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Abstract 

 

Major changes in the earth’s climate and land cover over the last century are 

having wide-ranging effects on flora and fauna. Understanding how these changes affect 

on species distributions is essential to conserve and manage populations.  Several studies 

that have examined distributional shifts among avian species have detected poleward 

shifts and attributed these trends to recent climate change.  However, the American 

Midwest differs from the areas in which these studies were conducted in landscape 

composition, patterns of land cover change, and species assemblages, making it an ideal 

region to test whether poleward distributional trends transcend these ecological 

differences.  Furthermore, to my knowledge, no multi-species avian studies to date have 

used spatially and temporally explicit climate and land cover data to understand which 

factors contributed to observed changes in distributions.  I used detailed grid-based data 

collected during two Ohio Breeding Bird Atlas projects (1982–1987 and 2006–2011) to 

quantify long-term changes in latitudinal extent, center of occurrence, and number of 

block occurrences for 71 species.  Additionally, I selected 17 representative songbird 

species and modeled their Ohio distributions in Atlas II using climate and/or land cover 

data from the same time period.  This information was then back-projected with 

environmental data from the Atlas I time period to determine how changes in 

environmental determinants affected models of habitat suitability, and whether implied 

change in habitat suitability accurately predicted gains and losses of species from atlas 
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blocks.  My results indicated a northward shift in the northern boundaries of southerly 

species (6.8 ± 4.5 km) and a southward shift in both the southern boundary and center of 

occurrence of northerly species (11.8 ± 6.1 and 5.7 ± 3.8 km, respectively).  Models that 

included both climate and land cover were best at predicting current avian distributions.  

However, land cover changes, particularly in forest and agricultural lands, were the most 

important determinants of current distributions and were the main drivers of local 

colonization and extinction events at the ~25 km
2
 scale of this study.  Several climatic 

factors were important predictors of species’ current distributions indicating that with 

larger temperature increases predicted for this region, these factors may become 

important drivers of avian distributional change. Our study suggests that climate change 

has already affected the distributions of bird species in Ohio, as evidenced by northward 

shifts in southerly species.  However, over the 25-year study period, land cover changes 

were paramount in determining changes in avian distributions and likely driving 

southward shifts in northerly species.  This study suggests that through strategic planning, 

including landscape-scale adaptive habitat management, land managers can build greater 

resilience to the more extreme climate pressures predicted by the end of the century. 
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Chapter 1: Introduction 

 

Why organisms occur in some places and not others is a central question in the 

field of biogeography.  Species distributions are influenced by many factors including 

environmental features (e.g. climate and landforms), extrinsic biotic factors (e.g. 

interspecific competition and predator-prey relations), and intrinsic characteristics of 

species (e.g. resource requirements and dispersal abilities; Brown et al. 1996).  

Determining how these factors interact to produce the species distributions we observe 

today is a complex undertaking, especially in the context of dynamic environments.  

Substantial evidence indicates that the global climate has changed over recent 

decades, generally warming with shifting precipitation patterns, with these trends likely 

continuing over the next hundred years (IPCC 2007).  Additionally, humans have 

drastically altered the Earth’s surface, transforming 40-50% of ice-free land (Vitousek 

1994).  Climate change and land cover change have emerged as major drivers of recent 

distributional shifts observed across a variety of taxa, including birds (Root et al. 2003, 

Parmesan 2006, Walther et al. 2002, Pimm and Raven 2000, Foley et al. 2005). A 

poleward shift in bird distributions, likely in response to warming climatic trends, has 

been demonstrated in several recent studies (Zuckerberg et al. 2009, Hitch and Leberg 

2007).  Land cover changes, such as urbanization or agricultural intensification, are also 

strongly associated with changes in the distribution and abundance of birds in some 

systems (Reif et al. 2010, Chace and Walsh 2006).  However, climate and land cover 

changes do not operate independently of each other and may interact in ways that 

increase the impacts on avian populations (Reif et al. 2010).   
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 Understanding how species’ distributions are affected by large scale 

environmental changes such as climate and land cover change requires long-term broad-

scaled data sets.  Biological atlases are one tool used to quantify and characterize the 

dynamic distributions of organisms.  Atlases are spatial inventories of species conducted 

over relatively large regions, often for a set period of time and at fine scales (Robertson et 

al. 2010, Dunn and Weston 2008).  This detail at a regional scale is accomplished with 

the help of volunteers via “citizen science” (Robertson et al. 2010).  Atlases have been 

conducted on a wide range of species including birds, butterflies, amphibians and plants 

(Robertson et al. 2010).  Breeding Bird Atlases (BBAs) are grid-based surveys used to 

document the distribution (and sometimes abundance) of all bird species that breed 

within a given country, state, or county (Dunn and Weston 2008, Gibbons et al. 2007), 

resulting in a presence/absence record for every bird species in each quadrant of the 

survey region.  Although first atlases are important to establish a baseline inventory, 

comparing results to subsequent atlases provides an opportunity to assess changes in 

avian distributions, and thus atlases are often repeated in the same region at regular time 

intervals (e.g. every 20 or 25 years).  This is especially important given declining bird 

populations in North America (Robbins et al. 1989) and widespread environmental 

change.   

Over two hundred terrestrial bird atlases have been conducted worldwide, ~81% 

of which have been specific to breeding birds, and 56% (Dunn and Weston 2008) or 75% 

(Gibbons et al. 2007) of which were done in Europe.  Ohio is one of many states in the 

U.S. to have completed a state breeding bird atlas, conducting its first BBA from 1982 to 

1987.  In 2006, Ohio became the 11
th

 U.S. state to initiate a second atlas, completing 

fieldwork in 2011.  These atlas periods are thus separated by approximately 25 years.   

BBAs differ from other avian surveys in that they are conducted at finer spatial 

scales and are more spatially systematic than Breeding Bird Surveys (BBS) or Christmas 

Bird Counts, while still being conducted over large geographic extents. Additionally, 

BBAs focus on the breeding status of the bird, indicating what areas birds are using for 
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reproduction.  These characteristics of BBA’s make them unique in their ability to 

elucidate landscape-scale patterns in the distribution of birds during their reproductive 

phase. Although changes in avian species distributions in North America have been 

examined, these data have generally been collected at a coarse scale (Hitch and Leberg 

2007).  A few publications have documented distribution shifts based on BBAs, however 

these studies were mostly conducted in Europe (Thomas and Lennon 1999, Brommer 

2004).  One exception is a recently published paper by Zuckerberg et al. (2009) which 

found a poleward shift in breeding bird distributions in New York State between the first 

and second state atlases.  As the Zuckerberg study indicates, there is a need for further 

study of avian distributional shifts in North America at this finer scale so as to be able to 

more closely examine the mechanisms responsible for these changes.  Additionally, few 

if any studies have examined avian distributional changes in relation to spatially and 

temporally explicit climate or land cover change data.  Rather studies have indirectly tied 

distribution changes to these environmental changes (e.g. Thomas and Lennon 1999, 

Brommer 2004, Thaxter et al. 2010, Reif et al. 2010).  This is the next crucial step in 

understanding not only how avian distributions are changing but why. 

My research examined distributional changes in avian species between the first 

Ohio Breeding Bird Atlas (1982–1987) and the second (2006–2011) as well as potential 

causes of these changes.  I focused on changes in climate and land cover as these are 

likely the most significant landscape level changes affecting bird populations (Vitousek 

1994, Root et al. 2003, Parmesan 2006).  The American Midwest differs from areas 

where avian distributional studies have been previously conducted in terms of landscape 

composition, patterns of land cover change, and species assemblages, making it an ideal 

region to test whether poleward distributional trends transcend these differences.  

Additionally, this work examines both the character of distributional changes as well as 

multiple possible drivers of this change simultaneously in a spatially explicit manner, 

allowing for a novel understanding of the causes of avian distribution changes.  

Understanding these patterns may have profound implications for how we manage and 

protect avian populations, especially those with realized or potential declines.  
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BACKGROUND 

The Distribution of Organisms 

The study of biogeography examines the patterns and processes that determine the 

spatial location of species (Brown et al. 1996).  The distribution of organisms is 

determined by many factors.  These include the intrinsic characteristics of an organism, 

such as its environmental tolerances, resource requirements, life history strategies, and 

demographic and dispersal attributes.  Characteristics of an organism’s extrinsic 

environment, such as climate, landforms, and other geographic features, are also crucial 

in determining where it will exist (Brown et al. 1996).  Additionally, extrinsic biotic 

factors such as interspecific competition and community dynamics also affect the 

distribution of a species (Ricklefs 2004).  Although studies have identified many factors 

that affect the geographic ranges of organisms, many of the processes behind these 

patterns are not well understood (Brown et al. 1996).    

The relative importance of environmental versus biotic factors in determining 

species distributions has generated much debate among biogeographers (Ricklefs 2004).  

On a regional scale, species distributions may be influenced more strongly by long-term 

environmental factors such as climate and landforms.  However, community interactions 

and dynamics may limit populations on a local scale (Ricklefs 2004).  An alternative 

hypothesis is that environmental factors are paramount in areas where environmental 

stress is high, such as at high latitudes and altitudes. However, where environmental 

stress is low, such as in warm, moist environments, more species are able to compete and 

biodiversity is higher, increasing the importance of biotic factors (Brown et al. 1996).  

Factors such as dispersal, colonization events, the role of source-sink populations, and 

historical distributions may also be important in determining the current range of a 

species (Brown et al. 1996).  
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Environmental variables, including climatic patterns such as maximum or 

minimum temperatures or changes in phenology due to climatic changes may have direct 

effects on distributions.  For example, climatic factors such as average minimum January 

temperature and mean length of frost-free period are frequently associated with the 

northern range limits of wintering North American birds (Root 1988).  Additionally, 

phenology may be an important evolutionary adaptive driver of plant distributions, which 

may be limited by having enough time during the growing season to complete their 

annual reproductive cycle on the more poleward end of their range and limited by 

temperatures low enough to break bud dormancy on the more equatorial end of their 

range (Chuine 2010).  In turn, plant distributions determine the composition and structure 

of habitats which in turn drive wildlife distributions.  The length of the growing or 

breeding season as determined by climatic factors, may potentially influence avian 

distributions in a similar way as plants by affecting their ability to complete annual cycles 

and respond to environmental cues. 

Gradual expansions and contractions in a species’ range are often caused by 

changes in critical environmental conditions such as climate or habitat structure (Gaston 

1990, Taulman and Robbins 1996).  In some cases, one or two environmental factors may 

limit the range of a species, which if altered may cause the species to be “released” and 

rapidly gain new territory until the limit of another constraining factor is reached.  This 

was observed in the armadillo (Dasypus novemcinctus) along the Texas/Mexico border 

whose range expanded dramatically after European settlers arrived and reduced hunting 

pressure on the species as well as changed the fire regime (Taulman and Robbins 1996).  

Biotic interactions may also be important in determining species ranges and this 

can lead to range shifts over time (Brown et al. 1996, Ricklefs 2004).  As the range of 

one species shifts or changes in abundance, other organisms in the ecosystem may be 

affected through shifting competitive dynamics, predator-prey interactions, insect-host 

plant relationships, or food availability (Brown et al. 1996, Ricklefs 2004).  Much of the 

initial work on this topic was theoretical, however recent examinations of species’ 
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differential responses to climate change and the resulting potential or realized ecological 

mismatches and asynchronies (Parmesan 2006) have contributed observational evidence 

that supports this theory. 

Abundance and distribution are both important measures used to quantify the 

presence of a species over space and may respond differently to changes in the physical 

or biotic environment.  However, there are important relationships between the 

distribution and abundance of a species, and it is therefore necessary to understand the 

larger patterns of species abundance when examining species distributions (Brown et al. 

1996, Caughley et al. 1988). Species distributional theory predicts that a species’ 

abundance varies with distance from the center of its distribution and in the absence of 

major geographic barriers population densities gradually decline, becoming least 

abundant at range boundaries (Brown 1984).  Thus species with higher abundances in the 

core of their range should have larger ranges, and vice versa, which was supported by a 

study of North American bird species (Brown and Maurer 1987).  However, it was later 

documented that local abundance of many North American bird species is often patchy, 

and can vary dramatically, even in the center of a range (Brown et al. 1996, 1995).  Many 

of our current survey methods and regional range maps are created at a coarse-scale and 

thus generalize distributions, inaccurately describing this local patchiness (Brown et al. 

1996).   

The relationship between the distribution and abundance of organisms can also 

affect changes in the ranges of species, including birds (Bock and Ricklefs 1983, Brown 

1984). It is predicted that populations experiencing an increase in abundance will have 

expanding ranges while shrinking populations will see range contractions.  Although this 

was supported in several European avian studies (Fuller et al. 1995, Newton 1997), two 

studies using North American BBS data failed to support this prediction (Rodriguez 

2002, Gaston and Curnutt 1998).   

The boundaries of species ranges are especially dynamic for mobile species such 

as birds, butterflies, and insects which are less constrained by geographic features, like 
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coastlines or mountain ranges (Brown et al. 1996).  Successive breeding bird atlases in 

Europe (Gibbons et al. 1993) and North America (McGowan and Corwin 2008, Cadman 

et al. 2007) demonstrate the plasticity of avian range boundaries over relatively short time 

scales (e.g. 20 years; Thomas and Lennon 1999).  In some instances these changes 

demonstrate a widespread trend, such as a directional shift in distributions (Zuckerberg et 

al. 2009), however in other cases changes seem to be localized, patchy, or species 

specific (Taper et al. 1995). 

 

Climate Change and Avian Distributions 

Documented climate change 

The fact that the earth’s climate is warming is unequivocal (IPCC 2007).  The 

global rate of temperature change over the past 50 years is about + 0.13°C (0.10°C to 

0.16°C) per decade.  Moreover, the rate of change has been steadily increasing, such that 

eleven of twelve years from 1995 – 2006 were among the 12 warmest since the 

instrumental record of global surface temperature began in 1850 (IPCC 2007).  Across 

the globe, cold days, cold nights and frost have become less frequent, while hot days, hot 

nights and heat waves have become more frequent (IPCC 2007).  

However, temperatures have not changed uniformly across the globe (Walther et 

al. 2002).  The Midwestern United States has seen a smaller rise than the global average 

over this general time period, with the largest increases in winter (Wuebbles and Hayhoe 

2004, Hassol 2009).  For example, mean global temperatures have increased by almost 

0.4°C during the time period of this study (1982–2007; IPCC 2007) while temperatures 

in Ohio have increased by less than 0.1°C (Girvetz et al. 2009).  Within the past several 

decades the length of the frost-free or growing season has been extended by one week in 

the Midwestern region, mainly due to an earlier last spring frost date (Hassol 2009).  

However, temperature trends in the Midwest are characterized by high annual and daily 

variability which can make it difficult to detect changes in long term trends (Wuebbles 

and Hayhoe 2004).  Temperature is not the only climatic factor that has changed in recent 
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years.  In the Midwest, summer and winter precipitation has been above average for the 

last three decades, and heavy downpours are now twice as frequent as they were a 

century ago (Wuebbles and Hayhoe 2004, Hassol 2009).  With warmer temperatures, 

lake effect snow in northeastern Ohio is likely to decrease and manifest as lake effect rain 

(Wuebbles and Hayhoe 2004).  However, precipitation in the Midwest is also highly 

variable, especially in the winter, making trends less certain (Wuebbles and Hayhoe 

2004).  

Climate projections for ‘mid-range’ (A2/B2) scenarios based on emissions 

predictions (stemming from differences in projections of demographic, social, economic, 

technological, and environmental developments) suggest that annual average daily 

maximum temperatures will increase 3–6 ◦C over the Great Lakes region by the end of 

the 21
st
 century, with changes varying by season (Wuebbles and Hayhoe 2004).  Average 

winter precipitation across the region is likely to increase, while summer precipitation 

will likely remain the same or decrease (Wuebbles and Hayhoe 2004).     

 

Effects of climate change on organisms 

Climate can affect organisms through a variety of direct and indirect mechanisms.  

As mentioned above, climate is not limited to the mean annual temperature, but rather 

encompasses a range of variables.  As a result, as climate changes, the effects on 

organisms are numerous and complex.  Although this description is not exhaustive, it 

points out many of the proposed and observed patterns in organisms’ responses to climate 

change that are most significant to avian populations in the context of this study. 

Widespread responses to recent global climate change of organisms across diverse 

taxa and ecosystems has been demonstrated in several review articles (IPCC 2007, Root 

et al. 2003, Parmesan 2006, Walther et al. 2002, Feehan et al. 2009).  Root et al. (2003) 

identified four ways in which organisms may respond to climate change:  
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1) Species density in an area and distribution may shift upward in latitude or 

elevation as species move to occupy areas within their metabolic temperature 

tolerances.  

2) Changes may occur in the timing of biological events (phenology), such as 

migration, flowering or egg-laying, as these events are often triggered by 

climate-related cues. 

3) Changes in morphology (such as body size) or behaviors may occur. 

4) Genetic frequencies may shift. 

There is evidence that the distributions of many organisms have shifted upward in 

latitude or elevation in recent decades in response to increases in average temperatures 

(Root et al. 2003, Parmesan 2006, Walther et al. 2002, Konvicka et al. 2003, Hickling et 

al. 2006).  For example, a meta-analysis of 143 studies spanning aquatic and terrestrial 

organisms from plants to invertebrates to mammals, showed that more than 80% of 

species that experienced range shifts, moved in a direction consistent with warming 

trends (Root et al. 2003).  In some situations the interaction of multiple climatic factors, 

such as temperature and precipitation, may alter the effects on an organism.  For 

example, a recent study predicted that increased precipitation will positively influence the 

distribution and abundance of Grey-headed Robins (Heteromyias albispecularis) along 

an elevational gradient if climate also warms, but will negatively influence populations if 

climate cools (Li et al. 2009).   

 Evidence suggests that vegetation communities in particular have already shifted 

in response to recent climatic changes (Parmesan 2006, Walther et al. 2002, Sturm et al. 

2001).  For example, over the last 50 years in tundra ecosystems in northern Alaska there 

has been an increase the size and density of shrubs, as well as the expansion of shrubs 

and white spruce trees (Picea glauca) into areas formerly north of tree line.  Another 

study, conducted in the eastern U.S. using Forest Inventory and Analysis data for 40 tree 

species, found that the mean latitude of seedlings was significantly farther north (> 20 

km) than the mean latitude of tree biomass in northerly species [e.g. Paper Birch (Betula 
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papyrifera), Sugar Maple (Acer saccharum), Quaking Aspen (Populus tremuloides)], 

while southerly species had no shift, and species with wide latitudinal ranges exhibited 

southern expansion [e.g. Red Maple (Acer rubrum), White Oak (Quercus alba)].  This 

study suggested that northward migration of trees in the eastern U.S. is underway with 

rates approaching 100 km/century for many species, and that the species with wide 

ranges may be filling vacated niches (Woodall et al. 2009).  Additionally, models that 

included climate change predicted that suitable habitat for eastern tree species will 

continue to shift, generally northeast, with 120 of 134 species predicted to gain or lose 

more than 10% of their current area over the next century (Iverson et al. 2008).  

Predictive models suggest that changes in vegetation over the next 75 years may be more 

dramatic than what has been observed to date (Thuiller et al. 2005).  Unlike birds, many 

plants, and other less mobile organisms, are more limited in their ability to disperse to 

new areas of suitable habitat.  For example, a modeling study on 102 tree species of 

eastern North America, found that low abundance of individuals at the northern edges of 

their range may limit a species’ capacity to migrate, and at southern edges may result in 

range erosion and regional extinction (Murphy et al. 2010).  Together, these studies 

suggest that future range contractions are likely for many plant species, especially trees 

(Murphy et al. 2010).  These changes not only affect floral communities, but may in turn 

be an important driver of change in faunal communities. 

The timing of events in nature, or phenology, is also strongly affected by climate.  

Meta-analyses of phenological records indicate that spring onset has occurred earlier and 

earlier over recent decades in the Northern Hemisphere (Walther et al. 2002, Parmesan 

2007).  This is evidenced by the timing of bud-break, shooting and flowering of plants, 

the arrival date of spring migrant birds and butterflies, and the onset of breeding across 

many faunal species.  A recent meta-analysis found an overall spring advancement across 

the northern hemisphere of 2.8 days per decade, although significant variation across 

species and studies was noted (Walther et al. 2002, Parmesan 2007).  Avian phenological 

responses to climate change are particularly well studied.  Changes have been observed in 

the timing of spring migration (Penuelas et al. 2002), the onset of egg laying or length of 
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breeding season (Walther et al. 2002), and the likelihood of double-brooding (Moller et 

al. 2010).  These changes can influence reproductive success at the individual or 

population level (Moss et al. 2001, Lehikoinen et al. 2006).  Delays in the timing of 

autumnal phenological events, such as leaf coloring and the onset of bird migration, have 

also been observed, but studies are conflicting (Walther et al. 2002) 

Organisms within the same community may respond differently to climate 

change, altering community structure and dynamics (Parmesan 2006, Walther et al. 

