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In recent decades, New England agriculture has become increasingly characterized by 

small, diversified farming operations with values deeply rooted in community and conservation. 

In sharp contrast to large-scale, high-intensity agriculture currently typified by the majority of 

North American farms, New England farmers commonly prioritize ecologically beneficial 

production practices such as reduced chemical inputs, integrated pest management (IPM), low 

tillage, cover cropping and crop rotation, and retention of natural habitats like woody hedgerows 

and herbaceous strips. Public support and demand for local, sustainable food, evidenced by the 

success of CSA (Community Supported Agriculture) in the region, has helped to bolster this 

movement and increase the viability of these farms. In addition to boosting regional food 

production and self-sufficiency, these farms also present an opportunity for wildlife 

conservation. Shrubland bird species in particular may benefit from habitat created on these 

farms because of their preference for heterogeneous shrub and herbaceous vegetation and lower 

area sensitivity compared to other species, such as grassland obligates.  

In order to evaluate conservation potential and habitat associations of shrubland birds and 

other priority species on small, diversified farms, we conducted point counts and vegetation 
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CHAPTER 1 

SUSTAINABLE AGRICULTURE IN NEW ENGLAND -  A REVIEW OF TRENDS, 

PRODUCTION PRACTICES, AND IMPLICATIONS FOR BIRD CONSERVATION 

 

1.1 Introduction 

 Agriculture has long been one of the foremost anthropogenic drivers of environmental 

change on our planet. On a global scale, agricultural intensification has been identified as 

potentially the greatest extinction threat to bird populations throughout the developed and 

developing world (Green et al., 2005). Characterized by a transition toward farms that are larger 

in size, specialize in a single, high-yield crop or animal product, rely on increased use of 

chemicals such as pesticides or fertilizers, and reduce natural or non-productive habitats such as 

field margins and hedgerows, intensified agriculture has been portrayed as both groundbreaking 

technological achievement and ecological disaster (Jeliazkov et al., 2016; Matson et al., 1997; 

Stanton et al., 2018).  While the increased yield and efficiency facilitated by these practices has 

allowed the industry to respond to a rapidly rising human population and consequential food 

demand (Green et al., 2005; Matson et al., 1997), they also coincide with steep declines in 

populations of birds that rely on agricultural habitats (Askins et al., 2007; Stanton et al., 2018).  

 Recent assessments of North American Breeding Bird Survey (BBS) data across the 

United States and Canada have shown that 74% of farmland-associated species experienced 

negative population trends between 1966 and 2013. On average, these trends range from -16.5% 

for shrubland birds and -20.5% for grassland species, to -39.5% for aerial insectivores. Certain 

grassland species, such as vesper sparrows (Poocetes gramineus) and bobolinks (Dolichonyx 

oryzivorous), have declined by as much as 77% and 71% respectively since 1968 throughout 

their Canadian breeding ranges (Kirk et al., 2011; Stanton et al., 2018). These declines have 



 2 

largely been attributed to degradation or fragmentation of breeding and foraging habitat, toxicity 

of chemical inputs like pesticides and herbicides, direct loss due to mowing and harvesting, and 

reduction in prey availability (Askins et al., 2007; Brennan and Kuvlesky, 2005; Stanton et al., 

2018).  

 However, while these declines are occurring at a continental scale, differences in the 

primary crops produced, social drivers, and environmental context result in significant 

distinctions among agricultural regions (Fuglie et al., 2018; Jeliazkov et al., 2016; Stanton et al., 

2018). New England is one area where agriculture has been frequently characterized as 

sustainable, however, few recent studies have examined the extent to which sustainable practices 

are used and evidence for this characterization is often anecdotal. Furthermore, the potential 

benefits or impacts of specific sustainable production practices on declining farmland-associated 

bird species is poorly understood. New England differs considerably from other agricultural 

regions of the country and world, so the understanding and development of conservation 

strategies at a local scale is imperative (Stanton et al., 2018). Therefore, our goal was to review 

current statistics and literature to summarize recent trends in New England agriculture and 

evaluate the effects of common sustainable production practices used in New England and their 

potential effects on farmland birds in this region.  

 

1.2 Trends in NE Agriculture 

Highly developed and densely populated, New England accounts for less than 0.4% of 

the total area of farmland in the country (USDA 2012). Currently only 5% of the land area is in 

production, a dramatic contrast to historical peaks in the mid-19th century, when nearly 75% of 

New England was cleared for pasture, hay, and cropland (Donahue et al., 2016). Open-habitat 

species responded positively to this historic transformation with range expansions and population 

growth. Grassland birds utilized rangelands and hayfields, while those adapted to shrublands 
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flourished in the dense, brushy early-successional habitats that occurred in the wake of 

abandoned agricultural fields (Askins et al., 2007; Peterjohn, 2003; Schlossberg et al., 2010). 

Over the course of the 20th century however, this trend reversed; farmland was concentrated into 

smaller areas, marginal land deserted, and later lost to encroachment by forests and increasingly, 

urban and suburban development (Donahue et al., 2016; Foster et al., 2008; Olofsson et al., 

2016). Forested land in New England increased from less than 30% to 75% in 150 years (Foster 

et al., 2008). According to the United States Department of Agriculture (USDA) National 

Agricultural Statistics Service (NASS) Census of Agriculture, the average farm size in New 

England has dropped from 182 acres in 1974 to 107 acres in 2017. The area of total cropland has 

decreased nearly by half, from 2,707,768 acres in 1964 to 1,397,913 acres in 2017.  

Although farmland will likely never return to historic highs, the longstanding agricultural 

tradition in New England has endured and in recent decades has experienced a resurgence of 

growth and support. One assessment of regional food production self-sufficiency determined that 

New England improved in its ability to meet consumer demands from 38% in 1975 to 50% in 

1997 (Holm et al., 2001). In stark contrast to the large-scale, high-intensity agriculture currently 

typified across the majority of North America, New England farms are associated with a strong 

conservation ethic rooted in sustainable production practices and community involvement 

(Donahue et al., 2016; Hollingsworth et al., 1993). The most recent USDA Census of Agriculture 

results showed New England states had some of the highest percentages of farms with direct 

sales to consumers, ranging from 10% in Connecticut to 16% in Vermont. Community 

Supported Agriculture (CSA) is one form of direct sales to consumers that has been particularly 

successful in the region. A USDA Census of Agriculture highlight from 2012 reported that of the 

ten counties in the country that had more than 50 CSAs, seven of the ten were located in 

northeastern states. CSAs operate by providing farm products to subscribers who purchase a 

share for the duration of the season. This system not only provides farmers with a more secure 
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market and source of income at the start of the season, but by offering consumers stake in their 

food production they help to foster a sense of personal connection and responsibility to the 

preservation of the land (USDA NASS 2014, Adam, 2006).  

While strong ties to community do not necessarily inherently ensure environmentally 

beneficial production practices, there does appear to be a strong relationship between the two 

(Kuo and Peters, 2017; Sassenrath et al., 2010). One report from the USDA Agricultural 

Marketing Service found that 86.2% of CSA managers nationwide characterized their production 

methods as certified organic or “according to organic standards, but not certified” (Woods et al., 

2017). Another study, which characterized counties across the U.S. as high, above average, 

average, and low intensity in terms of organic production, found that farms in high organic-

intensive areas are more likely to be involved in CSA or sell directly to consumers than farms in 

low organic intensity areas. New England was one of the regions with the highest intensity of 

organic farms, along with parts of the Pacific Northwest (Kuo and Peters, 2017). Organic 

farming is not just well established in New England, but census figures from the last two decades 

show a significant increase, from only 349 organic farms reported in 2002 to 1667 in 2017, 

nearly twice the rate of growth of organic farm numbers nationwide (USDA 2017).  

Organic farming has been repeatedly shown to have positive impacts on biodiversity 

from studies globally (Bengtsson et al., 2005; Freemark and Kirk, 2001; Winqvist et al., 2011). 

Recent data from the USDA Organic Survey has shown that production practices that support 

healthy agroecosystems are gaining traction on organic farms in New England. Between 2008 

and 2014, the percentage of organic farms practicing biological pest management rose from 22% 

to 35%. Likewise, the number of farms releasing beneficial organisms (such as pollinators, 

predators, and parasites) or choosing pest resistant crop varieties more than doubled. By 2014, 

nearly 45% of all New England organic farms maintained buffer strips, and close to 20% 

maintained habitat for beneficial insects and vertebrates (USDA 2014). Organic standards do not 
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inherently require the use of practices that support biodiversity and wildlife habitat, and some 

organic farms operate as large-scale monocultures or utilize organic-approved pesticides, 

resulting in a close resemblance to conventional industrial agriculture (Kremen and Bacon, 

2012). Fortunately, due to the increasing popularity of production practices such as the ones 

listed above, combined with small size, and community support for local food production, New 

England farms appear to be trending toward greater environmental sustainability.  

 

1.3 Sustainable Production Practices and Farmland Bird Conservation  

New England farms and production practices are little studied in the context of bird 

conservation, but we can draw some conclusions based on research on similar practices 

implemented in other parts of the country and world. We identified four production practices 

commonly utilized in New England sustainable farming systems: 1) Integrated Pest 

Management, 2) crop rotation and cover cropping, 3) farm diversification, and 4) no-till 

agriculture. Like most agricultural practices, the primary objective of these practices is to 

promote ecosystem services that support soil health, nutrient and water cycling, pest control, and 

pollination for improved crop production (Freemark, 2005; Kremen and Bacon, 2012). However, 

many of these practices may have direct or indirect benefits for birds and overall on-farm 

biodiversity.  

 

1.3.1 Integrated Pest Management (IPM):  

Integrated Pest Management (IPM) is an adaptive, long-term strategy for controlling 

pests in agricultural systems. Pests are closely monitored and regulated using alternatives to 

conventional pesticides, such as biological control, cultivation of naturally pest resistant crop 

varieties, habitat manipulation to discourage pest abundance, and modification of cultural 
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practices. Pesticides are only utilized if other, less invasive strategies have been exhausted (Flint, 

2012). The utility of birds to IPM as biological pest control agents has received increasing 

recognition, as studies continue to emerge demonstrating measurable economic benefits from 

reductions in pest numbers, crop damage, and improved yield (Garfinkel and Johnson, 2015; 

Johnson et al., 2010; Pywell et al., 2015; Wenny et al., 2011). IPM recommends practices that 

both target birds directly as well as indirectly, by improving prey availability or habitat. Some of 

the most common direct measures include erecting perches or nest boxes (May and Ryan, 2002). 

