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ABSTRACT: Collision mortality of Neotropical migratory songbirds has long
been associated with attraction and disorientation associated with artificial
lighting, particularly in large metropolitan areas. Observation of avian injuries
and mortalities caused from impact with windows during migration has been
well documented. Age structure is also an important factor in assessing
population resiliency. Older birds are typically more effective in producing
young as they tend to arrive earlier, occupy higher quality territories, and
produce greater clutch sizes than yearling (Hatching Year) birds. We used
standardized banding procedures to determine the age and sex of 462 individuals
of 51 species collected during the fall migration in Baltimore, Maryland and
Washington, District of Columbia in 2010 and 2011. Collectors used a
consistent route during a specific time interval to retrieve birds found in the
downtown areas of both cities. Birds were frozen and subsequently aged and
sexed, when possible, following the collection for each migration period. A chi-
square test of homogeneity (goodness-of-fit) was performed to determine if the
overall distribution of After Hatching Year (AHY) and Hatching Year (HY)
birds was different than a 1:1 ratio. A chi-square test of independence
(association) was performed to examine the relationships between age and
location, sex, and year. Sex had the largest influence on age, where 62% of the
birds sexed as unknown were more likely to be aged HY. Birds collected in
Baltimore were more likely to be HY (59%) than those collected in DC (49%).
The distribution of AHY (41%) to HY (59%) of birds killed in 2010 was
different than a 1:1 ratio; however, in 2011 it was not. Year did not have an
effect on the age distribution and did not differ more than 6%. Together, the
mean proportions of AHY and HY birds were largely equivalent, whereas
proportions of HY birds reported by local banding stations outside these
metropolitan areas during this period were suggestive of higher proportions of
HY birds, implying that the detrimental influence of impacts with buildings in
metropolitan areas may have a much greater effect on populations than
previously considered.
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Figure 1. Representative bird causalities collected from metropolitan
District of Columbia in fall 2010. (Photo courtesy of City Wildlife).

INTRODUCTION

Avian mortality resulting from building and window collisions on nocturnal
migrating Neotropical migrants is well documented (Figure 1) (Evans Ogden
1996, Klem 2009; but see Gauthreaux and Belser 2006 for a review). Songbirds
have been reported to experience the greatest rates of mortality, particularly
those that travel the greatest distances (Arnold and Zink 2011). Banks (1979)
estimates that approximately 1.25 million birds are killed in North America each
year due to collisions with television towers. Klem (1990) and Dunn (1993)
estimate that mortality due to window collisions are between 100 million and
one billion birds/year, and Loss et al. (2014) provided estimates that included
low and high rise buildings with mortality estimates of 365-988 million birds
annually (median = 599 million). These estimates are similar to those estimated
from encounters with feral cats, wind turbines, and communication towers
(Manville 2005, Klem 2010, Longcore et al. 2012, Loss et al. 2013). Despite
these estimates, the relative influence of building-strikes resulting in mortality
events contributing to population decreases compared to nest predation and
collisions with radio towers, high wires, and other manmade objects has not
been determined. Arnold and Zink (2011), however, used collision data from
multiple sources and compared those records with trend data from the North
American Breeding Bird Survey. They found only a weak positive correlation (r
= 0.154) and suggested that species impacted by collisions with buildings were

24



Fall 2015 Maryland Birdlife Volume 64, Number 2

likely to have population increases. Results were variable and relationships were
weak.

Age-related increases in offspring production have also been documented for
several species of birds (Saether 1990, Holmes et al. 1992, Martin 1995).
Additionally, nest success and site fidelity have been correlated (Darley et al.
1977, Lozano and Lemon 1999). Birds in their second reproductive year or older
tend to produce more offspring for a variety of reasons. Older birds tend to
arrive at breeding sites earlier, have larger clutch sizes, and fledge more young
than birds in their first reproductive year (Saether 1990, Martin 1995, Roth et al.
1996). Understanding the age-specific rates in mortality of migratory birds
during building and window collisions is important in estimating long-term
effects to populations.

Banders routinely age and determine sex for many species and publish these
data as part of avian monitoring efforts. Some sources are the data compiled and
published in North American Bird-Bander in the Atlantic Flyway Reviews
(Robbins 2011, 2012). Here we report species diversity and age profiles of birds
collected as part of urban avian mortality monitoring efforts and compare these
relationships with data collected from local banding stations to infer on the
relative importance of window and building collisions to the impact of these
events on populations.

METHODS

Birds resulting from building collisions in downtown Baltimore, Maryland, and
Washington, District of Columbia (DC) were collected as part of a standardized
monitoring effort during the falls of 2010 and 2011. Briefly, volunteers
canvassed specific predetermined routes in the downtown areas of each city
beginning in the predawn hours covering approximately 4 km (2.5 mi) from
August through November. The Baltimore route included the nearby harbor area
and the DC route was close to a green space mall area with water nearby. Birds
that were alive were immediately transferred to wildlife rehabilitators for
assistance; those killed were placed in plastic bags along with notes on location
and time. In most cases, location included specific addresses and building
identification. Birds were then frozen, collected at a single coordination site,
assigned to a species, and aged and sexed by the authors using Pyle (1997).
Martin (1964) was used to determine age and sex for American Woodcock
(Scolopax minor). The extent of skull pneumatization could not be performed
given the frozen condition of the carcasses. Only birds collected as part of
canvassing this consistent route were evaluated.

