indigo Bunting 2011-2013 All 124 <0.0001 0.83 

 
Lincoln's Sparrow 2011-2013 All 91 0.048 0.036 0.21 ± 0.01 

White-crowned Sparrow 2011-2013 All 132 0.020 0.12 

 
Savannah Sparrow 2011 All 656 0.004 0.10 

 

 

2012 All 357 0.021 0.006 0.14 ± 0.05 

 

2013 All 531 <0.0001 0.95 
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TABLE 2. Recapture rates, length of stay (mean ± SD), and maximum time span 

between initial and final captures of songbirds stopping over at a reclaimed landfill 

in the New Jersey Meadowlands, 2011-2013. 

Species Rate (%) Length of Stay (d) Maximum (d) 

Palm Warbler 3.2 4.8 ± 4.0 14 

Indigo Bunting 12.7 10.1 ± 9.6 29 

Lincoln's Sparrow 18.5 4.7 ± 4.3 16 

White-crowned Sparrow 11.4 5.7 ± 4.9 14 

Savannah Sparrow 7.0 7.3 ±5.2 28 
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TABLE 3. Age distribution of songbirds captured during autumn stopovers at a reclaimed landfill in 

the New Jersey Meadowlands, 2011-2013. 

Species Year Immature Adult 

% 

Immature 

Χ2 P 

Palm Warbler 2011-2013 273 229 54.4 3.9 0.050 

Indigo Bunting 2011-2013 31 94 24.8 31.8 <0.0001 

Lincoln's Sparrow 2011-2013 71 21 77.2 27.2 <0.0001 

White-crowned Sparrow 2011-2013 112 20 84.5 64.1 <0.0001 

Savannah Sparrow 2011 453 204 69.0 94.4 <0.0001 

 

2012 190 168 53.1 1.4 0.25 

  2013 360 172 67.7 66.4 <0.0001 
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TABLE 4. Mean body mass (± SD) and median fat scores of immature and adult songbirds during autumn stopovers at a 

reclaimed landfill in the New Jersey Meadowlands, 2011-2013. 

  

Fat score Body mass 

Species Year Immature Adult U P Immature Adult F P 

Palm Warbler 2011-2013 1 1 30730 0.85 10.2 ± 0.8 10.1 ± 0.7 1.4 0.25 

Indigo Bunting 2011-2013 1 0 1208 0.24 15.8 ± 2.0 15.5 ± 2.4 1.8 0.18 

Lincoln's Sparrow 2011-2013 1 1 729 0.88 17.2 ± 1.3 18.0 ± 2.0 0.3 0.57 

White-crowned Sparrow 2011-2013 1 1 909 0.18 26.7 ± 2.0 27.1 ± 2.2 0.4 0.52 

Savannah Sparrow 2011 0 1 45183 0.58 17.9 ± 1.4 18.1 ± 1.5 1.0 0.32 

 

2012 0 0 15948 0.89 17.3 ± 3.6 17.7 ± 2.1 0.1 0.76 

  2013 0 0 30108 0.67 17.6 ± 1.4 18.0 ± 1.6 9.0 0.003 

 