These strategies have been shown to be particularly successful for attracting and promoting 

ecosystem services by raptors, such as American kestrels (Falco sparverius) and barn owls (Tyto 

alba), as well as insectivorous cavity nesting species such as bluebirds (Sialis sp.). One study of 

American kestrels in Michigan sweet cherry orchards demonstrated that the presence of active 

nest boxes significantly reduced abundance of fruit-eating birds, and calculated that for every 

dollar spent on nest box construction, $84 to $347 of sweet cherries would be protected from 

frugivorous bird damage (Shave et al., 2018). Another study found that for barn owls on a 40-ha 

vineyard in California, installation of 25 nest boxes resulted in an estimated 30,020 rodents being 

removed over a three year period, at just 4% of the cost of trapping methods (per pocket gopher 

removed) (Browning et al., 2016).  

While nest boxes and perches have been proven effective in many situations, not all 

species nest in cavities or regularly perch in open areas. For the bulk of insectivorous songbirds, 

studies have shown that the best management strategies for increasing pest control services 

involve creation and maintenance of preferred habitats (Cumming and Spiesman, 2006; Jedlicka 

et al., 2014; Jones et al., 2005). Cultural controls recommended by IPM include the deliberate 

modification of habitat to promote the presence of beneficial insects and vertebrates, or in some 

cases maintain buffers, hedgerows, and windbreaks to act as physical barriers to prevent pests 

from entering or spreading between cropped fields (Flint, 2012; May and Ryan, 2002).  
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Numerous studies have shown that the presence of complex, shrubby, or forested hedgerows or 

edge habitats have positive impacts on insectivorous bird abundance and pest control (Garfinkel 

and Johnson, 2015; Jones et al., 2005; Kross et al., 2016). In fact, studies from coffee plantations 

in Costa Rica reported that presence of farmland forest patches doubled the effectiveness of pest 

control by insectivorous birds foraging on coffee borer beetles (Hypothenemus hampei) and 

prevented upwards of $310 ha/year in damage (Karp et al., 2013).  

The overarching goal of IPM is to minimize crop damage and yield losses while reducing 

the use of conventional pesticides (Baker et al., 2020). Pesticides have been demonstrated to both 

directly impact bird populations by causing mortality or negatively affecting reproduction as well 

as having indirect effects on prey availability (Boatman et al., 2004; Stanton et al., 2018). Studies 

have shown that pesticide residues on IPM-labelled fruits and vegetables were consistently lower 

than conventionally produced food, although higher than on organic (Baker et al., 2007). IPM 

strategies, while diverse, may be a more accessible alternative to more rigid and intensive 

requirements of organic agriculture, for farmers looking to improve their sustainability and 

reduce environmental impact. In fact, while barely 1.2% of global agricultural land was devoted 

to organic farming in 2016, recent studies reported that IPM was used on 50% of cropland in the 

United States (Baker et al., 2020).  

 

1.3.2 Crop Rotation and Cover Cropping:  

Crop rotation is a strategy implemented by farmers that involves rotating crop types to 

different growing locations in a specific order to ensure a given crop is not grown in the same 

field or adjacent to another field with the same crop type. Certain pests and diseases are specific 

to certain crops or families, and they can be harbored in the soil from one year to the next. 

Rotating different crops throughout the farm area helps to reduce the survival of pests and 

diseases over time and maintains soil health. Crop rotation and cover cropping are frequently 
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implemented together, by including cover crops in the rotation as a strategy for maximizing 

nitrogen fixation, reducing the need for chemical inputs, weed suppression, and erosion 

prevention (Fragstein und Niemsdorff and Kristiansen, 2006; Syswerda et al., 2012; Wilcoxen et 

al., 2018). In New England, some of the most common types of cover crops include mixes of 

grasses such as cereal rye (Secale cereale) and oats (Avena sativa), legumes such as clover 

(Trifolium sp.) and hairy vetch (Vicia villosa), or non-legume broadleaves such as buckwheat 

(Fagopyrum esculentum). Very few studies have examined the effects of cover cropping or crop 

rotation on birds; however, one study from the midwestern U.S found that maize and soybean 

fields planted with cover crops were positively associated with the abundance of high-

conservation concern species such as eastern meadowlark (Sturnella magna). The study 

suggested that this was likely due to the higher density and greater cover provided by the cover 

crop compared with the maize or soybean crop planted alone (Wilcoxen et al., 2018). 

While direct links to benefits for birds are few, numerous studies have linked crop 

rotation and cover crops to improved soil biodiversity and increased populations of beneficial 

insects (Altieri et al., 2005; Dinatale et al., 2009; Schipanski et al., 2014). Research conducted on 

legume cover crops under maize cultivation in Benin found that soil macrofauna density, which 

included earthworms, centipedes, millipedes, and termites, was 2-4x higher in cover crop plots 

compared with control plots (Blanchart et al., 2006). This suggests that prey availability for 

insectivorous birds in cover crop fields is likely significantly higher than fields without cover 

crops or planted in rowcrops alone. However, more research is needed to fully understand the 

role cover crops play in conserving farmland bird populations, especially to distinguish whether 

birds are using cover crops as simply as cover, or if it also functions as foraging habitat, or 

potentially breeding habitat (Wilcoxen et al., 2018).  
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1.3.3 Farm Diversification: 

 Farms diversifying their agricultural products tend to be primarily driven by economic 

factors, such as reducing risk and increasing revenue. Farms that produce a more diverse array of 

products, in theory, should be better able to tolerate fluctuations in productivity, markets, and 

climate uncertainty. Despite the apparent benefits, however, the number of outputs produced per 

farm has dropped significantly over the last several decades, from an average of 4.2 products 

(crops and animals) in 1950 to 1.2 in 2012 (Valliant et al., 2017). From an environmental 

standpoint, farm specialization is one of the symptoms of agricultural intensification, which has 

been shown to be highly detrimental to biodiversity and wildlife populations around the world 

(Rosenberg et al., 2019; Stanton et al., 2018; Tscharntke et al., 2005).   

 Bird diversity, along with biodiversity in general, in agricultural landscapes typically 

responds positively to increased landscape heterogeneity (Freemark and Kirk, 2001; Hass et al., 

2018; Martin et al., 2020). Therefore, higher within or between-field crop diversity has also been 

hypothesized as beneficial for birds, particularly if separation of different crops results in greater 

retention of natural and semi-natural habitats in between fields, or if crops within fields create a 

diverse vegetative structure and composition that provides increased shelter or prey availability 

(Wilson et al., 2017). However, results from recent studies show mixed outcomes, with both 

positive and negative relationships to crop heterogeneity. For example two recent studies from 

the same agricultural region of eastern Ontario, Canada both found a negative effect of higher 

crop heterogeneity on overall bird abundance and diversity. One explanation provided by the 

authors for this result was that in the study area, fields with more crop varieties were often larger 

and had less shrub or forested habitat in the surrounding landscape (Martin et al., 2020; Wilson 

et al., 2017). Another possible explanation, is that the crops in this particular region not very 

diverse to begin with. The agriculture in this part of Ontario was limited to hayfields, pasture, 

and field or cereal crops such as corn, soybeans, or legumes, which are largely very homogenous 
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in structure and planted as a monoculture over a single field (Martin et al., 2020). Crop structural 

diversity, including the management and vegetation structure of the crops themselves, may be 

key when it comes to benefits for farmland birds. A study from Sweden, where farm 

diversification has been introduced as a strategy to increase biodiversity and ecosystem 

resilience, found positive relationships between species richness of birds that did not breed in 

cropped fields and crop structural diversity. The diversity of crops cultivated on the farms in this 

study was much higher than that of the studies in Ontario, with the number of crops ranging from 

1 to 16 varieties, including vegetables, fruits and berries, as well as field crops, pasture, and 

hayfields (Josefsson et al., 2017).  

 Intercropping is one way to increase crop structural diversity in cultivated fields. Studies 

from organic vegetable farms in Florida found that intercropping one or two rows of sunflowers 

per 0.4 ha resulted in nearly double the density of beneficial insects (pollinators, parasites, and 

predators) on crops adjacent (<1m) to sunflower rows as those far away (>10m) from sunflower 

rows (Jones and Gillett, 2005). Another publication from the same research found that sunflower 

intercropping significantly increased the mean abundance of insectivorous birds throughout a 

variety of different crop types, as well as the number of birds observed actively foraging in crops 

(Jones and Sieving, 2006).    

 

1.3.4 No-till Agriculture: 

 Tillage is the mechanical manipulation of the soil primarily for the purpose of reducing 

soil compaction, incorporating fertilizers, soil amendments, and cover crops, or as a way of 

controlling weeds (Sullivan, 2003). No-till or conservation tillage (CT) is a farm management 

tactic that involves reducing disturbance of the soil by either decreasing tillage depth 

(conservation tillage) or leaving it untouched and direct seeding instead (no-till) (Barré et al., 

2018). No-till and CT are widely used both on small, sustainable farms as well as larger, more 
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intensive operations for similar reasons. Reducing the mechanical disturbance of the soil layer 

has been found to have a number of benefits for soil health and crop productivity, including 

increased soil organic carbon sequestration, reduced soil loss, erosion, and runoff, and greater 

abundance of earthworms (Kladivko et al., 1997; Ogle et al., 2012; VanBeek et al., 2014). 

However, without mechanical tillage, farmers must look to alternatives for weed control, which 

in conventional agriculture often results in heavy reliance on herbicides which can have long-

term negative impacts on biodiversity (Stanton et al., 2018).  

