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 Working Title
The effects of rural residential development on avian populations in Aspen communities in Jackson Hole, WY.

Purpose
By attempting to understand the relationship between bird populations along a development gradient, I hope to find critical thresholds of development that significantly influence bird populations.  This information will be useful to numerous groups and individuals: conservationist, county planners, land managers, private land owners, etc.  With growing human populations, increasing development is inevitable.  My hope is to present research conclusions to county planners, institutions, and private land owners within the Jackson community in order provide information for these groups and individuals to better plan development in Jackson Hole.

Study Start and End Dates

This study is intended to occur during the spring and summer (May through August) 2004, 2005 and 2006.  Bird surveys will be conducted approximately between May 1st to June 30th and vegetation plots will be completed approximately between July 1st and August 30th.

Methods
Study Area

The study area of this project is located on private and federal lands, including Grand Teton National Park and Bridger-Teton National Forest, in Jackson Hole, WY.  Jackson Hole is an expansive valley bordered on the west by the Teton Range, the east and south by the Gros Ventre Range and on the north by the Yellowstone Plateau.  This valley is nearly centered within the borders of Teton County, WY which is 643 square miles. 

Study Sites
Study sites are going to be determined using ArcView 3.2 (ESRI) from high resolution (0.3m2 pixel size) Teton County Aerial Photographs 1999 and Digital Orthophoto Quarter Quadrangles (DOQQ).  All study plots are going to be within the following criteria: 1) the dominant community was aspen, 2) negligible slope, 3) separated by at least 150m to insure that the avian “detections form different points remain statistically independent” (Reynolds et al. 1980), 4)  > 3848 m2.  Finally, based on these criteria potential survey sites are going to be found along a human development gradient (number of houses within 500 meters of a patch) using a stratified random sample: no housing, low housing density (= < 20 houses), medium housing density (= >20<45 houses), high housing density (= >45 houses).  Each study plot will have at least one point count station.  The location of stations will be based upon the stand structure and will be marked using a Geographical Positioning System along with a small removable visible marker.  Each station will be > 150 m apart to assure that avian detections are statistically independent (Reynolds et al. 1980).  Also to prevent possible effects associated with edge habitats all stations will be 50 m from the edge of surrounding communities (Hutto et al. 1986).  Each station will be surveyed three times during consecutive weeks throughout the bird breeding season and will be conducted at all of the three specified times (early morning, mid-morning, late morning).

Avian Surveys

Avian surveys will be conducted during the bird breeding season, approximately between May 15th and June 30th, 2004 and 2005 between 0600 and 1000 hours.  The method I will use to survey birds is a 25m fixed-radius and unlimited-radius point count described by Hutto et al. (Hutto et al. 1986).  This recording procedure includes collecting 1) number of individuals of each species detected within 25 m, 2) abundance of each species detected beyond the 25 m radius must still within the desired habitat, 3) the species age, sex (if known) of each observed bird, 4) the activity and position of the bird in the vegetative strata, 5) how the bird was detected (visual or aural), and 6) identity of individuals detected while the observer walked to and from count points.  Any bird detected but not identified will be pursued after time allotment for proper identification.
Time of day and weather
I intend to conduct point counts during three periods of the morning in order to control for bias associated with breeding season bird activity: early morning 0600-0720, mid-morning 0720-0840, and late morning 0840-1000 (Robbins 1981b, Smith 2002).  Due to the negative effect of inclement weather on the number of songbirds detected and the reduction of the observer’s detection ability, point counts will not be conducted during periods of high winds, moderate to heavy precipitation, or heavy fog (Robbins 1981a).  

Clothing

To preclude avian reactions to clothing color, dark drab colors will be worn by observers throughout bird censusing process (Gutswiller and Marcum 1993)
Vegetation Plots
Vegetation data will be collected using circular plots (0.04ha) around the point count location and at random points within the aspen woodland patch.  Large, medium and small area plots are going to be sampled within each aspen woodland patch.  The structural components this study intends to measure include % canopy and ground cover, understory density, shrub and ground cover dispersion, dbh of all trees >3cm within the plot, representative tree height (five trees), shrub and stem density coniferous and deciduous shrubs (stem diameter < 3cm), number of snags present, and dominant shrub species.  Nothing will be removed from the study sight.
Need and Discussion of Literature review
Human Population Increase

The increasing human population and habitat changes currently occurring throughout the west resemble the changes that occurred in the east a century or more ago.  During the 1990’s the western United States was the fastest growing region of the country (Hansen et al. 2002).  This unprecedented growth has the potential to alter habitats, and therefore change bird communities throughout the west.  This creates a need to understand spatial configurations throughout the west, in both natural and anthropogenic habitats, before landscape change reduces bird species populations. 