2002).  Predator-prey and plant-insect interactions can be disrupted when interacting 

species respond differently to warming, although documented accounts of these impacts 

are rare (Parmesan 2006).  The decoupling of the timing of events in nature, or 

asynchrony, may occur when species respond to different cues to determine the timing of 

events.  One documented example is the decoupling of hatching dates in Great Tits 

(Parus major) and peak caterpillar abundance, their main food source (Visser et al. 

1998).   

As climate changes, it may not change uniformly across seasons or regions.  

However, changes in one season (e.g. winter) can still have important carry-over effects 

into another season (e.g. the breeding season).  For example, milder winters with less ice 

cover, positively affected the body condition of female Common Eiders (Somateria 

mollissima) which carried over into the breeding season resulting in higher fledgling 

success (Lehikoinen et al. 2006).  This suggests that in order to understand how climate 

change is impacting organisms, it is important to examine the climate variables that 

species experience throughout the year, including different regions for migrant species. 

 

Effects of climate change on bird distributions 

 Few detailed studies have examined the relationships between climate change and 

avian distributions and abundances, and most of these studies have come from Europe 

(Harrison et al. 2006, Lemoine et al. 2007, Thomas and Lennon 1999). Studies using 

British and Finnish Breeding Bird Atlas data demonstrated a northerly shift in northern 
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range boundaries (18.9 km over 20 yrs and 18.8 km over 12 yrs, respectively), but no 

significant shift in southern range boundaries, after controlling for overall abundance 

shifts and geographic constraints (Harrison et al. 2006, Lemoine et al. 2007, Thomas and 

Lennon 1999).   Decreasing abundance in avian species with northerly ranges and 

increasing abundance of southerly species was found in central Europe using BBA data 

(Thomas and Lennon 1999).  A predictive study of the distributions of a variety of 

European species, including birds, predicted northeasterly shifts in many species with 

some species predicted to experience range expansions while others experience range 

contractions (Harrison et al. 2006). 

Several studies from North America have also tested for directional change in 

both breeding and wintering ranges of bird species using Breeding Bird Survey (BBS) or 

Christmas Bird Count data.  These datasets generally cover large regions but are much 

less spatially detailed than BBA data.  Such studies have found an expansion of the 

northern limit of avian ranges, similar to those found in Europe.  Hitch and Leberg (2007) 

used BBS data for 56 species and found that northern range boundaries expanded 

northward by 2.35 km/year, but did not also expand southward, indicating that the range 

shifts observed were not due to overall range expansion.  La Sorte and Thompson (2007) 

found an average northward shift of 1.48 km/year in northern boundaries, and a 0.45 

km/year shift in the center of occurrence (defined as mean latitude of occurrence) for 254 

species of wintering North American avifauna.  They stressed the need to test for more 

than just shifts in range boundaries because the dynamic nature of change at the range 

extent often leads to larger and more variable responses among species.  Therefore, they 

introduced the center of occurrence as a more conservative measure of range shifts. 

Observed northern shifts in avian winter ranges in Cape Cod, MA were correlated with 

an increase in local minimum temperatures (Valiela and Bowen 2003).  Although local 

changes in land use were important in this study, poleward distributional shifts were still 

apparent. 

Thus far, only one North American study has examined shifts in the distribution 

of breeding birds on a scale similar to the Ohio BBA.  Data from the first and second 
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New York State BBA (1980-1985 and 2000-2005, respectively) showed a significant 

northward shift in southern, but not northern range boundaries, a unique finding among 

recent studies of avian distributional shifts (Zuckerberg et al. 2009).  Zuckerberg et al. 

(2009) found northward shifts in 51% of 41 species with northern boundaries (mean = 

9.60 km, insignificant: p = 0.07) and 52% of the 43 species with southern boundaries 

(mean = 11.4 km, p < 0.001).  Fifty-seven percent of the 129 species studied, showed a 

northern shift in the center of occurrence, while 43% of species demonstrated a shift 

southward.  In regions with altitudinal gradients, shifts in avian distributions to higher 

elevations have been observed, including a study conducted in the Italian Alps using 

BBA data (Popy et al. 2010).  In contrast, Zuckerberg et al. (2009) found a decline in the 

average elevation across species, with no change in upper or lower elevational 

boundaries.   

Predicting future distributions of avian populations under various climate change 

scenarios has been the focus of many studies.  Several of these studies have predicted 

range contractions (Virkkala et al. 2008) or directional shifts in range boundaries, 

generally poleward, some with quite severe changes predicted (Harrison et al. 2006, 

Brommer 2004, Huntley et al. 2006).  A large study conducted in the eastern United 

States used BBS data and tree species distributions (to quantify habitat availability) to 

model current and predicted future avian distributions and abundances for 150 species 

under two climate models.  They predicted changes in both distribution and abundance 

for many species, with more species declining than increasing in both abundance (50–

52%  vs. 19–22%) and area (~40% vs. ~20%) within the eastern U.S. (Matthews et al. 

2011).  Greater range contractions are predicted for some trans-Saharan migrants as both 

their wintering and breeding ranges are likely to be negatively affected by climatic 

changes (Barbet-Massin et al. 2009).  The ability to predict range shifts may be important 

for the management of species of interest (Hu et al. 2010).  However, it is important to 

remember that these predictions are made from models and should be carefully evaluated.  

Beale et al. (2008) found evidence that the climate-envelope models used in many such 

studies were not good predictors of future bird distributions. They used null models to 
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demonstrate that species-climate associations found by climate envelope methods were 

no better than chance for predicting distributional changes in 68 of 100 European bird 

species (Beale et al. 2008).   

 

Land Cover Change and Avian Distributions 

Documented land cover change 

Climate is not the only environmental factor that has changed dramatically across 

the globe in recent years.  Human land use and the resulting change in land cover are 

continuously reshaping the earth’s surface.  Humans have transformed 40–50% of the 

planet’s ice-free land surfaces, changing natural systems such as prairies, forests and 

wetlands into largely agricultural and urban systems (Vitousek 1994, Chapin et al. 2000).  

Approximately 40% of the world’s land surface is now cropland or pasture with dramatic 

increases both in extent and in intensity.  For example, fertilizer use increased by ~ 700% 

over the past 40 years (Foley et al. 2005).  Additionally, there has been a worldwide 

expansion of urban and suburban areas, an increase in habitat fragmentation, and changes 

in disturbance regimes. 

The U.S. Geological Survey is currently undertaking a large project to assess land 

cover change across the United States over the time period of 1973–2000, and have 

completed some, but not all, regions to date.  In the completed Eastern U.S. report, which 

includes the southeastern part of Ohio (~1/3 of the state), most changes in land cover 

were caused by forest harvesting and regrowth, agricultural abandonment, and urban 

development.  The largest increases in land cover were in developed lands (e.g. urban and 

suburban), which now account for 10.6% of the land area in the Eastern U.S. region, and 

mechanically disturbed lands (mostly due to forest harvesting) which now cover 2.2%.  

The greatest decreases were observed in forested and agricultural lands (Loveland and 

Acevedo 2010).  The Midwest reports, which include the rest of Ohio, are not yet 

completed. 
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 The amount of urban and suburban land in Ohio specifically has also increased 

over the past 25 years.  Twelve Ohio counties had over 20,000 new acres of urban 

development from 1982 to 1997, with the vast majority of counties seeing an increase in 

urban lands of at least 4,000 acres (Reese 2001).  A study conducted by the Ohio 

Department of Natural Resources examined land cover change over 20 years (1974–

1994) in Ohio’s Lake Erie watershed and found that the largest net increase was in urban 

development coupled with a loss in both agricultural/open urban (e.g. golf courses, lawns, 

parks) and wooded lands (Schaal and Motsch 1999).  However, this summary ignored the 

spatial shifts in land cover that did not result in net changes; these were numerous and are 

probably ecologically important.  For example, if forest losses in one region were offset 

by an equivalent amount of regrowth in another, the entire area would have a net change 

in forest cover of zero.  There has also been an increase in agricultural intensity in Ohio 

over the last century, resulting in larger farms, lower crop diversity and more 

homogenous agricultural landscapes (Medley et al. 1995).  In southwest Ohio these 

changes led to lower fragmentation as land use polarized, and increases in both 

agricultural and forested (protected in state parks) lands (Medley et al. 1995).  Because 

different parts of the state are dominated by different land use types, land cover change 

likely varies substantially by region. 

Land cover change may also occur as vegetation re-grows following human 

disturbances, rather than as a result of direct human manipulation.  This pattern is 

witnessed in the forests of the eastern U.S., including Ohio, which were largely cut down 

in the 1800’s and early 1900’s, but have reestablished in meaningful amounts.  Prior to 

European settlement, forests may have covered up to 95% of Ohio, but by 1940 only 15% 

of the state’s land was forested.  By 1994, forest cover in Ohio had increased to 30%, and 

is continuing to increase, with most regeneration occurring in the southeastern part of the 

state (ODNR Division of Forestry 2011).  These forests are now in various stages of 

succession, although in total, early-successional forests have declined throughout the 

northeast over the past 50 years (1946–1998; Trani et al. 2001).   
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Effects of land cover change on organisms 

Recent changes in global land cover that impact organisms include increasing 

urbanization or suburban sprawl (Blair 1996, Pidgeon et al. 2007), change in amount of 

rangeland and agricultural land and agricultural intensity (Stoate et al. 2001), altered 

microclimate (Arnfield 2003), habitat fragmentation (Saunders et al. 1991), and changes 

in habitat structure (Holmes and Sherry 2001, Brawn et al. 2001).   

These land cover changes may affect organisms through various mechanisms.  

Land cover change can directly affect organisms through the alteration of habitat 

structure and vegetation in a region.  Habitat loss is the leading cause of species 

extinction (Pimm and Raven 2000).  Some once common habitat types, such as tallgrass 

prairie, have been all but eliminated from the earth, along with many of the species that 

lived there (Vitousek 1994).  The fact that humans, along with our domesticated plants 

and animals, dominate 40-50% of the land surface means that there is that much less 

space available for the millions of species on earth.  This is probably the most important 

way that land cover changes affect organisms (Vitousek 1994).  Land cover change may 

also vastly change the hydrology of the area, further altering the habitat (Eshleman 2004). 

Changes in forest structure and composition, which can be naturally caused or created by 

mechanisms such as altered disturbance regimes (Brawn et al. 2001), may also affect 

organisms.  Many species are adapted to specific successional stages, and as forests or 

other ecosystems mature, species compositions may change dramatically (Holmes and 

Sherry 2001). 

The degree of habitat fragmentation within a landscape may play a significant role 

in determining the species assemblages found there.  The effect of fragmentation on 

organisms changes depending on characteristics of the fragment such as size, shape, 

degree of isolation, time since isolation, and degree of connectivity with other fragments 

(Saunders et al. 1991, Fahrig 2003).  Not only are the characteristics of the fragment itself 

important to birds and other taxa, but so is the type of land cover in the surrounding 

matrix which create “edge effects” (Saunders et al. 1991, Watson et al. 2005, Tewksbury 

et al. 1998).  Examples of edge effects include differences in predator communities and 
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increased abundance of brood parasites (Tewksbury et al. 1998, Brittingham and Temple 

1983, Chalfoun et al. 2002).  In the Midwestern U.S., fragmentation caused a decrease in 

breeding success for three forest bird species, largely due to increased predation and 

brood parasitism (Donovan et al. 1995, Robinson et al. 1995).  These findings led to the 

hypothesis that these Midwestern forest fragments were population sinks and contiguous 

forests were population sources for some bird species in this region (Donovan et al. 1995, 

Robinson et al. 1995).  That being said, when examining the relative importance of 

habitat fragmentation versus habitat loss, some studies have found that the role of 

fragmentation has been overestimated and that total habitat loss is the most important 

factor in determining avian abundance and distributions (Schmiegelow and Mönkkönen 

2002, Mortelliti et al. 2010). 

Changing the land cover not only changes the physical vegetative structure and 

thus refuge, protection, camouflage and availability of reproductive sites for associated 

organisms, but it also may alter the availability of food and water, predator abundances, 

local climate, human disturbance, soundscape, and light pollution.  For avian species, 

effects might include altered food availability including artificial food sources such as 

bird feeders (Wilson 1994, Brittingham 1991, Robb et al. 2008, Chamberlain et al. 2009), 

change in natural and domestic predator communities or predation rates (Chace and 

Walsh 2006, Beckerman et al. 2007, Thorington and Bowman 2003), avoidance of urban 

noise pollution (Reijnen et al. 1995, Francis et al. 2009), effects of human disturbance 

(Baudains and Lloyd 2007), increased risk of disease (Chace and Walsh 2006), and 

collisions with manmade structures (Chace and Walsh 2006).  Additionally, in 

agricultural systems, the effect of pesticides on farmland birds is another possible 

mechanism through which land use change may affect avian communities (Fuller et al. 

1995, Boutin et al. 1999). 

Land cover change may also affect climate, both globally via carbon emissions or 

the loss of carbon sinks associated with land use change (Foley et al. 2005) and locally 

via the urban heat island effect (Foley et al. 2005, Arnfield 2003, Taha 1997).  The urban 



 

18 

 

heat island effect can substantially affect local organisms (Cunnington et al. 2008).  For 

example, small birds can potentially thrive in the warmer winters associated with the 

combined effects of regional climate change and an enhanced urban heat island (Wilby 

and Perry 2006).   

 

Effects of land cover change on bird distributions 

 Human land-use changes can greatly affect the distribution and abundance of 

birds, both positively and negatively (Reif et al. 2010, Thaxter et al. 2010).  Recent 

widespread changes such as urban expansion (Chace and Walsh 2006) and agricultural 

intensification (Reif et al. 2010, Thaxter et al. 2010) have been shown to alter avian 

distributions and abundances.  Although direct loss of habitat is probably the most 

significant mechanism by which land cover change has affected bird distributions 

(Mortelliti et al. 2010, Trzcinski et al. 1999), other factors, such as habitat fragmentation 

and change in disturbance regime, may also be significant (Brawn et al. 2001, Villard et 

al. 1999, McCollin 1993). 

The degree of urbanization in a region can drastically change the avian species 

composition found there.  Generally, as urbanization increases, total bird abundance 

increases but diversity decreases, as the assemblages become dominated by a few 

synanthropic species (Chace and Walsh 2006).  Urbanization is often associated with a 

shift towards non-native plant and avian species (Chace and Walsh 2006).  For example, 

native birds were more often present in less disturbed sites, while non-native or invasive 

species were more often present in more disturbed or urban sites (Blair 1996).  

Interestingly, in this study the highest species diversity was found in areas of intermediate 

disturbance where both groups were present (Blair 1996), akin to the “intermediate 

disturbance hypothesis” (Connell 1978).  However, another study found that species 

richness decreased with increasing housing density (Pidgeon et al. 2007).   

The effects of agricultural and range lands on the distributions of breeding birds 

has also been studied, mostly in England (Fuller et al. 1995, Robinson and Sutherland 
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2002, Vickery et al. 2001).  Using British BBA data, Fuller et al. (1995) found that 24 of 

28 “lowland farmland” bird species experienced range contractions and 15 of 18 species 

declined in abundance between the 1970 and 1990.  These range contractions and 

declines in abundance of grassland birds in England (1967-2006) have been attributed at 

least in part to agricultural intensification (Thaxter et al. 2010).  A study done in the 

eastern and central U.S. found that population declines in grassland birds was partially 

“explained” (25-30%) by changes in land use, specifically agricultural changes, with 78% 

of species significantly affected (Murphy 2003).   

Habitat configuration, which is often a result of fragmentation, was found to be an 

important predictor of bird species presence in Ontario (Villard et al. 1999) and England 

(Villard et al. 1999, McCollin 1993), although avian response varied greatly by species 

and habitat preference.  In contrast, other studies done in Ontario (BBA data) and Italy, 

found only weak and variable responses to fragmentation (Mortelliti et al. 2010, 

Trzcinski et al. 1999).  In these studies habitat/land cover type emerged as the primary 

predictor of species distributions irrespective of fragmentation.     

Changes in habitat structure can strongly influence the distribution and abundance 

of bird species.  Forest succession is one example of a widespread change in habitat 

structure that has occurred in the eastern U.S. over the past century (Abrams and Downs 

1990, Trani et al. 2001), and has likely affected bird populations (Holmes and Sherry 

2001, Hagan 1993).  Holmes and Sherry (2001) found a dramatic change in avian species 

composition and abundance, including the total loss of some previously common species, 

over 30 years in a relatively mature undisturbed forest in the northeastern U.S.  These 

changes were largely explained by changes in forest vegetation structure via successional 

changes relative to species habitat preferences.  The loss of natural disturbance regimes, 

such as fire or flooding, may also change forest habitat structure. In North America, bird 

species that are adapted to disturbance-mediated habitats, such as grasslands, shrublands, 

early-successional forests, and floodplains, have declined more than species associated 
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with habitats typified by less frequent disturbance (e.g. mature, closed-canopy forests; 

Brawn et al. 2001). 

 

Avian Studies Incorporating Both Climate and Land Cover Change 

 Several studies have incorporated both land cover and climatic variables into 

models examining avian distribution and abundance (Reif et al. 2010, Lemoine et al. 

2007, Valiela and Bowen 2003, Thaxter et al. 2010).  Both classes of factors have 

generally emerged as important in these combined models, although more recent studies 

indicate that climate change may outweigh land cover changes in influencing avian 

distributional shifts (Lemoine et al. 2007, Valiela and Bowen 2003).  One study from the 

Great Lakes Basin found that using both climate and land cover change variables did not 

increase model accuracy, suggesting that these variables are highly linked (Venier et al. 

2004).  The relative magnitude of response to these two factors may vary among species 

based on their habitat preferences, migratory behavior, and latitudinal distribution 

(Lemoine et al. 2007).  In addition, the time period over which one examines shifts in 

avian populations may alter which factor emerges as the most important driver of change.  

For example, Lemoine et al. (2007) found that the importance of climate change, 

demonstrated by northward shifts in bird abundances, significantly increased from 

comparisons of 1
st
 and 2

nd
 atlases (1980–1981 and 1990–1992) to the 2

nd
 and 3

rd
 atlases 

(1990–1992 and 2000–2002).  In fact, climate overtook land use change as the most 

important variable describing avian distributional changes in the latter comparison.  

Because the rate of global temperature rise has increased in recent decades, climatic 

factors may be increasingly determinant of avian distributions in areas where the rate of 

land cover change is constant.  However, in places witnessing burgeoning development 

or deforestation, we would expect land cover change to be the primary driver of shifts in 

species distributions (Valiela and Bowen 2003).   
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Very few studies have examined how interactions between climate and land cover 

change affect avian distributions, however there is some evidence that indicates that this 

interaction may be ecologically important.  For example, Reif et al. (2010) concluded that 

habitat loss may impede a bird’s ability to expand into new potential habitat as climate 

changes.  Climate change can also have a direct affect on land cover (Dale 1997) by 

affecting the distribution of plants (Iverson et al. 2008).  In this way climate change may 

affect bird species both directly via climate changes and indirectly via habitat changes.  

This combined effect may determine actual suitable habitat for avian species (Matthews 

et al. 2004, Matthews et al. 2011). 

 

STUDY OBJECTIVES 

Although many factors influence avian distributions, two of the most important 

for determining distributional changes in recent decades are climate (Root et al. 2003, 

Parmesan 2006, Walther et al. 2002, Feehan et al. 2009) and land cover (Pimm and 

Raven 2000, Foley et al. 2005, Chace and Walsh 2006).   

 This leads to my central research question:  

Have breeding bird distributions in Ohio shifted in response to climate 

change and/or land cover change over the past 25 years?   

Within this central research question is the important assumption that climate and 

land cover have changed in the state of Ohio over the past 25 years.  Evidence suggests 

that both land cover (Reese 2001, Medley et al. 1995) and climate (Wuebbles and 

Hayhoe 2004) have changed in the Ohio region over this time period.   

 In chapter two, I attempt to quantify and characterize the nature of 

distributional changes across breeding birds in Ohio.  A series of detailed 

predictions on this topic follow: 
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1. Northern and southern range boundaries and geographic “centers” of occurrence 

of species will have shifted northward, with range boundary shifts showing a 

strongest response.  This shift is likely caused by increases in temperature over 

this time period. 

 

2. Species with northern boundaries in or near Ohio (southerly species) will have 

increased in the number of atlas blocks (the survey unit used in this study) 

occupied, or “filled-in,” while species with southern boundaries in or near Ohio 

(northerly species) will have decreased in number of atlas blocks occupied, or 

“thinned-out.”   This is because a species may become more sparsely distributed 

within a larger area along the periphery of its range in addition to, or in lieu of, 

experiencing directional shifts. 