 A number of studies have explored the relationship between bird diversity or abundance 

and use of no-till or CT. Results have been largely positive, although many studies caution 

against jumping to conclusions due the interconnected roles of tillage, chemical inputs, and other 

crop management practices (Barré et al., 2018; Martin et al., 2020; Martin and Forsyth, 2003; 

VanBeek et al., 2014). One study of oilseed rape and wheat fields in France, compared bird 

abundance in conventionally tilled fields, CT fields where herbicides were used to control weeds, 

and CT fields where cover crops were used to control weeds. They reported that while the CT 

cover crop fields harbored significantly higher bird abundance than tilled fields, the CT fields 

that used herbicides had significantly fewer birds than either of the other two treatments, 

suggesting that weed control method may be a more important factor influencing bird utilization 

of cropped fields than tillage regime (Barré et al., 2018). Another study from conventionally 

managed soybean fields reported higher bird densities and more species of conservation concern 

in no-till fields than tilled fields. In addition, they also found that nest success, as a function of 

daily survival rates, in no-till fields was over twice that of tilled fields, largely due to a high 

proportion of nest failures (24.4%) resulting from destruction or disturbance by farm machinery 

(VanBeek et al., 2014). These studies suggest that overall, CT and no-till agriculture is an 

improvement from conventional tillage, especially for species that breed in cropped fields that 

may be vulnerable to disturbance. Reduced tillage may also benefit birds by increasing 
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herbaceous cover in the form of cover crops used to control weeds or crop residue from the 

previous growing season, or by benefitting populations of prey species such as earthworms and 

other invertebrates. However, this may also be highly dependent on the form of weed control 

method used, as the negative effects of herbicide use on biodiversity may negate the benefits of 

reducing tillage.    

 

1.4 Conclusion 

 New England farms have shown remarkable growth towards greater community 

involvement, sustainability, and environmentally-conscious production practices in recent 

decades. Results of recent agricultural census data and recent studies show that New England is a 

national hotspot for organic farming, and its farms have some of the highest rates of direct sales-

to-consumer marketing in the country. Furthermore, current research has shown that many of the 

common sustainable production practices implemented on New England’s farms have the 

potential to benefit avian populations by improving prey abundance, habitat availability, and 

reducing nest disturbance. Yet despite the apparent potential of small, diversified New England 

farms for bird conservation, little is actually known about how birds are utilizing these farms as 

habitat or responding to specific production practices, which species are present, and how the 

avian communities present compare to other important bird habitats in the region. New England 

is a unique agricultural region, with practices, culture, and bird communities that differ from 

other parts of the country. In the following chapters, we aim to fill some of the gaps in our 

knowledge of these farms, and evaluate their potential for bird conservation in this region.  
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CHAPTER 2  

BIRD ABUNDANCE AND HABITAT ASSOCIATIONS ON SMALL, DIVERSIFIED 

FARMS IN NEW ENGLAND 

 

2.1 Introduction 

 

New England avian communities have been dramatically transformed and shaped by 

human activity and impacts on the landscape. Agriculture, in particular, has long been one of the 

predominant drivers of anthropogenic change in this region. Eighteenth and nineteenth century 

deforestation and subsequent conversion to agriculture created opportunities for species that 

specialized in grassland, early-successional, and shrubland habitats ((Askins, 2001, 1993; 

Peterjohn, 2003). At peaks during the mid-nineteenth century, pasture, hay, and cropland 

accounted for 75% of the land use in the region. However as human populations expanded and a 

primarily agrarian society was replaced by an increasingly urban, industrialized one, farms were 

abandoned and open habitat was ultimately reclaimed by forest or was lost to development 

((Donahue et al., 2016; Litvaitis, 1993). Primarily as a result of this widespread reduction in 

breeding habitat, populations of farmland-associated bird species plummeted. Recent 

assessments of North American Breeding Bird Survey (BBS) data revealed that over half of all 

shrubland species in New England have experienced population decreases over the short- or 

long-term, with recent decades showing the most severe declines (Schlossberg and King, 2007).  

Continent-wide evaluations for these species report similarly concerning outlooks. From 

1966 to 2013 across the United States and Canada, shrubland birds dropped 16.5%, while 

grassland species and aerial insectivores experienced even steeper declines of 20.5% and 39.5% 

respectively (Stanton et al., 2018). These losses coincide with trends toward more intensified 
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agricultural practices, characterized by shifts toward higher-yield crops, larger farm sizes, 

increased use of chemicals such as pesticides, herbicides, and fertilizers, and landscape 

homogenization resulting from specialization in a single product and removal of natural or non-

productive habitats like field margins and hedgerows ((Jeliazkov et al., 2016; Matson et al., 

1997; Stanton et al., 2018). Agricultural intensification has been named as potentially the 

greatest global extinction threat facing bird populations throughout the developed and 

developing world (Green et al., 2005). In the Northeast, where hayfields and pastures provide 

critical breeding habitat for obligate grassland songbirds such as bobolinks (Dolichonyx 

oryzivorus) and savannah sparrows (Passerculus sandwichensis), earlier initiation and increased 

frequency of haying is attributed to severe population declines through degradation of habitat 

and directly impacting nesting success (Askins et al., 2007; Perlut et al., 2006). However, while 

some high-intensity practices have been established in the region, in recent decades New 

England agriculture has actually appeared to diverge from the trends exhibited by the majority of 

the country, progressing in the direction of a more sustainable, conservation-based farming 

culture. 

 One of the primary drivers of this transition is a resurgence of public demand and support 

for local, sustainable food production, evidenced by the success of CSAs (community supported 

agriculture), farmer’s markets, roadside stands, and other direct marketing practices. According 

to the United States Department of Agriculture (USDA) Census of Agriculture, in 2012, direct 

sales to consumers were higher in the Northeast than almost anywhere else in the country 

(USDA 2012). Community support is important because it appears to be closely associated with 

conservation-minded growing practices. In 2015, the USDA Local Food Marketing Survey 

reported that 86.2% of CSAs nationwide characterized their production practices as either 

certified organic or “according to organic standards, but not certified”. While organic standards 

themselves do not necessitate the use of practices that support birds and other wildlife on farms, 
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organic farmers in the Northeast do appear to be embracing such a conservation ethic. The 

number of organic farms across New England has quadrupled, from 349 in 2002 to 1534 in 2014, 

and the proportion of organic farms out of total farms in in the region is nearly 7 times that of the 

United States. Of those farms, close to one fifth provided beneficial insect and vertebrate habitat 

on their farms, while almost half maintained buffer strips (USDA 2012). New England farmers 

have also shown widespread support for other conservation practices that improve soil health and 

reduce the need for chemical inputs such as integrated pest management (IPM) and reduced 

tillage or no-till agriculture (USDA, 2012; Hollingsworth et al., 1993). Furthermore, while 

national trends point to larger farm sizes and greater specialization, New England farms appear 

to be getting smaller and more diversified, with average farm size in New England dropping 

from a peak of 114 ha in 1974 to 69 ha in 2012 and an average of 2.4 farm outputs in New 

England versus 1.52 for the United States (USDA 2012). As a whole, all of this suggests that this 

growing class of low-intensity New England farms may be uniquely suited to support beneficial 

habitat for declining birds and other wildlife.  

 Of all the farmland-adapted bird species in New England, shrubland birds may be the 

most likely to benefit from habitat created on these farms. Shrubland birds tend to be positively 

associated with heterogeneous habitats composed of a mix of grasses, forbs, and shrubs, and they 

tend to be less area-sensitive than grassland obligates (Schlossberg et al., 2010). With the most 

rapidly emerging type of agricultural production in the Northeast being smaller, more diversified, 

and producing primarily non-grassland type crops suited for CSAs and other direct sales to 

consumers, habitats on these farms are likely not ideal for species that require large tracts of 

continuous grassland. Today, 78% of shrubland habitat in New England is created by forestry 

activities and while most shrubland birds will utilize regenerating, young forest as breeding 

habitat, this type of management is not a panacea for all species in the region (Schlossberg and 

King, 2007). Historically, abandoned farmland or “old-fields” were key areas for many 
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shrubland birds, but much of this habitat has succeeded back into forest (Foster et al., 2008). 

However, the type of shrubland habitats represented on small, diversified farms – hedgerows, 

fallow areas, herbaceous strips, etc. – are likely a close approximation of these “old-field” 

habitats created by agriculture in the past and will support different bird communities than 

habitats created by silviculture.  

 Promoting shrubland bird use of farmland through the creation of habitat not only has the 

potential to bolster bird populations, but also may benefit farmers. Ecosystem services provided 

by birds in agricultural contexts worldwide have been recognized for centuries (Wenny et al., 

2011; Whelan et al., 2008; Winqvist et al., 2012; Zhang et al., 2007). Unlike many grassland 

species, shrubland birds are largely insectivorous, especially during the breeding season, making 

them good candidates for providing ecosystem services in the form of insect pest control. A 

number of studies have reported shrubland birds foraging on insects in and around farm fields 

and noted their ecosystem service potential (Girard et al., 2012; Jones et al., 2005). An important 

first step to understanding the best way to optimize ecosystem services in agricultural landscapes 

is to determine the role of habitat in determining distribution and abundance of species (Wenny 

et al., 2011).  

 The extent to which small, diversified farms in New England are used by priority bird 

species and the conservation potential these farmland habitats represent is poorly understood. To 

our knowledge, no research has been conducted to survey bird species on these types of farm in 

this region. A number of recent studies have evaluated farming impacts on birds in New 

England, but these have focused solely on grassland obligates such as bobolinks and savannah 

sparrows (Perlut et al., 2006, 2011; Shustack et al., 2010). Numerous studies from other parts of 

the country and world have evaluated the impacts of farmland habitats and landscape 

composition on birds (Altieri, 2004; Freemark, 2005; Heath et al., 2017; Jeliazkov et al., 2016; 

Wilson et al., 2017), but given the unique avifauna and agricultural systems present in New 
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England, the understanding of habitat associations at a regional-scale to inform conservation 

decision-making is important (Stanton et al., 2018).The goal of this study was to evaluate the 

conservation potential of small, diversified farms in New England for priority bird species. Our 

objectives were to: 1) characterize the bird communities of small, diversified farms, and 2) 

quantify bird-habitat associations at the microhabitat-, patch-, and landscape-scale. 