Although the increase in human population has greatly affected western landscape, historically, logging has been the cause of change throughout the west.  Consequently, the affect of logging on avian populations has been well studied.  However, few patterns have developed due to the variation in how particular birds respond to diverse types of logging in different places (Askins 2000).  With the increase in logging and human migration to the west, development continues to increase, which unlike logging has had permanent affects on the landscape of the west.  For example, it is possible for an ecosystem to recover from logging, whereas development usually involves permanent structures that ordinarily do not permit natural processes to reestablish themselves.  
Within the past 10 years logging has been slowly decreasing on public lands throughout the west while population and development have been increasing.  Hansen et al. (2002) describe the Greater Yellowstone Ecosystem’s (GYE) human population increase as “exceeding that of three-quarters (78.2%) of all counties in the United States.”  In particular Teton County, one of the fastest growing counties in the GYE, had a growth rate within the top 10% of counties in the United States (Hansen et al. 2002).  Unfortunately, bird habitats, important to native species, border anthropogenic alterations, especially rural residential development (Hansen et al. 2002).  The effects of development can significantly influence avian communities. The growing body of literature within this topic suggests the importance of understanding the influences of development, particularly changes in forest structure (i.e. fragmentation) and development’s associate affects on species richness, abundance and diversity.

Effects of Development on Birds

As development increases, native flora is replaced by anthropogenic structures (houses, roads, lawns, etc.)—disrupting the ground cover and local vegetation—and possibly creating a discontinuous forest.  These alterations in forest structure can increase fragmentation resulting in associated spatial conditions discussed above (i.e. reduced patch size, habitat heterogeneity, etc.).  For example, Jokimäki (1999) investigated the factors determining species richness in urban parks.  He discovered that species richness depended in part upon the size of the park.  He found several species were undetected in parks < 0.75 hectares.  Friesen et al. (1995) studied the effects of development and forest size on avian community composition and reported a direct relationship between the abundance of Neotropical migrants and forest size.  These research results suggest that the concomitant effects of fragmentation due to development can negatively impact avian communities.

In addition to fragmentation, increasing development can reduce the local flora by altering the habitat structure.  Bessinger and Osborne (1982) discovered that  residential areas in Ohio contained less total percent vegetative cover as compared to an undisturbed climax beech-maple forest.  Mills and others (1989), in the Sonoran Desert, found similar results regarding differences in breeding bird density.  They found vegetation—not housing density—as an explanation of the dissimilarity between urban and forest landscapes.  Similarly, Boren and others (1999), researched two rural landscapes with differing housing densities in northern Oklahoma.  They discovered that decreased vegetation, road development and increased landscape fragmentation lead to fewer Neotropical migrants in the high human population density landscape.  Also, Miller et al. (2003) noted that understory vegetation and herbaceous ground cover decreased due to increased development, a contributing factor in determining the avian community structure in riparian woodlands.  These results suggest that different types of land use change the structure of a habitat, particularly vegetation, which could have significant effects on avian community composition. 