 

3. Species with range boundaries closer to Ohio will show greater distributional 

changes with respect to predictions #1 and #2, as range boundaries are thought to 

be most prone to local extinction and colonization events. 

 

4. Southerly species will show greater distributional change than northerly species in 

regards to predictions #1 and #2.  For example, I expect a greater northward shift 

in northern range boundaries of southerly species relative to southern range 

boundaries of northerly species, as species distributions are thought to be more 

strongly regulated by abiotic factors at their northern range limits and biotic 

factors at their southern range limits (Northern Hemisphere).  

 

 

When examining these questions, several other variables must be taken into 

account.  For example, the status of a species, or whether its population is generally 

shrinking or expanding in abundance, may (Fuller et al. 1995, Newton 1997) or may not 

(Rodriguez 2002, Gaston and Curnutt 1998) affect the size of its range.  Additionally, 
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because range boundaries are thought to be the most volatile and prone to colonization 

and extinction events, the proximity of a species’ range boundary to the study area may 

affect the strength of the species’ response.  Lastly, it is important to recognize that 

changes in climate or land use are likely to affect bird species differently depending on 

life history strategies such as foraging guild, migration or nesting strategy, degree of 

specialization, or ability to adapt to changing conditions.  Therefore, these changes may 

favor some species over others. 

The results of Chapter 2 analyses help to characterize directional shifts in avian 

distributions.  Although results may demonstrate changes in directions expected given a 

warming climate, the link to climate change is not explicitly tested.  The third chapter 

investigates the relative importance of specific climate and land cover variables in 

predicting current avian distributions as well as local colonization and extinction events 

over the time period of this study.  I examined changes in the distributions of 17 

representative songbird species in comparison to spatially and temporally explicit 

temperature, precipitation, and land cover variables.  Given known changes in climate 

and land cover in Ohio over the time period of our study, I hypothesized that both climate 

and land cover variables would be important in determining distributional changes in 

Ohio’s breeding birds, with land cover being the stronger driver due to greater change 

over the 25-year time period as well as the more abrupt nature of land cover change. 

  

METHODOLOGY 

 The Ohio Breeding Bird Atlas is a statewide comprehensive survey that 

documents the distribution of bird species that breed in Ohio.  Ohio’s first Breeding Bird 

Atlas (OBBA I) was conducted from 1982 to 1987 (Peterjohn and Rice 1991).  Some 25 

years later, Ohio initiated a second atlas (OBBA II; 2006-2011), providing a unique 

opportunity to examine distributional changes in breeding birds.  Both atlases were 

conducted using a grid based on the 7.5-minute USGS topographic map series.  Each map 

was divided into 6 squares, known as atlas “blocks,” of approximately 25 square-
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kilometers each, of which one randomly selected block (n = 764) was surveyed for the 

presence/absence of all breeding avian species.  The same blocks were surveyed in both 

OBBA I and OBBA II, providing information on changes in species occurrence over a 

~25 year period.  Atlases are citizen-science based projects, and our data reflects the 

contribution of hundreds of volunteers as well as observations from paid field 

technicians.  Additionally, OBBA II data includes large contributions from the following 

external data sources: North American Breeding Bird Survey (USGS Patuxent Wildlife 

Research Center), eBird (Cornell Lab of Ornithology), Ohio Division of Wildlife, and 

bird banding data (USGS Bird Banding Laboratory).   

 Using these data, I quantified and characterized changes in avian distributions 

between atlas periods.  To quantify distributional changes I first tested for directional 

changes in range boundaries (mean latitude of the 10 most northerly or southerly blocks) 

and “centers of occurrence” (mean latitude of all blocks occupied), separately for 

northerly and southerly species.  In these analyses I accounted for changes in occupancy 

(or change in the number of blocks occupied between the two atlases) and in doing so 

tested for directional changes beyond those that would be expected given observed 

population changes.  I also included distance from Ohio’s center to each species’ nearest 

breeding range boundary, or “extent proximity,” as an independent variable.  Finally, I 

tested for differences in changes in occupancy, or the number of blocks occupied in each 

atlas, between northerly and southerly species, again accounting for variation in extent 

proximity. 

 In order to directly examine the relative importance of climate and land cover 

changes on the observed distributional changes in Ohio’s breeding birds I spatially 

quantified these changes over roughly similar time periods in order to compare to avian 

distribution changes.  I spatially quantified six climate variables for the time periods of 

OBBA I (1982–1987) and OBBA II (2006–2011) using data from Climate Wizard online 

custom analysis (Girvetz et al. 2009).  Additionally, I spatially quantified land cover 

characteristics using 1992 National Land Cover Database (NLCD) maps as a proxy for 
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land cover during OBBA I as this was the first NLCD map created, and the recently 

released 2006 NLCD maps as a proxy for land cover during OBBA II.  This allowed me 

to first model the Ohio distribution of each species in Atlas II using climate and/or land 

cover data from the same time period, providing information on which variables were 

important in classifying presence.  I then back-projected this model information with 

environmental data from the Atlas I time period to determine how changes in 

environmental determinants affected models of habitat suitability, and finally, whether 

modeled habitat suitability change accurately predicted gains and losses of species from 

atlas blocks.  I used three iterations of these models to explicitly test whether changes in 

climate, land cover, or both climate and land cover best predicted atlas block level 

colonization and extinction events in Ohio’s breeding birds over this time period.  

 

SIGNIFICANCE AND APPLICATIONS 

The effects of anthropogenic climate and land cover changes on the distribution of 

organisms, including birds, are already apparent (IPCC 2007, Root et al. 2003, Parmesan 

2006, Walther et al. 2002, Feehan et al. 2009) and are likely to increase (IPCC 2007, 

Matthews et al. 2004).  The magnitude of these changes is on a scale not previously 

witnessed by humans and the effects extend across ecosystems impacting vast numbers of 

species.  Although these changes are ubiquitous, they are also complex and variable.  

Understanding and characterizing the effects of these environmental changes, and the 

relative importance of the drivers, is essential in mitigating impacts on organisms as well 

as protecting biodiversity and associated ecosystem services. This work contributes to the 

growing body of knowledge about how climate and land cover changes are affecting 

organisms and ecosystems around the world. 

My study used information gathered from a variety of sources, many of which are 

citizen science based (e.g. eBird, Breeding Bird Survey).  Increased internet access and 

speed has facilitated easier networking and data collection among volunteer birders and 
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naturalists, as well as data sharing among projects.  Citizen science will likely be 

increasingly important for collecting data at the scale needed to examine important 

regional and global issues, given ongoing funding constraints.  This project demonstrates 

how citizen science projects can collect meaningful data to answer timely research 

questions of conservation importance. 

Birds are highly mobile and are likely to be among the first species in an area to 

exhibit an observable response to environmental changes.  Because of this, bird 

distributions have been studied for many decades in Europe using BBAs conducted at the 

scale and detail needed to observe widespread range shifts.  However, my study is among 

the first in North America to analyze shifts in breeding bird distributions over time using 

fine-scaled regional BBA data.  Therefore, my analyses offer a novel understanding of 

avian distributional changes in the American Midwest.  Additionally, with the efforts of 

many other state-level second atlases underway, these analyses can be examined in 

conjunction with results of surrounding areas to gain a population-scale assessment of 

avian distribution shifts.  Few, if any, studies have examined changes in avian 

distributions in relation to spatially explicit climate and land cover change data.  To my 

knowledge, my examination of the relative importance of climate and land cover changes 

on avian distributions is the first of its kind, and therefore provides crucial information 

about how these widespread environmental changes have already affected avian 

distributions. 

Climate and land cover changes affect individuals and populations 

simultaneously, and likely interact in ways in important ways.  For example, birds may 

be limited in their ability to adapt to a changing climate if a lack of suitable habitat 

prevents them from expanding into new territory (Reif et al. 2010).  However, few 

studies have examined both of these variables.  Studying how both climate and land 

cover have affected the same population within the same region will provide insight as to 

how each of these variables is affecting avian distributions in relation to the other, and 

address the question of which of these variables is causing greater changes and how that 
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varies among species.  Information about the relative importance of environmental 

factors in determining distribution changes as well as the nature of these relationships is 

vitally needed to inform mechanistic research on these topics, and serves as a baseline for 

future studies in other regions. 

This project will produce a detailed account of avian distributional shifts in Ohio 

and give local decision makers the ability to make more informed choices about 

managing habitat and bird populations.  Information about changes in bird distributions 

can be used to evaluate policies regarding land development, forestry, mining and 

agriculture, as well as to assess the effectiveness and adequacy of current protected areas, 

identify important areas for bird conservation (Pomeroy et al. 2008), and evaluate 

changes in the status of endangered species or species of interest (Dunn and Weston 

2008).  Additionally, this evaluation of shifts in avian distributions in relation to 

environmental changes can help create models to predict and plan for future change.   
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Chapter 2: Directional trends in the distributions of Ohio’s breeding birds: Have species 

responded to climate change? 

 

ABSTRACT 

 

Understanding the effects of environmental change on avian distributions is 

essential to conserve and manage bird populations and predict future impacts.  Several 

recent avian distributional studies have reported poleward shifts and attributed these 

trends to recent climate change.  However, few studies of avian distributional change 

have used multi-species datasets with fine-scale detections, only one of which is from 

North America.  In addition, there is a need to test whether poleward trends in avian 

distributions reported in some studies are repeated in regions with different species 

assemblages and landscapes, such as my study region in the American Midwest.  I used 

detailed grid-based data collected during two Ohio Breeding Bird Atlas projects (1982-

1987, 2006-2011) to quantify long-term changes in northern and southern boundaries, 

centers of occurrence, and number of block occurrences in 71 species. Evidence from 

boundary analysis suggested a northward shift in the northern boundaries of southerly 

species (6.8 ± 4.5 km) over the ~25 year period.  However, evidence from changes in 

both boundary and center of occurrence suggested southward shifts in northerly species 

(11.8 ± 6.1 km and 5.7 ± 3.8 km, respectively).  The model of change in number of block 

occurrences explained very little of the variation in the data, but suggested that southerly 

species increased slightly in occurrence over this time period.  Many individual species 

demonstrated substantial distributional changes. For example, of the 68 species 

boundaries examined, 18 shifted northward by > 10 km, while 15 shifted southward by > 

10 km. My results demonstrate both northward and southward directional trends in the 
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distributions of Ohio’s breeding birds, indicating that although climate change may be 

driving some shifts, other factors are also likely playing important roles.  I suggest 

several potential explanations for the patterns observed: 1) temperature change in Ohio 

over this time period was relatively weak and spatially variable, 2) agriculturally 

dominated regions create a heterogeneous landscape in which species are less able to 

utilize new suitable climate space, and 3) land cover changes in Ohio over this study 

period may have driven some of the changes observed (e.g. forest regeneration in 

southeastern Ohio may have influenced southward shifts of northerly species).  My 

results underscore the need for future studies of distributional change to explicitly 

consider changes in both climate and land cover to further elucidate their unique 

contributions to range boundary dynamics.  

 

 

INTRODUCTION 

Recent warming of the global climate has emerged as an important potential 

driver of distributional shifts in a wide variety of flora and fauna (Root et al. 2003, 

Parmesan 2006, Walther et al. 2002, Hickling et al. 2006).  However, long-term multi-

species distributional studies conducted across large geographic regions at a fine scale are 

rare (Parmesan 2006, Zuckerberg et al. 2009).  Such studies are essential for both 

understanding the effects that climate change has already had on species, and providing 

insights for managing species in a changing world.   

Birds have been the subject of many multi-species distribution studies, in part 

because of their conspicuous nature and the interest in birds among the public.  This has 

facilitated opportunities to collect important avian data through citizen-science projects 

(Zuckerberg et al. 2009, Hitch and Leberg 2007, Sullivan et al. 2009, Zuckerberg et al. 

2011, La Sorte and Thompson 2007).  Coordinated citizen-based efforts are often the 

only way to obtain multi-species data over the geographic and temporal scales necessary 

to examine species’ distributional responses to climate change (Dickinson et al. 2010, 
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Dickinson et al. 2012).  The availability of such data highlights the importance of avian 

research in documenting and understanding the effects of global climate change on fauna, 

and particularly with respect to species’ distributional change. 

Poleward shifts in avian distributions, in apparent response to warming climatic 

trends, have been demonstrated in several recent multi-species studies.  Many of these 

studies have been done on a continental scale using coarse resolution data [e.g. North 

American Christmas Bird Count and U.S. Geological Society (USGS) Breeding Bird 

Survey data; Hitch and Leberg 2007, La Sorte and Thompson 2007] or on a fine scale, 

but covering only a local geographic area (i.e. research station or preserve; Parmesan 

2006, Lemoine et al. 2007).  Some studies examining recent changes in avian 

distributions have used fine-scaled regional data such as that generated by Breeding Bird 

Atlases (Reif et al. 2010, Lemoine et al. 2007, Thomas and Lennon 1999, Popy et al. 

2010, Brommer 2004), with only one from North America (New York State; Zuckerberg 

et al. 2009).   

Studies covering large extents at a coarse resolution help us understand 

distribution-wide changes over a wide climate gradient and therefore may be more likely 

to detect strong responses to climate change.  However, there is now an urgent need for 

finer resolution distributional studies as they have a greater ability to inform inferences 

about mechanistic drivers (Zuckerberg 2009) and they operate on a scale similar to most 

management decisions. Interestingly, within the small group of finer-scale avian 

distributional studies, there have been conflicting results.  For example, two European 

studies that used Breeding Bird Atlas data detected poleward shifts in northern, but not 

southern, range boundaries (Thomas and Lennon 1999, Brommer 2004).  In contrast, the 

only North American study found the opposite pattern, documenting a northward shift in 

southern range boundaries, but not northern boundaries (Zuckerberg et al. 2009).  This 

demonstrates the need for additional multi-species distributional studies conducted across 

a variety of landscapes and time periods.  The American Midwest represents different 

climatic conditions, habitat characteristics, avian species assemblages and anthropogenic 

influences relative to the aforementioned studies.  This makes Ohio an important region 
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to examine whether poleward trends observed in some studies transcend these ecological 

differences and provides an opportunity to better understand the variation in species’ 

responses, lending insights to potential processes and drivers.  

Following distributional theory, species with increasing populations should have 

expanding range boundaries whereas species with decreasing populations should have 

contracting range boundaries (Gaston 1990).  It is necessary to account for such 

population changes when examining distributional shifts in the context of global climate 

change (Zuckerberg et al. 2009, Thomas and Lennon 1999).  Theory also suggests that 

environmental factors are paramount in determining species’ distributions in areas where 

environmental stress is high, such as at high latitudes and altitudes.  However, where 

environmental stress is low, such as in warm, moist environments, diversity and 

competitive interactions are higher, increasing the importance of biotic factors (Brown et 

al. 1996).  Therefore, with a warming climate northward shifts in northern range 

boundaries are expected to be greater than those in southern range boundaries 

(Zuckerberg et al. 2009, Thomas and Lennon 1999, Brommer 2004).  Lastly, species’ 

abundance should vary with distance from the center of occurrence and, without a major 

geographic barrier, population densities should decline gradually until they are least 

abundant at the edge of their range (Brown 1984).  In reality, species’ distributions are 

more complex and less uniform due to heterogeneous landscapes and other factors.  

Nonetheless, near their range boundaries species are likely to be more patchily 

distributed, less abundant, and more likely to experience local colonization or extinction 

events (Hanski 1982).  Therefore, changes in avian distributions due to climate change 

are likely to be strongest at or near range boundaries.  Additionally, a warming climate 

might cause species to “fill-in” patchily occupied regions near their northern range limits 

and “thin-out” near their southern limits.   

Biological atlases are one tool used to quantify and characterize the dynamic 

distributions of organisms. They are generally conducted over large geographic regions at 

a fine spatial scale and repeated temporally (Robertson et al. 2010, Dunn and Weston 

2008).  Using data from Ohio Breeding Bird Atlas projects conducted in 1982–1987 and 



 

32 

 

2006–2011, I tested whether the distributions of breeding birds have changed over the 

past 25 years in line with expectations from a warming climate.  I quantified this by 

examining latitudinal changes in species’ range boundaries and centers of occurrence 

while controlling for population changes (Thomas and Lennon 1999).  Additionally I 

calculated changes in the number of atlas blocks that species occupied.  The following 

predictions result: 

1. Northern and southern range boundaries and centers of occurrence of species 

will have shifted northward, with range boundary shifts showing a stronger 

response. 

2. Species with northern boundaries in or near Ohio (southerly species), will 

have increased in the number of atlas blocks occupied, or “filled-in,” while 

species with southern boundaries in or near Ohio (northerly species) will 

have decreased in number of blocks occupied, or “thinned-out.”  

3. Species with range boundaries closer to Ohio will show greater distributional 

changes in regards to predictions #1 and #2 (as measured by “extent 

proximity”). 

4. Southerly species will show greater distributional change than northerly 

species in regards to predictions #1 and #2. For example, I expect a greater 

northward shift in northern range boundaries of southerly species relative to 

southern range boundaries of northerly species.  
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METHODS 

Study Area 

 

The study area for this project is the U.S. state of Ohio, located at the intersection 

of the American Midwest and the foothills of the Appalachian Mountains. The pattern of 

global warming documented in much of the world has also been observed in this region 

and is predicted to continue through the 21
st
 century (IPCC 2007, Wuebbles and Hayhoe 

2004).  From 1982–2011, mean winter and summer temperatures in Ohio increased by 

about 0.5 C, while spring temperatures increased by 0.66 C and fall temperatures 

increased minimally (Figure 2.1; Girvetz et al. 2009).  These warming patterns are 

weaker relative to some areas where poleward trends in species’ distributions have been 

detected (IPCC 2007, Zuckerberg et al. 2009), making this region important to test for 

consistency in distributional trends among avifauna. 

 

 

The Ohio Breeding Bird Atlases 

 

 Ohio’s first Breeding Bird Atlas (OBBA I) was conducted from 1982 to 1987 

(Peterjohn and Rice 1991).  Some 25 years later, Ohio completed a second atlas (OBBA 

II; 2006-2011), providing a unique opportunity to examine long-term changes in breeding 

bird distributions in relation to climate change.  An atlas survey grid was created for Ohio 

based on the 7.5-minute USGS topographic map series by dividing each map into 6 

rectangles, known as atlas “blocks,” of approximately 25 square-kilometers each.  One 

randomly selected block out of each set of six was surveyed in OBBA I and resurveyed in 

OBBA II (n = 764).  Within each block, breeding birds were surveyed in all available 

habitats, typically by multiple observers, resulting in the presence/absence of each 

species in the block.  Breeding Bird Atlas data do not provide definitive absence 
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information for species. A lack of detection indicates that the species could not be found 

given adequate effort and either did not occur in the block or occurred at very low 

densities (Zuckerberg et al. 2009, Trzcinski et al. 1999). In addition to recording 

presence, BBAs collect behavioral or physical evidence that a species was breeding in the 

observed location.  This evidence was used to assign individual records to one of three 

breeding categories (possible, probable, confirmed), all of which were used in these 

analyses.  Examples of breeding evidence included counter-singing by territorial males, 

females carrying nesting material, nests, or adults carrying food for young.  Birds 

observed in breeding habitat without behavioral evidence of breeding had to be detected 

within a range of “safe dates” that defined that species’ breeding season in order to be 

included in the atlas.     

 Data for both atlases were collected by volunteer observers and field technicians, 

and OBBA II data included large contributions from the following external data sources:  

North American Breeding Bird Survey (USGS Patuxent Wildlife Research Center), eBird 

(Cornell Lab of Ornithology), Ohio Division of Wildlife, and bird banding data (USGS 

Bird Banding Laboratory).  Data for OBBA II totaled over 1 million records, with about 

one-third each from volunteers, paid field technicians and external datasets.   

 To enhance the comparability of the atlas datasets, each block in OBBA II was 

individually analyzed for potentially missing species based on aerial habitat photographs, 

records from OBBA I, and expert opinion.  Blocks in which fewer than 90% of the 

number of species found in OBBA I, or the “species goal,” were recorded in OBBA II 

were revisited in the final year of data collection.  Additionally, many blocks with > 90% 

of the species goal were resurveyed based on potential “missing” species and available 

habitat. OBBA II data resulted in an average across all blocks of 98.3% of the species 

goal.  