 

2.2 Methods 

 

2.2.1 Study Area 

 

 We surveyed breeding birds and habitat characteristics across 22 small, diversified farms 

in the Pioneer Valley of Massachusetts, USA (Figure 1). The Pioneer Valley, one the most 

agriculturally productive regions of Massachusetts, is comprised of three counties, Franklin, 

Hampshire, and Hampden counties, which span the state from north to south along the corridor 

of the Connecticut River. We focused on the two northernmost counties, Franklin and 

Hampshire, which comprise over one-fifth of the agricultural production and 28% of the total 

farmland in the state (USDA 2012). In addition to being an important agricultural area, recent 

shifts toward smaller farm sizes, product diversification, community involvement, and 

sustainable production in the Pioneer Valley reflect similar trends across New England, making 

it an ideal location to study this type of agriculture (Donahue et al., 2016; USDA 2012; 

Hollingsworth et al., 1993). We selected farms that reflected these trends, focusing on small, 

diversified farms ≤ 20.2 hectares (50 acres) in size (with some exceptions), and producing two or 

more farm products, and farms that were either certified organic or implementing organic 

practices.   

 

2.2.2 Field Methods 
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 We conducted standardized point count surveys of breeding birds from May through July 

of 2017 and 2018. Farm boundaries were delineated in ArcMap 10.3.1 (ESRI 2011) using a 

combination of MassGIS standardized assessors’ parcel data, ortho imagery, and ground-

truthing. Sampling locations were then randomly distributed over the entire area of the farm, 

with the constraint that they were located ≥200m apart to minimize double counting. Point count 

radii included areas of both productive and natural land cover. Birds were detected by sight and 

sound within a 50-meter fixed radius plot over a 10-minute period (Ralph et al., 1995). For each 

observation, we recorded the number of individuals observed, distance to the individual (using a 

laser rangefinder), the type of observation (visual, audio, or both), whether the bird qualified as a 

flyover or flythrough, and any breeding or foraging behaviors exhibited by the individual. We 

also recorded site and visit specific information including estimated percent visual obstruction at 

the point, level and type of disturbance or ambient noise experienced during the survey, 

temperature (°C), cloud cover (%), and wind speed (mph). Counts were conducted from 0.5-

hours before to 4-hours after sunrise on mornings with zero precipitation and wind less than 20-

mph. We repeated surveys three times over the course of the season and systematically rotated 

the order of point visitations during each round of surveys to avoid confounding effects of time 

of day.  

Within each of the 50-meter radius point count plots, distinctive habitats were delineated 

and classified into land cover categories in ArcMap 10.3.1 (ESRI 2011) using orthophotos and 

subsequent ground-truthing using a handheld Global Positioning System (GPS).  Eight land 

cover types were included in our final analysis (bare ground, cover crop, herbaceous rowcrop, 

herbaceous/grassland, hedgerow, woody rowcrop, woodland, and shrub). Percent land cover of 

each land cover category was calculated as a proportion of the total area within the plot. 

Vegetation was sampled at 5 random points within each habitat cover type, resulting in up to 30 

sampling locations per plot. At each point, we measured canopy height as the point at which the 
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tallest vegetation intersected with a 3-meter density pole, identified vegetation to the highest 

possible degree of classification, and recorded percent visual obstruction (% VO) for every 0.5-

meter segment of the 3-meter density pole that intersected with vegetation (Collins et al., 2009; 

Reiley and Benson, 2019). Vegetation was surveyed twice, once at the beginning and once at the 

end of the field season, to account for changes in vegetation structure resulting from crop growth 

or harvest.  

 

2.2.3 Statistical Analysis 

 

 Our initial analysis included ten microhabitat or point scale variables (vegetation height 

(cm), vegetation density (% VO), and percent cover of bare ground, cover crop, herbaceous 

rowcrop, herbaceous/grassland, hedgerow, woody rowcrop, woodland, and shrub), one field 

scale variables (field area (ha)), and four landscape level variables  (percent cover of agriculture, 

development, forest, and wetland within a 200-meter buffer around the farm field). Since this 

was too many variables to successfully achieve model convergence, we sought to reduce the 

dimensionality of our microhabitat variables using a Principal Components Analysis (PCA). We 

used a logit transformation on our percent landcover variables, a log transformation on our 

vegetation height variable, and scaled all variables before running the PCA in order to better fit 

normality assumptions. We ultimately included two axes, PC1 and PC2, which explained 44% of 

the total variance, as response variables in candidate models for bird abundance and habitat. The 

first principal component was characterized by a gradient across points from high percent bare 

ground cover to increased vegetation height, density, and percent cover of woody landcover 

types. The second principal component described a gradient that ranged from points with high 

percent cover of productive habitat types such as herbaceous rowcrop to non-productive cover 

types such as herbaceous/grassland and hedgerow. Our final set of predictor variables included 

both principal components, the single field-scale variables (field area (ha)), four landscape level 
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variables (percent cover of agriculture, development, forest, and wetland within a 200-meter 

buffer around the farm field), and year. 

We analyzed relationships between habitat variables and bird abundance using Poisson-

binomial mixture models (Royle, 2004). We selected species for inclusion in our analysis based  

two factors. Firstly, we only analyzed data for breeding species present on ≥10% of the plots and 

with ≥30 observations (Schlossberg and King, 2007).  Second, in order to focus specifically on 

species utilizing the farm for nesting and/or foraging habitat, we examined behavioral 

observation data collected during the point count and excluded species with fewer than 20 total 

breeding or foraging behavioral observations. Modelling was conducted using the unmarked 

package in R 3.6.1 (Fiske and Chandler, 2011). We screened variables for influence of outliers 

and collinearity and found that none of the covariates were highly correlated (r > 0.5). In 

addition, we checked for quadratic relationships between bird abundance and each of the 

predictor variables, and if such a pattern was suspected we included a quadratic term in the set of 

candidate models. 

For each species, we began by modelling probability of detection while holding predictor 

variables constant using the global model. We included three detection variables: 1) ordinal day, 

2) ordinal day as a quadratic term, and 3) time of day, using a logit link function (Joseph et al., 

2009; Kéry et al., 2005). Detection covariates were retained if they performed better than a null 

model with a (∆AICc ≤ 2). and were statistically significant to P ≤ 0.1 (Roberts and King, 2017; 

Smetzer et al., 2014). Once a top detection model was selected, we held detection variables 

constant while running all possible combinations of habitat variables. We compared models 

using Akaike’s Information Criterion (AICc). Models were considered top models if they were 

within (∆AICc ≤ 2) and covariates strongly supported if their 95% confidence intervals (CI) did 

not include zero (Chandler et al., 2009; Roberts and King, 2017). Since several models often fell 

under 2∆AICc units, we plotted weighted-average model predictions, which allowed us to 
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account for uncertainty in model selection while still illustrating observed species-variable 

relationships. We evaluated model fit using a goodness of fit (GOF) test to determine if the 

observed statistic fell within the expected distribution produced by parametric bootstrapping and 

confirmed that the model was indeed a good representation of the observed data (Roberts and 

King, 2017). Finally, we selected the model that performed the best and then back-transformed 

linear combinations of coefficients in order to derive estimates of bird abundance (per 50-meter 

radius point count plot) and detection probability. Standard errors of estimates were calculated 

using the delta method (Fiske and Chandler, 2011).   

While modelling associations between bird abundance and habitat variables at the point, 

field, and landscape level allowed us to evaluate the importance of spatial scale and matrix 

habitat composition, we also were interested in more fine-scale patterns than could be described 

by the two principal components. We used a canonical correspondence analysis (CCA) to 

examine the multivariate relationships between bird species and our original set of microhabitat 

variables. We included species occurring at ≥10% of the plots and with ≥30 observations for 

both years and used the maximum count of the three visits for every point (King et al., 2011). 

 

2.3 Results 

 

 Over the two years of this study, 2017 and 2018, we recorded 2,056 detections and 67 

species. As expected, shrubland birds were the most frequently detected species, with 21 species 

(Schlossberg and King, 2007) accounting for 52% of the total observations. Forest nesting birds 

were the most diverse habitat guild, with 29 species (Sauer and Hines, 2017), however they only 

accounted for 16% of the total observations. Eight grassland species were recorded, accounting 

for 12% of the total observations (Stanton et al., 2018), and finally the remaining 20% of 

observations (10 species) were urban generalists (Sauer and Hines, 2017). In addition, fifteen 

species recorded during point counts were listed as Massachusetts Species of Greatest 
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Conservation Need (SGCN), twelve of which were also listed as Regional Species of Greatest 

Conservation Need (RSGCN) and ranked at a level of high or very high concern (Appendix A) 

(MDFW, 2015). However, none of the SGCN listed species were encountered frequently enough 

to include in subsequent analyses. Fifteen species fit the criteria for inclusion in our N-mixture 

models (in descending order of total observations): song sparrow (Melospiza melodia), American 

robin (Turdus migratorius), gray catbird (Dumetella carolinensis), chipping sparrow (Spizella 

passerina), red-winged blackbird (Agelaius phoeniceus), American goldfinch (Spinus tristis), 

house sparrow (Passer domesticus), mourning dove (Zenaida macroura), common yellowthroat 

(Geothlypis trichas), cedar waxwing (Bombycilla cedrorum), European starling (Sturnus 

vulgaris), indigo bunting (Passerina cyanea), killdeer (Charadrius vociferus), yellow warbler 

(Setophaga petechia), and willow flycatcher (Empidonax traillii).  

 We found a variety of interactions between species abundance and each of our 

microhabitat-, field-, and landscape-scale predictor variables. Twelve of the 15 species contained 

at least one strongly supported (95% CI did not include zero) predictor variable from all three 

spatial scales in all top models (∆AICc ≤ 2). Song sparrow only featured microhabitat and field 

covariates, while indigo bunting and mourning dove only microhabitat and landscape covariates. 

Year was strongly supported for cedar waxwing, chipping sparrow, gray catbird, house sparrow, 

killdeer, and yellow warbler. Abundance of common yellowthroat, gray catbird, song sparrow, 

chipping sparrow, and indigo bunting was positively related to PC1, which is associated with 

increased woody cover, taller, and higher density vegetation, while American robin, European 

starling, killdeer, mourning dove, and house sparrow displayed a negative relationship with PC1. 

American robin, European starling, killdeer, and cedar waxwing all demonstrated a strong 

positive relationship with PC2, associated with greater herbaceous productive cover such as 

rowcrops. American goldfinch, common yellowthroat, red-winged blackbird, willow flycatcher, 
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yellow warbler, and song sparrow all demonstrated a strong negative relationship with PC2, 

indicating an association with nonproductive habitats such as herbaceous fields and hedgerows.   