As represented in the literature there are numerous avian responses associated with fragmentation and/or alterations of habitat structure due to development. These responses include a decrease in species richness (total number of species in an area), and an increase in generalist and nest predators.  In general, species richness decreases with increased development.  In comparing a mature residential area to an undisturbed beech-maple forest, Bessinger and Osborne (1982) discovered that as urbanization increased species richness decreased, changing avian composition from forest interior birds to “urban ground gleaners”.  The Tweit and Tweit (1984) investigation determined that the changes in native vegetation resulted in a dramatic decrease in species richness within the desert of paloverde-saguaro, Arizona.  Fernàndez-Juricic (1999) found similar results with his research on the relationship between species richness and street location, vegetation structure, and human disturbance within wooded streets.   He concluded that the number of species increased from streets with no vegetation to urban parks that were naturally vegetated.  A study completed by Friesen et al. (1995) investigated the influence of the number of houses outside a forest (within 100 m of the edge) on avian diversity and abundance.  They found that birds, especially Neotropical migrants, had an inverse relationship with development.  These results indicate that increasing urbanization or housing density can have significant effects on the species richness of bird populations which may ultimately contribute to the decline of important bird species. 
Another avian response linked to fragmentation and/or alterations of habitat structure due to development is an increase in generalist species.  Generalists are an avian assemblage willing to exploit resources from many different areas and include species like the Common Raven (Corvus corax) and the Black-billed Magpie (Pica pica).  Two research projects discussed above, Bessinger and Osborne (1982) and Tweit and Tweit (1984), not only found a decrease in species richness with increased development but also reported an increase in generalists.  This change in bird communities could be contributed to the type of resource being exploited by local bird populations.  For example, Tweit and Tweit (1984) found that if the local vegetation is maintained and development is < 2 house/ha then species diversity is preserved.  However, if native vegetation is eliminated and development becomes > 2 houses/ha then species diversity declines and dominance by a few generalist species occurs.  Boren et al. (1999) recently revealed similar results in their research competed in rural landscapes of northern Oklahoma.  They discovered that increasing human population density in a hardwood forest, tallgrass prairie ecotone decreases Neotropical migrants and increases generalist species.  Associated aspects of development can have significant affects on avian composition resulting in a decrease of valuable breeding areas contributing to the decline of important bird species.
An additional response associated with fragmentation and/or alterations of habitat structure due to development is an increase in nest predators.  Recently, Kluza et al. (2000) examined the bird community composition in relation to increasing rural residential development in forested areas of Massachusetts.  They hypothesized that a decrease in the abundance of Neotropical migrants and forest-interior species in moderate housing densities (0.60 – 6.70 houses/ha) was the result of avian and mammalian nest predators.  Similar conclusions were realized by Nilon et al. (1995) in central Missouri.  These researchers performed bird surveys in three landscape types: wildlands, dispersed single homes, and cluster development.  They noted that as development increased the avian community composition changed from forest interior migrant species (wildland study plot) to generalist species, including nest predators and brood parasites (cluster development study plot).  Another recent study in Wyoming, determined that there was a direct relationship between housing density and avian nest predators, especially Black-billed Magpies (Smith 2002).  The above observations illustrate how the increase in human population, logging and development, can change naturally occurring processes throughout the west, creating negative effects on avian populations, especially Neotropical migrants.
 Forests throughout the west are naturally fragmented due, in part to abiotic influences, and natural disturbances like fire, blow-down, and avalanche.  These naturally fragmented landscapes might result in development that surrounds natural communities instead of buildings occurring directly inside them.   For example, because of the unique ecology of quaking aspen stands (relatively small and isolated), rural residential development may not cause a decrease of stand size, increase in fragmentation and/or change in vegetative structure.  Yet development may encircle these natural communities resulting in negative effects on the local avifauna.  Friesen et al. (1995) found that the number of houses within 100 meters of the edge of a forest had an inverse relationship with Neotropical migrant’s diversity and abundance.  He reported that a 25 hectare urban forest surrounded by houses had less Neotropical migrants than a 4 hectare forest with no development within 100 meters.  This suggest that encroaching development alone may create differences in local surroundings (Friesen et al. 1995) producing “ecosystem dynamics [that] are probably driven predominantly by external rather than internal forces” (Saunders et al. 1991).

Increasing development is inevitable as the population continues to grow and human migration spills into the western landscapes.  This increase in development creates a need for practical research to understand the effects on natural surroundings and to investigate mechanisms causing these detrimental processes.  Within the Greater Yellowstone Ecosystem (GYE), specifically in Jackson Hole, aspen are a species of special concern.  Aspen have been highlighted because their habitat is vital to many animal species, especially Neotropical migrants (Oakleaf et al. 1982, Hansen et al. 1999) and because of their rapid decline throughout the west (Knight 1994).
Aspen Reproductive Ecology and Biology
Jackson Hole, has eleven reasonably independent major biotic communities, one of which is aspen (Clark 1999).  Quaking aspen, the predominant upland deciduous tree in Wyoming, is a defining characteristic of the western landscape (Knight 1994).  Aspen are members of the Willow family (Salicales: Salicaceae).  They are clonal species that most commonly regenerate through asexual reproduction often initiated by disturbance (i.e. fire, landslide, wind-down) (Jones and Debyle 1985, Kay 1993, Shepperd and Smith 1993).  In general, aspen trees mature and decline after 80 to 100 years, although they have been reported to live more than 200 years (Jones and Schier 1985, Mueggler 1985).  They are the most widely distributed trees in North America growing from near sea level to over 11,500 feet, from the montane foothills to the subalpine zone (Little 1971, Knight 1994).  Their ability to grow within many environmental conditions is attributed to their great genetic variation (Knight 1994, Mitton and Grant 1996).