Of 203 species recorded in atlas blocks, I selected 71 for these analyses based on 

life history characteristics, detection biases, and numbers of detections, in line with 

previous studies (Zuckerberg et al. 2009, Thomas and Lennon 1999).  Individual species 



 

35 

 

whose distributions may have been influenced directly by humans were eliminated from 

analyses.  These included species that, over the time period of the atlases, have benefitted 

from artificial nesting structures (e.g. Eastern Bluebird, Sialia sialis; Purple Martins, 

Progne subis), large-scale conservation efforts (e.g. Bald Eagle, Haliaeetus 

leucocephalus; Osprey, Pandion haliaetus) or stocking efforts by wildlife conservation 

groups (Northern Bobwhite, Colinus virginianus; Ring-necked Pheasant, Phasianus 

colchicus).  Additionally, we eliminated a recently introduced invasive species (Eurasian 

Collared-Dove, Streptopelia decaocto), an irruptive species (Pine Siskin, Spinus pinus), 

species whose breeding range is restricted to the Lake Erie shoreline, species with 

potential detection biases such as nocturnal species and secretive marsh birds, and rare 

species (those that occupied < 10 blocks in the two atlases combined).  Ubiquitous 

species (those that occupied > 90% of possible blocks in both OBBA I and II) were also 

eliminated due to a decreased ability to detect distributional changes.  Additional 

selection criteria were used for specific analyses with further details in Appendix A. 

 

Analyses: Boundary, Center of Occurrence, and Number of Blocks Occupied  

Ohio is located just north and west of the higher elevation Appalachian areas of 

West Virginia.  Southeastern Ohio includes the unglaciated foothills of the Appalachians, 

but is similar in elevation to much of the state.  However, proximity to higher elevation 

areas and the continuation of the unglaciated region into this part of the state have 

allowed some northerly species to occupy southeastern Ohio.  Therefore, a distributional 

response to climate warming within Ohio could manifest as a northward and/or eastward 

shift.  To test for a shift in center of occurrence of any direction I used a Rayleigh Test of 

Uniformity, testing against the null hypothesis of no direction (Agostinelli and Lund 

2011).  Because this test showed no directional trend (Figure 2.2, p = 0.5), I tested for a 

northward response as in previous studies (Zuckerberg et al. 2009, Thomas and Lennon 

1999). 
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Following Zuckerberg (2009) and Thomas and Lennon (1999), I calculated 

change in a species’ boundary as the difference in mean latitude of the 10 northernmost 

or southernmost blocks occupied in OBBA I versus OBBA II and the change in center of 

occurrence as the difference in mean latitude of all blocks occupied by a species between 

the two atlases.  All species used in both of these analyses occupied a minimum of 10 

blocks in each atlas, and center of occurrence analyses further required species to be 

categorized as northerly or southerly (discussed below), resulting in 58 species used in 

center of occurrence analyses, and 62 species in boundary analyses.  Because several of 

the 62 species had both a northern and southern boundary within our study area, 68 

species boundaries were represented in our analyses.  

Change in the number of blocks occupied (or “species occurrence”) was used as a 

dependent variable to test whether northerly species were thinning-out among atlas 

blocks or southerly species were filling-in.  This coarse index of change in the number of 

blocks provides a first level approximation of species occurrence at the state level in 

order to test whether there were differential changes in occurrence based on where Ohio 

fell within a species’ distribution.  This metric of species occurrence was calculated using 

the following equation to assess change in the number of blocks occupied relative to the 

number of blocks occupied in OBBA I: 

Ln (# blocks occupied in OBBA II)  –  Ln (# blocks occupied in OBBA I) 

Species that were not clearly “northerly” or “southerly” distributed in relation to Ohio 

were eliminated, resulting in 67 species for this analysis.  Change in species occurrence 

was also used as an independent variable in analyses of boundary and center of 

occurrence changes to account for distributional shifts expected with an increasing or 

decreasing population.   

I used two additional independent variables in these analyses: extent proximity, or 

how far a species’ nearest breeding range boundary was to Ohio, and distribution 

position, or whether a species was more northerly or southerly distributed relative to 

Ohio.  I calculated extent proximity as the minimum distance between Ohio’s centroid 
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and the boundary of each species’ breeding range as defined by Natureserve distribution 

maps (Figure 2.3; Ridgely et al. 2007).  I included this novel variable in my models to 

account for potential differences in species’ responses due to the location of their 

distribution without having to eliminate species with potential climate-driven 

distributional responses.  However, species that had an extent proximity of greater than 

650 km were eliminated from analyses because Ohio was within the core of their ranges.  

Additionally, the closest range boundary for such species fell in ecosystem types not 

found in Ohio indicating their tolerance for a much wider climate gradient than is found 

in the state.  The distribution position of species was categorized as either northerly or 

southerly based on the location of their breeding distributions relative to Ohio (Figure 

2.3).  Species with distributions that did not clearly fall more north or south of Ohio were 

not classified and thus not included in some analyses. 

 

Statistical Analyses 

All analyses were conducted in R (R Development Core Team 2011).  For both 

boundary and center of occurrence analyses, I used Akaike Information Criterion (Akaike 

1974) corrected for small sample sizes (AICC ; Anderson and Burnham 2002) to examine 

and rank a candidate set of eight ordinary least-squares regression models consisting of 

three independent variables, both as singular terms and interacting effects. Variables 

included were: 1) change in species occurrence, 2) extent proximity, and 3) distribution 

position (Table 1).  The model with the lowest AICC value and all models with Δ AICC ˂ 

2.0 were considered equally plausible relative to the other models in the candidate set 

(Burnham and Anderson 2002).  Because all top models included change in species 

occurrence, I plotted change in the response variable versus change in number of blocks 

occupied to determine the y-intercept value.  Y-intercept values that differed significantly 

from zero indicated a directional shift beyond that expected given observed changes in 

species occurrence; positive y-intercept values indicated a northward shift, and negative 
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y-intercept values indicated a southward shift (Zuckerberg et al. 2009, Thomas and 

Lennon 1999).  

For the analysis of change in number of blocks occupied (i.e. species occurrence), 

I used a linear model including extent proximity and distribution position as independent 

variables.  Yellow-bellied Sapsucker (Sphyrapicus varius), Sandhill Crane (Grus 

canadensis), Ruffed Grouse (Bonasa umbellus), and Loggerhead Shrike (Lanius 

ludovicianus) were identified as outliers and removed, resulting in 63 species used in this 

analysis.  Except for Ruffed Grouse, all these species were very rare in one of the atlases 

with modest numbers (18, 24, and 11 respectively) in the other.  This resulted in 

extremely large values as the formula used to calculate this metric measures change 

relative to original species occurrence.  Ruffed Grouse experienced a widespread decline 

in the number of blocks occupied, decreasing from 245 to 56 blocks.  In each case these 

changes are likely significant at the individual level, but due to their erratic properties 

introduce bias to the inference of a community trend.   

 

 

RESULTS 

 

Boundary and center of occurrence analyses had the same top model which 

included two explanatory variables: change in species occurrence and distribution 

location (Table 2.1).  There was a strong relationship between change in species 

occurrence and directional shifts in both boundary and center of occurrence, with 

southerly species exhibiting a positive slope of 72.1 (± 8.8) and  25.5 (± 5.5), 

respectively, and northerly species exhibiting a negative slope of -55.8 (± 12.2) and -12.9 

(± 7.7), respectively [km/ ln (# blocks occupied in OBBA II)  –  ln (# blocks occupied in 

OBBA I)]. This means that both notherly and southerly species that increased in the 

number of blocks occupied tended to experience range expansions, while species that 

decreased in the number of blocks occupied generally saw range contractions (Figures 

2.4, 2.5).  In the boundary analayis the second-ranked model was considered equally 
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plausible (Δ AICC < 2.0) with extent proximity showing expected trends of modulating 

the magnitude of change as extent distance increased. There was an effective decrease in 

northward shifts of northern range boundaries of 14 km and a decrease in southward 

shifts of southern range boundaries of 23 km across the range of extent proximity values 

(-0.017 ± 0.021 and 0.028 ± 0.026, respectively). The two plausible models for the 

boundary analysis had similar adjusted R
2
 values (0.63 vs. 0.65) and here I report results 

from the top-ranked (reduced) model.  

In examining trends in distributional shifts using y-intercept values, I found that 

northern boundaries of southerly species shifted northward by 6.9 km (± 4.6) beyond that 

expected given changes in species occurrence, while southern boundaries of northerly 

species shifted southward by 9.5 km (± 6.2, Figure 2.4).  Centers of occurrence of 

northerly species also shifted southward (5.2 km ± 4.1), while centers of occurrence of 

southerly species were more variable (1.3 km ± 3.0, Figure 2.5).  

In addition to trends in distributional shifts across all species, many individual 

species demonstrated substantial range changes (Figure 2.6, Table 2.2).  Of the 68 species 

boundaries examined, 36 (53%) shifted northward, 16 of which were northern boundaries 

and 20 of which were southern boundaries.  Eighteen species exhibited a northward shift 

greater than 10 km, while 6 species shifted more than 50 km north  including Blue-

winged Teal (Anas discors; 50.9 km), Sharp-shinned Hawk (Accipiter striatus; 53.6 km), 

Pine Warbler (Setophaga pinus; 94.7 km), Northern Parula (Setophaga americana; 111.6 

km), Black Vulture (Coragyps atratus; 118.0 km) and Blue Grosbeak (Passerina 

caerulea; 126.0 km).  Many species also had strong changes in centers of occurrence with 

26 of 58 total species (45%) shifting northward, 19 of which had shifts greater than 5 km, 

and 8 of which had shifts greater than 25 km. Many of the largest northward shifts in 

centers of occurrence were in the same species already listed for boundary shifts, 

however additions include Red-breasted Nuthatch (Sitta canadensis; 27.3 km), 

Prothonotary Warbler (Protonotaria citrea; 29.3 km), and Carolina Wren (Thryothorus 

ludovicianus; 44.8 km).  Twenty-eight of the 68 species boundaries (41%) shifted 

southward (13 northern boundaries, 15 southern boundaries), including fifteen species 
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that shifted more than 10 km, and 5 species that shifted more than 50 km south, including 

Prairie Warbler (Setophaga discolor; -54.5 km), Kentucky Warbler (Geothlypis formosa; 

-57.5 km), Blue-headed Vireo (Vireo solitarius; -68.5 km), Cliff Swallow (Petrochelidon 

pyrrhonota; -100.2 km) and Sedge Wren (Cistothorus platensis; -141.3 km).  

Additionally, 32 of 58 species (55%) experienced southward shifts in centers of 

occurrence, 24 of which shifted more than 5 km south, and 6 of which shifted more than 

25 km south.  Species with large southward shifts in centers of occurrence not already 

noted in boundary shifts were Yellow-breasted Chat (Icteria virens; -25.1 km), Swamp 

Sparrow (Melospiza georgiana; -26.5 km), Canada Goose (Branta canadensis; -29.2 km), 

and Tree Swallow (Tachycineta bicolor; -31.3 km).  

My model of change in species occurrence explained very little of the variation in 

the data (adjusted R
2
 = 0.08), although the results suggested that, as a group, southerly 

species increased species occurrence (0.37 ± 0.15) and more so than northerly species 

(0.20 ± 0.18).  Species occurrence declined slightly with increasing extent proximity for 

both southerly (-0.001 ± 0.0005) and northerly species (-0.001 ± 0.0006).  In other words, 

species with boundaries closer to Ohio were more likely to show increases in occupancy 

than species with boundaries farther away. 

In more closely examining individual changes in number of blocks occupied, I 

found that 32 of the 71 species examined increased in occurrence between the two atlases 

(45%), while 39 species decreased in occurrence (55%), although 18 of these species 

changed less than 0.1 (absolute value; Table 2.2).  However, several species examined 

demonstrated dramatic changes in occurrence between the two atlases (Table 2.2).  Ten 

species increased in occurrence by more than 1.0, although half of these were extremely 

rare in the first atlas (≤ 5 records) and occupied moderately more blocks in the second 

atlas (6 to 23) resulting in large change values given our metric.  The remaining five 

species with large increases in occurrence demonstrated large boundary shifts ( >100 km) 

two of them with southern boundaries that expanded south, and the other three with 

northern boundaries that expanded north (Table 2.2).  This demonstrates the importance 

of accounting for changes in occurrence when examining directional changes in 
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distributions.  The only two species that decreased in occurrence by more than 1.0 were 

the southerly distributed Loggerhead Shrike and the northerly distributed Ruffed Grouse 

(discussed in Methods, above).   

 

DISCUSSION 

My findings support the idea that species are more sensitive to climatic changes 

along their northern boundaries than along their southern boundaries (in the Northern 

Hemisphere), as I found evidence for northward shifts in southerly species, but not in 

northerly species.  The lack of a northward shift in southern boundaries is not unexpected 

given results of similar studies, but the southward shifts I detected in northerly species 

are unique (Hitch and Leberg 2007, Thomas and Lennon 1999, Brommer 2004).  The 

shifts observed in this study also represent expansions at both northern and southern 

range boundaries and could suggest that range expansions across species are the cause of 

these trends (Hitch and Leberg 2007).  However, my use of the y-intercept methodology 

suggests that directional changes detected were beyond what would be expected given 

changes in species occurrence between atlases.   

Although my model of species occurrence explained little of the variation among 

species, it suggested that southerly species might be “filling-in” along the peripheries of 

their ranges.  As this is the first study I know of using this test, my results indicate the 

potential to detect differences between northerly and southerly species in changes in 

species occurrence and suggest that a more detailed occupancy analysis could be 

informative. 

Individual species varied dramatically in the magnitude and direction of changes 

in range boundaries, centers of occurrence and number of blocks occupied.  This suggests 

that there are large differences between species in how climate and other environmental 

changes have affected their distributions within Ohio.  Species with the largest northward 

or southward shifts tended to have large changes in occurrence, although a few did not.  

Exceptions in northward shifts included the southerly species Pine Warbler and 
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Prothonotary Warbler and the northerly species Chestnut-sided Warbler (Setophaga 

pensylvanica), Red-breasted Nuthatch, and Northern Harrier (Circus cyaneus; Table 2.2).  

Northward shifts observed in these species indicate that climate warming may be 

affecting them more than other species making them good candidates for more detailed 

studies on climate effects.  Exceptions in species with strong southward shifts that did not 

experience corresponding changes in occurrence included northerly species Rose-

breasted Grosbeak (Pheucticus ludovicianus), Swamp Sparrow, Purple Finch 

(Haemorhous purpureus) and Black-capped Chickadees (Poecile atricapillus), but no 

southerly species (Table 2.2). For these species, factors unrelated to population dynamics, 

such as spatially-correlated land cover changes, were likely driving directional shifts in 

the population.  However, the fact that I found no species with southward shifts in 

northern range boundaries without corresponding changes in occurrence again suggests 

that climate change is affecting species along northern peripheries.  Additionally, a few 

species had large changes in the number of blocks occupied which could potentially mask 

a response to climate change.  For example, Green Heron (Butorides virescens) and 

Worm-eating Warbler (Helmitheros vermivorum) both had large decreases in occurrence, 

but no corresponding southward shifts, making them good candidates for more detailed 

occupancy analyses (Table 2.2). 

Findings among similar studies vary in both the direction and magnitude of the 

shifts in avian distributions documented.  I examined my study in the context of four 

similar studies, most of which used regional Breeding Bird Atlas data as well as the y-

intercept methodology to account for overall changes in species distributions.  For 

example, I found northward shifts in northern range boundaries of 2.8 km/decade in Ohio 

(1982-1987 to 2006-2011), whereas other studies reported northward shifts in northern 

boundaries of 23.5 km/decade in North America (Breeding Bird Survey, 1967-1971 to 

1998-2002; Hitch and Leberg 2007), 15.7 km/decade northward in Finland (1974-1979 to 

1986-1989; Brommer 2004), 9.5 km/decade northward in Great Britain (1968-1972 to 

1988-1991; Thomas and Lennon 1999), and no evidence of northern boundary shifts in 

New York State (1980-1985 to 2000-2005; Zuckerberg et al. 2009).  Studies are even 
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more variable with regard to shifts in southern boundaries, with three studies finding no 

shifts (Hitch and Leberg 2007, Thomas and Lennon 1999, Brommer 2004), Zuckerberg et 

al. (2009) finding a northward shift of 6.7 km/decade, and our study finding a southward 

shift of 3.8 km/decade.   

One possible explanation for the discrepancy among avian studies is that studies 

were conducted over different time periods.  One multi-species study examined changes 

over three Breeding Bird Atlases (1980 – 1981, 1990 – 1992, 2000 – 2002).  They found 

that response to climate change increased over time, with latitudinal distribution changing 

from being a weak predictor of abundance between Atlas I and II to being the most 

significant predictor between Atlas II and III (Lemoine et al. 2007). Therefore, it is 

important to repeat such studies with the most recent datasets possible as species 

responses to climate change may change over time.  That said, my study (the most recent 

among those discussed here) showed a weaker poleward response than previous studies.  

Alternatively, differing results among published studies may in part be associated with 

important regional differences in landscape and species composition.  Such differences 

may affect the overall distributional response exhibited by multi-species groups to 

climate change, even within temperate regions (Zuckerberg et al. 2009).  Our study, 

conducted in the American Midwest, is novel in these regards and did find a unique 

directional trend in avian distributions, providing new insight into the important issue of 

regional variation in avian response to climate change.  Finally, previous studies have 

varied in extent and scale.  Not surprisingly, the largest northward shifts were found in 

the one continental-scale study.  Even for a given species, different portions of their range 

may experience different dynamics, and our study captures only a small section of a 

species’ range.  Although this may have inhibited my ability to detect directional 

responses to climate change, fine-scale studies are essential to begin to understand the 

variation among species and regions as well as mechanistic drivers of distributional 

shifts.  Such fine-scale studies can be linked to coarser scale studies in similar regions to 

provide a more complete picture of the multiple stressors occurring at different scales. 
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I propose three possible explanations for the patterns I found, which demonstrated 

some trends expected with climate warming (e.g. moderate northward shifts in northern 

boundaries) and some trends that are not easily explained by recent climatic changes (e.g. 

southward shifts in northerly species).  First, although Ohio’s climate has warmed more 

strongly in some seasons, annual mean temperatures have increased by only 

0.084ºC/decade or 0.25ºC over the time period of this study (1982-2011, Figure 2.1a; 

Girvetz et al. 2009).  This warming trend was weaker and more variable than in some 

regions where similar studies have been conducted (Zuckerberg et al. 2009, Reif et al. 

2010).  Additionally, warming in Ohio has been spatially patchy across the landscape 

(Figure 2.1b).  Therefore, breeding birds may not have experienced actual climate 

warming in many parts of Ohio, and thus might not be expected to show a response.  A 

second possibility is that broad-scale patterns of anthropogenic land use in Ohio, such as 

agriculture (~50% of land cover) and urban/suburban development (~15% of land cover), 

have created a heterogeneous and strongly partitioned landscape (Figure 2.7; Ohio 

Legislative Service Commission 2004).  In these landscapes species may not be able to 

shift into new potential climatic regions due to lack of habitat in surrounding areas.  This 

may slow rates of range expansion due to climate change in places like Ohio relative to 

areas with more contiguous habitat landscapes (Reif et al. 2010, Clavero et al. 2011, 

Melles et al. 2011).  Lastly, changes in land cover in Ohio over the time period of this 

study could be driving some of the distributional shifts I observed.  For example, forest 

cover in Ohio has increased over the past 75 years (Ohio Legislative Service Commission 

2004), with increases likely continuing, particularly in southeastern Ohio (ODNR 

Division of Forestry 2011).  This reforestation of southeastern Ohio could be driving 

southward trends detected in northerly species.  However, in examining boundary shifts 

of forest dwelling species only (n = 36; Sauer et al. 2011), I found similar but weaker 

southward shifts in northerly species indicating that forest species were not the sole 

drivers of this trend.     

Zuckerberg et al. (2009) argues that by accounting for changes in overall species’ 

distribution (i.e. the y-intercept method), land cover or other changes that would affect 
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avian distributions are also accounted for.  Thus any directional distribution shifts 

observed using this methodology are likely caused by warming temperatures.  However, 

this assumes that land cover change is not spatially correlated.  In Ohio, land cover types 

are highly regional (Figure 2.7), and thus land cover change is often spatially correlated 

as well (e.g. ODNR Division of Forestry 2011).  Additionally, land cover change is often 

sudden and can cause an abrupt change in habitat that is likely to cause similarly abrupt 

changes in species’ distributions.  To the contrary, climate change tends to be more 

gradual and highly variable.  Therefore, it may operate on longer time scales and be 

masked by the more localized and abrupt distribution shifts caused by land cover 

changes. 