 Gray catbird, European starling, yellow warbler, willow flycatcher, and common 

yellowthroat displayed strong negative relationships with field area, whereas chipping sparrow, 

cedar waxwing, killdeer, and house sparrow were all associated with larger fields. Landscape 

variables were strongly supported in the top models for all species except for song sparrow. 

Indigo bunting and killdeer were the only species that responded positively to increased 

agriculture cover in the landscape surrounding the farm, while American robin, American 

goldfinch, gray catbird, house sparrow, mourning dove, and red-winged blackbird all 

demonstrated negative relationships. American goldfinch, European starling, gray catbird, and 

chipping sparrow had a strong, positive relationship with landscape level forest cover, whereas 

American robin, common yellowthroat, house sparrow, mourning dove, willow flycatcher, and 

red-winged blackbird were strongly, negative. House sparrow, American robin, mourning dove 

and cedar waxwing displayed a positive association with greater development on the landscape, 

while we found strong, negative relationships for common yellowthroat, red-winged blackbird, 

yellow warbler, willow flycatcher, and gray catbird. Finally, American goldfinch, American 

robin, chipping sparrow, yellow warbler, killdeer, and red-winged blackbird were all positively 

associated with increased wetland cover, while house sparrow and European starling were 

negatively associated with this covariate.  

 House sparrow and red-winged blackbird were the only species for which detection 

covariates were strongly supported in the top models. Detection probability of both house 

sparrow and red-winged blackbirds was negatively associated with percent visual obstruction, 

and house sparrows also showed a quadratic relationship with day of year.  

 Our CCA analysis revealed a variety of associations between species and our ten 

microhabitat variables: vegetation height (cm), vegetation density (% VO), and percent cover of 
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bare ground, cover crop, herbaceous rowcrop, herbaceous, hedgerow, woody rowcrop, 

woodland, and shrub. Song sparrows, American goldfinch, and red-winged blackbirds were 

associated with cover crop and natural herbaceous landcover. House sparrow, cedar waxwing, 

mourning dove, killdeer, European starling, and American robin were associated with bare 

ground cover and herbaceous rowcrops. Common yellowthroat and yellow warbler were 

associated with hedgerow and shrub cover, as well as vegetation density. Gray catbird and indigo 

bunting were closely related to increased woodland cover and vegetation height. Finally, 

chipping sparrow was closely associated with woody rowcrops such as orchards and berries.  

 

2.4 Discussion 

 

 Agricultural intensification has been named one of the foremost modern threats to bird 

populations around the world (Green et al., 2005; Ramankutty et al., 2018; Rosenberg et al., 

2019; Stanton et al., 2018), but recent research has shown that organic, sustainable, low-intensity 

approaches to managing working lands can actually enhance biodiversity, productivity, and 

habitat quality while meeting the goals of landowners (Kremen and Merenlender, 2018).  In New 

England, small, diversified agriculture is becoming an increasingly prominent form of land use 

(Berlin et al., 2009; Donahue et al., 2016), but this is the first study to systematically evaluate its 

potential as bird habitat. Our results indicate that bird species from a variety of habitat guilds use 

these farms for both foraging and nesting activities. Overall, shrubland specialists were the most 

prominent habitat guild. Not only did shrubland birds comprise over half of our total 

observations, but the farms we surveyed harbored 78% of the expected breeding shrubland 

species within our study area (Schlossberg and King, 2007). Furthermore, shrubland birds 

accounted for 72% of all breeding behaviors that we observed during point counts, whereas non-

shrubland species, such as grassland, wetland, or urban generalists, were most frequently 

observed exhibiting foraging behaviors. While we did not directly monitor nesting activities, this 
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Figure 1. Map of point count locations in the Pioneer Valley, Massachusetts during 2017 and 

2018. 
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Figure 2. Principal Components Analysis (PCA) biplot displaying variation in microhabitat 

conditions on small, diversified farms. Microhabitat variables (abbreviations defined in Table 2.) 

are displayed in red, with arrows signifying the strength and direction of the variable loadings. 

Sites are displayed in light gray.  
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Figure 3. Poisson-binomial mixture model results showing relationships between bird abundance 

and seven covariates: PC1 (a gradient from bare ground to tall, dense, woody vegetation cover), 

PC2 (a gradient from herbaceous rowcrop cover to nonproductive habitats including hedgerow, 

cover crop, and herbaceous cover), AREA (field area (ha)), AGR (percent agricultural landcover 

within 200m of the farm), DEV (percent developed landcover within 200m of the farm), FOR 

(percent forested landcover within 200m of the farm), and WET (percent wetland landcover 

within 200m of the farm). 
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Figure 4. Canonical correspondence analysis (CCA) biplot depicting the association between 

microhabitat-scale variables and a subset of fifteen bird species on small, diversified farms in the 

Pioneer Valley, Massachusetts, 2017-2018. Species and variable abbreviations in Tables 1 and 2 

respectively.  
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CHAPTER 3  

A COMPARISON OF BIRD ABUNDANCE, COMMUNITY COMPOSITION, AND 

CONSERVATION VALUE ON SMALL, DIVERSIFIED FARMS TO NEW ENGLAND 

SHRUBLANDS 

3.1 Introduction 

 

 Over the past several decades, over half of all New England early-successional or 

shrubland bird species have experienced significant short or long term population declines as a 

result of habitat loss and fragmentation (Hunter et al., 2001; Schlossberg and King, 2007). A 

growing body of research has shown that many scrub-shrub birds are habitat specialists, 

occupying a narrow ecological niche that is constrained spatially by limited and shrinking 

available habitat, and temporally, given the inherently ephemeral nature of disturbance-

dependent ecosystems (Askins, 2001, 1993; King et al., 2009b). Since the mid-20th century, the 

area of shrubland habitat in New England has declined by 89%, primarily due to disturbance 

suppression, urban development, and natural succession to forest. In response, government 

agencies and non-governmental conservation organizations have concentrated considerable funds 

and effort into the creation and management of shrubland habitats to mitigate declines of the 

multitude of species that rely on them (Schlossberg and King, 2015, 2007). The habitat types that 

have emerged as predominant sources of breeding habitat for shrubland birds in this region 

include wildlife openings, which are areas maintained expressly for shrub dependent wildlife, 

silvicultural openings such as regenerating clearcuts, shelterwoods, or group selection harvests, 

powerline or utility rights-of way, and beaver meadows. These efforts have exemplified the need 

for ongoing management to support shrubland species, the fact that no single habitat type is 

sufficient to support the broad range of habitat preferences of shrubland birds, and the 
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the Massachusetts Department of Conservation and Recreation and the Harvard Forest (Roberts 

and King, 2017).   

4. Powerline rights-of-way - Fifteen powerline corridors located throughout Hampshire 

and Franklin counties were surveyed in 2002 and 2003. These sites were maintained through a 

combination of mechanical and chemical treatments, which resulted in an early successional, 

shrub-dominated vegetation composition. All of the corridors selected for this study were 

surrounded by mature forest and ranged in width from 14.8 m to 78.4 m, with an average of 49.3 

m (King et al., 2009a).  

5. Beaver meadows – A total of 37 beaver meadows located within Hampden, 

Hampshire, Franklin, and Berkshire counties were included in this study, which took place in 

2005 and 2006. These sites were characterized by emergent vegetation and low shrubby cover 

and were embedded within a predominantly forest matrix. Sites less than 0.785 ha or with greater 

than 75% open water coverage were eliminated (Chandler et al., 2009). 

 

3.2.2. Field Methods 

 

Bird surveys across all six habitat types were conducted from around the end of May 

through mid-July, in order to encompass the duration of the breeding season of the bird species 

of interest. Studies generally followed a standardized 10-minute, 50 m fixed radius point count 

protocol with sampling repeated three times throughout the course of the season. This protocol 

was modified slightly for habitats which were too narrow (powerline corridors) or irregular in 

shape (beaver meadows) to evaluate using a 50 m circular plot. In these cases, a survey area of 

0.785 ha – the same area as a typical 50 m point count plot – was centered on the survey point 

and enclosed completely within the habitat (Chandler et al., 2009; King et al., 2009a). Habitat 

boundaries were delineated in ArcMap (ESRI 2011), using ortho-imagery, MassGIS landcover 

data layers, Massachusetts tax parcel data, and ground-truthing. Point count locations were 
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randomly scattered throughout the delineated habitat and positioned a minimum of 200 m apart 

from one another to minimize the risk of double counting. All of the habitats with the exception 

of farms constrained point count plots within the habitat border. For farms, we allowed the plot 

to extend, at maximum, 50 m into the surrounding habitat, in order to include non-productive 

farm features such as hedgerows, shrublands, fields, and woodlands adjacent to the farm itself 

(Wilcoxen et al., 2018). Point count surveys were conducted from approximately 30 minutes 

before sunrise to at most, 5 hours after, and to reduce bias due to environmental factors, surveys 

were not conducted on days with persistent wind or rain. Trained observers recorded all birds 

seen or heard within the 10-minute survey period, the estimated distance of the bird relative to 

the observer, and the type of detection (visual, auditory, flyover, fly-through, etc.). Flyovers and 

fly-throughs were ultimately excluded from the final analysis.  

3.2.3 Statistical Analysis 

 

 In order to compare the abundance of individual bird species across the six habitat types, 

we ran generalized linear models (GLMs) with a log link. We compiled our data for each species 

by taking the maximum count across all three visits for a given site and year within each habitat. 

Species with fewer than 5 observations across all years were excluded from the analysis. In order 

to compare abundance of individual species across the six habitat types, we conducted Tukey’s 

post hoc comparison test. We did not account for bias due to heterogeneity in detection 

probabilities due to the fact that detection covariates such as observers only corresponded to 

certain studies and would have had a confounding effect on our results. We concede that there is 

a possibility that the results of our analysis could be influenced by observer, however since all 

observers were highly trained, the effect should be minimal. Furthermore, observer effects were 

examined in subsequent publications and only one study incorporating the beaver meadow data 

reported a marginal observer effect on detectability. Another potential problem was that farms 

surveys were conducted over a decade after the surveys of the other four shrubland habitats. 
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Therefore, the possibility existed that variation in bird abundance across the different habitats 

could be influenced by overall population trends over time in species throughout the region. In 

order to address this, we cross referenced our findings with regional population trend estimates at 

the finest possible scale from the Breeding Bird Survey (BBS) and Massachusetts State of the 

Birds.  