The composition and structure of aspen forests depend on numerous factors: soil type, soil moisture availability, climate, topographical features, stand age and structure, fire, grazing, etc. (Dieni and Anderson 1997).   Aspen’s ability to grow on a variety of sites, each with different abiotic and biotic factors, contribute to the stands’ shape, size, and seral stage.  For example, in Jackson Hole, there are two distinct aspen-dominated communities: “relatively open stands on dry hillsides with less developed soils and fairly dense stands on flatter terrain where soil is deeper, moister and rich in organic matter” (Clark 1999).  Aspen’s ability to grow in a wide range of environmental conditions also results in numerous understory and overstory differences.  For example, in Jackson Hole the aspen stands located in moist lowlands have up to twice as many vascular plants as the aspen communities situated on dry hillsides (Clark 1999).  Aspen, a shade intolerant species, tend to succeed to shade tolerant conifers, usually Douglas Fir (Pseudotsuga menziesii) or Subalpine Fir (Abies lasiocarpa) trees (Baker 1949, Farmer 1963, Knight 1994).  Aspen’s unique physiological ecology results in a complex community.  Yet aspen’s ability to support high biological diversity, and its responsiveness to disturbances and succession also make it a good indicator of ecosystem quality (Kay 1997, White et al. 1998).  The unique reproductive biology and ecology of aspen play a significant role within western landscapes.
Aspen are Declining in the Rocky Mountain Region

Within Jackson Hole it is believed that aspen trees have been declining in abundance and health because of fire suppression and excessive browsing by large ungulates, especially elk (Knight 1994).  Aspen have traditionally been an important food source for elk and other large ungulates which eat buds and twigs throughout late winter into spring (Knight 1994).  Although aspen have a number of important adaptations to help tolerate browsing (e.g. scar development, chemicals) (Despain 1990), disproportionate browsing associated among elk can alter native aspen communities.  For example, Anderson (2002) found that there was a negative relationship between elk use and understory volume of vegetation due to extensive browsing.  Anderson (2002) also discovered a positive relationship between elk bark damage and the density of dead aspen.  These results suggest that the presence of elk is a significant variable to understanding aspen and its concomitant affects on the surrounding biotic community.          

In addition to ungulate browsing, fire suppression also has contributed to the decline of aspen stands throughout the west.  Fire, an essential part of aspen ecology, contributes to new growth (suckers) within an aspen stand by disturbing the ratio of sucker-inhibiting (auxin) hormones to the sucker-promoting (cytokinin) hormones, known as apical dominance (Winton 1968, Schier et al. 1985).  Fire suppression has altered western fire intervals resulting in old aspen stands which are prone to disease and more susceptible to succession to conifers (Knight 1994).  Fire suppression could eventually lead to the decline of young healthy aspen forests (Shepperd and Smith 1993).  

Aspen and Avian Communities

Aspen are an important habitat to numerous wildlife species, especially birds.  Oakleaf and others (1982) estimated that approximately 88 species of birds use aspen habitats in Wyoming.  Hansen and colleagues (1999) discovered that aspen, cottonwood and willow stands support considerably higher species richness when compared to other communities within the GYE.  Many bird species are found in aspen due to its rich insect assemblages (Hoff 1957, Schimpf and MacMahon 1985), along with its ability to provide shelter for cavity nesting species (Debyle 1985, Loose and Anderson 1995), and its shrub and ground nesting micro-habitats (Hoff 1957, Debyle 1985, Schimpf and MacMahon 1985, Loose and Anderson 1995).  For example, a significant percentage of breeding birds in the west are cavity nesting species (Scott et al. 1980, Debyle 1985).  Aspen provide many opportunities for cavity nesters to construct shelters (Debyle 1985).  Specifically, the red-naped sapsucker (Sphyrapicu nuchalis), a primary excavator, preferentially selects mature aspen trees that have become prone to disease as shelter for a cavity nest (Kilham 1971, Crockett and Hadow 1975, Winternitz and Cahn 1983, Hinds and Ryan 1985).  Altering aspen communities can threaten animals like the red-naped sapsucker that depend upon this habitat type.