 My findings suggest that warming temperatures may have influenced avian 

species distributions in Ohio, causing northward shifts in southerly species and the 

potential “filling-in” of southerly species along the peripheries of their ranges.  However, 

southward shifts in northerly species suggest that other determinants may also be 

important drivers of change. This study indicates a need for future studies of 

distributional changes to consider additional environmental factors such as land cover 

change in order to isolate potential drivers and understand how multiple influences 

interact.  Additionally, this study informs conservation efforts by elucidating avian 

distributional patterns in a novel landscape and on a scale that is more relevant to land-

managers.  These findings suggest the potential for land managers to increase resilience 

to climate change in the short term through land management strategies. 
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Table 2.1. Results of model ranking based on Akaike’s Information Criterion for both (a) 

boundary analyses, and (b) center of occurrence analyses.  Tables report the variables 

included in each model (Models), the number of estimated parameters included in the 

model (k), the AIC value corrected for small sample size (AICC), the Δ AICC value where 

values < 2.0 were considered equally plausible models, the AICC weight, and the 

evidence ratio. 

 

a. Boundary Analyses 

Models k AICc Δ AICc AICc Weight Evidence Ratio 

N/S * Occupancy  4 638.74 0.00 0.67 1 
N/S * Occupancy * Extent Proximity 8 640.16 1.42 0.33 2.03 
N/S * Extent Proximity 4 697.34 58.60 0.00 5.30 * e12 
N/S  2 702.44 63.70 0.00 6.79 * e13 
Null 1 702.77 64.02 0.00 7.98 * e13 
Occupancy * Extent Proximity 4 704.16 65.42 0.00 1.60 * e14 
Occupancy  2 704.28 65.54 0.00 1.70 * e14 

Extent Proximity 2 704.66 65.91 0.00 2.05 * e14 

 

 

 

b. Center of Occurrence Analyses 

Models k AICc Δ AICc AICc Weight Evidence Ratio 

N/S * Occupancy 4 488.71 0.00 0.97 1.00 
N/S * Occupancy * Extent Proximity 8 495.71 7.00 0.03 33.08 
N/S 2 507.72 19.00 0.00 13390.12 
Null 1 508.53 19.82 0.00 20080.92 
Occupancy 2 508.60 19.88 0.00 20782.99 

Occupancy * Extent Proximity 4 509.67 20.96 0.00 35563.2 
N/S * Extent Proximity 4 510.20 21.48 0.00 46243.09 
Extent Proximity 2 510.25 21.54 0.00 47455.78 
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Table 2.2. All species used in this study and all metrics from boundary, center of occurrence and species occurrence analyses.  

NA indicates that the metric could not be obtained for that species.  Habitat preferences (Habt), migration strategy (Migr), and 

primary breeding season diet preference (Diet) are based on Sauer et al. (2011) and the Birds of North America Online (Poole 

2005).  Habt: FOR=forest, SHR=Shrub/scrub, GRA=grassland, WET=wetlands, and GEN=generalist.  Migr: N=neotropical 

migrant, S=short-distance migrant, R=resident.  Diet: I=insectivore, C=carnivore, P=piscavore, G=granivore, O=omnivore. 

 

Common Name Scientific Name 
Distribution 

Position 
Boun
dary 

Boundary 
Shift (km) 

Center 
Shift 
(km) 

#Blocks 
Atlas 1 

#Blocks 
Atlas 2 

Change in 
Occurrence 

Extent 
Proximity 

(km) 
Habt Migr Diet 

Acadian Flycatcher Empidonax virescens Southerly N 0 -3.1 639 586 -0.0866 256.5 FOR N I 

Alder Flycatcher Empidonax alnorum Northerly S -31.46 -6.65 36 45 0.2231 8.4 SHR N I 

American Redstart Setophaga ruticilla Northerly S 3.62 -14.28 349 334 -0.0439 598.6 FOR N I 

Bank Swallow Riparia riparia Northerly S 12.97 -1.58 159 111 -0.3594 105.9 GEN N I 

Black-and-white 
Warbler 

Mniotilta varia Southerly N 14.24 -0.8 132 153 0.1476 37.3 FOR N I 

Black-billed Cuckoo 
Coccyzus 
erythropthalmus 

Northerly S -2.86 -8.74 273 175 -0.4447 560.7 FOR N I 

Black-capped 
Chickadee 

Poecile atricapillus Northerly S -15.11 -0.92 238 240 0.0084 39.7 FOR R I 

Black-throated Green 
Warbler 

Setophaga virens Northerly S -21.95 -18.44 30 49 0.4906 -177.9 FOR N I 

Black Vulture Coragyps atratus Southerly N 118 41.26 23 112 1.583 -41.8 GEN R C 

Blue-gray 
Gnatcatcher 

Polioptila caerulea Southerly N -0.25 0.88 654 658 0.0061 539.1 FOR N I 

Blue-headed Vireo Vireo solitarius Northerly S -68.5 7.69 13 29 0.8023 -184.1 FOR N I 

Blue-winged Teal Anas discors Northerly S 50.91 22.05 33 24 -0.3185 12.1 WET N I 

Blue-winged Warbler 
Vermivora 
cyanoptera  

NA S 0 NA 460 308 -0.4011 472.3 FOR N I 

Blue Grosbeak Passerina caerulea Southerly N 126.02 25.32 27 90 1.204 -116.8 SHR N I 

4
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Table 2.2 Continued 

            
Bobolink Dolichonyx oryzivorus Northerly S 24.41 4.7 442 262 -0.523 78.5 GRA N I 

Brown Creeper Certhia americana Northerly S -22.32 2.84 19 28 0.3878 -142.5 FOR S I 

Canada Goose Branta canadensis Northerly S -32.91 -29.17 351 627 0.5802 261.5 WET S G 

Canada Warbler Cardellina canadensis Northerly NA NA NA 7 6 -0.1542 -247.5 FOR N I 

Carolina Chickadee Poecile carolinensis  Southerly N 9.76 1.25 533 541 0.0149 102.6 FOR R I 

Carolina Wren 
Thryothorus 
ludovicianus 

Southerly N 19.36 44.8 414 678 0.4933 249 FOR R I 

Cerulean Warbler Setophaga cerulea Southerly N -5.79 -18.9 387 212 -0.6018 317.3 FOR N I 

Cerulean Warbler Setophaga cerulea NA S 5.19 NA 387 212 -0.6018 249.8 FOR N I 

Chestnut-sided 
Warbler 

Setophaga  
pensylvanica 

Northerly S 15.43 -17.35 60 62 0.0328 -181.4 FOR N I 

Cliff Swallow 
Petrochelidon 
pyrrhonota 

Northerly S -100.22 -29.86 41 121 1.0822 391.7 GEN N I 

Dark-eyed Junco Junco hyemalis Northerly NA NA NA 5 14 1.0296 -109 FOR S I 

Eastern Towhee Pipilo 
erythrophthalmus 

Southerly N -0.46 -6.32 721 664 -0.0824 649.5 SHR S I 

Grasshopper Sparrow 
Ammodramus 
savannarum 

NA N -4.84 NA 533 404 -0.2771 630.9 GRA N I 

Grasshopper Sparrow 
Ammodramus 
savannarum 

NA S -0.06 NA 533 404 -0.2771 619.8 GRA N I 

Green Heron Butorides virescens Southerly N -0.64 9.84 549 365 -0.4082 649 WET N P 

Hermit Thrush Catharus guttatus Northerly NA NA NA 5 14 1.0296 -279 FOR S I 

Hooded Warbler Setophaga citrina  Southerly N -1.86 -5.04 284 347 0.2004 180.6 FOR N I 

Horned Lark Eremophila alpestris NA N -5.09 NA 515 453 -0.1283 603.9 GRA S I 

Horned Lark Eremophila alpestris NA S 25.51 NA 515 453 -0.1283 578.8 GRA S I 

House Finch 
Haemorhous 
mexicanus  

Southerly N 0.22 -5.29 596 690 0.1465 563.5 GEN S G 

Kentucky Warbler Geothlypis formosa Southerly N -57.45 -21.53 387 268 -0.3674 95.9 FOR N I 

Least Flycatcher Empidonax minimus Northerly S 0.6 -13.97 77 39 -0.6802 -166.7 FOR N I 

Loggerhead Shrike Lanius ludovicianus Southerly NA NA NA 11 2 -1.7047 366.6 GRA S I 

 

Continued 
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Table 2.2 Continued 
            

Louisiana 
Waterthrush 

Parkesia motacilla  Southerly N 2.8 -3.04 266 242 -0.0946 337.7 FOR N I 

Magnolia Warbler Setophaga  magnolia Northerly NA NA NA 6 14 0.8473 -178.3 FOR N I 

Mallard Anas platyrhynchos Northerly S -4.22 -3.31 519 543 0.0452 430.3 WET S I 

Marsh Wren Cistothorus palustris Northerly S 35.44 15 34 26 -0.2683 87.6 WET S I 

Northern Harrier Circus cyaneus Northerly S 7.41 17.61 35 33 -0.0588 166.5 GRA S C 

Northern Parula 
Setophaga 
americana  

Southerly N 111.62 25.66 40 193 1.5738 -78.7 FOR N I 

Orchard Oriole Icterus spurius Southerly N 6.03 11.87 526 595 0.1233 249.4 SHR N I 

Ovenbird Seiurus aurocapillus Northerly S 0 -18.06 411 326 -0.2317 623.9 FOR N I 

Pine Warbler Setophaga  pinus Southerly N 94.66 44.03 67 84 0.2261 -65.8 FOR S I 

Prairie Warbler Setophaga discolor Southerly N -54.46 -17.14 253 198 -0.2451 33 SHR N I 

Prothonotary 
Warbler 

Protonotaria citrea Southerly N 4.21 29.25 62 64 0.0317 349.4 FOR N I 

Purple Finch 
Haemorhous 
purpureus 

Northerly S -20.99 -1.46 81 51 -0.4626 -165.7 FOR S I 

Red-breasted 
Nuthatch 

Sitta canadensis Northerly S 35.73 27.29 12 11 -0.087 272.9 FOR S I 

Rose-breasted 
Grosbeak 

Pheucticus 
ludovicianus 

Northerly S -47.76 -22.14 422 464 0.0949 17.2 FOR N I 

Ruffed Grouse Bonasa umbellus Northerly S 13.18 -16.34 245 56 -1.4759 60.4 FOR R O 

Sandhill Crane Grus canadensis Northerly NA NA NA 1 24 3.1781 -174 WET S O 

Savannah Sparrow 
Passerculus 
sandwichensis 

Northerly S 3.59 -1.94 548 512 -0.068 207.5 GRA S I 

Sedge Wren Cistothorus platensis Northerly S -141.31 -37.37 14 38 0.9985 -93 GRA S I 

Sharp-shinned Hawk Accipiter striatus Northerly S 53.6 26.96 65 53 -0.2041 558.4 FOR S C 

Spotted Sandpiper Actitis macularia Northerly S 27.85 7.61 231 155 -0.399 385.4 WET N I 

Summer Tanager Piranga rubra Southerly N -7.65 -8.21 236 167 -0.3458 16.9 FOR N I 

Swamp Sparrow Melospiza georgiana Northerly S -43.02 -26.51 173 166 -0.0413 97.5 WET S I 

Tree Swallow Tachycineta bicolor Northerly S -20.09 -31.33 337 620 0.6096 529.5 WET S I 

Veery Catharus fuscescens Northerly S 37.27 11.51 140 79 -0.5722 -167.6 FOR N I 

Continued 
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Table 2.2 Continued 
            

Vesper Sparrow Pooecetes gramineus Northerly S 20.13 5.59 496 353 -0.3401 220.4 GRA S I 

Warbling Vireo Vireo gilvus Northerly S 7.2 6.2 676 665 -0.0164 507.2 FOR N I 

White-eyed Vireo Vireo griseus Southerly N 0.93 -9.3 507 442 -0.1372 192.7 SHR N I 

Willow Flycatcher Empidonax trailii NA N 0 NA 630 611 -0.0306 395.9 SHR N I 

Willow Flycatcher Empidonax trailii NA S 9.21 NA 630 611 -0.0306 468.2 SHR N I 

Winter Wren Troglodytes hiemalis  Northerly S NA NA 2 13 1.8718 -228.8 FOR S I 

Worm-eating 
Warbler 

Helmitheros 
vermivorus 

Southerly N 8.25 5.28 91 79 -0.1414 -50.1 FOR N I 

Yellow-bellied 
Sapsucker 

Sphyrapicus varius Northerly NA NA NA 2 18 2.1972 196.6 FOR S I 

Yellow-billed Cuckoo Coccyzus americanus Southerly N 2.95 1.72 668 613 -0.0859 561.7 FOR N I 

Yellow-breasted Chat Icteria virens Southerly N -9.63 -25.05 555 405 -0.3151 228.5 SHR N I 

Yellow-throated 
Vireo 

Vireo flavifrons Southerly N 2.7 0.9 573 560 -0.0229 596.5 FOR N I 

Yellow-throated 
Warbler 

Setophaga dominica Southerly N 2.79 0.64 269 309 0.1386 51.1 FOR N I 
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Figure 2.1. Annual mean temperature in Ohio (C) from 1982 to 2011 shown both (a) 

graphically, with trend line (red), 5-year rolling average (blue) and annual measurements 

(black), and (b) spatially.  Graph and map both produced online using Climate Wizard 

Online Custom Analyses (http://climatewizardcustom.org/; Girvetz et al. 2009).  Base 

climate data from the PRISM group, Oregon State University.   

a) 

b) 
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Figure 2.2. Distance (km) and direction (degrees) of change in center of occurrence 

between OBBA I and OBBA II for both southerly and northerly species.  
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Figure 2.3. Diagram showing the breeding range of the White-eyed Vireo (Vireo griseus)  

and the measurement of extent proximity, or the minimum distance from Ohio’s centroid 

to the nearest breeding range boundary, using Natureserve distribution maps (Ridgley et 

al. 2007). Blue rings are 50 km buffers from Ohio’s centroid.  The outermost ring is 650 

km from Ohio’s centroid and the maximum extent proximity used in these analyses.  This 

species was classified as a “southerly species” with an extent proximity of 193 km.  

 

 

  



 

54 

 

 

 

Figure 2.4. Change in latitude (km) of species’ boundaries between OBBA I and II versus 

change in species occurrence [ln(# blocks occupied in OBBA II)  –  ln(# blocks occupied 

in OBBA I)] for southerly and northerly species. Positive numbers indicate northward 

shifts, whereas negative numbers indicate southward shifts. Y-intercepts indicate shift 

beyond that expected with changes in species occurrence. Adjusted R
2 

= 0.63; 95% CI’s 

shown.  
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Figure 2.5. Change in latitude (km) of species’ centers of occurrence between OBBA I 

and II versus change in species occurrence [ln(# blocks occupied in OBBA II)  –  ln(# 

blocks occupied in OBBA I)] for southerly and northerly species. Positive numbers 

indicate northward shifts, whereas negative numbers indicate southward shifts. Y-

intercepts indicate shift beyond that expected with changes in species occurrence.  

Adjusted R
2 

= 0.33; 95% CI’s shown.  
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Figure 2.6. Histograms showing changes in boundaries and centers of occurrence for 

southerly (red) and northerly (blue) species. 
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Figure 2.7. Map of land cover in Ohio produced with data from the 2006 National Land 

Cover Database (Fry et al. 2011). 
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Chapter 3: The effects of climate and land cover change on breeding bird distributions in 

Ohio 

 

 

ABSTRACT 

Climate and land cover change are widespread phenomena that affect organisms 

simultaneously, causing species to respond in profound ways.  Distributional shifts of 

increasing latitude and elevation in apparent response to climate warming as well as 

shifts in response to anthropogenic land use changes have been well documented, 

particularly in avian species.  However, to my knowledge, no studies have examined the 

effects of both climate and land cover on avian distributions using spatially and 

temporally explicit climate, land cover, and avian data.  I examined distributional data for 

17 representative songbird species from two Ohio Breeding Bird Atlas projects (1982-

1987 and 2006-2011) and modeled their Ohio distributions in Atlas II using climate 

and/or land cover data from the same time period.  This information was then back-

projected with environmental data from the Atlas I time period to determine how changes 

in environmental determinants affected models of habitat suitability, and finally, whether 

modeled habitat suitability change accurately predicted gains and losses of species from 

atlas blocks.  I ran three iterations of these models to determine whether climate, land 

cover, or both climate and land cover were driving changes observed in avian 

distributions.  Models that included both climate and land cover were best at predicting 

current avian distributions.  However, within those models, land cover changes, 

particularly in forest and agricultural lands, were most important in characterizing current 

distributions and were the main determinants of local colonization and extinction events 
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at the ~25 km
2
 atlas block level.  Several climatic factors were also important predictors 

of current distributions indicating that with strong increases in temperature predicted for 

this region, these factors could become more important in determining changes in avian 

distributions.  This study suggests that through careful adaptation planning including 

landscape-scale habitat management, land managers could influence local colonization 

and extinction events in avian species, and increase resilience to the more extreme 

climatic pressures predicted by the end of the century. 

 

 

INTRODUCTION 

Major changes in the earth’s climate and land cover over the last century are 

having wide-ranging effects on flora and fauna (IPCC 2007, Parmesan 2006, Walther et 

al. 2002, Foley et al. 2005, Pidgeon et al. 2007).  Among the many ways that some 

organisms are responding to these global changes is through distributional shifts 

(Parmesan 2006, Walther et al. 2002).  Research on shifting distributions using fine-scale 

multi-species data is needed to closely examine associations with environmental variables 

and determine whether shifts are consistent across species with different life histories 

(Zuckerberg et al. 2009).  Understanding the relative importance of factors driving 

changes in distributions is a critical need (Rodenhouse et al. 2009), allowing us to better 

predict how organisms will adapt to global change (Jiguet et al. 2007), and to develop 

more informed management strategies (Hu et al. 2010).  However, many published 

studies of distributional shifts have only indirectly tested relationships with potential 

environmental determinants (Reif et al. 2010, Thaxter et al. 2010), leaving uncertainty 

about mechanistic drivers (Rodenhouse et al. 2009).  Additionally, changes in both land 

cover and climate are known to interact in important ways (Reif et al. 2010, Clavero et al. 

2011, Melles et al. 2011), but few, if any, studies have simultaneously and directly tested 

the effects of both factors on avian distributions (Hitch and Leberg 2007, Pidgeon et al. 

2007, La Sorte and Thompson 2007, Vallecillo et al. 2009). 
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Numerous studies have shown shifts of increasing latitude and elevation in both 

plants and animals in apparent response to warming temperatures (Parmesan 2006, 

Walther et al. 2002, Sturm et al. 2001, Woodall et al. 2009, Thomas and Lennon 1999, 

Popy et al. 2010, Brommer 2004).  Several recent studies using multi-species datasets 

have reported poleward trends in bird distributions (Zuckerberg et al. 2009, Hitch and 

Leberg 2007, Thomas and Lennon 1999, Brommer 2004, La Sorte and Thompson 2007), 

but varied as to whether trends were observed for northern boundaries, southern 

boundaries, or other metrics, with much variation among species (Zuckerberg et al. 

2009).  This variation is not entirely surprising as these studies were conducted in regions 

that differ in severity of climatic changes experienced (IPCC 2007), as well as in 

landscape characteristics, land cover changes, and species assemblages.  Additionally, 

these studies did not examine relationships between distributional shifts and actual 

historical climate data, and relatively little is known about the mechanisms by which 

climate affects avian distributions (Jiguet et al. 2007).  Winter minimum temperature has 

been shown to limit distributions of species that winter in north temperate regions, due to 

physiological tolerances and energetic stress (Root 1988, Zuckerberg et al. 2011, 

Canterbury 2002), however, this does not help explain breeding season distributions of 

migratory species that are absent from temperate areas in winter. Ultimately, in the 

absence of specific mechanistic understanding, many studies of the effects of climate 

change on species use measurements such as the mean temperature of the season of study 

(e.g. migration period or breeding season) and mean annual temperature and precipitation 

to capture overarching effects of climate on organisms (e.g. Visser et al. 1998, Valiela 

and Bowen 2003, Both and Visser 2001). 

Land cover changes have resulted in widespread habitat alterations that have had 

profound effects on species assemblages and distributions (Vitousek 1994, Pimm and 

Raven 2000, Reif et al. 2010, Chace and Walsh 2006, Thaxter et al. 2010).  Several types 

of land cover change have been shown to affect avian distributions in particular, such as 

declines in grassland birds with agricultural intensification and changes in avian species 

composition with urban development (Reif et al. 2010, Pidgeon et al. 2007, Thaxter et al. 
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2010, Valiela and Martinetto 2007, Trisurat and Duengkae 2011, Rittenhouse et al. 2010, 

Meltofte et al. 2010).  Although land cover changes are thought to mostly affect species 

on the local level, widespread changes may result in broader shifts in species’ 

distributions and abundances (Pidgeon et al. 2007, Thaxter et al. 2010, Valiela and 

Martinetto 2007).  Habitat fragmentation may also have important effects on avian 

distributions (Chalfoun et al. 2002, Donovan et al. 1995, Robinson et al. 1995), although 

many studies suggest that the effects of habitat fragmentation on avian distributions are 

mainly just the result of habitat loss (e.g. Mortelliti et al. 2010, Zuckerberg and Porter 

2010).  Additionally, other habitat characteristics such as structural complexity and 

disturbance regimes are also important to avian distributions (Brawn et al. 2001, Holmes 

and Sherry 2001, Rittenhouse et al. 2010, Goetz et al. 2010), but operate on a finer scale 

than alterations of habitat type. 