 Average counts derived from our GLMs were used to inform our calculation of Avian 

Conservation Score (ACS) for each of the six habitat types. The method we used to calculate 

ACS was adopted from Twedt 2005, which uses the following equation:  

 

𝐴𝐶𝑆 =  ∑(
𝐶𝑅𝑖 ∗ 𝑇𝐷𝑅𝑖

1000
)

𝑛

𝑖=1

 

for species i=1 to n, where: 

 ACS = Avian Conservation Significance, 

CR = Conservation Rating derived from regional Partners in Flight (PIF) scores as; CR=LOG 

GAMMA (PIF CONCERN SCORE)2,  

TDR = Territory Density Rating derived from observed territory densities as;  

TDR = 10 * LOG2(OBSERVED DENSITY), for observed densities of ≤50 territories/100 ha. 

 This operates under the assumption that species concern rating (CR) is not linearly 

related to a species Partners in Flight (PIF) concern score, but rather that this relationship is 

exponential. Therefore, small increases in a species PIF concern score results in an increasingly 

inflated CR, so species of greatest conservation concern will contribute more substantially to the 

overall ACS for a given habitat type than those of lesser conservation concern. In addition, 

Twedt assumes that the territory density for a species increases initially but slows as it 

approaches a threshold where theoretically all territories in a given habitat are occupied. This 

asymptotic relationship between observed density and the territory density rating (TDR) is 
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represented in this equation using a logarithmic model, rather than assuming a linear 

relationship. 

 In addition to comparing bird abundance and conservation concern between the habitat 

types, we also used a multivariate approach to examine the variation in bird community 

composition between habitats. We conducted a non-metric multidimensional scaling (NMDS) 

ordination to visualize assemblages over ordination space using the vegan package in R. By 

defining individual habitat types as distinct treatments, we were able to project polygons over the 

ordination plot to visually represent the relationship between certain species and sites with the 

six habitat types. In order to test for statistically significant differences in bird community 

composition between habitats, we conducted a nonparametric, permutational multivariate 

analysis of variance (PERMANOVA) based on Bray-Curtis similarity values. 

3.3.3 Results 

 

A total of 74 species were present in sufficient numbers to include in our GLMs. Across 

all species, models that included habitat as a covariate received the most support. Twenty-two 

species were found in higher abundances on farms than any of the other habitat types, including 

six shrubland birds: song sparrows, northern cardinal, willow flycatcher, northern mockingbird, 

house wren, and yellow-billed cuckoo. Overall, wildlife openings had the greatest species 

richness (67 species), followed by farms (59 species), powerline rights-of-way (57 species), 

beaver meadows (50 species), clearcuts (49 species), and small forest openings (41). More 

shrubland species were reported in wildlife openings than any of the other habitat types (25 

species), closely followed by powerline rights-of-way (21 species), clearcuts, farms, and beaver 

meadows (20 species), and small forest openings (16 species). 

 Wildlife openings received the highest Avian Conservation Significance (ACS) score 

(ACS=1032.64), followed by clearcuts (ACS=861.24), powerline rights-of-way (ACS=696.01), 

farms (ACS=686.93), beaver meadows (ACS=556.50), and small forest openings (ACS=548.39). 
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Scores for wildlife openings, powerline rights-of-way, and silvicultural openings were all heavily 

influenced by the same three, high concern species: prairie warbler, chestnut-sided warbler, and 

eastern towhee. These three species accounted for 21% of the total ACS score for powerlines, 

23% of the ACS score for small forest openings, 15% for wildlife openings, and 19% of the ACS 

score for clearcuts. The top species contributing to beaver meadows were swamp sparrow, 

Baltimore oriole, common yellowthroat, and chestnut-sided warbler, which accounted for 21% of 

the total ACS score. These four species all have relatively moderate Partners in Flight scores in 

the region and were present in high densities. The individual species contribution to the overall 

ACS score for farms was more evenly distributed across a larger number of species with a mix of 

low-high Partners in Flight scores and more variable densities. The top four species for farms 

(Baltimore oriole, rose-breasted grosbeak, and blue-winged warbler) only accounted for 

approximately 14% of the total ACS value.   

 The PERMANOVA analysis revealed significant differences in community composition 

of birds between all pairs of habitat types (See Table 5 for values). Farm community composition 

showed the greatest difference with small forest openings (F=79.68 , P < 0.001), and greatest 

similarity to wildlife openings (F=21.908, P < 0.001). Visualization of the NMDS ordination 

revealed that species were strongly clustered by habitat type, although overlap was apparent 

between several habitat polygons. For example, small forest openings overlapped entirely with 

powerline rights-of-way. The apparent contradiction between the results of the PERMANOVA, 

which showed significant differences between habitat types, and the NMDS visualization, which 

showed considerable overlap between habitats, can be explained by the fact that the 

PERMANOVA tests for differences in the location of  habitat centroids, and the differences 

between centroid locations of each habitat type were significantly different from one another. 

(Anderson, 2001; Anderson and Walsh, 2013).  



 54 

 The SIMPER analysis allowed us to evaluate the contribution of each species to the 

differences in bird abundance between habitat types. We found that song sparrows and American 

robin contributed the most to the difference between farms and small forest openings 

(SOSP=11%, AMRO=7.9%) and farms and  powerline corridors (SOSP=9.6%, AMRO=6.8%). 

Chestnut-sided warbler and common yellowthroat contributed 12.1% and 5.8% to the difference 

between farms and clearcuts, and the difference between farms and wildlife openings 

respectively. The differences between farms and beaver meadows was driven the most by red-

winged blackbird (12.2%) and swamp sparrow (10.3%) (Fig. 6).  

 

3.4 Discussion 

 

3.4.1 Bird community composition across habitats 

 

 Wildlife openings, silvicultural openings, beaver meadows, and powerline rights-of-way 

are all areas that have been established through decades of research as key sources of breeding 

habitat for shrubland birds in the New England region (Chandler et al., 2009; King et al., 2009a, 

2009b; Roberts and King, 2017; Schlossberg et al., 2010; Schlossberg and King, 2007). Yet  

despite these efforts, shrubland habitat still only accounts for a small percentage of the overall 

land cover in the region. Given that habitat availability is one of the primary limitations for 

supporting shrubland bird populations, evaluating the extent to which shrubland birds will use 

other habitats in the region is of interest to managers (Schlossberg and King, 2015). In other 

parts of the country and world, low-intensity, sustainable farming systems have been shown to 

promote biodiversity (Kremen and Bacon, 2012) and historically, agriculture was a source of 

shrubland habitat in the region, but today little is known about its contribution to shrubland birds 

conservation in New England. Our results show that significant variation exists in species 

abundance, community composition, and conservation value among habitats. Small, diversified 
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farms supported a bird community characterized by species that prefer more open-herbaceous 

habitat. This included several shrubland species - song sparrow, northern mockingbird, northern 

cardinal, house wren, willow flycatcher, and yellow-billed cuckoo - which were found in higher 

abundances or exclusively on farms. Collectively, by supporting a distinct assemblage of species, 

including a unique suite of shrubland specialists, small, diversified farms appear to complement 

existing shrubland habitats, and therefore represent a valuable contribution to shrubland bird 

conservation in this region.  

 Previous studies corroborate our finding that New England shrubland habitats vary 

markedly  in terms of overall bird community composition. Our NMDS ordination illustrates a 

distinct gradient in bird community composition across the six habitat types from species that are 

more associated with open, grassy or herbaceous habitats, to those more associated with closed-

canopy or forested habitats. These differences can be largely explained by variation in habitat 

composition and structure. For instance, we found that powerline corridors and small forest 

openings harbored higher densities of forest specialists such as black-throated green (Setophaga 

virens) and black-throated blue warbler (Setophaga caerulescens), hermit thrush (Catharus 

guttatus), and yellow-rumped warbler (Setophaga coronata). Both of these habitat types were 

primarily enclosed by forest, and given their small size or long, narrow shape, the bird 

communities that inhabit these areas may be reflective of the conditions of the surrounding 

matrix in addition to the patch or corridor itself (Confer and Pascoe, 2003; Schlossberg and 

King, 2007). We also observed a similar relationship between beaver meadows and wetland 

species such as red-winged blackbird, swamp sparrow, and common grackle. New England 

beaver meadows feature high shrub and sapling cover depending on the level of beaver activity 

and stage of regeneration, causing them to be ideal habitat for a number of shrubland species. 

However, they are also floristically and structurally unique among shrubland habitats due to their 

inherently high proportions of wetland vegetation and open water. As a result, the shrubland 
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species that are found in the highest densities in beaver meadows tend to be associated with 

water and wetland habitat, such as alder flycatcher, common yellowthroat, and yellow warbler 

(Chandler et al., 2009).  

Small, diversified farms appear to support species that utilize more open-herbaceous 

habitat conditions, as opposed to more wetland-type (beaver meadows) or forest-type (powerline 

rights-of-way, forest opening) areas. Our NMDS ordination revealed that bird communities we 

found on small, diversified farms was most similar to that of wildlife openings and diverged 

considerably from small forest openings and powerline rights-of-way (which overlapped 

significantly). Both wildlife openings and clearcuts were closely associated with the majority of 

the core shrubland species found in New England. Wildlife openings for instance, featured the 

highest abundances of species such as blue-winged warbler, indigo bunting, and gray catbird, 

whereas clearcuts were the top habitat for chestnut-sided warbler and eastern towhee. The 

differences in these habitat types and their relationship with small, diversified farm habitat, can 

be at least partially explained by the mechanisms that create them. Previous studies have found 

that wildlife openings contain more forb and fern cover, fewer woody stems, and generally 

reflect the conditions of land that has been cleared and abandoned and left to succeed. Many of 

the wildlife openings in New England are “old-field” habitats that originated from abandoned 

agriculture. By contrast, silvicultural openings and powerline-rights-of-way are often described 

as “young forest” habitat, characterized by woody stem cover and stands of late-successional 

species in early stages of growth. Because shrubland habitat on small, diversified farms is more 

likely to be created by the succession of mechanically cleared land as opposed to silvicultural 

activities, disease, or fire, it makes sense that the bird communities in these habitats are most 

similar to the type of habitats that were originated from similar disturbance mechanisms. (King 

et al., 2009b).  
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There were six shrubland species that were present in higher abundance on farms than 

any of the other five habitats. These were: song sparrow, northern cardinal, willow flycatcher, 

northern mockingbird, house wren, and yellow-billed cuckoo. Descriptions of the habitat 

associations of these species from previous studies of other shrubland habitats indicate clear 

preferences for more open-structured habitats, similar to the conditions found on small, 

diversified farms. Song sparrows, northern cardinals, willow flycatchers, and northern 

mockingbirds for example, all are described as preferring habitats that exhibit a heterogeneous 

mixture of “tall, dense shrub/sapling cover” or “patchy thickets” in addition to “bare ground or 

short, herbaceous vegetation” (King et al., 2009b; Schlossberg et al., 2010; Schlossberg and 

King, 2007). House wren and yellow-billed cuckoo are described as deciduous habitat 

specialists, generally with “scattered openings” or “open to moderately closed” vegetation cover 

(Schlossberg and King, 2007). This aggregate of open and closed habitat types may be well 

represented by the mix of crops, fallow fields, hedgerows, and natural areas found on small, 

diversified farms.  