A chi-square test of homogeneity (goodness-of-fit) was performed to determine
if the overall distribution of After Hatching Year (AHY) versus Hatching Year
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(HY) birds killed was significantly different. In other words, the test of
homogeneity determined if there was a 1:1 ratio of AHY to HY birds killed. A
chi-square test of independence (association) was performed to examine the
relationship between age and location, sex, and year. Standardized residuals
were also used to determine exactly where the largest, and in turn, most
significant differences were located within each cross tabulation. Due to small
sample sizes, After Second Year (ASY) and After Third Year (ATY) were
combined with AHY to create one AHY category. All Unknown (U) ages were
excluded.

RESULTS

Over 607 birds were collected as part of this effort during the falls of 2010 and
2011. However, because of condition, age could only reliably be determined for
462 individuals representing 51 species. The top ten encountered species are
presented in Table 1. Together, they constituted 74% of the total evaluated. Over
20 species of warblers (Parulidae) were collected. Five Catharus thrush species,
as well as six American Woodcock, and four White-breasted Nuthatches (Sitta
carolinensis) were of interest.

Table 1. Top ten species collected during 2010 and 2011 fall migration
collection events in downtown Baltimore and District of Columbia.

Common Name Scientific Name ALPHA code % N
White-throated Sparrow  Zonotrichia albicollis  WTSP 30 103
Common Yellowthroat ~ Geothlypis trichas COYE 20 69
Gray Catbird Dumetella carolinensis GRCA 11 37
Ovenbird Seiurus aurocapilla OVEN 10 35
Swamp Sparrow Melospiza georgiana  SWSP 7 24
Song Sparrow Melospiza melodia SOSP 7 24
Hermit Thrush Catharus guttatus HETH 4 15
Dark-eyed Junco Junco hyemalis SCJU 4 13
Wood Thrush Hylocichla mustelina  WOTH 3 12
Yellow-bellied Sapsucker Sphyrapicus varius YBSA 3 12

Sex of collected birds had the largest influence on age (Table 2). Those
categorized as unknown for gender were significantly more likely to be HY age
(62%), as opposed to AHY (38%) (N =462, df = 2, p < 0.001). This was
expected given that age cannot reliably be determined in many species of young
HY birds (Pyle 1997). Due to the large number of birds of unknown sex (AHY
[N =108] and HY [N = 179]), few correlations could be made between sex and
age.
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Table 2. Sex of collected birds versus age. Results of the chi-square
homogeneity (goodness-of-fit; a) and association (independence: b & c) of age
and sex of birds collected during 2010 and 2011 fall migration surveys in
downtown Baltimore and District of Columbia.

Age
Sex AHY HY Total
Female Count 35 16 51
% within Sex 68.6% 31.4% 100.0%
_______________ Standardized Residual 2.6 -23
Male Count 63 61 124
% within Sex 50.8% 49.2% 100.0%
_______________ Standardized Residual 1.0 09
Unknown Count 108 179 287
% within Sex 37.6% 62.4% 100.0%
Standardized Residual  -1.8 1.6
Total Count 206 256 462
% within Sex 44.6% 55.4% 100.0%

Collection location also influenced age to a small extent (Table 3). Those
located in Baltimore were more likely to be HY (59%), as opposed to AHY
(41%) when compared to those found in DC (HY [49%], AHY [51%]; p <
0.030).

Table 3. Collection location versus age. Results of the chi-square homogeneity
(goodness-of-fit: a) and association (independence: b & c) of age and collection
location of birds collected during 2010 and 2011 fall migration surveys in
downtown Baltimore and District of Columbia.

Age
Location AHY HY Total
Baltimore Count 119 173 292
% within Location 40.8% 59.2% 100.0%
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Standardized Residual 10 09
DC Count 87 83 170
% within Location 51.2% 48.8% 100.0%
Standardized Residual 1.3 -1.2
Total Count 206 256 462

% within Location 44.6% 55.4% 100.0%
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The distribution of AHY (41%) to HY (59%) birds killed in 2010 was different
than a 1:1 ratio (N = 202, df = 1, p < 0.02) (Table 4). However, in 2011, the
difference (AHY [47%]; HY [53%]) was not different than a 1:1 ratio (N = 260,
df =1, p = 0.39). Collection year proved to not have a statistically significant
effect on age distribution; however AHY and HY proportions did differ by
approximately 6% between 2010 and 2011 (p = 0.182).

Table 4. Collection year versus age. Results of the chi-square homogeneity
(goodness-of-fit: a) and association (independence: b & c¢) of age and collection
year of birds collected during 2010 and 2011 fall migration surveys in
downtown Baltimore and District of Columbia.