Many studies of avian distributional change have looked for patterns in life 

history traits or directional shifts and attributed these to changes in land cover or climate 

(e.g. Thomas and Lennon 1999, Thaxter et al. 2010), rather than using spatially and 

temporally explicit environmental data to directly test relationships.  However, there is 

now a greater need to incorporate such data into models as we try to identify the relative 

importance of factors driving distributional changes (Clavero et al. 2011).  Additionally, 

although many studies have examined the effects of either climate or land cover change 

on avian distributions, few have examined their combined effects.  Further, studies of 

combined effects have either evaluated current distributions to make predictions (e.g. 

Gschweng et al. 2012, Steen and Powell 2012, Revermann et al. 2012), or have only 

indirectly examined the relationship to climate and land cover, as discussed above (Reif 

et al. 2010, Lemoine et al. 2007, Valiela and Bowen 2003, Thaxter et al. 2010, Jiguet et 

al. 2007).  However, changes in climate and land cover are widespread, affect species 

simultaneously, and likely interact in important ways (Reif et al. 2010, Clavero et al. 

2011, Melles et al. 2011).  Thus it is essential to consider both when attempting to gain a 

detailed understanding of either to avoid misinterpretation of results.  For example, 

habitat loss could prevent a species from utilizing new suitable climate space, thus 
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inhibiting the expected response to warming.  Alternatively, habitat loss could act as an 

additional stressor exaggerating potential negative effects of climate change, such as 

range contractions (Reif et al. 2010, Clavero et al. 2011, Melles et al. 2011).   

I examined changes in the distributions of 17 representative songbird species 

using data from the Ohio Breeding Bird Atlases I and II (1982-1987 and 2006-2011, 

respectively) in comparison to spatially and temporally explicit data on temperature and 

precipitation (Girvetz et al. 2009), and land cover (National Land Cover Database; Fry et 

al. 2011, Fry et al. 2009).  This allowed me to first model the Ohio distribution of each 

species in Atlas II using climate and/or land cover data from the same time period.  I then 

back-projected this model information with environmental data from the Atlas I time 

period to determine how changes in environmental determinants affected models of 

habitat suitability, and finally, whether modeled habitat suitability change accurately 

predicted gains and losses of species from atlas blocks.  I used three iterations of these 

models to explicitly test whether changes in climate, land cover, or both climate and land 

cover best predicted atlas block level colonization and extinction events in Ohio’s 

breeding birds over this time period.  Given known changes in climate and land cover in 

Ohio over the time period of our study (see Study Area below), I hypothesized that both 

climate and land cover variables would be important in determining distributional 

changes in Ohio’s breeding birds, with land cover being the stronger driver due to greater 

changes over the 25-year time period. 

     

METHODS 

Study Area 

The study area for this project is the U.S. state of Ohio (106,000 km
2
), located at 

the intersection of the American Midwest and the foothills of the Appalachian 

Mountains, and bordered by Lake Erie to the north.  Land-cover within Ohio is 

predominantly agricultural (52%), especially in western parts of the state, with substantial 
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amounts of forest cover (27%), mainly in the south and east, and urban development 

(14%, 1997; Ohio Legislative Service Commission 2004; also see Figure 3.1).  Land 

cover has changed substantially in Ohio over the time period of our study.  For example, 

urban land increased markedly from 1982–1997, with more than 20,000 new acres of 

urban development in twelve of Ohio’s 88 counties (Reese 2001).  Agricultural 

intensification in Ohio over the last century has resulted in larger farms, lower crop 

diversity and more homogenous agricultural landscapes (Medley et al. 1995).  Forest 

cover in Ohio has increased from a low of ~15% in 1940, with increases continuing 

mostly in the southeastern part of the state (ODNR Division of Forestry).  The NLCD 

data used in this study (1992–2006) supports these trends, with observed gains in 

urban/developed areas, especially around large cities, as well as both gains and losses in 

forest and agriculture (Figure 3.2).  For example, according to my data, more than 50 

atlas blocks lost at least 1 km
2
 of forest cover and 20 atlas blocks gained more than 0.5 

km
2
 of forest (only 2 gained > 1 km

2
). 

Annual mean temperatures vary by about 3°C from northern to southern parts of 

Ohio.  Temperatures have changed slightly in Ohio over the time period of this study, 

although trends were not statistically significant in part due to high variability. Between 

1982 and 2011 mean winter and summer temperatures increased by 0.50ºC, spring 

temperatures increased by 0.66 ºC, and fall temperatures increased minimally (Girvetz et 

al. 2009).  Collectively, the change in annual mean temperature was only 0.08ºC/decade 

or 0.25ºC, and weaker than in many other areas where avian distributional shifts have 

been examined (IPCC 2007, Zuckerberg et al. 2009).   

 

The Ohio Breeding Bird Atlases 

 Ohio’s first Breeding Bird Atlas (OBBA I) was conducted from 1982 to 1987 

(Peterjohn and Rice 1991).  Some 25 years later, Ohio completed a second atlas (OBBA 

II; 2006–2011), providing a unique opportunity to examine potential drivers of long-term 

changes in breeding bird distributions.  An atlas survey grid was created for Ohio based 
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on the 7.5-minute USGS topographic map series by dividing each map into 6 rectangles, 

known as atlas “blocks,” of approximately 25 square-kilometers each.  One randomly 

selected block (n = 764) out of each set of six was surveyed in OBBA I and resurveyed in 

OBBA II.  Within each block, breeding birds were surveyed in all available habitats, 

typically by multiple observers, resulting in the presence/absence of each species in the 

block.   Data for both atlases were collected by volunteer observers and field technicians. 

OBBA II data also include large contributions from the following external data sources: 

North American Breeding Bird Survey (USGS Patuxent Wildlife Research Center), eBird 

(Cornell Lab of Ornithology), Ohio Division of Wildlife datasets, and bird banding data 

(U.S.G.S. Bird Banding Laboratory).  To enhance the comparability of the atlas datasets, 

each block in OBBA II was individually analyzed for potentially missing species based 

on aerial habitat photographs, records from OBBA I, and expert opinion.  Blocks in 

which fewer than 90% of the number of species found in OBBA I, or the “species goal,” 

were recorded in OBBA II were revisited in the final year of data collection.  

Additionally, many blocks with > 90% of the species goal were resurveyed based on 

potential “missing” species and available habitat. OBBA II data resulted in an average 

across all blocks of 98.3% of the species goal.  For more detail on OBBA methodology, 

see Chapter 2: Methods or Peterjohn and Rice (1991).     

I selected 17 focal songbird species representing a range of life history 

characteristics so as to be able to elucidate broader patterns in factors influencing species 

distributions (Table 3.1).  These species were selected from those deemed appropriate for 

comparison between the two atlases based on life history characteristics, detection biases, 

and numbers of detections (see Appendix A and Chapter 2: Methods).  Additionally, 

species needed to have a minimum of 25% of the 764 atlas blocks in OBBA II classified 

as present and absent each to allow for accurate classification of both categories in my 

models.  Because my questions focused on factors affecting gains and losses of species in 

atlas blocks, I chose species that both gained and lost a minimum of 16 blocks between 

atlas periods, per Vallecillo et al. (2009), although most species had gained and lost 

substantially more (Table 3.1). 
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Climate variables  

Climate variables were obtained using Climate Wizard online custom analysis 

(http://climatewizardcustom.org/; Girvetz et al. 2009).  The variables used in this study 

were 1) annual mean temperature, 2) spring (March–May) mean temperature, 3) summer 

(June–August) mean maximum temperature, 4) winter (December–January) mean 

minimum temperature, 5) annual precipitation, and 6) breeding season (May–August) 

precipitation.  These variables were selected based on prior studies suggesting that these 

factors may be direct or indirect determinants of avian distributions (Table 3.2). The 

average value for each variable was calculated for each of the 764 atlas blocks using 

Zonal Statistics in ArcGIS 9.0 for both atlas time periods (1982–1987 and 2006–2011).   

 

Land cover variables 

 Land cover variables were obtained from the National Land Cover Database 

(NLCD), produced by the Multi-Resolution Land Characteristics Consortium, and have a 

spatial resolution of 30 meters (Fry et al. 2011).  I used the 2006 NLCD map to 

characterize the most current land cover conditions in our study region (Fry et al. 2011).  

I used both the 1992–2001 change map (Fry et al. 2009) and the 2001-2006 change map 

(Fry et al. 2011) to quantify land cover change from 1992-2006 and ultimately derive 

land cover values for 1992, as direct comparisons between 1992 and 2006 NLCD data are 

not advised due to methodological changes (Fry et al. 2009).  All land cover categories 

were collapsed and reclassified to Urban/Developed, Forest, Agriculture, 

Grass/Scrub/Shrubland, Wetlands, and Other.  I then calculated total coverage for each 

land cover type for 1992 and 2006 within each of the 764 atlas blocks.  All land cover 

variables were derived and processed using ArcGIS 9.0 and 10.0.  The land cover data 

used in this study represent the longest time period of change measurable using NLCD 

data.  Because the time interval did not span the entire period of the avian data, these 
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measures of land cover change are conservative, capturing 14 of the 19 years that fell 

entirely between the two atlases.   

 

Statistical Analyses 

 My statistical analyses consisted of three iterations of two consecutive models and 

follow much of the methodology used by Vallecillo et al. (2009).  

“A” Models: I used Random Forest classification trees (Breiman 2001) 

implemented in R (Liaw and Weiner 2002) to classify presences and absences and create 

a Habitat Suitability Index for the distribution of each of the 17 species in OBBA II (or 

“viability score,” Crookston et al. 2010).  I ran three iterations of this model for each 

species using different groups of environmental variables: 1) all climate and land cover 

variables (climate+land cover), 2) climate variables only (climate-only), and 3) land 

cover variables only (land cover-only).  Although some of these variables were correlated 

with each other, Random Forest is a robust non-parametric approach that avoids 

distributional assumptions of linear methods and unlike stepwise and criterion-based 

methods, “spreads” variable importance across all variables rather than eliminate 

variables which are good predictors but are correlated with other variables (Cutler et al. 

2007).  These analyses were performed in R (R Development Core Team 2011) using the 

package randomForest with 500 trees and default splitting criteria (Liaw and Weiner 

2002).   

The information generated from these three Random Forest models was then used 

to predict three corresponding Habitat Suitability Indexes for each species in Atlas 1 

using environmental variable data from the Atlas 1 time period (Vallecillo et al. 2009).  I 

then calculated change in modeled Habitat Suitability Index (ΔHSI) between OBBA I 

and II for each species (Vallecillo et al. 2009) under each of the three model variations.  

This method of deriving ΔHSI was preferable to using change metrics of multiple 

environmental variables because: 1) change is often more difficult to accurately capture 



 

67 

 

than a state at one time period, 2) each of the variables operate on very different scales, 

making models difficult to interpret, and 3) by back-predicting relationships from OBBA 

II using historical environmental conditions, I produced a model-based representation of 

species occurrence in OBBA I under those conditions, which was used to create a model-

based representation of ΔHSI. This allowed me to test whether this representation was 

able to predict changes in species’ occurrence, and if so, these changes are likely in part 

due to changes in the environmental conditions that most strongly affected the ΔHSI. 

I selected the “A” Model iteration with the highest area under the receiver 

operating characteristic curve (AUC) values to examine errors of both omission and 

commission, as well as the lowest out-of-bag (OOB) error rates (essentially cross-

validated accuracy estimates) across species (Cutler et al. 2007, Vallecillo et al. 2009).  I 

examined the Gini Index values of this model iteration to determine which individual 

environmental variables were most important in classifying current distributions for each 

species (Cutler et al. 2007).  I then created partial dependence plots to examine the most 

important environmental variables in relation to the probability of presence for individual 

species.  These plots show the dependence of the probability of presence, displayed on 

the ½ logit scale, on a given predictor variable after averaging out the effects of other 

predictor variables in the model.  They can be used to graphically characterize the 

relationships between an individual predictor variable and the predicted probabilities of 

species presence obtained from Random Forest (Cutler et al. 2007).  

“B” Models: I used binary generalized linear models (GLM) to test whether ΔHSI 

values calculated from “A” Models predicted new records of species in OBBA II blocks 

where they were not recorded in OBBA I (referred to as “gains,” or atlas block level 

“colonization”), or the lack of records of species in OBBA II blocks where they were 

recorded in OBBA I (referred to as “losses,” or atlas block level “extinction”).  This was 

done for each of the three iterations of “A” Models (climate-only, land cover-only, 

climate+land cover), separately for both gains and losses, resulting in 6 “B” Models for 

each of the 17 focal species.  I then used Akaike Information Criterion corrected for small 

sample sizes (AICC ; Anderson and Burnham 2002) to separately rank the two sets (gains 
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and losses) of GLMs and evaluate which models of predicting gains and losses (climate-

only, land cover-only, climate+land cover) were best supported for each species.  

 

RESULTS   

Models of species occurrence in Ohio Breeding Bird Atlas II (“A” Models) 

utilizing both climate and land cover information consistently out-performed climate-

only and land cover-only models (mean AUC of 0.903 ± 0.052, 0.861 ± 0.069, and 0.860 

± 0.070, respectively).  Additionally, OOB error rates were lowest for climate+land cover 

models (0.157 ± 0.057) as compared to climate-only (0.200 ± 0.072) and land cover-only 

(0.203 ± 0.071) models (Table 3.1).  AUC values were higher and OOB error rates were 

lower in climate+land cover models for every species (with the exception of Black-

capped Chickadee, Poecile atricapillus; OOB error rate +0.001 above lowest model).  

For 13 of the 17 species, land cover variables were most important in classifying 

distributions, with forest cover being most important for nine species, all of which are 

forest or early successional habitat specialists, and agricultural cover being most 

important for four species, all of which are grassland or agricultural specialists (using 

climate+land cover models; Table 3.3).  For all 13 of these species, agriculture or forest 

was the second most important variable as well, likely because these variables were 

highly negatively correlated (-0.74).  Climate variables ranked most important in 

classifying the distributions of four species, including: mean annual temperature (Yellow-

throated Warbler; Setophaga dominica), mean summer maximum temperature (Rose-

breasted Grosbeak; Pheucticus ludovicianus), and mean spring temperature (Carolina 

Chickadee; Poecile carolinensis, Black-capped Chickadee).  Although mean winter 

minimum temperature was never the top variable, it was the third most important variable 

for seven species (Table 3.3).  Neither precipitation variable was highly ranked for any of 

the 17 species. 

Species with amount of forest cover as the most important variable tended to 

increase in probability of presence with increasing forest cover, with a sharp increase at 
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around 3,000 forest cells in the block (or ~2.7 km
2
; Figure 3.3a), and decrease in 

probability of presence with increasing agricultural cover.  Probability of presence for 

species with agriculture as the top variable increased with increasing agricultural land 

cover, however all four species had a distinct decrease at very high amounts of 

agricultural land cover (Figure 3.3b).  Among species for which mean annual or spring 

temperature ranked highly, those with more northerly distributions (e.g. Black-capped 

Chickadee, Rose-breasted Grosbeak) declined in probability of presence with increasing 

temperature, whereas species with more southerly distributions (e.g. Yellow-breasted 

Chat; Icteria virens, Kentucky Warbler; Geothlypis formosa, and Carolina Chickadee) 

increased with increasing temperature. The probability of presence for Horned Lark 

(Eremophila alpestris), Vesper Sparrow (Pooecetes gramineus) and Savannah Sparrow 

(Passerculus sandwichensis) all showed a negative relationship with increasing mean 

winter minimum temperature (Figure 3.3c), whereas Louisiana Waterthrush (Parkesia 

motacilla) and Prairie Warbler (Setophaga discolor) showed strong positive relationships 

with a threshold around -6.5°C (Figure 3.3d).  The relationship for White-eyed Vireo 

(Vireo griseus) was intermediate (Figure 3.3e).  Mean summer maximum temperature 

was negatively related to probability of presence of the four species for which it was 

highly ranked (Rose-breasted Grosbeak; Black-capped Chickadee; American Redstart, 

Setophaga ruticilla; Hooded Warbler, Setophaga citrina), with an apparent threshold of 

decline at ~28.5°C (Figure 3.3f).     

Changes in Habitat Suitability Indices had strong spatial patterns that varied by 

species.  For example, Vesper Sparrow and Yellow-throated Warbler had nearly opposite 

trends in ΔHSI, falling mainly along habitat lines (Figure 3.1).  When ΔHSI was 

averaged across the 17 species, positive changes in HSI tended to be associated with 

more forested areas while negative values tended to be associated with agricultural and 

urban areas (Figure 3.1).  There were no apparent patterns in ΔHSI values among 

different life history groups, with the exception that 3 of the 4 grassland short-distance 

migrants had similarly negative ΔHSI values (Table 3.1). 
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Despite the fact that climate+land cover models had consistently higher AUC 

values and lower OOB error rates in “A” Models, GLMs (“B” Models) using ΔHSI 

values from land cover-only models to predict gains and losses were strongly supported 

as the best models by AICC rankings for all 17 species (Table 3.4).  Percent deviance 

explained by land cover-only models for predicting species gains in blocks ranged from 

10% (Grasshopper Sparrow; Ammodramus savannarum and Savannah Sparrow) to 42% 

(Kentucky Warbler) with a mean of 22% (± 9%), while percent deviance explained for 

predicting species’ losses ranged from 4% (Hooded Warbler) to 30% (Grasshopper 

Sparrow) with a mean of 18% (± 7%; Figure 3.4).  Percent deviance explained was 

relatively low in climate+land cover “B” Models with a mean of 4% (± 5%) and a 

maximum of 15% (Blue-winged Warbler; Vermivora cyanoptera) for models predicting 

species’ gains, and a mean of 2% (± 3%) and maximum of 12% (Louisiana Waterthrush) 

for models predicting losses (Figure 3.4).  Additionally, percent deviance explained in 

climate+land cover “B” Models varied across species by three and nine degrees of 

magnitude (models of gains and losses, respectively).  Detailed “B” Model results can be 

found in Appendix B. 

  

DISCUSSION 

This study is among the first to address the critical need to better understand the 

relative importance of both climate and land cover changes in determining distributional 

shifts in avian species (Rodenhouse et al. 2009).  I accomplished this by examining 

spatially and temporally explicit climate and land cover variables simultaneously in 

relation to documented changes in avian distributions.  I found that models that included 

both climate and land cover variables were best at predicting current avian distributions, 

with the most commonly important variables being changes in amount of forest and 

agricultural land.  Additionally, land cover-only models were the best supported of 

models predicting gains and losses of species from atlas blocks, suggesting that changes 

in forest and agricultural land cover were the main determinants of change in avian 
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distributions over the time period of our study (1982 – 2011), and more so than changes 

in temperature or precipitation.  

Climate and land cover variables have often been considered redundant in 

modeling avian distributions (Venier et al. 2004, Thuiller et al. 2004), and on coarse 

spatial scales climate is sometimes used as a surrogate for both (Venier et al. 1999).  

However, land cover significantly improved climate-based models of avian distributions 

in some studies (Matthews et al. 2011), especially at finer spatial scales (10–20 km; 

Luoto et al. 2007).  My results were similar to the latter studies in that the inclusion of 

both sets of variables consistently improved models at this fine resolution (~5 km).  In 

addition to demonstrating that both sets of variables are important, these results support 

the concept that land cover is important in describing finer scale patterns of heterogeneity 

in avian distributions. 