 Previous studies of bird-agriculture interactions in eastern North America provide an 

insight into the habitats shrubland species associate with in more intensive farming systems 

(Deschênes et al., 2003; Jobin et al., 2001; Jones et al., 2005). Song sparrows were the most 

frequently observed species in conventionally managed cornfields in southern Ontario (Boutin et 

al., 1999a, 1999b, 1996) and the most abundant species found in three different types of field 

margins adjacent to intensive agriculture in southern Quebec (Jobin et al., 2001). Northern 

cardinals and mockingbirds on organic and conventional farms in north-central Florida were 

characterized as the most predominant functional insectivores based on their presence in high 

densities and proclivity towards foraging in cropped fields (Jones et al., 2005). Yellow-billed 

cuckoo has been classified as a species that utilizes farmland habitats in several studies. One 

recent study of restored habitats in agriculturally fragmented landscapes in Illinois, reported this 
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species in densities averaging 1.83 birds/ha (Reiley and Benson, 2019). Another study one that 

found a positive relationship between continent-wide population trends and increased cover of 

farm woods, a category including early successional deforested land (Murphy, 2003). The same 

study also found that house wren population trends were strongly, positively related to increased 

cover of pasturelands, which further provides evidence for the affinity this species exhibits 

towards agricultural habitats (Murphy, 2003).  

In addition to shrubland species, we also found that farms were closely associated with a 

number of invasive species or urban generalists such as European starling, American robin, and 

house sparrow. This was not necessarily surprising, because although farms in this region tend to 

feature smaller field sizes and more retained shrubby or wooded natural habitats (USDA 2017, 

Kremen and Bacon, 2012), they are still habitats that have been heavily altered, with cultivated 

areas featuring bare ground or rowcrops, structures such as barns or greenhouses, and in some 

cases, livestock. In addition, the farms that we surveyed were embedded in a matrix primarily 

consisting of a combination of forest, agriculture, residential, and wetland habitats, whereas the 

landscape composition adjacent to the other habitat types was principally forest, which also may 

explain the higher prevalence of urban species.  

3.4.2 Conservation value 

 

 The Avian Conservation Significance (ACS) score for farms was higher than beaver 

meadows and small forest openings, while powerline rights-of-way, clearcuts, and wildlife 

openings scored above the other three habitat types. While these indices provide a broad-scope 

overview of the relative importance of each of these habitats in terms of community 

composition, a closer look reveals that species and factors driving these scores differ 

considerably between habitats. ACS scores for wildlife openings, clearcuts, small forest 

openings, and powerline-rights-of-way were primarily driven by the same four species: prairie 

warbler, eastern towhee, chestnut sided warbler, and blue-winged warbler (wildlife and 
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silvicultural openings only). All four of these species have high Partners-In-Flight scores, 

reflecting their high conservation concern due to widespread population declines in the region, 

and they are found in relatively high densities across each of these three habitats. The ACS score 

for farms by contrast, was driven not by a handful of species of high conservation concern, but 

rather by a more diverse mix of species of moderate to low conservation concern and varying 

densities. These result is reinforced by the SIMPER analysis, which showed that the species 

principally found on farms that contributed the most to percent differences between farms and 

the other habitat type, were low conservation-concern species such as song sparrow, gray catbird, 

and American robin, whereas the species contributing the highest percentage for the other 

habitats included higher conservation-concern species such as chestnut-sided warbler, common 

yellowthroat, and eastern towhee (Fig. 6).  

These results reiterate the importance of wildlife openings, silvicultural openings, 

powerline corridors, and beaver meadows to the conservation of shrubland species of concern in 

the region. Several species that are listed as Species of Greatest Conservation Need (SGCN) in 

the Massachusetts State Wildlife Action Plan (SWAP), including blue-winged warbler, field 

sparrow, chestnut-sided warbler, and prairie warbler are present in significant numbers in these 

four habitats. However, while the conservation value of farms may be less closely tied to 

shrubland species of greatest concern, their contribution to the diversity of shrubland species and 

habitat in the region should not be overlooked. While the most abundant species present on farms 

are not necessarily high conservation concern, regional BBS trends show that several have 

experienced significant population declines in recent decades. Song sparrows and northern 

mockingbirds for instance, have declined by as much as 1.23% and 1.19% (respectively) per year 

since 1966, while yellow-billed cuckoo has declined by 5.04% annually since 2005. Recent 

studies have highlighted the importance of recognizing declines in still-common species and 

identified habitat loss, pesticide use, and agricultural intensification as some of the foremost 
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culprits for these trends (Rosenberg et al., 2019; Stanton et al., 2018). Small, diversified farms in 

this region appear to be supporting these common, yet declining species.  

 

3.5 Conclusion: 

 Shrubland bird conservation in New England has made great progress in recent decades. 

Studies have shown that habitats created by anthropogenic activities, such as silvicultural 

openings and powerline rights-of-way, can support healthy, diverse bird populations and species 

of conservation concern. Our research has shown that although we classify species, place them 

into categories, such as “shrubland”, “grassland” or “wetland”, the habitat preferences and use of 

individual species are incredibly diverse. No single shrubland habitat type can adequately 

support the range of conditions required by the every shrubland species, however, by 

understanding which species are most associated with certain habitat types, managers can better 

understand how to provide a diverse array of habitat types to support a diverse array of species. 

Small, diversified farms may not be associated with many shrubland species of high conservation 

concern, but overall, their conservation value is comparable to other, well established shrubland 

habitats in the region. These farms also appear to support a unique cohort of shrubland and other 

species that prefer a more open-structured habitat condition, which may not be as well 

represented in other shrubland habitat types. In this way, they complement existing shrubland 

bird habitat and represent a promising conservation opportunity for managers in the New 

England region.   

 

 

 

  

 



 61 

Table 4. Abundance estimates and standard errors for 74 species compared across six habitats 

with generalized linear models (GLMs) using data collected in western Massachusetts from 

beaver meadows (BEAV), clearcuts (CC), rights-of-way (ROW), and wildlife openings (WO) 

between 2002-2006, small forest openings (FO) in 2014, and on small, diversified farms between 

2017-2018. 

Species 
Habitat 

BEAV se CC se FARM se FO se ROW se WO se 

Alder flycatcher  ALFL 1.38 1.08 0.75 1.20 0.04 1.56 0.00 0.00 0.06 1.42 0.47 1.17 

American crow  AMCR 0.01 2.72 0.00 0.00 0.05 1.50 0.00 0.00 0.00 0.00 0.03 1.78 

American goldfinch AMGO 0.29 1.17 0.30 1.33 0.43 1.15 0.02 2.03 0.18 1.24 0.65 1.14 

American redstart AMRE 0.07 1.37 0.73 1.20 0.05 1.50 0.51 1.16 0.14 1.27 0.36 1.19 

American robin  AMRO 0.09 1.33 0.23 1.41 1.38 1.10 0.00 0.00 0.18 1.25 0.55 1.17 

Baltimore oriole BAOR 0.19 1.22 0.10 1.65 0.24 1.20 0.06 1.56 0.08 1.37 0.22 1.25 

Black-and-white 

warbler BAWW 0.07 1.40 1.15 1.16 0.05 1.50 0.54 1.16 0.22 1.21 0.29 1.22 

Black-billed cuckoo BBCU 0.01 2.72 0.05 2.03 0.06 1.46 0.01 2.72 0.00 0.00 0.24 1.24 

Black-capped 

chickadee BCCH 0.33 1.16 0.35 1.31 0.13 1.28 0.06 1.56 0.51 1.13 0.66 1.14 

Blue-gray gnatcatcher BGGN 0.01 2.72 0.00 0.00 0.00 0.00 0.01 2.72 0.02 1.78 0.01 2.72 

Brown-headed cowbird BHCO 0.00 0.00 0.15 1.50 0.25 1.20 0.09 1.42 0.17 1.24 0.09 1.42 

Blue-headed vireo BHVI 0.01 2.72 0.02 2.72 0.02 2.03 0.01 2.72 0.02 2.03 0.01 2.72 

Blue jay BLJA 0.07 1.40 0.17 1.46 0.14 1.27 0.00 0.00 0.14 1.27 0.31 1.21 

Bobolink BOBO 0.00 0.00 0.00 0.00 0.05 1.50 0.00 0.00 0.00 0.00 0.01 2.72 

Black-throated blue 

warbler BTBW 0.00 0.00 0.17 1.46 0.00 0.00 0.35 1.20 0.04 1.56 0.02 2.03 

Black-throated green 

warbler BTNW 0.01 2.72 0.00 0.00 0.00 0.00 0.17 1.29 0.07 1.40 0.04 1.65 

Blue-winged warbler BWWA 0.01 2.72 0.05 2.03 0.03 1.65 0.01 2.72 0.09 1.35 0.54 1.16 

Carolina wren CAWR 0.11 1.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 2.03 

Cedar waxwing CEDW 0.35 1.16 0.97 1.17 0.18 1.24 0.00 0.00 0.17 1.24 0.85 1.12 

Chipping sparrow CHSP 0.01 2.03 0.13 1.56 0.63 1.12 0.12 1.35 0.06 1.46 0.04 1.65 