Substantial research has been conducted to learn more about the relationship aspen have with birds (Dieni and Anderson 1997).  Finch and Reynolds (1987), discovered that there was a difference in bird abundance and composition amongst pure aspen stands, mixed aspen and conifer, and spruce-fir forests. They found the following species of birds preferred aspen and mixed aspen-conifer communities to spruce-fir forests: warbling vireo (Vireo gilvus), house wren (Troglodytes aedon), western wood pewee (Contopus sordidulus), dusky flycatcher (Empodonaz oberholseri), MacGillivray’s (Oporornis tolmiei) and orange-crowned warbler (Vermivora celata), black-capped chickadee (Peocile atricapillus), brown-headed cowbird, and red-naped sapsucker.  Similarly, Turchi and others (1995) noted that bird species richness was significantly higher in aspen than in conifer forests.  These results suggest the need to sustain healthy aspen forests in addition to mixed forest types. 

The age of aspen stands plays an important role in determining local bird communities.  In a study conducted in Alberta, Canada, Westworth and Telfer (1993) investigated the relationship between birds and assorted ages of aspen.  They found that canopy cover, abundance of conifers, and shrub density in different ages of aspen affect diverse bird assemblages.  Overall, Westworth and Telfer (1993) concluded that the greatest abundance and species richness of birds was attained in 14-year old stands.  Schieck and others (1995) also researched the effect different age aspen stands had on bird species.  They studied three age classes in boreal forest, and discovered the oldest aspen stands had the highest species richness and abundance of birds, followed by the youngest age stands (Schieck et al. 1995).  These results imply that it is vital to avian communities to sustain different ages of aspen within an ecosystem.  

  As development increases in the west, more forests are becoming fragmented and isolated.  Many studies of birds in the eastern U.S. have discovered that increased fragmentation and isolation of forests can decrease the diversity and abundance of migratory birds (Faaborg et al. 1995, Askins 2000).  Johns (1993) noted that aspen stand size positively correlated to the abundance and species richness of several avian guilds, but suggested that small stands (less than 1.2 ha) are useful to some species.  Johns (1993) also discovered that patch isolation influenced the presence of forest interior bird species.  The results, however, of fragmentation and isolation are not entirely consistent.  For example, Turchi and others (1995) found understory vegetation, not isolation of aspen habitats, to have a significant effect on bird species richness.  

Vegetation within aspen stands varies depending on numerous factors (grazing, successional stage, disturbance, etc.).  Turchi’s (1995) results illustrate the effects vegetation has on avian communities within aspen stands.  Similar to Turchi, Anderson (2002) reported a positive relationship between the volume of understory vegetation and bird abundances within understory nesting and foraging guilds.  Dieni (1996) also found a relationship between bird species richness and vegetation.  He suggested that canopy depth (a measure of vertical development) may contribute to avian diversity within aspen (Dieni 1996).  
The canopy of aspen is also valuable to certain avian guilds.  When considering birds that exploit the resources available in the canopy, Flack (1976) found that there was a positive correlation between aspen canopy cover and species richness.  Recently, Anderson (2002), studying the effects of elk on aspen within the GYE, found that overstory nesting and foraging guilds were lower in the stands with lower densities of large aspen trees (DBH>5 in.).  The relationship between birds and aspen is complex involving many variables (age, stand size, understory and overstory vegetation, isolation, seral stage, etc.), but understanding the interconnectedness of these key components is essential in sustaining aspen habitats.  

Biotic communities, like aspens, are significant because their habitat is vital to many species of animals, especially Neotropical migrants.  The documented decline of aspen throughout the Rocky Mountain region marks the potential decline of species dependent upon these habitats (Romme et al. 1995, Baker et al. 1997, Kay 1997, White et al. 1998).  Birds, especially Neotropical migrants, are an indicator of the integrity of aspen forests (Maurer 1993).  Studying the abundance and species richness of these animals could aid in developing management techniques, sustaining these areas for other animals, and maintaining aspen forests for the enjoyment of future generations.

The effects of anthropogenically segmented landscapes within naturally fragmented communities like that found in the western United States will be important to future land managers and conservationists as human populations and development increases.  Biotic communities, like aspen, are especially significant because their habitat is essential to numerous species of animals, especially Neotropical migrants.  In order to sustain these habitats we need to use the principles of landscape ecology to better understand patterns within the local and regional landscape “in an attempt to gain insight into how habitat management might minimize detrimental effects of fragmentation” (Faaborg et al. 1995).  Local studies, specifically within the GYE, need to occur immediately, because of the unprecedented population and development growth.
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