Amount of forest and agricultural cover were consistently the most important land 

cover variables in predicting the presence of focal species and demonstrated trends that 

matched my expectations.  For example, forest-habitat specialists were positively 

associated with amount of forest cover and negatively associated with amount of 

agricultural cover.  One interesting pattern among grassland/agricultural species was that 

at the highest levels of agricultural land cover the probability of presence began to 

decline.  This suggests that habitat for even these species may begin to become unsuitable 

in areas with large-scale agricultural intensification.  The map of ΔHSI averaged across 

all species indicated that areas that were already heavily agricultural, predominantly in 

the northwestern part of the state, became less suitable for most species, likely due to 

agricultural intensification.  Areas that were already the most forested in the state, mainly 

in the southeast, became more suitable for species, likely due to additional reforestation 

in these areas (Figure 3.1).  This may be in part due to my sample having more forest and 

scrub/shrub habitat specialists than grassland/agricultural specialists.  However, in light 

of relationships between grassland/agricultural species and agricultural cover described 

above, this trend may also reflect broader patterns and suggest that increased  

homogeneity of land cover at the landscape-scale may have important consequences for 
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avian biodiversity.  Because urban areas are locally concentrated within Ohio, this cover 

type was likely not widespread enough to be highly important in classifying species state-

wide.  However, many urban areas were associated with atlas blocks with strongly 

negative ΔHSI values (Figure 3.1), suggesting that these changes were still important to 

avian diversity at a local level.  Despite the fact that five focal species were grassland 

(Savannah and Grasshopper Sparrow) or scrub/shrubland (White-eyed Vireo, Prairie 

Warbler, Yellow-breasted Chat) specialists, this combined cover type was never highly 

ranked.  This may have been due to the grouping of these habitat/cover types or because 

these habitats are ephemeral, making them more difficult to accurately capture in time-

sensitive data.  Additionally, the 1992 NLCD map may poorly discriminate between 

grasslands and croplands (Wardlow and Egbert 2003, Thogmartin et al. 2004), and is 

thought to have greater classification errors with decreasing patch size (Smith et al. 

2003), which would disproportionately affect this cover type.  

Mean spring temperature was the most important climate variable across species, 

with increases in spring temperatures favoring more southerly distributed species and 

discriminating against more northerly distributed species.  Two species for which this 

variable ranked highly were early-breeding resident species, but the other four were 

migrants.  Mean spring temperature during migration and settling (March-May) could 

affect breeding season distributions by determining the conditions of an area upon arrival 

in a given year (e.g. temperatures, leaf-out, food availability) and thus influencing habitat 

selection, especially in young birds which likely do not yet have strong site fidelity.  

Minimum winter temperature also ranked relatively highly in importance for 6 species, 

all of which were migrants.  These results suggest that minimum winter temperatures 

may regulate species distributions via additional mechanisms than the documented effects 

of winter energetic/physiological tolerances (Root 1988, Zuckerberg et al. 2011, 

Canterbury 2002), perhaps by affecting habitat composition or food availability.  Summer 

maximum temperature is less often cited or used in studies, but the relative importance of 

this variable in my study and the nature of the relationship I found where species 

experienced a sharp decline in probability of presence at ~28.5 °C, suggests that this 
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factor may be increasingly important in determining species distributions in temperate 

regions given future warming predictions.  It is important to note that my study area only 

represents a small part of the climate space tolerated by these species, and thus it is 

possible that the patterns we observed are partially a product of geographic position 

rather than ecological mechanism. 

Generalized linear models (“B” Models) that used ΔHSI values derived from land 

cover-only “A” Models were strongly supported as the top models for all species and 

accounted for markedly more of the deviance in species gains and losses than other 

models, including those with climate+landcover.  It is important to remember that gains 

or losses of species in a block represent the extirpation of a formerly occurring species or 

the colonization of a new species within a 25 km
2
 area.  A large change in land cover 

type within a block could easily lead to such local colonization or extinction events, 

whereas climate, which exhibited only gradual change over the study period (Girvetz et 

al. 2009), may be less likely to cause such turnover events at this time scale.  Annual 

mean temperatures increased only slightly in Ohio over the time period of this study, and 

~40% less than the global average (IPCC 2007, Girvetz et al. 2009).  According to the 

2007 IPCC report, most of Europe, where many studies of avian distributional response 

to climate change have been conducted, experienced a 1 – 2ºC increase from 1970 – 2004 

versus a 0.2 – 1ºC increase over the same time period in the American Midwest.  

However, land cover changes in Ohio over this same time period were widespread and in 

ecologically meaningful quantities (Reese 2001, Medley et al. 1995, ODNR Division of 

Forestry).  I detected substantial changes in forest (gained and lost), agricultural (gained 

and lost) and urban lands (gained) over this time period, some of which appear spatially 

clustered (Figure 3.2), and thus seem likely to cause gains or losses of species within an 

atlas block in that region.  

My findings suggest that climate change was not the main factor determining 

changes in the distributions of breeding birds in Ohio over the time period of our study.  

However, given the importance of climate variables in determining current distributions 

and the small climatic changes observed over the study period, climate may become a 
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stronger driver of change in the future if climate change accelerates as predicted (+ 4°C 

annual mean temperature in 2075–2099 relative to 1961-1990 normals using A1B 

(medium) SRES emissions scenario; Girvetz et al. 2009).  Measures of avian abundance, 

as opposed to distribution, might respond more strongly to the subtle temperature 

increases of our study period because of the greater sensitivity of this metric and the 

mechanisms by which climate may affect birds, such as via reproductive success (Moss et 

al. 2001, Lehikoinen et al. 2006, Jiguet et al. 2007).  

 I found that land cover changes, particularly in forest and agriculture, were more 

important than climatic changes in characterizing atlas block-level colonization and 

extinction events over the 25-year study.  Although climatic factors were not the primary 

drivers of changes in species distributions, some relationships between climate variables 

and species presence provide important information for vitally needed mechanistic 

research.  This information represents a novel understanding of the relative importance of 

these widespread processes on avian distributional change.  Additionally, information 

gained from this study is essential for informing current management decisions.  

Although climate change itself is something land managers can do little to control, factors 

that managers can control (e.g. land conservation strategies, disturbance regimes) may 

have significant indirect effects on climate change impacts (Scheller and Mladenoff 

2005).  My study suggests that despite the role that climate change may play in driving 

future change in avian distributions, both public land managers and private land owners 

have the potential to influence species distributions by focusing efforts on habitat 

conservation.  For example, efforts to maintain habitat heterogeneity by prioritizing 

grassland and forest conservation in predominantly agricultural landscapes or preserving 

remnant grassland and early successional habitats in forested landscapes may help 

maintain avian biodiversity.   
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Table 3.1. Common and scientific names of all species used in this study, and the number of blocks where each species was 

gained and lost between Ohio Breeding Bird Atlas I (1982-1987) and OBBA II (2006-2011). Habitat preferences (Habt), 

migration strategy (Migr), and primary breeding season diet (Diet) following Sauer et al. (2011) and the Birds of North America 

Online (Poole 2005).  Abbreviations for Habt: FOR=forest, SHR=shrub/scrub, GRA=grassland, WET=wetlands, and 

GEN=generalist; for Migr: N=neotropical migrant, S=short-distance migrant, R=resident; for Diet: I=insectivore. 

Northerly/Southerly indicates the position of the species’ breeding distribution relative to Ohio based on Natureserve range maps 

(Ridgely et al. 2007).  Out-of-bag error rates for the three Random Forest models are shown as well as change in Habitat 

Suitability Index (ΔHSI) between OBBA I and OBBA II averaged across all atlas blocks for climate+land cover model. Positive 

ΔHSI values indicate an increase in habitat suitability, while negative numbers indicate a decrease. 

 

       

Out-of-bag Error Rates 

 
Common Name Scientific Name 

#Blocks 
Gained 

#Blocks 
Lost 

Habt Migr Diet 
Northerly/ 
Southerly 

Climate + 
Land Cover 

Climate 
Only 

Land Cover 
Only 

ΔHSI: Climate 
+ Land Cover 

American Redstart Setophaga ruticilla 112 127 FOR N I Northerly 0.228 0.275 0.283 -0.093 

Black-capped Chickadee Poecile atricapillus 29 27 FOR R I Northerly 0.065 0.064 0.188 -0.169 

Blue-winged Warbler Vermivora cyanoptera 19 171 FOR N I Southerly 0.128 0.165 0.151 -0.026 

Carolina Chickadee Poecile carolinensis  26 18 FOR R I Southerly 0.058 0.059 0.166 0.176 

Grasshopper Sparrow Ammodramus savannarum 60 189 GRA N I NA 0.268 0.359 0.309 -0.039 

Hooded Warbler Setophaga citrina 114 51 FOR N I Southerly 0.119 0.145 0.147 0.004 

Horned Lark Eremophila alpestris 35 97 GRA S I NA 0.119 0.195 0.126 -0.042 

Kentucky Warbler Geothlypis formosa 21 140 FOR N I Southerly 0.115 0.175 0.127 -0.08 

Louisiana Waterthrush Parkesia motacilla 55 79 FOR N I Southerly 0.188 0.250 0.195 -0.019 

Ovenbird Seiurus aurocapilla 58 143 FOR N I Northerly 0.165 0.224 0.168 -0.026 

Prairie Warbler Setophaga discolor 27 82 SHR N I Southerly 0.124 0.164 0.148 0.034 

Rose-breasted Grosbeak Pheucticus ludovicianus 128 86 FOR N I Northerly 0.220 0.234 0.381 -0.059 

Savannah Sparrow Passerculus sandwichensis 47 83 GRA S I Northerly 0.160 0.186 0.186 -0.049 

 
Continued 

7
5
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Table 3.1 Continued 
       

   
 

Vesper Sparrow Pooecetes gramineus 21 164 GRA S I Northerly 0.134 0.205 0.154 0.016 

White-eyed Vireo Vireo griseus 58 123 SHR N I Southerly 0.187 0.228 0.217 -0.036 

Yellow-breasted Chat Icteria virens 41 191 SHR N I Southerly 0.202 0.247 0.241 -0.012 

Yellow-throated Warbler Setophaga dominica 94 54 FOR N I Southerly 0.190 0.232 0.258 0.05 

 

 

 

  

 

 

7
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Table 3.2. Climate variables used in analyses, the months for which data were included, and justification for selection of each 

variable based on published studies. 

Climate Variables Months Justification 

 
Mean Annual 
Temperature 

 
Jan-Dec 

 
Commonly used to capture overarching effects of temperature given lack of specific mechanistic 
information.  Possible indirect mechanisms via habitat (Matthews et al. 2011) and phenological changes 
(see below), which are likely affected by climate over much of the year.   

 
Mean Spring 
Temperature 

 
Mar-May 

 
Spring (and winter) temperatures are important phenological drivers (Parmesan 2006, Aerts et al. 2006, 
Menzel et al. 2006), which can affect the phenology of avian behaviors such as migration or breeding 
(Walther et al. 2002, Moller et al. 2010, Both and Visser 2001, Hurlbert and Liang 2012), or the timing of 
leaf-out and food resource availability (Moss et al. 2001, Visser et al. 1998).  Phenological changes in 
resources could directly affect habitat selection during settling, and thus distributions, perhaps more so 
in young birds. 

 
Summer Maximum 
Temperature 

 
Jun-Aug 

 
Heat stress causes depressed reproduction in some avian species in warm climates (Wingfield et al. 1992, 
Flanders-Wanner et al. 2004) and could potentially affect fitness of young (see last variable below).  

 
Winter Minimum 
Temperature 

 
Dec-Feb 

 
Direct effects on residents limiting the distributions of wintering species, likely due to physiological 
tolerances and energetic stress (Root 1988, Zuckerberg et al. 2011, Canterbury 2002).  Indirect 
mechanisms via habitat or phenological effects as mentioned above. 

 
Mean Annual 
Precipitation 

 
Jan-Dec 

 
Commonly used variable given lack of specific mechanistic information.  Affects water balance and thus 
potentially food availability, and vegetation/habitat. 

 
Mean Breeding 
Season 
Precipitation 

 
May-Aug 

 
Precipitation during the nesting and fledgling periods can affect reproductive success through increased 
food (insect) abundance in warmer springs, or increased foraging success of fledglings in dryer conditions 
(Moss et al. 2001). 

 

7
7
 

 



 

78 

 

 

Table 3.3. Environmental variables with the first, second and third highest importance 

values by Gini Index for climate+land cover Random Forest “A” Models for each 

species.  Land cover variables are a measure of the amount of that land cover type (e.g. 

forest) in each block. T = temperature. 

 

Common Name 1st  2nd  3rd  

American Redstart Forest Agriculture Max Summer T 

Black-capped Chickadee Mean Spring T Mean Annual T Max Summer T 

Blue-winged Warbler Forest Agriculture Grass/Shrub 

Carolina Chickadee Mean Spring T Mean Annual T Wetland 

Grasshopper Sparrow Agriculture Forest Urban 

Hooded Warbler Forest Agriculture Max Summer T 

Horned Lark Agriculture Forest Min Winter T 

Kentucky Warbler Forest Agriculture Mean Spring T 

Louisiana Waterthrush Forest Agriculture Min Winter T 

Ovenbird Forest Agriculture Urban 

Prairie Warbler Forest Agriculture Min Winter T 

Rose-breasted Grosbeak Max Summer T Mean Spring T Mean Annual T 

Savannah Sparrow Agriculture Forest Min Winter T 

Vesper Sparrow Agriculture Forest Min Winter T 

White-eyed Vireo Forest Agriculture Min Winter T 

Yellow-breasted Chat Forest Agriculture Mean Spring T 

Yellow-throated Warbler Mean Annual T Mean Spring T Forest 
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Table 3.4. Akaike Information Criterion corrected for small sample sizes (AICC) rankings 

of three GLM iterations of ΔHSI versus gains or losses of each species from atlas blocks 

between OBBA I and OBBA II.   

 

 
AICC Rankings: Gains AICC Rankings: Losses 

Common Name 
Climate + 

Land Cover 
Climate 

Only 
Land Cover 

Only 
Climate + 

Land Cover 
Climate 

Only 
Land Cover 

Only 

American Redstart 639.3 632.9 524.6 690.9 685.3 570.2 

Black-capped Chickadee 249.6 249.1 204.2 235.7 229.4 219.5 

Blue-winged Warbler 152.9 181.6 122.9 816.1 802.2 676.6 

Carolina Chickadee 227.1 227.0 190.8 174.1 174.0 141.6 

Grasshopper Sparrow 424.4 423.9 378.9 857.6 853.2 595.2 

Hooded Warbler 645.8 638.1 530.9 377.8 373.7 361.0 

Horned Lark 279.3 286.3 240.1 572.1 565.5 536.8 

Kentucky Warbler 174.6 188.6 115.2 726.3 730.9 610.4 

Louisiana Waterthrush 373.2 399.3 284.5 457.2 499.1 395.7 

Ovenbird 413.3 414.3 334.0 726.6 695.3 676.5 

Prairie Warbler 236.7 235.8 178.6 482.7 516.1 392.5 

Rose-breasted Grosbeak 690.8 693.5 604.4 541.6 525.8 397.3 

Savannah Sparrow 329.9 344.8 319.1 528.7 527.8 411.5 

Vesper Sparrow 185.0 195.8 165.4 798.1 787.6 666.2 

White-eyed Vireo 398.1 411.9 280.4 672.2 628.2 579.7 

Yellow-breasted Chat 309.0 316.5 239.7 861.8 834.5 656.6 

Yellow-throated Warbler 573.5 568.1 437.3 388.9 388.7 298.3 
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Figure 3.1.  Map of change in habitat suitability index (ΔHSI) by atlas block for the mean 

across all 17 species, Vesper Sparrow and Yellow-throated Warbler (YTWA).  Land 

cover characteristics derived using data from the 2006 National Land Cover Database. 

Mean 
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Figure 3.2. Land cover change in Ohio between 1992 and 2006, including what land 

cover types were a) lost, and b) gained.  Maps created using data from the National Land 

Cover Database from 1992, 2001 and 2006.

a) 

b) 
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Figure 3.3. Partial dependence plots of important variables versus the ½ logit of 

probability of presence, run in Random Forest using climate+land cover “A” Models.  

For figures a and b 1,000 cells ≈ 0.9 km
2
. 
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Figure 3.4. Mean percent deviance explained (± sd) for 17 focal species for each of the 

three iterations (climate+land cover, climate-only, and land cover-only) of GLM “B” 

Models (ΔHSI vs. species gains and ΔHSI vs. species losses from atlas blocks).  
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Appendix A: Selection of species for analyses 

 

Table A.1. All species recorded in atlas blocks in Ohio Breeding Bird Atlas I and/or II, the number of blocks occupied by each 

species in each atlas, whether or not they were included in Chapter 2 analyses (and if not, why). 

 

Common Name Scientific Name 
#Blocks 
Atlas 1 

#Blocks 
Atlas 2 

Boundary Center Occurrence 

Acadian Flycatcher Empidonax virescens 639 586 Included Included Included 

Alder Flycatcher Empidonax alnorum 36 45 Included Included Included 

American Bittern Botaurus lentiginosus 8 12 Too rare Too rare Detectability 
American Black Duck Anas rubripes 14 5 Too rare Too rare Rare waterfowl 

American Coot Fulica americana 17 17 Detectability 

American Crow Corvus brachyrhynchos 754 742 Ubiquitous Ubiquitous Ubiquitous 

American Goldfinch Spinus tristis  764 763 Ubiquitous Ubiquitous Ubiquitous 

American Kestrel Falco sparverius 702 556 Boundary > 650 Boundary > 650 Boundary > 650 

American Redstart Setophaga ruticilla 349 334 Included Included Included 

American Robin Turdus migratorius 764 764 Ubiquitous Ubiquitous Ubiquitous 

American Wigeon Anas americana 0 1 Too rare Too rare Too rare 

American Woodcock Scolopax minor 265 204 Boundary > 650 Boundary > 650 Boundary > 650 

Bald Eagle Haliaeetus leucocephalus 5 118 Human-influenced expansion 

Baltimore Oriole Icterus galbula 756 739 Ubiquitous Ubiquitous Ubiquitous 

Bank Swallow Riparia riparia 159 111 Included Included Included 

Barn Owl Tyto alba 12 23 Detectability 

Barn Swallow Hirundo rustica 761 758 Ubiquitous Ubiquitous Ubiquitous 

9
8
 

 

Continued 
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Table A.1 continued 
    Barred Owl Strix varia 399 299 Detectability 

Bell's Vireo Vireo bellii 3 9 Too rare Too rare Included 

Belted Kingfisher Megaceryle alcyon 617 476 Boundary > 650 Boundary > 650 Boundary > 650 

Bewick's Wren Thryomanes bewickii 2 0 Too rare Too rare Too rare 

Black-and-white Warbler Mniotilta varia 132 153 Included Included Included 

Black-billed Cuckoo Coccyzus erythropthalmus 273 175 Included Included Included 

Black-capped Chickadee Poecile atricapillus 238 240 Included Included Included 

Black-crowned Night-Heron Nycticorax nycticorax 0 16 Too rare Too rare Detectability 

Black-throated Blue Warbler Setophaga caerulescens 3 2 Too rare Too rare Too rare 

Black-throated Green Warbler Setophaga virens 30 49 Included Included Included 

Black Tern Chlidonias niger 4 1 Too rare Too rare Too rare 
Black Vulture Coragyps atratus 23 112 Included Included Included 

Blackburnian Warbler Setophaga  fusca 2 5 Too rare Too rare Too rare 

Blue-gray Gnatcatcher Polioptila caerulea 654 658 Included Included Included 

Blue-headed Vireo Vireo solitarius 13 29 Included Included Included 

Blue-winged Teal Anas discors 33 24 Included Included Included 

Blue-winged Warbler Vermivora cyanoptera  460 308 Included (x2) Included Included 

Blue Grosbeak Passerina caerulea 27 90 Included Included Included 

Blue Jay Cyanocitta cristata 764 764 Ubiquitous Ubiquitous Ubiquitous 

Bobolink Dolichonyx oryzivorus 442 262 Included Included Included 

Broad-winged Hawk Buteo platypterus 175 142 Boundary > 650 Boundary > 650 Boundary > 650 

Brown-headed Cowbird Molothrus ater 762 758 Ubiquitous Ubiquitous Ubiquitous 

Brown Creeper Certhia americana 19 28 Included Included Included 

Brown Thrasher Toxostoma rufum 748 701 Ubiquitous Ubiquitous Ubiquitous 

Canada Goose Branta canadensis 351 627 Included Included Included 

9
9
 

Continued 
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Table A.1 continued 
      Canada Warbler Cardellina canadensis 7 6 Too rare Too rare Included 

Carolina Chickadee Poecile carolinensis  533 541 Included Included Included 

Carolina Wren Thryothorus ludovicianus 414 678 Included Included Included 

Cattle Egret Bubulcus ibis 0 4 Too rare Too rare Too rare 

Cedar Waxwing Bombycilla cedrorum 720 727 Ubiquitous Ubiquitous Ubiquitous 

Cerulean Warbler Setophaga cerulea 387 212 Included (x2) Included Included 

Chestnut-sided Warbler Setophaga  pensylvanica 60 62 Included Included Included 

Chimney Swift Chaetura pelagica 760 727 Ubiquitous Ubiquitous Ubiquitous 

Chipping Sparrow Spizella passerina 759 764 Ubiquitous Ubiquitous Ubiquitous 

Chuck-will's-widow Antrostomus carolinensis 6 8 Too rare Too rare Detectability 

Clay-colored Sparrow Spizella pallida 0 3 Too rare Too rare Too rare 
Cliff Swallow Petrochelidon pyrrhonota 41 121 Included Included Included 