Common grackle COGR 0.27 1.18 0.00 0.00 0.08 1.37 0.00 0.00 0.00 0.00 0.07 1.50 

Common yellowthroat COYE 3.75 1.04 3.15 1.09 0.37 1.16 1.12 1.11 0.94 1.10 3.18 1.06 

Chestnut-sided warbler CSWA 0.70 1.12 4.90 1.12 0.08 1.40 1.54 1.11 0.98 1.11 2.49 1.09 

Dark-eyed junco DEJU 0.02 1.78 0.00 0.00 0.00 0.00 0.00 0.00 0.02 1.78 0.04 1.65 

Downy woodpecker DOWO 0.00 0.00 0.10 1.65 0.14 1.27 0.00 0.00 0.06 1.46 0.04 1.65 

Eastern bluebird EABL 0.00 0.00 0.00 0.00 0.13 1.28 0.00 0.00 0.00 0.00 0.01 2.72 

Eastern kingbird EAKI 0.38 1.15 0.02 2.72 0.16 1.26 0.00 0.00 0.01 2.72 0.03 1.78 

Eastern phoebe EAPH 0.06 1.42 0.02 2.72 0.24 1.20 0.00 0.00 0.02 1.78 0.07 1.50 

Eastern towhee EATO 0.01 2.72 1.50 1.17 0.01 2.72 0.62 1.16 0.67 1.13 1.36 1.12 

European starling EUST 0.05 1.46 0.15 1.50 0.02 2.03 0.21 1.26 0.03 1.65 0.01 2.72 

Eastern wood-pewee EWPE 0.00 0.00 0.00 0.00 0.16 1.26 0.00 0.00 0.00 0.00 0.02 2.03 

Field sparrow FISP 0.00 0.00 0.00 0.00 0.08 1.37 0.00 0.00 0.37 1.16 0.52 1.16 

Great crested flycatcher GCFL 0.10 1.31 0.05 2.03 0.02 2.03 0.00 0.00 0.02 2.03 0.03 1.78 

Gray catbird GRCA 0.62 1.11 1.38 1.14 0.86 1.10 0.57 1.15 0.48 1.14 1.79 1.08 
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Hairy woodpecker HAWO 0.00 0.00 0.05 2.03 0.01 2.72 0.01 2.72 0.03 1.65 0.02 2.03 

Hermit thrush HETH 0.00 0.00 0.03 2.72 0.00 0.00 0.00 0.00 0.03 1.65 0.01 2.72 

House finch HOFI 0.00 0.00 0.00 0.00 0.17 1.24 0.00 0.00 0.00 0.00 0.00 0.00 

House sparrow HOSP 0.00 0.00 0.00 0.00 0.30 1.18 0.00 0.00 0.00 0.00 0.03 1.78 

House wren HOWR 0.01 2.03 0.00 0.00 0.09 1.35 0.00 0.00 0.00 0.00 0.04 1.65 

Indigo bunting INBU 0.03 1.65 0.18 1.46 0.22 1.21 0.15 1.32 0.26 1.19 1.01 1.11 

Killdeer KILL 0.00 0.00 0.00 0.00 0.18 1.24 0.00 0.00 0.00 0.00 0.01 2.72 

Least flycatcher LEFL 0.12 1.27 0.00 0.00 0.03 1.65 0.16 1.31 0.02 1.78 0.01 2.72 

Magnolia warbler MAWA 0.08 1.35 0.08 1.78 0.00 0.00 0.06 1.56 0.03 1.65 0.31 1.21 

Mourning dove MODO 0.01 2.72 0.27 1.35 0.29 1.18 0.00 0.00 0.14 1.27 0.16 1.31 

Mourning warbler MOWA 0.00 0.00 0.20 1.42 0.00 0.00 0.00 0.00 0.01 2.72 0.01 2.72 

Nashville warbler NAWA 0.00 0.00 0.25 1.37 0.00 0.00 0.00 0.00 0.01 2.72 0.20 1.27 

Northern cardinal NOCA 0.03 1.65 0.03 2.72 0.30 1.18 0.02 2.03 0.04 1.56 0.27 1.23 

Northern flicker NOFL 0.00 0.00 0.07 1.78 0.04 1.56 0.01 2.72 0.02 2.03 0.04 1.65 

Northern mockingbird NOMO 0.00 0.00 0.00 0.00 0.10 1.33 0.00 0.00 0.00 0.00 0.00 0.00 

Northern waterthrush NOWA 0.04 1.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Ovenbird OVEN 0.00 0.00 0.08 1.78 0.02 2.03 0.12 1.35 0.02 2.03 0.17 1.29 

Pine warbler PIWA 0.00 0.00 0.00 0.00 0.02 2.03 0.17 1.29 0.06 1.46 0.00 0.00 

Prairie warbler PRWA 0.00 0.00 0.40 1.28 0.00 0.00 0.12 1.35 0.66 1.12 0.30 1.21 

Purple finch PUFI 0.00 0.00 0.05 2.03 0.00 0.00 0.01 2.72 0.01 2.72 0.09 1.42 

Rose-breasted grosbeak RBGR 0.11 1.29 0.40 1.28 0.09 1.35 0.08 1.46 0.10 1.32 0.18 1.28 

Red-bellied 

woodpecker RBWO 0.00 0.00 0.00 0.00 0.08 1.40 0.00 0.00 0.02 1.78 0.04 1.65 

Red-eyed vireo REVI 0.11 1.29 1.23 1.15 0.10 1.33 0.57 1.15 0.20 1.22 0.81 1.13 

Ruby-throated 

hummingbird RTHU 0.00 0.00 0.25 1.37 0.06 1.46 0.10 1.40 0.18 1.24 0.20 1.27 

Red-winged blackbird RWBL 4.91 1.04 0.00 0.00 0.56 1.13 0.00 0.00 0.03 1.65 0.22 1.25 

Scarlett tanager SCTA 0.01 2.72 0.20 1.42 0.02 2.03 0.19 1.27 0.09 1.35 0.08 1.46 

Song sparrow SOSP 1.79 1.09 0.63 1.25 2.26 1.09 0.00 0.00 0.12 1.30 2.07 1.10 

Swamp sparrow SWSP 3.74 1.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 1.56 

Tufted titmouse TUTI 0.01 2.03 0.03 2.72 0.07 1.42 0.02 2.03 0.09 1.35 0.03 1.78 

Veery VEER 0.20 1.21 1.43 1.14 0.03 1.78 0.15 1.32 0.08 1.37 0.63 1.14 

Warbling vireo WAVI 0.01 2.03 0.00 0.00 0.05 1.50 0.00 0.00 0.00 0.00 0.00 0.00 

White-breasted 

nuthatch WBNU 0.01 2.03 0.03 2.72 0.02 2.03 0.01 2.72 0.08 1.37 0.09 1.42 

Willow flycatcher WIFL 0.11 1.29 0.00 0.00 0.13 1.29 0.00 0.00 0.00 0.00 0.00 0.00 

Wood thrush WOTH 0.00 0.00 0.02 2.72 0.02 1.78 0.00 0.00 0.02 2.03 0.15 1.32 

White-throated sparrow WTSP 0.09 1.32 0.90 1.18 0.00 0.00 0.00 0.00 0.02 1.78 1.13 1.10 

Yellow-billed cuckoo YBCU 0.00 0.00 0.00 0.00 0.03 1.65 0.00 0.00 0.00 0.00 0.01 2.72 

Yellow-bellied 

sapsucker YBSA 0.03 1.65 0.23 1.40 0.03 1.78 0.03 1.78 0.05 1.50 0.03 1.78 

Yellow warbler YEWA 1.33 1.08 0.08 1.78 0.22 1.22 0.04 1.65 0.02 1.78 0.56 1.15 

Yellow-rumped warbler YRWA 0.04 1.56 0.05 2.03 0.00 0.00 0.03 1.78 0.06 1.42 0.01 2.72 
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Table 5. PERMANOVA pairwise comparison tests of bird community composition across 

beaver meadows (BEAV), clearcuts (CC), rights-of-way (ROW), and wildlife openings (WO) 

collected between 2002-2006, small forest openings (FO) collected in 2014, and on small, 

diversified farms (FARM) collected between 2017-2018 in western Massachusetts. 

 

Habitat Pair Pseudo-F  

BEAV - CC 43.017 *** 

BEAV - FARM 63.861 *** 

BEAV - FO 117.84 *** 

BEAV - ROW 77.899 *** 

BEAV - WO 45.84 *** 

CC - FARM 29.351 *** 

CC - FO 20.202 *** 

CC - ROW 12.435 *** 

CC - WO 8.1556 *** 

FARM - FO 79.68 *** 

FARM - ROW 43.102 *** 

FARM - WO 21.908 *** 

FO - ROW 17.639 *** 

FO - WO 41.503 *** 

ROW - WO 18.709 *** 

Significance at P < 0.001 
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Figure 5. Non-metric multidimensional scaling (NMDS) ordination plot of 74 birds with >5 

observations from beaver meadows (BEAV), clearcuts (CC), rights-of-way (ROW), and wildlife 

openings (WO) collected between 2002-2006, small forest openings (FO) collected in 2014, and 

on small, diversified farms (FARM) collected between 2017-2018 in western Massachusetts. 

Species that are closer together and located in closer proximity to certain habitat polygons are 

more closely associated with each other or that habitat type. Species codes in Table 4.  
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Figure 6. Results from SIMPER analysis showing avian species responsible for contributing the 

highest percent difference (y-axis) in species abundance between small, diversified farms 

(FARM) and each of the five other habitat types: beaver meadows (BEAV), clearcuts (CC), 

rights-of-way (ROW), wildlife openings (WO), and small forest openings (FO). Bars below the 

midline represent species principally found on farms, while bars above represent each of the five 

alternate habitats. Bars are arranged in descending order by highest contributing species for each 

habitat comparison.  
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Figure 7. Avian Conservation Significance (ACS) scores for each of the six habitat types: beaver 

meadows (BEAV), clearcuts (CC), rights-of-way (ROW), and wildlife openings (WO) collected 

between 2002-2006, small forest openings (FO) collected in 2014, and on small, diversified 

farms (FARM) collected between 2017-2018 in western Massachusetts.  
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