Age
Year AHY HY Total
2010 Count 83 119 202
% within Year 41.1% 58.9% 100.0%
,,,,,,,,,,,,,,,,,,,, Standardized Residual 0.7 0.7
2011 Count 123 137 260
% within Year 47.3% 52.7% 100.0%
Standardized Residual 0.7 -0.6
Total Count 206 256 462
% within Year 44.6% 55.4% 100.0%

DISCUSSION

There are differences between species in their probability for collisions with
urban buildings. Species with a relatively high incidence (termed “super
colliders”) were 25 to 57 times more likely than others to collide with a building
(Arnold and Zink 2011). According to Arnold and Zink (2011), the five top
species identified as colliders with buildings were Swamp Sparrow (Melospiza
georgiana), Brown Creeper (Certhia americana), Black-throated Blue Warbler
(Setophaga caerulescens), Nelson’s Sparrow (Ammodramus nelsoni), and Fox
Sparrow (Passerella iliaca). In the present study, the top five colliders were:
White-throated Sparrow (Zonotrichia albicollis, N = 103), Common
Yellowthroat (Geothlypis trichas, N = 69), Gray Catbird (Dumetella
carolinensis, N = 37), Ovenbird (Seiurus aurocapilla, N = 35) with Swamp
Sparrow (N = 24) and Song Sparrow (Melospiza melodia) (N = 24) tied at fifth.
Interestingly, these species are typically within the top ten for many banding
stations in the Mid-Atlantic Region during this time period (Robbins 2012).
Some species, because of life history or physiological characteristics are at
greater risk of fatality from building collisions. However, data from local
banding stations suggest that flight frequency, timing, and group density of
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some migratory species may also increase their probability of risk of collision
mortality.

Greater mortality of naive individuals (e.g., yearlings) has been suggested
during long migratory events (Sherry and Holmes 1995). Older, experienced
breeders have the greatest potential for reproductive success and therefore affect
population growth rates (Saether 1990, McDonald and Caswell 1993, Martin
1995). The data collected from the present study found that proportions of AHY
and HY birds collected post mortem from downtown Baltimore and the District
of Columbia were not different, whereas during this period proportions of HY
birds banded at nearby banding stations were largely higher, likely a result of
offspring born that year (HY birds). This suggests that a significant proportion
of birds killed from building collisions are experienced, post-breeding adults. In
2010, there was a slightly larger proportion of HY birds (59%) that were Killed
compared to AHY (41%); in 2011 the difference was not much different from a
50:50 distribution. These data are in marked difference from those collected at
nearby banding locations where during this same period, the mean percentage of
HY's was 84% in 2010 and 79% in 2011 (Robbins 2011, 2012). These included
data from banding stations in the Maryland Piedmont (Eden Mill, Laurel, and
Patuxent) and Coastal Plain (Foreman’s Branch and Kiptopeke). The banding
station with the highest percentage of HY's (i.e., Kiptopeke) was 92% and 95%
in 2010 and 2011 (mean values for both years provided in Figure 2),
respectively, approximately 40% higher in 2011 than the results from building
collisions presented here. These results suggest that a greater proportion of older
birds are striking buildings as a result of nocturnal collisions in metropolitan
areas—birds most productive in producing offspring.

These comparisons, however, must be considered preliminary and are not
without assumptions. Birds processed as part of banding operations are typically
captured at low heights (up to 3 m [10 ft]), whereas migrating birds collected at
ground level after impact with tall buildings may have collided at higher levels.
Other investigators have reported that 90% of collisions occur in the first 12 m
[39 ft] above ground level (Evans Ogden 1996; but also see Loss et al. 2014).
Additionally, banders use skull pneumatization as a means for determining age;
this was not feasible for the birds collected and stored frozen. Lighted
buildings/structures have been suggested by many as an attractant (Evans Ogden
1996, Jones and Francis 2003, Manville 2005, Gauthreaux and Belser 2006).
Banding stations often operate during daylight hours away from urban areas.

Although Arnold and Zink (2011) did not find a strong relationship between
species found to be “super colliders” and population trends reported from data
collected in the Breeding Bird Survey (BBS), there are several plausible
explanations for this. As BBS routes are contingent upon observations proximal
to roads, and that observers are constrained by aural and visual cues, these data
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Figure 2. Percentages of After Hatching Year (AHY) and Hatching Year
(HY) birds. Collected (Baltimore and DC) or banded (other banding stations)
during fall migration from August through November in 2010 and 2011 in the
Maryland/Virginia Piedmont (Eden Mill, Laurel, and Patuxent) and Coastal
Plain (Foreman’s Branch and Kiptopeke) (Robbins 2012). Mean values were
used to represent data for both years.

can be variable and may not consider trends in some species where either
proximity to roads or variation due to observer error is considerable. In the case
of building collisions at night, these data may represent the attractiveness of the
threat where observations include individuals that were actually handled and
measured. Additionally, their evaluation is correlational at best, and does not
provide data that could make a cause and effect determination (Shaub et al.
2011); other shortcomings were also suggested (Klem et al. 2012). Regardless,
the magnitude of the difference in the proportions of first-year and older birds
from collision mortality and those from regional banding stations are
considerable, suggesting a greater importance of this threat to populations than
previously considered.
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