Common Grackle Quiscalus quiscula 763 757 Ubiquitous Ubiquitous Ubiquitous 

Common Merganser Mergus merganser 0 5 Too rare Too rare Too rare 

Common Gallinule Gallinula galeata 27 15 Detectability 

Common Nighthawk Chordeiles minor 228 75 Boundary > 650 Boundary > 650 Boundary > 650 

Common Raven Corvus corax 0 2 Too rare Too rare Too rare 

Common Tern Sterna hirundo 1 3 Too rare Too rare Too rare 

Common Yellowthroat Geothlypis trichas 763 753 Ubiquitous Ubiquitous Ubiquitous 

Cooper's Hawk Accipiter cooperii 249 450 Boundary > 650 Boundary > 650 Boundary > 650 

Dark-eyed Junco Junco hyemalis 5 14 Too rare Too rare Included 

Dickcissel Spiza americana 125 191 Boundary Issue Boundary Issue Boundary Issue 

Double-crested Cormorant Phalacrocorax auritus 0 35 Too rare Too rare 
Human-influenced 

expansion 

Downy Woodpecker Picoides pubescens 764 763 Ubiquitous Ubiquitous Ubiquitous 

 

Continued 

1
0
0
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Table A.1 continued 

      Eastern Bluebird Sialia sialis 651 728 Boundary > 650 Boundary > 650 Boundary > 650 

Eastern Kingbird Tyrannus tyrannus 718 704 Ubiquitous Ubiquitous Ubiquitous 

Eastern Meadowlark Sturnella magna 738 692 Ubiquitous Ubiquitous Ubiquitous 

Eastern Phoebe Sayornis phoebe 607 706 Boundary > 650 Boundary > 650 Boundary > 650 

Eastern Screech-Owl Megascops asio  745 465 Detectability 

Eastern Towhee Pipilo erythrophthalmus 721 664 Included Included Included 

Eastern Wood-Pewee Contopus virens 764 760 Ubiquitous Ubiquitous Ubiquitous 

Eurasian Collared-Dove Streptopelia decaocto 0 6 Too rare Too rare Too rare 

European Starling Sturnus vulgaris 764 762 Ubiquitous Ubiquitous Ubiquitous 

Field Sparrow Spizella pusilla 760 736 Ubiquitous Ubiquitous Ubiquitous 

Gadwall Anas strepera 6 1 Too rare Too rare Too rare 

Golden-crowned Kinglet Regulus satrapa 0 6 Too rare Too rare Too rare 
Golden-winged Warbler Vermivora chrysoptera 7 2 Too rare Too rare Too rare 

Grasshopper Sparrow Ammodramus savannarum 533 404 Included (x2) 2 Boundaries 2 Boundaries 

Gray Catbird Dumetella carolinensis 764 762 Ubiquitous Ubiquitous Ubiquitous 

Great Blue Heron Ardea herodias 33 607 Non-breeders 

Great Crested Flycatcher Myiarchus crinitus 747 687 Boundary > 650 Boundary > 650 Boundary > 650 

Great Egret Ardea alba 0 37 Too rare Too rare Non-breeders 

Great Horned Owl Bubo virginianus 564 334 Detectability 

Green-winged Teal Anas crecca 6 5 Too rare Too rare Rare Waterfowl 

Green Heron Butorides virescens 549 365 Included Included Included 

Hairy Woodpecker Picoides villosus 680 613 Boundary > 650 Boundary > 650 Boundary > 650 

Henslow's Sparrow Ammodramus henslowii 144 91 Included (x2) 2 Boundaries 2 Boundaries 

Hermit Thrush Catharus guttatus 5 14 Too rare Too rare Included 

Herring Gull Larus argentatus 9 24 Too rare Too rare Non-breeders 

Continued 

1
0
1
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Table A.1 continued 

      Hooded Merganser Lophodytes cucullatus 25 50 Boundary > 650 Boundary > 650 Boundary > 650 

Hooded Warbler Setophaga citrina  284 347 Included Included Included 

Horned Lark Eremophila alpestris 515 453 Included (x2) 2 Boundaries 2 Boundaries 

House Finch Haemorhous mexicanus  596 690 Included Included Included 

House Sparrow Passer domesticus 762 759 Ubiquitous Ubiquitous Ubiquitous 

House Wren Troglodytes aedon 731 725 Ubiquitous Ubiquitous Ubiquitous 

Indigo Bunting Passerina cyanea 763 762 Ubiquitous Ubiquitous Ubiquitous 

Kentucky Warbler Geothlypis formosa 387 268 Included Included Included 

Killdeer Charadrius vociferus 758 726 Ubiquitous Ubiquitous Ubiquitous 

King Rail Rallus elegans 4 3 Too rare Too rare Too rare 
Lark Sparrow Chondestes grammacus 5 5 Too rare Too rare Boundary Issue 

Least Bittern Ixobrychus exilis 15 14 Nat Hist Nat Hist Nat Hist 

Least Flycatcher Empidonax minimus 77 39 Included Included Included 

Lesser Scaup Aythya affinis 1 1 Too rare Too rare Too rare 

Little Blue Heron Egretta caerulea 0 1 Too rare Too rare Too rare 

Loggerhead Shrike Lanius ludovicianus 11 2 Too rare Too rare Included* 

Long-eared Owl Asio otus 4 1 Too rare Too rare Too rare 

Louisiana Waterthrush Parkesia motacilla  266 242 Included Included Included 

Magnolia Warbler Setophaga  magnolia 6 14 Too rare Too rare Included 

Mallard Anas platyrhynchos 519 543 Included Included Included 

Marsh Wren Cistothorus palustris 34 26 Included Included Included 

Mississippi Kite Ictinia mississippiensis 0 1 Too rare Too rare Too rare 

Mourning Dove Zenaida macroura 764 763 Ubiquitous Ubiquitous Ubiquitous 

Mourning Warbler Geothlypis philadelphia  6 1 Too rare Too rare Too rare 

Mute Swan Cygnus olor 0 36 Nat Hist Nat Hist Nat Hist 
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Table A.1 continued 

      Nashville Warbler Oreothlypis ruficapilla  0 1 Too rare Too rare Too rare 

Northern Bobwhite Colinus virginianus 402 144 Actively managed game species 

Northern Cardinal Cardinalis cardinalis  764 764 Ubiquitous Ubiquitous Ubiquitous 

Northern Flicker Colaptes auratus 762 759 Ubiquitous Ubiquitous Ubiquitous 

Northern Harrier Circus cyaneus 35 33 Included Included Included 

Northern Mockingbird Mimus polyglottos 413 581 Boundary > 650 Boundary > 650 Boundary > 650 

Northern Parula Setophaga americana  40 193 Included Included Included 

Northern Pintail Anas acuta 2 2 Too rare Too rare Too rare 
Northern Rough-winged 
Swallow Stelgidopteryx serripennis 620 592 Boundary > 650 Boundary > 650 Boundary > 650 

Northern Saw-whet Owl Aegolius acadicus 0 1 Too rare Too rare Too rare 
Northern Shoveler Anas clypeata 3 4 Too rare Too rare Too rare 

Northern Waterthrush Parkesia noveboracensis  4 1 Too rare Too rare Too rare 

Orchard Oriole Icterus spurius 526 595 Included Included Included 

Osprey Pandion haliaetus 0 41 Human-influenced expansion 

Ovenbird Seiurus aurocapillus 411 326 Included Included Included 

Peregrine Falcon Falco peregrinus 1 15 Too rare Too rare Nat Hist 

Pied-billed Grebe Podilymbus podiceps 25 27 Boundary > 650 Boundary > 650 Boundary > 650 

Pileated Woodpecker Dryocopus pileatus 417 488 Boundary > 650 Boundary > 650 Boundary > 650 

Pine Siskin Spinus pinus  7 10 Irruptive species 

Pine Warbler Setophaga  pinus 67 84 Included Included Included 

Prairie Warbler Setophaga discolor 253 198 Included Included Included 

Prothonotary Warbler Protonotaria citrea 62 64 Included Included Included 

Purple Finch Haemorhous purpureus 81 51 Included Included Included 

Purple Gallinule Porphyrio martinicus  0 1 Too rare Too rare Too rare 
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Table A.1 continued 

      Purple Martin Progne subis 535 429 Boundary > 650 Boundary > 650 Boundary > 650 

Red-bellied Woodpecker Melanerpes carolinus 710 760 Ubiquitous Ubiquitous Ubiquitous 

Red-breasted Merganser Mergus serrator 0 1 Too rare Too rare Too rare 

Red-breasted Nuthatch Sitta canadensis 12 11 Included Included Included 

Red-eyed Vireo Vireo olivaceus 762 757 Ubiquitous Ubiquitous Ubiquitous 

Red-headed Woodpecker Melanerpes erythrocephalus 514 379 Boundary > 650 Boundary > 650 Boundary > 650 

Red-shouldered Hawk Buteo lineatus 132 296 Boundary > 650 Boundary > 650 Boundary > 650 

Red-tailed Hawk Buteo jamaicensis 722 752 Ubiquitous Ubiquitous Ubiquitous 

Red-winged Blackbird Agelaius phoeniceus 762 761 Ubiquitous Ubiquitous Ubiquitous 

Redhead Aythya americana 5 4 Too rare Too rare Too rare 
Ring-billed Gull Larus delawarensis 1 31 Too rare Too rare Non-breeders 

Ring-necked Duck Aythya collaris 0 1 Too rare Too rare Too rare 

Ring-necked Pheasant Phasianus colchicus 371 180 Actively managed game species 

Rock Pigeon Columba livia 718 653 Boundary > 650 Boundary > 650 Boundary > 650 

Rose-breasted Grosbeak Pheucticus ludovicianus 422 464 Included Included Included 

Ruby-throated Hummingbird Archilochus colubris 685 656 Boundary > 650 Boundary > 650 Boundary > 650 

Ruddy Duck Oxyura jamaicensis 6 8 Too rare Too rare Rare Waterfowl 

Ruffed Grouse Bonasa umbellus 245 56 Included Included Included* 

Sandhill Crane Grus canadensis 0 23 Too rare Too rare Included* 

Savannah Sparrow Passerculus sandwichensis 548 512 Included Included Included 

Scarlet Tanager Piranga olivacea 683 628 Boundary > 650 Boundary > 650 Boundary > 650 

Sedge Wren Cistothorus platensis 14 38 Included Included Included 

Sharp-shinned Hawk Accipiter striatus 65 53 Included Included Included 

Short-eared Owl Asio flammeus 1 1 Too rare Too rare Too rare 

Snowy Egret Egretta thula 0 1 Too rare Too rare Too rare 
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Table A.1 continued 

      Song Sparrow Melospiza melodia 764 763 Ubiquitous Ubiquitous Ubiquitous 

Sora Porzana carolina 30 32 Detectability 

Spotted Sandpiper Actitis macularia 231 155 Included Included Included 

Summer Tanager Piranga rubra 236 167 Included Included Included 

Swainson's Warbler Limnothlypis swainsonii 1 1 Too rare Too rare Too rare 

Swamp Sparrow Melospiza georgiana 173 166 Included Included Included 

Tree Swallow Tachycineta bicolor 337 620 Included Included Included 

Trumpeter Swan Cygnus buccinator 0 18 Too rare Too rare 
Human-influenced 

expansion 

Tufted Titmouse Baeolophus bicolor  754 753 Ubiquitous Ubiquitous Ubiquitous 
Turkey Vulture Cathartes aura 693 747 Ubiquitous Ubiquitous Ubiquitous 

Upland Sandpiper Bartramia longicauda 23 8 Too rare Too rare Detectability 

Veery Catharus fuscescens 140 79 Included Included Included 

Vesper Sparrow Pooecetes gramineus 496 353 Included Included Included 

Virginia Rail Rallus limicola 37 45 Detectability 

Warbling Vireo Vireo gilvus 676 665 Included Included Included 

Western Meadowlark Sturnella neglecta 16 5 Too rare Too rare Detectability 

Whip-poor-will Antrostomus vociferus 187 78 Detectability 

White-breasted Nuthatch Sitta carolinensis 748 760 Ubiquitous Ubiquitous Ubiquitous 

White-eyed Vireo Vireo griseus 507 442 Included Included Included 

White-throated Sparrow Zonotrichia albicollis 0 3 Too rare Too rare Too rare 

Wild Turkey Meleagris gallopavo 121 462 Actively managed game species 

Willow Flycatcher Empidonax trailii 630 611 Included (x2) 2 Boundaries 2 Boundaries 

Wilson's Snipe Gallinago delicata 6 6 Too rare Too rare Detectability 

Winter Wren Troglodytes hiemalis  2 13 Too rare Too rare Included 
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Table A.1 continued 

      Wood Duck Aix sponsa 521 488 Boundary > 650 Boundary > 650 Boundary > 650 

Wood Thrush Hylocichla mustelina 753 723 Ubiquitous Ubiquitous Ubiquitous 

Worm-eating Warbler Helmitheros vermivorus 91 79 Included Included Included 

Yellow-bellied Sapsucker Sphyrapicus varius 2 18 Too rare Too rare Included* 

Yellow-billed Cuckoo Coccyzus americanus 668 613 Included Included Included 

Yellow-breasted Chat Icteria virens 555 405 Included Included Included 

Yellow-crowned Night-heron Nyctanassa violacea 7 1 Too rare Too rare Too rare 

Yellow-headed Blackbird 
Xanthocephalus 
xanthocephalus 2 2 Too rare Too rare Too rare 

Yellow-throated Vireo Vireo flavifrons 573 560 Included Included Included 
Yellow-throated Warbler Setophaga dominica 269 309 Included Included Included 

Yellow Warbler Setophaga  petechia 721 708 Ubiquitous Ubiquitous Ubiquitous 

 

 

Glossary of terms: 

2 Boundaries: species that had both a N and S boundary in our study area and couldn’t be classified as “northerly” or 

“southerly” distributed relative to Ohio (however both boundaries were used in boundary analysis)  

Actively-managed game species: actively stocked or populations altered/managed by conservation agencies 

Boundary issues: boundary within study region is not clearly a N or S boundary (was generally an E or W boundary) 

Boundary > 650: nearest breeding season range boundary was more than 650 km from Ohio’s centroid 

Detectability: potential detection biases due to our survey methods (e.g. nocturnal species and secretive marsh birds) 
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Human-influenced expansion: have responded to large-scale conservation efforts (e.g. nest platforms, bird boxes, recovery 

programs 

Irruptive species: population and distribution varies substantially year-to-year based on life-history strategy 

Included (x2): both the northern and southern boundary of this species fell within our study area and thus both boundaries were 

included in this analysis 

Non-breeders: non-breeders that were difficult to separate from breeding birds (e.g. Gulls) or different methods used to record 

breeders vs. non-breeders in the two atlases (Great Blue Heron, Great Egret) 

Rare waterfowl: relatively rare, generally restricted to Lake Erie and a few other water bodies 

Too rare: not found in enough blocks to be considered in analysis: cutoff varied by analysis 

Ubiquitous: species was found in over 90% of blocks in both atlases 

* initially considered but found to be outliers and thus ultimately not included 
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Appendix B. Detailed results of Generalized Linear “B” Models 

 

Table B.1. Coefficients (coef), p-values, and percent deviance explained (dev exp), from 

each of the three iterations of the Generalized Linear Models (“B" Models) predicting 

block gains and losses between Ohio Breeding Bird Atlas I and II for each of the 17 focal 

species. 

 

  
Model 1: Climate + Land Cover  

  
Gains  

 
Losses  

Common Name coef p-value dev exp coef p-value dev exp 

American Redstart 0.757 0.202 0.003 0.668 0.236 0.002 

Black-capped Chickadee -1.060 0.181 0.007 -1.312 0.102 0.011 

Blue-winged Warbler -9.260 < 0.001 0.153 0.000 1.000 < 0.001 

Carolina Chickadee 1.704 0.048 0.017 0.832 0.434 0.003 

Grasshopper Sparrow 0.239 0.720 0.000 -0.754 0.071 0.004 

Hooded Warbler -0.791 0.258 0.002 -0.376 0.704 < 0.001 

Horned Lark -2.810 0.004 0.029 -1.995 0.001 0.017 

Kentucky Warbler -5.439 < 0.001 0.107 0.977 0.022 0.007 

Louisiana Waterthrush -6.325 < 0.001 0.067 6.974 < 0.001 0.121 

Ovenbird -0.761 0.192 0.004 -1.523 < 0.001 0.020 

Prairie Warbler -1.281 0.356 0.004 4.449 < 0.001 0.083 

Rose-breasted Grosbeak -0.604 0.308 0.001 0.420 0.559 0.001 

Savannah Sparrow -5.088 < 0.001 0.087 0.102 0.899 < 0.001 

Vesper Sparrow -5.223 < 0.001 0.068 -0.835 0.146 0.003 

White-eyed Vireo -3.000 < 0.001 0.040 -1.295 0.017 0.008 

Yellow breasted Chat -3.924 < 0.001 0.051 -0.589 0.233 0.002 

Yellow-throated Warbler 0.268 0.706 < 0.001 1.940 0.026 0.012 
 

                  Continued 
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Table B.1. Continued 

 
Model 2: Climate Only 

  
Gains  

 
Losses  

Common Name coef p-value dev exp coef p-value dev exp 

American Redstart 1.080 0.008 0.011 -0.938 0.015 0.009 

Black-capped Chickadee -0.782 0.233 0.006 -1.987 0.002 0.039 

Blue-winged Warbler -0.422 0.580 0.002 -1.173 < 0.001 0.020 

Carolina Chickadee 1.633 0.024 0.023 0.537 0.532 0.002 

Grasshopper Sparrow 0.309 0.564 0.001 -0.712 0.037 0.005 

Hooded Warbler 0.921 0.002 0.014 -0.927 0.040 0.012 

Horned Lark -0.895 0.153 0.007 -1.794 0.000 0.035 

Kentucky Warbler -2.242 0.013 0.038 -0.240 0.441 0.001 

Louisiana Waterthrush 0.196 0.732 < 0.001 1.711 < 0.001 0.025 

Ovenbird -0.176 0.693 < 0.001 -2.129 < 0.001 0.057 

Prairie Warbler 0.822 0.288 0.005 1.494 0.001 0.020 

Rose-breasted Grosbeak 0.645 0.180 0.003 -2.086 < 0.001 0.029 

Savannah Sparrow -2.080 0.001 0.031 -0.561 0.267 0.002 

Vesper Sparrow -0.515 0.544 0.002 -1.098 0.001 0.013 

White-eyed Vireo -0.753 0.098 0.007 -2.328 < 0.001 0.070 

Yellow breasted Chat -1.704 0.003 0.028 -1.605 < 0.001 0.034 

Yellow-throated Warbler 1.030 0.029 0.008 1.304 0.030 0.012 
 

                              Continued 
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Table B.1. Continued 

 
Model 3: Land Cover Only 

  
Gains  

 
Losses  

Common Name coef p-value dev exp coef p-value dev exp 

American Redstart -5.598 < 0.001 0.178 6.715 < 0.001 0.175 

Black-capped Chickadee -6.934 < 0.001 0.198 5.811 < 0.001 0.090 

Blue-winged Warbler -9.529 < 0.001 0.331 9.227 < 0.001 0.167 

Carolina Chickadee -8.082 < 0.001 0.171 6.453 < 0.001 0.185 

Grasshopper Sparrow -4.799 < 0.001 0.102 7.773 < 0.001 0.301 

Hooded Warbler -9.412 < 0.001 0.202 4.108 < 0.001 0.045 

Horned Lark -8.251 < 0.001 0.164 5.916 < 0.001 0.081 

Kentucky Warbler -11.291 < 0.001 0.421 10.144 < 0.001 0.172 

Louisiana Waterthrush -9.797 < 0.001 0.296 9.144 < 0.001 0.214 

Ovenbird -6.701 < 0.001 0.198 5.235 < 0.001 0.083 

Prairie Warbler -9.941 < 0.001 0.251 12.308 < 0.001 0.276 

Rose-breasted Grosbeak -4.770 < 0.001 0.138 7.292 < 0.001 0.266 

Savannah Sparrow -6.237 < 0.001 0.101 8.162 < 0.001 0.209 

Vesper Sparrow -7.194 < 0.001 0.152 8.412 < 0.001 0.165 

White-eyed Vireo -9.460 < 0.001 0.317 6.663 < 0.001 0.155 

Yellow breasted Chat -7.907 < 0.001 0.268 8.822 < 0.001 0.245 

Yellow-throated Warbler -7.167 < 0.001 0.228 8.931 < 0.001 0.233 

 

 


